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Aesthetic surgery for the breast is one of the common 
procedure performed by an aesthetic plastic surgeon 
today. The surgery is frequently performed for aesthetic 
as well reconstructive reasons. Breast itself is a uniquely 
important part of the female body and as such embodies 
in itself anatomical, physiological and aesthetic role. A 
proportionately developed breast is an important feminine 
feature, a sign for fertility and sexuality. It is not surprising 
that breasts are extremely important for women’s self-
confidence especially when their role in society has 
expanded immensely.

Aesthetic surgery for breast is not new and has been 
practiced for many years for reduction, enhancement 
and mastopexy. However, the introduction of implants by 
Cronin and Gerow in 1962, has given a new dimension to 
breast remodelling. Surgery for breast reduction, breast 
reconstruction, mastopexy and augmentation comprises the 
most common procedure performed today. Use of implant 
alone has increased exponentially in the second half of 
last century and breast augmentation for reshaping and 
remodelling alone has overtaken almost any other aesthetic 
procedure, including breast reduction, mastopexy and 
reconstruction. The safety of implants and choice of shape 
and volume has given a range of choices and predictability 
to patients for aesthetic and reconstructive reasons.

A variety of procedures are available for patients with 
inadequate breast development, breast hypertrophy, 
developmentally ptotic breasts, involution secondary to 
pregnancy, weight or age related changes or to correct 
breast asymmetry. Breast implants either alone or in 
combination has given versatility and predictability for 
a desirable breast shape, volume or positioning. Small 
volumetric enhancement or asymmetries can be corrected 

using autologous fat grafting in selected cases. Advancement 
in imaging techniques has enable to provide better breast 
screening that can delineate suspicious breast lesions 
following use of breast implants or autologous fat grafting. 

Augmentation mammoplasty alone using breast implants is 
the leading aesthetic procedure for breast remodelling. Safety 
of the implants paired with a high patient satisfaction has 
made this procedure very suitable and desirable in selected 
cases. Autologous fat grafting is becoming an increasingly 
used alternative for augmentation mammoplasty. The choice 
is especially useful for correction of breast asymmetries and 
for moderate size bilateral enhancement in selected cases. 
The use of autologous fat grafting is increasingly used for 
revision surgeries in aesthetic and reconstructive breast 
procedures alike.

Simultaneous mastopexy with augmentation is becoming 
more popular and staged procedure is broadly limited to 
selected cases. An abundant literature is available citing the 
efficacy of the combined procedure with acceptable revision 
rate. A variety of shape, size, profiles and filler materials are 
available with a choice of formed or expander prosthesis. 
Combination of desired implant along with choices for 
implant pockets, flap orientation for nipple elevation and 
selection of skin marking for envelope reduction has enabled 
surgeons to tailor make each surgery for each individual.

The use of synthetic mesh has shown more promising 
results in breast reconstructive, primary or secondary 
augmentation mammoplasty and augmentation mastopexy. 
Breast implant capsule flaps are more frequently used and 
various techniques have been described for its use in primary 
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and secondary cosmetic and reconstructive surgeries with 
very good results.

We have a range of breast reconstruction procedures at our 
disposal today. Breast reconstruction can be achieved using 
autologous breast tissue as pedicle flaps with or without 
implants or free tissue transfers with a variety of options. 
The most popular being perforators based free tissue 
transfers. Skin sparing mastectomy can also be combined 
with acellular dermal matrix that has given a new dimension 
and scope to the oncological breast reconstruction.

As the Editor of Special Issue on Aesthetic Surgery of Breast, 
I would also like to thank the editorial team of Plastic and 
Aesthetic  Research for the invitation and for their consistent 

support. Also I would like to thank all the contributors who 
were able to share their experience and work with us in this 
special issue.

Last but not the least, I am very thankful to my dear 
friend and mentor, Dr. Thomas Biggs, who has supported, 
encouraged and guided me through my early formative days 
of article writings, presentations and teaching. He has been 
a source of inspiration and strength.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest. 



3© 2016 Plastic and Aesthetic Research | Published by OAE Publishing Inc.

Internal bra: a unifying solution for 
reconstructive and aesthetic breast surgery 
issues
Richard A. Baxter 
Baxter Plastic Surgery PLLC, Mountlake Terrace, WA 98043, USA. 
Address for correspondence: Dr. Richard A. Baxter, Baxter Plastic Surgery PLLC, 6100 219th St SW, Suite 290, Mountlake Terrace, WA 98043, 
USA. E-mail: drbaxter@drbaxter.com.

ABSTRACT
The utility of the internal bra for breast support, reconstruction, and in revision breast surgery has 
been recognized and various materials have been introduced for this application. As clinical experience 
has grown and new products have been developed, the roles of these materials are becoming better 
defined. This paper reviews the use of the internal bra concept to date.
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INTRODUCTION

Factors leading to revision breast implant surgery include 
capsular contracture, implant malposition, palpability, and 
animation deformity with subpectoral placement. These 
issues often occur in combination,[1] for example lower or 
lateral fold malposition with rippling or animation deformity 
with fold malposition. Reoperation rates for breast implant 
procedures are high, and even higher for previous revision 
surgery.[2] A comprehensive approach is needed if these 
numbers are to be improved. 

There are certain commonalities underlying the issues 

leading to revision breast surgery. Implant malposition and 
rippling are manifestations of thin tissue coverage, which 
can be thought of as periprosthetic atrophy. This in turn may 
relate to overly large implants, improper biodimensional 
planning, and saline implants as a result of fluid wave action. 
Aging, pregnancies, weight loss, and prior surgeries may 
contribute to weakening of the ligamentous support and 
soft tissue envelope of the breast. In combination, these 
patient-related and implant-related factors may multiply the 
severity of periporsthetic atrophy. Autologous material such 
as capsule flaps[3,4] and fat grafting can be useful adjuncts in 
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recreating a stable breast implant pocket, but are not always 
capable of providing a comprehensive solution. 

Recognition of the potential benefit of non-autologous 
internal breast support was initially constrained by the 
lack of suitable materials [Table 1]. Most of the products 
were developed for hernia repair and general soft tissue 
support rather than for breast procedures specifically. These 
materials can be classified as first generation (nonresorbable 
synthetics), second generation (acellular dermal matrix), and 
third generation (slowly resorbable textiles) [Table 2]. The 
developing role of these products will be reviewed.

FIRST GENERATION INTERNAL BRA 
MATERIALS

The use of polypropylene mesh with reduction mammoplasty 
was reported in 1981,[5] and more recently a three-
dimensional pre-shaped polyester mesh was developed.[6] 
Because Wise pattern/inverted T patterns rely on the skin 
envelope to shape the breasts, by offloading the support and 
shaping of the breast from the skin to the mesh, the role of 
short scar techniques expanded. Góes[7] originally proposed 
the use of resorbable mesh with periareolar mastopexy 
but noted longer lasting results with a mixed mesh (40% 
polyester, 60% polyglactin). More recently, a titanium-coated 
mesh (TiLOOP® Bra) has been introduced in Europe.[8] 
Nevertheless, concerns about biofilms and a permanent 
foreign body in the subcutaneous layer of the breast have 
limited the adoption of this approach.[9] For these same 
reasons, non-resorbable meshes have had limited use in 
revision breast surgery although they helped establish proof 
of concept for the idea of an internal bra.

SECOND GENERATION MATERIALS

Duncan[10] first reported the use of human-derived acellular 

dermal matrix (ADM) in revision breast surgery for correction 
of implant rippling. This was later expanded to include a 
variety of implant-related problems, with the common 
denominator being inadequate soft tissue support and/or 
coverage.[11] Histologic analysis demonstrated integration 
and transformation into host tissue, with follow-up as long 
as 12 years.[12] The ability of these materials to replace 
deficient or weakened tissue led to their widespread 
adoption in breast reconstruction and revision breast 
surgery and became the standard for many years.[13] Host 
tissue response and long-term integration may be affected 
by decellularization and sterilization methods which can 
alter the architecture of the matrix.[14]

ADM’s have proven valuable in the setting of revision 
breast implant surgery, for both reconstructive and 
cosmetic cases.[15-17] In primary reconstruction, they may 
allow for more rapid tissue expansion and higher initial fill 
volumes, though prospective studies on this are limited 
and inconsistent. Selection of an adequately sized piece is 
important.[18] Direct-to-implant immediate reconstruction 
with skin-sparing mastectomy relies on the use of ADM’s to 
offload the weight of the implant from the skin envelope 
and control pocket shape.[19]

Further experience with ADM’s revealed their resistance to 
radiation, of particular benefit to reconstruction patients.[20] 
Another observation was a much lower than expected 
incidence of capsular contracture in reconstruction 
patients,[21] leading to the use of ADM’s in revision 
breast surgery for established capsular contracture.[22,23] 
In this application, the material may afford protection 
against recurrent contracture, possibly related to altered 
inflammatory aspects of capsule formation.[24] Importantly, 
ADM’s serve to replace tissue support and implant 
coverage after capsulectomy. This ability to provide instant, 
predictable, and durable tissue thickness remains a primary 
advantage of ADM’s. Porcine-derived ADM’s, designed to 
offer a non-human source alternative, have found utility 
in this application. In general, porcine ADM’s have more 
consistent thickness and less stretch than human-derived 
ADM’s. 

The use of ADM’s has been mostly limited to the 
periprosthetic layer for creation of a stable pocket for 
implants, as a pectoral extension for post-mastectomy 
breast reconstruction and in revision aesthetic breast 
implant surgery. Use of an ADM internal bra in reduction 

Table 1. Criteria for the ideal internal bra material
Criteria
No interference with mammography
Biocompatible
Bio-inductive: template for long-term host tissue replacement
Maintains strength until host tissue replacement
Handling characteristics: easy to template and suture
Easily stored and ready-to-use
Available in a range of sizes
Affordable
Natural feel

Table 2. Internal bra materials
First generation Second generation Third generation
Mixed mesh (polyester/polyglactin)
Polypropylene mesh
Polyester three-dimensional cone
Titanium-coated polypropylene (TiLOOP® 
Bra)

Human ADM 
• Alloderm
• Dermamatrix
• FlexHD
• AlloMax
Porcine ADM
• Strattice
• Permacol

Silk fibroin mesh 
• SERI Scaffold 
P4HB mesh
• GalaFLEX
• Phasix
Mixed
• TIGR® (Fast resorbing copolymer of lactide, 
glycolide and trimethylene carbonate; 
slow-resorbing copolymer of lactide and 
trimethylene carbonate 

ADM: acellular dermal matrix
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mammoplasty has been proposed,[25] but the large pieces 
required can make it expensive. In the case of reconstruction, 
the concept of an internal bra is logical as the breast mound 
is entirely comprised of the implant; in the case of a breast 
augmentation, the concept is more limited because it 
supports the implant but not breast tissue unless placed in 
a more superficial layer. This would require placement in a 
subcutaneous layer, encompassing both implant and breast. 
ADM’s are not generally suitable for this application without 
extensive meshing as with skin grafts.

Disadvantages of ADM’s include cost,[26] concerns about 
animal or cadaveric sourcing, the need for long-term suction 
drains,[27] and complications such as red breast syndrome 
and seromas.[28,29] Placement of fenestrations may ameliorate 
these issues to a degree.[30] Another limitation is the inability 
to form an adherent capsule on textured implants, which 
may be desired in some cases to prevent rotation of form-
stable implants. 

THIRD GENERATION

As ADM’s helped to propel the concept of an internal bra, 
the need for more versatile materials became evident. Slowly 
resorbing materials which induce formation of a strong 
and durable host tissue layer would have the versatility 
of permanent meshes and the biocompatiblility of ADM’s. 
SERI® surgical scaffold (Allergan, Inc.), comprised of purified 
fibroin silk, and meshes based on poly-4-hydroxybutyrate 
(GalaFLEX®, Tepha Medical Devices) are the leading products 
in this category.

Silk-based scaffolds have been explored in various 
reconstructive surgery applications because of their 
potential to induce a host response characterized by site-
specific tissue replacement.[31] Raw silk consists primarily of 

two proteins: fibroin, comprised of fibers with high tensile 
strength, and sericin, a glue-like substance which coats the 
fibroin strands but provokes an inflammatory response 
as an implant. Removal of the sericin component yields a 
biocompatible material that can be woven or knitted into 
various configurations.[32] Experimentally, implantation is 
quickly followed by fibroblast migration, adherence, and 
proliferation.[33] Early iterations of implantable fibroin-
based scaffolds included anterior cruciate ligament[34] and 
abdominal wall repair.[35] Silk scaffolds seeded with specific 
cell lines or growth factors is an active area of research in 
tissue engineering.[36]

SERI® surgical scaffold is a knitted multifilament implantable 
material derived from the cocoons of the silkworm Bombyx 
mori. It is easily cut without unraveling and suitable for a 
variety of applications in breast reconstruction, revision 
breast surgery, and some cases primary aesthetic breast 
surgery such as augmentation-mastopexy.[37] In an ovine 
model of two-stage breast reconstruction, SERI scaffold 
demonstrated maintenance of burst strength greater than 
host fascia through 12 months, with histologic evidence 
of scaffold resorption and replacement by new tissue.[38] 
Interim one-year data from an ongoing clinical trial of two-
stage breast reconstruction shows low complication rates 
and high patient satisfaction.[39] Early results from a European 
trial with SERI in direct-to-implant reconstruction after skin-
sparing mastectomy showed good aesthetic outcomes and 
acceptable complication profile.[40] 

Poly-4-hydroxybutyrate is a bio-derived polymer produced 
by micro-organisms under specific conditions. P4HB is a 
monofilament used as a suture or knitted into a mesh, and 
is somewhat stiffer than SERI® scaffold. Clinical experience 
with P4HB meshes is extensive but only recently has it been 
applied to breast surgery.[41] In a porcine model of abdominal 

Table 3. Comparison of Internal bra materials
Advantages Disadvantages

First generation
Polypropylene mesh;
Mixed mesh

Durable;
Affordable;
Variety of sizes and shapes

Foreign body may be subject to biofilms/
infection/exposure;
Possible interference with mammograms

Second generation
Human-derived ADM Potentially very long lasting;

Elastic (facilitates tissue expansion);
Extensive clinical record

Expensive;
Potential for seromas;
Need for long-term drains;
Red breast syndrome;
Limited sizes

Porcine-derived ADM Potentially very long lasting;
Inelastic; 
1:1 correction for revision surgery;
Instant thickness

Same as human-derived

Third generation
SERI Scaffold, P4HB mesh More affordable than ADM’s;

Variety of shapes and sizes;
Slowly resorbing with induction of replacement 
by host tissue;
Open weave may facilitate fluid egress and 
mesh integration

Limited clinical data for breast surgery

ADM: acellular dermal matrix
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wall repair, PHASIX® knitted mesh (Tepha) demonstrated 
burst strength significantly greater than native tissue at 
all points up to one year.[42] As with silk scaffolds, a variety 
of uses for constructs based on PHB have been explored, 
including heart valves.[43] Clinical trial results for GalaFLEX® 

(P4HB mesh) in breast surgery have not yet been reported 
but a trial in mastopexy and reduction mammoplasty is 
ongoing.

A composite mesh comprised of fast-absorbing and slow-
absorbing fibers has also been explored (TIGR® Matrix 
surgical mesh, Novus Scientific.) At an average follow-up 
of 16 months, a favorable complication rate was observed 
in a case series of breast reconstruction, revision implant 
surgery, and primary aesthetic procedures.[44] 

Because third generation meshes facilitate subcutaneous 
placement, mastopexy may be performed without 
parenchymal disruption or reliance on a tight skin envelope. 
For all internal bra materials, the ability to offload the weight 
of the breast during the transition from graft to host is 
critical. Quickly-resorbing materials lose support before host 
tissue can develop, so the ability of the material to induce or 
support ingrowth or replacement by host issue is an important 
variable. In practice, it is important to take advantage of the 
internal bra concept by adapting the skin envelope of the 
breast to the shape created by the material and close incisions 
under minimal tension. This may minimize the potential for 
would breakdown and exposure of the material. Minimal 
tension closure may reduce the potential for hypertrophic 
scarring as well. The ability to shape the breast mound as a 
composite unit of implant and parenchyma by wrapping in a 
subcutaneous internal bra may prevent long-term problems of 
differential implant or breast ptosis. 

DISCUSSION

By restoring support due to attenuated or weak tissues, 
revision surgery for combination problems may find a unifying 
solution with the internal bra. Despite the paucity of robust 
long-term data for newer materials, they are finding a role in 
clinical practice. Each has its own limitations and advantages 
[Table 3]. Although there are general characteristics that are 
desirable across the category, different applications require 
specific mesh attributes. In revision surgery, elasticity and 
expandability may be disadvantages while they are plusses 
for tissue expansion. Placement in the subcutaneous layer 
is necessary for mastopexy, but placement too superficially 
may result in unacceptable palpability or risk of exposure, 
while in a deeper layer, non-take may be a concern because 
of less vascularity. The consequences of non-take for second 
and third generation materials include exposure, infection, 
and possible need for removal of both the material and 
implant. As application-specific characteristics such as pore 
size, fiber size, monofilament vs. multifilament, degradation 
profiles, and textile engineering become better understood, 
these materials will be better optimized. The introduction 
of fixation devices and 3-dimensionally shaped constructs 
may broaden the appeal of the internal bra.

CONCLUSION

The concept of an implantable internal bra continues to 
evolve. Third generation biomaterials designed to act as 
templates that resorb and initiate tissue neogenesis address 
many of the issues posed by non-resorbable materials and 
acellular matrices, but have only recently become widely 
available and less is known about complication rates and 
best practices. As indications become better defined and 
clinical experience grows, the use of these materials appears 
poised to usher in a new generation of regenerative surgery.
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ABSTRACT
Aim: To examine the impact of underweight body mass index (BMI) values on breast reconstruction 
outcomes. Methods: The American College of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) database was retrospectively reviewed for all patients who underwent 
breast reconstruction between 2006 and 2011. Patients were first stratified by breast reconstruction 
modality into prosthetic or autologous cohorts, and second by BMI values into underweight 
(BMI < 18.5), normal to overweight (reference, BMI 18.5-29.99), moderate obesity (BMI 30-34.99), 
severe obesity (BMI 35-39.99), and morbid obesity cohorts. Multivariate logistic regression 
models were used to determine independent predictors of complications. Results: With regard to 
prosthetic breast reconstruction patients, obese patients demonstrated increased rates of surgical 
complications, while underweight patients did not have any differences on multivariable analysis. 
With respect to autologous reconstruction, risk-adjusted multivariate regression models showed 
a dose dependent response between obesity and risk for surgical complications and reoperation, 
but not for underweight patients. Conclusion: On multivariable analysis of over 4,600 patients, 
there were no significant differences in the rates of adverse events between underweight patients 
(BMI < 18.5) and their reference-weight counterparts, in spite of a significant increase in surgical 
and medical complication rates in underweight patients on univariate analysis.
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INTRODUCTION

Much has been published regarding the risks of obesity on 
medical outcomes. The prevalence of obesity among adults 
in the United States has been steadily increasing over the 
past several decades such that today over 1 in every 3 adults 
is obese [body mass index (BMI) > 30 kg/m2], and nearly 1 in 
every 10 adults is morbidly obese (BMI > 40 kg/m2).[1,2] Obesity 
is a multi-system disease process which confers increased 
risk of medical comorbidities including hypertension 
(HTN), coronary artery disease, and diabetes mellitus (DM), 
and increases the risk of surgical morbidity.[3,4] Similarly, 
extremes of underweight have recently been described as a 
risk factor for surgery.[5-7] Several recent studies of critically 
and chronically ill patients,[8-11] and of patients undergoing 
certain procedures[12-15] suggest that overweight and obese 
patients may paradoxically have better outcomes than 
underweight patients, given an increased risk for death and 
catastrophic complications in the latter patients.

As many as 40% of women undergoing mastectomies in 
the USA, they are now seeking post-mastectomy breast 
reconstruction.[16-19] While much recent literature has 
detailed an association between obesity and poor surgical 
outcomes,[20-23] other studies have failed to demonstrate 
an increased risk of death or severe complications in 
these patients.[24-26] Conversely, very little has been written 
about the risk of underweight patients undergoing breast 
reconstruction. Such studies have been compromised by 
small sample sizes, single-institutional bias, retrospective 
study design, limited patient follow-up, inconsistent 
definitions of underweight, types of surgical procedures 
included, and outcomes studied.[27-30]

In an effort to better understand the influence of BMI on 
outcomes following breast reconstruction, we examined 
the National Surgical Quality Improvement Program 
(NSQIP) datasets. We aim to define and benchmark the 

risks and outcomes associated with breast reconstruction 
in underweight patients. We hypothesized that patients 
who are at extremes of low BMI would have a higher risk of 
adverse outcomes.

METHODS

Patient population

All patients with “Plastics” recorded as their primary 
surgical team were isolated from the 2006-2011 NSQIP 
database. Patients were stratified into either “prosthetic” 
or “autologous” reconstruction cohorts, based on ACS-
NSQIP classification. ACS-NSQIP tracks procedures based 
on Current Procedural Terminology (CPT) codes. Specific 
CPT codes used for each cohort include: 19340 (immediate 
breast reconstruction with implant), 19342 (delayed breast 
reconstruction with implant), 19357 (breast reconstruction 
with tissue expander), 19361 (breast reconstruction with 
latissimus dorsi flap), 19364 (breast reconstruction with 
free flap), 19367 [breast reconstruction transverse rectus 
abdominis musculocutaneous (TRAM) flap] and 19368 
(breast reconstruction with TRAM flap, with microvascular 
anastomosis). Patients undergoing multiple types of 
reconstruction (e.g. latissimus dorsi flap + implant, or 
different types of reconstruction on each side) were 
excluded from analysis. Similarly, only patients with 
total breast reconstruction using the above-mentioned 
codes were included. Thus, patients undergoing breast 
reconstruction via fat grafting (CPT code 15770) or local flap 
closure (14301, 14302, 15734) were excluded from analysis. 
Breast reconstruction patients were further categorized into 
prosthetic and autologous reconstruction cohorts. Similar 
preoperative demographic and postoperative outcomes 
analyses were carried out separately in the prosthetic and 
autologous populations groups. Multivariate regression 
analysis was also conducted in similar fashion to the overall 
population.

Table 1: Prosthetic breast reconstruction patient clinical characteristics, stratified by body mass index, n (%)
Underweight 

(< 18.5, n = 116)
Normal to overweight
(18.5-29.99, n = 2,543)

Moderate obesity
(30-34.99, n = 511)

Severe obesity
(35-39.99, n = 229)

Morbid obesity
(≥ 40, n = 114)

Age 48.12 ± 12.04 51.43 ± 11.55 53.988 ± 10.58 54.60 ± 10.92 52.54 ± 10.56
Hypertension 9 (7.76) 474 (18.64) 204 (39.92) 125 (54.59) 56 (49.12)
Diabetes 2 (1.72) 71 (2.79) 57 (11.15) 37 (16.16) 18 (15.79)
COPD 2 (1.72) 16 (0.63) 4 (0.78) 7 (3.06) 2 (1.75)
Dyspnea 3 (2.59) 58 (2.43) 17 (3.33) 17 (7.42) 10 (8.77)
History of TIA or CVA 0 (0.00) 14 (0.59) 8 (1.57) 2 (0.87) 3 (2.63)
Prior PCI or PCS 0 (0.00) 21 (0.83) 8 (1.57) 4 (1.75) 0 (0.00)
Active smoking 20 (17.24) 344 (13.53) 62 (12.13) 25 (10.92) 16 (14.04)
Alcohol use 3 (2.59) 28 (1.10) 4 (0.78) 2 (0.87) 1 (0.88)
Chronic steroid use 0 (0.00) 22 (0.87) 2 (0.39) 3 (1.31) 4 (3.51)
Chemotherapy within 30 days 3 (2.59) 79 (3.11) 16 (3.13) 5 (2.18) 4 (3.51)
Radiation within 90 days 0 (0.00) 12 (0.47) 3 (0.59) 0 (0.00) 1 (0.88)
Wound infection within 30 days 1 (0.86) 36 (1.42) 6 (1.17) 1 (0.44) 0 (0.00)
Prior operation within 30 days 2 (1.72) 20 (0.79) 6 (1.17) 2 (0.87) 0 (0.00)
Outpatient cases 81 (69.82) 1,781 (70.03) 380 (74.36) 162 (70.74) 73 (64.04)
Emergent cases 1 (0.86) 14 (0.55) 3 (0.59) 1 (0.05) 1 (0.88)
Sum of relative value units 34.30 ± 17.90 33.69 ± 19.71 34.15 ± 20.13 33.59 ± 18.06 36.46 ± 23.04
Operative time (h) 2.27 ± 2.18 2.17 ± 1.32 2.22 ± 1.43 2.20 ± 1.18 2.46 ± 1.78
COPD: chronic obstructive pulmonary disease; TIA: transient ischemic attack; CVA: cerebrovascular accident; PCI: previous coronary intervention; PCS: 
previous cardiac surgery
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Outcomes

Our primary outcomes of interest were: 30-day surgical 
complications, medical complications, reoperation, and 
mortality. Surgical complication was defined as having 
≥ 1 of the following ACS-NSQIP post-operative adverse 
events: superficial surgical site infection (SSI), deep surgical 
site infection, organ/space surgical site infection, wound 
disruption/dehiscence, or graft/prosthesis failure. Medical 
complications included: pneumonia, unplanned intubation, 
pulmonary embolism (PE), failure to wean from ventilator, renal 
insufficiency, progressive renal failure, urinary tract infection, 
stroke, coma, peripheral neurologic deficiency, cardiac arrest, 
myocardial infarction, bleeding requiring a transfusion, deep 
venous thrombosis (DVT), and sepsis/septic shock.

Statistical analysis

Patients were stratified into BMI categories as follows: 
underweight, BMI < 18.5; normal to overweight, BMI 18.5-
29.99; moderately obese, BMI 30-34.99; severely obese, 
BMI 35-39.99; and morbidly obese, BMI ≥ 40. Patient 
demographics and clinical characteristics were tracked 
as potential cofounders. Chi-square analysis was used to 
compare categorical variables and one-way ANOVA tests 
were used to analyze continuous variables.

Multivariable logistic regression analysis was utilized 
to investigate the impact of BMI values on outcomes. 
Preoperative variables with ≥ 10 occurrences and P ≤ 20 
on bivariate screening were included in the analysis. All 
analysis was conducted using Statistical Product and Service 
Solutions (SPSS) version 21 (Chicago, IL). P values less than 
0.05 were statistically significant. For statistical evaluation, 
the reference population was defined as the normal-weight 
cohort (i.e. BMI 18.5-29.99).

RESULTS

In review of the 25,346 plastic surgery patients extracted from 
the database, 4,676 patients met criteria for study inclusion. 
Three-fourths (3,513) of the reconstruction patients received 
prosthetic reconstruction and the remaining quarter (1,163) 
underwent autologous tissue based reconstruction. Rates 
of hypertension, diabetes, and dyspnea increased as BMI 
values increased in both prosthetic and autologous cohorts 
[Tables 1 and 2]. For statistical evaluation, the reference 
population was defined as the normal-weight cohort (i.e. 
BMI 18.5-29.99).

On univariate analysis, in the prosthetic patient population, 
adverse events (AE) increased from underweight, to 
reference, to obese patients [Table 3, Figure 1]. Total 
complications rose from 1.7%, 3.3%, to 11.4% in underweight, 
reference, and morbidly obese patients, respectively (P < 
0.001). Similarly, surgical complications increased from 1.7%, 
2.9%, to 11.4% as weight strata increased (P < 0.001). Medical 
complications were significantly increased in underweight 
and obese patients, compared to reference weight patients 
increased (1.7% for underweight, 2.4% for obese, and 0.8% for 
reference weight patients) (P = 0.009). Finally, reoperation 
rates increased as weight strata increased (0%, 3.6%, to 
8.8%, respectively) (P = 0.001). There were no deaths in the 
prosthetic breast reconstruction cohort.

With respect to autologous reconstruction, complication 
rates increased when patients were at extremes of weight, 
whether underweight or overweight [Figure 2]. While 
the reference population (i.e. BMI 20-30) had a rate of 
total complications of 16.6%, underweight patients had a 
total rate of 20%, and overweight patients’ complication 
rate increased to 40.43% (P < 0.001). Similarly, surgical 
complications increased from 6.9% to 15% and 29.79% in 
underweight and obese patients, respectively (P < 0.001). 

Table 2: Autologous breast reconstruction patient clinical characteristics, stratified by body mass index, n (%)
Underweight 

(< 18.5, n = 20)
Normal to overweight
(18.5-29.99, n = 706)

Moderate obesity
(30-34.99, n = 281)

Severe obesity
(35-39.99, n = 109)

Morbid obesity
(≥ 40, n = 47)

Age 48.42 ± 11.71 51.35 ± 10.05 52.08 ± 8.90 51.66 ± 9.15 50.81 ± 9.56
Hypertension 4 (20.00) 165 (25.31) 95 (33.81) 48 (44.04) 21 (44.68)
Diabetes 0 (0.00) 22 (3.37) 17 (6.05) 16 (14.68) 6 (12.77)
COPD 0 (0.00) 5 (0.77) 1 (0.36) 0 (0.00) 0 (0.00)
Dyspnea 1 (5.00) 15 (2.30) 7 (2.49) 4 (3.67) 3 (6.38)
History of TIA or CVA 0 (0.00) 7 (1.07) 1 (0.36) 1 (0.92) 1 (2.13)
Prior PCI or PCS 0 (0.00) 4 (0.61) 1 (0.36) 0 (0.00) 0 (0.00)
Active smoking 3 (15.00) 75 (11.50) 28 (9.96) 7 (6.42) 9 (19.15)
Alcohol use 0 (0.00) 6 (0.92) 2 (0.71) 0 (0.00) 1 (2.13)
Chronic steroid use 1 (5.00) 7 (1.07) 2 (0.71) 1 (0.92) 0 (0.00)
Chemotherapy within 30 days 1 (5.00) 29 (4.44) 14 (4.98) 3 (2.75) 0 (0.00)
Radiation within 90 days 0 (0.00) 6 (0.92) 2 (0.71) 2 (1.83) 0 (0.00)
Wound infection within 30 days 1 (5.00) 21 (3.22) 5 (1.78) 4 (3.67) 1 (2.13)
Prior operation within 30 days 0 (0.00) 22 (3.37) 7 (2.49) 3 (2.75) 2 (4.26)
Outpatient cases 2 (10.00) 75 (11.50) 22 (7.83) 5 (4.59) 7 (14.89)
Emergent cases 1 (5.00) 3 (0.46) 1 (0.36) 0 (0.00) 0 (0.00)
Sum of relative value units 48.02 ± 31.37 47.28 ± 24.73 48. 79 ± 24.39 48.46 ± 26.30 47.14 ± 28.81
Operative time (h) 5.82 ± 2.42 6.09 ± 3.12 6.61 ± 3.41 6.38 ± 3.64 6.05 ± 3.63

TIA: transient ischemic attack; COPD: chronic obstructive pulmonary disease; CVA: cerebrovascular accident; PCI: previous coronary intervention; PCS: 
previous cardiac surgery
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In contrast, underweight patients had the lowest rate of 
medical complications (5%), compared to the reference 
population (11.2%), or obese patients (23.4%) (P = 0.005) 
[Table 4]. Reoperation rates also increased from 5%, 9%, 
to 29.79% in the underweight, reference, and obese 
populations, respectively (P < 0.001). There was one death 
in the autologous reconstruction cohort, in the reference 
weight subgroup (data not significant).

Multivariate regression analysis demonstrated a different 
picture. With respect to prosthetic reconstruction, only severely 
and morbidly obese patients had an elevated odds of having a 
surgical complication [Table 5]; the severely obese were also 
at risk for reoperation. Additionally, patients with moderate 
obesity had a 28.9% increase in their risk for incurring a medical 
complication. Interestingly, underweight patients appeared to 
have decreased risk of complications or reoperation, although 

these numbers did not reach significance.

On multivariate analysis, a strong connection between BMI 
and autologous reconstruction outcomes was present. 
Specifically, there was a significant incremental increase in 
odds for surgical complications when transitioning from 
reference weight to morbid obesity (ranging from 1.35 
to 3.31) [Table 6]. Individuals with a BMI over 35 also had 
significant risk for reoperation. Medical complications rose 
as BMI increased, although data did not reach significance. 
Similarly, underweight patients had an elevated risk of 
surgical complications; however this data did not reach 
significance (P = 0.062).

DISCUSSION

This study defines and benchmarks risks and outcomes at 
30 days associated with breast reconstruction, utilizing a 
detailed stratification method, including a categorization 
of underweight patients. We found 4,676 patients who 
underwent breast reconstruction during this period, of whom 
3,513 (75.1%) underwent prosthetic reconstruction, and 1,163 
(24.9%) underwent autologous reconstruction. Of the total 
4,676 patients, 136 (3%) were BMI < 18.5, 3,249 (69.5%) were 
BMI 18.5-30, 792 (16.9%) were BMI 30-34.99, 338 (7.2%) were 
BMI 35-39.99, and 161 (3.4%) were BMI > 40.

We found significant differences in the groups, with regard 
to preoperative variables. With regards to prosthetic 
reconstruction, underweight patients tended to be younger, 

Table 3: Postoperative complications following prosthetic breast reconstruction, stratified by body mass index, 
univariate analysis, n (%)

Underweight 
(< 18.5, n = 116)

Normal to overweight
(18.5-29.99, n = 2,543)

Moderate obesity
(30-34.99, n = 511)

Severe obesity
(35-39.99, n = 229)

Morbid obesity
(≥ 40, n = 114)

P

Total complications 2 (1.72) 85 (3.34) 28 (5.48) 19 (8.30) 13 (11.40)           < 0.001*
Surgical complications 2 (1.72) 73 (2.87) 21 (4.11) 15 (6.55) 13 (11.40) < 0.001*
Wound infection 2 (1.72) 57 (2.24) 18 (3.52) 15 (6.55) 10 (8.77) < 0.001*
Superficial SSI 0 (0.00) 31 (1.22) 12 (2.35) 4 (1.75) 2 (1.75) 0.272
Deep SSI 0 (0.00) 16 (0.63) 3 (0.59) 6 (2.62) 2 (1.75) 0.006*
Organ/space SSI 2 (1.30) 12 (0.47) 3 (0.59) 5 (2.18) 6 (5.26) < 0.001*
Dehiscence 0 (0.00) 19 (0.75) 3 (0.59) 2 (0.87) 4 (3.51) 0.02*
Prosthesis failure 0 (0.00) 4 (0.16) 2 (0.39) 1 (0.44) 1 (0.88) 0.384
Medical complications 2 (1.72) 20 (0.79) 12 (2.35) 5 (2.18) 1 (0.88) 0.009*
Pneumonia 0 (0.00) 1 (0.04) 0 (0.00) 1 (0.44) 0 (0.00) 0.17
Reintubation 0 (0.00) 1 (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 0.976
PE 0 (0.00) 2 (0.08) 2 (0.39) 1 (0.44) 0 (0.00) 0.313
Ventilator > 48 h 0 (0.00) 0 (0.00) 1 (0.20) 0 (0.00) 0 (0.00) 0.209
Renal insufficiency 0 (0.00) 1 (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 0.976
Acute renal failure 0 (0.00) 0 (0.00) 1 (0.20) 0 (0.00) 0 (0.00) 0.209
UTI 0 (0.00) 4 (0.16) 3 (0.59) 1 (0.44) 0 (0.00) 0.329
Stroke 0 (0.00) 1 (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 0.976
Coma 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)            ‑
Peripheral neuro deficiency 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)            ‑
Cardiac arrest 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)  0 (0.00)            ‑
Myocardial Infarction 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)            ‑
Bleed requiring transfusion 0 (0.00) 4 (0.16) 5 (0.98) 0 (0.00)  0 (0.00)            0.013*
DVT 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.44) 0 (0.00)            0.006*
Sepsis/septic shock 1 (0.86) 6 (0.24) 3 (0.59) 1 (0.44) 1 (0.88)           0.646
Reoperation 0 (0.00) 91 (3.58) 20 (3.91) 18 (7.86) 10 (8.77)          0.001*
Death 0 (0.00) 0 (0.00) 1 (0.20) 0 (0.00) 0 (0.00)           0.209

*Denotes significant value, P < 0.05. SSI: superficial surgical site infection; PE: pulmonary embolism; DVT: deep venous thrombosis; UTI: urinary tract infection

Figure 1: Incidence of adverse events vs. body mass index range, for 
prosthetic breast reconstruction cohort
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while obese patients tended to be older (48.0 vs. 51.0 years) 
[Table 1]. With regards to underweight patients, there 
was a lower incidence of preoperative commorbidites, 
with the exception of active smoking (17% vs. 13.5%). With 
regards to overweight patients, nearly all commorbidities 
were increased, including hypertension, diabetes, chronic 
obstructive pulmonary disease (COPD), dyspnea, history of 
transient ischemic attack (TIA) or cerebrovascular accident 
(CVA), prior percutaneous coronary intervention (PCI) or 
previous cardiac surgery (PCS), and chronic steroid use. 
There was also a significant decrease in outpatient cases, and 
an increase in work relative value units (RVU) and operative 
time. These findings are all in accordance with previously-
published literature.[24,25]

Preoperative variables in the autologous group paralleled 

the prosthetic group [Table 2]. Underweight patients 
had lower incidence of nearly all comorbidities, with the 
exception of active smoking, steroid use, and wound 
infection. Underweight patients had similar percentage of 
outpatient cases, and decreased operative time. As expected, 
obese patients had an increased incidence of hypertension, 
diabetes, dyspnea, and wound infection in the prior 30 
days.[24,25] Significantly fewer obese patients were outpatient 
surgery, and operative time was significantly longer (6.09 h 
vs. 6.61 h).

While it has previously been found that underweight patients 
tend to utilize prosthetic breast reconstruction to a higher 
degree, and that obese patients utilize more autologous 
reconstruction, this is the first national evaluation of this 
trend.[30] Ostensibly, this phenomenon is the result of the 
lack of donor-site availability in underweight (as opposed 
to overweight) patients. However, advanced microsurgical 
techniques, use of flap plus implant techniques, and double-
free flap techniques have all contributed to increased the 
availability of autologous reconstruction for underweight 
patients.[31,32]

In our study, we have opted to utilize a unique stratification 
method, to examine if different BMI categories result in 
different outcomes. In general, increasing obesity led 
to statistically increased rates of surgical complications, 
irrespective of reconstructive type. This is consistent with 
previous literature on this subject.[33,34] Specifically, wound 
infection (superficial/deep/organ space), dehiscence, 
and prosthesis/flap failure all increased as patient BMI 

Table 4: Postoperative complications following autologous breast reconstruction, stratified by body mass index, 
univariate analysis, n (%)

Underweight 
(< 18.5, n = 20)

Normal to overweight
(18.5-29.99, n = 706)

Moderate obesity
(30-34.99, n = 281)

Severe obesity
(35-39.99, n = 109)

Morbid obesity
(≥ 40, n = 47)

P

Total complications 4 (20.00) 117 (16.57) 64 (22.78) 40 (36.70) 19  (40.43)          < 0.001*
Surgical complications 3 (15.00) 50 (7.08) 33 (11.74) 21 (19.27) 14 (29.79) < 0.001*
Wound infection 1 (5.00) 35 (4.61) 24 (8.54) 15 (13.76) 12 (25.53) < 0.001*
Superficial SSI 1 (5.00) 19 (2.69) 19 (6.76) 10 (9.17) 7 (14.89) < 0.001*
Deep SSI 1 (5.00) 14 (1.98) 5 (1.78) 2 (1.83) 3 (6.38) 0.353
Organ/space SSI 0 (0.00) 2 (0.28) 1 (0.36) 4 (3.67) 2 (4.26) < 0.001*
Dehiscence 1 (5.00) 6 (0.85) 3 (1.07) 3 (2.75) 0 (0.00) 0.324
Flap failure 1 (5.00) 13 (1.84) 11 (3.91) 7 (6.42) 2 (4.26) 0.032*
Medical complications 1 (5.00) 79 (11.19) 43 (15.30) 23 (21.10) 11 (23.40) 0.005*
Pneumonia 0 (0.00) 2 (0.28) 0 (0.00) 1 (0.92) 0 (0.00) 0.592
Reintubation 0 (0.00) 4 (0.57) 1 (0.36) 2 (1.83) 0 (0.00) 0.471
PE 0 (0.00) 0 (0.00) 4 (1.42) 1 (0.92) 0 (0.00) 0.043*
Ventilator > 48 h 0 (0.00) 2 (0.28) 2 (0.71) 1 (0.92) 0 (0.00) 0.773
Renal insufficiency 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) ‑
Acute renal failure 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (2.13) < 0.001*
UTI 0 (0.00) 6 (0.85) 2 (0.71) 0 (0.00) 1 (2.13) 0.677
Stroke 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) ‑
Coma 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)             ‑
Peripheral neuro deficiency 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)             ‑
Cardiac arrest 0 (0.00) 1 (0.14) 0 (0.00) 0 (0.00) 0 (0.00)            0.954
Myocardial infarction 0 (0.00) 1 (0.14) 1 (0.36) 9 (8.26) 9 (19.15)           0.923
Bleed requiring transfusion 1 (5.00) 63 (8.92) 28 (9.96) 17 (15.60) 6 (12.77)          0.226
DVT 0 (0.00) 4 (0.57) 5 (1.78) 1 (0.92) 0 (0.00)            0.388
Sepsis/septic shock 0 (0.00) 6 (0.85) 7 (2.49) 4 (3.67) 3 (6.38)            0.011*
Reoperation 1 (5.00) 63 (8.92) 35 (12.46) 21 (19.27) 14 (29.79)          < 0.001*
Death 0 (0.00) 1 (0.14) 0 (0.00) 0 (0.00) 0 (0.00)            0.954

*Denotes significant value, P < 0.05. SSI: superficial surgical site infection; PE: pulmonary embolism; DVT: deep venous thrombosis; UTI: urinary tract infection

Figure 2: Incidence of adverse events vs. body mass index range, for 
autologous breast reconstruction cohort
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increased, although differences were more exaggerated in 
the autologous reconstruction group [Tables 3 and 4]. This 
finding was confirmed on both univariate and multivariate 
analysis.

Multiple medical complications increased as patient weight 
increased, in both reconstructive groups. Specifically, 
bleeding requiring transfusion and DVT were elevated in 
the prosthetic group; and PE, acute renal failure, and sepsis/
septic shock were elevated in the autologous group. On 
multivariate analysis, while medical complication rates were 
elevated, data only reached significance for the prosthetic 
in moderate obesity group (OR 2.752, P = 0.009). Finally, 
reoperation rates were significantly elevated in both 
stratified obesity cohorts, with a stronger relationship in the 
autologous reconstruction group.

Previous literature has suggested that underweight patients 
suffer from elevated rates of surgical complications, and 
specific catastrophic medical complications (including 
death). While we found elevated rates of surgical 
complications in the autologous reconstruction group and 
medical complications in the prosthetic reconstruction 
group, we otherwise found a decreased incidence of 
surgical and medical complications, reoperation and death 
in underweight patients. However, none of these findings 
were significant on multivariate analysis. These findings 
suggest that, as with previous studies, patient groups may 
be too small to yield significant differences. Given the 
relatively small size of underweight breast reconstruction 
patients captured in NSQIP, it is not possible to discern 
between patients with lean muscle mass, versus those with 
chronic disease and multiple comorbidities. As the dataset 
continues to grow, it will be possible to separate these 
groups, thus increasing the value of data extracted from 
the dataset. However, at this time, our findings suggest that 

all forms of breast reconstruction are safe in underweight 
patients. Additionally, there does not appear to be a role for 
the “obesity paradox” in breast reconstruction.

In conclusion, this study represents the only review to date 
of post-mastectomy breast reconstruction, using a weight-
stratification system. Increasing obesity is associated with 
significantly increased risk of adverse events (AE’s) in the 
first 30 days following breast reconstruction. The added risks 
translate into higher rates of overall morbidity, regardless of 
reconstructive modality. On multivariable analysis of over 
4,600 patients, there were no significant differences in the 
rates of adverse events between underweight patients (BMI 
< 18.5) and their reference-weight counterparts, in spite of 
a significant increase in surgical and medical complication 
rates in underweight patients on univariate analysis. Based 
on the overall analysis, we conclude that while obese patients 
are at greater risk when undergoing breast reconstruction, 
with appropriate counseling breast reconstruction should 
continue to be offered to these patients.
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The association between body mass index (BMI) and surgical 
complications has been of great interest in recent years given 
the rise of obesity worldwide.[1] Current evidence shows that 
there is a strong correlation between obesity and the rate 
of complications following breast reconstruction, such as 
wound dehiscence, superficial wound infection, and graft 
or flap loss.[2] Although malnutrition has been identified 
as a risk factor for poor wound healing and the effects of 
reconstruction,[3] no articles have examined the impact of 
low BMI on the outcomes of breast reconstruction.

The authors present a retrospective study involving 
4,676 prosthetic or autologous breast reconstruction 
patients (136 of which were underweight) recorded on the 
American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) database between 2006 
and 2011. The authors show that underweight patients 
undergoing autologous reconstruction have higher total 
and surgical complication rates, but lower reoperation and 
medical complication rateswhereas, underweight patients 
undergoing prosthetic reconstruction have higher medical 
complication rates, but lower reoperation, total and surgical 
complication rates. However, none of these findings are 
statistically significant on multivariate analysis.

Despite the great efforts by the authors to answer the 
very important question of whether low BMI has impact 
on breast reconstruction, there are certain limitations that 
readers should consider when interpreting the results of 
this study. Firstly, the spectrum of breast cancer therapy 
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produces a varied range in complication rates and types: 
simple mastectomy (4-5.72%),[4,5] skin-sparing mastectomy 
(15.1-64.2%),[6,7] and nipple-sparing mastectomy (12.4-22%).[8,9] 
Each modality has benefits and short falls, and some of the 
complications might be enhanced by a low BMI and poor 
nutrition such as skin flap necrosis, with the rate reported 
as 0-6.3% for skin-sparing mastectomy,[6] and 5.2-9.5% for 
nipple-sparing mastectomy,[9,10] or nipple-necrosis with the 
rate reported as 4.4-9.2%[8,9,11] in nipple-sparing mastectomy. 
Given the heterogeneity in complications rates, it would have 
been interesting to see if the effect of the type of mastectomy 
was a confounding factor in the results. Furthermore, breast 
conservation therapy (BCT) accounts for the majority of 
breast cancer treatment in the United States[12] and the 
readers have to be mindful that the conclusions drawn by 
this article do not apply to partial breast reconstruction. 
Therefore, future research warrants inclusion and analysis of 
each type of breast cancer therapy modality.

Secondly, the stratification of patients into prosthesis and 
autologous categories does not take into account the 
heterogeneity of complications among the different types 
of breast reconstruction procedures. It is known that the 
rates of complications differ among patients who undergo 
pedicled flaps (58.5-67.9%) and those who undergo free flaps 
(17.7-26.9%).[13,14] Furthermore, it is known that patients’ BMI 
can have an impact on the rates of complications like skin 
flap necrosis, wound dehiscence, and graft and prosthesis 
loss.[2,15] Even within each type of reconstruction, there is 
a variation among the selected flap. For example, a meta-
analysis by Wang et al.[1] revealed a lower rate of fat necrosis 
(RR 0.502) and a higher rate of abdominal hernias (RR 2.354) 
in muscle-sparing transverse rectus abdominismyocutaneous 
(TRAM) flap than in deep inferior epigastric perforator flap. 
Therefore, it is challenging to group pedicled flaps (e.g. 
latissimusdorsi, or TRAM) with free flaps (e.g. TRAM, muscle-
sparing TRAM, DIEP), because variation in complication rates 
exists among them, and each complication may be affected 
differently by low BMI. Unfortunately, ACS-NSQIP does not 
allow distinguish between specific free flap procedures, since 
all free flap reconstructions are grouped under the same CPT 
code, making it impossible to perform subgroup analysis. 
These limitations restrict the authors’ ability to accurately 
assess the impact of low BMI in breast reconstruction, since 
too much variation exists between breast reconstruction 
modalities. Therefore, future research warrants inclusion 
and analysis of each type of breast reconstruction modality.
Most importantly, the authors omitted in the analysis, 
certain key complications like hematoma, seroma, fat 
necrosis, nipple necrosis, skin flap necrosis, and donor 
site complications, which are known issues of breast 
reconstruction procedures[1,15,16] and whose incidence 
could be affected by the patient’s BMI.[17] The ACS-NSQIP 
dataset tracks certain complications for only 30 days and 
unfortunately does not include some very important and 
most relevant complications. A lack of data may have 
resulted in an under-reporting of complications in this study. 
Also, Epelboym et al. [18] reported discordance in 27.3% of the 
time in complication reporting by the ACS-NSQIP including: 
missed complications, reported complications that did not 

occur, and misclassification of postoperative events. Once 
again, readers have to mindful of these significant limitations 
when drawing conclusions.

As illustrated by the authors, the small sample size confirms 
that breast reconstruction in patients with low BMI is not 
very common and an attempt to establish the etiology of 
being underweight unfortunately did not reach statistical 
significance. A patient with low BMI does not necessarily 
entail malnourishment. In fact, an obese patient may well be 
malnourished despite the high BMI. Studies have shown that 
malnourished patients often require longer hospitalizations, 
have more postoperative complications, and have delayed 
wound and fracture healing compared with well-nourished 
patients.[19,20] For this reason, all patients regardless of their 
BMI should be evaluated for their nutritional status, and 
ensure adequate preoperative calorie, protein, vitamin, 
and mineralintake. This helps optimization of the patient’s 
nutritional status and minimization of postoperative 
complications.

Low BMI is a poorly discussed topic and the limited number 
of eligible patients makes it challenging to obtain statistically 
significant results. We commend the authors for this study 
and we believe it provides a great starting point for debate. 
But because of the limitations (mostly dictated by the ACS-
NSQIP data), we feel that definitive conclusions cannot be 
drawn from this study, but look forward to future research 
to evaluate the impact of low BMI in the varied spectrum of 
breast reconstruction.

Financial support and sponsorship
Nil.

Conficts of interest
There are no conflicts of interest.

REFERENCES

1. Wang XL, Liu LB, Song FM, Wang QY. Meta-analysis of the safety and 
factors contributing to complications of MS-TRAM, DIEP, and SIEA flaps 
for breast reconstruction. Aesthetic Plast Surg 2014;38:681-91.

2. Fischer JP, Nelson JA, Kovach SJ, Serletti JM, Wu LC, Kanchwala S. Impact 
of obesity on outcomes in breast reconstruction: analysis of 15,937 
patients from the ACS-NSQIP datasets. J Am CollSurg 2013;217:656-64.

3. Arnold M, Barbul A. Nutrition and wound healing. Plast Reconstr Surg 
2006;117: S42-58.

4. El-Tamer MB, Ward BM, Schifftner T, Neumayer L, Khuri S, Henderson 
W. Morbidity and mortality following breast cancer surgery in women: 
national benchmarks for standards of care. Ann Surg 2007;245:665-71.

5. De Blacam C, Ogunleye AA, Momoh AO, Colakoglu S, Tobias AM, Sharma R, 
Houlihan MJ, Lee BT. High body mass index and smoking predict morbidity 
in breast cancer surgery: a multivariate analysis of 26,988 patients from 
the national surgical quality improvement program database. Ann Surg 
2012;255:551-5.

6. Kim Z, Kang SG, Roh JH, Park JH, Lee J, Kim S, Lim CW, Lee MH. Skin-
sparing mastectomy and immediate latissimusdorsi flap reconstruction: 
a retrospective analysis of the surgical and patient-reported outcomes. 
World J Surg Oncol 2012;10:259.

7. Omranipour R, Bobin JY, Esouyeh M. Skin sparing mastectomy and 
immediate breast reconstruction (SSMIR) for early breast cancer: eight 
years single institution experience. World J Surg Oncol 2008;6:43.

8. Endara M, Chen D, Verma K, Nahabedian MY, Spear SL. Breast 
reconstruction following nipple sparing mastectomy: a systematic review 



Plast Aesthet Res || Vol 3 || Issue 1 || Jan 15, 201616

of the literature with pooled analysis. Plast Reconstr Surg 2013;132:1043-
54.

9. Colwell AS, Tessler O, Lin AM, Liao E, Winograd J, Cetrulo CL, Tang R, 
Smith BL, Austen WG Jr. Breast reconstruction following nipple-sparing 
mastectomy: predictors of complications, reconstruction outcomes, and 
5-year trends. Plast Reconstr Surg 2014;133:496-506.

10. Piper M, Peled AW, Foster RD, Moore DH, Esserman LJ. Total skin-
sparing mastectomy: a systematic review of oncologic outcomes and 
postoperative complications. Ann Plast Surg 2013;70:435-7.

11. Endara M, Chen D, Verma K, Nahabedian MY, Spear SL. The role of nipple-
sparing mastectomy in breast cancer: a comprehensive review of the 
literature. Plast Reconstr Surg 2013;131:969-84.

12. Kummerow KL, Du L, Penson DF, Shyr Y, Hooks MA. Nationwide trends in 
mastectomy for early-stage breast cancer. JAMA Surg 2015;150:9-16.

13. Spear SL, Newman MK, Bedford MS, Schwartz KA, Cohen M, Schwartz JS. 
A retrospective analysis of outcomes using three common methods for 
immediate breast reconstruction. Plast Reconstr Surg 2008;122:340-7.

14. Garvey PB, Buchel EW, Pockaj BA, Casey WJ 3rd, Gray RJ, Hernández 
JL, Samson TD. DIEP and pedicled TRAM flaps: a comparison of 
outcomes. Plast Reconstr Surg 2006;117:1711-9.

15. Davies K, Allan L, Roblin P, Ross D, Farhadi J. Factors affecting post-

operative complications following skin sparing mastectomy with 
immediate breast reconstruction. Breast 2011;20:21-5.

16. Hanwright PJ, Davila AA, Hirsch EM, Khan SA, Fine NA, Bilimoria KY, 
Kim JY. The differential effect of BMI on prosthetic versus autogenous 
breast reconstruction: a multivariate analysis of 12,986 patients. Breast 
2013;22:938-45.

17. Kantak NA, Koolen PG, Martin C, Tobias AM, Lee BT, Lin SJ. Are patients 
with low body mass index candidates for deep inferior epigastric 
perforator flaps for unilateral breast reconstruction? Plast Reconstr Surg 
2015;135:44-5.

18. Epelboym I, Gawlas I, Lee JA, Schrope B, Chabot JA, Allendorf JD. 
Limitations of ACS-NSQIP in reporting complications for patients 
undergoing pancreatectomy: underscoring the need for a pancreas-
specific module. World J Surg 2014;38:1461-7.

19. Jie B, Jiang ZM, Nolan MT, Zhu SN, Yu K, Kondrup J. Impact of preoperative 
nutritional support on clinical outcome in abdominal surgical patients at 
nutritional risk. Nutrition 2012;28:1022-7.

20. Koval KJ, Maurer SG, Su ET, Aharonoff GB, Zuckerman JD. The effects 
of nutritional status on outcome after hip fracture. J Orthop Trauma 
1999;13:164-9.



17© 2016 Plastic and Aesthetic Research | Published by OAE Publishing Inc.

Topic: Aesthetic Surgery of the Breast

Bi-plane breast augmentation: a case series 
supporting its use and benefits
Matthew Stodell, Gordon McArthur, Mathew James
Deapartment of Plastic, Hand and Reconstructive Surgery. St Thomas’ Hospital, Guys and St. Thomas’ NHS Trust, London, SE1 7EH, UK.
Address for correspondence: Dr. Mathew James, St Thomas’ Hospital, Guys and St. Thomas’ NHS Trust, London, SE1 7EH, UK.
E-mail: mattjames@doctors.net.uk

ABSTRACT
Aim: Breast augmentation has traditionally been performed in either the subglandular or submuscular 
plane. Dual plane augmentation has been described before and captures the advantages of both of 
these techniques but reduces the trade-offs. The biplane muscle splitting technique adopts the similar 
advantages seen with the dual plane method without the need for extensive costal muscle fibre release 
at the infra-mammary fold. Methods: Thirty-five patients underwent bilateral breast augmentation 
using the biplanar technique from November 2007 to December 2008. All operations were performed 
by the senior author and followed up prospectively. Results: Follow up ranged from 9 months to 21 
months. All of the patients achieved precise and reliable implant placement with no revisions or patient 
dissatisfaction. There have been no cases of implant misplacement/migration; synmastia, dynamic 
breast deformity, capsular contracture or infections. A single case of unilateral haematoma occurred early 
in the series. Conclusion: Our operative cases and early follow-up supports the use of this novel biplanar 
technique for breast augmentation. It optimizes the advantages of subglandular and submuscular breast 
augmentation with simpler dissection and less complications than other submuscular techniques. It can 
be used in a wide variety of breast types with predictable results.
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INTRODUCTION

The use of a dual plane for breast augmentation is not a 
new concept.[1] Its use in primary breast augmentation is 
becoming more popular and can be performed through 
various different approaches.[2] Indeed it is becoming 
a recognised method for the correction of established 
capsular contracture in secondary breast augmentation.[3] 
The concept of the biplane muscle splitting technique 
was only introduced by Khan[4] in 2007. It differs from the 
aforementioned dual plane technique as the implant is 
positioned both in front of and behind pectoral is major 
simultaneously without the need of muscle release. Here 

we present a case series of women who have all undergone 
bilateral breast augmentation using the same technique that 
Khan describes. This study supports and further reinforces 
the benefits and advantages of this novel technique.

METHODS

Thirty-five patients underwent bilateral breast augmentation 
using the biplanar technique from November 2007 to 
December 2008. All operations were performed by the 
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senior author and followed up prospectively.

Surgical technique: Midline is drawn from sternal notch 
to xiphisternum as a reference point and inframammary 
incision is marked preoperatively with patient in standing 
position.

The procedure is performed in general anaesthetic with 
muscle relaxation with the patient in a supine position 
with their arms abducted. The marked mid-line is used for 
reference and future breast pocket is marked. Approximate 
positions of the origins of pectoralis major are marked and 
a line, extending between the junction of middle and lower 
third of sternum and anterior axillary fold is drawn, roughly 
level with the lower border of the areola. The line represents 
the level where the muscle splitting incision takes place. The 
infra-mammary incisions are made approximately 5 cm in 
length and positioned laterally to conceal them in the infra-
mammary fold [Figure 1].

Dissection first takes place in the sub-glandular plane using 
cutting diathermy and continues superiorly up to the level 
of the nipple-areola complex superiorly and between the 
junction of middle and lower third of sternum medially 
going up and laterally to the anterior axillary fold [Figure 2].

The subpectoral pocket is accessed by separating the muscle 
fibres close to their origin at the previously marked level 
and the pocket is created by blunt dissection [Figure 3]. 
The medial two-thirds of pectoralis major are split in line 
with the muscle fibres maintaining the lateral portion of the 
muscle, which locks the implant and helps prevent lateral or 

upward migration. The implant is inserted with the superior 
portion in the subpectoral plane and the incision closed 
occasionally with the placement of a drain.

RESULTS

Follow up ranged from 9 months to 21 months. All of the 
patients achieved precise and reliable implant placement 
with no revisions or patient dissatisfaction. There have been 
no cases of implant misplacement/migration; synmastia, 
dynamic breast deformity, capsular contracture or infections. 
A single case of unilateral haematoma occurred early in the 
series.

DISCUSSION

The use of a dual plane for breast augmentation has been 
well documented in the past by Tebbetts.[1] Dual plane is an 
extension of partial sub muscular technique where muscle 
release is performed depending on the presence of the skin 
envelope. The bi-plane method, or muscle-splitting technique, 
has been described by Khan in 2007.[4] The submuscular 
positioning of the implant offers less capsular contracture 
rate.[5] This method involves splitting the pectoralis major 

Figure 1: Preoperative skin markings

Figure 2: Arrows point to the level where the muscle-splitting incision 
is made and lower unmarked area represents the extent of subglandular 
pocket

Figure 3: The muscle-splitting incision is made and access to the 
subpectoral pocket is gained

Figure 4: Anterior view showing position of the implant with the inferior 
portion anterior to pectoralis major. The subpectoral plane is accessed by 
splitting the muscle in the line of its fibres, lateral conjoined pectoralis 
prevents lateral and superior displacements
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in the line of its fibres to gain access to the submuscular 
plane as opposed to division of the pectoralis major along 
the infra-mammary fold [Figure 4]. The technique has been 
described for primary[6-9] and secondary procedures.[10-12] 
The technique not only reduces the dynamic deformity due 
to absence of muscle release but also has been described 
to correct dynamic deformity associated with partial sub 
muscular or dual plane augmentation mammoplasty.[13,14] 
In Muscle splitting Biplane, the pectoralis lies behind and 
in front of the implant at the same time and without the 
muscle release [Figure 5].

As Tebbetts has described, the use of a dual plane technique 
reduces the trade-offs commonly seen in subglandular 
or subpectoral implant placement. With subglandular 
placements there is an increased risk of a visible or palpable 
edge of the prosthesis, especially in the upper pole where 
there may be insufficient soft tissue coverage. There is also 
possibly an increased risk of capsular contracture leading to 
pain or breast deformity.

Although, historically, subpectoral breast implants have 
been reported as having lower incidences of capsular 
contracture,[5] the technique is not without its disadvantages. 
There is a higher incidence of implant migration, dynamic 
breast deformity and less precise control of breast shape.[1]

Use of the biplane technique compared with subglandular 
placement affords more adequate soft tissue coverage in 
the upper pole with a less stark transition between skin 
and implant. A long term review of a large study has shown 
a 6-7 fold reduction in the over rate of revision surgeries, 
when Muscle Splitting Biplane augmentation was compared 
with conventional sub glandular and partial submuscular 
augmentation mammoplasty.[15] The submuscular positioning 
of implants in biplane also offers reduces incidence of 
capsular contracture.[5] In our series there have been no 
cases of capsular contracture so far, however, a larger series 
with well monitored long term follow up will be required for 
an actual rate of capsular contracture.

The muscular attachment and portion of pectoralis major 

used to cover the superior pole of the implant has not been 
shown to cause any significant muscle contraction associated 
deformities as may be the case with total sub muscular or 
dual plane techniques [Figure 6]. In comparison with partial 
sub muscular or dual plane implant positioning, where the 
muscle is released from the sternocostal margin, the biplane 
technique has the added advantage of less incidences of 
dynamic breast deformity due to absence of the release of 
the muscle.[4,13,14] The muscle splitting technique does not 
require division of any of these fibres so that they are still 
available for functional use. The communication between 
the submuscular and sub glandular sections of the pocket 
allows one unit feel of the breast. The sub glandular position 
of the implant in the lower pole also allows a more natural 
and three-dimensional results with the implant covered by 
the muscle in the ever-changing upper part of the breast.

Intact sternal origin of the pectoralis muscle fibres acts as a 
fence preventing the implant pockets join over the sternum, 
thus, eliminating the risk of synmastia. When sternal 
margins of pectoralis are divided in conventional or dual 
plane pockets, the two pockets may communicate over the 
sternum resulting in synmastia. Subglandular positioning 
of implant with medial quadrant undermining may result 
in similar complication. The correction of sub glandular 
synmastia can be corrected by simply converting the pocket 
in to muscle splitting biplane.[12] To date there have been 
no cases of synmastia and all of the patients have had an 
aesthetically pleasing cleavage.

As the muscle-splitting technique only divides the medial 
two-thirds of pectoralis major, this maintains the lateral 
portion of pectoralis major. The inferior retro-prosthetic 
portion conjoins with the superior pre-prosthetic portion of 
pectoralis major to locks the lateral part of the implant and 
helps prevent superior and lateral displacement [Figure 4]. There 
have not been any reported cases of implant displacement 
or migration in our series.

In comparison to submuscular implant placement, the 
biplane technique affords the same adequacy of soft tissue 
cover in the superior pole, but in addition better fill and 

Figure 5: Sagittal view showing the prosthesis in-situ. Anterior to the 
implant is the superior portion of pectoralis major. Posterior to the 
implant lies pectoralis minor and the inferior portion of pectoralis major

Figure 6: Postoperative anterior views of a young woman in (a) relaxed 
position; (b) hands on hips; (c) arms fully abducted; and (d) forced 
contraction of pectoralis showing no dynamic muscle deformity
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projection in the lower pole. This is especially true in thin 
women, patients with constricted lower poles or excessive 
skin envelopes. Conventional submuscular positioning 
of implants in such patients can lead to a double-bubble 
deformity. There have been no identifiable cases of this 
complication in our series. The biplane technique can be 
used in cases of grade I and II ptosis with satisfactory lower 
pole fill and projection. The senior author has not used this 
technique in more severe cases of ptosis.

In conclusion, our operative cases and early follow-up 
supports the use of this novel biplanar technique for breast 
augmentation. It optimizes the advantages of subglandular 
and submuscular breast augmentation with simpler 
dissection and less complications than other submuscular 
techniques. It can be used in a wide variety of breast types 
with predictable results.
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ABSTRACT
Aim: Simultaneous or single stage mastopexy with augmentation is challenging, unique and commonly 
performed by a plastic surgeon. In this procedure pocket for implant placement, marking for envelope 
reduction and type of implants used can affect the outcome of the procedure. Muscle splitting pocket 
for mastopexy is a plane described by the author for implant placement with a short term follow up. 
The use and outcome of the technique is presented with a larger series and a long term follows up 
to evaluate the efficacy of the procedure. Methods: Retrospective data was collected. Augmentation 
was performed using muscle splitting technique and periareolar, vertical scar and wise pattern were 
used for skin reduction and mastopexy. A single surgeon performed all procedures. Results: In total 108 
patients mastopexy with augmentation in muscle splitting technique. The mean age of the patient was 
32.2 years (range: 18-67 years) with an average follow up of 4.5 years (range: 3 months to 10 years). All 
patients had round textured cohesive gel silicone implants with a mean size of 308 cc (range: 200-555 cc). 
Wound infection was seen in 4 (3.7%), wound breakdown in 7 (6.5%) patients. Drains were used in 25 
(23.1%). All patients were treated as day cases and revision surgery was performed in 12 (11.1%). There 
was no hematoma, deep venous thrombosis (DVT) or nipple areolar complex in the series. Conclusion: 
Simultaneous augmentation mastopexy in muscle splitting pocket can be performed with good aesthetic 
results along with an acceptable revision rate.
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Augmentation mastopexy; muscle splitting mastopexy; muscle splitting augmentation; submuscular 
augmentation mammoplasty
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INTRODUCTION

Augmentation mammoplasty for volume enhancement and 
mastopexy for ptosis correction is commonly performed as 
a simultaneous procedure by aesthetic plastic surgeons. In 
this procedure, envelope markings, type of implants and the 
pocket for implant placement can affect the outcome the 
result. Breast implants can be placed in front[1] or behind[2] the 
pectoralis muscle. Skin reduction is commonly performed 
using periareolar,[3] wise pattern,[4] vertical scar[5] or its 

modifications.[6] The two procedures are totally independent 
of each other.[7,8] A low complication rate is reported when 
each component performed separately. However when these 
two components are done as a simultaneous procedure, 
it was considered very challenging with a warning to 
surgeons.[9] A revision rate of 16.7% was reported when 
the operation was performed as a single stage procedure 
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than revision rates of 8.6% for mastopexy and 10.7% for 
augmentation mammoplasty performed separately.[10,11] For 
this reason single stage augmentation mastopexy remains a 
very challenging procedure for surgeons and often done in 
stages. The use of muscle splitting submuscular technique 
for mastopexy with augmentation with earlier results has 
been described before.[7] The current article includes a larger 
series with longer follow up to compare early and long term 
results and to evaluate the efficacy of the procedure.

METHODS

Retrospective data was collected using patient’s charts. All 
patients who had simultaneous augmentation mastopexy in 
muscle splitting biplane using round cohesive gel textured 
silicone implants performed by author were selected.

All patients were operated under general anesthetic with 
full muscle relaxation and with their arms abducted and 
supported at an angle less than 90 degree. A single dose 
of intravenous cephalosporin was given to all patients at 
induction time. Periareolar, vertical or wise pattern scars 
were used for augmentation mastopexy depending on the 
preoperative measurements and wishes of the patient. 
Muscle splitting submuscular pocket was used for implant 
placement and procedure is performed as a day case. Drains 
were used in the earlier part of the study period. All patients 
wore support brassiere for three weeks as a routine.

Earlier complications related to wound infection, wound 
breakdown, haematoma, periprosthetic infection, use of 
drains and size of the implants were analyzed. Patients 
who had their implants placed in subglandular or partial 
submuscular pockets were excluded from the series.

RESULTS

Between 2005 and 2015 augmentation mastopexy was 
performed in 108 patients. Mean age of the patient was 

32.2 years (range: 18-67 years) with an average follow up 
of 4.5 years (range: 3 months to 10 years). All patients 
had round textured cohesive gel silicone implants with 
a mean size of 308 mL (range: 200-555 mL). Mean size 
of implants in periareolar mastopexy, vertical scar and 
wise pattern mastopexy was 327 mL (range: 170-555 mL), 
277 mL (range: 200-525 mL), 252 mL (range: 200-300 mL) 
respectively. Nipple-areolar complex (NAC) repositioning 
were predominantly performed using medially based flaps. 
Majority of the patient requiring mastopexy presented 
with varying degree of bilateral class A to C ptosis (66.7%) 
and a combination of ptosis (17.6%). Mean preoperative 
suprasternal notch (SN) to NAC distance was 24.3 cm (range: 
19-31 cm). Mean neo NAC was marked at 21.4 cm (range: 
18.5-25 cm) from suprasternal notch using inframammary 
crease (IMC) as a reference. Mean postoperative suprasternal 
notch to NAC distance was 20.8 cm (range: 18-24.5 cm). 
Mean preoperative NAC to IMC distance was 8.9 cm (range: 
4.5-14 cm). Mean postoperative NAC to IMC distance 9.7 cm 
(range: 6.0-12.5 cm).

Mild to moderate wound infection noted in 4 (3.7%) and 
minor wound breakdown were seen in 7 (6.5%) patients 
respectively. Drains were used in 25 (23.1%) and there was 
no NAC necrosis, hematoma or DVT.

Revision surgery was performed in 12 (11.1%) patients. The 
most common reason for revision surgery was for redundant 
skin excision at lower pole (16.7%) and vertical scar touch up 
(16.7%).

Case 1

A 31-year-old admin worker presented with a class C ptosis 
without a history of breast volume loss, weight loss or 
pregnancy. On examination her breast cup size was 34 D 
with a breast width of 15 cm each side. Her sternal notch 
to NAC distance was 24 cm and NAC to IMC distance of 
9 cm respectively. She was interested in going bigger but 

Figure 1: (a-c) Preoperative views of a 31-year-old patient with grade C ptosis; (d-f) four months' postoperative views showing results following vertical 
scar augmentation mastopexy with 250 mL moderate profile textured round cohesive gel silicone implants
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not more than a cup size and her main concern was the 
droopy looking breasts [Figure 1a-c]. A vertical scar cat’s 
tail modification was selected for the NAC mobilization 
and envelope reduction and muscle splitting pocket was 
selected to place 250 mL Mentor Siltex Cohesive II Moderate 
profile implants. Her new NAC was marked 20 cm using IMC 
as the reference. Excised breast tissue weighed 63 g on her 
right and 69 g on her left side. Her one-year postoperative 
measurements showed a breast cup size of 34 DD and sternal 
notch to NAC and NAC to IMC distance of 19.5 cm and 10 
cm respectively. Patient did develop bilateral hypertrophic 
scarring of NAC for which she was initially treated with 
silicone gel application and later with intra-lesional steroids 
injections [Figure 1d-f].

Case 2

A 29-year-old beautician and a mother of two children aged 
12 and 7, booked a consultation for breast remodeling 

surgery. Her breast cup size was measured 36 B along with 
Class B ptosis. Her preoperative SN to NAC measurements 
was 23 cm and nipple to IMC distance was measured 8 cm 
respectively. She used to be 36 DD prior to her pregnancies 
and was interested in regaining similar breast volume and 
cup size. To achieve desired cup size, 400 mL round extra 
high profile Allergan Natrelle INSPIRA TRX textured cohesive 
silicone implant were selected. Her grade B class ptosis 
with an adequate skin envelope and a reasonable nipple to 
inframammary crease position did not require skin envelope 
reduction; a moderate nipple elevation using periareolar 
markings was considered reasonable [Figure 2a-c]. Her new 
NAC was marked at 20.5 cm using IMC as the reference 
for an adequate new NAC position and projection. She 
had her breast implants placed in muscle splitting biplane 
submuscular pocket. Her one year postoperative cup size 
was 36 DD with sternal notch to NAC distance of 22 cm and 
NAC to IMC distance of 11 cm [Figure 2d-f].

Figure 2: (a-c) Preoperative views of a 29-year old patient with grade B ptosis; (d-f) six months' postoperative views showing results following periareolar 
augmentation mastopexy with 400 mL high profile textured round cohesive gel silicone implants

Figure 3: (a-c) Preoperative views of a 20-year old patient with severe grade C ptosis; (d-f) one year's postoperative views showing results following wise 
pattern augmentation mastopexy using 225 mL moderate profile textured round cohesive gel silicone implants
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Case 3

A 20-year-old young adult female was seen for a severe 
developmental ptosis along with a very noticeable breast 
size asymmetry. Patient has no history of childbirth or loss of 
weight or breast volume loss since puberty. She was wearing 
a 34 E brassiere and her sternal notch to NAC distance was 
measured 28 cm on her right and 26 cm on her left side 
with a breast width of 14 cm on both sides. Her NAC to IMC 
distance was measured 13 cm on her right and 10 cm on her 
left side respectively with a bilateral Class C ptosis [Figure 
3a-c]. Patient was not interested in going any bigger than 
her current size. Mentor 225 mL Siltex cohesive II moderate 
profile implants were chosen to be placed in muscle splitting 
biplane pocket to replace the anticipated breast tissue 
reduction. Medially based flap with wise pattern markings 
were used to reduce preoperative inframammary mammary 
crease distance, NAC repositioning and envelope and breast 
reduction. New NAC was marked at 20 cm using IMC as a 
reference, 273 g of tissue was removed from right and 247 
g tissue was excised from her left breast. Her ten month cup 
size was 34 DD with sternal notch to NAC distance of 20 cm, 
NAC to IMC distance of 9.5 cm bilaterally with good size 
symmetry [Figure 3d-f].

DISCUSSION

Selection of implant pocket, markings for breast envelope 
reduction and orientation of flap in simultaneous 
augmentation mastopexy are independent to each other and 
can be selected in any combination. The use of combination 
may affect the outcome with a variable rate of revision 
surgery.[7] Despite the various safety issues encountered 
in the recent past,[12] cohesive gel silicone breast implant 
remains the first choice for the volume replacement. In 
majority of the patients presenting with hypoplasia, requests 
for volume restoration in early type A ptosis, intended results 
are successfully achieved using breast implants with well-
concealed scars. However more advanced ptosis necessitates 
the NAC repositioning with some sort of skin reduction. The 
NAC repositioning can be achieved using periareolar, vertical 
scar or wise pattern markings depending on the skin excess 
and degree of ptosis. In current series 66.7% of the patients 
presented with varying degree of class A to C ptosis and 17.6% 
of patients presented with varying combination of ptosis on 

two sides [Table 1]. Selection of markings for skin reduction 
is paramount to achieve an aesthetically pleasing natural 
breast with normal breast morphometry, comparable to the 
results seen following augmentation mammoplasty with an 
implant alone.[13] In authors’ opinion, use of periareolar or 
vertical scar markings in patients presenting with excess 
IMC to NAC measurements are likely to end with bottoming 
out following simultaneous mastopexy with augmentation. 
Regardless of the degree of ptosis, type of skin markings 
for nipple elevation and mastopexy should ideally be based 
on the preoperative NAC to IMC measurements.[13] When 
mastopexy is performed with vertical scar or wise pattern, 
the use of larger implant size selection may be restricted. Use 
of larger implant placements with these markings, is likely 
to result in complication namely skin and wound breakdown 
mainly due to pressure exerted by implant on reduced skin 
envelope. In current series, mean size of the implants used 
in the series is 308 mL but when looked into the mean size of 
the implants used in three types of mastopexies, the results 
were interesting. Mean size of the implants was considerably 
and significantly larger in periareolar mastopexies than the 
mean size of the implants used in vertical and wise pattern 
mastopexies [Table 2].

A high complication rate has been reported when the 
procedure is combined together as simultaneous mastopexy 
with augmentation.[14] The author has reported a revision 
rate of 9% in an earlier report on mastopexy in muscle 
splitting biplane.[7] The current series with long-term results 
have shown a revision rate of 11.1%, up by nearly 2% when 
compared with author’s earlier series. The most common 
reason for revision being the excision of redundant skin in 
2 patients (16.7%) and vertical scar touch up in 2 patients 
(16.7%) [Table 3]. The revision rate of 11.1% after 10 years 
follow-up is acceptable and comparable with the published 
revision rate of 16.7% in simultaneous mastopexy with 
augmentation and lower than 20% revision rate within five 
years following augmentation mammoplasty alone using 
saline-filled implants.[10]

Table 1: Causes for mastopexy with augmentation in 108 
patients

Cause for mastopexy n (%)

Class A ptosis 6 (5.6)

Class B ptosis 22 (20.4)
Class C ptosis 35 (32.4)

Combination of A and C ptosis 2 (1.9)

Combination of A and B ptosis 3 (2.8)

Combination of B and C ptosis 14 (13）
Pseudoptosis 9 (8.3)

Loose skin 2 (1.9)
Tuberous breasts 2 (1.9)

Others 12 (11.2)

Table 2: Implants sizes used in three different types of 
mastopexies

Procedure Implant Size
n Range (mL) Mean ± SD (mL)

Periareolar 54 170-555 327 ± 73.7
Vertical scar 45 200-525 277 ± 62.7
Wise pattern  9 230-300                                               252 ± 29.9

SD: standard deviation

Table 3: Reasons for revision surgery performed in 
mastopexy with augmentation

Reason for revision n (%)
Dog ear bilateral 2 (16.7)
Dog ear unilateral 2 (16.7)
Areolar scar revision 2 (16.7)
Periareolar to vertical scar conversion 2 (16.7)
Nipple level asymmetry 1 (8.3)
Capsular contracture 1 (8.3)
Vertical scar revision 1 (8.3)
Bottoming out 1 (8.3)
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The breast implant in augmentation mastopexy can be placed 
in front or behind the pectoralis muscle. Muscle splitting 
pocket, where implant lies in front and behind the muscle, 
has been described for augmentation mammoplasty and 
simultaneous mastopexy with augmentation.[7,15] The pocket 
provides muscle cover to the implant in the upper part of 
the breast leaving lower split pectoralis behind the implant 
without being detached from the ribs. The advantages of 
this pocket are many and include undisturbed muscle origin 
that prevents animation deformity, implant gets locked 
up and laterally in between two split slips of pectoralis 
preventing implant’s upward or lateral displacement. Intact 
skin and muscle interface in the upper part of the pocket 
maintain the vascular territories of the perforators arising 
from the internal mammary and thoracoacromial axis.[7] 
These muscular perforators maintain undisturbed blood 
supply to the NAC flaps and are severed during subglandular 
pocket increasing vulnerability of NAC flaps. Medially based 
flap is the author’s choice and to date there is no nipple 
areolar loss due to vascular compromise. The author has 
reported a revision rate of 1.2% in an earlier report when 
muscle splitting pocket was used for implant placement 
in muscle splitting augmentation when compared to 9.6% 
and 20% revision rate of silicone gel and saline implants 
respectively.[10,16,17]

In a previously published article, author has suggested that 
periareolar mastopexy should best be limited to a breast 
where there is an inadequate skin envelope with NAC to 
IMC distance of less than 5 cm.[13] Vertical scar selection for 
mastopexy is likely to give best aesthetic appearance when 
preexisting NAC to IMC distance is between 5-8 cm. In breasts 
where NAC to IMC distance is 9 cm or more, reduction of the 
vertical limb of the scars is essential for an acceptable NAC 
to IMC distance otherwise bottoming out is likely to result. 
Periareolar mastopexy can allow a larger implant to be placed 
due to the absence of vertical or vertical and transverse 
skin resection and can allow a far more freedom of implant 
size selection. However, periareolar mastopexy should be 
carefully selected, as it is a nipple elevation procedure rather 
than a skin reduction procedure. This type of mastopexy is 
best used in selected patients especially in smaller breasts 
with deficient lower pole skin regardless of the degree of 
ptosis or in patients with class A ptosis regardless of the 
skin envelope. Too ambitious use of periareolar markings in 
advanced ptosis along with skin excess may results in scar 
stretching associated with flattened nipple areolar complex 
and an inadequate skin envelope reduction. A high number 
of revision surgery is reported when periareolar mastopexy 
has been used for mastopexy with augmentation.[10,18] 
Similarly when vertical mastopexy was used as “All-Season” 
markings, 28% skin redundancy and persistent ptosis was 
reported.[11]

In conclusion, single stage mastopexy with augmentation 
in muscle splitting biplane pocket along with appropriate 
use of markings for skin reduction and careful implant size 
selection keep the complication and revision rate of the 
revision surgery within an acceptable range.
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ABSTRACT
Aim: Simultaneous augmentation mastopexy is a challenging operation for esthetic plastic surgeons. 
Complication and revision rates following augmentation mammoplasty or mastopexy are less commonly 
seen when these two procedures are performed separately. However, when the two procedures are 
combined, the complication rate is reported exponentially higher when compared with its individual 
component carried out separately. The current retrospective chart review is a comparative analysis of the 
two procedures performed by a single surgeon. Methods: Retrospective data were collected using patient’s 
charts. All patients who had augmentation mammoplasty (Group A) or simultaneous augmentation with 
mastopexy (Group B) in muscle splitting biplane using round cohesive gel textured silicone implants by a 
single surgeon were included. Results: A total of 1,406 patients had consecutive augmentation mammoplasty 
or simultaneous augmentation mastopexy. Augmentation mammoplasty (Group A) included 1,298 and 
simultaneous augmentation with mastopexy (Group B) had 108 patients, respectively. The mean age of 
the patients in Group A and B was 29.6 years and 32.2 years, respectively (P = 0.006). The mean size of the 
implants in Group A and B was 340 mL and 308 mL (P = 0.001), respectively. Wound infection in Group 
A and B was seen in 0.6% and 3.7%, respectively. Wound breakdown was seen in 1.1% in Group A as 
compared to 6.5% in Group B (P = 0.001). Revision surgeries were performed in 1.4% and 11.1% of Group 
A and B, respectively (P = 0.001). Conclusion: There was a statistically and clinically significant higher 
rate of complications and revision rate noted in simultaneous augmentation with mastopexy (Group B) as 
compared to augmentation mammoplasty alone (Group A). However, the rise in complications rate is sum 
of the complications of the two individual components performed and not exponential.
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INTRODUCTION

Augmentation mammoplasty and simultaneous 
augmentation mastopexy constitute a vast majority of the 
esthetic procedures.[1] With the rise in a total number of 
procedure, a rise in total revisions is expected by a plastic 
surgeon.[2] Earlier complications leading to revision 

surgery following primary augmentation mammoplasty 
is generally low with a very high satisfaction rate.[3] A 
3-year revision rate following primary mammoplasty 
has been reported between 0%, 1.97%, and 15% 
for silicone and 13.2% for saline filled implants.[3-6] 
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In studies with a follow-up spanning between 6 and 12 
years, revision rate has been reported between 0% and 
1.2%.[7,8] However, long-term 25 years study has shown a 
revision rate of 15.5% following primary augmentation 
mammoplasty.[9] On the other hand, revision rate following 
simultaneous augmentation mastopexy is considerably 
higher. The reported revision rate may vary from 0%, 16.7%, 
and 25.8% respectively, depending on the duration of the 
study and follow-up.[10-12] In both groups of patients, there is 
a noticeable time-dependent increase in the revision rate. 
The current article is an analysis of 10-year data in which 
1,406 consecutive cases of augmentation   mammoplasty 
and simultaneous augmentation mastopexy using single 
technique was eviewed for an early comparative 
complications and revisions rate. The results confirm that 
when augmentation mastopexy is carried out as a single 
procedure, it carries a higher rate of complication when 
compared with augmentation mammoplasty performed 
alone. However, the higher number of early complications 
seen in the combine procedure is the addition of the 2 
distinctively individual procedures and not an exponential 
rise.

METHODS

Retrospective data were collected using patient’s charts. 
All patients who had augmentation mammoplasty and 
simultaneous augmentation mastopexy in muscle splitting 
biplane using round cohesive gel textured silicone implants 
performed by author were selected. Patients were divided 
in Group A, which included augmentation mammoplasties 
alone, and Group B, who had simultaneous augmentation 
mastopexy. 

All patients were operated under general anesthetic with 
full muscle relaxation and with their arms abducted 
and supported at an angle less than 90°. A single dose 
of intravenous cephalosporin was given to all patients at 
induction time. Augmentation mammoplasty is performed 
using inframammary incision, and periareolar, vertical or 
wise pattern scars were used for augmentation mastopexy 
depending on the preoperative measurements and wishes 
of the patient. Muscle splitting submuscular pocket was 
used for implant placement and procedure is performed 
as a day case. Drains were used in the earlier part of the 
study period. All patients wore support brassiere for 3 
weeks as a routine.

Earlier complications related to wound infection, wound 
breakdown, hematoma, periprosthetic infection, use of 
drains, and size of the implants between the two groups 
were compared.

The data analysis was done. The results were given in 
the text as mean ± standard deviation for quantitative/
continuous variables and percentages for qualitative/
categorical variables. Two-tailed independent t-test is used 
for statistical significance between groups for quantitative/
continuous variables and Chi-square/Fischer exact test 
for qualitative/categorical variables between groups. In all  

statistical analysis, only P < 0.05 is considered significant.  

RESULTS 

A total of 1,406 patients had augmentation mammoplasty 
and augmentation mastopexy in muscle splitting 
submuscular pocket by a single surgeon using round 
cohesive gel textured silicone implants. Group A included 
1,298 augmentation mammoplasties, and Group B had 108 
simultaneous augmentation mastopexy. The mean age of the 
patients in Group A and B was 29.6 ± 8.62 years (range: 
18-67 years) and 32.2 ± 9.50 years (range: 18-67 years), 
respectively (P = 0.006).  Mean follow-up was 4.5 years 
(range: 3 months to 10 years). Mean size of  the implants 
in Group A and B was 340 ± 56.7 mL (range: 200-630 mL) 
and 308 ± 76.0 mL, respectively (range: 200-555 mL) (P = 
0.001) [Table 1]. Wound infection in Group A and B was 
seen in 0.6% and 3.7%, respectively (P = 0.010). Wound 
breakdown was seen in 1.1% in Group A as compared to 
6.5% in Group B (P = 0.001). Hematoma was seen in 0.9% 
and 0% in Group A and B, respectively. Drains were used 
in 5.5% and 23.1% of Group A and Group B, respectively (P 
= 0.001). Revision surgeries were performed in 1.4% and 
11.1% of Group A and B patients, respectively (P = 0.001). 
Three patients developed late seromas in augmentation 
mammoplasty group, and all were treated conservatively 
without any recurrence. A total of 5 patients were treated 
for Grade IV capsular contracture, of these patients, 4 
(0.32%) belonged to the augmentation mammoplasty and 
1 (0.9%) from augmentation mammoplasty. There were no 
cases of deep venous thrombosis, pulmonaryembolism, or 
death in the series. 

DISCUSSION 

Simultaneous augmentation mastopexy has been cited as 
a technically demanding procedure with unpredictable 
outcome with high nipple and skin flap necrosis, however, 
a later article by the same author reported satisfactory 
results.[13,14] 

Complications of augmentation mammoplasty and 
simultaneous augmentation mastopexy may require a 
planned or an unplanned theater visit for surgical 
intervention. Common early complications requiring 
surgical intervention are hematoma and periprosthetic 
infection. In current series, the hematoma in Group A was 
seen in 12 patients (0.9%). There were no hematomas seen 
in Group B when compared with a rate of 0.6% of 
hematoma in a large series of simultaneous mastopexy 

Table 1: Relative age and implant size distribution 
between two groups

Group A (1,298) Group B (108) P
Age (years) range, 
(mean ± SD)

18-67 (29.6 ± 8.62) 18-67 (32.2 ± 9.50) 0.006

Mean implant
size (mL) range, 
(mean ± SD)

200-630 (340 ± 
56.7) 

200-555 (308 ± 76) 0.001

SD: standard deviation
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Figures 2: (a) Two weeks following simultaneous  mastopexy with 
augmentation using 230 mL low profile round textured cohesive gel 
silicone implants showing left partial nipple necrosis; (b) right vertical scar 
breakdown in the same patient; (c) postoperative pictures taken 4 months 
following conservative treatment with regular change of dressings and 
wound cleansing

Figure 1: (a) Preoperative picture of a patient interested in augmentation 
mammoplasty; (b) postoperative picture showing left inframammary 
wound break down 4 weeks following augmentation mammoplasty when 
300 mL round textured cohesive gel silicone implants were used; (c) 
completely healed wound following conservative treatment; (d) final result 
3 months following augmentation mammoplasty

with augmentation mammoplasty.[15]

Periprosthetic infection rate has been reported for 
primary and secondary mammoplasties, respectively.[2,16] 
Wound breakdown of varying degree was less common 
inaugmentation mammoplasty as compared to augmentation  
mastopexy [Figures 1 and 2, Table 2].

In current series, periprosthetic and wound infection were 
seen less commonly in augmentation mammoplasty when 
compared with augmentation mastopexy [Figure 3, Tables 2 
and 3].

Implant size selection is an important part of the surgery, 
especially when a vertical scar or wise pattern markings 
are used for primary mastopexy augmentation [Table 1]. 
The skin envelope reductions  in  later  two  procedures 
limit the size of the implants in primary procedures and is 
due to the direct pressure and tension on newly sutured 
wounds exerted by expanded skin envelope.

The high number of complications or revision rate in 
combined augmentation with mastopexy is not exponential 
as reported in the past.[15] The simple reason is that, 
in patients with augmentation mammoplasty alone, the 
known early complications are infection and hematoma 
[Table 4]. In this group, nipple areolar complex (NAC) size 
and level asymmetry, NAC level under or over positioning, 
ischemia and necrosis of nipple, loss of nipple sensation, 
skin and wound breakdown, and scar-related complications 
are not seen [Table 5]. Similarly, when a mastopexy alone is 
performed, capsular contracture, implant rupture, revision 
for size change, rippling, change for size, or other device-
related complications are not the reason for revision 
surgeries. When the two are combined together, the 
incidence is likely to be higher than the single component 
performed separately. A long-term follow-up has shown a 
revision rate of 15.5% when silicone gel round textured 
implants were used alone,[9] and a long-term tissue-related 
revision rate of 8.6% is reported  when  mastopexy alone 
was performed.[11] A revision rate of 10% and 25.8% has 
been shown in simultaneous augmentation mastopexy.[11,17] 
Although the revision rate in augmentation mastopexy 
is statistically significant, the increased rate of revision is 
simply the sum of the two individual components.

In a retrospective study  performed by Calobrace, it was 
reported that tissue-related reoperation rate in  combined 
procedures was 13.6% as compared to 10.2% for 
mastopexy alone. Whereas the implant-related reoperation 
rate was only 9.6% when the procedure was performed 

alone as compared to 19.4% reoperation rate in Mentor 6 
years core data.[6,18] 

Earlier concerns about the safety of the procedure  with 
exponential complication and revision rate were further 
reviewed by Swanson in a prospective study in which 
consecutive cases of augmentation mammoplasty, 
simultaneous augmentation mastopexy, and mastopexy 
alone were analyzed. A single surgeon did all procedures, 
all implants were placed in a submuscular pocket, and all 

Figure 3: (a) Postexplantation picture of a patient who developed right 
periprosthetic infection following augmentation mammoplasty; (b) results 
following reimplantation using 360 mL round textured cohesive gel silicone 
implants 6 months after explantation

Table 2: Complications between the two groups
Group A 

(1,298) (%)
Group B 
(108) (%)

P

Wound breakdown 14 (1.1) 7 (6.5) 0.001
Hematoma 12 (0.9) 0 -
Revision surgery 18 (1.4) 12 (11.1) 0.001
Grade IV capsular 
contractures

4 (0.3) 1 (0.92)

Periprosthetic/wound 
infection

8 (0.6) 4 (3.7) 0.010
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mastopexies were performed using vertical scar with 
superomedial flaps. There was a revision rate of 20.5%, 
after augmentation mastopexy, 10.7% in augmentation, and 
24.6% in mastopexy alone.[19] Again the results support the 
argument for a combine procedure than to stage the 
procedure without an added risk of higher complication. 
When the procedure is staged, the second operation 
rate is 100%, with two visits to hospital, two costs of 
individual procedures, and two lots of recovery time from 
each procedure.

Late complications following simultaneous mastopexy 
with augmentation mammoplasty and augmentation 
mammoplasty are mostly implant-related and include 
capsular contracture, rippling, and device failure. The 
complications related to implants are not unique to each 
individual procedure and are shared between the two. The 
revision for capsular contracture being the most common 
reason for reoperation in both these groups [Figure 4]. In 
general, capsular contracture and device failures are time  
dependent and longer the follow-up, higher the incidence  
resulting in revision surgery.

Rippling in the lower pole is almost unavoidable and largely 
depends on the type of implant and existing breast envelope 
thickness. Breast augmentation in subglandular pocket, 
regardless of the preoperative tissue thickness, tends to have 
a higher revision rate for rippling due to the ever-changing 
breast envelope  thickness.[20] One very important tissue-
related and avoidable complication following augmentation 
mastopexy is the siting of nipple and the choice of the 
markings. Choice of marking can vary from 65% areolar to 
100% vertical scar markings.[18,21] Inappropriate marking for 

neo-NAC positioning, either too low or too high, also may 
result in persistent ptosis or bottoming out.[21] In authors 
experience, use of periareolar markings should ideally be 
limited for unilateral mastopexy with asymmetrical nipple 
areolar level and with a difference of not more than 2 cm 
or patients presenting with early ptosis with an NAC at 
inframammary crease level. A breast with skin excess in 
horizontal excess, a breast with a wide base, or a breast with 
lower pole skin excess, periareolar skin excision  from above 
the nipple does not address the tissue excess and result 
in less than optimal outcome. Bottoming out following 
mastopexy using vertical scars in patients presenting more 
than 9 cm distance from nipple to inframammary crease is 
a common observation. Nipple elevation to another few 
centimeters results in increased and above average nipple 
to inframammary crease length leading to bottoming 
out. Vertical scar markings selection for all mastopexies 
or augmentation mastopexies as all-season markings is 
a novel idea but should be used with caution. Lower pole 
redundancy or persistent ptosis has been reported in 28% 
of all the mastopexies when vertical scar mastopexy alone 
was used for all types of mastopexies.[19] Other published 
studies also have shown that use of periareolar mastopexy 
or vertical scars  markings was one of the leading cause for 
revision surgery in this group of patients. [22,23]

The current article did not include authors own mastopexy 
alone revision rate and results. Therefore, based on the study 
design, our conclusion has limitation. However, previously 
published data of mastopexy alone has been used, and our 
data correlate with what has been published. Furthermore, 
there was no patient satisfaction survey  included  that  
would have indeed added  strength to the outcome analysis.

In conclusion, there was a statistically and clinically 

Table 3: Management of early complications
Procedure (n) Hematoma Periprosthetic/wound infection Wound breakdown

Surgical Conservative Surgical Conservative Surgical Conservative
Group A (1,298) 2 10 6 2 0 14
Group B (108) 0 0 0 4 0 7

Table 4: Reasons for revisions in augmentation 
mammoplasty group
Reason for revision n (%)
Capsular contracture 4 (0.3)
Hematoma 3 (0.23)
Explantation and replantation later for infection 3 (0.23)
Debridement, curettage, lavage and 
immediate implant replacement for infection

3 (0.23)

Explantation without replacement 2 (0.15)
Bottoming out unilateral 1 (0.07)
Explantation with mastopexy 1 (0.07)
Bottoming out bilateral 1 (0.07)

Table 5: Reasons for revision surgery in mastopexy 
with augmentation
Reason for revision n (%)
Dog ear bilateral 2 (16.7)
Dog ear unilateral 2 (16.7)
Areolar scar revision 2 (16.7)
Periareolar to vertical scar conversion 2 (16.7)
Nipple level asymmetry 1 (8.3)
Capsular contracture 1 (8.3)
Vertical scar revision 1 (8.3)
Bottoming out 1 (8.3)

Figure  4:  (a-c)  A  patient  presenting  with  bilateral  Grade  IV  capsular 
contracture following augmentation mammoplasty; (d) explanted implant 
showing  bilateral  fold  flaw  failure; (e-g)  three  months  postoperative 
pictures following bilateral capsulectomy and change of prosthesis using 
460 mL textured round cohesive gel silicone implants
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significant higher rate of complications and revision rate 
in simultaneous augmentation with mastopexy (Group B) 
as compared to augmentation mammoplasty alone (Group 
A). However, the overall revision rate in simultaneous 
augmentation with mastopexy was  lower is actually a total 
sum of its two individual and distinct component and not 
exponential.
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ABSTRACT
Aim: Autoinflation of the breast following mammoplasty using breast implants can be divided into early 
and late. Early autoinflation of the breast is commonly due to haematoma. Late autoinflation of the breast 
is an uncommon complication and its true incidence is not known due to the paucity of its reporting. 
Methods: A retrospective review was performed of the available charts for 2,772 consecutive bilateral 
primary, secondary augmentation mammoplasties and mastopexy with augmentation mammoplasties 
by the author between April 1999 and February 2015. Each breast was taken as a single unit for a total of 
5,544 breasts. Results: There were 2,334 patients in primary augmentation mammoplasty, 258 in secondary 
augmentation mammoplasty and 180 in simultaneous mastopexy with augmentation mammoplasty. 
There were three autoinflation of breasts due to late seromas identified in the series. All patients presented 
at least six months following augmentation mammoplasty and all had textured implants place in muscle 
splitting submuscular pocket. There was no late seroma noted in secondary augmentation mammoplasty 
or simultaneous mastopexy with augmentation mammoplasty. All patients were treated conservatively 
without a recurrence. Conclusion: Late autoinflation of the breast due to seroma is an uncommon clinical 
complication and can be treated conservatively in the first instance.

Key words:
Anaplastic large cell lymphoma; autoinflation of the breast; haematoma; seroma of breast; anaplastic 
large cell lymphoma
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INTRODUCTION

Since the introduction of implants in 1962, augmentation 
mammoplasty has become a widely accepted procedure for 
aesthetic and reconstructive reasons.[1] An estimated five 
to 10 million women have breast implants worldwide.[2] 
Early and late complications following mammoplasty are 
many. It is beyond the scope of this article to address all 
the arising complications. Intracapsular fluid is a common 
finding and has been reported with an incidence of 15%. 

The accumulation of fluid was minimal and did not lead 
to swelling of the breast nor was it the reason for revision 
surgery.[3,4]

Autoinflation of the breast is a clinical condition that can be 
defined as a sudden or spontaneous swelling of the breast 
following augmentation mammoplasty due to collection 

Topic: Aesthetic Surgery of the Breast
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of fluid rather than the implant filler. The process may or 
may not proceed or follow with an incidence of trauma or 
injury. Early known causes of autoinflation of breast are 
infection, haematoma or seroma with a reported incidence 
of 0.5% and 0.7% respectively.[5,6] Causes of late onset of 
autoinflation of breasts are many but these are not clearly 
defined on the basis of its aetiology, type of implants or site 
of accumulation of the fluid. Autoinflation of breasts may 
or may not be associated with implant rupture. Rupture of 
silicone implants is normally silent and rarely leads to loss 
or increase in volume.[7] Ruptures may also present with loss 
of shape or consistency[8] or axillary lymphadenopathy.[9,10] 

Implant rupture may occasionally present as spontaneous 
autoinflation of the breast.[11-13] In contrast saline implant 
can deflate following its rupture. Rarely a saline implant 
can present with autoinflation of the breast without a 
rupture or breach in the shell of the implant.[14] 

The presentation of anaplastic large cell lymphoma (ALCL) 
following augmentation mammoplasty also presents as an 
autoinflation of the breast. There is increasing awareness of 
ALCL which merits special attention.

The current article looks at the management and 
presentation of three patients. These patients presented 
with spontaneous autoinflation of the breasts due to late 
seroma. Also included is literature search to discuss various 
causes, locations and type of the texturing of the devices for 
the development of autoinflation of breast.

METHODS

A retrospective review was performed of the available 
charts for 2,772 consecutive bilateral primary, secondary 
augmentation mammoplasties and mastopexy with 
augmentation mammoplasties performed by the author 
between April 1999 and February 2015. Each breast was 
taken as a single unit for a total of 5,544 breasts.

RESULTS

There were 2,334 patients in primary augmentation 
mammoplasty, 258 in secondary augmentation mammoplasty 
and 180 in simultaneous mastopexy with augmentation 
mammoplasty groups. A total of 3 autoinflation of breasts 
due late seroma were identified in the series [Table 
1]. All patients presented at least 6 months following 
augmentation mammoplasty and all had textured implants 
place in muscle splitting submuscular pocket. There was 
no autoinflation due to late seroma noted in secondary 
augmentation mammoplasty or simultaneous mastopexy 
with augmentation mammoplasty. All patients were treated 
conservatively without a recurrence.

Case 1
A 34-year-old mother of 2 children was interested in breast 
augmentation procedure. The augmentation mammoplasty 
was performed using 605 mL TRF Allergan Natrelle 
INSPIRA cohesive gel silicone textured round implants in 
muscle splitting pocket. She had an uneventful recovery. 

Eight months following augmentation mammoplasty, she 
presented with spontaneous autoinflation of her right 
side. There was no recollectable history of trauma or 
injury. She was treated with antibiotics, cold compress, 
support garments and was followed up with regular 
intervals. The swelling gradually subsided within 2 
months without surgical intervention and there was no 
recurrence for 8 years [Figure 1].

Case 2
A 25-year-old mother of 1 child showed interest in 
augmentation mammoplasty following the loss of volume 
of her breasts. Augmentation mammoplasty was carried 
out using 310 TRM Allergan Natrelle INSPIRA cohesive gel 
silicone textured round implants in muscle splitting pocket. 
She had an uneventful recovery and all settled well. Eight 
months following her surgery, she presented with quick 
onset autoinflation of her right breast. She was treated 
conservatively with antibiotics, cold compress and support 
garment. The swelling subsided in 8 weeks without surgical 
intervention and without recurrence for 6 years [Figure 2].

Figure 1: (a) Preoperative picture of a 34-year-old patient; (b) six weeks 
following augmentation mammoplasty with 605 TRF Allergan Natrelle 
textured implants; (c) the patient presented with massive right-sided swelling 
8 months following mammoplasty; (d) two months following presentation 
with autoinflation due late seroma. The patient was treated conservatively

Figure 2: (a) Preoperative picture of a 25-year-old patient; (b) six weeks 
following augmentation mammoplasty with 310 TRM Allergan Natrelle 
textured implants; (c) the patient presented with right-sided spontaneous 
swelling 8 months following mammoplasty; (d) three months following 
presentation with autoinflation due to late seroma. The patient was 
treated conservatively
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Case 3
A 19-year-old young female presented with asymmetrical 
breast along with right breast ptosis. She had her 
augmentation mammoplasty procedure using 275 mL on her 
right and 345 mL on her left side. Nagor GFX cohesive gel 
silicone textured implants were placed in muscle splitting 
pocket a right internal mastopexy was performed at the same 
time. Eight years later patient presented with an acute onset 
of right-sided autoinflation of breast. She was reassured 
and treated conservatively with antibiotics, cold compress 
and pressure garments successfully without any surgical 
intervention. Her swelling subsided with in 6 weeks and has 
been asymptomatic for the last 6 months [Figure 3].

DISCUSSION

Complications following augmentation mammoplasty though 
not very common can be early or late. Early complications are 
infection, haematoma and seroma and may require an urgent 
surgical intervention. Late complications are infrequent 
and may include capsular contracture, asymmetry, implant 
rupture, implant displacement, rippling and synmastia.[5] 
Revision for these complications can be addressed on 
the basis of its presentation as an elective procedure.  
Autoinflation of the breast arising six months or later is an 
extremely rare presentation. Such autoinflation may have 
different causes and fluid collection can be intraprosthetic, 
intracapsular, extracapsular or a combination of the above. 
The fluid collection is equally seen in implants when silicone, 

hydrogel or saline is used as filler. The implants can be 
textured, microtextured, smooth or polyurethane coated.[3,4] 
However, there is a paucity in literature on the pathogenesis 
of this condition and is not comprehensively defined on the 
basis of aetiology, pathogenesis, anatomical location or type 
of implants.

Intraprosthetic collection of fluid presenting 
as autoinflation of breast
Intraprosthetic collection of fluid or sterile pus though not 
very common has been reported both in saline as well as 
silicone gel implants.[11-14] However the process differs in the 
two instances. In saline implants, the shell allows passage 
of protein macromolecules, predominantly albumin that 
creates an osmotic gradient across the macroscopically 
intact silicone shell allowing body fluids to enter the 
prosthesis. The implants can gain a large volume of fluid and 
present as autoinflation of the breast. No extracapsular fluid 
collection has been reported with the process concerning 
saline implants.[14] On the contrary, intraprosthetic 
collection of fluid in silicone gel implant is almost always 
associated with damaged or ruptured shell that may or may 
not be macroscopically visible and there is almost always 
intracapsular collection of fluid or sterile pus at the same 
time.[11-13] The damaged shell allows intracapsular fluid to 
gain access to the inside of the damaged implant resulting 
in autoinflation of the breast.

Extracapsular fluid collection presenting as 
auto inflation of the breast
Extra capsular collection of fluid following augmentation 
mammoplasty leading to autoinflation of breast is 
uncommon. The extracapsular collection of fluid resulting in 
autoinflation of breast is usually associated with intracapsular 
collection of fluid. The presentation was noticed following 
the rupture of poly implant prothese (PIP). The defective 
silicone escaping into intracapsular and pericapsular spaces 
starts an inflammatory response that eventually result in 
large amount of creamy fluid or sterile pus collection leading 
to autoinflation of breast. The presentation was commonly 
observed with the rupture of PIP implants.[11,13]

Polyacrylamide gel injections
The similar process of autoinflation of breast is also seen in 
breast injected with polyacrylamide gel (PAAG). Injection of 
PAAG does not always produce a distinct layer of capsule. 
The fluid collection can be in the periphery of the injected 
material or within injected PAAG. The combination of 
extra and intra-PAAG collection of fluid may also present 
as galactocele, seroma or haematoma.[15] In PAAG injection 

Figure 3: (a) Preoperative picture of a 19-year-old patient presenting with 
breast asymmetry; (b) eight months following augmentation mammoplasty 
with right internal mastopexy, patient had 275 mL GFX Nagor textured 
implant on her right and 345 mL GFX Nagor textured implant on her left 
side; (c) the patient presented with right-sided acute onset swelling 8 
years following mammoplasty; (d) three weeks following presentation with 
autoinflation due to late seroma. The patient was treated conservatively

Table 1: Details of the cases presenting with late seromas in the series
No. Age (years) Implant make Implant size (mL) Implant surface 

characteristics
Time since 

surgery
Pocket of implant Treatment

1 34 Allergan 
Natralle

605 Textured 8 months Muscle splitting 
submuscular

Conservative

2 25 Allergan 
Natralle

310 Textured 8 months Muscle splitting 
submuscular

Conservative

3 19 Nagor GFX 275 Textured 8 years Muscle splitting 
submuscular

Conservative
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the process of autoinflation is multifactorial, it has an 
inflammatory response resulting in sterile creamy pus like 
substance collection. Broken down PAAG products creates 
an osmotic gradient resulting in shift of body fluids into the 
injected PAAG resulting in autoinflation of the breast.[16]

Intracapsular or periprosthetic fluid collection 
presenting as autoinflation of the breast
Intracapsular or periprosthetic fluid collection can be 
seen following augmentation mammoplasty, revision 
mammoplasty or breast reconstructive surgery using breast 
implants. The presence of fluid has been reported in 15% 
of the revision surgeries and the amount of fluid collected 
ranged from 0.2 mL to 20 mL. The fluid can be thick, 
mucinous, blood stained or serous.[3,4] It is not surprising 
that collection of fluid in intracapsular space leading to 
autoinflation of the breast is the most common cause of the 
late autoinflation. Collection of thick mucinous creamy fluid, 
resembling like pus but with out positive bacterial culture, 
is uncommon and is possibly due to a chemical reaction in 
response to the leaked silicone.[11-13] This type of collection 
is reported following PIP silicone and hydrogel implant 
ruptures[11-13] and PAAG injections.[15,16] The cause is the 
direct contact of the material with the body either through 
a rupture or following implantation or injection of PAAG.

Autoinflation of breast due to haematoma 
or blood stained fluid
This is not the most common form of intracapsular fluid 
collection presenting as autoinflation of the breast. This type 
of collection is seen following the separation of the adhered 
capsule from the textured surface of the implant following 
a physical force or trauma. These late blood stained fluid 
or haematomas are especially reported following the use 
of polyurethane coated implants, where disappearance 
of polyurethane coating results in inflammation and the 
implant starts behaving like a textured implant with a 
highly vascular internal lining of capsule rubbing against the 
textured surface of the implant.[17]

Autoinflation of breast due to late seromas
The collection of serum in intracapsular space following 
breast implant surgery is the most common form of 
autoinflation. The causes can be mechanical, inflammatory, 
traumatic, hormonal and most importantly malignant 
(ALCL). Textured implants are more commonly involved and 
the possible mechanism is the separation of the capsule 
from the textured surface of the implant. The shearing of 
the textured surface of the implant on the raw internal 
vascular surface of the capsular lining starts an inflammatory 
process resulting in exudation of the fluid that may lead to 
autoinflation of breast.[17,18]

Micro-movements between the micro-textured or smooth 
implants and capsule can result in synovial metaplasia 
of the capsular internal lining. The metaplastic lining 
continuously rubbing against the implant surface can trigger 
the process.[19,20] Other less well defined possibilities are the 
presence of subclinical infection, biofilms, any generalised 
condition leading to low immune response, allergic 

responses etc.[19] These latter factors need to be investigated 
further using microbiological assessment of the serum 
present in the intracapsular fluid along with the chemical 
analysis of blood and intracapsular fluid samples.

Malignant effusion of the intracapsular space secondary 
to ALCL is the least common but most alarming cause of 
autoinflation of the breast. ALCL is a rare type of non-
Hodgkin lymphoma, which is distinctly different from 
the primary breast lymphoma of breast. Primary breast 
lymphomas are overwhelmingly of B-cell as opposed to 
T-cell phenotype that is associated with breast implants.[21] 

The incidence of primary breast lymphoma is less than 1% 
of all breast neoplasm as compared to an estimated 3 in 100 
million women per year of ALCL reported. Implant related 
ALCL is reported in 34 cases out of estimated 5 to 10 million 
women with breast implants.[2] These haemopoitic tumours 
of T-cell origin is extremely rare and the common factor 
appears to be the texturing of the implants suggesting a site 
and material specific chronic inflammatory cause. Other 
possible causes are genetic predisposition and Biofilm 
organism that may play a contributory role. The condition 
is not related to the implant fill material.[22] Considering the 
extreme rarity of ALCL, it is likely that most physicians will 
never see a single case of ALCL in their career.[2]

Following is the recommendations and algorithm as a 
useful guide to manage late autoinflation of the breast from 
Bengtson et al.[23] Step 1: conservative treatment. Infection 
should be ruled out and antibiotics given when in doubt. 
Aspiration of fluid for culture and cytology when possible; 
Step 2: imaging ultrasound or magnetic resonance imaging 
(MRI). Ultrasound may also assist ultrasound-guided aspiration 
of fluid for culture and cytology; third step: if palpable or 
MRI evidence of a mass present or in case of refractory or 
recurrent seroma, surgical exploration is recommended. The 
procedure includes complete capsulectomy with or without 
implant replacement.

In the author’s practice, the incidence of late seroma was 
noted in 0.05% which is much lower when compared to 
0.88% and 1.68% incidence reported in other series.[17,19] In 
the current series all three patients who presented with late 
seromas were treated conservatively using antibiotics and 
compression bandages. All responded to the treatment and 
there was no recurrence of autoinflation. One of the patient 
developed capsular contracture on the side of autoinflation 
due to late seroma.

In conclusion, implant working group recommendations are 
available and should be used a guideline for the treatment 
of late autoinflation of the breast. Late autoinflation of 
the breast on its own is uncommon and can be treated 
conservatively in the first instance.
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Breast cleavage is defined by the International 
Federation of Associations of Anatomists (IFAA), as the 
space present between a woman’s breasts. The width 
of the inter-mammary cleft is defined by the distance 
between the points of attachment of the breast tissue to 
the periosteal tissue.[1-3] 

Cleavage is associated with femininity and its exposure 
to varying degrees by women across the world can 
be aimed to heighten both self-image and physical 
attractiveness.[4,5] The use of Décolletage in dresses dates 
back to the 11th century, when an aesthetic cleavage 
was perceived as a sign of beauty, wealth and social 
stature.[6,7] Corsets were later introduced in the 16th 
century and their use was primarily aimed at pushing 
the breasts upwards to give a fuller cleavage.[8,9] In more 
recent times, specialized brassieres (push-up bras) with 
various forms of paddings (falsies) have become the more 
popular and comfortable option. Other conservative 
methods of making the cleavage more prominent include 
skin pulling techniques, taping, use of glued shapes, 
under bras, adhesive gels and the use of makeup. 

Breast augmentation is the most commonly performed 
cosmetic procedure in the US, and in recent years a 
great increase has been reported in the number of these 
procedures performed annually.[10] Women requesting 
breast augmentation often request a specific form of 
cleavage enhancement and it is common for potential 
patients to bring photographs of desired cleavage shapes 
and appearances. A plastic surgeon can be put in a 

challenging position when the patient’s expectations are 
not realistic; therefore a strong communication of ideas 
is necessary.[11] Titration of the subjective expectations 
of the patients, while aiming for satisfactory aesthetic 
outcomes, becomes a dilemma for the surgeon.

It is therefore important to devise a more objective 
method of assessing the preoperative anatomy and 
classifying the postoperative expectations of a woman 
wanting an augmentation. Much work has been done 
to classify breasts based on their shapes, contours and 
sizes;[12-15] however, despite cleavage being an equally 
important determinant of one’s beauty, there has not been 
any reported efforts towards classification of cleavage.[16]

Body postures, alternate postures, bras and garments 
can influence the appearance of the cleavage and hence 
during the assessment stage, a female patient’s natural 
cleavage shape should be assessed in the ‘‘neutral’’ 
position with her arms by her sides and her hands on 
the back as she slightly leans forward. We identified 
different shapes of cleavage that women present with 
and classified them based on the ‘‘anterio-posterior’’ or 
‘‘frontal’’ view (surgeon’s perspective and patient’s mirror 
view) as well as a ‘‘cranio-caudal’’ or ‘‘bird’s eye’’ view 
(patient’s direct visual perspective).

ANTEROPOSTERIOR OR FRONTAL VIEW

From a frontal perspective, the shape of the cleavage has 
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potential shapes based on the proximity of the breasts to 
each other and on the width of the cleavage at the inferior 
and superior poles. These can be classified as the ‘‘cocktail 
glass’’, the ‘‘champagne glass’’, the ‘‘hourglass’’ and the ‘‘hi-
ball glass’’. 

The ‘‘cocktail glass’’ appearance, as the name suggests, is 
the shape of the cleavage where the breasts are in close 
proximity and there is no space between them in the inferior 
half of the cleavage. The superior part of the cleavage acutely 
curves away from the breasts in a relatively linear fashion 

leaving a wider, exposed region of the cleavage [Figure 1a].

A ‘‘champagne glass’’ appearance represents a cleavage in 
which though the breasts are in close proximity they are 
not in contact leaving a visible region between the breasts 
through the total length of the cleavage. The width in the 
inferior half remains short and constant, while that of the 

superior part increases considerably and the contours bend 
away from the midline. This results in a wider cleavage in 
the superior half when compared to cocktail glass cleavage 
[Figure 1b].

The ‘‘hourglass’’ shape defines a cleavage in which the 
medial contours of the breast almost touch at a simple 
point of contact. When compared to the ‘‘cocktail glass’’ and 
‘‘champagne glass’’ appearance, breasts with an hourglass 
cleavages have less proximity between them. The width of 
the cleavage is minimum at the midpoint between superior 
and inferior poles of the cleavage and increases almost 
symmetrically towards both these ends [Figure 1c].

The shape that defines a ‘‘hi-ball glass’’ cleavage is one where 
breasts are at a considerable distance from each other. The 
shape of this cleavage is such that the width of the cleavage 
stays considerably constant through its length [Figure 1d].

“CRANIOCAUDAL” OR “BIRD’S EYE” VIEW

To classify cleavages according to this view, the breasts 
and cleavage should be observed from above the head of a 
patient with the patient in a neutral position. From this view, 
the cleavage can be classified based on its width as well as 
the proximity of the breasts to each other into four shapes: 
the ‘‘cocktail glass’’, ‘‘goblet glass’’, ‘‘margarita glass’’ and 
‘‘tumbler glass’’.

The ‘‘cocktail glass’’ appearance is one in which the breasts 
are in close proximity to each other and there is a point 
in the cleavage where the breasts meet, leaving no visible 
gaps between the breasts. The breasts then curve anterio-
laterally in a relatively linear manner towards the areola. The 
shape formed by this cleavage is similar to a cocktail glass 
[Figure 2a].

Similarly there is the ‘‘goblet glass’’ appearance which is a 
result of a close proximity of the breasts to each other, while 
having no point of contact between them. The shape of the 
cleavage is such that it forms a curved shape in the center of 
the inter-mammary cleft which then curves antero-laterally 
towards the areola. When compared to the cocktail glass 
appearance the curves are more pronounced as compared 
to more linear ones in the earlier [Figure 2b].

The ‘‘margarita glass’’ cleavage is similar to both the cocktail 
glass and goblet glass cleavages with the exception that the 
width of the inter-mammary cleft is wider and the medial 
breast is more curvy and tapers antero-laterally more acutely 
[Figure 2c].

Lastly the ‘‘tumbler glass’’ appearance is one where the 
breasts are further apart leaving a greater space between 
them. The medial curves of the breasts descend postero-
medially in a sharp manner and thus do not extend further 
towards the midline. This leaves a flat region in the 
cleavage representing the region superficial to the sternum 
that lacks breast tissue. The shape is such that instead of 
being curved the cleavage has a rectangular or ‘‘boxy’’ 
appearance [Figure 2d].

Figure 1: Cleavage classification based on anteroposterior point of view 

Figure 2: Cleavage classification based on craniocaudal point of view
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This classification system is applicable to all breast sizes. 
It is based on the appearance of the cleavage and takes in 
to account the width of the cleavage at the superior and 
inferior poles of the breast, and the midpoint between them. 
In women with smaller breasts the cleavage will be more 
pronounced, and different than that of women with fuller 
breasts. However, the authors believe that even in women 
with smaller breasts the shape of the cleavage should vary 
according to our classification system. In this cohort of 
patients the more prevalent classes would be the hour glass, 
and the hi-ball glass (anteroposterior view) and the margarita 
glass, and the tumbler glass (craniocaudal view). Similarly 
for women with larger breasts one would expect to observe 
cocktail glass and champagne glass (anteroposterior view) 
and cocktail and goblet glass (craniocaudal view). 

Patient satisfaction after breast augmentation is variable and 
some studies have reported that not all patients are satisfied 
with their postoperative outcomes.[5,10,17] It depends on 
multiple aspects of the appearance of the breasts including 
their shape, size, contours as well as the appearance of the 
cleavage. Patients are unique and any given cleavage may 
not necessarily fit one particular classification. However, 
this classification based on various everyday shapes of 
glasses, can be used by surgeons to help patients acquire 
an objective understanding regarding their expectations 
from surgery. Surgeons can use this classification system 
preoperatively to discuss the expectations of patients 
regarding the appearance of their cleavage in addition to 
their breasts. If patients desire a certain type of cleavage 
after their augmentation the surgeon can modify their 
choice of implants and their surgical technique accordingly. 
A breast augmentation procedure as well as the choice of 
implant may then be altered, taking into consideration not 
only the desired increase or decrease in breast size but also 
the desired modification of cleavage appearance. 

Though the proposed classification is based on personal 
observations and the nomenclature of glasses, we believe 
that if used in conjunction with the existing practices 
of breast augmentation, it will result in an improved 
aesthetically pleasing outcome leading to better patient 
satisfaction with the results of the augmentation. Our 
proposed classification should be further explored by formal 
studies that analyze both preoperative and postoperative 
patient satisfaction. This analysis could be either a two-
dimensional e.g. using photographs or three-dimensional 
analysis[18,19] and lead to better understanding of role of 
preoperative and postoperative cleavage morphology in 
patient satisfaction.
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ABSTRACT
Aim: The differentiation of hair follicle stem cells (HFSCs) into hair follicle cells has potential clinical 
applications for cutaneous burns. However, the mechanisms regulating the differentiation of HFSCs into 
hair follicular papilla or epidermal cells are currently not clear. This study investigated the role of the 
Wnt/β-catenin pathway and its crosstalk with other signaling components during this differentiation 
process. Methods: Lithium chloride (LiCl, 10 mmol/L) and keratinocyte growth factor (KGF, 10 µg/L) 
were used to induce HFSC differentiation, validated by immunofluorescence analysis. The mRNA 
expression of β-catenin, adenomatous polyposis coli, glycogen synthase kinase-3β (GSK-3β), axin, and 
lymphoid enhancer factor-1 after 3, 5, 7, and 9 days were measured to evaluate the role of the Wnt/β-
catenin pathway. Results: During LiCl-induced HFSC differentiation into hair follicle cells, the Wnt/
β-catenin signaling pathway was activated and the expression of GSK-3β, a vital component of the 
degradation compound, was inhibited. This led to increased cytoplasmic β-catenin expression, nuclear 
translocation, and subsequent target gene transcription. By contrast, KGF induced the differentiation 
of HFSCs into epidermal cells and did not affect the expression of β-catenin. This data indicates that 
LiCl and KGF distinctly regulate the differentiation of HFSCs into hair follicle and epidermal cells, 
respectively. Furthermore, the Wnt/β-catenin signaling pathway is predominantly involved in hair 
follicle differentiation. Conclusion: these results demonstrate that LiCl can be used to differentiate 
HFSCs into hair follicle cells in vitro, which has important therapeutic applications for treating patients 
with cutaneous damage.
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INTRODUCTION

The discovery of hair follicle stem cells (HFSCs) and the 
development of methods to culture these cells in vitro have 
led to the possibility of developing new tissue engineering 
treatments for cutaneous damage caused by burns.[1] HFSCs 
are highly proliferative multipotent stem cells with multi-lineage 
potential. They can differentiate into a range of distinct cell types 
including epidermal cells, hair follicle cells, and sebaceous 
cells.[2] Both the proliferation rate and the differentiation 
capacity of HFSCs are influenced by autologous genes and 
external signals. The Wnt/β-catenin signaling pathway plays 
a crucial role in the development of follicles and hair.[3,4] 
During both embryonic development and tumorigenesis 
Wnt proteins bind to their receptors and activate Wnt/β-
catenin signaling, leading to β-catenin accumulation in the 
cytoplasm and subsequent nuclear translocation. β-catenin 
binding to lymphoid enhancer factor-1 (LEF1) activates 
target genes and accelerates the directional differentiation 
of HFSCs.[3,4] Other factors, including chemicals (e.g. LiCl) 
and growth factors, influence cytoplasmic β-catenin levels in 
HFSCs, leading to HFSC differentiation.[1] However, details of 
the mechanism require further investigation. The purpose of 
this study was to investigate how keratinocyte growth factor 
(KGF) and LiCl influence the function of the Wnt/β-catenin 
signaling pathway and its interaction with other signaling 
components during human HFSC differentiation into dermal 
papilla and epidermal cells.

METHODS

Tissue harvest and cell isolation
Fresh scalp specimens were obtained under aseptic condition 
and HFSCs were isolated using previously established 
methods.[1] Briefly, scalp skin from patients undergoing 
surgery was washed repeatedly with phosphate buffered 
solution (PBS) containing 5% penicillin and streptomycin 
(North China Pharmaceutical Corporation, China). After 
removing subcutaneous adipose tissue and impurities, the 

skin was cut into 4 mm × 2 mm pieces, placed in a centrifuge 
tube containing 0.25% Dispase (Shanghai Biological Technical 
Company, China), and digested overnight at 4 °C. The hair 
follicles were then gently pulled out in the direction of hair 
growth. The dissociated adipose tissue was then washed 
with PBS and hair follicles were added to a 60-mm petri 
dish containing 10% fetal bovine serum (FBS) in Dulbecco’s 
Modified Eagle Media (DMEM; Hyclone, USA). Bulge areas 
were isolated from the hair follicles by incubation with 2.5 
g/L trypsin and 0.04% EDTA for 10 min at 37 °C, followed by 
centrifugation and resuspension in K-SFM medium (Shanghai 
Biological Technical Company, Shanghai, China) at a density 
of 5 × 107 cells/L. Cells were incubated at 37 °C under 5% CO2 

in a humidified incubator. The culture medium was replaced 
every 3-4 days, and HFSCs were cultured and passaged three 
times prior to being used for all experiments.

Measuring the proliferation rate of HFSCs
To measure their rates of proliferation, HFSCs were seeded at the 
following four different densities:  1 × 103, 1 × 104, 1 × 105, and 
1 × 106 cells/mL of 24-well plate. Growth curves of the HFSCs 
were obtained by seeding 1 × 105 logarithmically growing cells 
in 1mL medium into each well of a 24-well culture plate. A total 
of 36 wells were used. Hoechst 33258 DNA quantitation was 
performed every day after 7 days in culture.

Immunofluorescence assay
Immunofluorescence analysis was performed as previously 
described.[5] Briefly, sterile glass coverslips were placed into 
60 mm dishes, and approximately 2 × 104 cells/mL of 24-well 
plate were seeded into each dish. After 7 days in culture, 
adherent cells were stained for pan-cytokeratin, K19-Cy3, and 
β1-integrin and analyzed by immunofluorescence microscopy.

Treatment with LiCl and KGF
To investigate the effects of specific compounds on HFSC 
differentiation, HFSCs were treated with LiCl (0.5, 1.5, 10, 
or 25 mmol/L) or KGF (10, 25, 50, or 100 µg/L). After 7 days, 
Hoechst 33258 DNA quantitation was performed to compare 

Table 1: Primer sequences and amplified fragments
Primer pairs Sequences (5ʹ to 3ʹ) Denaturation temperature

(°C)
Fragment size (bp)

β-catenin forward
β-catenin reverse

TACCTCCCAAGTCCTGTATGAG
TGAGCAGCATCAAACTGTGTAG

56.0 180

APC forward
APC reverse

TTAAAGCAAGTTGAGGCACTG
ACCGGCTTCCATAAGAACGGA

55.5 270

Axin forward
Axin reverse

GCGGGACAGATTGATTCACTT
TGTGGACACCAGTTCTCCCT

57.0 190

GSK-3β forward
GSK-3β reverse

ATTTCCAGGGGATAGTGGTGT
TCCTGACGAATCCTTAGTCCAAG

56.0 154

LEF1 forward
LEF1 reverse

AATGAGAGCGAATGTCGTTGC
GCTGTCTTTCTTTCCGTGCTA

56.5 137

GAPDH forward
GAPDH reverse

TGTTGCCATCAATGACCCCTT
CTCCACGACGTACTCAGCG

57.0 202

APC: adenomatous polyposis coli; GSK-3β: glycogen synthase kinase-3β; LEF1: lymphoid enhancer factor-1; GAPDH: glyceraldehyde-3-phospha
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the effects of different incubation times on cell proliferation.

Reverse transcriptase-polymerase chain 
reaction analysis of mRNA expression
The reverse transcriptase-polymerase chain reaction (RT-
PCR)[6,7] was used to measure the expression of β-catenin, 
adenomatous polyposis coli (APC), axin, glycogen synthase 
kinase-3β (GSK-3β), and LEF1 mRNA at various time points 
following treatment with 10 mmol/L LiCl. HFSCs were 
resuspended in K-SFM medium (without fetal calf serum) 
and seeded into a 100-mm culture dish at a concentration 
of 1 × 105 cells/mL. LiCl was then added to the medium at 
a concentration of 10 mmol/L. RT-PCR was used to measure 
the expression of β-catenin, APC, axin, GSK-3β, and LEF1 
mRNA after 3, 5, 7, and 9 days in culture. An untreated 
group was included as a control. Similarly, following 
treatment with KGF, β-catenin, APC, axin, GSK-3β, and LEF1 
mRNA expression was measured on days 3, 5, 7, and 9. An 
untreated control group was included.

Isolation of total RNA: total RNA was isolated with TRIZOL 
using Superscript III (Invitrogen, CA, USA), according to the 
manufacturer’s protocol.

Reverse transcription: template RNA (1 µg) and 1 µg Oligo 
(dT) 15 were added to RNase-free water (to a final volume of 
5 µL). After mixing well, the reaction was incubated at 70 °C 
for 5 min, chilled on ice for 5 min, and then 13.5 µL RNase-
free water, 4 µL 5 × RT Buffer, 1 µL dNTPs, 1 µL RNAase 
inhibitor and 1 µL MMLV RNase were added. The reaction 
was incubated at 36 °C for 10 min, 42 °C for 60 min, and then 
inactivated at 70 °C for 10 min, cooled on ice, and stored.

Primer design and synthesis: primer design was based 
on the target DNA sequences. To avoid contamination of 
genomic DNA, primer pairs were designed to amplify across 
an intron [Table 1]. Primers were synthesized by Shanghai 
Sango Biotech Co. Ltd. (Shanghai, China).

RT-PCR reagents: RT-PCR reagents contained 1 µL template 

RNA, 1.5 µL of 25 mmol/L MgC12, 4 µL 5 × PCR buffer, 1 
µL dNTPs, l µL each primer, 0.5 µL Taq DNA polymerase, 
and 9.5 µL RNase-free water. RT-PCR were subjected to an 
initial denaturation for 3 min at 94 °C, and then 35 cycles 
of 94 °C for 45 s, 56 °C for 30 s, and 72 °C for 1 min. A 
final extension for 5 min at 72 °C was performed before the 
reaction was stored at 4 °C. Reaction products were analyzed 
by electrophoresis. Primers and annealing temperatures are 
shown in Table 1.

Statistical analysis
All data were analyzed using SPSS10.0. Statistical significance 

Figure 1: Primary culture of hair follicle stem cells (HFSCs). (A) Partial 
adherence of HFSCs (P0, 1 day); (B) adherent cell growth (P0, 3 days); (C) 
logarithmic cell growth (P0, 7 days); (D) cells reached 100% confluency (P0, 
9 days). Magnification, ×40

Figure 2: Growth curves of primary culture cells from scalp follicular bulge. 
HFSCs: hair follicle stem cells. 

Figure 3: The effect of seeding density on cell growth. Cells were seeded 
at densities of 1 × 103 cells/mL (A), 1 × 104 cells/mL (B), 1 × 105 cells/mL 
(C), or 1 × 106 cells/mL (D). Cell proliferation and cells morphology were 
assessed after 3 days in subculture. Magnification, ×40.

Figure 4: Proliferation of primary culture cells at different seeding 
densities



Plast Aesthet Res || Vol 3 || Issue 2  || Feb 29, 201642

was set at P < 0.05; P < 0.01 indicates that the difference 
between experimental groups was significant; P > 0.05 
indicates no difference between experimental groups.

RESULTS

HFSC growth characteristics
Primary cells derived from the hair follicle bulge were 
spheroid, small, and evenly sized. Live cells were optically 
transparent with a clear boundary and clusters of 
undissociated cells could be seen [Figure 1]. Trypan blue 
staining showed that 95% of cells were alive. At the initial stage 
of culture, cell adhesion and activity were weak. After culture 
in serum-free K-SFM containing epidermal growth factor (EGF) 
for 1-3 days, a few human HFSCs were observed to adhere 

to culture vessel, although most remained in suspension 
[Figure 1A and B]. After 4-6 days in culture, a few single cells 
or cell clusters had attached to the culture dish; these had 
a cobblestone-like appearance, an orderly arrangement, and 
were highly refractive. Cell numbers increased with increasing 
culture time [Figure 1C and D]. After 2 weeks in culture, a 
small number of aging cells were observed.

Dynamics of cell growth
Growth curves [Figures 1 and 2] show that the cell growth 
rate was slow on days 1-3. On days 4-6, cells grew faster and 
were in the logarithmic phase. After this point, cell growth 
became slower and aging cells appeared.

Cell proliferation varied according to seeding density [Figures 
3 and 4]. At seeding densities of 1 × 103 and 1 × 104, a few 
cells showed clonal growth but cells proliferated slowly and 
most died after a short time in culture. When the seeding 
density was increased to 1 × 105 cells/mL, cells proliferated 
well and showed adherent growth at early time points. 
Cells seeded at a density of 1 × 106 cells/mL rapidly formed 
clusters and underwent contact inhibition following rapid 
nutrient depletion. These cells showed signs of aging.

Identification of HFSCs and characteristics 
of HFSC protein expression
Pan-cytokeratin expression: adherent pan-cytokeratin-
labeled HFSCs showed that the cytoplasm of these cells 

Figure 5: Hair follicle stem cells morphological observation and protein expression. Cells have round or oval nuclei and a high nucleus and cytoplasm ratio. 
Immunofluorescence staining of pan-cytokeratin (A), K19 (B), and β1-integrin (C). Magnification, ×200

Figure 6: Effect of different LiCl concentrations on hair follicle stem cells proliferation. Cells were assessed 3 days after treatment of LiCl at different 
concentrations. (A) after treatment with 0 mmol/L LiCl, cells have grown well and display a cobblestone-like appearance; (B) after treatment with 0.5 mmol/
L LiCl, cells have become rounded, or occasionally an elongated spindle shape, and show a tendency to aggregate; (C) after treatment with 1.5 mmol/L LiCl, 
in general, cells have become larger. Occasionally, cells have developed protuberances, which may be related to cell migration; (D) after treatment with 
10 mmol/L LiCl, cell morphology has changed. Cells have become highly aggregated and cell density is reduced; (E) after treatment with 25 mmol/L LiCl, 
cell density has significantly decreased. Both the cytoplasm and nuclei show various morphological changes. The proliferation rate has also decreased. 
Magnification, ×100

Figure 7: Effect of LiCl on hair follicle stem cells (HFSCs) proliferation
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were positive for pan-cytokeratin [Figure 5A]. Cytokeratin is 

a defining feature of HFSCs.[5,8]

K19-Cy3 expression: isolated keratin 19 (K19)-labeled HFSC 

clusters were positive for cytoplasmic K19 [Figure 5B]. K19 

is a specific cytoplasmic marker for HFSCs.[5,9]

β1-integrin expression: HFSCs showed a high rate of β1-integrin 
expression, as shown in Figure 5C. Positively stained cells 
grew in clusters. Previous studies have confirmed that β1-
integrin is a membrane marker for HFSCs.[5,8]

The influence of LiCl on HFSC proliferation
There were no significant differences between the 
proliferation rates of HFSCs treated with lower doses of 
LiCl and that of the control group; there was an inverse 
correlation between dose and proliferation rate at higher 
concentrations of LiCl than 10 mmol/L [Figures 6 and 7]. LiCl 
concentrations less than 10 mmol/L had no effect on the 
proliferation rate; moreover, treatment with 0-10 mmol/L 
LiCl did not markedly affect cell proliferation, especially for 
culture times greater than 72 h (P > 0.05). However, the 
proliferation rate decreased at a LiCl concentration of 25 
mmol/L; there was a clear difference between treated and 
control cells at each time point (P < 0.05).

After 24 h of culture, DNA quantitation in the 25 mmol/L 
group compared with 0 mmol/L group, P < 0.05, as 
compared with other groups, P > 0.05; after 48 h of 

Figure 8: Effect of different keratinocyte growth factor (KGF) concentrations on hair follicle stem cells proliferation. Cells were assessed 3 days after 
treatment. (A) the KGF 0 µg/L group shows cells have grown well and display a cobblestone-like appearance; (B) the KGF 10 µg/L group shows cell density 
has increased. A small number of enlarged cells have appeared; (C) the KGF 25 µg/L group shows differentiated cells with enlarged nuclei and enriched 
cytoplasm can be seen; (D) the KGF 50 µg/L group shows the proportion of differentiated cells increased, and the cell density decreased; (E) the KGF 100 
µg/L group shows the proportion of differentiated cells increased, cell aging was observed. Magnification, ×100.

Figure 9: Effect of keratinocyte growth factor (KGF) on hair follicle stem 
cells (HFSCs) proliferation

Figure 10: Untreated hair follicle stem cells (HFSCs). Cells morphological features of negative controls (HFSCs subculturing without intervention) after 3 
(A), 5 (B), 7 (C), and 9 (D) days in culture. HFSC treated with 10 mmol/L LiCl. Cells morphological features shown after 3 (E), 5 (F), 7 (G), and 9 (H) days in 
culture. HFSCs treated with 10 µg/L KGF. Cells morphological features shown after 3 (I), 5 (J), 7 (K), and 9 (L) days in culture. Magnification, ×40.
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culture, DNA quantitation in 25 mmol/L group compared 
with 0 mmol/L group, P < 0.05, as compared with other 
groups, P > 0.05; after 72 h of culture, DNA quantitation 
in 25 mmol/L group compared with 0 mmol/L group, P < 
0.01, as compared with other groups P > 0.05; after 96 h 
of culture, DNA quantitation in 25 mmol/L group compared 
with 0 mmol/L group, P < 0.01, as compared with other 
groups, P < 0.05, also representing a significant difference; 
after 120 h of culture, DNA quantitation in 25 mmol/L group 
compared with 0 mmol/L group P < 0.05, as compared with 
other groups P > 0.05.

Effect of KGF on HFSC proliferation
The proliferation rate of HFSCs increased following KGF 
treatment, with a direct correlation between KGF dose and 
HFSC proliferation rate being observed [Figures 8 and 9]. HFSCs 
proliferated well at KGF concentrations less than 50 µg/L. By contrast, 
at very high KGF concentrations HFSCs proliferated well at 
early time points, but died prematurely at later time points. 
At KGF concentrations of 10-25 µg/L, cells proliferated well 
and showed no signs of premature aging at later time points.

Statistical analyses showed that after 24 h of culture, there 
were no significant differences between the KGF-dose 

Figure 11: Effect of 10 mmol/L LiCl on β-catenin, APC, GSK-3β, axin, and LEF1 mRNA expression. APC: adenomatous polyposis coli; GSK-3: glycogen 
synthase kinase-3β; LEF1: lymphoid enhancer factor-1.

Figure 12: Effect of 10 µg/L KGF on β-catenin, APC, GSK-3β, axin, and LEF1 expression. KGF: keratinocyte growth factor; APC: adenomatous polyposis coli; 
GSK-3: glycogen synthase kinase-3β; LEF1: lymphoid enhancer factor-1.
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treatment groups and the control group.

After 48 h of culture, the KGF 10 µg/L treatment group was 
significantly different as compared with the control group 
(P < 0.05), but there was no difference between the control 
group and the other KGF-dose treatment groups. After 72 
h of culture, the KGF 10 µg/L treatment group showed a 
significant increase in proliferation when compared with the 
control group (P < 0.01). However, there was no observed 
difference between the control group and the other KGF-
dose treatment groups.  After 96 h of culture, the 10, 25, and 
100 µg/L KGF treatment groups showed a significant increase 
in proliferation when compared with the control group (P < 
0.01). However, there was no significant difference between 
the control group and the 50 µg/L KGF treatment group.  
After 120 h of culture, all doses of KGF had significantly 
increased the proliferation of HFSCs compared with the 
control group (P < 0.05).

Effects of LiCl and KGF on HFSC differentiation and 
morphology.

There were obvious differences in cell morpho-
differentiation, adhesion, and proliferation between the 
10 mmol/L LiCl and 10 µg/L KGF treatment groups and the 
control group [Figure 10A-D]. The LiCl 10 µg/L treatment 
group showed a significant increase in proliferation [Figure 
10E-H]. By contrast, the proliferation rate of KGF-treated cells 
initially increased in a dose-dependent manner. However, 
cell proliferation decreased with aging and vacuoles formed 
within the cells at later time points [Figure 10I-L].

Effects of LiCl and KGF on the mRNA expression of 
components of the Wnt/β-catenin signaling pathway.

Following treatment with 10 mmol/L LiCl, the mRNA 
expression of β-catenin was increased when compared with 
control cells. There was also an increased expression of APC 
and LEF1 mRNA, but a gradual reduction in axin and GSK-3β 
mRNA expression [Figure 11].

Following treatment with 10 µg/L KGF, the expression of 
β-catenin mRNA did not change markedly compared with 
control cells; however, GSK-3β and LEF1 mRNA expression 
gradually declined [Figure 12].

DISCUSSION

HFSC differentiation is regulated by multiple factors,[1] which 
interact to form an intricate regulatory system.[1,2] The main 
intrinsic regulatory factors affecting HFSC proliferation and 
differentiation are Wnt, β-catenin and the Notch and exit 
domain A (EDA) signaling pathways.[1,10-12] Extrinsic signals 
primarily include mitogens, intercellular interactions, cell 
growth factors [e.g. basic fibroblast growth factor (bFGF) 
and EGF], and some chemical substances (e.g. LiCl).[13-15] 
These signals constitute the external microenvironment of 
proliferation and differentiation of HFSCs. KGF is a member 
of the FGF superfamily, which regulates the proliferation 
and differentiation of various cell types. KGF expression in 
matrix cells is sharply upregulated when skin is injured.[13] 

KGF also facilitates HFSC proliferation. In this study, HFSCs 
were isolated from the hair follicle bulge and the effects 
of different concentrations of LiCl and KGF on HFSC 
proliferation and differentiation were explored.

LiCl, a crucial Wnt signaling agonist, inhibits the activity 
of GSK-3β.[11]  GSK-3 phosphorylation at serine-9 prevents 
GSK-3β from degrading β-catenin, thus elevating β-catenin 
expression.[14] This study found that low LiCl concentrations 
(0-10 mmol/L) not only induce β-catenin expression but also 
slightly increase HFSCs proliferation. However, proliferation 
decreased as the LiCl concentration was increased. LiCl 
treatment also led to a reduction in cell adhesion and 
caused HFSCs to grow in dispersed clusters. This is a result 
of LiCl inhibiting intracellular E-cadherin expression, which 
weakens cell adhesion and facilitates cell migration.[15] This 
phenomenon may result from E-cadherin transposition 
caused by β-catenin up-regulation. These data suggest that 
changes in β-catenin expression can change cell adhesion, 
which has an important role in promoting cell proliferation.

In the current study, β-catenin expression directly correlated 
with the β-catenin-axin-APC-GSK-3β complex, but inversely 
correlated with GSK-3β and axin levels. Axin, a critical 
negative regulator of the Wnt signaling pathway, is a key 
component of the β-catenin degradation complex. It has 
several protein-protein interaction domains and functions 
as scaffolding protein in various protein complexes. Axin 
brings GSK-3β in close proximity to β-catenin and regulates 
the degradation of phosphorylated β-catenin. This study 
demonstrated that LiCl suppresses the expression of GSK-3β 
mRNA and thus inhibits the formation of the axin complex, 
which indirectly elevates the level of β-catenin.

As a downstream transcription factor in the Wnt signaling 
pathway, LEF1activates the transcription of specific 
genes. According to recent reports,[7,8,16] endogenous LEF1 
synergizes with Wnt signaling. It is widely accepted that 
β-catenin activates downstream target genes through a 
complex formation with LEF1. Cofactor ALY, enhancer TCRα, 
and LEF1 cooperatively form a higher-order nucleoprotein 
complex that enhances the synergistic activation of 
β-catenin/LEF1 and thus transcriptional activity.[16] This study 
found that LiCl treatment increased the levels of β-catenin 
and LEF1 mRNA along with the course induce. It is likely 
that increased protein levels of β-catenin complex with 
LEF1. These results are identical with those of the above-
mentioned mechanisms of the Wnt signaling pathway, and 
indicate that activations of the β-catenin and LEF1 signaling 
pathways are involved in HFSC’s differentiation.

Numerous studies have shown that β-catenin functions by 
forming a complex with LEF1 in the Wnt signaling pathway.[17-20] 
Zhu et al.[17] transfected keratinocytes with retrovirus and found 
that mutant LEF1 expressed in the basal lamina of transgenic 
mice cannot interact with β-catenin. Thus, hair formation is 
prevented and adult basal epidermal cells are transformed 
into pluripotent embryonic-like ectoderm. LEF1 is an essential 
transcriptional factor for the normal development of hair 
follicles. LEF1 expression stimulates the stem cell to develop into 
hair, facilitates differentiation of both hair matrix cells and hair 
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follicles, and participates in the formation of the root sheath.

In an attempt to improve our understanding of the role of 
β-catenin in HFSC proliferation and differentiation, this study 
investigated whether KGF treatment stimulates these processes 
via the Wnt signaling pathway. The results indicate that adding 
KGF to serum-free culture medium containing EGF stimulated 
HFSC proliferation. Although this effect was not apparent in 
the first 48 h of culture, for incubation times more than 48 h, 
there was a marked difference in DNA content between the 10 
µg/L KGF treatment group and control cells. The reduction in 
DNA content indicates that KGF maintains cell proliferation and 
postpones keratinocyte differentiation.

Richardson et al.[6] observed repression of hair follicle induction 
by KGF and EGF in cultured mice embryo skin. They found 
that Wnt signaling plays a role in the initial formation of hair 
follicles, and that the latter stages of follicle formation are 
dependent on the Shh signal. Formation of the hair follicle is 
usually caused by activation of Wnt signaling and upregulation 
of β-catenin mRNA. The Shh activating signal also elevates Gli1 
mRNA. Nuclear LEF1 expression occurs at the initial stages and 
increases after 24 h. However, epidermal cells induced by KGF 
or EGF contain high nuclear LEF1 expression at all time points. 
KGF and EGF noticeably inhibited several important signaling 
molecules produced by hair follicles, including Wnt (LEF1, 
DKK4), Shh single pathway, and delayed HFSC differentiation. 
Recently, Andreadis et al.[21] using a skin equivalent model system, 
demonstrated that KGF significantly facilitates the proliferation 
of epidermal cells inoculated in a cellular dermal matrix, which 
is associated with induced expression of α5β1 integrins and 
delayed keratin-10 expression. In the present study, HFSCs were 
observed to exhibit a low proliferation rate in the first 72 h after 
KGF treatment, especially in the 10 µg/L treatment group. When 
the culture time was longer than 72 h, DNA measurements 
showed that KGF treatment postponed apoptosis, but that high 
KGF concentrations accelerated cell aging. This may be related to 
excessive nutrient consumption in the in vitro culture medium. 
In cells treated with 10 µg/L KGF β-catenin expression increased 
slightly and GSK-3β expression decreased on day 7, as HFSCs 
underwent differentiation. LEF1 levels, however, declined at an 
early stage. How KGF switches the Wnt/β-catenin pathway from 
an activated state to an inhibited state is unclear. However, this 
data suggest that KGF concentration inversely correlates 
with LEF1 expression and represses HFSC differentiation and 
the formation of hair follicles. This result supports a direct 
association of KGF with the Wnt signaling pathway through 
reducing LEF1 levels. These data are consistent with the 
results of Richardson et al.[6] However, some of the links that 
mediate KGF regulation of the Wnt signaling pathway are 
not yet clear and require further investigation.
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ABSTRACT
Aim: Reconstruction of the anterior skull base offers an especially complex challenge as the impermeable 
separation of the dural space and the upper aerodigestive tract must be maintained. We propose the 
use of the radial forearm free flaps (RFFF) as a superb method of re-establishing integrity in anterior 
skull base defects. Methods: Literature review and retrospective analysis of 4 single-institution 
cases of anterior skull base defects reconstructed with a RFFF. Data were collected on successful and 
unsuccessful defect repairs, complication rates, and length of hospitalization. Results: The indications 
for surgery were pneumocephalus, recurrent brain abscesses, recurrent frontal sinus mucoceles, and 
cerebrospinal fluid leak. Of the 4 cases, 1 was complicated by a small dehiscence of the craniotomy 
site, 1 developed infection, and 2 required further surgery. Conclusion: The use of RFFF is an excellent 
option for reconstruction of defects in the anterior skull base, especially those complicated by radiation, 
prior surgery, or infections. Patients with skull base defects are inherently at high risk for post-surgical 
complications. The RFFF transfers healthy, viable, well-vascularized tissue to prevent further infections 
and provides a reliable barrier between the dural and sinonasal spaces. This can reduce the need for 
repeat neurosurgical operations and hospitalizations.

Key words:
Aterior skull base; defect; reconstruction; plastic surgery; free flap; radial forearm free flap

Access this article online
Quick Response Code:

Website: 
www.parjournal.net

DOI:  
10.20517/2347-9264.2015.70

This is an open access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, 
tweak and build upon the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

How to cite this article: Olaya WA, Daly LT, Clark EG, Scholz T,  
Laurence V, Paydar KZ, Wirth GA, Evans GRD. Reconstruction of 
the anterior skull base with radial forearm free tissue transfer: case 
series and literature review. Plast Aesthet Res 2016;3:47-51.

Received: 18-06-2015; Accepted: 04-12-2015

INTRODUCTION

The use of free tissue transfer for reconstructing the 
anterior skull base has become a well-established treatment 
for the rehabilitation of patients with life-threatening and 
disfiguring defects resulting from craniofacial resections. 
Defects of the anterior skull base are intrinsically complex 
with an irregular serrated surface separating the dura from 
the sinonasal space, and are often complicated further by 
radiation, multiple prior surgical interventions, and repeat 

infections.[1-4] Patients with these defects are generally quite 
ill with poor nutritional status and a weakened immune 
system. They are at risk for multiple life-threatening 
conditions including meningitis, encephalitis, brain abscess, 
persistent cerebrospinal fluid (CSF) leak, pneumocephalus, 
and even herniation of brain tissue.[1-3] Thus it is paramount 
that reconstruction of anterior skull base defects be 
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complete, reliable, and reconstruct a “water tight” barrier 
between the intracranial cavity and the physiologically 
contaminated upper aerodigestive tract.

In 1966, Ketcham et al.[5] first attempted the use of a split 
thickness skin graft to cover exposed dura in a patient who 
had undergone resection of a tumor located in the anterior 
skull base, but this procedure resulted in a persistent CSF 
leak. Since this time, many other surgical reconstructive 
methods have been utilized because surgeons realized 
the importance of using well-vascularized tissue in 
reconstructing a dural seal including regional flaps such as 
the temporalis, muscle pericranial grafts, and galea-frontalis-
myofascial flaps.[6-8] In cases where local flaps have already 
failed or are otherwise not possible due to destructed 
wound beds, the use of pedicled flaps such as the pectoralis 
major, sternocleidomastoid, trapezius, and latissimus dorsi 
have been popular.[6,9] The drawbacks typically observed 
with these pedicled flaps are related to their distance 
limitations and bulkier size. The sternocleidomastoid flap is 
additionally challenging due to its segmental blood supply.[4] 
The endoscopically performed pedicled nasoseptal flap is a 
newer method gaining popularity within the otolaryngology 
community.[10] Weber et al.[11] described success in using a 
variety of free tissue transfer for both skull base defects and 
craniofacial reconstruction with exposed dura for anterior, 
middle and posterior skull defects combined. Other novel 
efforts to repair these complex defects have been reported, 
including a sandwiched or folded free fasciocutaneous flap, 
and titanium mesh bolstered free tissue flaps.[12,13]

The last two decades have brought the increasing popularity 
of free tissue transfer for defects in this region.[14-16] As noted 
by Neligan et al.,[9] the use of distant free flaps is associated 
with a lower overall complication rate (33.5%) than both local 
pedicled flaps (38.8%), and regional flaps/grafts (75%). Due to 
their exceptional vascularity, ability to fill irregular spaces 
with a thin but sturdy fascial layer, and overall decreased 
rate of complication, the authors hypothesized that the use 
of radial forearm free flaps (RFFF) for the reconstruction of 
especially complex anterior skull base defects would offer an 
ideal reconstructive option. The authors present a case series 
of four patients to have reconstruction of the anterior skull 
base with radial forearm free tissue transfer.

METHODS

Four patients presented to our institution with complex 
anterior skull base defects, complicated by infections, 
pneumocephalus, and CSF leaks. All four were treated 
with RFFF for closure of the communicating spaces. 
Retrospectively, the patient scenarios, surgical management, 
and outcomes were reviewed. Data collected included flap 
survival, complications requiring non-operative management, 
the need for reoperation, length of hospital stay, and donor 
site morbidity. Patient diagnosis, age, nutritional status, 
medical history, social history, flap size, and recipient vessels 
were also reviewed.

The radial forearm flaps were usually taken from the non-
dominant hand after Allen’s test confirmed collateral flow. 

The superficial temporal vessels were also palpated and 
assessed with Doppler bilaterally to determine the best place 
for inset keeping in mind previous scars from operations, 
radiation, and/or infections to select the best side for vessel 
dissections. The flap was first de-epithelialized prior to 
elevation [Figure 1]. The neurosurgical team gained access 
to the anterior skull base and debrided any non-viable tissue, 
including infected and devascularized bone, as necessary 
[Figure 2]. Most often, the superficial temporal vessels were 
used and dissected proximally until encountering a curvature 

Figure 1: Radial forearm flap de-epithelialized and raised in this left-hand 
dominate patient

Figure 2: Anterior skull base defect after debridement. Arrow denotes the 
defect

Figure 3: Radial forearm free flap filling the anterior skull base defect. 
Arrow denotes the pedicle
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of the vessels where they dive deep; the more proximal area 
of the vessels were less damaged from previous radiation. 
Using the microscope, the recipient vessels were dissected 
free and prepared for microvascular anastomosis. The radial 
artery was hand-sewn to the superficial temporal artery with 
interrupted 9-0 nylon suture and a venous coupler was used 
for the venous anastomosis. The flap was then introduced 
into the defect to ensure adequate filling of the dead space 
[Figure 3]. Skin was closed primarily over the anastomosis. 
The donor site was first reduced in size by bringing in the 
tissue flaps and suturing directly to the deeper structures 
in the forearm, which allowed for a smaller skin graft to be 
taken. The forearm was then splinted to protect the skin 
graft. We did not use intracranial monitoring devices or 
drains. Patients were monitored in the surgical intensive 
care unit for three days with Doppler checks distal to the 
anastomosis every hour.

All research was reviewed and approved by the University 
of California Irvine Office of Research Institutional Review 
Board (HS# 2013-9374).

RESULTS

All of the patients with anterior skull base defects were 
males, between the ages of 51 to 63 years. Three of the 
patients had prior operative interventions performed for 
malignancy involving the anterior skull base, while the 
fourth patient had undergone repeated craniotomies for 
recurrent frontal sinus mucoceles. Although all patients had 
a normal or near-normal body mass index (range 20.6-26.7), 
most also had suboptimal nutrition status with an albumin 
below 3.0 g/dL. Half of the patients had a remote smoking 
history, and all but one had a prior diagnosis of diabetes 
requiring control of hyperglycemia [Table 1].

All 4 patients had prior surgical intervention (n = 4), 
including pericranial flaps, but no patient had a previous 
free tissue transfer. In addition to surgically altered 
anatomy, all patients had wound beds further complicated 

by a combination of recurrent infection (n = 3), radiation 
(n = 2), or persistent CSF leak (n = 1). In three patients the 
recipient vessels were the superficial temporal artery and 
vein. The facial artery and a branch of the external jugular 
vein were used for anastomosis in one patient. The average 
total hospital stay was 22.5 days (range 5-38) and average 
post operative stay was 16 days (range 4-27) [Table 2].

Infection was the most common postoperative complication, 
affecting three patients (75%) and requiring surgical 
debridement and/or drainage in two. These affected the 
same patients who had recurrent infections prior to the RFFF 
coverage. Patient 1 presented with chronic osteomyelitis 
which was discovered at the time of the RFFF surgery. The 
patient later developed a CSF leak with an epidural abscess 
and a wound breakdown at the craniotomy site, requiring 
drainage and repair, respectively. Patient 3 presented initially 
with recurrent abscesses, and although postoperatively 
the patient developed bacteremia, this resolved with IV 
antibiotics, and there has been no abscess recurrence at ten 
months follow up. Patient 4 developed a subgaleal infection 
requiring washout, and a subdural empyema requiring 
drainage, but his reconstruction remained free of infection 
at 22 months follow up. Importantly, despite these infective 
complications, no patients required reoperation on the flap.

All flaps were viable at the conclusion of the study as 
demonstrated by Doppler flow, and were successful based on 
clinical exam. Only one patient had a donor site morbidity, which 
resolved with Integra placement (LifeSciences, Plainsboro, New 
Jersey), combined with sub-atmospheric pressure therapy. No 
other major donor site morbidity was noted.

DISCUSSION

Anterior skull base defects are complex surgical problems 
and further they are associated with patients who have 
many comorbidities. They are prone to re-hospitalization 
and repeated neurosurgical operations given their 
high risk for life-threatening complications, including 

Table 1: Patient demographics
Patient Age, years BMI Albumin Co-morbidities Tobacco

1 51 23.2 2.6 CVA, seizures No
2 62 20.6 2.3 Diabetes, hypertension, hyperlipidemia Yes
3 61 26.7 Not available Diabetes No
4 63 22.2 2.4 Diabetes, hypertension, hyperlipidemia Yes

BMI: body mass index; CVA: cerebrovascular accident

Table 2: Patient outcomes following reconstruction of anterior skull base with radial forearm free tissue transfer

Patient Presenting condition Indication for free tissue 
transfer Flap size Hospital length 

of stay (days) Complications
Follow 
up time 

(months)
1 Squamous cell cancer 

of the maxillary sinus
Pneumocephalus 9 cm × 11 cm 15 CSF leak

Epidural abscess
Recurrent seizures

12

2 Esthesio-neuroblastoma 
of anterior skull

Recurrent brain abscesses 7 cm × 11 cm 9 Recurrent seizures 13

3 Recurrent frontal sinus 
mucocele

Pneumocephalus Not available 5 none 14

4 Recurrent meningioma 
of frontal and ethmoidal 
sinuses

CSF leak 5 cm × 7 cm 36 Subdural empyema
Meningitis

22

CSF: cerebrospinal fluid
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meningitis, persistent CSF leak, herniation of brain tissue, 
pneumocephalus, encephalitis, and brain abscess.[2,3] 
Patients with malignant tumors of the anterior skull base 
are prone to even higher rates of complication post-
resection.[17] As described by Bentz et al.,[4] even in patients 
without confounding complications, the 5-year disease 
specific survival rate for patients undergoing anterior skull 
base resection for malignancy is 57%. Those patients with 
anterior skull base defects whose courses are complicated 
by prior surgical intervention, radiation, chronic infection, 
or fistula formation are at even greater risk for death and 
complications, and often suffer extended hospitalization 
and repetitive attempts at surgical correction.[2]

The impact of prior treatment on overall survival of these 
complicated patients is significant. As noted by Jackson et al.[18] 
in a series of 155 patients with tumors affecting the anterior 
skull base (malignant and non-malignant), survival was 85% 
for patients with no prior treatments, but only 48% for 
patients with prior intervention. Dos Santos et al.[19] reported 
in a review of 81 patients who underwent skull base surgery 
that prior surgical treatment was a pre-operative factor that 
affected survival significantly. As reported by Teknos et al.,[1] 
patients with skull base defects who have received prior 
radiation have a significant increase in hospital stay, with 
an average stay of 17.7 days versus 12.4 days in un-radiated 
patients. It is therefore important to choose the treatment 
with the highest chance of success, whether it is the initial 
repair or a revision of previous failed operations. With this 
goal, the reliable and well-vascularized RFFF is a reasonable 
treatment for correction of anterior skull base defects in 
complex wound beds, especially those weakened by prior 
interventions.[20]

The RFFF is robust, predictable, and well-vascularized, yet 
lacks the bulkiness of muscle or myocutaneous flaps and is 
able to fill dimensionally intricate spaces. Compared to other 
pedicled or free tissue transfers, the radial forearm free flap’s 
reliability and predictability make it an excellent option for 
infected, radiated buried anterior skull base reconstruction 
in complex patients who have received previous treatment 
[Table 3]. Our patients presented with prior surgical 

intervention (n = 4), recurrent infection (n = 3), radiation 
(n = 2), persistent CSF leak (n = 1), or a combination of 
these. In our experience with these complex patients with 
prior therapeutic interventions, we demonstrate improved 
outcomes compared to previously published results, 
including 100% flap survival. For example, we noted an 
average post operative hospital stay of 16 days (range 4-37), 
compared to an average hospital stay of 26.4 days reported 
previously in the literature for cranial base reconstruction 
with free tissue transfer.[17] To maximize the quality of life 
of patients with anterior skull base defects, it is essential to 
minimize their time spent in the hospital and minimize or 
eliminate the need for any further operations. To this end, 
we feel that anterior skull base reconstruction with the well-
vascularized and highly reliable RFFF is an excellent option 
for the ill or complex patient who has received prior anterior 
skull base radiation or surgical intervention.

This case series demonstrates in four patients the successful 
reconstruction of anterior skull base with radial forearm 
free tissue transfer. Our flaps were successful in damaged, 
inhospitable wound beds and the authors are confident that 
this should be considered as an early reconstructive option in 
this patient population. Debridement of infected tissue is of 
upmost importance in these patients, Weber et al.[11] described 
flap loss secondary to purulent material found at the time 
of initial free tissue transfer which persisted and occluded 
the pedicle after one week, despite aggressive antibiotic 
usage. Califano et al.[2] reported a lower complication rate 
with free tissue transfer when compared to local flaps, even 
with more complex resections occurring in the free tissue 
transfer group. He further reported major complications 
with 35% of local tissue transfer and only 31% with free tissue 
transfer.[2] This data combined with our experience with the 
RFFF suggests that free tissue transfer is a reasonable first 
choice reconstructive option in anterior skull base defects. 
Due to the moderate success of local flaps, it is reasonable to 
utilize these flaps before resorting to a RFFF, since they also 
do not prevent later anastomosing the radial artery to the 
superficial temporal artery. For secondary reconstruction 
or salvage operations, the RFFF should be considered after 
local flaps or other interventions have failed.

Table 3: Free tissue transfer alternatives for reconstruction of anterior skull base defects
Benefits Disadvantages

Radial forearm free flap
Versatile, reliable donor site anatomy, 
long pedicle length, size is appropriate 
for most anterior skull base defects

Visible donor site scar. Cannot cover very 
large skull base defects. Shorter hospital stays 
compared to other free tissue transfers

Latissimus dorsi muscle free flap
Consistent vascular pedicle and its 
large muscle

Larger donor site defect, greater risk of seroma, 
may result in redundant bulky tissue in an anterior 
skull base defect

Vertical rectus abdominis muscle free flap
Consistent vascular pedicle and its 
large muscle

Larger donor site defect, may result in redundant 
bulky tissue in an anterior skull base defect

Serratus anterior muscle free flap Longer pedicle, versatile size Can only reliably cover small skull defects

Temporoparietal fascial flaps
Thin and pliable, can be tailored to fit 
many defect sizes

May not provide long-term durable coverage. Less 
able to obliterate dead space. Limited rotation, can 
only provide coverage for anterior defects

Omental free flap
Minimal donor site scar, can be tailored 
to fit many defect sizes

Can thin over time and may not provide long-term 
durable coverage

Pedicled trapezius flap
Less complex operation without risk of 
vascular anastomoses

Only appropriate for low or inferior defects; pedicle 
length is limited

Pedicled latissimus dorsi
Less complex operation without risk of 
vascular anastomoses

Only appropriate for low or inferior defects; pedicle 
length is limited
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It is important for the plastic surgeon to have a familiarity 
with anterior skull base defects and the reconstructive 
possibilities. Fortunately, this defect is not seen everyday, 
but this means further case series will need to be conducted 
in order to amass statistically significant data for radial 
forearm free tissue transfer to anterior skull base defects.

In conclusion, patients with skull base defects are inherently 
at risk for post-surgical complications. The RFFF is a reliable 
reconstructive option with the aim of reducing repeat 
neurosurgical operations and extended hospitalizations. Due 
to the authors’ success with the use of the RFFF, we suggest 
considering this flap as an early option for reconstruction of 
anterior skull base defects in those complex patients that 
have received prior radiation or failed other interventions 
for soft tissue coverage.
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ABSTRACT
Aim: Anterolateral thigh (ALT) flap is widely used in reconstruction of various defects. 
Preoperative imaging facilitates perforator mapping, overcoming intraoperative uncertainty. The 
purpose of this study was to investigate the utility of multi-detector row computed tomography 
angiography (MDCTA) and a handheld Doppler in locating ALT perforators. Methods: Twenty 
patients were randomized into two groups. Group 1 patients received MDCTA and Doppler 
studies whereas Group 2 received only a Doppler study. The number, location, course, and source 
of all cutaneous and sizable perforators were compared with intraoperative findings. Surgeons’ 
stress levels during flap harvest and flap harvest time were compared. Results: MDCTA findings 
correlated well with intraoperative findings for perforator type and segmental distribution with 
100% concordance. Doppler alone had a 52% rate of concordance. The sensitivity and specificity 
for MDCTA in demonstrating the presence of perforators were 85.71% and 97.22%, respectively; 
whereas for Doppler alone the sensitivity and specificity were 80% and 87.91%, respectively. In 
demonstrating perforator source, MDCTA showed a sensitivity of 100% and specificity of 91.66%, 
with 100% accuracy. Sensitivity and specificity for sizable perforators were 90% each, with 88.88% 
accuracy. Doppler studies were unable to provide this information. Comparison of surgeon stress 
levels showed no differences between the two groups, although the time for flap harvest was 
significantly shorter in Group 1. Conclusion: MDCTA compared to Doppler is more sensitive, 
specific, and accurate with respect to location, course, and source of perforators.
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INTRODUCTION

The anterolateral thigh (ALT) flap has become an 
increasingly popular reconstructive option due to its 
versatility of design, ability to be thinned and minimal 
donor site morbidity. The major limitation of this flap is 
the uncertainty in predicting perforator anatomy due to 
variability in perforator size and course.[1] Formal analysis 
of these variations has not been adequately explored. 
Many authors have described the common location of ALT 
perforators as a tool in guiding flap harvest, but few have 
highlighted the inconsistencies.[1] To improve operative 
planning, preoperative imaging is being increasingly 
utilized. In the past, Doppler ultrasound has been used 
for perforator mapping, with most studies demonstrating 
high sensitivity but poor accuracy and high interobserver 
variability. Despite improvements in ultrasound technology, 
this technique has been frequently abandoned, and there 
are trends toward performing no preoperative localization 
at all.[2] Multi-detector row computed tomography 
angiography (MDCTA) has become a powerful noninvasive 
alternative to conventional digital subtraction angiography 
in preoperative imaging.[3-5] The utility of MDCTA for 
preoperative planning in comparison with Doppler and 
effectiveness of the ABC system in preoperative perforator 
localization has not been studied in an adequate number of 
patients in the Indian population. The present randomized 
controlled study was been designed to investigate the 
utility of preoperative imaging in the localization of 
perforators and design of the skin paddle. Flap harvest 
time, surgeon’s stress levels, and operative outcome were 
also assessed.

METHODS

Patients
In patients undergoing free ALT flaps, the goals were (1) 
to compare the number, location, course, and source of 
cutaneous perforators with the use of preoperative MDCTA 
and a handheld Doppler device, with intraoperative 
observation as the gold standard; and (2) to compare the 
subjective stress levels of the surgeon during perforator 
dissection and flap harvest time in patients who had 
preoperative MDCTA versus those who did not.

The pilot study done between January and December 2011 
included all patients who required a free ALT flap. Patients 
with a documented history of significant atherosclerotic 
disease with blockage at the level of the infrarenal aorta, 
lower limb infections, scars, prior surgery to the thighs, 
and preexisting renal disease, diabetes, or cardiovascular 
disease were excluded.

Handheld Doppler localization
All patients underwent preoperative perforator 
localization using a handheld audible Doppler probe 
(Huntleigh Healthcare, 8 MHz, Cardiff, UK) performed by 
an independent assessor who was blinded to the MDCTA 
findings. The patient was placed in the supine position 
with the leg straight in a neutral position. A line was drawn 

connecting the anterior superior iliac spine (ASIS) to the 
superolateral corner of the patella (hereafter referred to 
as the AP line). The distance between these two points 
were measured, and the AP line was divided into 10 equal 
parts (hereafter referred to as segments) for the purpose 
of standardization between individuals and comparison. 
The Doppler signals were assessed at three main sites with 
a radius of 3 cm. A signal at the midpoint of the AP line 
corresponded to segment 5, while the others 5 cm proximal 
and distal to midpoint corresponded to segments 4 and 6, 
respectively. The most audible signals were marked each 
time by the same observer in all patients. The distance of 
the Doppler signals from the AP line were plotted on the 
X-axis (horizontal) and from a perpendicular drawn at the 
midpoint of the AP line, on the Y-axis.

Randomization into two groups
Following Doppler assessment, patients were randomized 
into two groups using computer-generated random 
numbers. Blocks of four were used to aid adequacy in 
randomization. In the first group (Group 1), preoperative 
mapping of location, number, source vessel, and course of 
all perforators of the ALT using an MDCTA was performed. 
In the second group (Group 2), no preoperative MDCTA 
was performed.

MDCTA
MDCTA was performed using a 64-detector row computed 
tomography scanner with the following parameters: 120 
kVp, 80-120 mA, gantry rotation time 0.4 s, detector 
configuration 16 mm × 1 mm, 23 mm table travel per 
rotation, 512 × 512 matrix, and 180-240 field of view. All 
scans were performed with intravenous (IV) administration 
of 100 mL of nonionic iodinated contrast medium with 
a concentration of 300 mg/mL and injected at a rate of 
4 mL/s through an 18-gauge IV catheter inserted into 
an antecubital vein. A bolus tracking technique was 
employed to obtain images from the point of bifurcation 
of the abdominal aorta to the level of the knee joint. The 
volumetric data acquired was then retrospectively used to 
reconstruct images with a slice thickness of 2 mm and a 
reconstruction interval of 0.75 mm in a soft tissue kernel. 
Ten radio-opaque markers (1 cm diameter plastic buttons) 
were placed at equal intervals along the AP line to depict 
each segment that assisted in accurate localization of 
perforators on preoperative MDCTA, which were plotted 
on the X-axis and Y-axis + or − symbols were used to 
depict the distances as plotted on the graph keeping the 
midpoint of intersection of AP line as (0, 0). These were 
then compared to the intraoperative findings.

Operative technique
All patients underwent harvest of a free ALT flap using 
the anterior approach as described by Song et al.[6] and 
Koshima et al.[7] Seven out of 10 patients in Group 1 and 
9 out of 10 patients in Group 2 underwent subfascial 
dissection while suprafascial dissection was performed in 
the remainder of cases. During flap harvest, the location of 
each cutaneous perforator was marked with a needle at a 
specified distance from the perforator through the fascia 
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into the skin. A mark was then made on the skin paddle at 
this site. This point was then plotted on the X- and Y-axis 
after resuturing the skin paddle (subtracting the specified 
distance) to eliminate the obliquity of perforator entrance 
secondary to flap retraction/sagging. Care was taken to 
identify all perforators to the skin paddle which were 
preserved until the very end before committing to base 
the flap on the sizable perforators.

Surgeons’ stress level
Surgeon’s perceived (subjective) stress level during flap 
harvest was scored on a four-point visual analog scale (VAS) 
and recorded as follows:

•	 Grade 1 = no stress (preoperative perforator location 
matched intraoperative findings with only minor 
discrepancies (< 2 cm) in perforator location);

•	 Grade 2 = mild stress (discrepancy measured more 
than 2 cm in perforator location between preoperative 
and intraoperative findings);

•	 Grade 3 = moderate stress (gross difference in the 
perforator location, source, and course); and

•	 Grade 4 = severe stress (no perforator was present, 
or inadvertent perforator injury occurred during 
dissection).

Time taken for flap harvest and surgical outcome were 
also noted.

Statistical analysis
Statistical Package for the Social Science, version 19, IBM 
(2010) was used. The Kolmogorov-Smirnov test was applied 
to determine the distribution of data, and if data was 
skewed, Mann-Whitney test was applied. For comparison 
of categorical data, the Fischer exact and Chi-squared tests 
were applied. Kappa inter-rater agreement was applied to 
determine agreement between the preoperative findings 
of MDCTA versus Doppler using intraoperative findings as 
the gold standard.

RESULTS

A total of 20 patients over a period of 1 year who underwent 
free ALT flap coverage at our hospital were allocated 
randomly into two groups.

Patient demographics
In Group 1, the mean age of patients was 37.5 years ± 
11.49 years, and in Group 2, it was 43 years ± 14.29 years 
(P = 0.35). There was a total of six patients with post head 
and neck cancer resection defects (3 in each group) while 
one patient in the Group 1 had invasive aspergillosis of the 
maxillary sinus. Eight patients had lower limb traumatic 
defects (5 in Group 1 and 3 in Group 2), and five patients 
had upper limb traumatic defects (1 in Group 1 and 4 in 
Group 2). Traumatic limb defects accounted for 65% of 
cases while nontraumatic defects accounted for 35%.

Anterolateral thigh flap characteristics
Four cutaneous ALT flaps (3 in Group 1 and 1 in Group 2), 

ten fasciocutaneous flaps (4 in Group 1 and 6 in Group 2), 
five musculocutaneous (MC) flap (2 in Group 1 and 3 in 
Group 2), and one vastus lateralis muscle flap (in Group 1) 
were performed. Skin paddle size varied between 63 cm2 
and 264 cm2 in Group 1 and between 90 cm2 and 220 cm2 
in Group 2 with a mean of 173.78 cm2 and 170.10 cm2, 
respectively (P = 0.89).

Perforator number and type
MDCTA picked up all seven septocutaneous (SC) 
perforators, 4/7 MC perforators of which 1/4 were semi-
septocutaneous (SSC). There were no differences between 
MDCTA and intraoperative findings for the distribution of 
type of perforators (P = 0.68).

Perforator source
Perforators were compared based on their source vessel: 
descending branch of the lateral circumflex femoral artery 
(DBLCFA), anteromedial thigh (AMT) perforator arising 
from the DBLCFA, the transverse branch of the lateral 
circumflex femoral artery (TBLCFA), or the oblique branch 
of the lateral circumflex femoral artery (OBLCFA). MDCTA 
accurately detected 8 out of 9 perforators arising from the 
DBLCFA and 3 of the 4 perforators arising from the TBLCFA. 
Two AMT perforators were identified intraoperatively 
(both in Group 2). There were no differences between 
preoperative MDCTA and intraoperative findings for the 
source vessel and origin of the perforators (P = 0.832).

Sizable perforators
In our study, any perforator over 0.8 mm was considered 
to be sizable.[8] MDCTA detected all sizable SC perforators, 
4/5 sizable MC perforators of which 1/2 was SSC. Doppler 
signals localized sizable perforators accurately in only 2 
of 9 patients in Group 1 and 4 of 11 patients in Group 
2. Sizable perforators were further compared based on 
their source vessel, i.e. DBLCFA, DBLCFA-AMT, TBLCFA, 
or OBLCFA. MDCTA localized all sizable perforators 
arising from the DBLCFA and TBLCFA. Overall sensitivity 
and specificity of MDCTA in demonstrating the sizable 
perforator in segments 4 and 5 was 90% and had an 
accuracy of 88.88% with a kappa value of 0.78 (good 
agreement) for each segment.

Concordance of MDCTA versus Doppler 
for perforator localization
A difference of more than 2 cm between preoperative 
localization and intraoperative findings was considered 
to be discordant. In Group 1, MDCTA had a concordance 
level of 100% (12/12) while Doppler had concordance 
of 46% (6/13). Overall concordance of Doppler was 
only 52% (13/25). This further establishes the accuracy 
of MDCTA in localization of perforators. The Bland-
Altman plot [Figure 1] was used to depict the inter-rater 
agreement between the two variables (MDCTA with 
intraoperative findings in the first plot and Doppler 
with intraoperative findings in the second plot) by 
plotting the average of the distance of perforators 
noted by both the variables against its difference from 
the mean. This demonstrates that the values were 
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closer to the mean in the MDCTA-intraoperative plot, 
indicating a good agreement in the locations of the 
perforators as compared to the Doppler-intraoperative 
plot which was dispersed away from the mean.

Surgeons’ stress levels
A VAS was used to record the level of stress experienced 
by the surgeon during flap harvest. The difference 

between the mean VAS of Group 1 (2.1) and Group 2 (2.5) 
was not statistically significant (P = 0.63). The difference 
between mean flap harvest time of Group 1 (87.5 min) 
and Group 2 (117.5 min) was not statistically significant 
(P = 0.28). However, operator bias cannot be ruled out. 
Surgeon A (chief surgeon) performed an equal number of 
surgeries (five) in each group, of which two cases in each 
group required an intramuscular perforator dissection 
for perforators arising from the DLBCFA. The difference 
between mean flap harvest time for Surgeon A in Group 1 

Figure 1: Bland-Altman plot for determining agreement between 
multi-detector row computed tomography angiography, Doppler, and 
intraoperative perforator location. IO: intraoperative; SD: standard 
deviation

Figure 2: (a-c) Case 9: MDCTA coronal, sagittal, and axial section showing 
TBLCFAP-s 18 cm from ASIS. MDCTA: multi-detector row computed 
tomography angiography; ASIS: anterior superior iliac spine; TBLCFAP-s: 
septocutaneous perforator from transverse branch of lateral circumflex 
femoral artery through spectrum

Table 1: Perioperative details
Patient Diagnosis Group Perforator Concordance Sizable 

Perforator
VAS Time 

(min)
Type CTA Type IO Doppler MDCTA

1 Grade 3B fracture lower one-third leg 1 No perforator No perforator No Yes VL muscle 4 115
2 Carcinoma buccal mucosa 1 MC MC, SC, SC Yes, yes Yes TBLCFAP-vl 3 80
3 Carcinoma buccal mucosa 1 SC SC, SC Yes, yes Yes DBLCFAP-s 1 60
4 Type 3A maxillectomy defect 

(invasive aspergillosis)
1 SC, SC SC No, no Yes, yes DBLCFAP-s 3 100

5 Carcinoma buccal mucosa 1 MC MC Yes Yes DBLCFAP-vl 1 75
6 Traumatic sole defect 1 SC SSC Yes Yes OBLCFAP-vl 2 115
7 Forearm electrical burns 1 MC, SC MC, SSC No Yes DBLCFAP-vl 2 100
8 Heel unstable scar 1 SC SC No Yes TBLCFAP-s 2 55
9 Traumatic heel defect 1 SC SC No Yes TBLCFAP-s 2 110
10 Traumatic heel defect 1 SSC No Yes DBLCFAP-vl 1 65
11 Carcinoma buccal mucosa 2 NA MC No NA DBLCFAP-vl 1 85
12 Traumatic elbow defect 2 NA SSC, SC No, yes NA TBLCFAP-vl 4 95
13 Grade 3B fracture lower 1/3 leg 2 NA MC, MC No NA DBLCFAP-s 3 85
14 Type 4 maxillectomy defect 

(carcinoma maxillary sinus)
2 NA MC Yes NA DBLCFAP-vl+ 

AMTP
4 125

15 Grade 3B fracture lower 1/3 leg 2 NA MC, SC No NA DBLCFAP-vl 1 105
16 Hand degloving 2 NA MC, SC (AMT) Yes NA DBLCFAP-s 4 180
17 Open wrist joint and hand defect 2 NA SC Yes, no NA TBLCFAP-vl 4 215
18 Grade 3 B fracture mid 1/3 leg 2 NA SC Yes NA DBLCFAP-s 2 95
19 Carcinoma buccal mucosa 2 NA SC Yes NA DBLCFAP-s 1 85
20 Forearm contour correction 2 NA SC Yes NA DBLCFAP-s 1 105
AMTP: anteromedial thigh perforator; MDCTA: multi-detector row computed tomography angiography; DBLCFAP-s: descending branch lateral 
circumflex femoral artery perforator through septum; DBLCFAP-vl: descending branch lateral circumflex femoral artery perforator through vastus 
lateralis; IO: intraoperative; MC: musculocutaneous; NA: not applicable; OBLCFAP-vl: oblique branch lateral circumflex femoral artery perforator 
through vastus lateralis; SC: septocutaneous; SSC: semi-septocutaneous; TBLCFAP-vl: transverse branch lateral circumflex femoral artery perforator 
through vastus lateralis; TBLCFAP-s: transverse branch lateral circumflex femoral artery perforator through septum; VAS: visual analog scale; VL: vastus 
lateralis; AMT: anteromedial thigh
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(71 min) and Group 2 (95 min) was statistically significant 
(P = 0.046). Perioperative details are shown in Table 1. 
Figures 2 and 3 are representative of case 9, and Figure 4 is 
representative of case 4.

DISCUSSION

The vascular basis of the ALT flap has been extensively studied 
since its introduction by Song et al.[6] 30 years ago. Although 
anatomy of the lateral circumflex femoral source vessel is 
quite consistent, the perforators to the skin territory can have 
multiple variations.[9] Various imaging modalities have been 
used to predict the course and location of the perforators, 
of which MDCTA has been found to be the most consistent.[9]

Perforator(s) number and type
In the current study, MDCTA did not affect the choice of limb 
(whether right or left side) for flap harvest as compared to 
a study by Rozen et al.[1] The current study demonstrated 
an average of 1.45 perforators per limb, with 51.75% 
(15/29) SC and 48.25% (14/29) MC perforators. There were 
no perforators in 5% (one) of the patients. These findings 
differed from those published by Kimata et al.,[10] in which 
81.9% of the perforators were MC, 18.9% were SC, and 
there was no perforator in 5% of the patients. In the current 
study, SSC comprised 37.1% (5/14) of the total number of 
MC perforators, which differs from the study of Kim et al.,[9] 
which showed SSC in 4.6% of patients. However, MDCTA 
failed to accurately label the SSC perforator in 2 patients 
and instead identified them as SC. This is consistent with 
the observation that more careful evaluation is required for 
identification of SSC perforators.[9]

Perforator source
There was no difference between MDCTA and 
intraoperative findings for the source of perforators, 
indicating the efficacy of MDCTA. One patient had a 

perforator arising from an OBLCFA (a branch of DBLCFA), 
which on MDCTA was thought to be an intramuscular 
perforator arising from the DBLCFA. This was similar to 
the study by Wong et al.,[11] in which the oblique branch 
predominantly arises from the DBLCFA.

Segmental distribution of perforators
Most of the perforators in this study were concentrated 
in segments 4 and 5 (24/29) [Table 2], which differed 
from the study by Kim et al.,[9] in which perforators 
were concentrated in segments 5 and 6. There was no 
difference in the segmental distribution of perforators 
when comparison was made between MDCTA and 
intraoperative findings. However, the difference was 
statistically significant when compared to findings with 
Doppler localization (P = 0.034) [Table 2]. When the 
intraoperative segmental distributions of perforator 
types were analyzed, it was noted that both SC (n = 8) 
and MC (n = 7) perforators were concentrated in segment 
5. However, SSC perforators were localized in proximal 
segments 3 (n = 2) and segment 4 (n = 2). This differed 
from the study by Lin et al.,[12] in which the SC perforators 
were located in more proximal segments than the MC 
perforators. When the perforator quadrant was mapped 
in consistent with similar study by Yu et al.[2] MDCTA was 
independent of body mass index (BMI).

Sensitivity, specificity, accuracy of MDCTA in segments 4 
and 5 on the right and left thighs, most of perforators were 

Figure 3: Case 9: (a) Sensate ALT flap, LCFN included; (b) intraoperative 
sizable septocutaneous perforator (TBLCFAP-s) was 18 cm from ASIS as 
determined preoperatively by MDCTA; (c) 8 weeks postoperative showing 
well settled sensate ALT flap; (d) posttraumatic heel defect with exposed 
calcaneus. ALT: anterolateral thigh; LCFN: lateral cutaneous femoral nerve; 
ASIS: anterior superior iliac spine; MDCTA: multi-detector row computed 
tomography angiography; TBLCFAP-s: septocutaneous perforator from 
transverse branch of lateral circumflex femoral artery through spectrum Figure 4: Case 4: (a) "X" denotes Doppler signal, "•" denotes MDCTA 

preoperative perforator localization; (b) plastic buttons at segments of thigh 
along AP line. Doppler signal at 3.5 cm and 5.5 cm above midpoint of AP line; 
(c) MDCTA axial section showing TBLCFAP; (d) sizable semi-septocutaneous 
perforator (TBLCFAP-ssc) 15 cm from ASIS and two other septocutaneous 
perforators DBLCFAP-s which correlated with preoperative MDCTA; (e) and (f) 
same TBLCFAP seen in coronal and sagittal sections. MDCTA: multi-detector 
row computed tomography angiography; TBLCFAP-ssc: semi-septocutaneous 
perforator arising from transverse branch of lateral circumflex femoral artery; 
DBLCFAP-s: septocutaneous perforator arising from descending branch of 
lateral circumflex femoral artery
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found in the upper outer quadrant of the thigh, as opposed 
to the study of Kim et al.,[9] which showed perforators 
primarily in the lower outer quadrant of the thigh.

Sensitivity, specificity, accuracy of Doppler 
versus MDCTA in localization
Yu et al.,[2] in 2006, evaluated the accuracy of handheld 
Doppler and found it to be overly sensitive, poorly specific, 
and inaccurate in locating perforators. The current study 
showed an overall sensitivity of 74% and specificity of 
80.86% for Doppler in the demonstration of the presence 
of a perforator. Lin et al.[12] conducted another study in 
2011 in which MDCTA demonstrated a sensitivity of 74% 
and specificity of 90% in 16 patients. The current study 
showed a sensitivity and specificity for MDCTA of 85.71% 
and 97.22% in demonstrating the presence of a perforator 
[Table 3], while that for Doppler alone was 80% and 87.91%, 
respectively in Group 1 [Table 4]. MDCTA was superior 
to Doppler in accurate localization of the perforators in 
segments 3, 4, and 6. However, no difference was seen 
in segment 5. Doppler showed less accuracy in localizing 
perforators when the BMI increased.

Perforator source
The sensitivity of MDCTA in the detection of the source of 
the perforators decreased from proximal to distal while 
the specificity remained high in all segments, similar to 
a study by Garvey et al.[13] Perforators appeared to be 
better visualized when surrounded by subcutaneous fat, 
which decreases from proximal to distal in the thigh. 
MDCTA had 100% sensitivity, 91.66% specificity, and 100% 
accuracy in demonstrating the source of perforators in 

segments 4 and 5 arising from the TBLCFA and in segment 
5 for perforators arising from the DBLCFA. Our study 
showed an overall kappa value of 1 (very good agreement) 
for MDCTA in demonstrating the source of perforators, 
similar to the study by Garvey et al.,[13] The Doppler was 
unable to provide any information regarding source 
vessel, course, and size of perforators.

Surgeons’ stress levels
This study attempted to objectively classify the stress level 
of a surgeon during flap harvest and perforator dissection. 
Taylor et al.[3,14] used the retrograde VAS to assess the surgeons’ 
stress levels during deep inferior epigastric artery perforator 
(DIEP) dissection. This was subjectable to recall bias and 
hence unreliable. In our study, the surgeon’s operative stress 
score was analyzed prospectively. The difference in mean 
scores of the surgeon’s stress level during flap harvest was not 
statistically significant, likely secondary to the small number 
of cases. However, the mean flap harvest time for Surgeon 
A was significantly less in Group 1 (P = 0.046). No similar 
studies have been reported in literature.

Complications
This study found no significant differences in flap 
survival or donor site complications in patients who 
underwent MDCTA versus those who did not (P = 
0.26). This is in contrast to other studies of the DIEP 
flap, where preoperative MDCTA significantly decreased 
the incidence of marginal necrosis and donor site 
morbidity.[14] However, it would probably be incorrect to 
extrapolate data obtained from an abdominal donor site 
and compare it to a thigh donor site. In the current study, 

Table 4: Sensitivity, specificity, and accuracy of handheld Doppler to demonstrate the presence of a perforator in 
Group 1
Segment Sensitivity % 95% CI Specificity % 95% CI Accuracy κ
4 40 7.26-82.96 100 62.88-100 78.87 0.46
5 100 56.01-100 71.43 30.25-94.89 85.71 0.71
6 100 54.6-100 92.31 62.08-99.60 92.85 0.63
Overall 80 87.91
CI: confidence interval

Table 3: Sensitivity, specificity, and accuracy of MDCTA to demonstrate the presence of a perforator in Group 1
Segment Sensitivity % 95% CI Specificity % 95% CI Accuracy % κ
3 100 5.46-100 100 71.65-100 100 NA
4 100 46.29-100 88.89 50.67-99.4 92.8 0.85
5 57.14 20.23-88.19 100 56.09-100 78.5 0.78
6 NA NA 100 71.66-100 92.8 NA
Overall 85.71 97.22

CI: confidence interval; NA: not applicable; MDCTA: multi-detector row computed tomography angiography

Table 2: Segmental distribution of perforators

Perforator 
segment

Intraoperative Preoperative P
Group 1 Group 2 MDCTA Doppler MDCTA Doppler

n Percentage n Percentage n n
3 1 7.14 2 13.33 1 0
4 5 35.71 4 26.66 6 2
5 7 50.00 8 53.33 4 22 0.666 0.034
6 1 7.14 1 6.33 0 4
7 0 0.00 0 0.00 0 1

MDCTA: multi-detector row computed tomography angiography
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2 flaps in Group 2 underwent complete necrosis. Minor 
complications including marginal flap necrosis (2 cases) 
and infection (one case) were noted in Group 1 and were 
managed conservatively.

Prudent observations and surgical outcomes 
of this study
•	 The largest skin paddle harvested measured 264 cm2 and 

survived. However, two flaps underwent complete necrosis 
(Group 2). In one, the MC perforator was injured, while in 
the other patient, the AMT perforator was dominant, but 
eccentric to the skin paddle designed which was based 
on a false localization by the Doppler signal. There was 
no perforator from the DBLCFA and the skin paddle had 
to be shifted proximally to include the TBLCFA perforator 
(TBLCFAP), which in turn had a tortuous intramuscular course 
and was inadvertently injured. Preoperative MDCTA could 
have picked up this anomaly, allowing the flap to be based on 
the AMT perforator. A thoraco-umbilical flap was performed 
as a salvage flap in this case. Two flaps had marginal necrosis 
(Group 1), one of which occurred secondary to a problem 
with the anastomosis. The recipient vessel posterior tibial 
artery had three episodes of vasospasm despite revision of 
the anastomosis. This was attributed to the subacute phase 
of injury. One patient in Group 2 with a defect of the upper 
and middle third of the leg had his anastomosis performed 
in the subacute phase of injury and distal to the zone of 
injury without any complications

•	 One patient in Group 1, who was diabetic, had delayed 
total flap loss after 2 weeks due to a necrotizing soft-tissue 
infection. This is a very rare complication which has not yet 
been reported

•	 In one patient in Group 2, the skin paddle was shifted 6 cm 
proximally as a sizable perforator was noted arising from the 
TBLCFA, which was more proximal than the proposed signal 
given by Doppler

•	 Three patients in Group 1 underwent intramuscular 
perforator dissection as opposed to only one patient in 
Group 2, as MDCTA provided a roadmap of the course and 
source vessel of a sizable perforator

•	 In one patient who required a sensate ALT flap for 
reconstruction of a heel defect, the skin paddle was planned 
based on the TBLCFAP through the septum, which was 
sizable SC perforator as shown on MDCTA, though there 
was also a sizable MC perforat or (DBLCFA perforator-vastus 
lateralis) which was found more distally. The skin paddle 
was therefore designed proximally to include the lateral 
cutaneous femoral nerve of the thigh. MDCTA in this case 
significantly influenced preoperative planning

•	 MDCTA of one patient did not show any sizable perforators 
in one thigh, which was consistent with intraoperative 
finding. However, the Doppler gave a good audible signal 
in the same thigh, and an ALT flap was planned. When no 
perforator was identified, vastus lateralis muscle only flap 
was done. This was the index case in Group 1

•	 In one patient with a Type 3A maxillectomy defect following 
invasive aspergillosis, a flap with two skin paddles was 
initially planned, one for the palate and cheek based on the 
DBLCFA through septum and the other for the nasal lining 
based on the TBLCFAP through septum as noted on MDCTA. 

Hence, MDCTA was useful in planning the reconstruction of 
complex defects requiring multiple paddles, similar to the 
study done by Garvey et al.[13]

In conclusion, preoperative MDCTA as compared to Doppler 
was more sensitive, specific, and accurate with respect to the 
location, course, and source vessel of all perforators. This study 
demonstrates that preoperative MDCTA provides us with all the 
information required to make a choice regarding design of the 
skin paddle and also reduces the flap harvest time which was 
statistically significant. Our study showed that preoperative 
MDCTA lowered the surgeons’ stress level during perforator 
dissection. Further studies with large number of patients are 
required to reach statistically significant conclusions. The trends 
shown toward the benefits of performing preoperative MDCTA 
are nonetheless encouraging.
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ABSTRACT
Aim:  Snakebite  injuries  of  the  extremities  are  common  in  tropical  India  among  those  involved  in 
farming  and  outdoor  activities.  These  injuries  often  complicated  by  cellulitis,  gangrene,  regional 
lymphadenopathy,  compartment  syndrome,  bleeding  abnormalities,  septicemia,  hypotension,  and 
disseminated intravascular coagulation, resulting in significant morbidity and mortality. The purpose 
of the study is to share our experience of hyperbaric oxygen (HBO) therapy in the management of 
snakebite injuries. Methods: All patients who were treated for snakebite injuries in our department 
between October 2012 and October 2013 were included in the study. Results: Out of a total 395 patients, 
174 patients treated with anti-snake venom with a mortality of 17 posttreatment. Forty-four out of the 
174 patients was in the pediatric age group. Out of the patients referred to our department, 23 presented 
with cellulitis, 7 with compartment syndrome and 17 for the management of soft tissue cover over the 
extremities. Of the 47 patients, 30 involved the lower extremity and rest involved the upper extremity. 
All patients were subjected to HBO therapy as an adjunct. Six patients required flap cover: cross finger 
flap (n = 2), anterolateral thigh free tissue transfer (n = 1), lateral supramalleolar flap (n = 1), groin flap 
(n = 1), and dorsal metacarpal artery flap (n = 1). There was no need for fasciotomy among the patients 
who suffered impending compartment syndrome. Conclusion: HBO therapy may reduce the incidence 
of fasciotomy and increase the effectiveness of plastic surgical modalities if administered early and may 
be used as a useful adjunct in the management of snake envenomation injury.
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INTRODUCTION

Snakebite   injuries   of   the   extremities   are   common   in 
India,   among   those   involved   in   farming   and   outdoor 
activities.  There  are  approximately  400  poisonous  species 
among  2,000  species  of  snakes  known  worldwide.  These 
species   belong   to   the   families   of    Elapidae,   Viperidae, 

Hydrophiidae,  and  Colubridae.[1]  Viper  bites  are  the  most 
common poisonous bites sustained by humans.[2,3] Russell’s 
viper   (Viperarusselli)   is   the   most   common   species   in 
South  Asia  and  considered  as  an  occupational  hazard  in 
the farming community. The World Health Organization has 
estimated  that  approximately  125,000  deaths  occur  from 
250,000 poisonous snake bites worldwide every year. India 
alone  accounts  for  10,000  deaths.[4,5]  These  snake  bites 
involve predominantly young, healthy, and the able-bodied 
working population in rural areas. Children and the elderly 
are most susceptible to mortality.[5,6] Most of these injuries 
involve  the  extremities.  This  results  in  pain  and  swelling 
of the bitten region, leading to cellulitis and compartment 
syndrome,   in   addition   to   systemic   toxicity.   The   main 
cause  of  mortality  is  the  lack  of  a  systematic  approach  or 
protocol for the management of such injuries. The purpose 
of the study is to share our experience of multidisciplinary 
approach  in  the  management  of  snakebite  injuries  of  the 
extremities  with  various  treatment  modalities  including 
hyperbaric  oxygen  (HBO)  therapy,  surgical  debridement, 
and  skin  grafting,  local  or  distant  flaps  to  provide  a 
treatment  for  effective  management  of  such  injuries  
from a plastic surgeon’s perspective.

METHODS

All  patients  who  were  treated  for  snakebite  injuries  in 
our department between October 2012 and October 2013 
were  included  in  the  study.  All  patients  received  tetanus 
toxoid.  The  snakebites  were  assessed  by  an  emergency 
physician   who   classified   them   into   poisonous   and 
nonpoisonous snakebites clinically. Anti-snake venom (ASV) 
was  administered  accordingly.  Antibiotics,  diuretics,  and 
blood  products  were  administered  as  indicated.  Patients 
were  initially  admitted  to  the  Departments  of  Medicine 
or  Pediatrics.  They  were  only  subsequently  referred  to 
the  plastic  surgery  department  if  cellulitis,  compartment 
syndrome or soft tissue loss was suspected. The treatment 
of  soft  tissue  complications  was  done  only  after  critical 
stabilization  of  the  patient.  Patients  with  cellulitis  and 
compartment  syndrome  were  subjected  to  HBO  therapy. 
Administration  of  HBO  therapy  was  done  in  a  monoplace 
chamber  where  a  single  patient  is  placed  in  a  chamber 
that  is  then  pressurized  to  1.8-2.4  atmospheres  with 
100%  oxygen.  HBO  therapy  was  administered  in  6  daily 
sessions,  with  each  session  lasting  90  min.  The  sessions 
were  extended  according  to  the  clinical  progress  of  the 
disease   judged   by   the   clinician.   The   daily   treatment 
sessions   were   extended   another   week   if   insufficient 
softness  of  the  tissue  was  attained.  The  regimen  for 
pediatric  patients  was  identical,  although  parents  were 
allowed  to  accompany  the  child  in  the  chamber.  Patients 

who  presented  with  soft  tissue  necrosis  were  subjected 
to  surgical  debridement  prior  to  6  sessions  of  HBO 
therapy. The patients were followed up for the effects and 
complications of the treatment.

RESULTS

Of  a  total  395  patients,  174  patients  treated  with  ASV 
with  a  mortality  of  17  posttreatment.  Forty-four  out  of 
the 174 patients were in the pediatric age group [Table 1]. Of 
the patients referred to our department, 23 presented with  
cellulitis,  7  with  compartment  syndrome,  and  17  for 
the management of soft tissue cover over the extremities. 
Of  the  47  patients,  30  involved  the  lower  extremity 
and  rest  involved  the  upper  extremity.  All  patients  were 
subjected  to  HBO  therapy  as  an  adjunct.  Six  patients 
required flap cover: cross finger flap (n = 2), anterolateral 
thigh  free  tissue  transfer  (n  =  1),  lateral  supramalleolar 
flap  (n  =  1),  groin  flap  (n  =  1),  and  dorsal  metacarpal 
artery  flap  (n  =  1)  [Tables  2  and  3].  There  was  no  need 
for  fasciotomy  among  patients  who  suffered  impending 
compartment syndrome.

Case 1
A  5-year-old  boy  was  admitted  with  a  snakebite  injury 
to  the  lower  third  of  his  right  leg.  He  presented  with 
compartment   syndrome   of   the   right   leg   and   foot 
[Figure   1a   and   b].   HBO   therapy   was   administered 
for    six    sessions    following    admission.    The    patient 
recovered   from   the   syndrome   without   any   surgical 
intervention [Figure 1c].

Case 2
An  8-year-old  boy  was  admitted  with  a  snakebite  injury 
to  the  dorsum  of  his  right  foot.  He  presented  with 
compartment  syndrome  and  discoloration  at  the  bite 
site  [Figure  2a].  HBO  therapy  was  administered  for  six 
sessions  following  admission,  and  sequential  evaluation 
was  performed  [Figure  2b-d].  After  demarcation  of  the 
nonviable  tissue,  debridement,  and  skin  grafting  was 
done [Figure 2e].

Case 3
A   45-year-old   male   presented   with   soft   tissue   loss 
measuring  8  cm  ×  7  cm  ×  2  cm  over  the  lower  third 
of his right leg and lateral aspect of his ankle [Figure 3a]. 
Wound  debridement  was  performed,  and  the  resultant 
soft  tissue  defect  was  covered  with  a  left  anterolateral 
thigh  flap  [Figure  3b].  Six  sessions  of  HBO  therapy  was 
performed postoperatively.

DISCUSSION

Snake envenomations have the highest incidence in Asian 
countries   resulting   in   gross   morbidity   and   mortality. 
Males  are  more  commonly  affected  than  females,  as  they 
are  mostly  involved  in  farming  and  outdoor  activities. 
The  predominant  age  group  affected  is  those  between 20  
and  40  years.[3]  The  most  common  symptoms  are  pain 
and  swelling  of  the  bitten  region.  Systemic  signs  include 
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bleeding,  hypotension,  cardiotoxicity,  and  nephrotoxicity 
that  require  immediate  medical  attention.  Local  signs 
such   as   tissue   edema,   compartment   syndrome,   and 
tissue  necrosis  increases  the  morbidity  and  may  result  in 
fasciotomy or amputation of the involved extremity.[7,8]

ASV  administration  can  reduce  progression  of  the  initial 
tissue  damage,  but  it  cannot  reverse  local  tissue  damage 
such    as    tissue    edema,    inflammation,    compartment 
syndrome, and necrosis.[7] Although inflammation induced 
by   snake   envenomation   often   mimics   infection,   true 
bacterial  cellulitis  is  uncommon,  and  only  affects  3%  of 
snakebites.[9]  Tissues  at  the  point  of  envenomation  may 
be  nonviable  regardless  of  intervention.  The  adjacent 
zone   consists   of   variably   injured   tissues   that   may 
recover  if  the  process  of  inflammation  is  reduced.  Most 
therapeutic  maneuvers  are  focused  on  this  penumbra  
of tissue, in an attempt to maximize recovery of the injured 
marginal   tissue.   Finally,   an   outer   zone   of   minimally 
injured  tissues  that  are  not  subject  to  primary  injury 
may  be  at  risk  from  the  processes  of  secondary  injury 
resulting  from  the  delayed,  physiological  inflammatory 
responses  to  snake  bite  injury.  Occasionally,  the  quantity 
of tissue loss and destruction caused by secondary injury can  
dwarf  the  actual  loss  from  the  primary  snakebite. Hence,  
there  is  a  need  for  modalities  that  impede  the progress  
of  inflammation,  preserve  marginal  tissue  at risk,  and  
prevent  ischemic  advancement  of  the  injured tissue.

When compartment syndrome occurs in snakebite injuries, 
there  is  controversy  as  to  whether  or  not  fasciotomy  is 
required.  Snakebite  injuries  can  produce  pain,  swelling, 
induration,  paresthesias,  color  changes,  absent  pulses, 

and  tenderness  in  the  envenomated  extremity,  mimicking 
the initial signs of compartment syndrome. However, true 
compartment syndrome is much less common.[10] In a case 
series  conducted  by  Tanen  et  al.,[11]  only  8/236  (3.4%)  of 
patients  received  a  fasciotomy  or  digital  dermotomy  for 
compartment  syndrome.  Measurement  of  compartment 
pressures  prior  to  fasciotomy  is  always  recommended. 
Recent     literature     indicates     that     an     increase     of 
intracompartmental  pressures  of  up  to  30-45  mmHg  is 
an  absolute  indication  for  fasciotomy.[12,13]  Unfortunately, 
measurement   of   intracompartmental   pressure   is   not 
always  possible  in  a  number  of  medical  centers  in  India, 
and most of the diagnoses of compartment syndrome are 
made on clinical grounds alone. Anz et al.[14] reported that 
21.2% of all poisonous snake bites involve fingers. Fingers 
have   small   compartments   with   its   small   diameters, 
and  the  elastic  limit  of  the  skin  can  be  rapidly  reached. 
Compartment  pressure  measurement  may  not  be  feasible 
in  cases  of  digital  envenomation,  and  the  diagnosis  of 
compartment  syndrome  can  only  be  made  on  clinical 
grounds.[15]  Some  authors  support  early  fasciotomy  in  the 
treatment  of  all  cases  of  snake  bite  envenomation.[15,16] 
Fasciotomies are not without complication, and may result 
in  disfiguring  scars,  contractures,  nerve  damage,  leading 
to significantly lengthening of treatment.[7]

Table 1: The admission of patients with snakebite injuries during the period of October 2012-October 2013
Year Month In patient snake bite ASV 

given
Death Referred to plastic surgery

Adult Pediatrics Pediatrics Adult
2012 October 23 3 10 1 1 4
2012 November 16 2 8 2 0 1
2013 December 15 5 5 1 1 1
2013 January 10 1 3 1 0 2
2013 February 16 2 9 2 0 4
2013 March 9 4 7 2 0 1
2013 April 11 7 10 1 1 4
2013 May 44 8 34 3 1 5
2013 June 119 2 22 0 1 4
2013 July 22 2 20 0 0 4
2013 August 27 1 20 2 1 5
2013 September 19 3 15 0 0 2

2013 October 20 4 11 2 1 3
Total 13 months 351 44 174 17 7 40
Number of patients 395 47
ASV: anti-snake venom

Table 2: The number of pediatric and adult patients 
referred to plastic surgery department with snake 
bite injuries

Cellulitis  Compartment 
syndrome

Surgery

Upper 
limb

Lower 
limb

Upper 
limb

Lower 
limb

Upper 
limb

Lower 
limb

n 6 17 2 5 7 10
Paediatrics 1 1 0 1 1 2
Adult 5 16 2 4 6 8
Total 23 7 17

Figure  1:  (a)  Compartment  syndrome  right  leg  and  foot  lateral  view; 
(b)  compartment  syndrome  right  leg  and  foot  medial  view;  (c)  six 
sessions following hyperbaric oxygenation therapy
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HBO  therapy  may  reduce  the  penumbra  of  cells  at risk  
for  delayed  necrosis  and  secondary  ischemia  in snakebite    
injury    patients    with    early    compartment syndrome,[15]  
breathing  of  100%  oxygen  under  increased ambient  
pressure  prevents  reperfusion  injury,  reduces tissue  edema,  
and  reverses  sublethal  tissue  damage.[15,16] Vasoconstriction   
reduces   edema   and   tissue   swelling while  ensuring  
adequate  oxygen  delivery  in  snakebite wounds.

In  our  series,  23  patients  were  treated  for  cellulitis  and 
7 patients for compartment syndrome. In our experience, 
HBO therapy is a helpful tool when there is an impending 
compartment  syndrome  that  may  require  a  fasciotomy 

later.  We  did  not  experience  any  complications  related to  
HBO  therapy  in  our  series.  It  is  difficult  to  be  certain 
whether  in  the  absence  of  HBO  our  patients  treated  
with snake  envenomation  injuries  would  have  progressed  
to compartment syndrome or tissue necrosis.

As  the  degree  of  cellulitis  and  its  severity  varied  from 
patient  to  patient  as  did  the  timings  of  the  referrals, 
there was no standardized starting point for HBO therapy. 
Six  sessions  are  minimum  given  to  attain  a  tangible 
decrease in swelling. Assessment of sensory loss may not 
be  possible  in  small  children,  and  hence  we  determine 
the  treatment  endpoint  based  on  the  decrease  in  girth 
of  the  limb  and  also  the  movement  of  the  toes.  HBO 
therapy  after  surgical  debridement,  skin  grafting  or  flap 
reduces edema of the inflamed operation site. Hence, we 

Table 3: The number of pediatric and adult patients referred to plastic surgery department with snake bite injuries 
subjected to surgical intervention
Age (years)/
gender

Upper limb Lower limb Surgery
Pediatric Adult Pediatric Adult

22/male Right thumb Terminalization
28/female Right-hand dorsum Debridement and groin 

flap cover
32/male Right index finger Terminalization
8/male Right foot dorsum Debridement and skin 

grafting
50/male Right second toe Terminalization
45/male Right leg lower 

3rd lateral aspect
Debridement and ALT 
free tissue 
transfer

25/male Left 4th toe Terminalization
7/male Left middle finger Terminalization
32/female Right index finger 

MPX level
Debridement and cross 
finger flap

10/male Left foot dorsum Debridement and skin 
grafting

26/male Right foot dorsum Debridement and skin 
grafting

34/female Right ring fingertip 
region 

Debridement and cross 
finger flap

35/female Right foot dorsum Debridement and lateral 
supramalleolar flap cover

22/male Left foot great toe Terminalization
47/male Left leg middle 

3rd lateral aspect
Debridement and skin 
grafting

32/male Left foot little toe Terminalization
27/female Right thumb dorsal 

aspect
Debridement and FDMA 
flap

ALT: anterolateral thigh; MPX: middle phalanx; FDMA: first dorsal metacarpal artery

Figure  2:  (a)  Day  1  following  snake  bite  injury;  (b)  day  2  following 
hyperbaric   oxygenation   therapy;   (c)   day   3   following   hyperbaric 
oxygenation therapy; (d) day 5 following hyperbaric oxygenation therapy; 
(e) wound following debridement and grafting

Figure 3: (a) Soft tissue defect right leg and ankle region; (b) anterolateral 
thigh free tissue transfer done for the soft tissue defect
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prefer administering HBO therapy for at least six sessions 
in  postoperative  patients  if  they  can  afford  it.  Prior  to 
the  use  of  HBO  therapy,  the  general  surgeon,  who  used 
glycerine   magsulf  dressings,  treated  the  majority.  If  this 
did  not  improve,  this  often  led  to  fasciotomies.  The 
exact incidence of fasciotomies is not known. A course of 
hyperbaric  treatment  for  6  days  is  more  expensive  than 
fasciotomy,  surgical  charges,  postsurgical  dressings  and 
extending  patient  care  combined.  As  an  adjunct  to  ASV, 
antibiotics,  and  surgery,  HBO  therapy  can  significantly 
decrease costs and complications.[17] No studies controlled 
studies  exist  that  prove  the  utility  of  HBO  to  date.  HBO 
therapy  may  possibly  work  by  preventing  tissue  damage 
that is not frankly necrotic. HBO therapy and debridement 
have their own roles to play in such injuries. Considering 
the  high  incidence of  snakebites  in  the  Asian  population, 
further  studies  into  the  effectiveness  of  HBO  therapy  for 
this clinical condition is warranted.

In  conclusion,  snakebite  injuries  of  the  extremities  are 
more common in Asian countries. Immediate medical care is  
almost  always  necessary.  The  majority  of  the  patients 
with  snakebite  injuries  of  the  extremity  present  with 
cellulitis,  compartment  syndrome,  and  tissue  necrosis. 
Various   treatment   modalities   including   HBO   therapy, 
fasciotomy,   surgical   debridement,   skin   grafting,   local, 
and  distant  flaps  may  be  required  to  provide  an  effective 
management  of  such  injuries.  HBO  therapy  as  an  adjunct 
is effective in the treatment of snakebite injuries.
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ABSTRACT
Aim:  Penoscrotal  defects  may  be  caused  by  a  variety  of  events.  Reconstruction  of  the  
penoscrotal region is required not only for aesthetic appearance but also for functional and 
psychological reasons. Numerous  techniques  have  been  described  for  penoscrotal  reconstruction  
reflecting  the  challenge and  complexity  of  the  region  involved.  This  suggests  that  no  
single  method  is  satisfactory  for  all types and degrees of tissue defects. This prospective 
study was conducted in a tertiary care hospital in  India,  over  a  period  of  5  years.  Methods: 
Eighteen  patients  with  penoscrotal  defects  of  varying etiology were included in the study 
and underwent different surgical techniques. Age of the patients ranged from 20 to 60 years. The 
etiology of penoscrotal defect was Fournier’s gangrene in 12 cases, trauma  in  4  cases,  and  burn  
in  2  cases.  The  patients  with  Fournier’s  gangrene  were  initially treated  by  debridement,  
drainage,  and  antibiotics.  The  penoscrotal  defects  were  treated  with  local flap advancement 
with skin grafting (n = 7), pedicled anterolateral thigh flap (n = 4), gracilis muscle flap with split 
skin grafting (n = 4), and medial thigh flap (n = 3). Results: There was complete healing in  16  
patients  with  minor  complications  in  the  form  of  partial  skin  graft  loss  (n  =  1)  and  wound 
dehiscence (n = 1). Results were highly satisfactory in 6 patients, satisfactory in 8 patients, and 
not satisfactory in 4 patients. Scarring at the donor site was limited and acceptable. Conclusion: 
The vast arsenal of options for penoscrotal defect coverage ranges from skin grafting to flaps, and 
every case needs a customized approach with regard to its feasibility, outcome, and complication 
rate. Flaps should  be  the  preferred  choice  over  the  skin  grafts  because  of  the  superior  
functional  and aesthetic results and better compliance.
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Anterolateral thigh flap; gracilis muscle flap; penoscrotal defect
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INTRODUCTION

Penoscrotal   defects   can   be   caused   by   road   
traffic accidents, assaults, burns, animal bites, infection/
gangrene of  the  region  (Fournier’s  gangrene),  postfilarial  
surgeries, penoscrotal   construction   for   congenital   
agenesis,   and gender  reassignment  surgeries.[1]  
Reconstruction  of  the penoscrotal  region  after  a  

complete  loss  of  the  overlying skin  is  a  challenging  
problem.[2]  The  difficulty  in  the reconstruction of 
the scrotum lies in the fact that the blood supply  to  
the  scrotal  skin  is  destroyed  when  the  skin  and 
dartos  muscle  are  avulsed  or  infected.[3]  Bacterial  
flora  of the perineum, difficulty of immobilization, 
and contour of penis  and  testes  makes  the  task  of  
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peno-scrotal  coverage difficult.[4]  Reconstruction  of  the  
scrotum  is  required  not only for cosmetic but also for 
functional and psychological reasons   as   well.   Various   
surgical   options   have   been described  for  penoscrotal  
reconstruction  including  split skin  grafting  (SSG),  burying  
testis  underneath  the  medial thigh  skin,  tissue  expansion  
of  adjacent  tissues,  use  of local   fasciocutaneous   or   
musculocutaneous   flaps,   and free  flaps.  The  aim  of  this  
study  was  to  evaluate  various reconstructive procedures 
for penoscrotal defects.

METHODS

A  prospective  study  was  conducted  in  a  tertiary  care 
hospital  over  a  period  of  5  years  from  March  2009  to 
February 2014. The operated patients were reviewed on a 
regular basis in context to the outcome of the procedures, 
complications,  and  further  need  for  any  intervention. 
Patients  with  penoscrotal  defects  of  varying  etiology  and 
who  had  been  operated  using  different  reconstructive 
techniques  were  included  in  the  study.  Patients  with 
uncontrolled   diabetes   were   excluded   from   the   
study. Demographics, etiology, reconstructive technique, 
complications, and patient satisfaction were identified. 

Patients with Fournier’s gangrene were initially treated by 
debridement,  drainage,  and  antibiotics.  The  penoscrotal 
defects  were  treated  with  local  flap  advancement  with 
skin   grafting,   pedicled   anterolateral   thigh   (ALT)   flap, 
gracilis  muscle  flap  with  skin  grafting,  and  medial  thigh 
flap.  Local  flaps  from  remaining  scrotal  skin  and  adjacent 
medial   thigh   were   advanced   to   cover   the   exposed 
testes.  Any  remaining  defect  was  skin  grafted.  Lateral 
thigh  flaps  were  raised  based  on  the  lateral  circumflex 
femoral  artery  branch  of  the  femoral  artery  to  cover  the 
defect  [Figure  1a  and  b].  The  donor  area  was  primarily 
closed  [Figure  1c  and  d].  Medial  thigh  flaps  based  on  the 
medial  circumflex  femoral  artery  branch  of  the  femoral 
artery  was  raised  in  the  relatively  bloodless  subfascial 
plane.  Gracilis  muscle  was  separated  from  the  distal 

end  after  dissection  with  preservation  of  the  vascular 
pedicle  present  at  the  proximal  part  [Figure  2a-c].  The 
dissected  muscle  was  transferred  over  the  defect  and 
passed  through  a  subcutaneous  tunnel  [Figure  2d].  The 
transferred  muscle  was  skin  grafted,  and  the  harvested 
site  was  closed  primarily  [Figure  2e  and  f].  The  operated 
patients were followed in our hospital at a regular interval 
and were asked about the improvement on a global scale 
of 1-10, ranging from not satisfied to highly satisfied. The 
penoscrotal defect etiology was Fournier’s gangrene in 12 
cases, trauma in four cases, and burn in two cases.

RESULTS

A  total  of  18  patients  were  identified,  with  a  mean  age 
of  45  years  ranging  from  20  to  60  years.  The  etiology 
included:   12   (66.6%)   cases   of   Fournier’s   gangrene, 
4  (22.2%)  cases  of  traumatic  injury,  and  2  (11.2%)  cases 
of  burn  injury.  The  defects  were  treated  with  local  flap 
advancement with SSG (n = 7) (40%), pedicled ALT (n = 4) 
(22%),  gracilis  muscle  flap  with  SSG  (n  =  4)  (22%),  and 
medial  thigh  flap  (n  =  3)  (16.5%).  The  patients  were 
followed  on  a  regular  basis  with  the  mean  of  8.7  
months [Table 1].

Local  flap  advancement  in  combination  with  SSG  was 
performed  in  7  cases  (5  cases  following  Fournier’s 
gangrene,   1   case   following   trauma,   and   1   case 
following  burn  injury).  ALT  flap  was  performed  in  4 
cases  (3  cases  following  Fournier’s  gangrene  and  1 case 
following trauma). Gracilis muscle flap in combination with  
SSG  was  performed  in  4  patients  (2  cases following 
Fournier’s gangrene, 1 case following trauma, and  1  case  
following  burn  patient).  See  Table  1  for  a summary 
of the patient included in the study. Medial thigh flap 
was performed in 3 patients (2 cases following Fournier’s 
gangrene and 1 case following trauma). 

A  total  of  6  patients  developed  complications.  Three 
patients  developed  a  postoperative  wound  infection  and 
three developed wound dehiscence. Wound infection was 
present  in  3  of  the  Fournier’s  gangrene  cases,  2  of 
which  underwent  local  flap  advancement  in  combination 
with  SSG,  and  1  case  underwent  with  ALT  flap.  Wound 
dehiscence was present in 1 case of Fournier’s gangrene 
operated  with  local  flap  advancement  and  SSG,  in  1 
case  of  trauma  operated  with  local  flap  advancement 
with  SSG,  and  in  1  case  of  burn  operated  with  gracilis 
muscle  flap  with  SSG.  Pedicled  thigh  and  medial  thigh 
flaps were associated with no complications.

Results were highly satisfactory in 6 patients, satisfactory in  
8  patients,  and  not  satisfactory  in  4  patients. In  patients  
with  local  flap  advancement  with  SSG,  4 patients   were   
satisfied,   and   3   patients   were   not satisfied.  In  patients  
with  ALT  flap,  3  cases  were satisfied,  and  1  case  was  
not  satisfied.  In  patients operated with gracilis muscle flap, 
3 cases were highly satisfied,  and  1  case  was  satisfied.  
In  patients  with medial  thigh  flap,  2  cases  were  highly  
satisfied,  and 1  case  was  satisfied.  Scarring  at  the  donor  
site  was limited  and  acceptable.  Patient  compliance  with  

Figure  1:  (a)  A  28-year-old  male  with  a  history  of  road  traffic  accident 
presented  with  a  penoscrotal  soft  tissue  defect  and  exposed  testes; 
(b)   raised   anterolateral   thigh   flap;   (c)   the   bridging   segment   was 
de-epithelized,  and  the  flap  was  tunneled;  the  defect  was  covered,  
and the donor area was primarily closed; (d) 10 days postoperative result
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regional and muscle flaps were superior in comparison to 
the local flap  advancement  with  SSG.  This  study  did  
not  include the assessment of sexual function, and further 
studies are needed.

DISCUSSION

SSG  for  scrotal  avulsion  injuries  was  first  advocated  by 
Millard   and   subsequently   by   Maguina.[4-6]   In   cases   of 
complete  loss  of  penile  and  scrotum  skin,  grafting  may 
be the most successful and simplest option in the closure 

of  these  defects.[4]  The  spermatic  cord  can  be  partially 
retracted up into the inguinal canals, and testicles should 
be  sutured  together  to  minimize  motion  and  maximize 
graft   take.   Long-term   success   with   skin   grafting   for 
scrotal injury is excellent, and only 20% of patients require 
significant revisions or reconstructions. However, SSG may 
have  certain  disadvantages  such  as  technical  difficulty  
at recipient site, poor graft take, contraction and distortion, 
lack of protective sensation, and less acceptable cosmetic 
results.  An  SSG  does  not  take  if  the  testes  have  been 
stripped of the tunica vaginalis. SSG is a better option for 

Figure  2:  (a)  A  30-year-old  male  with  a  history  of  road  traffic  accident  presented  with  penoscrotal  defect,  exposed  testes,  and  urethral  injury; 
(b)  debridement  and  urethroplasty  were  performed;  (c)  pedicled  gracilis  muscle  flap  was  harvested;  (d)  the  gracilis  muscle  flap  was  insetted;  (e)  
split skin grafting over the muscle flap; (f) 1-year postoperative result

Table 1: Details of the patients included in the study
Age 
(years)

Etiology Affected 
side

Time of 
reconstruction

Procedure done Follow-up 
(postoperative)

Complications

45 Fournier’s gangrene  B/L 27 days Local flap advancement with SSG  8 months (satisfactory) -
56  Fournier’s gangrene  B/L 20 days Local flap advancement with SSG 12 month (satisfactory) Wound 

infection
58 Fournier’s gangrene  B/L 31 days Local flap advancement with SSG 6 months (highly 

satisfactory)
-

51 Fournier’s gangrene  B/L 18 days ALT flap 8 month (satisfactory) -
48 Fournier’s gangrene  B/L 2 months Local flap advancement with SSG 10 months (unsatisfied) Wound 

infection
42 Fournier’s gangrene  B/L 28 days Gracilis muscle flap with SSG 9 months (highly 

satisfactory)
 -

47 Fournier’s gangrene  B/L 1.5 months Local flap advancement with SSG 15 months (unsatisfied) Dehiscence
52 Fournier’s gangrene  B/L 38 days ALT flap 6 months (satisfactory) -
55 Fournier’s gangrene  B/L 26 days Medial thigh flap 12 months (highly 

satisfactory)
-

47 Fournier’s gangrene  B/L 2 months ALT flap 5 months (unsatisfi ed) Wound 
infection

57  Fournier’s gangrene  B/L 2 months Medial thigh flap 8 months (satisfactory) -
51 Fournier’s gangrene  B/L 1 month Gracilis muscle flap with SSG  9 months (highly 

satisfactory) 
-

32 Trauma  B/L 4 days Gracilis muscle flap with SSG  6 months (highly 
satisfactory)

-

35 Trauma  B/L 3 days Medial thigh flap 12 months (highly 
satisfactory)

-

30 Trauma  B/L 12 days ALT flap 11 months (satisfactory) -
38 Trauma  B/L Immediate Local flap advancement with SSG 7 months (unsatisfi ed) Dehiscence
34 Burns  B/L 2 months Gracilis muscle flap with SSG 6 months (satisfactory) Dehiscence
42 Burns  B/L 1 month Local flap advancement with SSG 8 months (satisfactory) -
SSG: split skin grafting; B/L: bilateral; U/L: unilateral; ALT: anterolateral thigh
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old  or  debilitated  patients,  while  young  patients  benefit 
from flap coverage.

Several    locoregional    cutaneous    and    fasciocutaneous 
flaps  from  thigh,  perineal,  and  groin  areas  have  been 
described  to  reconstruct  the  penoscrotal  region.  Local 
flap  advancement  provides  a  faster  and  simpler  option 
of  coverage,  but  the  aesthetic  appearance  may  not  be 
pleasant to the younger patients.

The ALT flap provides excellent closure for extensive defects 
of  the  penoscrotal  region  because  it  is  easy  to  rotate  
over the  defect  and  provides  excellent  aesthetic  results.  
Further thinning may be required as they are inherently 
bulky flaps though supra-thin flaps have also been described.

The fasciocutaneous flap of the inner thighs has excellent 
vascularization  because  of  the  presence  of  the  branches 
of  the  femoral  artery  (internal  and  circumflex  pudendal 
arteries),  making  the  flap  very  safe  even  in  diabetic  and 
vasculopathic patients.[7,8]

Many  myocutaneous  flaps  have  been  described,  including 
the   rectus   abdominis   myocutaneous   flap,   the   gracilis 
myocutaneous  flap,  and  composite  gastric  seromuscular 
and omental pedicled flaps.[9-11] These procedures produce 
acceptable  cosmetic  results,  and  the  flaps  take  readily 
even  in  the  contaminated  environment.  Limitations  of 
muscle  flaps  include  loss  of  functioning  muscle, poor 
sensation, and scarring on thighs and lower abdomen.

Perforator-based   flaps   include   the   medial   thigh   flap, 
paraumbilical   perforator-based   cutaneous   island   flap, 
medial   circumflex   femoral   artery   perforator   flap,   and 
pedicled deep inferior epigastric perforator flap.[11,12] These 
flaps are thin, which is aesthetically and functionally ideal for 
scrotum  replacement.  However,  these  flaps  are  technically 
difficult, and their blood supply is less predictable.

In  conclusion,  reconstruction  of  the  penoscrotal  region  is 

challenging  because  it  not  only  affects  the  physical  and 
esthetic  appearance  but  also  has  a  major  psychological 
and  social  impact  to  the  patient.  Every  case  needs  a 
customized   approach.   The   choice   depends   upon   the 
surgeon’s preferences, condition of the patient, and ability 
to  achieve  the  best  reconstructive  results  with  the  least 
morbidity.
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Dear Editor,

We read with interest the article entitled “Painful scar 
neuropathy: principles of diagnosis and treatment” (Plast 
Aesthet Res Vol 2, Issue 4, Jul 15, 2015) where Tos et al.[1] 
presented a literature review of treatment approaches to 
peripheral nerve scar neuropathy and the outcomes of 
neurolysis-associated procedures.

We would like to contribute our treatment experience of 
neuropathic pain with autologous fat grafting. 

Autologous fat grafting is a safe technique that has 
been used to treat various pathologic conditions in 
reconstructive surgery. We applied its regenerative 
properties to treat burn[2] and hypertrophic scars[3] and 
have achieved issue release and quality improvement.

Using Coleman’s technique, we harvested adipose tissue 

from the flank or abdominal region. The fat is then 
processed by centrifugation at 3,000 rpm for 3 min and 
re-injected with an 18-gauge hypodermic needle into the 
scar.

We have used fat grafting for the treatment of 
neuropathic pain conditions such as post mastectomy 
pain syndrome.[4] This is a chronic neuropathic syndrome 
characterized by persistent pain in the anterior side of 
the thorax, axilla, and may include the upper half of the 
arm that begins after mastectomy or quadrantectomy. 
We observed statistically significant pain reduction when 
autologous fat grafting was used to treat this, evaluated 
on a visual analog scale scale. 

We also performed autologous fat grafting for the 
treatment of another neuropathic pain condition, Arnold 
neuralgia.[5] Arnold neuralgia is a chronic headache of 
cervical origin caused by scar entrapment of the great 
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occipital nerve.

We are postulate that our results are due to the 
induction of architectural remodeling and regeneration, 
neovascularization and improved hydration by fat grafting. 
This leads tothe release of scar entrapment and anatomical 
remodeling. 

We further evaluate the effect of autologous fat grafting on 
nerve function in our recent case report[6] where we describe 
the case of a 45-year-old male patient who presented with 
a retracted and painful scar in the nasolabial fold. This 
scar of traumatic origin was associated with partial motor 
impairment of the muscles of the mouth. We observed 
complete restoration of movement with two cycles of 
autologous fat grafting at the one year follow-up. 

The presence of mesenchymal multipotent stem cells in the 
adipocyte cell fraction of the graft have been demonstrated 
histologically. These are cells that are responsible for scar 
remodeling through engraftment and differentiation. 
Their presence induces fat and loose connective tissue 
regeneration that leads to increased scar softness and 
neurolysis. 

Furthermore, we hypothesize that autologous fat graft could 
induce molecular changes in the microenvironment of the 
post-traumatic scar. This environment is otherwise hostile 
to nerve regeneration due to the presence of intrinsic 

inhibitory factors expressed by the extracellular matrix.

Based on our experience, we consider autologous fat grafting 
as an innovative solution for neuropathic pain syndromes 
that are related to scar retraction. The low complication rate 
and good results indicate that it should be considered as a 
effective treatment option. 
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Fountain of youth has always been the dream of mortals 
since the ancient time. Since ages ago, mortals have 
always been searching for ways to stay and look young. 
In the new millennia, retaining a youthful appearance 
is no longer a dream beyond reach. The advancement 
in medical technology, especially in the dermatological 
technology, has made the dream of youth possible.

The signs of aging often begin with the largest organ of 
human body, i.e. the skin. Facial wrinkles are the prominent 
sign of aging caused by facial volume loss under the skin, 
which will lead to skin sagging. The key to retain youth rely 
thus on prevention and treatment of wrinkles. As minimally 
invasive treatment, the emergence of intradermal fillers 
has excited the plastic surgeons. The injectable dermal 
fillers can be injected into the sagging skin to fill in the 
lost volume to rejuvenate facial appearance.

These intradermal fillers are divided into three categories 
which are biodegradable/non-permanent fillers, semi-
permanent fillers, and permanent fillers. Biodegradable/
non-permanent fillers include bovine collagen, porcine 

collagen, human collagen, hyaluronic acid and autologous 
fat and are often used to treat nasolabial folds. They are 
mainly from animal source and will degrade upon time 
(3-12 months) and thus can only be used as temporary 
filler. Semi-permanent fillers include poly-l-lactic acid and 
calcium hydroxylapatite. These fillers are biocompatible 
and do not show significant adverse effect when tested 
on patients. They will gradually degrade in vivo upon the 
formation of replacement tissues. Permanent fillers, e.g. 
the most frequently used silicone, is often used to treat 
severe facial volume loss. They are very advantageous for 
prosthetic reconstruction that requires excessive surgical 
intervention and low maintenance.

With the increase in demand for non-surgical 
dermatological enhancement, the world has placed a lot of 
focus in search of various intradermal fillers that can suite 
the patients’ demand. Young adult need it for youthful 
feature enhancement, middle aged adult need it for early 
prevention or volume restoration, while the mature need it 
for the delay and maintenance of aging related syndrome. 
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Materials Science (Biomaterials) from Southwest Jiaotong University in 2009. He then joined the Med-X Institute 
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University until 2015. He now leads a multidisciplinary translational medical research using micro- or nanoscale 
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Research is carried on progressively to search for optimal fillers 
that fulfil the requirement in effectiveness in treating facial 
aging, durability, no adverse effect on human body and cost 
effectiveness. Due to this ever increasing demand for better 
fillers, new formulation are created from time to time in short 
interval. Hybrid formulation that combines two or more fillers 
from different categories seems to be the trend of near future 
owing to its synergistic effects upon combination. Extra gadget 
such as radiofrequency devices also beneficial in enhancing the 

treatment efficiency, by prolonging the duration and reduce the 
number of injection. Minimally invasive treatment of facial aging 
using intradermal fillers is on its way!
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ABSTRACT
The ever-increasing interest in retaining a youthful physical appearance has facilitated the 
development of various minimally invasive dermatological techniques. The use of intradermal 
fillers can be incorporated into dermatological practices with minimal overhead costs. This 
strategy addresses facial volume loss and dynamic lines, which are the main features of facial 
aging. Moreover, intradermal fillers provide an array of flexible treatment options for a balanced 
and holistic result to dermatological practitioners. This paper reviews the different intradermal 
fillers categorized by biodegradable and non-permanent fillers including collagen based materials, 
hyaluronic acid and autologous fat, semi-permanent fillers including poly methyl methacrylate, 
poly-L-lactic acid and calcium hydroxyapatite microspheres, and permanent fillers including 
silicone. A discussion is provided of the commercial products made of these materials and their 
clinical efficacy in the treatment of facial aging.
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INTRODUCTION

A youthful face is characterized by fullness, balance, 
smoothness, and the absence of facial lines or wrinkles. 
During the aging process, the outer shell of the human 
body changes its appearance. These skin alterations are 
often narrowly focused on facial wrinkles, one of the most 
visible signs of the aging process. Therefore, the majority 
of approaches intending to reverse skin-aging signs target 
the treatment of wrinkles.[1] However, it has recently become 
more evident that the treatment of wrinkles alone is not 
sufficient to restore a youthful facial appearance. As aging 
continues, the subcutaneous fat pads shrink, leading to the 
loss of structural support which in turn creates sagging of 
the overlying skin. The loss of facial volume beneath the skin 
(e.g. subcutaneous fat, muscle) is thus considered to be the 
major contributor to the appearance of advanced age.[1]

 A number of minimally invasive dermatological techniques 
have been developed for facial rejuvenation. Injectable 
dermal fillers can be injected through a needle into the 
upper layers of the dermis to treat superficial fine wrinkles 
or injected into the deep dermis or subcutaneous space for 
facial volume augmentation[2] [Figure 1]. Dermal fillers are 
deposited in a slow and steady manner and fill central folds, 
resulting in a natural, long-lasting outcome. Crease depth, 
desired outcome, and the patient’s financial situation are 
factors which need to be taken into account when deciding 
the amount of product to be used. 

This paper focuses on intradermal fillers, chosen due to 
their ability to alleviate aging-related conditions and their 
ability to be easily incorporated into the armamentarium 
of outpatient cosmetic procedures with minimal overhead 
costs.

TYPES OF INTRADERMAL FILLERS

Intradermal fillers can be roughly divided into three 
categories depending on their durability: (1) biodegradable 

and non-permanent agents [e.g. bovine collagen, porcine 
collagen, human collagen, hyaluronic acid (HA) and 
autologous fat]; (2) semi-permanent agents [e.g. poly methyl 
methacrylate (PMMA) microspheres, poly-L-lactic acid (PLA) 
and calcium hydroxyapatite (CaHA)]; (3) permanent agents 
(e.g. silicone). The commercial products, their materials, and 
their clinical efficacy are summarized in Table 1.

Biodegradable and non-permanent fillers
Bovine collagen
Bovine collagen has been in use for over 20 years as 
intradermal filler. It is extracted from bovine tendon, dermis 
and bone.[3] Once injected it has the ability to form a rigid 
structure composed of fibrils, with an axial periodicity 
of native collagen which stays intact to help correct 
facial defects.[4] Since its approval by the Food and Drug 
Administration (FDA) in 1981, highly purified bovine collagen 
products have been used as fillers in more than 2 million 
patients.[5] Different forms of bovine collagen are currently 
available, including Zyderm® I and II (Inamed Aesthetics, 
Santa Barbara, CA, USA), composed of 3.5% or 6.5% bovine 
dermal collagen suspended in a phosphate buffer solution, 
respectively. Both are used for the correction of superficial 
lines including scars, peri-orbital lines and crows’s feet.[6] 
Similarly, Zyplast® (Inamed Aesthetics), is composed of 
3.5% collagen with the addition of 0.0075% glutaraldehyde, 
which helps to strengthen the collagen fibers and prolong 
the duration of action.[6] Zyplast® is primarily used to treat 
deeper scar tissue including acne scars and the vermillion 
border of the lip.[6] 

Various distinctive studies have demonstrated the efficacy 
of Zyderm® in the cosmetic industry including a study 
conducted by Nicolle,[7] which showed the effectiveness 
of Zyderm® II in 350 patients treated for various facial 
contour defects including acne, glabellar frown lines, peri-
orbital lines and naso-labial folds. Eighty percent of the 
patients treated were satisfied with their results although 
5 patients showed signs of a positive localized reaction 
to the test dosage of Zyderm® II.[7] Additionally, a clinical 

Figure 1: Procedure protocol for injection of intradermal fillers for the treatment of facial aging. (i) The depth of needle insertion ranges from superficial 
to mid-dermis and is dependent on both wrinkle type and filler type; (ii) release of intradermal fillers through the needle; (iii) filler insertion results in 
smoothed wrinkles and the effect is long-lasting[31]
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study by Bailin and Bailin[8] in which 8 patients were treated 
with Zyplast® and Zyderm® I and II for surgical scars, acne 
scars and rhytids or a combination of these found that both 
products were effective. Results lasted between 4-6 months 
for rhytids and 6-9 months for scars regardless of which 
product was used.[8] 

Skin testing is essential for patients undergoing treatment 
with bovine collagen because it is extracted from an animal 
source and may provoke a reaction. Generally, two skin 
tests spaced 2 or 4 weeks apart are recommended. The 
skin test is performed by intradermal injection of 0.1 mL of 
collagen onto the volar forearm to detect any pre-existing 
allergy to Zyderm® or its counterparts.[9] It is suggested 

that the occurrence of local sensitive reaction ranges from 
3% to 5%. Various clinical tests and studies have shown that 
Zyderm® and Zyplast®, if not used effectively, can cause 
adverse reactions.[9] These reactions are often classified as 
immune responses to the foreign material being injected 
into the body.[9] In general, Zyplast® and Zyderm® may 
elicit adverse reactions such as hypersensitivity, herpes virus 
reactivation, bacterial infection, bruising, and local necrosis. 
Therefore, it is crucial to follow strict procedures regarding 
the skin testing protocol, as well as to compare it to other 
fillers to determine which one if appropriate for use. 

Porcine collagen
Porcine collagen is extracted from porcine tendon, dermis 

Table 1. Commercially available facial fillers
Filler Function Uses Pros Cons
Biodegradable and 
non-permanent fillers
Bovine collagen (Zyderm® 
I and II, Zyplast®)

Extracted from bovine 
tendons, dermis and 
bones; injected to correct 
facial defects

Forms a rigid structure 
composed of fibrils, with 
an axial periodicity of 
native collagen that stays 
intact

Optimal correction is 
usually found to last 
between 4-6 months for 
rhytids and 6-9 months for 
scars regardless of which 
product is used

Can cause adverse 
immune reactions

Porcine collagen 
(Evolence™, TheraFill®)

Extracted from porcine 
tendons, dermis and 
bones; injected to fill 
wrinkles

Volume enhancer 
(nasolabial)

Less immunogenic than 
bovine collagen

May elicit immunogenic 
reaction, although it 
may not be considered 
adverse

Human collagen 
(Cosmoderm®, 
Cosmoplast®, Cymetra®)

Derived from human 
dermis to treat wrinkles 
and scars

FDA-approved for deep 
scars, superficial and 
deep wrinkles

Skin testing is not required 
before use

May cause adverse 
reactions

HA (Restylane®, 
Juvederm 30™, Juvederm 
Ultra™, Juvederm 
Ultra Plus™,Perlane®, 
Hylaform®Hylaform Plus®)

Very commonly found 
substance; usually derived 
from either bacteria or 
rooster combs 

Volume and contouring 
(nasolabial, forearm, etc.)

Skin testing is not required 
before use

Usually associated with 
short-lived side effects

Autologous fat 
(Radiesse®)

Used for soft tissue 
augmentation

Facial volume 
augmentation and wrinkle 
reduction

Can use large volume 
without immunoreaction. 

Fat needs to be first 
extracted from another 
source and grafted fat 
may be inconsistent 
quality. 

Semi-permanent fillers
PMMA microspheres 
(Arteplast®, Artecoll®, 
Artefill®, Dermalive®)

Non-biodegradable, 
biocompatible, synthetic 
polymer

Volume and contouring 
(nasolabial, radial upper 
lip lines, glabella lines, 
corner of mouth lines)

Can be easily fabricated 
to 30 to 40 μm in 
diameter, small enough 
to pass through the 
needles but big enough 
to avoid phagocytosis; 
inexpensive, readily 
accessible and simple to 
apply

Some immediate 
adverse reactions 
mainly associated with 
the development of 
lumps or nodules

PLA (Sculptra/Fill®) Biodegradable; usually 
derived from renewable 
sources; injected into 
either the deep dermis or 
subcutaneous layer.

Restoration of facial fat 
loss (nasolabial folds, 
labiomental creases, 
marionette lines, upper 
lip, etc.)

Assists with volume 
restoration while 
simultaneously increasing 
dermal thickness in the 
face; reduced safety 
concerns; very good 
risk-benefit profile for HIV 
patients and for cosmetic 
purposes

Volumization 
disappears within a 
few months; dermal 
fibroplasia; Results not 
immediate (more than 
2 years)

CaHA (Radiesse®) CaHA microspheres 
acting as a scaffold for 
new collagen formation

Correction of moderate-to-
severe wrinkles and folds; 
volumization of facial soft-
tissue;correction of the 
signs of facial lipoatrophy

Biocompatible; skin 
testing is not required 
before use

Side effects more 
common; may be 
unsafe to use for 
glabellar or periorbital 
lines

Permanent fillers
Silicone (Silikon 1,000 and 
AdatoSil 5,000) 

Oil injected as 
microdroplets

Volume and 
contouring;injected 
into the deep dermis or 
subdermal plane

Low maintenance and 
cost; permanent 

Adverse complications; 
cannot be removed 
after implantation

FDA: Food and Drug Administration; HA: hyaluronic acid; PMMA: poly(methyl methacrylate); PLA: poly-L-lactic acid; CaHA: calcium hydroxyapatite
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and bone. In recent years, porcine collagen has been 
marketed as an intradermal filler under the brand name of 
Evolence™ (ColBar LifeScience Ltd., Herzliya, Israel). Studies 
involving human medical devices have shown that porcine 
collagen is less immunogenic than bovine collagen, although 
the amount of published data regarding its potential as 
intradermal filler is still relatively insignificant.[10] In a phase 
I clinical trial with 12 patients receiving treatment for 
nasolabial folds, both Evolence™ and Zyplast® were found 
to be safe and effective.[10] The degree of improvement in 
wrinkles, graded by blinded examiners, was observed to 
be much greater for Evolence™ at both the 6-month and 
18-month visiting periods.[11] A larger randomized, double-
blinded trial found no significant difference in effectiveness 
between Evolence™ and NASHA (Restylane®) in the 
treatment of nasolabial folds at the 6-month assessment. 
Although there were no positive skin tests against porcine 
collagen, 6.1% of patients developed IgG antibodies to 
porcine collagen. Although there were immunogenic 
reactions, it is important to note that none of them were 
considered to be adverse in nature.[12]

Another study was conducted comparing the safety and 
efficacy of TheraFill®, a porcine collagen filler, to a bovine 
collagen filler for the treatment of nasolabial folds. In total 61 
patients were evaluated in this randomized, double-blinded 
and split-face study over a 12-month period. The Wrinkle 
Severity Rating Scale (WSRS) rating of TheraFill® was shown 
to be higher than that of bovine collagen filler by a small 
margin, although not enough to be considered statistically 
significant. Both fillers were similarly effective and safe 
without eliciting severe adverse reactions, suggesting that 
TheraFill® could suitably replace bovine collagen filler.[13]

Many studies have been performed which assess the efficacy 
of bovine and porcine dermal fillers. The aforementioned 
studies discuss the adverse/allergic responses and the 
efficacy of treatment provided by these fillers.[14,15] More 
comparative studies have been done between bovine or 
porcine and other fillers to choose the safest and most 
preferred treatment.[16] With the advent of new technology, 
the cosmetic industry has moved on to various other types 
of intradermal fillers including human collagen, smooth 
gel hyaluronic acid, poly-L-lactic acid (PLA), poly(methyl 
methacrylate) (PMMA) microspheres, etc., which have proven 
to be better alternatives to bovine and porcine fillers. These 
are discussed in detail below.

Human collagen
Collagen has traditionally been extracted from animal sources 
or cadavers. Recently researchers have proposed obtaining 
human collagen from other sources including adipose tissue 
obtained after liposuction[17] and from yeast or bacteria 
used for the production of recombinant human collagen.[18] 
Moreover, human collagen can now also be synthesized 
in the lab as discovered by Raines.[19] Cosmoderm® and 
Cosmoplast® (Inamed Aesthetics) are some of the currently 
available products made of human collagen; both contain 
lidocaine and have received FDA approval. The collagen 
content is produced from a single human dermal fibroblast 
cell line. Cross-linking between lysine residues on collagen 

and glutaraldehyde makes Cosmoplast® less prone to 
degradation. Cosmoplast® is used for the treatment of 
deeper wrinkles and deep scars whereas Cosmoderm® is 
used for the treatment of superficial wrinkles, both with 
effects lasting for 3-7 months.[20] The Inamed clinical study of 
human collagen immunogenicity concluded with a 95% upper 
confidence interval that the probability of a hypersensitivity 
reaction from either Cosmoplast® or Cosmoderm® is less 
than 1.3%.[21] 

AlloDerm is a sheet derived from human dermis that requires 
a multi-step treatment to ensure optimal efficacy. Cymetra® 
(LifeCell Corp., Branchburg, NJ, U.S.A.) is an injectable 
form of AlloDerm.[22] Very few trials have been conducted 
comparing human-derived collagen with other types of 
fillers. A randomized trial comparing Zyplast® (bovine 
collagen) and Cymetra® (human collagen) injections to the 
upper lip showed that Cymetra® had a much higher post-
treatment value than Zyplast® by the 12-month visit, with 
bruising being the most commonly observed adverse effect 
for both fillers.[23] Because Cymetra® is of human origin, 
skin testing is not required prior to use.

Although collagen treatment is beneficial for most 
individuals, it has its limitations. Patients who are sensitive 
to bovine collagen must instead use human collagen, which 
is typically more expensive. Individuals with autoimmune 
diseases should completely avoid the use of foreign collagen. 
Finally, the results typically last for a short period of time as 
the body absorbs external collagen naturally. 

Hyaluronic acid 
HA is a very commonly found substance which is usually 
derived from either bacteria or rooster combs for use as an 
intradermal filler.[24] Although several products containing 
HA-related proteins have shown a theoretical risk of 
hypersensitivity, there is no requirement for skin testing 
prior to use.[24]

Restylane®, a type of non-animal stabilized hyaluronic 
acid (NASHA), is a stable, partially cross-linked form of HA. 
It is fermented by bacteria and has a long track record of 
safety (over 10 years) as an intradermal filler. Due to rapid 
degradation of hyaluronic acid in the skin, cross-linking 
is required in order to produce a hydrophilic HA polymer. 
Because no anesthetic is associated with Restylane®, 
topical anesthesia or a nerve block may be administered 
prior to its use. Narins et al.[25] conducted a double-blinded, 
randomized, and longitudinal comparison study between 
Restylane® and Zyplast® for treatment of the nasolabial 
fold. In the study involving 138 patients, the Wrinkle 
Severity Rating Scale (WSRS) (with 1 being the lowest and 
5 being the most severe) and Global Aesthetic Improvement 
Scale (GAIS) (on a scale of 5 ranging from “worse” to “very 
much improved”) were used at 2, 4, and 6 months after 
baseline. Both groups showed similar improvements with 
90% of patients exhibiting improvement by 1 or 2 scores 
according to the WSRS rating. At 6 months, more patients 
showed improvement with Restylane® (56.9% for WSRS; 62% 
for GAIS) than with Zyplast® (9.5% for WSRS; 8% for GAIS). 
Reactions (e.g. swelling, tenderness, bruising, redness and 
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pain) were observed in 93.5% of Restylane®-treated sites 
and 90.6% of Zyplast®-treated sites, and lasted for 7 days at 
most. Reactions were also observed after 14 days or more 
in 12 patients, with 10 reactions in Restylane®-treated sites 
and 11 reactions in Zyplast®-treated sites. Local erythema 
was the most common delayed reaction. All reactions 
spontaneously subsided without treatment and were not 
considered to be hypersensitivity reactions. A similar study 
was conducted comparing three formulations of HA filler 
(Juvederm 30™, Juvederm Ultra™ and Juvederm Ultra Plus™; 
Allergan) with Zyplast® for the treatment of nasolabial 
folds. This study also concluded that the effect of HA fillers 
was much longer-lasting than that of bovine collagen.[16]

A Scandinavian double-blinded, randomized, longitudinal 
comparison study with 68 patients was conducted between 
Perlane® (a form of NASHA produced by Medicis Aesthetics, 
Scottsdale, AZ, USA) and Zyplast® for the treatment of 
nasolabial folds.[26] Using the GAIS rating, both showed 
“much or very much improved” effects (89.7% for Perlane® 
and 86.8% for Zyplast®) at the baseline period (2 weeks after 
injection). Perlane® consistently had higher WSRS ratings 
during the 9-month follow-up period. Reactions were found 
at the injection sites for both (17.6% for Perlane® and 30.9% 
for Zyplast®). Three patients showed delayed reactions but 
none were considered to be hypersensitivity reactions.

A recent study regarding the use of NASHA showed that it 

stimulates the production of new collagen in human skin. In 
this study, each of 11 volunteers received 3 filler injections 
into one forearm and 3 isotonic saline vehicle injections 
into the contralateral forearm. Tissue biopsies results taken 
4 and 13 weeks after injection revealed increased collagen 
deposition around the filler, higher type I procollagen 
marker staining, upregulation of type I and II procollagen 
expression, and elongated fibroblast morphology at the 
injection site. Various mechanisms have been proposed in 
an attempt to elucidate the de novo collagen production, 
including mechanical fibroblast stretching, growth factor 
stimulation, and inhibition of collagen degradation. 
Inhibition of collagen degradation was proposed after 
observing the expression of matrix metalloproteinases and 
their regulators in skin treated using NASHA.[27]

Double-blinded, randomized studies have also been 
conducted with Hylaform® (Inamed Aesthetics), an FDA-
approved HA that is extracted from rooster combs. Hylaform® 
had similar efficacy compared to Zyplast® for up to 4 months 
in 300 patients treated for nasolabial folds, with few adverse 
effects and no allergic reactions.[28] A small randomized 
longitudinal study was also conducted with Hylaform Plus®, 
which contains bigger cross-linked molecules with a larger 
average particle size than its Hylaform® counterpart. The 
study was conducted in comparison to Restylane® for the 
treatment of nasolabial folds and examiners were blinded 
during evaluation. At 3, 4.5, and 6 months, Restylane® 

Figure 2: (A) Filler injections after radiofrequency (RF) treatment results in volumization. N: normal; F: Glytone 3 filler injection; RF30s+F: RF treatment 
for 30 s, RF60s+F: RF treatment for 60 s, both before filler injections through tunneling method; T+F: filler injected after tunneling without RF treatment 
for 30 s. (B) “*” sign indicates areas injected with fillers. Extracellular matrix components stained with Masson's trichrome show the treatment with both 
filler and RF enhances collagen bundle deposition (blue) and fibroplasia (red) Dermis stained with Verhoeff-Van Gieson shows that RF treatment resulted in 
shorter elastin fibers (“arrow” sign). Image used with permission.[3]
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was found to have a significantly lower WSRS rating than 
Hylaform Plus®.[29]

A randomized, split-face study was conducted for 12 months 
to assess the efficacy and safety of three HA formulations: 
HA-1 (Belotero Basic/Balance), HA-2 (Restylane), and HA-3 
(Juvéderm Ultra 3/Juvéderm Ultra Plus XC) in the treatment 
of nasolabial folds.[30] Participants were randomly assigned 
to one of two study groups, each with twenty participants. 
Each participant in group 1 received HA-1 on one side 
and HA-2 on the other, whereas participants in group 2 
received HA-1 on one side and HA-3 on the other. Fillers 
were administered at the baseline visit, which took place 
during the initial phase, with follow-up injections at months 
1, 6, 9, and 12. All three of the HA formulations showed 
minimal adverse reactions, the most common of which was 
erythema. The mean pre-treatment and post-treatment 
nasolabial fold severity ratings did not show statistically 
significant differences between the groups.[30] 

HA is the most widely used filler yet has a relatively short 
duration of action, resulting in the need for constant 
maintenance with frequent injections for optimal 
treatment.[31] Recently, HA has been combined with 
radiofrequency (RF) devices to prolong the duration of action 
of HA, reducing the need for maintenance injections.[31,32] RF 
treatment has been found to play a crucial role in collagen 
remodeling, skin tightening, and collagen deposition, but 
has a limited capacity to restore lost volume.[32] Combination 
therapy in which RF is used immediately prior to treatment 
with a HA can compensate for both products’ limitations 
while providing better treatment. Combination therapy was 
evaluated in both animal and human clinical studies where 
RF was delivered through an intradermal needle to creat 
tunnel-like setting inside the dermis and hypodermis. This 
theoretically acts as a barrier to external oxygen radicals and 
contains the HA filler, restricting its spread.[31] The results of 
the animal study showed that RF treatment could increase 
procollagen production with time. The total volume was 
substantially increased with the RF treatment as compared 
to HA filler injections alone [Figure 2]. Specifically, in the 
areas injected, small filler particles were observed in the 
dermis. At sites injected with fillers following RF treatment, 
linear continuous filler distribution was observed in the 
mid-dermis, and in the lower dermis of sites treated with 
the tunneling method [Figure 2B]. The ECM components and 
dermis were stained with Masson's trichrome and Verhoeff-
Van Gieson, respectively. Enhancement of collagen bundle 
deposition and fibroplasia was observed with Masson’s 
trichrome while the formation of short elastin fibers was 
observed with Verhoeff-Van Gieson staining [Figure 2B]. 
It is thus believed that the combination therapy of HA 
filler injection with RF is a biocompatible and long-lasting 
improvement in skin rejuvenation.

Although HA has shown excellent biocompatibility and 
efficacy in facial volumization, it has side effects including 
erythema, bruising, induration and edema. More importantly, 
they are all short-lived and therefore are of limited use in 
patients looking for longer lasting solutions. 

Autologous fat
For more than a century, autologous fat transfer has been 
utilized for soft tissue secondary to its advantages including 
the absence of immune reaction and the feasibility in using 
large volumes. However, it suffers from various drawbacks 
including prior fat extraction from another source, and the 
inconsistent quality of fat due to the extraction technique. 

A retrospective clinical study conducted by Kanchwala et al.[33] 
examined facial volume augmentation and wrinkle reduction 
in 976 patients who received autologous fat, Restylane®, 
Hylaform® or Radiesse®. Patients were followed at least 1 
year from the time of injection for an assessment of infection 
rate, revision rate, and overall longevity. In this study, 378 
patients had theirnasolabial folds treated with autologous 
fat. Self-limited bruising and swelling were observed 2-3 days 
after fat injection. Ten percent of patients required a second 
treatment 6-12 months following the first treatment, and the 
overall longevity was shown to be greater than 12 months. 
Forty-one and twenty-six patients received treatment of 
their nasolabial folds with Restylane® and Hylaform®, 
respectively. Although only minimal complications were 
observed, they lasted for, on average, 4.5 and 3 months 
for Restylane® and Hylaform®, respectively. One hundred 
and two patients were treated with Radiesse® for their 
nasolabial folds, and mild-to-moderate swelling was found 
at the injection sites for 24 h maximum. Twenty percent of 
patients required a second treatment at the same injection 
site less than 3 months following the first injection, and 
longevity was 11 months on average. Significant swelling 
and bruising that lasted for 1-2 weeks were noted in 87 
patients who received autologous fat for lip augmentation, 
with nearly 30% of them requiring a second injection within 
6 months secondary to variable resorption. Overall longevity 
was greater than 12 months. Twenty-four patients received 
Restylane® for lip augmentation with effects lasting for 
4.5 months, while 17 patients received Hylaform® with 
3-month longevity and slightly more swelling for 1-3 days. 
Twenty percent of patients required a second injection 3 
months following the first injection.[33]

Biodegradable and non-permanent fillers last only for a few 
months, which is suboptimal in cases where maintenance 
and cost are issues. This problem gave rise to the advent of 
semi-permanent fillers as discussed in the next section. 

Semi-permanent fillers
Polymethyl methacrylate microspheres
PMMA is a non-biodegradable, biocompatible, synthetic 
polymer used in various medical devices. Bovine collagen 
injections on the human face have been found to last only for 
3 to 6 months, giving rise to the use of PMMA microspheres 
as intradermal fillers.[34] The main advantage of microspheres 
is their size of 30-40 μm in diameter, which is small enough 
to pass through a needle but still large enough to avoid 
phagocytosis.[35]

Arteplast®, the first mixture which contained 20% PMMA and 
80% bovine collagen, was noted to give rise to foreign body 
reactions due to the presence of a number of microspheres 
less than 20 μm which made them prone to phagocytosis.[35] 
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The formulation was later improved with the restriction of 
microsphere size to 30-50 μm to avoid phagocytosis, which 
in turn decreased the rate of granuloma formation.[36-38] 
Either bovine collagen (Artecoll® or Artefill®; Artes Medical, 
San Diego, CA, USA) or HA (Dermalive®; Dermatech, Paris, 
France) can be used to suspend PMMA microspheres in order 
to facilitate the deposition of collagen in the surrounding 
region. It is important to note that unlike other injectable 
fillers, Artefill® stimulates the patient’s own collagen while 
keeping the microspheres well-dispersed secondary to their 
viscosity [Figure 3A].[35] When the collagen is resorbed, 
the microspheres persist and become encapsulated by 
connective tissue, resulting in a bulking effect.[35] As 
demonstrated in Figure 3B, fibroblasts and collagen fibers 
have completely enveloped the PMMA microspheres three 
months following injection with Artefill® [Figure 3B].[35] 
Allergy testing is required prior to use since the collagen 
contained in the product is of bovine origin.

Cohen and Holmes[39] compared 123 patients treated with 
bovine collagen with 128 patients treated with Artecoll® 
for the treatment of 1,334 wrinkles (nasolabial folds, radial 
upper lip lines, glabella lines, and corner of mouth lines). One 
month after injection, only glabellar lines showed noticeable 
improvement, and collagen achieved better results. By month 
3, the nasolabial folds and corner of the mouth lines treated 
with Artecoll® also showed significant improvements. Six 
months following injection, Artecoll® demonstrated a 

superior improvement in nasolabial folds when compared to 
collagen and also had fewer adverse effects, although these 
differences were not statistically significant. In another study 
in which 950 patients were surveyed about their experience 
with Artecoll® for the long lasting correction of wrinkles, 
515 surveys were returned. 29% of the respondents felt that 
the treatment was very good, 38% felt that it was good, 23% 
found it satisfactory, and 8% reported no difference. 91% of 
the respondents indicated their willingness to repeat the 
treatment.[40] Carvalho Costa et al.[41] carried out a study in 
which PMMA injections were administered to 266 patients 
(154 women, age: 17-72 years), with each patient receiving 
from 1-4 injections over an interval of 40 to 60 days. The 
average number of sessions required was four, with 8 mL of 
PMMA used per session. While 90% of the patients reported 
satisfactory results while the remaining 10% reported mild 
improvements, 20% of the patients experienced temporary 
adverse effects including swelling, bruising and erythema 
with no late complications.[41] 

Overall, PMMA-based fillers are inexpensive, readily accessible 
and simple to use. Although immediate adverse reactions have 
been reported in many of the studies, these primarily consist 
of lumps or nodules which may appear immediately following 
injection and in some cases several years later.

Poly-L-lactic acid
As a biodegradable thermoplastic polymer, PLA is extracted 

Figure 3: (Ai) ArteFill® composed of 20% PMMA microsphere (30-50 μm) and 80% denatured bovine collagen; (Aii) tissue growth stimulated due to 
collagen maintaining the viscosity of microspheres; (Aiii) the presence of blood vessels is observed and bovine collagen has been replaced with autologous 
connective tissue; (Bi) histological image of ArteFill® at month 3: capillaries are present in the implant and have been integrated into the patient’s 
body (×40); (Bii) histological image taken 10 years after implantation of Artecoll®: connective tissues are mature, characterized by active fibroblasts, 
microsphere encapsulation, ingrown capillaries, and an absence of immune reaction (×40). Image modified with permission.[35]
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from renewable sources and has been commercially 
available as Sculptra/Fill® (Sanofi Aventis, Paris, France). 
It is injected into either the deep dermis or subcutaneous 
layer and immediately fills the space, restoring facial fat 
loss.[42] Once injected, the material creates immediate 
volumization secondary to the properties associated with 
the product’s microparticles.[43,44] However, the volumization 
effect disappears within a few months as the microparticles 
degrade and the material is metabolized, resulting in dermal 
fibroplasia.[43] This degradation results in the formation of 
connective tissue or neocollagenesis.[43,45] It is important to 
understand that PLA is a bio-stimulatory agent which benefits 
from the host system.[46] The results associated with this 
product therefore are not immediate and are instead gradual, 
lasting for at least 2 years.[45,47] It is approved in Europe for 
the treatment of scars and wrinkles, and in the United States 
for the treatment of facial lipoatrophy in patients diagnosed 
with human immunodeficiency virus (HIV) lipodystrophy 
syndrome. The injection technique is of crucial importance 
given the risk of papule and nodule formation.[43,45,48] This 
product is overall very advantageous because it provides 
volume restoration while simultaneously increasing the 
dermal thickness.[45,47] Other advantages include reduced 
safety concerns because it provides temporary results, and 
its very good risk-benefit profile in both HIV+ and cosmetic 
patients.[42]

PLA was first approved for use in Europe in 1999. 
Subsequently, many studies have been performed to 
determine the best method for use and the potential benefits. 
A preclinical study was conducted in 1993 by Gogolewski et al.[44] 
in which PLA solids were implanted into mice. There were 
no signs of abscess formation, acute inflammatory response, 
or cytotoxic effects at the site of implantation. Another 
study was conducted with 300 patients who underwent 
treatment with PLA between 1999 and 2004. In total, 819 
injections were administered for treatment of the nasolabial 
folds, labiomental creases, temples, upper lip, cheeks, chin, 
and marionette lines. Improvements were noted in most 
patients with effects lasting for 12-24 months.[49] Ten percent 
of patients who received treatments between 1999 and 2002 
reported subcutaneous papules, which lasted for 12-24 months 
and resolved without further intervention. Papules can also 
be treated with intralesional triamcinolone (10 mg/mL) and/or 
intralesional 5-fluorouracil with resolution within 3 months. 
Since 2002, the reported rate of granuloma formation is 
less than 1%. This low rate is attributed to pre-treatment of 
PLA with 3 mL of sterile water 36-48 h prior to treatment, 
followed by adding 2 mL of 1% lidocaine immediately prior to 
injection. This creates a dilution of 5 mL, whereas previously 
3 mL of sterile water only was added 2-12 h prior to use. 
Injection was administered into subcutaneous fat instead of 
the deep dermis.

A study was conducted by Valantin et al.[50] in 2003 evaluating 
50 patients who received four sets at day 0 and 2 mL, 4 mL, 
6 mL, maximum 4 mL of PLA per cheek, monitored for 96 
weeks with valuations at 6 weeks, 24 weeks, 48 weeks, 72 
weeks and 96 weeks. Substantial improvement of at least 
40% in cutaneous thickness from baseline was demonstrated 
in over 40% of patients. Total cutaneous thickness at the 

onset of the trial was 2.9 mm without the presence of 
underlying facial fat. The increases in Cutaneous thickness 
increased at weeks 6, 24, 48, 72 and 96 to 5.1, 6.4, 7.2, 
7.2 and 6.8 mm, respectively. Minimal and localized edema 
was observed in most patients but resolved spontaneously 
within 48 h. Fifteen out of fifty patients developed minimal 
ecchymosis which resolved within 3 days.[50] Patients were 
compliant with their injections despite the side effects; the 
feasibility of using PLA for facial lipoatrophy treatment was 
clearly demonstrated. Moyle et al.[51] conducted an open 
label study to evaluate the effect of immediate vs. delayed 
PLA injections for 24 weeks. Patients in the immediate 
treatment group received PLA treatments on day 1, as well 
as 2 and 4 weeks after the initial treatment. Patients in the 
delayed treatment group received PLA injections at weeks 
12, 14, and 16.[51] The study was limited to three injections 
per side and found similar improvements in 24 patients by 
both subjective assessment and ultrasound.[51] Interestingly, 
by week 12, patients in the immediate treatment group 
scored significantly higher on the visual analogue scale and 
had lower levels of anxiety than their delayed treatment 
counterparts.[51] Overall, it was concluded that PLA injection 
remained efficacious for more than 18 weeks.[51]

Although many studies have examined the safety of PLA, 
its use is continually refined.[46-48,51] While the above studies 
investigated the optimal treatment times and methods 
of application, additional studies have been conducted 
regarding injection in the periorbital and perioral regions,[52] 
the use of conservative injection volumes[53], and appropriate 
dilution volumes.[53,54] 

Calcium hydroxylapatite
CaHA and its derivatives are naturally found in human 
bone and dental enamel.[55] Due to the structural similarity 
of the CaHA to the mineral portion of bone and its 
composition of calcium and phosphate ions, it is very 
biocompatible and therefore does not require skin testing. 
Radiesse® (Bioform Medical, Inc., San Mateo, CA, USA) 
consists of CaHA microspheres suspended in an aqueous 
carboxymethylcellulose gel carrier and is primarily used 
for the correction of moderate to severe wrinkles and folds 
and volumization of facial soft-tissue.[1] It is also used for 
correction of facial lipoatrophy secondary to the human 
immunodeficiency virus.[1] The microspheres present in 
Radiesse® are thought to act as a scaffold for new collagen 
formation. CaHA microspheres (25-45 μm in diameter) 
are suspended in a carboxymethylcellulose gel carrier in 
a ratio of 30% microspheres to 70% gel by volume.[56] The 
gel base helps to evenly distribute the microspheres at the 
injection site, providing immediate volume restoration.[56] 
After the gel degrades in 2-3 months, the microspheres 
promote the formation of new tissue formation by collagen 
deposition.[57] Results typically last for 12-18 months[58-60] 
leaving behind calcium and phosphate ions after undergoing 
the phagocytosis process by the macrophages.[57] A study 
conducted by Marmur et al.[57] evaluated the histologic and 
electron microscopic structural changes observed following 
CaHA injection at 1 and 6 months. Standard light microscopy 
imaging of tissue specimens at 1 month post-injection 
demonstrated no inflammatory cell response or fibrosis, 
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whereas light microscopy sections at 6 months post-injection 
showed tight aggregates of microspherules surrounded 
by thick collagen and histiocytes. Multinucleated giant 
cells surrounding each microspherule were also observed. 
All treated subjects reported high satisfaction levels at 6 
months, and there were no reports of adverse reactions.

Another pivotal study testing the efficacy of Radiesse® for 
the treatment of nasolabial folds involved 117 subjects with 
a random split-face design. Radiesse® was injected on one 
side and collagen was injected on the other.[61] Radiesse® 
was found to be superior to collagen in 79% of the folds 
after 6 months, and required almost half of the volume that 
was used with collagen.[61] The long-term safety and efficacy 
of Radiesse® was also tested in the treatment of nasolabial 
folds by extending the previous study and offering re-
treatment between 6 and 12 months.[60] Out of a total of 
117 subjects, 102 patients enrolled and were evaluated at 
39 months after the last injection.[60] At 30 months following 
the last treatment with Radiesse®, improvement was still 
observed in 40% of the folds, and no adverse events were 
reported.[60] Safety and efficacy has also been tested for 
an injectable implant in which where researchers at two 
different treatment centers injected CaHA into 113 subjects.[5] 

75 patients received single injections and 38 had multiple 
sessions, with most patients receiving 1 mL per session.[5] 
The results suggested a very favorable safety profile with a 
very high patient satisfaction rating (over 90% indicated that 
their results were “good” or “very good”) and only 7 minor 
adverse events which resolved within one month.[5]

Although the majority of studies did not show any adverse 
effects, side effects of Radiesse® may include edema, 
erythema and transient lumpiness.[63] Radiesse® is not 
recommended for lip injection because of the frequent 
occurrence of mucosal nodules.[58] Radiesse® may not 
be suitable for the treatments of periorbital and glabellar 
rhytids secondary to safety concerns regarding embolism 
and necrosis. A case was reported in which a 35-year-old 
women experienced nausea, vomiting, headache, ptosis 
and periorbital pain ten minutes following CaHA injection 
into the nasal tip and dorsum. The symptoms worsened and 
resulted in sudden monocular vision loss.[62] Although many 
of the fillers discussed may be associated with very mild 
temporary reactions, the injector must remain alert to the 
risk of more serious adverse reactions.

Permanent fillers
Silicone
A primary consideration in the choice of filler is the degree 
of maintenance that is required. Some advantages associated 
with permanent fillers include low maintenance as a regular 
schedule for re-treatmentis not required, and a lower overall 
cost because the procedure is performed only once.

Liquid injectable silicone, commonly available as Silikon 
1000 and AdatoSil 5000, is classified as a permanent filler 
for soft tissue augmentation. The chemical composition of 
the material is predominantly dimethyl polysiloxane, which 
is available as fluid with variable levels of viscosity. It is 
injected into either the deep dermis or subcutaneous fat 

with the aim of inducing l fibroplasia and volumization.[63] 
Moreover, it is characterized as a clear, colorless fluid 
with general physiological inertness and resistance to 
decomposition under extreme temperatures.[63] If the 
product is inadvertently injected into the blood stream, it 
behaves very much like injections of air; small doses of the 
material are distributed throughout the body, while large 
doses can cause various severe complications including 
emboli and cellulitis.[63] This product is overall very 
advantageous in the correction of facial defects, and other 
intradermal treatments that previously required excessive 
surgical intervention.[63]

Injectable silicone oils for augmentation of the facial tissues 
were approved by the FDA in the early 1960s.[64] In spite 
of the tremendous criticism that silicone has received 
due to its adverse complications, it has been shown to be 
very effective in facial augmentation.[64] A clinical study 
conducted by Hevia[65] demonstrated the efficacy of silicone 
oil in soft tissue augmentation. In total 916 patients were 
treated with PDMS-1000 (purified polydimethylsiloxane), 
an FDA approved silicone oil, over a six year period during 
which only 1% showed adverse granulomatous reactions.[65] 
All treatments were performed with a serial puncture 
technique, which is well-suited for the injection of silicone 
oil.[65] Narins and Beer[64] note that the oil must be injected 
into the immediate subdermal plane or deeper to avoid 
dermal erythema and ridging. The volume should be 
limited to no more than 0.5 mL for small areas including the 
nasolabial fold, and 2.0 mL for larger areas as seen in facial 
lipoatrophy.[64]

Another study by Jones et al.[66] evaluated the injection of 
liquid silicone into HIV patients with facial lipoatrophy. In 
this study, 77 patients received either Silikon® 1000 (Alcon 
Inc., Fort Worth, TX, USA) or VitreSil® 1000 (Richard James 
Inc., Peabody, MA, USA). Less than 2 mL of silicone oil was 
repeatedly injected at intervals of at least a month until 
a state of “prelipoatrophy” was achieved. Most patients 
developed erythema and edema following injection which 
resolved within 3 days. Patient satisfaction in this study 
was reported to be high although specific details were not 
provided.

Although many studies have shown the efficacy of silicone 
oil, an equal number of studies have highlighted adverse 
reactions secondary to misuse.[9] The improper use of silicone 
oils including incorrect dosage, improper technique, and 
impurity of materials has resulted in serious repercussions 
including cellulitis, product migration, and death.[9] A report 
by Requena et al.[67] presents 4 cases in which patients 
experienced moderate to severe complications following 
silicone injections.

All 4 patients were diagnosed with orofacial granulomatosis 
after 8-12 months of treatment.[56] It was suggested that 
the histological appearance of the odemas be studied as 
they give direct information regarding the form and purity 
of silicone used, including solid elastomer silicone and oil/
gel silicone.[56] The proper use of liquid silicone, i.e. small 
volumes, high purity, and the microdroplet technique, is 
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believed to have a rate of complications of less than 1%.[67] 
Granulomas may develop weeks or even years following 
treatment, and can be managed using oral or intralesional 
corticosteroids and antibiotics.

The extent to which volume loss and fat atrophy affect facial 
aging is evident by the large variety of existing intradermal 
fillers. Intradermal fillers are not as strictly regulated as 
prescription drugs, as most fillers fall under the category of 
a medical device rather than that of a pharmaceutical agent. 
While intradermal fillers are considered to be inert, many 
of them elicit immunogenic reactions and granulomas. In 
addition, some fillers induce neo-collagenesis. Temporary 
fillers generally persist for 3-6 months. While permanent 
fillers may be advantageous in terms of their longevity, 
a permanent dermatological procedure may eventually 
become unnatural as it is unable to accommodate the 
patient’s aesthetic needs over time due to the dynamic 
nature of facial aging.

Other fillers
Apart from the fillers mentioned above, a combination of 
two or more fillers have been shown to be very effective in 
facial volumization. A 6-month comparison study examined 
the efficacy and safety profiles of plain CaHA and CaHA mixed 
with lidocaine for the treatment of nasolabial folds.[68] In this 
study, 16 patients with moderate-to-deep wrinkle ratings 
were recruited. A visual analog pain scale was used to assess 
the patients’ pain perception. A blinded injector and an 
independent observer determined the efficacy of treatment 
over a period of 24 weeks. There were no significant adverse 
events and very few local adverse events. Both of the groups 
reported satisfaction with the treatment and much less 
pain when CaHA was mixed with lidocaine as compared to 
plain CaHA.[68] Intradermal fillers have also been used with 
other anti-aging chemicals including BOTOX®. A study by 
Coleman and Carruthers[69] showed that in younger subjects 
with glabellar frown lines, treatment with BOTOX®- alone 
did not show positive results, but when combined with 
intradermal fillers such as HA gave an immediate resting 
result and made it last twice as long. Similarly, melomental 
folds in the perioral region can be effectively treated with the 
combination of BOTOX® to remove the muscular depressor 
action of the lower face and intradermal filler to volumize 
the mouth corners, giving an overall youthful appearance.[69] 

CONCLUSION

The field of cosmetic dermatology has been expanding 
globally. With the ever increasing popularity of nonsurgical 
enhancement and an increasing number of patients who 
have been treated, the demand for fillers continues to 
rise. Research articles, long-term clinical experience, peer 
reviewed publications and regulatory approvals have all 
demonstrated the safety and efficacy of various fillers. Fillers 
appeal to various age demographics including young adults 
for the enhancement of youthful features, middle-aged 
adults for early prevention and volume restoration, and the 
older individuals for delay and maintenance of age-related 
symptoms. All of the injectable fillers discussed above have 

their own advantages and disadvantages, and generally 
do not have any adverse reactions. The optimal filler is 
determined by the case, cost associated with treatment, 
and the physician’s experience. Research continues to be 
conducted on formulations, clinical trials, and comparative 
studies between fillers. Optimal results in treating dynamic 
lines and volume loss are achieved with combination therapy. 
It is crucial that patients have realistic expectations as 
multiple treatments may be required, and each filler has its 
limitations. More comparative studies and literature reviews 
are required to provide the layperson with a summary of the 
many options and their risks and benefits, thereby allowing 
patients to choose the filler most suitable to their needs.
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ABSTRACT
With the development of autologous stem cells transplantation, the application of autologous fibroblast 
graft has been an important therapy in defect repair. In the past decade, amounts of studies have 
reported favorable treatment effect and safety about the therapy. The material has the ability to produce 
human collagen in vivo. This article details recent scientific work of the cases, effect, injection technique, 
complications and safety of autologous fibroblast injection treatment.
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INTRODUCTION

Wrinkles can be corrected by using various treatment 
methods like lasers, soft tissue fillers, Botox for dynamic 
wrinkles, and so on. The most common therapy is dermal 
fillers like hyaluronic acid. However, dermal fillers are 
typically degradable or semipermanent, and liable to allergic 
reaction or other side reactions like skin necrosis, visual 
impairment.[1] Autologous materials have been used for more 
than a century for soft tissue augmentation. Autologous fat 
has always been the first choice of autologous graft. However, 
the high rate of graft resorption and unpredictable degree 
of volume loss in some degree reduced the enthusiasm for 
the use of adipose grafts in soft tissue augmentation.[2] With 
the development of autologous stem cells transplantation, 
the application of autologous fibroblast graft has been an 
important therapy in defect repair.[3-7] Fibroblasts are the 
main functional cells in dermis and autologous fibroblasts 
injection may be more beneficial than other therapies in 
facial rejuvenation.[8] Autologous fibroblasts injection is not 

a common kind of dermal filler, that is to say, it is not volume 
filler. As a result, it’s very important to notify patients that 
the therapy does not take effect in a short time. Fibroblasts 
show mitigating improvement after about 3 serial treatment 
processes and living cells keep vigorous growth that may 
lead to greater persistence than other fillers.[9] Autologous 
cultured fibroblasts have been used effectively for dermal 
and subcutaneous deficiencies since 1995.[10] Autologous 
fibroblast transplantation first received approval from the 
US Food and Drug Administration in June 2011 to improve 
moderate or severe nasolabial fold wrinkles.

CASES AND TREATMENT OUTCOME

In the past decade, amounts of studies have reported 
favorable treatment effect and safety about the therapy.[11-13] 
Clinical researches for autologous fibroblast therapy have 
been carried on since 2001. Cultured autologous fibroblasts 
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have been utilized effectively to treat various wrinkles, 
depressed scars, acne irregularities,[14] wounds[15] and 
atrophy.[16,17]

In 2007, Weiss et al.[18] in America reported a double-
blind, randomized comparison on autologous fibroblast 
injection and placebo for facial contour defects 
treatment. Results showed that autologous fibroblasts 
generated statistically significantly greater improvements 
in dermal deformities and acne scars than did placebo. 
The difference between fibroblast injections and placebo 
obtained statistical significance at 6 months (P < 0.0001). 
Patients treated with autologous fibroblasts continuously 
show benifit at 9-month and 12-month follow-up. There 
were no serious treatment-related adverse events in this 
study.

In 2012, Smith et al.[19] reported a multicenter, double-
blind, placebo-controlled trial of autologous fibroblast 
therapy to treat nasolabial fold wrinkles. A large sample 
including 372 subjects was enrolled in this trial. There 
were comparisons between subjects treated with cultured 
autologous fibroblast and placebo. The results showed at 
least 1-point improvement on both subject and evaluator 
assessment after 6 months (P < 0.001).

In 2012, in a South American study, Eça et al.[20] 
published the results of their search about the safety 
and efficacy of dermal regeneration with the injection 
of young autologous fibroblasts obtained from patients 
themselves. With 4 injections given at 15-day intervals 
after 60 days, periorbital tonicity had improved obviously. 
Nevertheless, there was little improvement in surface 
lines and no improvement at all in deeper wrinkles.

In 2013, Munavalli et al.[12] in America reported a 
randomized multicenter, prospective, double-blind, 
placebo-controlled clinical trial about the treatment of 
bilateral moderate to severe acne scars using autologous 
fibroblasts. Ninety-nine subjects underwent three 
intradermal injection sessions at 14-day intervals. They 
were injected autologous fibroblast suspension on one 
cheek and cell culture medium on the other cheek. 
The outcome showed that autologous fibroblast had 
significantly greater efficacy than vehicle control (cell 
culture medium).

INJECTION TECHNIQUE

Different anesthesia forms are provided at the discretion 
of the investigator. A topical anesthetic cream containing 
4% lidocaine may be applied. The areas of treatment are 
swabbed with an antiseptic before injections.

Autologous fibroblast suspension or placebo is injected 
using a 1-mL syringe and a 29- or 30-G needle. A retrograde 
linear threading technique is utilized. The suspension 
is placed into the superficial papillary dermis. Create a 
wheal and transient blanching of the skin surface with each 
injection. The current injection dose is 0.1 mL of suspension 
with a concentration of (1.0-2.0) × 107 cells/mL. During the 

injection, doctors should pay attention to the following 
points:
•	 No lidocaine or epinephrine is mixed to the cell 
suspension before injection to avoid the negative impact 
on the viability of the cells.
•	 No massage or other manipulation of the areas 
is performed to avoid damaging or altering the cells.
•	 No soaps, cosmetics, or any other products 
are used to the injection sites for 72 h after operation. 
Limited short-term indirect application of ice to the 
treatment area was allowed but not recommended.[19]

Injections can be given in the forehead wrinkles, perioral 
wrinkles, nasolabial fold, chin, and periorbital wrinkles 
with a minimal interval of 15 days between each session. 
The injection technique has no obvious difference among 
these different injected sites.

COMPLICATIONS AND SAFETY

There is no record in the scientific literature of any case 
of tumor formation resulting from the stem cell injection 
since the first transplants of adult stem cells from bone 
marrow in the 1960s[21] and the transplant of adult stem 
cells from umbilical cord blood in 1988.[22]

Autologous fibroblast therapy has been considered to 
be safe and well tolerated in amounts of researches. The 
wrinkle improvement during this treatment is different 
from most dermal fillers. The product results in the 
accumulation of new collagen but not direct volume 
replacement. Consequently, it has a more gradual onset 
of effect than which has been seen immediate correction 
from other dermal fillers.[19]

Autologous fibroblast therapy has adverse events 
including: local redness, bruising, swelling, bleeding, 
pain or irritation, erythema, developing nodules, nausea, 
headache and so on. The most common adverse events 
reported were redness, swelling, and bruising in and 
around the treatment areas. The severity of majority of 
adverse events is mild to moderate and probably related 
to the process of injection.

CONCLUSION

Autologous fibroblast treatment is a novel therapeutic 
method for treating dermal defects. The material has 
the ability to produce human collagen in vivo. In sum, 
autologous fibroblasts injection has the following 
characteristics: (1) it’s not a volume filler; (2) injection 
level is more superficial; (3) need a period of time (about 
6 months) to take effect; (4) treatment effect on fine lines 
like nasolabial wrinkles is better; (5) need additional costs 
and processes for harvesting and culturing fibroblasts 
before injection; and (6) adverse reactions are minimal 
and comparable with other common injection. Although 
the favorable outcomes have been obtained from various 
studies, the specific cellular and molecular biologic 
mechanism remains unknown. They may take effect 
through single or several signal pathways that could 
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cause direct synthesis of increased amounts of collagen 
and elastin, proliferation of fibroblasts and the deposition 
of cofactors.[23] This may be the long-term goal of the 
autologous fibroblast transplantation research.
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ABSTRACT
Posttraumatic orbital reconstruction has been a challenging mission for decades in 
craniomaxillofacial surgery. Complications like enophthalmos, diplopia and gaze obstacles emerge 
when orbital trauma occurs, affecting people’s daily life as well as their appearance. Advances 
in technology and research gained through years of experience has provided us with a greater 
understanding of the changes following trauma, as well as providing us with a variety of filling 
materials that we can choose from to handle the deformities. However, the best type of material 
for repair of orbital deformities remains controversial. This paper reviewed approximately 60 
articles discussing materials used in orbital reconstruction or soft tissue defect filling in the past 
years, with the aim of giving a comprehensive overview of the advantages and disadvantages of 
materials used in this field so as to help surgeons to make a better choice.
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INTRODUCTION

Orbital fracture is common in facial trauma. Its incidence 
ranges from 18% to 50% of all craniomaxillofacial traumas, 
considering the difference of the geographic region, 
injury mechanism and study population.[1] Although the 

eye is well protected by the strong orbital rim, the thin 
orbital floor, and the medial wall that acts as a shock 
absorber, there is a high chance of associated ocular 
injuries after orbital trauma, ranging from 22% to 76%.[2] 
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If the traumas are not diagnosed or well treated in a timely 
fashion, patients can suffer from functional and aesthetic 
sequelae.

In 1889, Lang[3] was first to recognize that traumatic 
enophthalmos is caused by fracture of the orbital wall and the 
associated orbital tissue abnormality. Significant progress 
has been made in the field of orbital reconstruction. It’s 
commonly believed that orbital deformities occur because 
of two main causes: first, the anatomic changes behind the 
eyeball that may consist of an inferior dislocation of the 
orbital floor or a transversal expansion of the orbit which 
contributes to the defect;[4] second, once soft tissue within 
the socket is affected, the whole socket can be influenced. 
Thus, we are supposed not only to repair the orbital fracture, 
but also find the appropriate filling materials to restore the 
volume of orbit, avoiding bothersome sequelae, and restore 
ocular functions.

Orbital fractures occur with bothersome complications like 
enophthalmos and constant diplopia. Among 55 studies 
performed on orbital reconstruction, it was found that the 
indication for surgery was based on diplopia in 18.3% of 
cases and on preoperative enophthalmos in 29.8% of cases.[5] 
The goal of orbital reconstruction is to repair trauma defects, 
to correct the anatomical position of the eye, to accurately 
restore the volume of the orbit, to avoid sequelae such 
as enophthalmos, and to restore ocular function. Orbital 
fractures can occur alone or with other craniomaxillofacial 
fractures, which may complicate the reconstruction. It’s 
reported that the medial wall and the orbital floor fractures 
are the most frequent type. The medial wall of the orbit 
consists of the maxilla, lacrimal, ethmoid and sphenoid 
bones, and it is the most vulnerable and most complicated 
to repair due to its anatomical structure. Small defects may 
heal alone by the formation of scar tissue, whereas larger 
defects, especially those associated with enophthalmos and 
hypoglobus, need material of a sufficient strength to support 
the orbital contents and restore the contour of the orbit.[6]

In terms of operation, we should consider three pivotal 
questions. When is the best timing to perform the operation? 
How to perform the operation? What materials should be 
used? This review aims to give a comprehensive overview 
of the advantages and disadvantages of materials used to 
repair orbital fractures or used for soft tissue defect filling, 
with the goal of assisting surgeons to make a better choice.

THE IDEAL IMPLANT MATERIAL 
FOR ORBITAL FRACTURE 
RECONSTRUCTION

It’s very difficult to determine which material is the ideal 
implant for orbital fracture reconstruction. The ideal 
characteristics of the material used as an orbital implant 
include: (1) ability to bend into an anatomical shape; (2) 
radiopacity; and (3) permanent stability.[5] For smaller 
defects, the strength of the implant holds limited relevance 
for a successful outcome, and the choice of implant is 
more dependent on biocompatibility.[7] In larger fractures, 

mechanical properties, biocompatibility, and the contour or 
form factor needs special attention.[8] A recent article argues 
that the ideal implant should be discussed in seven points: 
(1) stability and fixation; (2) contouring and handling; (3) 
biological behavior; (4) drainage; (5) donor site morbidity; 
(6) radiopacity; and (7) availablility and cost-effectiveness.[5]

First of all, the ideal material is expected to be strong enough 
to support the orbital content, to be stable, to maintain its 
shape over time, and to fix itself to surrounding structures. 
Second, it should be malleabile with a smooth surface. A 
desirable implant needs to be of high biocompatibility, 
chemically inert, non-allergenic and non-carcinogenic to 
ensure a decrease in rates of infection/extrusion/migration/
foreign body reaction. It must allow high tissue incorporation 
with minimal resorption. Furthermore, spaces within the 
implant should be present to allow drainage of orbital 
fluid. Materials that are radiopaque facilitate postoperative 
evaluation. Lastly, it should be readily available, in sufficient 
quantities, and have an acceptable cost to ensure easy 
popularization.

BIOMATERIALS

Biological materials including autografts, allografts, and 
xenografts, are defined as grafts harvested from the same 
body, from cadavers or from animals. Generally speaking, 
autologous grafts are characterized by cost-effectiveness 
but limited availability, variable resorption rates resulting in 
unpredictable orbital volume that may lead to enophthalmos, 
associated donor site morbidity (pain, scarring, infection, 
haematoma), as well as an increased surgical time. Autologous 
bone was the first material used to reconstruct the orbit and 
remains popular today. Since the 18th century, it has been 
the “gold standard” biomaterial for the reconstruction of 
craniofacial bony defects.[9,10] The major donor sites include 
crista iliaca, calvarium, maxilla and mandible.[11-14] Autologous 
bone graft is applied in orbital reconstruction because of its 
strength, rigidity, biocompatibility, vascularization potential, 
and incorporation into the orbital tissue with minimal acute 
and chronic immune reactivity. The advantages mentioned 
above make it a significant role in the stage of orbital 

Figure 1: Multiple small plates of calvarial bone and screws were used to 
re-create the normal contour of the orbit. Adapted from Gunarajah and 
Samman[6]
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reconstruction. However, its poor malleability, donor site 
morbidity and fluctuant resorption rates may be problematic 
[Figure 1]. The unpredictable resorption rates of autologous 
bone especially iliaca can even reach 80%, which increase 
the risk of complications.[13] Resorption may be decreased by 
fixating of the graft, which promotes revascularization and 
osteoconduction.[15]

Another option is cartilage graft, which compared to the 
“gold standard” bone graft is easier to harvest, is more 
malleable, and has less resorption.[16] The nasal septum, 
conchal cartilage and costal cartilage are the common 
donor sites. The nasal septum is advantageous owing to the 
rapid harvest time and the minimal cosmetic and functional 
morbidity.[17,18] Bayat et al.[19] performed a randomized 
clinical trial and found a superior effect for nasal cartilage 
compared to conchal cartilage with respect to the incidence 
of enophthalmos at the 3-6 months follow-up point. 
Whereas, the autologous cartilage still cannot avoid donor 
site morbidity and is limited in quantity.

Allograft is transplanted tissue from human cadaver. 
Lyophilized dura mater, demineralized human bone, 
lyophilized cartilage, irradiated fascia lata are types of 
harvested tissues. The advantages of allograft include a 
decreased surgical time, preoperative customizability, 
absence of donor site morbidity (only in cadavers), and 
abundant availability. Lyophilized dura (Lyodura) was once 
the standard for the repair of smaller orbital defects.[20] 
However, it became controversial after a report of 
Creutzfeldt-Jakob prion disease in a patient who received 
dura.[21] The disadvantages of allograft include a resorption 
rate substantially higher than that of autologous tissue, the 
necessity for immunosuppressive pharmacotherapy, and 
potential risk of viral transmission.[22-24]

Xenograft mainly includes collagen membrane, porcine 
sclera, porcine skin gelatin/gelfilm, bovine bone or sclera. It 
is only rarely used for the repair of orbital fractures because 
of the association with disease transmission, immunological 
transplant rejection, and unpredictable and high resorption 
rates in spite of a reduction in operative time and lack of 
donor site morbidity.[25]

METALS

Studies have shown that titanium and cobalt alloys used 
to be active in the stage of orbital skeleton repair.[26] 
Cobalt alloys seem not that gratifying because of its poor 
performance in orbital surgery and have gradually been 

replaced by titanium.

Titanium mesh has been approved by the Food and Drug 
Administration since 1984, and now is accepted throughout 
the would to be used in the craniomaxillofacial surgery, 
especially in large defects. Titanium is chemically similar 
to calcium which makes it physiologically inert, and tissue 
tolerant. Titanium has a high corrosion resistance due to 
the spontaneously forming thin oxide layers on the surface. 
This guarantees that the material behaves passively in order 
not to provoke toxic nor allergic reactions [Figure 2].[27] 
Computer-assisted designed and manufactured titanium 
implants have enabled optimal reconstructive surgery, with 
the protection of vital structures such as the optic nerve.[28] 
However, it is costly and may have irregular edges that 
may impinge on soft tissue. Furthermore, fibrous tissue 
will incorporate the mesh-holes, which can make implant 
replacement technically difficult.[29]

POLYMERS

Polymers are large molecules comprising of multiple repeated 
subunits, and can be categorized into absorbable and non-
absorbable (permanent), or porous and non-porous types.

Since 1990s, porous ultra-high-density polyethylene (PE, 
medpor) sheets have been widely used in smaller orbital 
floor defects [Figure 3]. It’s non-absorbable and easily 
malleable into shapes. The smooth surface of medpor allows 
tissues within the orbit to move around freely.[26] Connective 
tissue and vascular components can grow into the pores 
which provides great biocompatibility. Medpor is reported 
to be able to achieve similar outcomes and lower infection 
rates than autologous bone.[8]

Non-porous, non-absorbable materials include silicone,[30] 
polytetrafluoroethylene (teflon), nylon foil. Silicone is cheap, 
flexible and easy to handle. However, it has unacceptable high 
rates of extrusion, cyst formation, and infections. Teflon is 
biologically and chemically inert, non-antigenic with minimal 
foreign body reaction, sterilizable, and easily moldable.[31] 
However, with the proven reliability of porous materials, 
nonporous materials such as polytetrafluoroethylene are 
not used as frequently. Nylon has been used since 1965 by 
Browning and Walker with a lot of complications.[32] Recent 
studies utilize fixation of the implant to the inferior orbital 
rim in blow-out fractures, demonstrating a complication 
rate as low as 1.7%.[33]

As for absorbale implants like PLA/PGA, PDS, they have been 
used in the field of surgery for years with more predictable 
absorbtion rates as well as higher level of control than 
biomaterials. They provide temporary support leaving 
fibrotic tissues. Generally, they are not encouraged to be used 
in orbital reconstruction considering their unsatisfactory 
effect and high incidence of complications.[13]

BIOLOGICAL CERAMICS

Hydroxyapatite (HA), which is chemically and 
crystallographically similar to bone mineral, has been 

Figure 2: (A) Titanium to be used in orbital reconstruction, especially for 
large defect; (B) titanium mesh placed in the orbit. Adpated from Ellis and 
Messo[27]
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available for craniofacial surgery since the 1990s. As opposed 
to porous polyethylene, HA is more fragile, more expensive, 
and not as easily shaped intraoperatively.[34] HA appears 
to have a higher risk of postoperative enophthalmos than 
medpor.[35] Bioactive glasses (BAGs) are synthetic blocks or 
granules that bond chemically to bone. Despite the fact that 
BAGs are of brittle nature and hard to mould and shape, 
they are osteoinductive and osteoconductive.[36-38] They 
can prompt the repair of bone with minimal foreign body 
reaction, infection, extrusion and resorption.[39]

COMPOSITES

Composites are an interesting attempt to utilize the 
advantages of one selected material while reducing its 
disadvantages with another material. An example is 
the titanium-reinforced PE. Titanium mesh offers the 
advantages of high strength and stability, easy contouring, 
and radiopacity in postoperative imaging, while PE implants 
have a smooth surface allowing free movement of orbital 
tissue.[40]

SOFT TISSUE FILLING MATERIALS

As mentioned above, repairing only the fracture is not 
suffcient. Even if repaired perfectly, many patients may suffer 
from late sequelae such as enophthalmos due to soft tissue 
abnormality within the orbit. It’s claimed that alterations 
like atrophy or herniation of soft tissue have a decisive part 
in the enophthalmos after orbital reconstruction.[41] Thus, 
we must act to prevent late sequelae by using soft tissue 
filling materials.

These materials are aimed to replace the abnormal soft 
tissue and to restore volume of the orbit, to finally restore 
ocular function as well as aesthetic appearance. They can 
also be divided into many autologous grafts, allografts, 
xenografts and alloplastic grafts.

As the “gold standard” of craniofacial reconstruction, 
autologous bone graft should be the first to be used in this 
process. However, the rigidity of bone (especially cranium) 
is relative to the increase of intraocular pressure that 
might influence the movement of eye and the optic nerve. 
Furthermore, the donor site morbidity is inevitable.

Silicone oil was one of the first injectable materials placed 
into the orbit for volume augmentation. Since 1960s, silicone 
oil has been used for volume augmentation.[42] It’s cheap 
but its outcome is not satisfactory and it needs multiple 
injections. Many authors have reported complications like 
extrusion, immigration of implants and infections.[43]

Autologous fat graft (either as free fat or dermal fat graft) 
has been used since the end of the 19th century to handle 
various soft-tissue defects. Lipofilling, also known as 
autologous fat transplantion, has been investigated for 
a long time, especially as a natural implant for aesthetic 
and reconstructive purposes. Neuber[44] first used fat 
autografting to correct facial defects in 1893. He reported 
a 20% to 90% graft absorption rate, so these defects require 
multiple injections to obtain a satisfactory target. In 1970s, 
dermal fat transplants were used to fill the orbit. Similarly 
to other autologous implants, they have outstanding high 
biocompatibility with minimal infection rate. However, the 
risk of operation and the donor site morbidity still exist.

In 1980s, collagens injectable became more popular. 
High resorption grade of non cross-linked collagen gives 
unsatisfactory results. The use of cross-linked collagen 
(Zyplast) in the orbital region has a documented risk of 
blood vessels occlusion, which can lead to a severe visual 
damage.[45]

In the last decade, Hunter and Baker[46] described the use of 
autologous fat in the orbit for the correction of posttraumatic 
enophthalmos. The outcome was not good for most of 
their patients and needed a second injection. Coleman[47,48] 
reported his technique, defined as atraumatic liposuction 
with injection of purified fat, for fat transfer: harvesting, 
purification by centrifugation, and injection. This technique 
indeed improved the survival rate of fat. Hardy et al.[49] 
obtained good results in a retrospective study of 12 patients 
with anophthalmic and enophthalmos; a further injection 
was necessary in only 1 case. Autologous fat seems to be the 
ideal filling material for soft tissue defect. Autologous fat is 
an ideal filler because of its excellent biocompatibility as a 
living graft, which is easily harvested and incorporated into 
the surrounding tissues with no hypersensitivity potential 
and minimal chance of infection. It is readily available in 
large quantities at low cost, and grafted fat gives a natural 
consistency with excellent volume augmentation. It is 
potentially permanent and the regenerative ability of fat is 
believed to improve the overlying skin quality. Autologous fat 

Figure 3: Example of polyethylene for reconstruction of internal orbital 
defect. (A) Shaped and sized polyethylene; (B) material in the orbit with 
bone screwed intaoperatively. Adpated from Ellis and Messo[27]

Figure 4: Minimally invasive autologous fat injection: atraumatic suction, 
furification, and reinjection in the orbit using a cannula. Adapted from 
Cervelli et al.[50]
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transfer is minimally invasive, making it more acceptable for 
patients [Figure 4].[50] At present, the greatest inconvenience 
is the unpredictable long term outcome of the graft, related 
to the extremely variable rate of fat resorption.[51-53] Many 
animal models have been tried to find the best process of 
lipofilling.[54-56] However, among the animal models, there is 
no useful posttraumatic model. Further studies are needed 
in this field.

We also can choose injectable filler, such as CaHA (Radiesse) 
or polyacrylamide gel (Aquamid), to treat the soft tissue 
defect in the orbit. Lately, a patient who received CaHA 
injection complained of soft tissue swelling.[57] Both of them 
are reported to be effective in volume augmentation with 
minimal infections. However, they share the risk of anterior 
migration of filler.[58-60] We have to take this disadvantage 
into consideration when choosing the filling material.[61]

CONCLUSION

The controversy about the ideal material for orbital 
reconstruction and soft tissue defect filling will continue 
because it’s hard to reach consensus due to the limited 
number of RCTs and studies. New materials emerge often 
and more studies are needed. We can safely conclude that 
there is a worldwide trend for surgeons to prefer minimally 
invasive techniques and alloplastic grafts are becoming 
increasingly popular.
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ABSTRACT
Facial rejuvenation has changed over the last decade, evolving from the rhytidectomy to an 
approach that focuses on revolumization, due to a more complete understanding of the changes 
to bone and soft tissue that occur with the aging face. Soft tissue augmentation using various 
injectable filler agents has gained popularity due to their nonsurgical, non-invasive procedures, 
instant cosmetic outcomes and limited recovery time. The skin filler market is booming and 
the variety of available skin fillers is increasing, providing the plastic surgeons many choices. 
Nonpermenant, biodegradable, resorbable agents may induce little complications, but they 
will normally disappear soon after injection. Semipermenant, biodegradable, biostimulary, 
nonresorbable fillers may induce a bit more complications, but they will normally disappear 
spontaneously in a few months. Permanent, nonresorbable fillers usually give rise to severe 
complications or reactions which may not disappear spontaneous. They may appear several 
years after the injection, and treatment is often insufficient. Unfortunately, the ideal filler with 
lasting effect but without any complication has not been discovered yet. In this review, we give 
an update on currently available skin filler agents, and what is new in recent 5 years.
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INTRODUCTION

The past decade has seen an evolution in the filler market 
for meaningful volume restoration in the aging face. 
There are now over 35 major filler product companies 
worldwide.[1] In 2014, there were 2.3 million soft-tissue 
filler procedures in the United States, an increase of 
3% from 2013.[2] The days of treating a nasolabial fold 
with single skin filler injection is gone, and a new era of 
more sophisticated approach of thoughtful, restrained, 

and effective filler injection has come. Deep-volume 
increase, combinational approaches, natural looking 
outcomes, and safety measures are the most important 
considerations for filler use.

Skin fillers on the market today are categorized into 
transitory biodegradable or resorbable within months 
and years respectively, and permanent or nonresorbable 
fillers. Biodegradable agents can be divided into 
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two categories: (1) nonpermanent fillers, also named 
replacement fillers (collagen, hyaluronic acid and biological 
fillers), which has a short duration with typical lengths of 
several months to one year and are eventually reabsorbed 
through macrophage activation; (2) semipermanent 
fillers, or stimulatory fillers (polylactic acid and calcium 
hydroxylapatite), which have a longer duration of aesthetic 
improvements lasting up to years with minimal side effects. 
They will typically result in a foreign body reaction that elicits 
fibroblast activation and collagenesis at the site of injection. 
Permanent implants (polymethylmethacrylate, silicone 
and hydroxyethylmethacrylate) could provide long-lasting 
revolumization results and could also induce fibrogenesis 
and collagen production, but with higher potential risk of 
complications. The skilled hands of the experienced plastic 
surgeons/dermatologists are required for injection.[3-5]

BIODEGRADABLE FILLERS

Biodegradable fillers are impermanent agents than can last 
for a limited time of volume augmentation, from months up 
to 12 months, but will eventually metabolized by the body. 
Some of the volume effect is due to a transient inflammatory 
response to skin fillers with associated edema. However, 
these volume effects will diminish soon after injection.[6,7] 
Subsequent fibroblast activation and neocollagenesis 
can be another two factors for volume augmentation, 
but they only result in partial filler engraftment into the 
surrounding tissue.[8-10] Current biodegradable fillers 
stimulate neocollagenesis for more sustained aesthetic 
improvements and carry a low risk of adverse events or 
serious complications. Although permanent agents offer 
significant clinical benefits, short-term of volume effect, ease 
of correction and often reversible in the event of adverse 
effects make biodegradable fillers attractive to patients and 
plastic surgeons worldwide.

Generally, biodegradable filler spread on the market 
currently includes: hyaluronic acid (HA), bovoine collagen, 
calcium hydroxylapatite (CaHA) and injectable poly-L-lactic 
acid (PLLA).

Bovine collagen
Bovine collagen is a resorbable filler. Bovine collagen 
was the first facial filler approved by the Food and Drug 
Administration (FDA) for the correction of contour 
irregularities in the USA,[11,12] which has been used as an 
injectable filler for almost 30 years. Originally, Bovine 
collagen was injected into the dermis and subcutaneous 
tissue to correct viral pockmarks, depressed acne scars, 
lipoatrophy, deep nasolabial folds, rhytides, and soft tissue 
augmentation. The duration of the augmentation effect is 
usually less than 6 months.[13,14]

Histopathologically, bovine collagen fibers are much thicker 
than human collagen, have a homogeneous appearance 
nearly devoid of spaces between them, with fewer 
fibroblasts, and fail to refract polarized light. Skin tests are 
required before the injection of bovine collagen products. 
Rare hypersensitive reactions, including foreign body 

granulomas and palisading granulomas to bovine collagen 
have been reported. Rare systemic complications include 
flulike symptoms, paresthesias or difficulty breathing, 
and severe anaphylactic shock have been reported after 
injections of bovine collagen.[15,16]

The requirement for skin testing before injection to identify 
patients at risk for allergic reactions and its short duration 
of effect, particularly in more mobile areas of the face have 
restricted the popularity of Bovine collagen’s usage as a skin 
filler.[17] Although human-based collagen was subsequently 
developed to lessen the chance of hypersensitivity reaction, 
the demand for collagen rapidly declined in the face of 
emerging products that offered long-lasting effects with few 
side effects.

Human-derived bioengineered collagen 
implants
Human-based collagen implants have been developed in 
recent years, to avoid allergic reactions to bovine collagen. 
Autologen (Collagenesis, Beverly, MA) is an injectable 
autologous human tissue matrix primarily composed of intact 
collagen fibrils that are processed from the patient’s own skin 
and harvested during elective surgery.[18,19] Human collagen 
implants are also obtained from human donor tissues that 
undergo extensive screening for infectious disease and the 
material is irradiated before use. The cosmetic effect lasts 
about 4 to 7 months, depending on the area of treatment, 
injection technique, and amount of injected collagen.[17] No 
skin test for hypersensitive reactions is required for human-
derived collagen products. Local adverse reactions include 
bruising, erythema, and swelling at the site of injection. 
Granulomatous reaction at the site of the injection has also 
been reported in few cases.[20]

HA
Crosslinked animal or non-animal derived HA fillers have 
been introduced to the market for more than 20 years in 
the USA and even longer in different countries around the 
world. Today, HA-based dermal fillers are the fastest non-
invasive esthetic procedure in the USA,[21] which still remains 
the most popular dermal filler[22] despite the new injectable 
fillers with different innovative compounds continues to 
expand.

HA was first discovered by Karl Meyer, who is considered 
the father of glycosaminoglycan chemistry, and his assistant 
John Palmer.[23] HA is a glycosaminoglycan disaccharide, 
which exists naturally in the body. Approximately 50% of 
total HA is found in the skin, and it is produced by dermal 
fibroblasts, endothelial cells, synovial cells, adventitial cells, 
smooth muscle cells, and oocytes, and is released into the 
surrounding extracellular space. The half-life of HA is three 
days or less.[4]

Injections of HA are used for correction the wrinkles of the 
face, for soft tissue augmentation, and for filling all types of 
defects. HA has become the most popular skin filler agent, 
and reached a high patient satisfaction with a low incidence 
of serious complications. The highly charged nature of HA 
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provides its high solubility and high water binding affinity, 
which also contributes to volume augmentation.[23] HA may 
also stimulate neocollagenesis which is another reason for 
volume augmentation.[8,24,25] The injected HA is eventually 
degraded and cleared by hepatic metabolism as thus the 
effect diminished. 

HA has no organ or species specificity, and therefore in 
theory there is no risk of an allergic reaction. Very few 
adverse hypersensitivity reactions secondary to injections 
of HA used as filler have been reported; in histology, 
they consisted of a granulomatous foreign body reaction, 
with abundant multinucleated giant cells surrounding an 
extracellular basophilic amorphous material, which was the 
injected hyaluronic acid gel. One favorable character of HA 
is that it can be easily dissolved with hyaluronidase if there 
is an undesired or adverse effect. The duration of action 
averages 6 months with a residual effect lasting up to 2 to 3 
years.[26] The short longevity is the primary limitation of HA.

Currently available HA dermal fillers, depending on HA 
concentration, cross-link density, and manufacturing 
process, has different hydration capacity at equilibrium. 
Below are some of the favorable HA products by the plastic 
surgeons and dermatologist.

(1) Restylane® was FDA-approved in December of 2003, which is 
now the most popular dermal filler. Restylane® has been proven 
to be safe and effective in the treatment of nasolabial folds in a 
pivotal multicenter, double-blind clinical study.[27] Perlane® is a 
more viscous version of Restylane®, which was FDA-approved 
in 2007. Both Restylane® and Perlane® are producted by 
Q-Med AB in Sweden and distributed in the USA by Medicis 
Pharmaceutical Corporation. They are based on “nonanimal 
stabilized hyaluronic acid” and produced from cultures of 
Streptococcus equi via a proprietary process crosslinked with 
1,4-butanediol diglycidyl ether giving a final concentration of 
20 mg/mL. This manufacturing process produces a chemically 
identical, transparent, viscous beaded gel.[28]

(2) Juvéderm™ Ultra and Juvéderm™ Ultra Plus, FDA-approved 
in September, 2006, are new injectable HA dermal fillers, 
which are distributed by Allergan, Inc. The FDA has granted 
a label extension for Juvéderm™ Ultra and Juvéderm™ Ultra 
Plus in June, 2007 (Allergan, Inc. 2007). Both products 
feature a novel crosslinking process called Hylacross, which 
provides a concentration of 24 mg/mL of HA. Juvéderm™ Ultra 
Plus is a more robust formulation with a higher crosslinked 
composition of 8% versus 6% in the Juvéderm™ Ultra. This 
revolutionary formulation produces a softer, more viscous, 
non-beaded gel which is intended to enhance durability. 
The clinical data demonstrates that the effects with a single 
treatment of Juvéderm™ Ultra or Juvéderm ™ Ultra Plus may 
last for up to 12 months.[22,29,30] 

(3) Elevess™ is the latest HA approved by the FDA, in July 
2007, which was manufactured by Anika Therapeutics, MA, 
USA, and was based on chemically modified non-animal HA 
proprietary technology which incorporates 0.3% lidocaine 
hydrochloride as a component of the treatment syringe. The 
concentration of HA in this product is the highest available 

at 28 mg/mL.[22,29,30]

(4) The HA dermal fillers on the horizon are Puragen, Puragen 
Plus, Prevelle, Prevelle Plus, Belotero, and Teosyal family of 
products. Puragen and Puragen plus are based on double 
crosslinked (DXL™) technology with non-animal HA chains. 
DXL™ technology increases the resistance to degradation 
once the product is implanted Hyaluronic acid dermal fillers 
to come and not yet available in the USA.

Despite its great popularity and satisfying aesthetic 
outcome, there are some advertise reactions of HA injection. 
Nonallergic local side effects at the sites of injections are 
frequent, including pain, bruising, and transient edema, 
but they disappear in a few days and usually do not need 
any treatment.[31] Too superficial placement of HA fillers 
or an uneven distribution of the injected product can lead 
to visible, pale nodules in the skin. Uncommon additional 
nonallergic reactions include bacterial infections, herpes 
reactivation, generalized scleromyxedema,[32] aseptic 
abscess,[33] scar sarcoidosis,[34] and interferon-induced 
systemic sarcoidosis in patients with chronic hepatitis 
C, who also developed sarcoidal granulomas around the 
injected HA filler[35] and necrosis and livedoid pattern after 
accidental arterial embolization.[36] Blood vessels-embolism 
by HA injection is the most severe complications, which 
may lead to organ necrosis, such as blindness, stroke, which 
sometimes could be irreversible.

Platelet-rich plasma
Platelet-rich fibrin matrices (Selphyl System; Aesthetic 
Factors, LLC, Princeton, N.J.), derived through the collection 
and centrifugation of blood, is approved by the FDA as a 
medical device designed for the safe and rapid preparation of 
autologous platelet-rich plasma (PRP) for use in orthopedic 
surgery. For cosmetic applications, PRP is injected into the 
face to stimulate cell proliferation via the release of growth-
promoting proteins.[37] Histological examination shows 
activated fibroblasts and new collagen deposition at the site 
of injection.[38] Injection is an office-based procedure used to 
fill scars and rhytides with only minor transient ecchymosis 
and edema.[31,37] Additional studies are required to evaluate 
the efficacy and safety of platelet-rich fibrin matrices for 
soft-tissue augmentation.[3]

PLLA
Injectable PLLA is biocompatible, biodegradable, 
biostimulatory, synthetic filler that must be injected 
into the reticular dermis or subcutaneous fat. Polylactic 
acid as Sculptra® was licensed by FDA in July, 2009.[39,40] 
Sculptra® effects by stimulating neocollagenesis through 
fibroblast activation,[41] thus becomes popular as soft-tissue 
augmentation filler. Animal studies have revealed that PLLA 
are able to stimulate the proliferation of dermal fibroblasts 
with subsequent endogenous production of collagen.[41,42] 
Histological studies in humans have shown gradual 
dissolution of the injected PLLA and dermal in-growth of 
type I collagen over 8 to 30 months after injection.[43,44] 
PLLA is gradually degraded by nonenzymatic hydrolysis 
into water and carbon dioxide over approximately 9 to 24 
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months.[45,46] However, the augmentation effect lasts for at 
least 24 months due to the neocollagenesis.[47]

Short-term adverse events, including swelling, bruising, 
erythema, pain, inflammation, and pruritus, are frequently, 
but they usually disappear in a few days. The rate of 
granuloma formation of Sculptra® has been reported 
as high as 44%.[48] The formation of granuloma greatly 
influences patient’s appearance. Treatment of granulomas 
includes surgical excision and intralesional injection of 
corticosteroids.[49] Surgical excision is not recommended 
except as a last resort. The corticosteroids used to treat 
granulomas need to be injected repeatedly.[50,51] There are 
also severe systemic adverse effects, which is very rare, 
with only one case reported as an anaphylactic reaction 
necessitating treatment interruption.[52]

CaHA
CaHA is a biocompatible, biodegradable, resorbable and 
biostimulory filler that contains microspheres which can 
stimulate the endogenous production of collagen. The 
product has a texture resembling native soft tissue and 
migration is minimal.[53] Histopathologically, microspheres 
of CaHA stimulate almost no foreign body reaction and 
they appear bluish in color and round or oval in shape. It 
is suggested that the microspheres of this implant are 
degraded by enzymatic breakdown rather than phagocytosis. 
The microspheres appear packed together, with bluish color, 
round or oval shape, 25 to 40 μm in size, and surrounded by 
some fibrin fibers but little cellular infiltrate.

Initial augmentation is afforded by the implant itself, but 
in a few months the palpable implant diminishes further in 
size and has disappeared clinically at 9 to 12 months. When 
macrophages begin to degrade the implant, new collagen 
may form around the CaHA microspheres.[54]

Injectable microspheres of CaHA have been successfully 
used for correction of lipoatrophy of HIV patients receiving 
antiprotease treatment and for smoothing moderate 
wrinkles.[55-59] When this agent is injected in the lips, it 
tends to induce a high incidence of nodules.[60] Migration 
to a distant location from the injection site, a foreign body 
granulomatous reaction, seen as blue-gray microspheres in 
the extracellular matrix or within multinucleated giant cells 
has also been reported.[61]

Polycaprolactone-based dermal filler
A promising new biodegradable collagen stimulatory filler, 
composed of 70% aqueous carboxymethylcellulose (CMC) gel 
carrier (Ellans é™; Aqtis Medical, a Sinclair Company; Utrecht, 
The Netherlands) and 30% synthetic polycaprolactone (PCL) 
microspheres has recently been introduced to the market. 
Its unique tuneable longevity gives the dermal filler variable 
durations for up to 4 years [Ellans é™ -S (1 year), Ellans é™ -M 
(2 years), Ellans é™ -L (3 years) and Ellans é™ -E (4 years)] and 
is therefore ideal for those seeking long-lasting results.[62]

The PCL-based dermal filler is proved to be safe and durable 
in use in facial treatment and in hand rejuvenation in a 
clinical trial.[63,64] Furthermore, PCL-based dermal filler could 

induce neocollagenesis in rabbit tissue.[65] In Kim-Jongseo’s 
study, the PCL-based dermal filler was injected intra-dermally 
in the temporal area in human tissue. The results revealed 
that PCL-based filler is capable of inducing neocollagenesis 
for up to 13 months after injected intra-dermally in human 
tissue. However, further clinically study and safety study 
should be introduced before it could be finally used as a 
biostimulory filler in human.[62]

Cross-linked CMC
Five-eight chemically cross-linked CMC is now available as skin 
filler for the correction of facial defects and imperfections. 
It was first used in the pharmaceutical industry since the 
1960s as an excipient and for drug delivery. A commercially 
available product based on cross-linked CMC is Erelle™ 
(Total Action, Bioitech Italy Ltd, Rome, Italy). It consists of 
a non-particulate, viscoelastic, monophasic gel based on 
cross-linked CMC in isotonic saline solution. One study of 
CMC injection in 350 patients with 3-year follow-up revealed 
that CMC could effectively and durably correct nasolabial 
wrinkles for 9-12 months.[66] Product reapplication over 
a 36-month period did not lead to an increase in adverse 
effects, which always remained rare and of little clinical 
significance, usually consisting of bruising and redness.[67] 
However, further safety studies and clinical trials should be 
conducted be finally published in the market.

Autologous fat
Fat grafting is revolutionizing plastic surgery by providing 
methodologies to less invasively transfer fatty tissue. The 
initial attempts at soft-tissue augmentation revolved around 
the surgical use of autologous fat to reconstruct facial scars 
in 1893.[68] It then were largely used for nasolabial folds 
injection, forhead augmentation, temporal augmentation, 
breast augmentation, mid face lift. PRP[69] and cell-assisted 
lipotransfer using adipose-derived stem cells have recent 
been developed to enhance the survival rate of fat grafting.[70] 
There is certain inconsistent reabsorption rate and longevity 
lasts once the fat survives.[71-75] Adverse effects include 
prolonged edema and ecchymosis which will fade several 
days after injection. There is also a risk of necrosis and 
infection.[76] There are also vascular complications, which 
may lead to vision loss and stroke after injection of fat into 
the glabella and nasolabial folds have been reported.[77,78] 
Proper injection technique is critical for fat injection.

PERMANENT FILLERS

Permanent fillers include polymethyl-methacrylate (PMMA), 
silicone, polyacrylamide hydrogel, polyvinylpyrrolidone-
silicone suspension, polyalkylimide gel, polyvinylhdydroxide 
microspheres suspended in polyacrylamide gel and others. 
Permanent fillers are non-resorbable and could provide 
long-lasting revolumization results. They could also induce 
fibrogenesis and collagen production, but complications 
such as granulomas are more frequent in subcutaneous 
injection with such filler.[79]

Paraffins
Paraffins were initially used for aesthetic procedures to 
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restore facial volume and contours, but complications such 
as granulomas and paraffinomas years after treatment have 
restricted their use for aesthetic treatment.

Silicone
No silicone product for soft tissue augmentation has been 
approved by FDA. The major indication for FDA-approved 
products is retinal detachment with removal of the material 
after reattachment. In soft tissue augmentation, removal 
of silicone is not performed. The use of liquid silicon is off 
label.[80] For decades, horrendous complications have been 
reported from silicone injections into breasts, and its use has 
been banned by many authorities. Adverse effects have also 
been noted after use for facial tissue augmentation.[81-83] After 
illegal silicone injection, the silicone embolism syndrome 
has been observed with potential fatal outcome in 24% of 
patients. Symptoms and signs of the “silicone syndrome” 
include dyspnea, fever, cough, hemoptysis, chest pain, 
hypoxia, alveolar hemorrhage, and altered consciousness.[84] 
They have almost been abandoned nowadays.

PMMA
PMMA is rigid, transparent and colorless, thermoplastic 
permanent skin filler with low cost, easy accessibility, and 
potential to achieve lasting results. PMMA has been used 
as an injectable filler to treat hollows and reduce rhytids. 
PMMA injections have been associated with several side 
effects; especially they may lead to some undesirable effects 
in the eyelids and periocular region.

First-generation polymerized PMMA microspheres are 
purified with diameter greater than 20 μm, which may 
produced foreign body granulomas; Lemperle et al.[85,86] 
postulate that larger PMMA microspheres (30 to 50 μm) 
may resist phagocytosis. However, Bachmann et al.[87] 
demonstrated that a giant cell reaction still occurs with larger 
PMMA microspheres. Complications of PMMA injection were 
classified as nodular masses, inflammation, allergies and 
skin hypopigmentation. The most affected sides were the 
lips (46%), followed by periocular, nasolabial folds, forehead, 
and cheeks. PMMA injection to the periocular region may 
be lead to erythema, hardening of the local tissues, edema, 
and formation of nodules and eyelid malposition, which are 
associated with fibrotic nodules, giant cell inflammation. 
The best treatment for these PMMA injection complications 
remains uncertain. Corticosteroid injection may have limited 
efficacy while surgical debulking may achieve favorable 
results.[88] 

Aquamid (polyacrylamide hydrogel)
Aquamid has been used extensively for soft tissue 
augmentation and body contouring for 2 decades.[89] Aquamid 
is a biocompatible and nonabsorbable hydrogel consisting 
of 97.5% water and 2.5% cross-linked polyacrylamide (PAAG). 
The gel is manufactured through polymerization of the 
acrylamide monomers and N, N’-methylenbisacrylamide.[89] 
Aquamid is currently approved in several countries in 
Europe, European Conformity marked in Europe in 2001 
for facial augmentation and minor body contouring, PAAG 
is available in more than 40 countries worldwide (Europe, 

Asia, the Middle East, and Latin America) and awaiting FDA 
approval.

After injection, the implant is encapsulated and surrounded 
by fibroblasts and microphages, theoretically preventing 
migration. Many studies have supported the usage of 
Aquamid for the treatment of various rhytides, facial 
contouring, and correction of HIV lipoatrophy. PAAG has 
been evaluated in clinical trials for facial contouring, 
deep rhytides and folds,[90-92] and the correction of facial 
lipoatrophy[93,94] with efficacy similar to nonanimal stabilized 
hyaluronic acid and duration of at least 1 year when used for 
the treatment of nasolabial folds.[95-98]

For the past decade, Aquamid has gained popularity as 
injectable filler. Similar to other facial fillers, there have 
been reported cases of inflammation, nodule and granuloma 
formation, and delayed hypersensitivity reactions. Histologic 
analysis of Aquamid injected into the subcutaneous layer 
revealed bioactive product that underwent cell infiltration 
and integration into tissues between weeks 1 and 8.[99] In 
some instances, surgical extraction of the polyacrylamide 
product was necessary to correct the adverse event of 
nodule formation. Careful attention to injection technique 
and sterile precautions are necessary to minimize 
unwanted reactions. In addition, there have been recent 
recommendations for the usage of prophylactic antibiotics 
to minimize complications from bacterial injections and 
biofilm formation when injecting Aquamid.[100,101]

Polyvinylpyrrolidone-silicone suspension
This is a permanent filler comprised of particles of 
polymerized silicone elastomer, 100-600 μm in size, 
dispersed in a carrier of polyvinylpyrrolidone (Bioplastique; 
Uroplasty BV, Geleen, The Netherlands). The suspension has 
been mostly used for lip augmentation and the correction 
of facial rhytids. It should be injected in the subcutaneous 
tissue. They usually remain at the injected site and could 
avoid from being phagocytosed by macrophagesdue to the 
large size of the silicone particles. They would produce a 
local foreign body reaction and fibrosis, which contributes 
to the filling effect.[102] Local side effects include induration, 
swelling, and granuloma formation.[103-105]

Histopathologically, granulomas secondary to this filler 
consist of irregularly shaped cystic spaces containing 
translucent, jagged “popcorn” nonbirefringent particles of 
varying size dispersed in a sclerotic stroma surrounded by 
abundant multinucleated foreign body giant cells.[102-105]

Polyalkylimide gel
Polyalkylimide gel is a permanent hydrophilic translucent 
gel filler composed of a hydrophilic biopolymer with 
96% sterile water and 45% polyalkylimide polymer (Bio-
Alcamid; Polymekon, Brindisi, Italy), and different from 
polyacrylamide. It has been used to increase volume in 
the cheeks in HIV patients with facial lipoatrophy related 
to antiretroviral therapy and for gluteal augmentation, 
correction of irregularities after liposculpture, scar 
depressions, and posttraumatic subcutaneous atrophy and 
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filling of pectus excavatum or other malformations of the 
skeleton. Complications secondary to this filler include 
edema, bruising, nodules, and infections, but no granulomas 
have been described. Histopathologically, this filler appears 
as basophilic amorphous material with granular appearance 
surrounded by sparse numbers of epithelioid histiocytes, 
foreign body multinucleated giant cells, neutrophils, and 
red cells.[106-110]

Polyvinylhdydroxide microspheres 
suspended in polyacrylamide gel
This is a permanent filler composed of composed of a 
suspension of 6 polyvinylhydroxide microspheres suspended 
in 2.5% polyacrylamide gel (Evolution; ProCytech SA), 
and has been used mostly for lip augmentation. This is a 
rarely used filler, and there are not descriptions of adverse 
reactions to this filler, other that the observation made by 
Lemperle et al.[49] who, in their comparative paper on fillers, 
injected Evolution (and later excised it from the first author’s 
forearm) and found the filler to give little local reaction and 
diminish slowly over 9 months.[4]

CONCLUSION

Although dermal fillers have been used for decades in 
aesthetic medicine, the ideal filler is still missing, because all 
of them known today may cause adverse reactions. Patients’ 
safety is hampered by nonlicensed products and users. 
These side effects are tend to be less severe after injection 
with non-permanent or semi-permanant biodegradable skin 
fillers, which will mostly disappear spontaneously within a 
few months. Unfortunately, however, after injection with 
slowly or nonbiodegradable permanant fillers, sever adverse 
reactions may appear and need active treatment. Follow-up 
of patients by trained physicians is necessary to reduce risks 
and initiate early treatment in case of complications. Careful 
selection of patients and particular selection of products, 
matching particular needs, and skilled injector is the best way 
to perform safe three-dimensional rejuvenation and achieve 
high patient’s satisfaction. In the future, individualized, 
specifically tailored filler with long-lasting effect but with 
fewer complications might become available.
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ABSTRACT
There are some surgeries after which a temporary cover for raw wounds is required to ensure 
healing. Some of those circumstances are loss of tissue due to burns, trauma, amputation, chronic 
ulcer, leprosy, and skin graft sites. Although the body initiates regeneration mechanisms, however 
the time taken for complete healing of wounds is unpredictable. Also, there is a tendency for long 
standing wounds to undergo infection and scarring. Oral mucosa is no exception to scarring 
and infection of wounds and there has always been a search for new materials that can be used 
for coverage of oral defects. Xenogenous collagen is one such grafting material. Over the years 
collagen implant solutions for a number of clinical applications include general surgery, burn 
surgery, neurosurgery, plastic and reconstructive surgery, oral surgery, and peripheral nerve and 
tendon surgery. This paper aims to focus on collagen as an effective option of wound closure 
in plastic and reconstructive surgery of the head and neck, especially after loss of soft tissue 
following resection of oral malignancies.

Keywords: Collagen; oral mucosa; grafting; oral submucous fibrosis; oral cancer

Access this article online
Quick Response Code:

Website: 
http://parjournal.net

DOI:
10.20517/2347-9264.2015.119

This is an open access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, 
tweak and build upon the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

How to cite this article: Vastani A, Chourasia N, Pahlajani V, 
Choubey S. Collagen membrane for reconstruction of soft tissue 
defects after surgery of oral cancer and precancer: a brief review. Plast 
Aesthet Res 2016;3:100-5.

Received: 05-11-2015; Accepted: 16-02-2016

Dr. Ankita Vastani is Associate Professor in the 
Department of Oral and Maxillofacial Surgery at 
Rishiraj College of Dental Sciences and Research 
Centre, Bhopal. She is interested in facial cosmetics, 
facial trauma, lasers, maxillofacial pathologies and 
reconstruction. Her work assesses the fundamentals 
and innovations in the scope of her subject.

Dr. Nishant Chourasia is Associate Professor 
in the Department of Oral and Maxillofacial 
Surgery at Rishiraj College of Dental Sciences 
and Research Centre, Bhopal. His field of 
expertise includes panfacial trauma, infections 
and neoplasms of the maxillofacial region, dental 
implants and temporomandibular joint disorders. 

Dr. Vedant Pahlajani is Assistant Professor in the 
Department of Oral and Maxillofacial Surgery at 
Rishiraj College of Dental Sciences and Research 
Centre, Bhopal. His proficiency is exodontia, facial 
trauma, cysts and infections of the maxillofacial 
region. 

Dr. Suryakant Choubey is a postgraduate student 
in the Department of Oral and Maxillofacial 
Surgery at Rishiraj College of Dental Sciences 
and Research Centre, Bhopal. He is currently 
doing his research on low level laser therapy and 
laser welding of oral tissues.



101Plast Aesthet Res || Vol 3 || Mar 23, 2016

INTRODUCTION

Oral mucosa is predisposed to a variety of pathologies such 
as leukoplakia, oral submucous fibrosis, oral squamous cell 
carcinoma; the treatment of which may lead to significant 
soft tissue loss that may not be amenable to primary closure. 
According to Ashley’s principles of plastic surgery, covering the 
raw wound is necessary to prevent infection, tissue contracture 
and scarring.[1] A variety of approaches have been used in the 
past, including split and full-thickness skin grafts, oral mucosa 
free grafts, oral connective tissue grafts, the latest being tissue 
engineered grafts.[2] For larger defects, pedicled local and distant 
flaps or free microvascular grafts have been tried with variable 
success rates.[2]

Non-vascularized free graft materials like split thickness skin 
graft, human amniotic membrane, palatal mucosa, buccal 
mucosa and collagen are easy to obtain, but each material has 
its own limitations.[1,3-5] One of these materials is collagen, which 
is in extensive use as temporary dressing material in a lot of 
surgical fields. This paper aims to highlight the various types of 
collagen, its manipulation and applications in the field of oral 
cancer and precancer.

COLLAGEN AS A BIOMATERIAL IN 
PLASTIC AND RECONSTRUCTIVE 
SURGERY

Collagen is the major insoluble protein (fibrous protein) in 
the extra-cellular matrix and in connective tissues. More than 
80% of the skin is composed of collagen. It is also the main 
component of the ligaments and tendons. In the early 1970’s, 
John F. Burke and Ioannas Yannas developed a bio-compatible 
collagen matrix to improve wound healing. It is commonly 
used in the management of burns,[6] diabetic foot ulcer,[7,8] toxic 
epidermal necrolysis,[9] chronic wounds, etc.[10-12] This versatile 
material also finds its application in the field of plastic surgery, 
oral and maxillofacial surgery and dentistry for various purposes 
e.g. as an interpositional graft material during palatoplasty;[13] 
for guided bone regeneration during maxillary sinus lift;[14] 

for inducing bone formation along with/without certain 
medicaments like gusuibu;[15,16] bone augmentation of posterior 
atrophic mandibular ridge for placement of dental implants;[17] 
as a reconstructive material for orbital floor fractures;[18] in 
treatment of localized gingival recession;[19] as a scaffold in tissue 
engineering to generate dental pulp;[20] for coverage of small 
intraoral soft tissue defects of the oral cavity[21] and much more.  
Collagen also has use as a medium for culturing cells such as 
osteoblasts.[22]

Biological dressings are the logical best candidate for the 
management of wounds since they create the most physiological 
interface between the wound surface and the environment.[23] 
Collagen is a biological skin substitute, i.e. natural, easily 
available, ready to use, non-immunogenic, and non-pyrogenic. 
Today, a variety of collagen sheets are available with or without 
carriers, e.g. gels, pastes, polymers, oxidized regenerated 
cellulose, and ethylene diamine tetraacetic acid. This collagen 
may be derived from bovine, porcine, equine, or avian sources, 
which is purified to make it nonantigenic. Collagen dressings are 

made of either type I (native) or denatured collagen and they can 
come in a variety of pore sizes and surface areas. Many collagen 
dressings contain an antimicrobial agent to control pathogens 
within the wound.[24]

According to Lazovic et al.[7] the physical properties of collagen 
sheet can be divided into two categories, i.e. biological, 
physiological. The biological properties include its non-
inflammatory nature, low antigenicity, no toxicity and minimal 
biodegradation. It facilitates migration of fibroblasts and 
microvascular cells and helps in the synthesis of neodermal 
collagen matrices. Collagen sheet also helps in minimizing 
scarring. The physiological properties of collagen are its non-
permeability to bacterial migration, modulation of fluid flux 
from the wound, elasticity, softness and suppleness, good tear 
strength, good suturing characteristics and enough strength to 
be peeled off the wound. Collagen sheet has been found to be 
well tolerated in clinical trials.[7] There have been no reports of 
clinically significant immunological or histological responses 
to the implementation of collagen sheet that could cause its 
rejection.[7]

Research shows that some collagen-based dressings can produce 
a significant increase in the fibroblast production; can promote 
fibroblast permeation by the virtue of their hydrophilic nature; can 
cause increased deposition of oriented and organized collagen 
fibers by attracting fibroblasts and causing a directed migration 
of cells; can help in the uptake and bioavailability of fibronectin; 
can cause preservation of leukocytes, macrophages, fibroblasts, 
and epithelial cells; and assist in the maintenance of the chemical 
and thermostatic microenvironment of the wound.[24]

Collagen makes large areas of ulcerated skin pain free. The 
use of collagen dressing has been found to inhibit the action 
of metalloproteinases, hence it is useful in treating chronic 
wounds.[25] Collagen is a biomaterial that encourages wound 
healing through deposition and organisation of freshly formed 
fibres and granulation tissue in the wound bed, thus creating a 
good environment for wound healing.[26] Cutaneous lesions can 
bleed due to shearing of the gauze dressings. Application of 
collagen sheet to such wounds, not only promote angiogenesis, 
but also aid in body's repair mechanisms.[7,27] Collagen sheets act 
as a mechanical support, reduce oedema and loss of fluids from 
the wound site, facilitate the of migration of fibroblasts into the 
wound, thus enhancing the metabolic activity of the granulation 
tissue.[27-29] This fact is of particular importance in treating painful 
and bleeding ulcers of the mucosal surfaces of the body such as 
buccal cavity, nasal cavity, conjunctiva, urethra, vagina, and anal 
canal.

COLLAGEN FOR COVERAGE OF SOFT 
TISSUE DEFECTS OF ORAL MUCOSA 
SECONDARY TO RESECTION OF 
PRECANCEROUS AND CANCEROUS 
LESIONS

Cancer is one of the main causes of death in all societies, its 
relative position varying with age and sex.[30] Globally, oral 
cancer is the sixth most common cause of cancer related- 
death, although many people are unaware of its existence.[30] 
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In the International Classification of Diseases [9th revision-
World Health Organization (WHO)], oral cancer is classified 
under the rubrics 140 (lip), 141 (tongue), 143 (gingiva), 144 
(floor of the mouth), and 145 (other parts of the mouth). Oral 
precancer is distinguished by WHO into “precancerous lesions” 
(e.g. leukoplakia, erythroplakia) and “precancerous conditions” 
(e.g. oral sub mucous fibrosis, lichen planus).[31] The treatment 
of these suspicious precancerous lesions involve wide excision 
followed by grafting of the surgical sites. Depending on the 
status of metastasis of established malignancies, resection of 
affected area and radical neck dissection followed by adjuvant 
radiotherapy with or without chemotherapy may be required. In 
the surgery of oral submucous fibrosis (OSMF), bilateral fibrotic 
bands are excised with or without bilateral coronoidectomy or 
temporalis myotomy. 

In all such cases, wounds left uncovered are prone to infection, 
contraction, and scarring with other clinical complications. 
Raw wounds of the oral cavity, like any other wounds, heal by 
epithelialization and granulation. However, in the oral cavity the 
healing of raw wounds presents some special problems. The 
environment is always moist with contamination from salivary 
secretion and food ingestion. This, compounded by poor oral 
hygiene and constant movements of the cheek and tongue 
and masticatory forces, may interfere with graft adherence and 
acceptance. The risk of infection in the oral cavity is also quite 
high, which may result in scarring and contraction. The oral cavity 
is highly sensitive to any residual scarring, which may undergo 
ulceration and could be a constant source of irritation to patients 
wearing dentures. Hence, a need arises to use a biologic cover to 
prevent these complications.[32]

Free split-skin graft and free mucosal graft have been used to 
cover raw wounds in the oral cavity. The use of these grafts 
required a separate surgical procedure with associated technical 
difficulties. The color and texture of skin do not conform totally 
to the oral cavity. Also seen is the growth of adnexal structures 
such as hair and sweat glands. In elderly persons the skin is 
atrophic and inelastic, making it unsuitable. Mucosal grafts offer 
the best solution because they come nearest to fulfilling the 
requirements of an ideal graft material, which include the ability 
to replace lost structures and the ability to induce the formation 
of such tissues. Donor sites for mucous graft are limited, and 
there is always morbidity associated with donor-site healing. The 
oral environment and its constant movements are impediments 
to graft acceptance.[32] Other reconstructive options which have 
been used in the past include nasolabial flaps, transposition of 
the buccal pad of fat, dorsal tongue flap, radial forearm flaps, 
flaps of the temporalis fascia/muscle or both, palatal island flaps 
to cover surgical defects, each having their own advantages and 
shortcomings.[33,34] Use of island palatal flap has limitation such as 
its involvement with fibrosis and second molar tooth extraction 
is required for flap cover without tension. Bilateral palatal flaps 
leave a large raw area on palatal bones. Sometimes the defect 
created may be large and local flaps may not be able to cover the 
entire defect. A nasolabial flap is too short to cover the defect 
and causes visible scaring on the face and requires division at 
second stage. Tongue flaps have been used to cover the buccal 
defects but were found to be bulky and needed additional 
surgery for detachment. Bilateral tongue flaps can cause severe 
dysphagia and disarticulation and carry the risk of postoperative 

aspiration. Pindborg et al.[1] found an incidence of 38% tongue 
involvement in OSMF, which precludes its use. Bilateral free 
radial artery forearm free flaps require micro vascular expertise, 
the flaps are hairy and 40% of patients require secondary de-
bulking procedures. Extraction of third molar tooth is required 
to avoid flap inclination between teeth.

Chemically, bovine collagen is very similar to the human form. 
This is crucial, as the human immune system will reject everything 
that deviates too much from its own proteins. For these reasons, 
collagen sheets are well qualified for use as an effective wound 
cover.[7] Bovine collagen contain mostly type I and III collagen, 
packed in a neutral glass vial of sterile preservative mixture of 
isopropyl alcohol and water sterilized with ethylene oxide and 
are available in different sizes for clinical application. The freeze-
dried form of collagen is also available so that there is no need to 
treat the membrane in normal saline before application. Meshed 
collagen membrane in wet form, porous collagen dressing 
and collagen film dressings are also available.[6] Wet collagen 
membrane comes in varying in dimensions of 10 cm × 10 cm, 
10 cm × 25 cm and 25 cm × 25 cm with thickness of 0.6 mm.[35]

Collagen covers sensitive nerve endings, thereby diminishing 
degree of pain in raw wounds. Initially collagen adheres due to 
fibrin collagen interaction and later by fibrovascular ingrowth 
into the collagen. All collagen membranes, with time, slowly 
undergo collagenolysis and get eventually sloughed off.[1]

The advantages of collagen sheet as a wound dressing material 
in surgery precancerous and cancerous lesions of oral soft tissues 
include the easy availability of collagen sheet, convenience of 
application, good tolerance of oral tissue, no adverse effects 
of the use of this membrane, obviation of second surgery to 
obtain graft or detachment of the pedicle, there is no morbidity 
associated with the use of grafts, and there are no problems 
associated with donor site healing.[34,36] No threat of human 
immunodeficiency virus or hepatitis infections is associated with 
collagen, as the bovine material is obtained from countries free 
of bovine spongiform encephalopathy and has a long shelf-life 
under normal storage conditions.[7]

OSMF is an insidious chronic disabling disease involving 
oral mucosa, oropharynx and rarely larynx characterized by 
juxtaepithelial inflammatory reaction followed by progressive 
fibrosis of the lamina propria and deeper connective tissues 
with concomitant muscle degeneration. Although vesicle 
formation is an early sign, patient’s usual complaint will 
barely be burning sensation and inability to have hot and spicy 
food. In the later stages, it shows a tendency for progressive 
fibrosis, leading to gradual reduction in mouth opening which 
hinders the function.[37,38] Management of trismus in OSMF is 
extremely challenging because of the nature of the disease, 
making the oral mucosa prone to contraction causing a 
significant reduction in the interincisal opening that was 
achieved with surgery. Nataraj et al.[1] performed a study in 
which collagen was used to cover surgical defects of OSMF 
in 15 cases and in other 15 cases, buccal pad of fat was used 
for the same. They found that the use of collagen membrane 
following excision of fibrotic bands in the management of oral 
submucous fibrosis, though statistically not significant gave 
better results with respect to post operative mouth opening 
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as seen with a 6-month follow up. Pradhan et al.[33] also in a 
similar study found a significant difference in the postoperative 
mouth opening, an insignificant difference for post surgical 
morbidity and higher grades of surgical convenience in using 
collagen sheet as a wound dressing material as compared to 
buccal pad of fat. Reddy et al.[39] found good results in cases of 
OSMF when they impregnated dexamethasone in the collagen 
graft after excision of fibrous bands.

MANIPULATION OF COLLAGEN

Though it has not been mentioned in literature, we have observed 
that most surgeons find it difficult to handle the wet collagen 
sheet in the oral cavity once it is taken out from its sterile packing. 
Even after washing away the preservative medium by immersing 
the material in sterile solution for 5-10 min, the tendency of the 
collagen to coil in itself does not go away. In our opinion, it can be 
attributed to its minimal thickness, elasticity and cohesiveness. 
So, the technique of using a “tie-over” bolster dressing (as used 
with skin grafts)[40] can be tried to secure collagen membrane 
to the recipient site. However, if the surgeon does not desire to 
keep the gauze or sponge dressing tied to the collagen graft, we 
suggest an easy technique that not only reduces the difficulty in 
manipulating collagen, but also provides perfect adaptation of 
the graft to the recipient site in oral cavity.

The method involves spreading the wet collagen sheet over 
a thick moistened gauze ball [Figure 1] after removing the 
preservative from collagen by immersing in in saline for 10 
min. The size of graft and gauze depends on the size of the 
surgical defect. This gauze along with the graft is then taken 
to the surgical site and placed there with collagen facing the 
recipient site. With the gauze still in place, the accessible portion 
of collagen sheet underneath the gauze can be sutured to the 
wound margin [Figure 2]; choice of the suture depends on the 
surgeon. Next, the gauze can be slightly lifted over the portion 
of graft situated adjacent to the sutured collagen and another 
couple of stay sutures can be placed as required [Figure 3]. For 
example, if a buccal mucosa defect has to be grafted, the first 
suture can be placed anteriorly and lifting the gauze pad can 
proceed from anterior to posterior region. Thereafter, using this 
same technique, the whole circumference of the wound can be 

Figure 1: Picture demonstrating the placement of wet collagen sheet over 
a thick, moistened gauze

Figure 3: The gauze is slowly mobilized/ rolled, but not removed 
completely from the graft surface so that more area of the graft is 
accessible for suturing without much warping of the graft. Simultaneously, 
an instrument tip can be used to stabilize the graft

Figure 4: The collagen graft in place after suturing; the gauze is removed 
just before placing the last suture

Figure 2: Placing the first suture through the accessible portion of graft to 
the surgical site, while the gauze is stabilized over the graft with a finger 
rest or an instrument
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covered with the graft by sutures [Figure 4]. It is important to note 
that the gauze should be removed only before the last suture 
remains to be given to secure the graft in proper adaptation. 
After the gauze is removed, a well-adapted collagen can be seen 
which is not amenable to the problem of mobility and rolling of 
the material during suturing; making the placement of additional 
sutures (if required) very easy. A dressing may or may not be 
placed over the graft, depending on the choice of surgeon. We 
prefer to snugly fit a thick, removable, moistened gauze dressing 
over the graft at least for two days, to avoid graft contamination 
and to prevent the collection of fluid between graft and recipient 
site that could predispose the site to infection, thus jeopardizing 

the successful take-up of graft. If the surgical defects are multiple 
or bilateral, we advocate placement of a Ryle’s tube for 3-4 days 
so that immediate oral intake after the surgery can be avoided, 
yet nutrition is maintained. Clinical appearance of collagen 
grafted in OSMF and oral squamous cell carcinoma can be seen 
in Figures 5 and 6 respectively.

CONCLUSION

Oral and maxillofacial surgeons treat various pathologies in and 
around the oral cavity. The commonest protocol of treatment for 
all pathologies is the surgical excision, rendering postoperative 

Figure 5: (a) Collagen membrane secured on buccal mucosa in a case of oral submucous fibrosis following excision of buccal fibrous bands; (b) photograph 
of the 7th postoperative day showing partial healing of buccal mucosa and partial sloughing of collagen

Figure 6: (a) Preoperative photograph showing verrucous carcinoma of left buccal mucosa; (b) photograph of the 7th postoperative day showing almost 
complete take up of collagen graft by the defect made by wide excision of lesion
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wounds prone to infection and scarring, unless they are covered 
using some kind of a graft. Various materials like skin, buccal 
mucosa, buccal pad of fat, tongue, palatal mucosa and xenografts 
have been used in the past for this purpose, each having its own 
advantages and shortcomings. Collagen is one such biomaterial 
that can be safely and effectively used for coverage of oral 
defects following surgery of oral cancer and precancer owing to 
a number of benefits such as its free availability, no additional 
donor site morbidity, economic, non-allergenic, biocompatibility, 
good epithelization with less contraction, etc. It is of particular 
value in cancer surgeries if one wants to safeguard autogenous 
grafts for future use, should a second resective surgery be 
required.
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ABSTRACT
Aim: Blood lipid profiles changed following nonfocused ultrasound treatments for body contouring. 
The present study elucidates clinical effects of these devices on adipose tissue. Methods: Ultrasound 
treatments for 5 males and 5 females in a supine position, ages 37-67 years, were applied at 20 KHz 
and 3.0 W/cm2 in modulated emission. Whole abdomen was treated by an ultrasound handpiece for 
30 min followed by a 6-min lymphatic drainage. Waist circumferences at the level of the umbilicus and 
body weight were measured before and immediately after treatment. Blood lipid profiles including 
total cholesterol, low-density lipoprotein, high-density lipoprotein, triglyceride (TG), nonesterified 
fatty acid (NEFA) and lipoprotein-a were measured at baseline, every 10 min during treatment, and 
15, 30, 45, 60, 75, and 90 min after treatment completion. Results: NEFA showed statistically higher 
values after 10 min following treatment initiation. Subsequent values remained high despite some 
fluctuation, reaching a maximum at 90 min. In contrast, TG gradually decreased in concentration until 
the last measurement, especially for the first 30 min, with statistically significant reduction. Changes in 
other lipid profiles and lipoprotein-a were not significant. Conclusion: Changes in NEFA concentration 
were significant following ultrasound treatment, and suggest that metabolism of TGs stored within the 
adipocytes occurred immediately after treatment initiation.
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INTRODUCTION

Nonsurgical body contouring devices, including cryolipolysis, 
low-level laser therapy, radiofrequency instruments, and 
external ultrasound devices, are widely used noninvasive 
procedures for body contouring and fat reduction. In a 
clinical environment, the most effective treatments for 
noninvasive fat reduction involve ultrasound, using either 
focused or nonfocused waves depending on how ultrasonic 
energy is delivered to the tissue.[1-4]

The MC1 instrument (General Product S.r.I., Montespertoli, 
Italy) uses nonfocused ultrasound, and is designed to induce 
stable cavitation while reducing adipose tissue volume in 
treated tissue.[2,5,6]

Despite its apparent clinical efficacy, biological mechanisms 
reducing adipose tissue are not fully understood. Adipose 
cell cavitation induced focal alterations of the plasma 
membrane and lipid leakage during in vivo porcine studies.[5] 
Bani et al.[6] reported that ultrasound cavitation induced a 
statistically significant reduction in the size of adipocytes, 
the appearance of micropores, and triglyceride (TG) leakage.

The primary objective of this study was to document blood 
lipid profile changes following nonfocused ultrasound 
treatments for body contouring, elucidating clinical and 
biochemical effects of these devices on adipose tissue.

METHODS

Device
The MC1 device consists of ultrasound and drainage 
handpieces. The ultrasound handpiece delivers a dualinclined 
nonfocused beam of 20 to 60 KHz on a 1 MHz carrier wave, 
capable of creating a weakly focused ultrasound field within 
subcutaneous fat tissue at the point where the beams 
overlap [Figure 1].

The draining handpiece is used during both pre- and post-
treatments. The former is to open the main lymph nodes 
to facilitate the flow of excess fluids and facilitate their 
removal. The latter promotes immediate lymphatic drainage 
of treated areas, stimulating metabolic processes that lead 
to natural elimination of the fat waste.

Study objectives and methods
Five males and five females (37-67 years old) in supine position 
were exposed to ultrasound at 20 KHz and 3.0 W/cm2 in 
modulated emission. Whole abdomens were treated by 
continuously moving an ultrasound handpiece for 30 min, 
followed by a 6-min lymphatic drainage.

Waist circumferences at the level of the umbilicus and 
body weight were measured before and immediately after 
treatment. Blood lipid profiles including total cholesterol, 
low-density lipoprotein, high-density lipoprotein (HDL), 
TG, nonesterified fatty acid (NEFA) and lipoprotein-a were 
analyzed at baseline, every 10 min during treatment, and 
15, 30, 45, 60, 75, and 90 min after completion of treatment.

A paired t-test was performed for each group to determine 
the presence or absence of significant differences between 
baseline and post-treatment for weight, body mass index 
(BMI), and circumference reduction. Subjects provided written 
informed consent prior to participation in the study.

RESULTS

Ten subjects (5 males, 5 females) with an average age of 45 

Figure 1: MC1 device. The MC1 device has an ultrasound and a zonal 
massage handpiece. The ultrasound handpiece with angled, nonfocused 
emitters deliver 1 MHz ultrasound. In modulated emission mode, the 
nonfocused beams create a slightly focused ultrasound field within the 
tissue at the point where the beams overlap

Figure 2: Summary of abdominal circumference. The circumference 
at the abdomen was significantly reduced (*P < 0.003) from baseline 
measurements

Figure 3: Blood NEFA changes in 10 subjects. Most subjects displayed 
increased blood NEFA levels from the early phase and had higher values at 
termination of the experiments. NEFA: nonesterifield fatty acid
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(range 37-68 years) and an average BMI of 25.8 (range 21.3-
29.8 kg/cm2) were treated, with all subjects completing the 
treatments. Serial blood samples were obtained until 90 min 
after completion of the treatment from 6 subjects, until 75 
min from 1 subject, until 45 min from 1 subject, and until 15 
min from 2 subjects.

Circumference of the abdomen was significantly reduced (P 
< 0.003) from baseline measurements following treatment 
[Figure 2], whereas weight and BMI showed no statistically 
significant differences before and after treatment [Table 1].

While NEFA showed noticeable changes in most patients 
[Figure 3], other parameters did not predictably change. 
NEFA and TG were subsequently examined in greater 
detail since they appeared to have more pivotal roles in fat 
reduction for body contouring.

Although 2 subjects exhibited transient decreases in blood 
NEFA, the remaining 8 subjects demonstrated higher values 
at the 90 min drawing than at baseline, and concentrations 

were significantly higher (P < 0.05) throughout the periods 
of measurement for this cohort [Figure 4].

TG conversely showed significantly lower values (P < 0.02) 
at 10, 20, and 30 min. A gradual decline persisted, but was 
not statistically significant [Figure 5].

DISCUSSION

The biological mechanisms of liporeductive effects following 
exposure to high-intensity focused ultrasound (HIFU) has 
been previously reported by many authors. HIFU, when 
focused within subcutaneous adipose tissue, raises the 
regional temperature resulting in coagulative necrosis and 
instantaneous cell death within the targeted area without 
damage to the surrounding tissue. Lipids are subsequently 
released from disrupted adipose tissue, and then cleared by 
fat metabolic pathways, and the lesion gradually heals.[7,8] 
Almost all the disrupted adipocytes were resorbed within 
18 weeks after treatment, resulting in an overall reduction 
in local fat volume without evidence of significant increases 
in plasma lipids.[9] Jewell et al.[10] reported that clinical 
laboratory tests did not reveal any abnormalities with regard 
to lipid profiles obtained before HIFU treatment, 1 h after 
treatment, and at weeks 1, 4, 8, and 12.

Brown et al.[11] exploited another novel technology platform 
utilizing nonthermal focused ultrasound. The energy 
from the device was delivered as cavitation followed by 
mechanical destruction of cells. The term cavitation refers 
to a range of complex phenomena that involve the 
creation, oscillation, growth, and collapse of bubbles 
within a medium to subsequently produce mechanical 
energy. Little is known about the mechanism of action of 
nonfocused external ultrasound reducing adipose tissue.

Garcia and Schafer[5] treated pigs with the MCI instrument 
and concluded that adipose tissue was reduced by 
ultrasound cavitation inducing focal alterations of the 
plasma membrane, and lipid leakage into interstitial space 
and lymphatic vessels without cell necrosis. The blood lipid 
profiles obtained prior to the treatments and approximately 
25 to 30 min post-treatment did not show statistically 
significant changes in serum cholesterol, TG, or HDL.

Bani et al.[6] concluded that lipid discharge from adipocytes 
was not accompanied by morphological signs of adipocyte 
death and disruption, or interstitial inflammation in both ex 
vivo and in vivo experiments; moreover, ultrasound-induced 
cavitation caused selective adipose cell reduction without 
injury to skin, vessels, nerves, or connective tissue.

Although both authors noted TG changes following 
ultrasonic cavitation, there was no reference to NEFA levelsin 
blood samples. Plasma NEFA levels significantly increased 

Table 1: Baseline data and post-treatment changes
Weight (kg) BMI (kg/cm2) Somatic fat rate (%) Circumference at the abdomen (cm)

Before 70.95 ± 18.42 25.82 ± 3.49 27.99 ± 4.05 88.85 ± 10.73
After 70.75 ± 18.54 25.75 ± 3.51 27.99 ± 4.09 88.12 ± 10.58

The body weight, body mass index (BMI), and somatic fat rate showed slight decreases from the baseline, but they were statistically insignificant

Figure 4: Summary of blood NEFA levels. Statistically significant increases 
from baseline NEFA were observed at any pointsduring the study period, 
and showed the highest values at 90 min (*P < 0.05, **P < 0.02). NEFA: 
nonesterifield fatty acid

Figure 5: Summary of mean blood TG levels. TG levels up to 30 min from 
the beginning of the study were significantly lower, and continued to 
decline thereafter, albeit at a statistically insignificant level (*P < 0.02). 
TG: triglyceride
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from baseline at all posttreatment times until 90 min after 
completion of the treatments.

Elevation of blood NEFA levels suggests that nonfocused 
ultrasound metabolized TG within fat cells to glycerol 
and NEFA, followed by release of NEFA into the blood 
stream through the lymphatic system While lymphatic 
drainage manipulation might shift NEFA in the lymphatic 
system to adipose tissue via blood circulation, blood NEFA 
levels increased before application of lymphatic drainage 
procedures. Given the half-life of NEFA of 1.7-3.0 min, such 
shifts of NEFA from lymphatics to the blood circulation is 
unlikely to maintain the high levels of NEFA until 90 min 
after drainage. It might be possible for the TG in the blood 
vessels within the adipose tissue being a source; however, 
blood vessels in adipose tissues are sparse. It is more likely 
that the NEFA originated from the abundant TG in the 
adipocytes within the adipose tissue.

There is no definitive evidence that TG can be released 
into inter-cellular spaces due to increased permeability of 
adipocyte membranes, and then degraded to NEFA and 
glycerol-3-phosphate in transit to the blood stream. An 
alternative involves lipolysis activation within adipocytes 
resulting in elevation of blood NEFA. TG may be metabolized 
within adipocytes by ultrasonic stimulations, mimicking a 
photochemical mechanism. The body contouring mechanism 
of low-level laser treatment may involve activation of 
cyclic adenosine monophosphate in mitochondria within 
adipocytes, and subsequent activation of hormone-sensitive 
lipases resulting in metabolism of TG in adipocytes.[12,13]

The current study suggests nonfocused ultrasound 
metabolizes TGs immediately after treatment, but it 
is unclear whether this involves intra- or extra-cellular 
spaces of adipocytes. Since there was no control group 
in the current study, but given the short half-life of NEFA, 
the significant elevation of blood NEFA must be due to 
the effects of activated lipolysis within the adipose tissue 
induced by ultrasound-induced cavitation.

Given the paucity of clinical or biochemical evidence for 
mechanisms of nonfocused ultrasound reduction of adipose 

tissue, further study in this field is warranted.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Mulholland RS, Paul MD, Chalfoun C. Noninvasive body contouring with 
radiofrequency, ultrasound, cryolipolysis, and low-level laser therapy. Clin 
Plastc Surg 2011;38:503-20.

2. Honda T, Suzuki T, Tanaka I, Goto H, Kure K, Hishiyama J, Isago T. Clinical 
analysis of noninvasive body contouring by nonfocused ultrasound device. 
J JSAPS 2014;3:10-20. (in Japanese)

3. Teitelbaum SA, Burns JL, Kubota J, Matsuda H, Otto MJ, Shirakabe Y, Suzuki 
Y, Brown SA. Noninvasive body contouring by focused ultrasound: safety 
and efficacy of the Contour 1 device in a multicenter, controlled, clinical 
study. Plast Reconstr Surg 2007;120:779-89.

4. Jewell ML, Solish NJ, Desilets CS. Noninvasive body sculpting technologies 
with an emphasis on high-intensity focused ultrasound. Aesth Plast Surg 
2011;35:901-12.

5. Garcia O, Schafer M. The effects of nonfocused external ultrasound on 
tissue temperature and adipocyte morphology. Aesthetic Surg J 2013;33:117-
27.

6. Bani D, Quattrini A, Freschi G, Russo GL. Histological and ultrastructural 
effects of ultrasound-induced cavitation on human skin adipose tissue. Plast 
Reconstr Surg Glob Open 2013;1:e41.

7. Haar GT, Coussios C. High intensity focused ultrasound: physical principle 
and devices. Int J Hyperthermia 2007;23:89-104.

8. Gadsden E, Aguilar MT, Smoller BR, Jewell ML. Evaluation of a novel high-
intensity focused ultrasound device for ablating subcutaneous adipose 
tissue for noninvasive body contouring: safety studies in human volunteers. 
Aesthetic Surg J 2011;31:401-10.

9. Fatemi A. High-intensity focused ultrasound effectively reduced adipose 
tissue. Semin Cutan Med Surg 2009;28:257-62.

10. Jewell ML, Baxter RA, Cox SE, Donofrio LM, Dover JS, Glogau RG, Kane 
MA, Weiss RA, Martin P, Schlessinger J. Randmized sham-controlled trial to 
evaluate the safety and effectiveness of a high-intensity focused ultrasound 
device for noninvasive body sculpting. Plast Reconstr Surg 2011;128:253-62.

11. Brown SA, Greenbaum L, Shtukmaster S, Zadok Y, Ben-Ezra S, Kushkuley 
L. Characterization of nonthermal focused ultrasound for noninvasive 
selective fat cell disruption (lysis): technical and preclinical assessment. 
Plast Reconstr Surg 2009;124:92-101.

12. Avci P, Nyame TT, Gupta GK, Sadasivam M, Hamblin MR. Low-level laser 
therapy for fat layer reduction: a comprehensive review. Lasers Surg Med 
2013;45:349-57.

13. McRae E, Boris J. Independent evaluation of low-level laser therapy at 635 
nm for non-invasive body contouring of the waist, hips, thighs. Lasers Surg 
Med 2013;45:1-7.



111© 2016 Plastic and Aesthetic Research | Published by OAE Publishing Inc.

Original Article Plastic and Aesthetic Research

Self-esteem and rhinoplasty: a case-control 
study
Mohsen Naraghi1,2,3, Mohammad Atari4

1Division of Rhinology and Facial Plastic Surgery, Department of Otorhinolaryngology, Head and Neck Surgery, Tehran University of 
Medical Sciences, Tehran 14155-6456, Iran.
2Otorhinolaryngology Research Center, Tehran University of Medical Sciences, Tehran 14155-6456, Iran.
3Rhinology Research Society, Tehran 14155-6456, Iran.
4Department of Psychology, University of Tehran, Tehran 14155-6456, Iran. 
Address for correspondence: Dr. Mohammad Atari, Department of Psychology, University of Tehran, Jalal-ale-Ahmad Bridge, Faculty of 
Psychology and Educational Sciences, Tehran 14155-6456, Iran. E-mail: atari@ut.ac.ir

ABSTRACT
Aim: Self-esteem is one’s attitude towards oneself. It is one of the most important psychological aspects 
of rhinoplasty, a common aesthetic operation. Prior studies have indicated an improvement in patients’ 
self-esteem after this operation. The aim of current study was to preoperatively compare self-esteem 
in patients seeking aesthetic rhinoplasty with that of functional rhinoplasty patients. Methods: A 
total of 42 patients completed the validated Rosenberg Self-Esteem Scale preoperatively (21 aesthetic 
surgery patients and 21 functional surgery patients). Those with both aesthetic and functional purposes 
were categorized regarding their primary objective. The t-test for independent groups was used for 
analysis of the data, and Cohen’s d was calculated as a measure of effect size. Results: The mean level 
of self-esteem in the aesthetic surgery group was significantly lower than that of the functional surgery 
group (P < 0.05). Age, gender, socio-economic status, and educational backgrounds were analyzed and 
comparative analysis of each showed no significant difference between the two groups. The value of 
effect size measure was very high (d = 1.04). Conclusion: The findings of the present study showed 
that aesthetic rhinoplasty patients had lower self-esteem in comparison with functional rhinoplasty 
patients. 
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INTRODUCTION

Beauty is admired by everyone, and facial beauty is the 
most important component of beauty among humans. 
Several studies have suggested that the perception of 
facial attractiveness is relatively independent of culture.[1,2] 
Attractive faces activate reward centers in the brain,[3] 
motivate sexual behavior and the development of same-

sex alliances,[4,5] and elicit positive treatment in various 
settings.[6] As a result, it is not surprising that philosophers 
and scientists have long puzzled over what makes a face 
more attractive and why we have specific preferences.[7]

The nose plays a significant role in facial beauty.[8] Awareness 
of its role in facial beauty and the emphasis on beauty by 
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mass media have made aesthetic rhinoplasty one of the 
most frequently requested aesthetic operations worldwide. 
Aesthetic rhinoplasty carries tremendous potential for 
contouring, improving harmony, and improving the 
proportions of a patient’s facial aesthetics, but patients 
occasionally demand too much of the rhinoplasty procedure.

Aesthetic plastic surgery deals with the psychosocial 
problems of patients in addition to their medical condition. In 
the past several decades, researchers have begun to explore 
the psychology underlying cosmetic surgeries. This aspect 
of cosmetic surgeries has two major aspects, the surgeons’ 
viewpoints and the patients’ points of view. The opinions 
of surgeons on this subject vary and have not been studied 
comprehensively. For patients, the strongest motivation 
for undergoing cosmetic surgery is body dissatisfaction, 
as their physical appearance constitutes an important part 
of their self-esteem.[9] Body image refers to the way people 
perceive their bodily appearance[10] and consists of several 
components. Sarwer et al.[11] introduced a theoretical model of 
the association between body image and aesthetic surgery in 
which the two basic parts of body image, valence and body 
image value, play a crucial role.[12] Body image valence refers to 
the importance of body image to one’s self-esteem, whereas 
body image value describes the extent to which one is satisfied 
with her/his physical appearance. According to this model, 
those whose self-esteem highly depends on their appearance 
and those who have significant body dissatisfaction levels will 
consider cosmetic surgery.

Self-esteem is one of the psychological aspects of aesthetic 
surgery which has received increased attention in the past 
few decades.[13] Self-esteem refers to how much people value 
or accept themselves for whom and what they are. It has 
also been defined as one’s attitude towards oneself or one’s 
opinion or evaluation of oneself, which may be positive, 
neutral, or negative.[14] It has been shown that satisfaction 
with one’s own appearance (positive body image) and 
self-esteem are relatively strongly correlated, especially in 
women.[15] 

Empirical studies support the notion that aesthetic 
rhinoplasty patients show low levels of self-esteem.[16,17] 
This study aimed to compare the mean score of self-esteem 
between aesthetic rhinoplasty candidates as cases and 
functional rhinoplasty patients as the control group. 

METHODS

Participants
A total of 42 surgical patients (28 females and 14 males) 
were recruited for this study using the convenience sampling 
method from a surgical clinic in Tehran, Iran. All patients 
had been scheduled to undergo plastic surgery in winter 
2012. Approval from the ethics committee of the Rhinology 
Research Society and Tehran University of Medical Sciences 
and informed consent were obtained. Twenty-one patients 
who needed functional rhinoplasty surgery were recruited 
as the control group while 21 cases of aesthetic rhinoplasty 
were included as the study group. The deformities included: 

dorsal hump, supratip nasal deformity, septal deviation, and 
dorsal irregularities. No congenital deformities were present 
in the cases. Secondary rhinoplasty patients were excluded 
given the greater risk of issues with self-esteem and body 
image. Those with both functional and aesthetic complaints 
(n = 7) were asked about their main objective and were 
categorized accordingly.

Measures
Demographics
A questionnaire consisting of information about the patient’s 
age, gender, marital status, educational background, and 
subjective socio-economic status (SES) was used as the 
demographic questionnaire.

Rosenberg Self- Esteem Scale
Global self-esteem was measured by the Rosenberg Self- 
Esteem Scale[18] which contains 10 items to be scored on a 
four-point Likert scale. Higher scores correspond to more 
positive levels of self-esteem. Scores can range between 10 
and 40, with scores below 21 indicating low self-esteem.[19] 
Response options were provided ranging from “strongly 
disagree” to “strongly agree” and were coded from 1 to 4. 
Therefore, the maximum and minimum scores were 40 and 
10 respectively. Cronbach’s alpha in the current study was 
0.86.

Procedure
All participants from both groups completed the 
questionnaires preoperatively. Informed consent letters 
were also collected prior to administration of tests.

Statistical analysis
Data entry and analysis were performed in a blinded fashion 
by personnel who were not involved in the process of data 
collection. All tests were 1-tailed due to the hypothesis and P 
< 0.05 was considered statistically significant. Additionally, 
Levene’s test was performed for assessment of equality of 
variances. Statistical analysis was performed using Statistical 
Package for Social Sciences (SPSS) software. 

RESULTS

Twenty-one patients seeking aesthetic rhinoplasty and 21 
patients seeking functional rhinoplasty participated in this 
study. The mean age in the functional rhinoplasty group was 
27.48 years (SD = 10.40) and that of the aesthetic rhinoplasty 
group was 25.57 years (SD = 7.06). No significant difference 
was observed between means (P > 0.05). The demographic 
information is summarized in Table 1.

Using the t-test for independent groups, analysis of the 
data demonstrated that the mean self-esteem score in the 
aesthetic surgery group was significantly lower than that 
of the functional surgery group (P < 0.01). Age, gender, 
SES, and educational backgrounds were analyzed and no 
significant differences were found between the two groups 
(P > 0.05). Moreover, the Levene’s test for equality of 
variances was not significant (P > 0.05). Independent t-test 
details are presented in Table 2. 
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DISCUSSION

The objective of this study was to compare self-esteem 
between candidates applying for aesthetic rhinoplasty and 
patients seeking functional nasal surgery. Both groups were 
evaluated for other variables including age, gender, SES, and 
education, and no significant differences were found.

Findings from statistical analyses suggest that cosmetic 
rhinoplasty candidates have lower levels of self-esteem in 
comparison with functional patients. Results are consistent 
with prior studies suggesting that aesthetic rhinoplasty 
patients have lower scores in self-esteem and body-image 
measures.[16,17] It has also been reported that women with 
higher self-esteem have less interest in cosmetic surgery, 
and that a negative body-image is associated with lower 
self-esteem.[9] Results of the present study are in line with 
these findings. The magnitude of effect size in the present 
study shows that there is a clinically meaningful difference 
in self-esteem between aesthetic rhinoplasty patients and 
functional rhinoplasty patients.

The findings of the present study are limited to behavioral 
manifestations prior to surgery. Other studies have 
evaluated the long-term outcomes of cosmetic surgery, and 
have demonstrated that aesthetic surgery can statistically 
improve self-esteem, depression, and anxiety.[20] However, 
only a small effect size (d = 0.15) has been reported for an 
improvement in self-esteem prior to and 6 months after 
aesthetic surgery.[21] Other psychological variables including 
depression and anxiety have also shown improvement 
following aesthetic surgery.[22] The findings of the current 
study are consistent with another study which reported 
high scores of depression among aesthetic rhinoplasty 

patients.[23,24] This study also supports the notion that an 
interest in aesthetic rhinoplasty is associated with a negative 
body image.[25]

The present study shows that aesthetic rhinoplasty 
patients are more likely to have low levels of self-esteem. 
Some limitations of the study are worth noting. First, the 
utilized instrument could have been more comprehensive 
by including more aspects of self-esteem. Second, two 
patients in the aesthetic group showed extremely low levels 
of self-esteem, which lowered this group’s mean score. It is 
recommended for future research to evaluate the differences 
using various psychometric instruments by more accurate 
sampling methods.

In conclusion, the current findings indicate that evaluation 
of the psychological condition of aesthetic rhinoplasty 
candidates is of great value. Therefore, cosmetic surgeons 
might screen patients with psychometric instruments[26] 
and/or consider cooperating with psychologists. Moreover, 
cosmetic surgeons can gain skills to recognize potential 
psychologically problematic patients. In this respect, it 
is crucial for cosmetic surgeons to be familiar with the 
psychology of cosmetic surgery and related disorders.
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ABSTRACT
Aim: Reconstruction of orofacial soft tissue defect is often challenging and this is more difficult in 
resource challenged environment. This retrospective study highlights our experience with the use of 
forehead flap to overcome some of the challenges of orofacial reconstruction in a resource depleted 
environment. Methods: A 23-year retrospective analysis of all patients who had orofacial defect 
reconstruction using forehead flap in our department was undertaken. Information was sourced from 
patient’s case notes and operating theatre records. Data was analyzed using Statistical Package for 
Social Sciences (SPSS) version 16 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel 2007 (Microsoft, 
Redmond, WA, USA). Results: A total of 43 patients were managed within the period reviewed and 
consisted of 31 (72.1%) males and 12 (27.9%) females. Trauma 24 (55.8%) accounted for most defect 
and the lip was the commonest site of defect. Complete forehead flap was used in 31 (72.1%) of cases 
and when timing of defect repair is considered, delayed reconstruction was the preferred method. 
Postoperative complications was observed in 8 (18.6%) patients and consisted of failed flap in 2 (25.0%) 
patients, tumor recurrence in reconstructed site in 2 (25.0%) patients and tumor occurrence in forehead 
flap donor site in 1 (12.5%) patient. Conclusion: The forehead flap remains a reliable option in orofacial 
soft tissue defect reconstruction. It is easy to raise and can provide coverage for wide defects as far as 
the paramandibular and submandibular regions. Moreover, it does not require patient repositioning. 
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INTRODUCTION

Tissues in the orofacial region contribute significantly to 
the functional, aesthetic and psychological wellbeing of an 
individual.[1,2] Similarly, individuals place a high value on facial 

aesthetics such that alterations in facial appearance may cause 

severe disability, psychological morbidity, and huge economic 

loss to the victim(s).[3] Defects in the orofacial region may involve 
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soft tissues, hard tissues or a combination of both and may be 
congenital or acquired in origin.[4] Congenital defects include 
cleft lip/palate, maxillary and mandibular hypoplasia. Acquired 
defects may result from trauma, surgery or infections. Generally, 
the main etiological factor in acquired orofacial defects varies 
from one environment to another.

Reconstruction of orofacial tissue defects may be undertaken 
as an immediate or delayed procedure. Traditionally, the 
reconstructive ladder approach has been advocated in soft tissue 
defect reconstruction and this allows a stepwise option from the 
simplest to the most complex procedures. These procedures are 
healing by secondary intention, primary closure, skin grafting 
and use of local, regional and free flaps techniques. However, 
recently the concept of reconstructive escalator or elevator has 
been advocated since reconstruction should be individualized to 
each patient and not based on a rigid approach.[5,6]

Despite advances in soft tissue reconstruction using free 
flaps, pedicle flaps are still relevant in functional and aesthetic 
rehabilitation of patients.[7] Free flaps provide enough volume 
of tissue for reconstruction; they are more resistant to 
radiation injury (which is important cancer patients requiring 
radiotherapy); allow for unrestricted flap repositioning, and 
achieve optimal reconstruction with resultant reduction 
in the cost and morbidity often associated with repeat 
surgeries due to failure of suboptimal reconstructions using 
locoregional flaps.[8] However, use of free flaps is technique 
sensitive, involves prolong procedure, require extensive 
postoperative monitoring, may be relatively contraindicated 
in some patients with co-morbid conditions, and there may be 
aesthetic problems such as flap bulkiness, colour and texture 
mismatch.[9,10] Locoregional flaps have reduced vulnerability 
to infection and thrombosis; they are much easier to raise 
and transfer when compared to free flaps, and usually provide 
excellent colour match. Limited reach of locoregional flaps, 
difficulty in achieving three-dimensional reconstruction 
or cover extensive tissue defects, and occasional need for 
multistage procedure are some of its limitations.[11] Moreover, 
locoregional flaps frequently have complications in irradiated 
fields and may require specific patient positioning to raise.[9]

In current practice, locoregional flaps are still important for head 
and neck reconstruction in environment where microvascular 
free tissue transfer is not feasible. In technologically developed 
environment, they are used as rescue flaps following free flap 
failure and in patients with relative contraindications for free flap 
transfer such as the presence of co-morbid medical conditions.[12]

The forehead region over the years has remained the best donor 
site for nasal reconstruction, having the advantage of textural, 
thickness and colour match.[13] Different types of forehead flaps 
with axial or random pattern blood supply have been described.[14] 
The aim of this study therefore is to review the use of forehead 
flap in orofacial reconstruction, highlighting our experience in 
the management of forty-three cases.

METHODS

All patients who had orofacial reconstruction using forehead flap 
at a regional teaching hospital from April 1991 to June 2014 were 

retrospectively studied. Information was sourced from patient’s 
case notes and operating theatre register. Information retrieved 
included age, gender, indication for surgical reconstruction, type 
of forehead flap, duration of hospital stay and complications. All 
patients agree with this publication and use of photographs.

Preoperative planning
The superficial temporal artery was assessed preoperatively by 
palpatory method only. This involved the identification of its 
outline and feeling the strength of its pulsation. The position 
of other axial vessels of the forehead was planned based on 
established anatomical guidelines. Presence of significant scars 
along established axial vessels of the forehead which may 
indicate vascular compromise were also excluded. Patients for 
complete forehead flap raising were instructed to shave their 
hair but preserve the hairline.

Surgical procedure
Reconstruction was carried out as a two or three (if debulking 
is necessary) stage procedure involving initial flap raising and 
transfer, followed by flap division usually after a period of 
three weeks, and finally debulking of the reconstructed site. 
When complete forehead flap was raised, split thickness skin 
graft from the thigh was used to cover the flap donor site 
either intraoperatively or 24-48 h postoperatively (to reduce 
operating time or allow for adequate hemostasis) on the 
dental chair, secured with sutures and a pressure dressing 
applied on the forehead to prevent hematoma collection 
under the skin graft.

The critical aspect in successfully raising a complete forehead 
flap is the plane of dissection close to its base to avoid damage 
to the nutrient vessels. The key is to initially raise the flap 
supraperiosteally from one end of the forehead until the 
temporalis fascia is encountered on the contralateral side. Once 
the temporalis fascia is encountered on the contralateral side, 
dissection with scissors should follow a connective tissue plane 
above the fascia to preserve the nutrient vessels of the flap.

Classification
Forehead flap was classified as either complete (if the whole 
forehead tissue between hairline and supraorbital rim was 
mobilized from a point perpendicular to the lateral canthal 
region on one side to the corresponding point or beyond 
on the contralateral side) or partial (if only a part of the 
forehead tissue was mobilized), while timing of flap division 
was classified as early (less than 16 days), conventional 
(between 16-28 days) or delayed (greater than 28 days). 
Reconstruction was classified as immediate (if done within 
24 h following defect formation) or delayed (if done after 
24 h following defect formation), and two stage (initial flap 
raising and flap division later) or three stage (initial flap 
raising, flap division and secondary debulking of recipient 
site).

Data retrieved was analyzed using Statistical Package for Social 
Sciences (SPSS) version 16 and Microsoft Office Excel 2007. 
Findings from descriptive statistics were represented in the form 
of graphs, tables and charts.



117Plast Aesthet Res || Volume 3 || April 25, 2016

RESULTS

A total of 43 patients had orofacial reconstruction using forehead 
flap under general anesthesia within the period reviewed and 
this consisted of 31 (72.1%) males and 12 (27.9%) females, giving 
a male to female ratio of 2.6:1. Patients’ ages ranged from 4 
to 75 years [Figure 1] with a mean of 33.9 ± 16.3 years. The 
aetiology of soft tissue defect was trauma in 24 (55.8%) cases, 
tumor resection in 13 (30.2%) cases, and infection in 6 (14.0%) 
cases [Figure 2]. Road traffic crashes accounted for 11 (45.8%) 
of 24 cases of trauma associated soft tissue defects, while 
malignant tumor excision accounted for 11 (84.6%) of 13 cases 
associated with tumor excision. All soft tissue defects arising 
from orofacial infection were as a result of cancrum oris. When 
site of defect is considered, the lip 15 (31.91%) had the highest 
frequency [Table 1].

Complete forehead flap was used in 31 (72.1%) of cases while 

partial forehead flap was used in the remaining 12 (27.9%) cases 
[Figure 3]. Immediate soft tissue reconstruction was performed 
in 7 (16.3%) cases and all were secondary to tumor excision. 
The remaining 36 (83.7%) patients had delayed reconstruction. 
Timing of flap division was documented only in 19 (44.2%) of the 
43 patients reviewed and this ranged from 20 to 65 days with 
a mean of 35.8 ± 11.9 days. Of these, 11 (57.9%) had delayed 
flap division, 8 (42.1%) had conventional flap division. No patient 
had early division [Table 2]. All flaps were divided under general 
anesthesia.

Of the 43 patients reviewed, 23 had documentation on the 
duration of hospital stay and this ranged from 19 to 146 days with 
a mean of 66.9 ± 31.0 days. Postoperative complications [Table 
3] was observed in 8 (18.6%) patients and consisted of failed flap 
in 2 (25.0%) patients, tumor recurrence in reconstructed site in 
2 (25.0%) patients and tumor occurrence in forehead flap donor 
site in 1 (12.5%) patient. 

DISCUSSION

Axial pattern forehead flaps include both partial (such as median, 
para-median and lateral) and complete flaps. These flaps are 

Table 1: Site of orofacial defect
Site Frequency
Lip 15
Nose 13
Cheek 9
Eyelid 7
Perimandibular/submandibular region 3

Table 2: Timing of forehead flap division in 19 patients
Time of flap division Number of patients
Less than 16 days -
16-28 days 8
Greater than 28 days 11

Table 3: Complications noted following use of forehead 
flap
Complication Frequency
Total flap failure 2
Epidemolysis 1
Infection 4
Tumor recurrence in flap recipient site 2
Tumor occurrence in flap donor site 1

Figure 1: Age distribution

Figure 2: Etiology of orofacial defect

Figure 3: Types of forehead flap used
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raised with the patient in supine position, thus eliminating the 

need to reposition and redrape patient as obtainable with other 

flaps such as the latissimus dorsi.

Majority (72.1%) of patients reconstructed in the present 

study were males. Males in our environment are generally less 
concerned with aesthetics when compared to females. It is 
likely that these male patients were motivated as a result of 
functional limitations such as speech and feeding rather than 
aesthetics. The age of the patients ranged from 4-75 years 

Figure 4: Forehead flap reconstruction of lower lip defect post squamous cell carcinoma excision. (a) Preoperative view; (b) delayed reconstruction 
to ensure tumour free margins; (c) forehead flap reconstruction

Figure 5: Forehead flap reconstruction of upper lip defect post squamous cell carcinoma excision. (a) Preoperative view; (b) immediate forehead 
flap reconstruction; (c) patient prior to flap debulking

Figure 6: Tumour occurrence in forehead flap donor site. (a) Preoperative view of patient with mucoepidermoid carcinoma of the cheek; (b) 
tumour excision and immediate forehead flap reconstruction; (c) tumour occurrence in forehead (black arrow) 1 year postoperative



119Plast Aesthet Res || Volume 3 || April 25, 2016

and this highlight the wide range of patient age group that 
can be successfully reconstructed using this flap. Healing is 
usually excellent in children following use of forehead flap 
and this has been attributed to the non sebaceous quality of 
their forehead skin.[15]

Trauma (mainly road traffic crash) was the main aetiological 
factor for orofacial defect, followed by neoplasia. Delayed 
reconstruction was used in most patients and this may be related 
to the aetiological factors. Most road traffic crash soft tissue 
injuries in our environment present as class III or IV surgical 
wounds and require meticulous wound care to become clean 
before reconstruction can be undertaken. This fact has been 
highlighted in studies from this environment.[16,17]

Complete forehead flap was the most common type of flap used, 
accounting for 72.1% of all forehead flaps in our study. This is in 
contrast to other studies[18,19] that reported partial forehead flaps 
as the most common type used. This difference may be related 
to the site [Table 3] and size of the soft tissue defect. About 
57.4% of orofacial defects in our study were in the lower third 
and inferior half of the middle-third of the face [Figures 4 and 
5]. Thus, the need for increased flap width and length to enable 
a wider arc of rotation in addition to adequate defect coverage 
favored our use of complete forehead flap. From our experience, 
the flap can be used to cover defects as low as the inferior 
border of the mandible and can provide tissue for both internal 
(mucosal) lining and external (skin) cover when folded along its 
long axis. The complete forehead flap is based on the frontal 
branch of the superficial temporal artery (FBSTA). The FBSTA 
enters the forehead at varying transverse levels at the lateral 
orbital rim vertical plane and anastomose with the supraorbital 
and supratrochlear arteries on one side, and the FBSTA on the 
contralateral side. However, in 74% of cases, the FBSTA entered 
the forehead at the junction between the middle and inferior 
transverse thirds of the forehead.[14]

Of the partial forehead flaps, the median forehead flap which 
is based on supratrochlear artery bilaterally and the angular 
artery, offers the shortest distance of rotation. In contrast, the 
paramedian flap which is based on the supratrochlear artery on 
one side with contributions from the angular and supraorbital 
artery (depending on the width of the flap) offers a wider arc of 
rotation and thus increased cover of the defect.[14]

With regard to the timing of flap division, majority of the cases 
had delayed flap division (greater than 28 days). This is in contrast 
to other reports [13,20] in which the flap was divided at 3 weeks 
or less. Factors responsible for the long waiting period prior to 
flap division noted in this study include; inability of patients to 
pay for flap division procedure, inadequate operating slots and 
disruption of medical services by health workers as a result of 
industrial disputes. Traditionally, forehead flaps are divided 3 
weeks post transfer. During this period, patient experience some 
discomfort such partial obstruction of vision or an inability to 
use prescribed eye glasses due to bulging of the flap trunk.[21] To 
shorten this period, different technique both in animal models 
and human subjects have been suggested and these include 
ischemic preconditioning, use of hyberbaric oxygen, perfusion 
fluorometry, laser Doppler flowmetry and near-infrared laser 
angiography.[22-26] Early division of forehead flaps as at 4-6 days 

has been documented with minimal complications. However, it is 
recommended that early flap division should not be undertaken 
in active smokers and in patients with bleeding disorders to 
avoid complications.[21,27]

Documented disadvantages of the forehead flap include 
facial disfiguring and bulkiness of flap. Complications noted 
in this study are shown in Table 3. Infective complications 
were observed only in patients who were reconstructed using 
complete forehead flap. This increased tendency for infection 
with complete forehead flap may be related to the large surface 
area of the flap exposed.

Total flap failure was recorded in 2 cases (1 complete and 
1 partial forehead flap). Failure of the median forehead flap 
occurred post division despite a timing period of 36 days prior 
to division. It is likely that excessive pressure was applied to 
the distal part of the flap during division or the patient had 
some underlying systemic abnormalities. Tumor occurrence 
at the donor [Figure 6] site one year after complete forehead 
flap division was documented in 1 case with mucoepidermoid 
carcinoma. The main presentation was swelling in the region 
of the forehead tissue that was previously returned back to 
the donor site following flap division. This was confirmed 
histologically to be mucoepidermoid carcinoma. Occurrence 
of tumor in flap donor site has been previously documented 
in the pectoralis major myocutaneous and deltopectoral flap 
donor sites.[28,29]

To the best of our knowledge, this is the first report of tumor 
occurrence in the forehead flap donor site. Two mechanisms are 
possible: implantation of tumor cells in the donor site during 
flap raising, and invasion of the distal end of pedicle flap by 
residual tumor cells in the recipient site which are subsequently 
transferred to the donor site following flap division. The 
possibility of this occurrence without the knowledge of the 
surgeon is further increased by the absence of frozen section 
technique in our environment to determine tumor free 
margins. Measures to decrease this avoidable and devastating 
complication such as the use of different sets of gloves, gowns 
and instruments from those used for tumor excision have been 
highlighted in some studies.[30] In addition, we recommend that 
where available, frozen section of the distal end of pedicle flaps 
should be obtained after flap division before returning it to the 
donor site. During follow-up review, attention should not be 
focused only on the recipient site; the flap donor site should also 
be regularly examined.

In conclusion, the forehead flap remains a reliable option in 
orofacial soft tissue defect reconstruction. It is easy to raise, can 
provide coverage for wide defects as far as the paramandibular 
region, it does not require patient repositioning and provides 
good textural, thickness and colour match when compared with 
the recipient site tissues.
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ABSTRACT
Aim: The aim of this study was to evaluate the efficacy of autologus blood injection in the management 
of recurrent temporomandibular joint (TMJ) dislocation. Methods: A total of 11 patients, 4 males, 7 
females, mean age of 58.6 years and suffering from recurrent dislocation of TMJ, were included in the 
study. In all the patients the procedure included anesthesia- local or sedation, arthrocentesis which was 
followed by autologous blood injection in the upper joint cavity. The peri-articular tissues were also 
infiltrated with autologous blood. Post procedure advice included restricted mouth activity and liquid 
diet for a month. Results: The results indicate that success rate of treatment of recurrent dislocation of 
TMJ is 72.8% which can be considered as impressive. The recurrence was noticed in 27.2% cases after 
one year follow up. Conclusion: Autologus blood injection is an effective, simple, non-invasive, and 
safe procedure for treatment of recurrent dislocation of TMJ and can be performed on outpatient basis.
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INTRODUCTION

Sometimes during normal opening of the mouth the condylar 
head of the mandible moves forward anterior to the articular 
eminence but still remains within the capsule of the joint. This is 
termed as dislocation which may be classified as acute, chronic 
and recurrent. Recurrent dislocation of temporomandibular joint 

(TMJ) may require professional help for reduction or occasionally 
it may be self reducing. This condition is characterized by 
inability to close the mouth once mouth is wide open. When this 
is self reducible or self reducing - it is referred to as subluxation. 
In contrast, luxation or dislocation is a condition requires 
professional help to return the joint to its normal position.

Prof. Syed Sayeed Ahmed, MDS, MFDS RCPS (Glasgow), is recipient of TC White Visiting Scholarship of Royal 
College of Physicians and Surgeons of Glasgow, Glasgow, Scotland, UK; Commonwealth Fellowship by Association 
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Educational Exchange programme. His main areas of research are maxillofacial trauma, neurological diseases of 
maxillofacial region and microbiology of odontogenic and diseases of temporomandibulr joint.
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Chronic recurrent dislocation of TMJ (RTMJD) may occur as results 
of routine activity of life, like excessive yawning, laughing loudly, 
vomiting or opening mouth too wide for eating, due to trauma 

like blow on the chin while mouth is open, injudicious use of 
mouth gag during general anesthesia or excessive pressure on 
the mandible during dental extraction, and is characterized 

Table 1: Age, gender, duration of disease, frequency and treatment outcome
No. Age Gender Duration of 

disease in 
months

Frequency of 
dislocation per week

Average
frequency
per week

History of previous 
treatment

Period of 
follow up in 
months

Post treatment recurrence

1 43 M 12 3-4 4.2 - 24 No
2 45 F 6 3-5 - 18 No
3 48 F 12 4-6 - 24 No
4 51 M 24 2-3 4.4 Yes, bandage 

to restrict mouth 
opening

12 No

5 53 F 5 5-6 - 16 Yes
6 55 M 36 3-4 Yes, IMF, 

medications
18 No

7 52 F 18 4-6 - 26 Yes
8 56 F 12 5-6 Yes, medications, 

bandage to restrict 
mouth opening

24 No

9 62 F 36 3-4 4.3 - 18 No
10 67 F 12 4-6 - 20 No
11 73 M 48 Innumerable - Yes, injections and 

medications
24 Yes

IMF: intramaxillary fixation

Figure 1: (a) Showing markings for canto-tragal line; (b) two points marking for double puncture arthrocentesis followed by blood injection at the 
posterior mark

Figure 2: (a) Arthrocentesis using two point puncture in temporomandibular joint technique; (b) autologous blood injection
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by gagging of molar teeth, anterior open bite or long face 
appearance. The etiology of recurrent dislocation is not known, 
however, the pathogenesisis involves soft tissues or bone. 
Involvement of tissues is related with weakness of ligaments or 
laxity of capsule.[1] At bone level, abnormal size of eminence or 
shallow glenoid fossa, may another contributing factor. Certain 
systemic diseases like Parkinson’s disease, epilepsy, Ehler Danlos 
syndrome and antipsychotic drugs which may cause extra 
pyramidal reactions, have also been attributed as predisposing 
factors.

Recurrent dislocation induces traumatic effects on all the 
structures of joint including disc, ligament and capsule. Various 
surgical and non-surgical and surgical treatments have been 
employed to treat chronic recurrent dislocations of TMJ but 
none has received universal approval,[2-4] thus attempts are still 
on finding an amicable treatment of this problem.

Among conservative, nonsurgical treatment intra articular 

injections of sodium psyllate, sodium murrhoate and sodium 
decyl sulphate[5] have been used with limited success. Brachmann[6] 
was first to use intrarticular injection of autologous blood for 
treatment of RTMJD. Schulz[7] re-described the technique for 
the treatment with good results. However, still very little is 
known about the use of autologous blood in this condition, we 
decided to document our experiences of intrarticular injections 
of autologous blood in RTMJD. This technique is simple, non-
invasive, and safe and can be performed under local anesthesia 
or intravenous sedation on outpatient basis.

METHODS

A total of 11 patients (4 males, 7 females) with age range between 
43-73 years (mean age 58.6 years) who attended the OPD of 
Department of Oral and Maxillofacial Surgery, Dr. Ziauddin 
Ahmed Dental College and Hospital, Aligarh Muslim University, 
Aligarh, India with chief complaint of inability to close the mouth 
which very often remained open during routine activity of the 

Table 2: Showing recovery after treatment and complications
No. Maximum 

mouth opening 
preoperative 
in mm

Episodes of dislocation during period of observation Maximum 
mouth 
opening in mm

Complications

1st and 2nd 
week

3rd week 1st month 3rd month 6th month 1 year

1 38 - - - - - - 38 Mild pain
2 39 Yes - - - - - 38 -

3 42 - - 1 1 - - 40 -
4 39 - - - - - - 38 Mild pain
5 40 Yes Yes Yes Yes Yes Lost follow up - -
6 39 - 36 -
7 37 Yes Yes Yes Yes Yes Yes Not applicable Recurrence

8 38 - - - - - - 34 -
9 39 - - - - - - 36 Mild pain
10 42 - - - - - - 40
11 46 Yes Yes Yes Treated by 

surgical 
means

- Recurrence

Mean mouth opening (preoperative) 39.9 Mean mouth opening 37.2 mm (postoperative)

Figure 3: Temporomandibular joint view showing pre and post autologous injection radiographs. A: Pre-injection left side; B: post autologous blood 
injection; C: pre-injection right side; D: post autologous blood injection

A                                    B                                                  C                                    D
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mouth. The problem was either reduced by patient themselves, 
or required some professional help or was self reducing. They 
all had undergone conservative treatment for the condition but 
no significant improvement was noticed. The clinical diagnosis 
was confirmed by lateral view of TMJ in open and closed mouth 
position. In all cases, the head of condyle was found to be anterior 
to the articular eminence in wide open mouth position. To all 
the patients various treatment options were presented and only 
those patients who consented for intra-articulouar autologus 
blood injection (IABI) were included in the study. IABI was given 
by two point puncture technique as described by Schulz.[7]

Technique
The procedure was planned to be performed under local 
anesthesia using lignocaine 2% with adrenaline. The patient 
was asked to lie in supine position. After preparing the site 
with antiseptic and draping, an auriculotemporal nerve block 
was given on either side using. A line from middle of tragus to 
lateral canthus of eye was drawn on either side and a point was 
marked at articular fossa which was located 10 mm anterior and 
2 mm inferior to this line. Second point was marked 20 mm 
anterior and 10 mm inferior to this canthotragal line and this line 
corresponds to the peak of eminence [Figure 1a and b]. Then an 
18-gauge 1.5-inch long needle was inserted at the first point up 
to a depth of 1 inch and stabilized. Another 18-gauge 1.5-inch 
long needle was inserted at the second mark corresponding to 
articular eminence. After insertion of needle at the two points, 
joint lavage (arthrocentesis) was done using 10 mL of normal 
saline solution [Figure 2]. After lavage of the joint second needle 
was withdrawn and 4 mL of blood was taken from patients cubital 
vein and 3 mL was injected in the articular fossa through first 
needle. Then the needle was withdrawn slightly outward for 1 
cm and another 1 mL of blood was injected around pericapsular 
tissue. The same procedure was done for the opposite side also 
[Figure 3]. After this an elastic bandage was applied for one week 
and all the patients were advised to restrict their mouth opening 
and to take liquid diets only. Anti-inflammatory analgesic 
(aceclofenec 100 mg) was prescribed for 3 days. Subsequent 
follow up was done at 1 week, 1 month and 6 months period 
and clinical outcomes and maximal mouth opening were noted 
during follow-up period.

The composition of patients and various observations pertaining 
to study have been shown in Tables 1 and 2.

RESULTS

The results of study indicate that success rate of treatment of 
recurrent dislocation of temporomandibular joint is 72.8% which 
can be considered as impressive. After follow up period of one 
year, only 3 patients suffered from recurrence (27.2%).

DISCUSSION

We have performed autologus blood injection in eleven 
patients of recurrent dislocations. The results of study have 
been summarized in Tables 1 and 2. At a follow up period of 
one year and only 3 of them suffered from recurrence. Their 
average maximal mouth opening also reduced from 39.9 mm 
preoperatively to 37.2 mm postoperatively.

Blood is injected into two regions, in the articular fossa and 
pericapsular tissue. The blood injection causes fibrosis and 
scarring in the areas of injection which stops the dislocation of 
condyles from recurring. However, we feel that limited mouth in 
initial first week is important for the success of treatment. This 
limitation can be achieved by TMJ bandage or intermaxillary 
fixation,[1] or asking the patient to take liquid or semi solid diet 
with efforts of not to open wide. We have used elastic bandaging 
for three weeks and kept the patients exclusively on liquid diets 
in the first week and then soft and semisolid diet for the next 
two weeks to restrain the mandibular movements. After three 
weeks patients were advised to start mandibular physiotherapy 
to maintain functional mouth opening. Some workers have 
shown their concern about development of ankylosis and 
degeneration of articular cartilage after performing autologus 
blood injection.[1,2] In our study, no such complications were 
found at whole period of follow-up. We have opinion that there is 
no chance of ankylosis after IABI. Chances of ankylosis are always 
there wherever the joint is traumatized to extent that structures 
within the joint capsule are damaged and there is intrarticular 
bleeding. Exogenous bleeding (intra-articular injection) doesn’t 
have same effect as endogenonus bleeding. The blood simply 
pushes the condylar head in posterior position and helps in 
maintaining the position. The periarticular fibrosis, which results 
due to autologous blood injection supplements the forward 
translation of condyle which is further aided by elastic bandage, 
restricting the mouth opening.[8,9]

The disadvantage of the procedure is that it is a blind procedure, 
even then it is safe and complication free. In our study, pain was 
only reported complication which could be easily managed by 
anti-inflammatory analgesics.

Results of our study support the findings of Daif[10] who performed 
a comparative study of autologus blood injection in the superior 
joint space alone vs. superior joint space and pericapsular tissues 
and found higher success rate in the combined injection than 
the same in superior joint space alone. However, we performed 
clinical study using combined injection technique as it appeared 
much sound. Using combined technique we found success rate 
of 89.1% at a follow-up period of 1 year.

Various means to restrict mandibular movement have been 
applied.[11,12] We used elastic bandage for one month and soft 
diet in our cases. It was convenient, comfortable to patient and 
easily adjustable.

There is no predictive indicator for success of treatment by non 
surgical means including autologous blood injection. However, 
the cases who don’t respond positively in the initial 3 weeks of 
treatment should be considered as failure case. In such condition 
surgical methods should be opted.

We did not find any appreciable complications in the study. 
Only 3/11 (27.3%) patients complained of mild pain which was 
controlled by tablet aceclofenac 100 mg in twice daily doses and 
did not affect the routines of the patients. These results are in slight 
contrast to study of Candirli[13] in which, 14 patients were treated 
with autologous blood injection and found no complications. 
The only serious complication was recurrence which could be 
noticed in 2/11 cases (18.9%). In other words, the success rate is 
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89.1%. However, in other studies, 80-85% success rate has been 
documented. This difference may be due to difference in sample 
size. Further, personal application of technique may be also an 
important factor. Hence further study with large sample size and 
long term follow-up is needed to see the actual success rate with 
autologus blood injection. In our study, the mouth opening after 
was slightly reduced which is statistically insignificant and can be 
clinically considered as unchanged.

In conclusion, autologus blood injection is a simple, noninvasive, 
cost-effective, short duration and safe procedure which can be 
performed under local anesthesia/IV sedation in an outpatient 
basis. However, the results of the present study are of limited 
value because of the scarce amount of patients in the series and 
because the technique does not allow a direct visualization of 
the intra-articular space of the joint.
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ABSTRACT
Angioleiomyoma of the hand is a rare differential diagnosis of painful soft tissue nodule in the 
extremity. It arises from smooth muscle of the blood vessels and the most common symptom is 
pain. Imaging with magnetic resonance imaging shows characteristic features like a hypodense 
peripheral capsule with linear or branching internal hyperdensities on T2-weighted images, 
and post-contrast diffuse homogenous enhancement with a vessel leading up to the lesion. 
Histopathological examination shows well circumscribed fascicles of mature smooth muscle cells 
surrounding vascular lumina, lined by normal appearing endothelium without elastic lamina 
present. These cells stain positive for smooth muscle actin, desmin, vimentin, type IV collagen and 
S100, but stain negative for HMB-45 and ER. Angioleiomyoma is amenable for surgical resection. 
We report a case of painful subcutaneous nodule of hand, with radiological and histopathological 
findings suggestive of angioleiomyoma. We outline the clinical, radiological and histopathological 
features of this rare diagnosis for painful nodule of extremity.

Key words:
Hand; tumor; angioleiomyoma; histopathology; excision; biopsy

Access this article online
Quick Response Code:

Website:
http://parjournal.net

DOI:
10.20517/2347-9264.2015.86

This is an open access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, 
tweak and build upon the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

How to cite this article: Bhogesha S, Tripathy S, John JR, Chatterjee 
D. Angioleiomyoma: a rare diagnosis of a painful subcutaneous nodule 
in the hand. Plast Aesthet Res 2016;3:126-8

Received: 14-08-2015; Accepted: 17-11-2015

Dr. Jerry R. John is Assistant Professor in 
Plastic Surgery in PGIMER, Chandigarh, 
India. He is a reconstructive microsurgeon. 
His areas of interest include trauma, burn 
and onco-reconstruction; perforator flaps 
and outcome research in lower limb trauma.

Dr. Sandeep Bhogesha is Senior Resi-
dent in Plastic Surgery in PGIMER, 
Chandigarh, India. His research interests 
include outcomes of nerve pathologies in 
the upper limb and craniofacial surgery.

Dr. Satyaswarup Tripathy is Associate 
Professor in Plastic Surgery in PGIMER, 
Chandigarh, India. He specializes in 
brachial plexus surgeries. His areas of 
interest include tumours of the upper limb.

Dr. Debajyoti Chatterjee is a histopatho-
logist, specialized in neuropathology. His 
areas of interests include neuropathology, 
dermatopathology, soft tissue and breast 
pathology.



127Plast Aesthet Res || Volume 3 || April 25, 2016

INTRODUCTION

Angioleiomyoma is a unique form of soft tissue tumor, 
which arises from the smooth muscle of blood vessels.[1] This 
tumor can appear in different parts of the body, and the most 

common presenting complaint is pain. Since this lesion is a 
rare occurrence and the list of differential diagnoses for painful 
mobile subcutaneous mass is extensive, a case report and 
literature review of angioleiomyoma is presented.

CASE REPORT

A 36-year-old man presented with a 2-year history of a slow-
growing, mildly painful mass in the palmar aspect of the thenar 
eminence of the right hand. There was no history of trauma. On 
examination, a 3 cm × 2 cm firm, mobile mass was palpated on 
the thenar eminence of the right hand. The lesion did not extend 
to the underlying bone and tendon. The overlying skin could be 
easily pinched from the lesion and did not show ulceration or 
discoloration. Temperature and sensation of the overlying skin 
was normal. Thus, a clinical diagnosis of soft tissue tumor was 
made [Figure 1].

Magnetic resonance imaging (MRI) of the hand revealed a 
well-defined 2.5 cm × 2.8 cm lesion in the first web space of 
the right hand infiltrating adjacent musculature. The lesion was 
heterogeneously hyperdense on T2, and isodense on T1. Prominent 
feeders were seen from arterial branches of the palmar arch. No 

Figure 1: Preoperative picture. Note the bulge over the thenar eminence

Figure 2: MRI showing well defined lesion in the thenar area. MRI: 
magnetic resonance imaging

Figure 3: Intraoperative view showing a blood vessel from the palmar 
arch in close proximity to the tumor

Figure 4: Gross cut section

Figure 5: (a) Photomicrographs showing a tumor composed of bundles 
of smooth muscles with intervening blood vessels (HE, ×100); (b) 
higher magnification showing bland nature of the smooth muscles 
and intervening thick muscular blood vessel (HE, ×200); (c) the tumor 
cells show strong positivity for smooth muscle actin (IP, ×100)
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early draining veins were seen [Figure 2].

Excision of the lesion was performed under brachial block. A single 
2 cm in diameter spherical mass was identified [Figure 3]. The outer 
surface was smooth and whitish in color. It was well encapsulated 
[Figure 4]. Histopathology revealed a well-circumscribed tumor, 
composed of multiple thick-walled blood vessels with thickened 
smooth muscle coating. The smooth muscles were arranged in 
form of interlacing fascicles. Neither mitosis nor necrosis was 
seen. Tumor cells were positive for smooth muscle actin and 
desmin, but they were negative for Bcl-2 and CD34. The features 
were consistent with angioleiomyoma or vascular leiomyoma 
[Figure 5].

The patient was kept on regular follow-up. Six months following 
surgery, there are no signs of recurrence.

DISCUSSION

Angioleiomyomas are rare benign subcutaneous or deep dermal 
tumors of smooth muscle and vessels. They are also called 
angiomyomas or vascular leiomyomas. They are common among 
females in 30-60 years of age.

Angioleiomyomas present as slow growing painful solitary 
nodules of extremities.[2-5] Other rare sites have also been reported 
in the literature including the labia majora, nipple, hard palate,[6] 
pinna, and sella.[7] The most common presenting symptom is 
pain, found in up to 60% of cases.[8] This is attributed to stretching 
of nerves in tumor or capsule, or release of mediators from mast 
cells.

Differential diagnoses to be considered in cases of painful 
nodules in extremities are glomus tumor, traumatic neuroma, 
eccrine spiradenoma and angiolipoma.[1,9] All are treated by 
surgical excision and they do not reoccur. The gross appearance 
is firm and spherical nodule that is grayish white to brown in 
color, and usually 2 cm or less in diameter.

MRI features characteristic to angiomyomas include a 
hypodense peripheral capsule with linear or branching internal 
hyperdensities on T2-weighted images, and postcontrast diffuse 
homogenous enhancement, with a vessel leading up to the 
lesion in the majority of cases. These features were also seen in 
our case.

Histopathological examination showed well-circumscribed 
fascicles of mature smooth muscle cells surrounding vascular 
lumina,[10] lined by normal appearing endothelium without 
elastic lamina. There are subtypes described in literature: (1) 
solid type-closely compacted smooth muscle bundles; (2) venous 
type-vessels have thick muscular walls that merge with smooth 
muscle bundles; and (3) cavernous type-dilated vascular channels 
with minimal smooth muscle that merges with smooth muscle 
bundles. The venous type is observed more in males, and in the 
region of the head and neck. The solid type is more common in 
women, and in the lower extremities.

They may have foci of cartilaginous or adipose metaplasia. 
Rarely, they might have calcification.[11] Hemorrhage, necrosis, 
mitotic activity, vasculitis or fibromuscular dysplasia are not 
encountered.

Morphologically they have moderate or sparse cellularity. 
They are composed of bundles of smooth muscles arranged in 
varying size fascicles admixed with varying amount of collagen 
with intervening vascular structures. Occasional macrophages, 
fat cells and ganglion-like cells are seen. Angiomyolipoma is a 
histological differential diagnosis. This lesion usually contains 
adipose tissue in addition to smooth muscle and vascular 
components. Angioleiomyoma cells stain positive for smooth 
muscle markers like alpha smooth muscle actin, desmin, myosin, 
trichrome, HHF-35, calponin and h-caldesmon. These cells are 
also positive for vimentin, type IV collagen and variably for S100. 
They stain negative for HMB-45 and estrogen receptor.

To conclude, angioleiomyoma of the hand is a rare differential 
diagnosis of a painful subcutaneous nodule in the extremities 
and has to be kept in mind during such clinical presentation.
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When considering the last report by the World Health 
Organization in 2014, oral squamous cell carcinoma 
(OSCC) represents the seventh cause of cancer worldwide 
and causes 529,000 new cases per year. In addition to its 
considerable frequency, death by this entity may overcome 
in approximately 50% of the patients, even after aggressive 
multi-modality treatment. Although surgery followed or not 
by radiotherapy is the main treatment option, many factors 
may influence overall outcome in terms of survival, including 
patient-related, tumor-related and treatment-related factors.

A myriad of articles has been published in the literature 
concerning “oral cancer” and “squamous cell carcinoma 
of the oral cavity and oropharynx”. Although several high-
quality papers are advised, the heterogeneity of the studies 
in terms of methodology, treatment protocols, and inclusion/
exclusion criteria makes direct comparison among series 
and institutions challenging. However, some main guidelines 
may guide the clinician into the best treatment modality for 
each patient, while an effort in terms of classifying patients 
who may benefit from one or other treatment option has 
been made in the last decade.

The present editorial is an introductory paper to a special 
issue composed of eleven manuscripts focusing on particular 
aspects about the state of the art in OSCC under the light 
of current knowledge. While strict criteria for systematic 
reviewing concerning Cochrane database recommendations 
have not been followed due to the heterogeneity of the 
revised series, an effort has been made to selectively 
approach particular aspects of OSCC management, while 
selecting the most prominent series within the last 15 years. 
Some of the incoming works have made a special effort in 
trying to include and systematically analyze more relevant 
works according to a predetermined search, inclusion and 
exclusion criteria, with a particular PICO question and a flow 
chart, while others have made a general review according 
to subjective criteria based on authors’ own experience in 
selecting more relevant works. While the more systematically 
approach is more relevant in the evidence-based scale, 
reviews by selected experts still have a relevant role in the 
field of surgery.

The approached items were: (1) the role of human 
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papillomavirus (HPV) in OSCC; (2) the role of sentinel node 
biopsy in the treatment of OSCC; (3) the influence of surgical 
resection margins in OSCC; (4) the role of radiotherapy in 
OSCC; (5) the role of elective neck dissection in early-staged 
OSCC; (6) the role of elective neck dissection in OSCC of the 
upper maxilla; (7) the role of contralateral neck dissection 
in OSCC; (8) the role of salvage surgery in recurrent OSCC; 
(9) the reliability of the combined-triangular full-thickness 
skin graft for covering the radial forearm free flap donor-
site; (10) the prognosis and quality of life in head and neck 
cancer; and (11) last but not least a special article about  the 
current role of the facial allograft transplantation. This last 
paper is performed by one of the first and more experienced 
surgical teams in performing facial allograft transplantation 
worldwide.

Electronic literature search was conducted mostly in 
Medline, but also Embase and Cochrane databases were 
used in some of the articles in the present issue. The 
abstracts of yielded results were reviewed and the full text of 
those with apparent relevance was obtained. The references 
of identified articles were crosschecked for unidentified 
articles, and only those in English language were selected. 
In most of the articles in the present issue, exclusion 
criteria concerning the type of articles to be included were 
established, thus excluding case reports and technical notes, 
letters to Editors, expert opinions, animal or in vitro studies, 
review articles, and repetitive data from series of the same 
authors or institutions. Qualitative systematic reviews or 
non-systematic reviews were performed, while two articles, 
one concerning elective neck dissection in OSCC of the 
upper maxilla, and the other dealing with salvage surgery for 
OSCC, analyzed data from features in the selected articles to 
infer new results as meta-analysis. Two additional articles 
are dealing with special reconstructive surgical procedures 
that were developed and put in practice by the authors' 
surgical teams, being the facial allograft transplantation and 
the covering of the radial forearm free flap donor-site by the 

elsewhere named “Iberic graft”, a new technique consisting 
on the use of full-thickness skin grafts obtained from the 
volar side of the forearm skin.

Some strong conclusions can be obtained from the reading 
of the reviewing works included in this special issue, which 
may move the reader closer to the current knowledge 
about OSCC, or at least may provide a baseline from which 
the reader can deep into a more specific and advanced 
knowledge. These conclusions are: (1) HPV is increasingly 
being associated to OSCC, usually diagnosed at a younger 
age, mainly in the oropharynx, while HPV+ OSCC patients 
have an increased survival, better treatment response and 
lower recurrence rates; (2) the sentinel node biopsy is a 
reliable staging method in early-stage OSCC as an alternative 
to elective neck dissection for staging N0-neck, with a 
reasonable false-negative rate while decreasing morbidity 
associated to selective neck dissection if performed by an 
experienced multidisciplinary team; (3) tissue shrinkage 
on surgical margins of resection in OSCC is a tangible 
phenomenon, being the highest percentage of retraction 
occurring at the time of resection, which leads the surgeon 
into a major therapeutic role, as involved or closed margins 
in the histologic report may determine the administration 
of complementary treatments such as post-operative 
radiotherapy and/or chemotherapy [Figure 1]; (4) both 
external radiotherapy and brachytherapy play a determinant 
role in the treatment of OSCC, alone in early stages or 
combined with surgery and/or chemotherapy in advanced 
ones; (5) if routine strict follow-up using ultra-sonography 
fine needle aspiration citology (USgFNAC) by a well-trained 
ultrasonographer cannot be assured in clinically N0-neck, 

Figure 1: Oral squamous cell carcinoma (OSCC) of the tongue. (A) Intraoral 
view of the tumor; (B) immediate intraoperative tissue shrinkage following 
resection of OSCC by a partial glossectomy

Figure 2: Selective supraomohioid neck dissection involving cervical levels 
I to III in a T1 oral squamous cell carcinoma of the tongue. (A) Intraoral 
view of the tumor; (B) intraoperative view of the dissected neck

Figure 3: Oral squamous cell carcinoma of the upper maxilla. (A) Intraoral 
view of the tumor; (B) intraoperative view of the remnant maxilla following 
anterior partial maxillectomy

Figure 4: Contralateral modified type III radical neck dissection in 
an oral squamous cell carcinoma of the mandible involving the right 
parasymphiseal region. Detail of levels II to V left neck dissection
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elective neck dissection is advised by a supraomohyoid 
neck dissection as an effective method to control cervical 
metastases [Figure 2]; (6) the rate of metastases in patients 
with OSCC of the upper maxilla is high and comparable with 
metastases from other sites of the oral cavity, thus elective 
neck dissection should be routinely performed in T3/T4 
tumors of the upper maxilla [Figure 3]; (7) with a variable 
reported contralateral lymph neck node metastases rate 
in OSCC ranging from 0.9% to 36%, surgeons should take 
into account the detailed and individual study of risks and 
potential benefits of elective neck dissection for contralateral 
N0 neck [Figure 4]; (8) from a meta-analysis of 13 eligible 
series comprising 1,692 recurrent OSCC patients, recurrence 
appeared in up to 26% of primarily treated patients. With a 
mean 5-year overall survival rate of 40.2%, salvage surgery 
is the first treatment option for recurrent OSCC patients 
[Figure 5]; (9) the “Iberic graft”, consisting on a combined 
full-thickness skin graft obtained from the volar forearm 
skin, is a reliable method for closing most of radial forearm 
free flap donor-site defects, as it provides excellent color 
match and pliability, while obviates the need for a second 
surgical site; (10) although prognosis of OSCC has improved, 
further studies are necessary to understand the behaviour in 
every case and determine how the impact on the quality of 
life can be a useful tool to individualize therapies; and (11) 
although clinical experience has demonstrated the facial 
transplantation viability, it is still considered an experimental 
procedure in which we have much to learn to define its true 
role in the current reconstructive surgery and resolve major 

technical, medical and ethical problems involved.

In summary, these and several other conclusions can be 
highlighted from the reviews of this special issue. OSCC 
represents a challenge for the clinician as mortality and 
morbidity still remain high in advance-stage patients, 
despite recent advances in therapies and reconstructive 
options. Surgery still plays the major role in controlling the 
disease and provides the highest overall and specific-disease 
survival rates, although advanced-stage disease may require 
the administration of postoperative radiotherapy with or 
without chemotherapy.

This is the reason why a multidisciplinary approach with 
surgeons, radiotherapy oncologists, medical oncologists 
and others is mandatory to obtain the highest standards 
in terms of survival and quality of life, with the Head and 
Neck Surgeon leading this team. The acquisition of new 
knowledge in relation to OSCC may add new weapons 
to the armamentarium of the clinician. This and other 
compendiums of current knowledge about the disease may 
establish the baseline for further goals and achievements in 
the battle against oral cancer.
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Figure 5: Recurrent oral squamous cell carcinoma of the buccal mucosa. (A) Intraoral view of the tumor; (B) intraoperative view of the resection; (C) 
reconstruction with an antero-lateral thigh flap; (D) intraoperative view of the reconstructed defect 
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ABSTRACT
Aim: The causative role of human papillomavirus (HPV) has been established into the aetiology 
of oral squamous cell carcinoma (OSCC). Some authors believe that HPV can determinate the 
prognosis and module treatment response from this kind of malignancies. Methods: Articles 
published in the last 10 years, focusing on the role of HPV in the development, molecular biology, 
prognosis and treatment of OSCC were reviewed. Results: Thirty-nine articles from 252 were 
selected, highlighting 4 meta-analysis, 3 prospective and 2 retrospective studies. According to its 
role in the development of cervical cancer, HPV is classified into a high risk for malignant lesions 
subtype and a low-grade malignant lesions subtype. Epidemiology and prevalence of HPV varies 
according to the published data: large studies tend to have lower rates of HPV (< 50%) than 
smaller ones (0-100%). Interestingly, HPV+ patients are usually diagnosed at a younger age, mainly 
those with oropharyngeal tumours. There is a predilection for the oropharynx and Waldeyer ring 
tumours. Regarding prognosis, OSCC HPV+ patients tend to have better outcome and treatment 
response. Conclusion: HPV divides OSCC in two types of tumours with different prognostic and 
therapeutic implications, with increased survival, better treatment response rates and lower risk of 
death and recurrences.
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INTRODUCTION

Squamous cell carcinoma (SCC) is the most common 

malignant lesion of the oral cavity and oropharynx. It 

is characterized by a multifactorial aetiology,[1-5] where 

the causative role of papillomavirus (HPV) has been 

established.[6] It is sexually acquired,[7] usually described 
in the tonsillar area,[8-10] affecting younger, non-drinkers 
and non-smokers patients.[11-13] DNA from most oncogenic 
risk HPV is detected in approximately 26% of all oral 
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squamous cell carcinoma (OSCC) throughout the world.[14]

The appearance of this kind of tumours has changed among 
the last decades. Some genotypes have been suggested as the 
most likely causative agents of human papillomavirus, whose 
carcinogenic effect in oropharynx was first proposed by 
Syrjänen et al.[15] in 1983 according to common morphological 
characteristics of HPV and immunohistochemistry. Later, this 
was confirmed by using new techniques such as "Southern 
Blot Hybridization".[16,17] HPV has been proposed as a major 
risk factor for oropharyngeal squamous cell carcinoma 
(OPSCC),[7,18] with a strong association in subjects with or 
without the established risks of smoking and alcohol.[7]

The oncogenic potential of certain high-risk HPV genotypes 
is related to its ability of integrating DNA fragments (E5, E6 
and E7) in the host cell, annulling the function of tumour 
suppressor factors such as p21, p53 and pRb routes.[19] 
However, there are many ethno-geographical differences 
between the examined groups, with detection ranges from 
0 to 100%.[18,20-24] Virus detection is also affected by the 
sensitivity of the diagnostic test and the location of the 
lesion, which difficult the clarification of the role of HPV and 
its carcinogenic potential.[7,25]

Some authors not only involve the virus in the pathogenesis 
of OSCC, but also believe that it can determine the prognosis 
and module treatment response.[26] The first type of HPV 
isolated in OSCC was HPV16 in the palatine tonsil, made 
by Niedobitek et al.[27] in 1990. However, this is not the 
only subtype identified, varying according to the analysed 
population sample.[28] Recently this type of HPV-positive 
tumours in the oral cavity was described as an entity with 
different molecular, clinical, etiological, pathological and 
prognostic characteristics.[6,20-23,29-32]

METHODS

A review of articles published in the last ten years (since 
February 29, 2016 until January 1, 2005) in the database 
of medical literature MEDLINE via PubMed search engine 
was performed. The following descriptors obtained from 
“DeCS” were used as keywords: "Papillomavirus Infections", 
"Carcinoma, Squamous Cell" and "Mouth". All possible 
associations between them were used.

The main objective was to study the role of HPV in the 
development, molecular biology, prognosis and treatment 
of OSCC. We also provided special attention to detection 
and sampling techniques, risk factors, epidemiology, 
relationship with other non-malignant lesions and history 
of the virus.

Inclusion criteria were: (1) studies published between the 
dates indicated; (2) English language; (3) both observational 
and experimental studies; (4) reviews and meta-analyses; and 
(5) items that although published at an earlier date than the 
cut-off, are cited in the main revised. Exclusion criteria were: 
(1) publications that do not appear in the set date range 
and which are not mentioned in any of the included; (2) any 
type of non-English language; (3) studies lacking internal or 
external validity; (4) editorials and case reports; (5) studies 
with a sample size lower than 30, or if it is not mentioned 
by any of the included; and (6) articles that do not contain 
information on the main search object.

RESULTS

We preliminarily found 252 articles, of which only 39 were 
included and reviewed. Among these, 9 publications were 
highlighted: 4 meta-analysis,[14,33-35] 3 prospective studies[32,36,37] 
and 2 retrospective studies.[38,39] Main results from these 

Figure 1: The case of a 70-year-old and ex-smoker female patient with a human papillomavirus+ head and neck squamous cell carcinoma. We can see an 
exophytic lesion three years of evolution on the left floor of the mouth, surpassing the midline, with a progressive growth. The patient has no dysphagia 
or dyspnea. We decide to take biopsies, obtaining the diagnosis of squamous cell carcinoma
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studies are summarized in Table 1.

DISCUSSION

There is much written literature about the relationship of HPV 
virus and OSCC. Due to the great disparity of published data, 
it is very difficult to establish rightly the role HPV plays and its 
etiopathological, clinical and prognostic considerations. This 
can be related to differences in study populations (genetic, 
social and cultural factors) and the methodology of study and 
detection of virus.

There are many HPV genotypes identified, within which, 
over 130 are related to skin and mucosal lesions.[40] The first 
to propose the pathogenic relationship of this type of virus 
with OSCC was Syrjänen et al.[15] in 1983. And the first type 
identified in head and neck was HPV16 in palatine tonsil 
carcinomas.[27] Since then, there have been many published 
studies on detection and about its role in OSCC.

HPV molecular biology
HPV belongs to a heterogeneous group corresponding to the 
"Papillomaviridae" family.[41] It is characterized as a DNA-double 
stranded virus. It has a diameter of 50 μm and it is covered by 
an icosahedral capsid consisting of 72 capsomeres, without 
casing[42,43] and presents a particular tropism by keratinocytes, 
being the synthesis and expression of their genes linked to 

the level of their differentiation.[44]

There are different routes of infection, mainly sexual, vertical 
and self-inoculation; they all share the need for close contact 
to occur.[45,46] Transmission from non-primates to humans is 
unknown to occur.[47,48]

To active the infection, the virus must reach the epithelial basal 
layer, where the specific integrin alpha 6 receptor is present.[33] 
Once the infection becomes productive, cytopathic effects 
can appear, first of all koilocytosis.[44] To make this happen, the 
patient's immune response plays an important role. During 
infection, viral antigen presentation is minimal and thus the 
infection can persist until years.[33] In immunocompetent 
patients lesions usually regress spontaneously, while in 
immunodeficient the incidence and persistence of them is 
usually higher.[49]

Regarding the oncological potential of the virus, there is much 
controversy about the true role played by the integration of 
viral DNA into human epithelial cells. Several authors have 
investigated its pathogenesis in OSCC. According to its role 
in the development of cervical cancer, HPV is classified into 
a high risk for malignant lesions subtype (HPV 16, 18, 31, 
33, 35, 45, 51, 52, 56, 58, 59, 68, 73 and 82) and low-grade 
malignant lesions subtype but related to benign lesions (HPV 
6, 11, 13, 32, 42, 43, 44).[33,50]

Table 1: Nine highlighted publications
Author Year Study Objective Number Results
Miller and Johnstone[33] 2001 Meta-analysis To determine the significance of 

the relationship of HPV in the 
progressive development of oral 

cancer

4,680 HPV is detected with increased frequency 
in oral dysplastic and carcinomatous 

epithelium in comparison with normal oral 
mucosa

Kreimer et al.[14] 2005 Meta-analysis To describe the prevalence and type 
distribution of HPV by anatomic 

cancer site

5,046 Tumor site-specific HPV prevalence was 
higher among studies from North America 

compared with Europe and Asia
Ragin and Taioli[35] 2007 Meta-analysis To study the overall relationship 

between HPV infection and OS and 
DFS in HNSCC

3,151 The improved OS and DFS for HPV+ 
HNSCC patients is specific to the 

oropharynx; these tumours may have a 
distinct etiology from those tumours in non-

oropharyngeal sites
Jayaprakash et al.[34] 2011 Meta-analysis To provide a prevalence estimate for 

HPV-16/18 in OPD
458 HPV-16/18 were 3 times more common in 

dysplastic lesions (OR, 3.29; 95% CI, 1.95-
5.53%) and invasive cancers (OR, 3.43; 
95% CI, 2.07-5.69%), when compared to 

normal biopsie
Rosenquist et al.[32] 2007 Prospective To evaluate the influence of different 

risk factors for recurrence or the 
appearance of new second primary 

in the OSCC

128 High-risk HPV cases have a higher risk of 
recurrence/second primary tumours, but 

lower risk of death in intercurrent disease, 
compared with HPV-

Fakhry et al.[36] 2008 Prospective To evaluate the association between 
tumour HPV status with the 

therapeutic response and survival

96 HPV+ HNSCC respond better to QT and 
RT-QT, with better overall survival rate 

at two years and reduced risk of disease 
progression than HPV-

Rischin et al.[37] 2011 Prospective To determine the prognostic 
significance of p16 and HPV in 

patients with OPC

185 HPV+ OPC is a distinct entity with a 
favorable prognosis (when compared with 

HPV-). When it is treated with cisplatin-
based chemotherapy

Ang et al.[38] 2010 Retrospective To study the association between 
tumor HPV status and survival in 

stage III and IV OPD

743 Among patients with OPC, tumor HPV 
status is a strong and independent 

prognostic factor for survival
Lassen et al.[39] 2014 Retrospective To test the hypothesis that the 

impact of HPV/p16 also extends to 
non-OP tumours

1,294 The prognostic impact of HPV- associated 
p16-expression may be restricted to OPC 

only

Nine highlighted publications are summarized because of their high number of patients, recent date of publication, good study design and highly cited in the literature, 
including 4 meta-analysis,[14,33-35] 3 prospective studies,[32,36,37] and 2 retrospective studies.[38,39] HPV: human papillomavirus; OPD: oropharyngeal dysplasias; OP: 
oropharyngeal; OPC: oropharyngeal cancer; HNSCC: head and neck squamous cell carcinoma; OS: overall survival; DFS: disease free survival; QT: chemotherapy; RT: 
radiotherapy; OSCC: oral squamous cell carcinoma; OR: odds ratio; CI: confidence interval
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The HPV genome is divided into about eight open reading 
frames (ORFs) divided into three regions:[2,33] (1) early region 
(E): it is required for replication, cell transformation and 
control of viral transcription; (2) late region (L): it encodes 
structural proteins; and (3) long control region (LCR): it is 
required for replication and transcription of viral DNA.

In E, three proteins are encoded, which are often described 
as involved in the carcinogenesis related to the virus: pE7, 
pE6 and pE5.[2,33,44] PE5 stimulates proliferation and inhibits 
apoptosis, while pE7 and pE6 act as oncogenes.[2,33,47,48,51,52]

The final result is an induced and unregulated cell proliferation, 
with consequent immortality of the keratinocyte[19] due to the 
integration and expression of the viral genome into the host 
cell. Chromosome aberrations and excessive production of 
viral DNA[53,54] all occur due to inhibition of tumor suppressor 
factors (p21, p53 and pRb roads).[19]

However, although the involvement of inhibition of tumor 
suppressor gene p53 in the carcinogenic effect of HPV 
seems to be clear, there are some publications that question 
the relationship of p53 polymorphism with the risk of oral 
cancer,[55] suggesting that HPV does not play an important 
role oral lesions due to low detention in their analysed.[56-59] 
This could be justified by population differences, sample 
size, detection techniques and tumor location. Some studies 
suggest that in HPV+ OSCC, p53 mutation is conditioned by 
tumor localization and expression of E6 and E7 viral genes, 
appearing a mutated p53 when the tumor is HPV+ but it does 

not express these genes (mainly oropharynx), or when the 
tumor is HPV-.[60,61]

Epidemiology and prevalence
Epidemiology and prevalence of HPV infection associated with 
OSCC varies according to the published data. Large studies 
tend to have lower rates of HPV (< 50%) than smaller studies 
(0-100%).[25,62] Miller and Johnstone[33] in a meta-analysis about 
4,680 patients with OSCC from 94 reports reported that 
HPV was present in 46.5% of the cases (95% CI, 37.6-55.5%). 
However, the oral cavity was not the most often location, 
being surpassed by the oropharynx.[63,64]

Kreimer et al.[14] in a meta-analysis from 60 publications in 
2005 (5,046 patients) reported that the overall prevalence of 
HPV in OSCC was 25.9% to 34.5%.[14,25] The prevalence of OSCC 
ranges from < 2% to 100%[10,25,57,65] and it may be because some 
studies do not differentiate between Parafine Embedded 
and Fresh Frozen biopsies or different classification criteria, 
including incorrectly OPSCC within the OSCC, making an 
overestimation.[25]

There is an association between the presence of HPV and age; 
patients older than 60 years have a lower HPV+ prevalence 
(29.4%) compared to patients under that age (77.8%).[66] Within 
the OPSCC HPV+, HPV16 is higher in patients younger than 
fifty years.[67,68] In relationship to sexual behaviour, the risk of 
oral cancer increases in male patients with decreasing age 
of first intercourse, with increasing numbers of partners and 
history of genital warts.[69]

Figure 2: Positron emission tomography-computed tomography shows a mass in the left region of the anterior mouth floor, with marked increase glucose 
metabolism, about 3 cm in diameter and high probability of malignancy. The other cervical structures have normal glucose metabolism, showing no other 
hypermetabolic neoplastic involvement
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Regarding to etnogeographical differences, some authors 
suggest that Japanese studies tend to have the highest rate 
of HPV,[70,71] while Africans tend to have the lowest rate.[59] 
Kreimer et al.[14] established that HPV+ prevalence was higher 
among studies from North America compared with those 
from Europe and Asia. In 2016, Mehanna et al.[72] conducted a 
prospective study of 801 patients with head and neck cancers. 
They established the geographic variability (differences 
between continents) as an independent risk factor for HPV+ 
prevalence of OPSCC. It is most prevalent in Western Europe, 
when compared to Eastern Europe (37%, 155 of 422 vs. 6%, 8 
of 144; P < 0.0001) and Asia (37% vs. 2%, 4 of 217; P < 0.0001).

Regarding the genotype, the most prevalent is HPV16 (68.2-
90%)[14,33,66] [Figures 1-3] followed by HPV18 (34.1%).[14,73] 
But this varies depending on the series analysed and the 
techniques used, and that proportion may be reversed, 
being higher HPV18.[28,59] Although the association between 
HPV and OSCC is described,[32,62,68,74-77] it is important to 
note that high-risk genotypes HPV16 have been detected in 
normal oropharyngeal mucosa,[78,79,62] questioning this causal 
relationship. In 2001, Mork et al.[80] defined HPV infection 
as a risk factor for OSCC, whose exposure may precede the 
occurrence of OPSCC in 10 years and older.

In the oropharynx there is no hard evidence linking HPV with 
alcohol or tobacco use, and the absence of synergism is the 
most accepted hypothesis,[81] suggesting two ways for the 
development of OPSCC, one derived from smoking with or 
without alcohol and another derived from the HPV inducted 
genomic instability.[31]

Most frequent location
HPV has a predilection for the oropharynx and the Waldeyer 
ring.[14,24,59] It is estimated that the most frequent location 

for detecting papillomavirus DNA is the palatine tonsil and 
the base of the tongue, with a strong causal association,[14,82] 
independently of the influence of smoking or alcohol. 
Oropharyngeal HPV+ tumours appears in up to six times 
more often than in other tumours of the head and neck.[6] 
Snijders et al.[83] were the first to suggest the amygdala is 
linked with the HPV, in 1992.

Detection, diagnosis and typing techniques
Molecular assays are the gold standard for HPV identification,[84] 
mainly polymerase chain reaction (PCR),[85] specifically the 
reverse transcription PCR (RT-PCR) to measure viral mRNA E6 
and E7 in fresh tissue.[86] It has a high sensitivity.[80,85-88] It is 
even able to detect latent infections. Other tests that have 
been used for detection of HPV are “Southern Blot” (less 
sensitivity than PCR)[89] and in situ hybridization (ISH) (less 
sensitive and less expensive than PCR). Some authors have 
proposed the combination of PCR with ISH, combining the 
advantages of the two tests: the high sensitivity of PCR and 
the ability of ISH to identify and localize genomic sequences 
linked to HPV in this kind of tumours.[90,91]

P16 is a protein used by some authors as a biomarker for 
HPV infection, which can be expressed when viral DNA is 
integrated into the host cell. It reflects the functional effects 
derived from the inactivation of pRb, induced by E7. It is 
detected by immunohistochemistry staining and it can be 
used as a predictor of HPV infection in OPSCC, even being 
proposed by some authors the detection of p16INK4A as an 
initial test, followed by the detection of HPV in which are 
positive for this.[92-94]

Regarding to the sample being sent for testing, the most 
commonly accepted it is taking biopsies or tumour specimen 
analysis [Figure 1]. This allows not only molecular analysis 

Figure 3: Intraoperative image. After performing tracheotomy, double functional bilateral neck dissection, excision of the lesion with macroscopic 
margins above the centimeter and subsequent reconstruction with radial forearm flap was performed. Histological results reveals a pT3N0M0 human 
papillomavirus 16+ squamous cell carcinoma, with close resection margins, 6 mm thickness, with no vascular or perineural infiltration. After surgery, the 
patient received adjuvant radiotherapy. She is currently without signs of loco-regional recurrence
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but also morphological analysis of the piece, including all 
cell layers where the virus may be latently.[95] As a method of 
screening for epidemiological studies, Lawton et al.[96] reported 
that mouthwash is the technique of choice, although higher 
performance by combining different sampling techniques is 
obtained.

Virus relationship with other oral lesions
Since the early 1980s some authors have reported the presence 
of HPV not only in cancerous lesions of the oral cavity, but 
also in premalignant lesions.[15,97,98] Recently, the presence of 
HPV has been identified as an independent prognostic factor 
for survival in patients with OPSCC.[38] Miller and Johnstone[33] 
indicate that HPV (low and high risk serotypes) are 2-3 times 
more detected in precancerous mucosa and almost 5 times 
more detected in carcinoma than in non-neoplastic mucosa: 
(1) 22.2% in benign leukoplakia; (2) 26.2% in intraepithelial 
neoplasias; and (3) 46.5% in OSCC, with a detection probability 
of high-risk ones 2.8 times higher than low risk.

Jayaprakash et al.[34] published in 2011 a meta-analysis about 
458 oropharyngeal dysplasias, estimating that the prevalence 
of HPV16/18 is 24.5%. They reported that HPV16/18 were 
3 times more common in dysplastic lesions (OR, 3.29; 95% 
CI, 1.95-5.53%) and invasive cancers (OR, 3.43; 95% CI, 2.07-
5.69%), when compared to normal biopsies. In addition, 
they found these two genotypes are at least 2.5 times more 
common in men than in women. Within oral leukoplakia, 
proliferative verrucous leukoplakia is believed to have a 
stronger relationship with HPV[44] mainly 16, with a range of 
onset between 10% and 85%,[99,100] and higher rate of malignant 
transformation.[101] Some authors have also reported a 
relationship between lichen planus and HPV, ranging from 0 
to 100%,[102] which indicates the existing controversy about 
this association.

Many publications are studying virus connection with benign 
lesions or even in normal mucosa, varying its prevalence 
depending on the technique used, many times no PCR 
techniques are used, which may underestimate measurements. 
As a summary: 

Appearance in normal mucosa: varies between 0 and 81%.[78,103] 
It may appear subclinical or latent,[104] being detected by the 
extreme sensitivity of the PCR and may be or not related to 
the emergence of a future lesion.

Squamous papilloma: clinically often indistinguishable from 
common warts. HPV genotypes 6 and 11 are most frequently 
associated, detected by ISH.[105]

Condyloma accuminatum: it is a sexually transmitted infection 
and it is usually related to HPV 6 and 11 infection, varying 
its positivity between 75% and 85% in oral lesions.[106,107] 
Furthermore it is also related to the HPV 16.[108,109] It is usually 
present in HIV+ patients.[110]

Common wart (verruca vulgaris): oral lesions usually result 
from autoinoculation from the fingers. It usually occurs 
in children. The HPV 2 is described as the most frequently 
related, followed by HPV 57,[106,111] detected most of the time 

with no PCR techniques between 80% and 90%. Other authors 
with more recent publications detected more frequently 
HPV2 and 4.[109]

Focal epithelial hyperplasia (Heck's disease): they usually 
occur in children and young adults. There is usually genetic 
predisposition.[112] HPV13 (20%) and HPV32 (60%) are related 
to those lesions.[113-115]

Prognosis and treatment
There is much controversy about the role that infection by 
the HPV plays in the prognosis and treatment of patients 
with OSCC. Most of the published studies are retrospective. 
But they do generally conclude that the presence of HPV 
divides these tumours in two different entities with different 
prognostic and therapeutic implications. The most commonly 
accepted is that patients with OPSCC HPV+ have a better 
prognosis due to increased survival, showing better treatment 
response rates.[36,38,63,116-118]

The most cited paper in the literature is the one published 
by Fakhry et al.[36] in 2008. They conducted a prospective 
phase 2 study of 96 patients with oral, oropharyngeal and 
laryngeal SCC. All patients received two cycles of induction 
chemotherapy with paclitaxel and carboplatin followed by 
concurrent weekly paclitaxel and radiotherapy. They detected 
HPV (types 16, 33 and 35) with PCR and ISH in 40% of all 
patients. They compared their response to treatment with 
HPV-: OSCC HPV+ have better respond to chemotherapy (82% 
vs. 55%, difference = 27%, 95% CI, 9.3-44.7%; P = 0.01) and 
chemo-radiotherapy (84% vs. 57%, difference = 27%, 95% CI, 
9.7- 44.3%; P = 0.007).

Patients with OSCC HPV + have a better overall survival rate 
at two years [95% (95% CI, 87-100%) vs. 62% (95% CI, 49-74%), 
(difference = 33%, 95% CI, 18.6- 47.4%; P = 0.005, log-rank 
test)] and a lower risk of disease progression than HPV- 
[Hazard Ratio (HR), 0.27; 95% CI, 0.10-0.75%].

In 2007, Ragin and Taioli[35] performed a meta-analysis of 37 
studies, which conclude that patients with OSCC HPV+ had 
a lower risk of death (HR = 0.85 target; 95% CI, 0.7-1.0) and 
lower risk of recurrence (HR = 0.62% target; 95% CI, 0.5-0.8) 
than in HPV-. Regarding OPSCC they conclude that HPV+ had 
a reduced risk of death of 28% (Target HR 0.72; 95% CI, 0.5-
1.0) compared with HPV- with a similar result for disease-free 
survival (Meta HR, 0.51; 95% CI, 0.4-0.7).

In the same year, Rosenquist et al.[32] conducted a prospective 
study of cases and controls over 128 Swedish patients with 
OPSCC to evaluate the influence of different risk factors for 
recurrence or appearance of new second primaries in the 
first 3 years after the diagnosis. They found, unlike other 
published studies that high-risk HPV+ cases had a higher risk 
of recurrence/second primary tumour, but lower risk of death 
in intercurrent disease, compared with HPV- ones.

In 2008, Worden et al.[119] conducted a study about the 
response to treatment of 66 patients with OPSCC. They found 
that the presence of HPV was significantly associated with 
response to chemotherapy (P = 0.001), chemo-radiotherapy (P 
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= 0.005), with better overall survival (P = 0.007) and disease-
free survival (P = 0.008). They conclude that chemotherapy 
followed by chemo-radiation therapy is an effective treatment 
especially in patients with HPV + OPSCC.

In 2010, Ang et al.[38] conducted a retrospective study of the 
association between tumor HPV status and survival among 
743 patients with stage III or IV OPSCC who were enrolled 
in a randomized trial comparing treatment with accelerated-
fractionation RT+ cisplatin vs. standard-fractionation RT+ 
cisplatin. Among 323 OPSCC, 63.8% were HPV+, which 
presented better 3-year rates of overall survival (82.4% vs. 
57.1% among patients with HPV- negative tumours; P < 0.001 
by the log-rank test) and they also had a 58% reduction in the 
risk of death (HR, 0.42; 95% CI, 0.27 to 0.66). They concluded 
that among patients with OPSCC, tumor HPV status is a strong 
and independent prognostic factor for survival.

Some authors have studied the prognostic influence of some 
biomarkers related to HPV infection in OSCC. One of the 
most studied biomarkers is p16, being observed that p16+ 
and HPV+ patients have a better overall survival compared 
with HPV- or HPV+ but p16-.[93] This was corroborated in the 
prospective phase III study of concomitant chemotherapy 
published in 2011 by Rischin et al.[37] In a sample of 465 patients 
with OPSCC stage III or IV, 172 were analysed with evaluable 
HPV and p16INK4A status, and 185 with eligible p16 status. They 
randomized RT+ cisplatin with or without tirapazamine, 
concomitantly. They found that p16+ tumours compared to 
p16- presented: (1) higher rates of overall survival at 2 years 
(91% vs. 74%; HR, 0.36; 95% CI, 0.17-0.74; P = 0.004); (2) higher 
rates of relapse-free survival (87% vs. 72%; HR, 0.39; 95% CI, 
0.20-0.74; P = 0.003); and (3) lower loco-regional recurrence 
and death rates from other causes. They also observed a trend 
in favour of tirapazamine group in terms of improved loco-
regional control disease in p16- patients (HR, 0.33; 95% CI, 
0.09-1.24; P = 0.13). They concluded that OPSCC HPV+ have 
a favourable prognosis when treated with cisplatin-based 
chemotherapy, compared to HPV-.

In 2014, Lassen et al.[39] published a retrospective study 
among 1,294 Danish patients with advanced stage OPSCC. 
They observed that p16 positivity was significantly higher 
in oropharyngeal than non-oropharyngeal SCC (P < 0.0001). 
OPSCC p16+ presented a statistically significant improvement 
in loco-regional disease control with primary RT [HR (95% 
CI), 0.38 (0.29-0.49)], free survival events [HR (95% CI), 0.44 
(0.35-0.56)] and overall survival [HR (95% CI), 0.38 (0.29-0.49)], 
unlike in non-OP.

Future therapeutic lines
HPV+ OSCC response to RT, chemotherapy and the 
combination of both are topics widely approached in 
the literature and specialized forums. However, little or 
nothing is known about immunotherapy techniques and 
their effectiveness. In 2015, Rosenthal et al.[120] published a 
retrospective assessment of the IMCL-9815 study, trying to 
find if there were any differences in treatment patients with 
RT alone vs. RT+ cetuximab, in a series of 182 OSCC patients, 
in relation to the presence or absence of HPV and p16. They 
concluded that the addition of cetuximab to RT improved 

clinical outcomes regardless of p16 or HPV positivity. They 
also indicated that p16 does not predicted response to 
cetuximab.

Unlike cervical cancer, regarding OSCC there is not much 
literature on the use of HPV vaccines to treat these tumours. 
The effectiveness of the HPV vaccine against OSCC is not yet 
proven.

In conclusion, there is much controversy about the 
carcinogenic potential of HPV. Its mechanism usually 
involves the pE7 and pE6 proteins, which can delete p53, 
p21 and pRb routes.

HPV+ patients are usually diagnosed at a younger age, mainly 
those with oropharyngeal tumours, presenting positivity first 
of all for HPV16 > HPV18, although it varies depending on the 
population and the test used to detect the infection.

For more diagnostic performance, the most advisable is to use 
the combination of several techniques. P16 positivity needs 
to be mentioned in special attention as a predictor of HPV 
infection in the OPSCC for their prognostic and therapeutic 
considerations.

HPV can appear in normal mucosa, benign and precancerous 
lesions.

The most commonly accepted is that the presence of HPV 
divides OSCC, mainly oropharyngeal, in two types of tumours 
with different prognostic and therapeutic implications.

Despite the great controversy in prognosis, most studies tend 
to indicate that HPV+ OSCC have an increased survival, better 
treatment response rates, lower risk of death and lower risk 
of recurrence [Figure 3].

The oropharyngeal region should be analysed separately. 
OPSCC HPV+ tend to respond better to radio-chemotherapy 
treatments, considering the HPV positivity as a strong and 
independent survival prognostic factor. In addition, if p16+, 
these tumours tend to have better survival and loco-regional 
disease-control.

Future research should evaluate the possibility of new 
treatments.
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ABSTRACT
Aim: The purpose of this study was to conduct a systematic review of the published literature 
to assess the state of the art of this procedure. Sentinel node biopsy (SNB) in oral squamous cell 
cancer (OSCC) is a novel and proven useful technique alternative to the neck dissection (ND) in the 
management of OSCC. Methods: The authors searched PubMed for literature in English published 
for the last five years, addressing this topic. Prospective studies articles were selected with at least 
thirty patients studied. Results: Of 235 studies found, 14 studies met the exclusion and inclusion 
criteria for this review. The studies selected focused on the role of the SNB in the OSCC, advantages 
compared to ND and its limitations, testing different solutions and innovations that could implement 
the conventional procedure. Meta-analysis studies and review articles were also selected in order to 
perform the introduction and support the discussion. Based upon these findings authors have tried 
to establish the state of the art of the SNB and authors have highlighted recent advances that improve 
the sentinel lymphatic node biopsy technique in the future. Conclusion: SNB is an excellent staging 
method in OSCC and an interesting alternative to ND. The authors show the most appropriate 
procedures recommended in the bibliography revised in a trend to depict the actual state of the art.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is predominantly 
a loco-regional disease. One of the most significant 
prognostic factors in management are the lymph node 
metastasis.[1] Due to the high metastatic potential of 

these tumors, the presence of tumors spread to a single 
regional lymph node can transform a small stage I tumor 
to an advanced stage III or even stage IV head and neck 
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cancer. The presence of a single positive lymph node can 
reduce disease free survival at 5 years by 50%. In order 
to perform an adequate treatment of the neck, a correct 
diagnosis and staging are crucial for determining prognosis.[2]

OSCC frequently metastasizes to the cervical nodal basins, 
yet clinical staging with physical exam and imaging 
modalities [positron emission tomography-computed 
tomography (CT), CT scan, magnetic resonance imaging 
or ultrasound] usually cannot detect metastases less than 
8 to 10 mm in size.[3,4] Thus, for the last few years, the 
conventional procedure for the clinically node negative 
(N0) patient has been neck dissection (ND), which leads to 
increased loco-regional control and regional recurrence-
free survival. However, ND is an aggressive procedure that 
represents overtreatment for approximately 70% of cN0 
patients who are found to have a histological negative neck 
for metastases.[5-7] ND is traditionally recommended when 
the tumor size and subsite confer at least a 15-20% risk of 
lymphatic spread.[8] Nevertheless, in OSCC tumors that have 
20% rate of nodal metastasis, the vast majority of these 
patients will undergo ND with no evidence of lymph node 
metastasis.[1]

A conservative trend in the treatment of OSCC N0 

patients has encouraged the application of sentinel node 
biopsy (SNB). SNB entails identifying and harvesting the 
initial node, to which the primary tumor drains, while 
limiting dissection and harm to vital structures. The 
advantages of implementing SNB instead of ND include 
decreased morbidity, operating room time, and length of 
postoperative stay.[9]

SNB is a radio -isotopic technique that included: a 
peritumoral injection of adequate radiotracer that will be 
trapped by the regional lymphatic chains and echelons, an 
imaging technique capable depicting these, a radio guided 
surgical procedure for removing sentinel node (SN) and 
a pathological study of the node that allows to know the 
status of the node.[10]

SNB as a staging procedure and decision tool to establish 
whether surgical treatment of the lymphatic area is to 
be performed or not, is now recognized as the gold 
standard in melanoma and breast cancer.[10,11] Although the 
methodology of sentinel lymphatic node biopsy (SLNB) in 
OSCC has been well known for more than 10 years and 
many prospective studies with a significant number of 
patients have been published, it has not been accepted 
worldwide, where it is still considered investigational.[2]

Figure 1: Literature search flow chart and selected studies form the literature according to inclusion criteria. SNB: sentinel node biopsy; OSCC: oral 
squamous cell cancer



Plast Aesthet Res || Volume 3 || May 25, 2016144

Observation approach carries with it the risk that 
many patients with microscopic metastasis will be 
unsalvageable by the time their recurrence is detected. 
Hence, ND is commonly favored because of a lowered 
risk of uncontrolled disease. However, elective treatment 
in all comers has the disadvantage of unnecessary neck 
dissection in the majority of patients who are without 
microscopic cervical metastasis.[12]

With the developments of imaging tomographic techniques 
like single photon CT (SPECT) and hybrid techniques 
combining SPECT with CT (SPECT-CT) the identification of 
sentinel nodes has improved compared to conventional 
scintigraphy.[13] 

In clinical trials on OSCC performed both in Europe and 
North America, SLNB has been shown to have predictably 
high accuracy in identif ying occult metastasis. SN 
identification rates, as well as accuracy of staging of 
lymphatic spread, are comparable with those reported in 
melanoma and breast cancer, where this procedure is used 
routinely in patient care.[14-16]

The purpose of this study was to conduct a systematic 
review of the published literature to assess the state of the 
art of this procedure focused on the role of the SNB in the 
OSCC. We have evaluated the advantages of SNB compared 
to ND and its limitations, testing different solutions 
and innovations that could implement the conventional 

Table 1: The main features of the studies selected for this systematic review

Studies Patients Mean 
age

Staging Injection Tracer MBq/
dose

Volume 
per dose

Imaging Equipment Surgery Lymph 
nodes

Histological SS NPV

Salazar et 
al.[16] 2015

96 59 TX-N0 Peritumoral Nanocoll 20 NA Dynamic;
static

SPECT

Probe;
p o r t a b l e 

camera

Tumorectomy* + 
SLNB + ND

NA HE;
SSS;

INMH CTK

88 94

Farmer et 
al.[17] 2015

140 62 T1-2N0 Peritumoral SulphColl 10 NA Dynamic;
static

Probe Tumorectomy* + 
SLNB + ND

>4 NA 99

Flach et 
al.[18] 2014

62 61 T1-2N0 Peritumoral Nanocoll 27 NA Dynamic;
static

Probe;
BLUE DYE

Tumorectomy** + 
SLNB + ND if SN+

2 HE;
SSS;

INMH CTK

80 88

Hernando 
et  a l . [19] 
2014

73 66 T1-2N0 Peritumoral Nanocoll NA NA Dynamic;
stati

Probe Tumorectomy* + 
SLNB + ND if SN+

2 HE;
SSS;

INMH CTK

94 96

Bluemel et 
al.[20] 2014

23 58 T1-2N0 Peritumoral Nanocoll 2 5 -
102

0.05 - 0.1 
mL

Dynamic;
static

SPECT-CT

FHSPECT Tumorectomy§ + 
SLNB + ND if SN+

3.1 HE;
SSS;

INMH CTK

100 100

Alvarez et 
al.[21] 2014 

63 57 T1-2N0 Peritumoral Nanocoll 40-50 0.2 mL Dynamic Probe Tumorectomy* + 
SLNB + ND if SN+

NA HE;
SSS;

INMH CTK

100 86

Samant[12] 
2014

34 61 T1-2N0 Peritumoral SulphColl 25 0.1-0.3 
mL

Dynamic Probe;
BLUE DYE

Tumorectomy* + 
SLNB + ND if SN+;

 / + RTX

4 HE;
INMH CTK

94 93

Bell et al.[22] 
2013

36 57 T1-2N0 Peritumoral SulphColl 15 0.2-0.4 
mL

Static Probe Tumorectomy* + 
SLNB + ND 

NA HE;
SSS;

INMH CTK

87.5 96

Melkane et 
al.[23] 2012 

53 56 T1-2N0 Peritumoral SulphColl 15 NA Dynamic Probe Tumorectomy** +  
SLNB + ND 

2 HE;
SSS;
INMH

95.2 95.2

Broglie et 
al.[24] 2013

111 61 T1-2N0 NA NA NA NA Dynamic;
s t a t i c 
SPECT-CT

Probe Tumorectomy* + 
SLNB + ND if SN+

NA NA 93 95

Chone et 
al.[25] 2013

46 55 T1-2N0 Peritumoral SulphColl 12 0.5 mL/
day

Static Probe Tumorectomy* + 
SLNB + ND 

>1 HE;
SSS;

INMH CTK

92 98

Broglie and 
Stoeckli[26] 
2011

79 60 T1-2N0 Peritumoral NA NA NA Dynamic;
s t a t i c 
SPECT-CT

Probe Tumorectomy* + 
SLNB + ND if SN+

NA NA 88 94

Ross et 
al.[29] 2002

48 59 TX-N0 Peritumoral Nanocoll 37 NA Dynamic;
static

Probe;
BLUE DYE

Tumorectomy* + 
SLNB + ND if SN+

NA HE;
SSS;

INMH CTK

94 96

Ross et 
al.[30] 2004

125 58 T1-2N0 Peritumoral Nanocoll;
SulphColl

NA NA Static Probe;
BLUE DYE

Tumorectomy* + 
SLNB + ND if SN+

NA HE;
SSS;

INMH CTK

93 96

Nanocoll: Tc99m-Nanocololloid; SulfColl: Tc99m-sulphure colloid; FHSPECT: free hand single photon emission computed tomography; Tumorectomy*: 
tumorectomy prior to SLNB; Tumorectomy**: tumorectomy after SLNB; Tumorectomy§: sometimes prior to SLNB and sometimes after SLNB; HE: 
hematoxylin and eosin staining; SSS: serial step sectioning; INMH CTK: anti-cytokeratin immunohistochemistry; NA: not available; SLNB: sentinel lymphatic 
node biopsy; ND: neck dissection; SN: sentinel node; SS: sensitivity; SPECT-CT: single photon emission computed tomography-computed tomography; NPV: 
negative predictive value
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procedure in the best way.

METHODS

We searched the medical literature analysis and retrieval 
system online (MEDLINE), databases via OVID and Saludteca 
(Virtual Library of Extremadura Public Health System) for 
relevant studies published in English from January 2011 to 
January 2016, limited to human subjects. The combination 
of search terms used was the following: (1) sentinel node; 
(2) oral; and (3) squamous cell cancer. The abstracts were 
reviewed one by one and applying the inclusion criteria. The 
inclusion criteria were the following: (1) original studies; (2) 
prospective studies; (3) studies evaluating the role SLNB in 
OSCC in N0 patients; and (4) at least 30 subjects included in 
the study. Meta-analysis and review articles were collected 
in order to establish the introduction and support the data 
in the discussion of the article. The references of these 
latter works were examined and all interesting articles were 
included for the elaboration of this review.

Data extraction
For each study, we extracted data on the author’s name, 
year, type of study, characteristics of patients, staging of the 
tumour, type of radiotracer, amount of activity and volume 
injected per dose of radiotracer, type of images acquired, 
method of analysis of images, types of radioguided surgery 
equipment employed, surgical technique employed, 
histological techniques for evaluating the SN, sensitivity 
(SS), negative predictive value (NPV), patients survival in 
terms of disease-free survival (DFS), overall survival (OS) 
and disease-specific survival (DSS).

All parameters involved in the SNB technique were 
examined in the articles; they were analyzed in order to 
determine which one would be the most reasonable and 
useful to establish the state of the art of the procedure.

RESULTS

The literature search yielded a total of 219 potential articles 
[Figure 1]. When we established the second limits (English 
articles, of the last 5 years and only human studies) we 

excluded 150 articles. After screening the titles and abstracts 
of the remaining 69 articles, applying the third selection 
(prospective studies, TxN0, 30 patients at least) we selected 
12 articles.[12,16-26] Together with two additional prospective 
articles[27,28] identified from reviews and references, a total of 
14 articles were included in this systematic review. Table 1 
summarizes all the studies included providing the details of 
the individual studies (full database available from author). 
Table 1 summarizes the pooled sensitivity and negative 
predictive values of the SNB. Six out of fifteen of these 
articles also include survival data [Table 2] in terms of OS, 
DFS and DSS. All articles studied OSCC T1-2N0 except two 
that included any T and N0.

Regarding the radio-isotopic technique employed, 7 authors 
used colloid sulfur radiolabeled with Technetium99m 
(Tc99m-colloidsulfur) and other 5 nanocolloid radiolabeled 
with Tecnetium99m (Tc99m-nanocolloid). One of this latter 
combined with immunoglobulins. In the two remaining 
studies these data were not available. All authors employed 
peritumoral injection. The activity injected was detailed in 
12 articles and ranged between 10-80 MBq each dose (mean 
± 20 MBq). In 9 studies the dose ranged between 10 and 
20 MBq. The volume of tracer injected per dose was only 
described in 6 articles and ranged between 0.05 and 0.5 mL 
(mean ± 0.23 mL).

The imaging technique employed was detailed in 13 studies, 
performing dynamic images after tracer administration 
and static planar conventional images at 2 h in 6 cases. 
Three authors only performed static planar conventional 
images 2 h after tracer administration. One work included 
dynamic, static and SPECT images. Three studies carried 
out dynamic, static and hybrid SPECT-CT images. In 4 works 
blue dye was injected in the surgical room for improving 
the identification of the sentinel node according to their 
color and radioactivity.[12,18,27,28]

For the intraoperative SN localization, the equipment 
employed was as follows: only radioguided probe in 8 
cases, radioguided probe and blue dye colorant in 3 cases, 
combined radioguided probe and portable gamma-camera 
in 1 case and 1 work employed a novel detection system 
with intrasurgical free-hand SPECT (SurgicEye©).[20]

Regard the surgical technique employed, in eleven works a 
tumorectomy was first performed and immediately a SNB. 
If the result of SNB showed any lymphatic node affected, a 
ND was carried out in 9 studies. In the remaining 5 studies, 
tumorectomy, SNB and ND was performed in all patients.

The number of biopsied nodes was detailed in 9 works, 
with a mean of 3 nodes per patient. The nodes was studied 
in10 studies by mean of histological techniques that include 
hematoxylin-eosin (HE) staining, step serial section (SSS) and 
immunohistochemistry (IHC) analysis for cytokeratin AE1/AE3, in 
order to confirm the absence of metastatic lymph nodal disease. 
In 1 article only HE and IHC techniques were employed.[12] In 
three works, these data were not available.

SS values ranged in all studies between 80% and 100% (mean 

Table 2: Values of survival in terms of DFS, OS and DSS 
respect to the different histopathological findings in 
the articles cited
Stuides Histological findings DFS OS DSS
Broglie et al.[24] 
2013

Total 85 80 87
Negative SLNB 96 88 96
Positive SLNB 73 74 77

ITC 80 80 80
Micrometastases 69 75 75
Macrometastases 62 62 73

Broglie and 
Stoeckli[26] 2011

Total 89 88 91
Negative SLNB 98 98 95
Positive SLNB 73 71 76

ITC 75 89 75
Micrometastases 71 71 66
Macrometastases 67 67 65

SLNB: sentinel lymphatic node biopsy; ITC: isolated tumoral cells; DFS: 
disease free survival; OS: overall survival; DSS: disease specific survival
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± 94.2%). NPV were available in 13 studies reaching values 
between 88% and 100% (mean ± 94.4%).

In only 5 works, the survival data were displayed in terms 
of DFS, OS and DSS regard the SLNB results. These 5 works 
showed the data detailing the positivity or negativity of the 
nodes biopsied. In only 2 studies the terms of survival were 
also displayed depending of the type of node invasion, isolated 
tumoral cells (ITC), micrometastases or macrometastases.[24,26] All 
type of node invasion showed significant differences in terms of 
DFS, OS and DSS respect to the absence of node invasion. The 
two works were published by Broglie et al.[24,26] in 2011 and 2013 
obtaining very similar values for DFS for the pathological results 
of SNB negative, ITC, micrometastases and macrometastases. 
Those results were: 96% and 98%, 80% and 75%, 69% and 71%, 
62% and 67%, respectively. The values obtained for OS for the 
same pathological results were: 88% and 98%, 80% and 89%, 75% 
and 71%, 62% and 67%, respectively. Finally, the values obtained 
for DSS for those pathological results were: 96% and 95%, 80% 
and 75%, 75% and 66%, 73% and 65%, respectively [Table 2]. 

DISCUSSION

SNB is a well contrasted technique for the regional 
evaluation of tumor staging in breast cancer and melanoma 
included in international guidelines of management of 
these tumors.[10,11] However, in OSCC it still remains with 
an investigational role. This procedure is very complicated 
in head and neck tumors because of the great wealth 
of lymphatic vessels and a great variability of regional 
lymphatic migration. We selected articles published in the 
last 5 years, as accumulated experience has induced some 
evolution in radioisotope procedures, imaging techniques 
and radio-surgery procedures. We included 2 interesting 
prospective papers published in 2002 and 2004 because 
they reach every required criteria, with high number of 
patients and included detailed data of survival respect to 
the histological findings of IHC.[27,28]

We selected only prospective studies because they imply an 
approach and prior review of the different techniques used. In 
OSCC, the first studies have only been published since 1999, 
7 years after the technique gained acceptance in breast and 
melanoma. This, combined with the reduced incidence of oral 
cancers compared to melanoma and breast cancer, necessarily 
results in a low number of studies with more than 30 patients, 
but it is similar to some meta-analysis reviewed.[29]

Radiotracer
Seven studies employed Tc99m-nanocolloid as radiotracer 
and 6 used Tc99m-sulphur colloid [Table 1]. Values of SS 
and NPV ranged between 88-100% and 86-100% with Tc99m-
nanocolloid, and between 80-95% and 93-98% with sulphur 
colloid. The number of studies is very low but there were 
no significant differences.

Several 99mTc-based agents have been used for radioguided 
SNB. The ideal radiotracer should show rapid transit to 
SNs with prolonged retention in the nodes. In general, the 
drainage, distribution, and clearance of radioactive colloids 

by the lymphatic system may vary and are dependent on 
the size of the particles. Small particles are drained and 
cleared first; large particles are drained and cleared last 
and may be retained longer at the injection site. There 
is worldwide variation in radiopharmaceuticals used for 
lymphoscintigraphy. Tc-99m sulphur colloid is employed in 
the USA, with an average size ranging from 305 nm to 340 
nm and Tc-99m-nanocolloid are used in Europe with size 
ranging from 5 nm to 100 nm.[30] Studies have shown that 
the success rate of identification of SNs is not significantly 
affected by the particle size of the radiotracer.[31-34] Thus, the 
selection of radiotracer is based more on local availability 
than on differences in sentinel lymph node (SLN) detection.

Recent developments in new tracers are coming, like the use 
of indocyanine green-Tc99m-nanocolloid, a hybrid tracer that is 
both radioactive and fluorescent. The addition of fluorescence 
imaging was shown to be of particular value when SNs were 
located in close proximity to the primary tumour.[35]

Tilmanocept©, is another novel receptor-targeted radio-
pharmaceutical, Tc99m-labeled non-particulate radiotracer with 
high affinity for the macrophages and dendritic cells, within 
the sentinel lymph node. Studies have been promising, with 
suggestions that tilmanocept may have improved clearance 
from the site of the primary tumor and enhanced retention 
within the sentinel node when compared to sulfur colloid.[36]

Based upon the experience accumulated in SNLB in other 
tumors, consensus on the activity to be administered in a 
SNB procedure has not been reached. The investigated and 
suggested activities vary considerably. Activities as low as 
3.7 MBq (0.1 mCi)[37] and as high as 370 MBq (10 mCi)[36] have 
been used. In our review, the doses ranged between 10 and 
80 MBq, the adequate dose if the tracer administration is 
performed the day before surgery, especially if we are going 
to acquire SPECT-CT images that require greater tracer 
activity. These doses do not imply a significant radiation dose 
to the workers in the operation room. Note that between 
administration of the radiotracer and surgery usually pass at 
least 24 h. It means that an administered dose will become 
to 1/16 of the injected at the operation time, so that no 
specific radioprotection precautions are required.

Radiotracer administration
Respect to the volume of radiotracer injected, Chone et al.[25] 
employed the largest volume per dose (0.5 mL) in an attempt 
to completely surround the tumor in its deep and lateral 
aspects at a sub-mucous level of normal mucous membrane 
that surrounds the tumor in a volume of approximately 
1-2 mL. However, we did not find any significant difference 
in terms of SS or NPV. In breast cancer with peritumoral 
injections, larger volumes per dose (i.e. 0.5-1.0 mL) are 
preferred for the same reason.[33] Perhaps the best option 
would be to try the peritumoral region completely 
surrounded by the radiotracer to avoid false negative results.

SN preoperative localization
The most common method to preoperatively localize 
SN included injecting a radioactive sentinel node tracer 
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followed by lymphoscintigraphy, without the use of blue 
dye. Its use may also facilitate SLN detection during surgery 
but there were no significant differences in terms of SS or 
NPV. It highlights the fact that the lowest value of SS was 
obtained in a job that used blue dye.[18]

False-negatives can occur through multiple mechanisms, 
including incomplete or inadequate peritumoral injection, 
obscuring of the SN by shine-through of the radioactive 
signal at the primary tumor site, and lymphatic obstruction 
secondary to tumor-obstructed nodes resulting in 
redirection of lymphatic flow.[14]

Nine authors employed dynamic images in a trend to 
identify the lymphatic migration to the sentinel nodes. To 
date; the predominant clinical experience with SNB has been 
with oral cavity tumors. There is still some debate in the 
literature regarding the accuracy of SNB for floor of mouth 
tumors compared to other oral locations.[38-40] The argument 
by those who report a lower sensitivity and negative 
predictive value for floor of mouth tumors compared to 
other locations is that tumors in the floor of mouth lie in 
very close proximity to level I nodes leading to difficulty 
in identifying and harvesting SLNs.[14,40] Antonio et al.[2] 
state that the minimum treatment of the neck is probably 
dissection of the levels between the primary tumour and 
the level containing the SN(s).

This problem can be solved by means of tomographic 
imaging techniques that can separate tracer uptake of 
adjacent organs, especially the hybrid techniques such as 
SPECT-CT that by their much greater anatomical resolution 
and image quality are much more appropriate. It is 
noteworthy that only three authors use these techniques 
to help more accurately identifying lymph node stations 
in various forms, as well as its relations with adjacent 
structures.[13]

Intraoperative procedure
In the surgical room, radioguided surgical probe was 
employed in 11 articles; one of them with a portable 
intraoperative gamma-camera added.[16] When we use 
exclusively a probe it is recommended to previously identify 
the SN and its anatomical location based upon the images 
examination and labeling marks on the skin of the patient. 
For this, a close collaboration between the physicians of 
nuclear medicine and surgeons is recommended. In order to 
avoid or minimize the shine-through effect, the surgeon must 
perform a lumpectomy before the SNB. After lumpectomy, 
additional images can be acquired with portable gamma-
camera and identify the SN of the regions close to the tumor 
that could be missed in the initial images.

Bluemel et al.[20] used a new detection system based on a 
freehand SPECT performed in the operating room before 
surgery and even intraoperatively after lumpectomy in a 
short period of time (less than 2 min) that eliminated the 
peritumoral tracer activity and improved the location of 
those lymphatic echelons close to the tumor and eliminating 
the shine-through effect.

There was no agreement in which would be the adequate 
number of SN biopsied. This fact remains controversial 
in OSCC because of the possibility of great number of 
SN, variability of different lymphatic echelons, frequent 
contralateral migration, etc. Perhaps it would be wise to 
excise at least, all hot cervical nodes found in the images.

Histological techniques
Histological techniques employed are a crucial point in 
the SNB process. All items with available data, except 
one, employed HE, SSS and IHC analysis for citokeratin. 
All remarked the importance of the three techniques for 
reaching the highest accuracy. On the other hand, one of 
the biggest potential downsides to a strategy of SNB as 
compared with upfront elective ND is the need to return to 
the operating room on a separate occasion for a completion 
ND for a positive SLNB. Although immediate intraoperative 
frozen section can identify a significant proportion of 
patients with a positive SNB, there remains a subset of 
patients whose occult disease will only become apparent 
with SSS and IHC analysis.[25] The increased morbidity, cost 
and delay in healing that comes from a second procedure 
are viewed by many as an obstacle to the implementation 
of SNB. Some authors attempted to develop a more 
efficient method for the intraoperative genetic detection 
of lymph node metastasis in head and neck aquamous cell 
carcinoma using the one-step nucleic acid amplification 
(OSNA) method of cytokeratin-19.[41]

Perspectives
The data founded showed that any type of neoplastic 
spread to the SN imply significant differences in terms of 
survival [Table 2]. The presence of micrometastases and 
macrometastases must be followed by ND in order to 
control the disease. This probably means that more survival 
specific studies are necessary to clarify the role of ITC 
in SN. According to the guidelines in early breast cancer, 
complete axillary lymph node dissection is recommended 
if SNB is positive except for ITCs.[42] However, the reviewed 
studies suggested that the presence of even small tumor-cell 
deposits in lymph nodes reflects the potential of the primary 
tumor to metastasize and, for the time being, completion 
elective neck dissection should be performed irrespectively 
of the size of metastases.[24,26]

Based upon this review, we can resume the protocol of SNB 
as follows: (1) close collaboration between the departments 
of maxillofacial surgery, oncology, radiology and nuclear 
medicine is recommended; (2) the selection of radiotracer 
is based more on local availability than on differences in 
SLN detection. In our mean, Tc99m-nanocolloid should be 
employed. In the future, attention must be focused on new 
tracers; (3) activity dose per injection will range between 
37-74 MBq if surgery is performed the day after the tracer 
administration; (4) peritumoral injection will be performed 
trying to surround the lesion as much as possible to avoid 
false negative results; (5) the volume per dose recommended 
will reach 0.5 mL in a trend to completely surround the 
tumor in a total volume of 1-2 mL; (6) imaging techniques 
should include tomographic studies, especially hybrid SPECT-



Plast Aesthet Res || Volume 3 || May 25, 2016148

CT techniques, if available, in a trend to avoid shine-through 
effect and identify SN in lymphatic echelons close to the 
tracer injection. Free-hand intraoperative SPECT technique 
will be an interesting choice in the future; (7) tumorectomy 
will be performed previous to SNB to avoid shine-through 
effect helping to identify SN in lymphatic spaces I and II; (8) 
SN will be studied with histological exhaustive techniques 
including HE, SSS and IHC to reach the highest accuracy 
to identify occult disease. In the future, OSNA techniques 
could be developed but more studies are necessary to 
evaluate these; and (9) if SN shows a positive result a ND 
will be mandatory. There are only doubts about the role of 
ITCs in SN, but the current data suggest that any neoplastic 
presence in SN recommend a ND.

In conclusion, SNB is a well-known powerful tool in the 
management of some tumors like breast cancer and 
melanoma. In early-stage oral cavity cancer, SNB is gaining 
acceptance worldwide as an effective alternative to elective 
neck dissection for staging the N0 neck. Nowadays, despite 
anatomical and functional differences of this region, the 
available evidence suggests that SNB accurately stages the 
neck with a reasonable false-negative rate.

False-negatives can occur through multiple mechanisms, 
including incomplete or inadequate peritumoral injection, 
obscuring of the SN by shine-through of the radioactive 
signal at the primary tumor site, and lymphatic obstruction 
secondary to tumor-obstructed nodes resulting in 
redirection of lymphatic flow. The use of adequate 
radiotracer and proper injection as well as the optimal 
employment of imaging procedures and surgical techniques 
can help solving this limitation.

Given the increased risk of morbidity with selective neck 
dissection or radiation therapy, and the decreased survival 
with watchful waiting, the SNB may provide a reasonable 
alternative when done by an experienced multidisciplinary 
group of surgeons, radiologists, oncologists and nuclear 
medicine physicians.

Recent advances are focused on the development of novel 
radiotracers imaging techniques and molecular assays, to 
improve the intraoperative identification of SN. They may 
help to overcome some of the obstacles to widespread 
implementation of SNB for OSCC N0.
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ABSTRACT
Aim: One of the most important factors associated with recurrence rate and overall survival 
is the status of surgical margin of resection free of disease. However, sometimes, the margins 
measured intra-operatively at the time of surgery differ of those measured by the pathologist in 
the histopathologic analysis. Faced with this dilemma, a literature review of the best available 
evidence was conducted in an attempt to determine how the phenomenon of tissue shrinkage 
may influence on the surgical margin of resection in patients undergoing oral and oropharyngeal 
squamous cell carcinoma (SCC). Methods: An electronic and manual search was conducted by 
one reviewer. A combination of controlled Medical Subjects Headings and keywords were used 
as search strategy. Inclusion and exclusion criteria were established. Results: Finally, after an 
exhaustive selection process, four articles fulfilled the inclusion criteria and were analyzed. All 
articles reported a decrease of surgical margin after resection. The tumor site and tumor stage 
seem to influence in degree of margin shrinkage. Conclusion: Tissue shrinkage on surgical 
margins of resection in oral SCC is a tangible phenomenon. There is a significant discrepancy 
between margins measured intraoperatively previous to resection and margins measured by 
pathologist after histologic processing. The highest percentage of retraction occurs at the time of 
resection. Margin shrinkage based on tumor site and tumor stage should be considered by any 
oncologic surgeon to ensure adequate margins of resection cleared of tumor.
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INTRODUCTION

According to the last report of World Health Organization 
in 2014, cancer of the oral cavity and pharynx constitute, 
in combination, the seventh most common cancer in the 
world and the ninth most common cause of death by cancer. 
Its annual incidence is estimated about 529,000 new cases/
year.[1] Two-thirds of theses cases are described in developing 
countries.[2] The squamous cell carcinoma (SCC), with a high 
morbidity and mortality, constitutes the most common 
entity in the upper aerodigestive tract in approximately 
90% of cases. Its survival rate at 5 years, for most countries, 
is around 50%.[2] Numerous clinical and histopathologic 
factors have been considered as prognostic at the SCC.[3,4] 
Among them, one of the most relevant, with respect to the 
overall survival and recurrence rate, is the status of surgical 
margin of resection free of disease.[5-8] However, although 
one goal in the oncologic surgery is the complete removal 
of the tumor with an appropriate margin of security and 
less aesthetic and functional impact; in the head and neck 
region, due to its three-dimensional characteristics and the 
presence of noble structures, the obtaining of appropriate 
limits of resection constitutes, on occasions, a real challenge 
for the surgeon.[9,10]

Nevertheless, since 1978 when Looser et al.[5] defined the 
term “positive surgical margin”, diverse concepts such as 
“close margins”, “involved margins” or “clear margins”, 
among others, have been introduced in the literature 
without a general consensus.[10-13] In fact, even today, there 
are no universal guidelines that permit different pathologists 
to adopt the same histologic criteria regarding to surgical 
margin.[5,14-17] This lack of agreement on what should 
constitute an “adequate” or “safe” margin of resection[8,18] 

have led to each pathology department to classify surgical 
margins according to its own experience or internal 
guidelines, thereby hampering the comparison of the results 
obtained in the different studies and its extrapolation to the 
clinical practice.[14] A recent systematic review concluded that 
a histopathologic margin of at least 5 mm is the minimum 
acceptable margin size that should be achieved in any oral 
SCC.[19] Currently, following the surgical standard, it has 
been established that a macroscopic surgical margin of 1 to 
2 cm obtained intra-operatively is enough extent to obtain 
a free-tumor margin (5 mm at present) in the oral cavity 
and oropharynx.[3,19-21] Nevertheless, sometimes it happens 
that, despite surgical margins measured by the surgeon 
intra-operatively seem appropriate, a notable discrepancy is 
observed when are analyzed by the pathologist under the 
microscope. Faced with this dilemma, a review of the best 
available evidence in the literature regarding to the tissue 
shrinkage phenomenon observed on surgical margins of 
resection in patients with oral and oropharyngeal SCC was 
carried out.

METHODS

An electronic literature search was conducted by one 
reviewer (D.G.B) in Pubmed (Medline) database, up to 
January 2016. No language or date restrictions were applied. 

The population, intervention, control and outcomes[22] 
(PICO) question that guided this review was as follows: is the 
effect of tissue shrinkage phenomenon a factor to take into 
account in the surgical treatment of oral and oropharyngeal 
squamous cell carcinoma?

Search strategy
A combination of controlled terms Medical Subjects 
Headings (MeSH) and keywords were used as strategy of 
search. The search terms used, where “[mh]” represented the 
MeSH terms and “[tiab]” represented title and/or abstract, 
were: “carcinoma, squamous cell” [MeSH Terms] OR “mouth 
neoplasms” [MeSH Terms] OR “oropharynx neoplasm” 
[MeSH Terms] OR “oral cancer” [Title/Abstract] OR “oral 
neoplasm” [Title/Abstract] OR “oral tumour” [Title/Abstract] 
OR “oropharynx cancer” [Title/Abstract] OR “oropharynx 
tumours” [Title/Abstract] OR “squamous cell carcinoma” 
[Title/Abstract]) AND (“tissues” [MeSH Terms] OR “tissues” 
[Title/Abstract] OR “tissue” [Title/Abstract] OR “margin” 
[Title/Abstract] OR “surgical margin” [Title/Abstract] OR 
“resection margin” [Title/Abstract]) AND (shrinkage [All 
Fields] OR “retraction” [Title/Abstract] OR “shrink” [Title/
Abstract].

In addition, to identify supplementary articles, the related 
citations function of Pubmed was used. Likewise, a manual 
search based on an equivalent search strategy to that used in 
the Pubmed was performed. Some of the most relevant head 
and neck, oral and maxillofacial and plastic surgery-related 
journals were consulted, including: International Journal of 
Oral and Maxilofacial Surgery; Journal of Oral and Maxillofacial 
Surgery; Journal of Craniomaxillofacial Surgery; Journal of 
Maxillofacial Surgery; British Journal of Oral and Maxillofacial 
Surgery; Oral Surgery, Oral Medicine, Oral Pathology and Oral 
Radiology and Endodontology; Head and Neck; Oral Oncology and 
Journal of Plastic, Reconstructive and Aesthetic Surgery.

Eligibility criteria
Articles were included in this systematic review if they 
met the following inclusion criteria: prospective and 
retrospective studies, cohort, cross-sectional and case-
control studies or human clinical trials that discussed: 
(1) the phenomenon of retraction or tissue shrinkage on 
surgical margins of resection; (2) the difference between 
measurements taken in the operation room and those 
reported by the pathologist on the surgical specimen; or 
(3) the influence of histopathologic processing on resection 
margins of surgical pieces in patients underwent surgery for 
oral or oropharyngeal SCC.

On the contrary, single case reports, animal or in vitro 
studies, literature reviews, letters, editorial, correspondence 
or those studies in which phenomenon of shrinkage was not 
centered on surgical margin were excluded.

Screening process and data extractions
The screening process was conducted by one reviewer 
(D.G.B). The titles and abstracts were firstly analyzed. 
The second step consisted of a selection of those articles 
related with the PICO question. All articles selected were 
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carefully analyzed according to eligibility criteria for future 
data extraction. From each study included in the review the 
following information was extracted: first author, year of 
publication, study design, demographic data (age-range), 
number of subjects, tumor type, tumor site, tumor stage, 
margin identification, resection margin, surgical instrument 
used for resection, measuring instrument, pre-resection 
measurement, measuring time pre-post resection, mean 
shrinkage pre-post resection, measurement by stage and 
measurement by site.

RESULTS

Literature search
The initial search strategy yielded a total of 107 articles from 
Pubmed database, 9 articles obtained from related citations 
of Pubmed and 287 articles from hand- searching. In the first 
step, titles and abstracts of articles obtained in the strategy 
search were reviewed for elimination of irrelevant articles 
(376 articles). In the second step, those articles related with 
PICO question were analyzed for eligibility (27 articles). 

Subsequently, a comprehensive and careful reading of the 
full-text of selected articles was carried out (6 articles). 
Finally, only 4 articles were included for final data extraction 
[Figure 1]. Due the heterogeneity of analyzed studies a 
qualitative synthesis of the data was performed.

Study characteristics
The characteristics of the studies included in this review 
are showed in Tables 1 and 2. One prospective study, one 
retrospective study and other two articles without a clear 
definition of the type of study design were included. The 
number of participants in the studies ranged from 35 to 95, 
and the average age was 59.32 years.

Three articles studied the discrepancy between “in 
situ” margins and “histopathologic” margins in patients 
underwent surgery for oral SCC, while one study analyzed 
the effect of tissue shrinkage on surgical margins of resection 
in patients operated for lip SCC. In all analyzed studies, the 
appropriate surgical margin of resection was defined as that 
margin located 1 cm from the tumor border; likewise, the 
resection margin was identified by mean of marking ink in 

Figure 1: Flow chart (screening and selection process) used for the articles included in this review
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all examined articles and only 2 of them reported the use 
of sutures as an additional means of margins identification. 
Only 2 studies indicated the instrument utilized for 
resection (electrocautery). The extent of the tumor was, in 
all cases, determined by visual inspection and palpation. 
With regards to the measuring instruments used to assess 
the discrepancy between “in situ” margins and “histologic” 
margin, 3 studies reported the use of the metric ruler as 
measuring instrument, 1 study described the caliper as 
the instrument utilized in the measurements and 1 study 
informed the use of both instruments for measuring of the 
margins. All articles reported a measurement of surgical 
margin prior to the surgical resection, but only 2 of them 
indicated the time until the measurement recorded by the 
pathologist (one study at 24-48 h postresection and another 
study at half an hour after resection).

A statically significant discrepancy between margins 

measured at the time of the surgery and margins measured 
after histopathologic processing was observed in all studies 
analyzed. Thus, Mistry et al.[16] reported a mean shrinkage 
from the pre-resection to the post-resection measurement of 
3.18 mm (22.7%) (P < 0.011). In their study, Cheng et al.[20] 
informed a mean discrepancy between the in situ margins and 
the histopathologic margins for all patients of 59.02% (P < 
0.001). However, El-Fol et al.[23] described a mean discrepancy 
between intraoperative margins and histopathologic margins 
exclusively analyzing all close and positive margins. In this 
study, the mean discrepancy for buccal mucosa was 47.6%, 
33.3% for the tongue, 9.5% for the mandibular alveolus, and 
4.8% for both, retromolar trigon and floor of the mouth. Finally, 
the study of Egemen et al.[24] based on the surgical margins of 
the resected lip specimens, reported a mean decrease of up 
to 41-47.5% in the length and of 21.8% in volume between 
measurements performed before the resection and those 
obtained in the histopatologic study.

Table 1: Summary of main characteristics of reviewed studies
Authors 
(year)

Study 
design

Demographic data
(No. of subjects; gender; 
age range; mean age)

Tumor 
type

Location tumor 
and No. of patients

Tumor stage and 
No. of patients

El-Fole et 
al.[23] (2014)

Prospective 61 patients; 
39 M (63.9%), 
22 F (36.1%); 
35-69 years; 
mean 51.6 years

Oral SCC Tongue: 20;
mucosa alveolar margin mandible: 13;
buccal mucosa: 15; retromolar trigone: 6;
floor of the mouth: 3;
mucosa alveolar margin maxilla: 4

T1: 4;
T2: 47;
T3: 5;
T4: 5

Egemen et 
al.[24] (2014)

NR 21 patients; 
14 M (66.6%), 7 F (33.3%); 
47-92 years; mean 71.1 years

Lip SCC Lower lip: 15;
Upper lip: 5;
Commisure: 1

T1: 8;
T2: 10
T3: 3

Cheng et 
al.[20] (2008)

NR 41 patients; 
21 M (51%), 20 F (49%); 
35-95 years; 
mean 67 years

Oral SCC Group 1: buccal mucosa, mandibular 
Alveolar ridge and retromolar trigone - 21;
Group 2: maxilar alveolar ridge and hard 
palate - 6; Group 3: oral tongue - 14

T1: 11; T2: 16;
T3: 1; T4: 11;

2 patients 
excluded

Mistry et al.[16] 
(2005)

Retrospective 27 patients; 
18 M (66.6%), 9 F (33.3%); 
36-61 years; mean 47.6 years

Oral SCC Oral tongue - 16;
buccal mucosa - 11

T1: 11; T2: 11;
T3: 3; T4: 2

M: male; F: female; NR: not reported; SCC: squamous cell carcinoma

Table 2: Summary of the measurements made in the analyzed studies
Authors 
(year)

Margin identification; 
surgical instrument; 
resection margin; 
measuring instrument

Surgical 
measurement

Mearuing time,
pre-post resection

Mean 
shrinkage

Shrinkage by site Shrinkage 
 by stage

El-Fole et al.[23] 
(2014)

Margin ink/sutures; 
electocautery; 
1 cm; 
metric ruler or caliper

In situ/pre-
resection;
inmediately 
post-resection

NR 47.6% buccal mucosa;
33.3% tongue;
9.5% mandibular 
alveolus;
4.8% floor of mouty;
4.8% retromolar 
trigon

66.7% buccal 
mucosa;
35% tongue;
33.3% floor of mouth;
15.4% mandibular
alveolus;
16.7% retromolar trigon

NR

Egemen et 
al.[24] (2014)

Margin ink;
not indicated;
1 cm;
metric ruler/water 
flooding

In situ/pre-
resection;
inmediately 
post-resection

At 24 h and 48 h 
of fixation (volume, 
tumor length and 
distance); After 48 h of 
fixation - standardized 
fashion

41-47%;
volume decrease 
21.8%

NR NR

Cheng et al.[20] 
(2008)

Margin ink;
not indicated; 1 cm; 
metric ruler

In situ/pre-
resection

NR 59.02% 71.90% Group 1;
53.33% Group 2;
41.14% Group 3

T1/T -51.48%;
T3/T -75%

Mistry et al.[16] 
(2005)

Margin ink/sutures;
electrocautery1 cm;
caliper

In situ/pre-
resection

Half on hour 
post-resection

22.7 % 23.5% tongue;
21.2% buccal 
mucosa

T1-T2-25.6%;
T3-T4-9.2% 

NR: not reported
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Shrinkage depending on the tumor site
The degree of shrinkage based on the different tumor sites 
was analyzed by three studies. Mistry et al.[16] published a 
study on 27 patients with oral SCC of the tongue and buccal 
mucosa of the oral cavity where examined the distances 
pre-resection and post-resection. They reported a greater 
discrepancy of the tongue margins (23.5%) that the buccal 
mucosa margin (21.2%) and a mean loss of 22.7%, however, 
these results were not statistically significant. In the study of 
Cheng et al.[20] on 41 patients with diagnosis of oral SCC the 
amount of margin discrepancy between margins measured 
intraoperatively and those measured microscopically 
was quantified. The patients were grouped by locations 
obtaining the following statistically significant result: mean 
discrepancy for group 1 (buccal mucosa, mandibular alveolar 
ridge and retromolar trigone) 71.90%, 53.33% for group 2 
(maxillary alveolar ridge and palate) and 42.14% for group 
3 (oral tongue), with a P value corresponding to 0.0133. 
Likewise, El-Fol et al.[23] measured the difference between 
the “in situ” margins and “histopathologic” margins of 61 
patients that underwent resective surgery for oral SCC. 
A significant difference in the measurement of resection 
margin according to the anatomical site was obtained with 
a mean of discrepancy of 66.7% for buccal mucosa, a 35% 
for the tongue, a 33.3% for the floor mouth, a 16.7% for the 
retromolar trigone and a 15.4% for the mandibular alveolus.

Shrinkage depending on the tumor stage
The percentage of discrepancy in the different studies 
analyzed according to the tumor stage was described in only 
two studies.

The study of Mistry et al.[16] compared the mean shrinkage 
of patients with lower stage tumors (T1 and T2) with the 
mean shrinkage in patients with higher stage tumors 
(T3 and T4). The difference between the two groups was 
statistically significant (P < 0.011), with a mean of 3.59 
mm (25.6%) for T1/T2 tumors vs. 1.4 mm (9.2%) for T3/T4 
tumors, respectively. However, these results were different 
to the study presented by Cheng et al.[20] where the mean of 
discrepancy for T1/T2 tumor was 51.48%, and 75% for T3/T4 
tumors (P = 0.0264).

DISCUSSION

One of the most important prognostic factors respect to 
overall survival and local recurrence rates is the status of 
surgical margins of resection.[5,25] Indeed, the main goal of 
the resective surgery of the head and neck is the complete 
removal of the tumor with suitable margins of resection 
free of disease.[23] However, even at the present day, there 
has not been consensus between researches on what 
constitutes tumor involvement at the resection margin 
(including mucosal dysplasia or carcinoma in situ) and 
what constitutes an “adequate” margin of resection.[7,8,18] 
Though controversial, it seems reasonable to accept, based 
on studies, that 5 mm of healthy tissue around the tumor 
should be the minimum acceptable margin size for a clear 
surgical margin in any oral SCC.[7,19]

Nevertheless, it sometimes happens that, the surgeon feels 
frustration when noticing that an appropriate surgical margin 
in the operation room presents a considerably decrease in 
size when is observed by the pathologist. In such cases, it is 
not surprising that a surgical margin that seems appropriate 
intra-operatively can be reported as positive or affected 
in the final histopathologic analysis. Diverse explanations 
have been considered in the literature. Thus, the invasive 
character of oral SCC can lead to occult microscopic margins, 
finger extensions or islands of tumor that extend beyond 
the clinically visible and palpable tumor, obtaining a margin 
that is closer than previously expected.[20,23] Moreover, it 
should be kept in mind that malignant molecular changes 
may be present even when there are histopathologic normal 
margins.[26] Nevertheless, it seems clear that the discrepancy 
observed between clinical and pathological margins is 
most often associated to shrinkage phenomenon after 
resection.[23]

The aim of this literature review was to identify studies that 
discussed the tissue shrinkage phenomenon on surgical 
margins of resection in patients underwent surgery for 
oral and oropharynx SCC. Only four articles were finally 
included in this review according to our search strategy (one 
prospective, one retrospective and two articles not defined). 
All of them reported a discrepancy between surgical margins 
measured intra-operatively and those margins of resection 
measured by the pathologist after processing of the surgical 
piece. These findings are consistent with those reported by 
others authors that observed the phenomenon of margin 
shrinkage at other places of the body.

Thus, in a study by Silverman et al.[27] on 199 cutaneous 
malignant melanoma reported of a shrinkage of a 15 to 25% 
on margins of surgical specimens depending on the patient’s 
age. Likewise, Weese et al.[28] observed in ten patients who 
underwent colonic resection that resected rectal margin 
could shrink up to 50% or more after processing histologic 
of surgical piece. Siu et al.[29] noted in a study on esophagus 
carcinoma that exist a different degree of shrinkage of 
the entire specimen from its surgical resection to its final 
pathological study. The surgical specimen shrank a 40% 
following resection and another 10% after formalin fixation.

However, the first reference regarding to the study of tissue 
shrinkage on surgical margins of resection in oral cavity and 
oropharynx is attributed to Johnson et al.[9] in 1997. In their 
experimental study on ten mongrel dogs they reported that 
a shrink of up to 30-50% may be expected in the specimens 
of oral cavity and oropharynx and the maximum shrinkage 
occurs immediately after the resection. These results are 
similar to those of the articles analyzed in this review of 
human study. In fact, a conclusion shared by all the authors 
is that specimens of oral SCC are significantly reduced after 
surgical resection.[16,20,23,24]

Thus, Mistry et al.[16] published a study on 27 patients with 
oral SCC of the tongue and buccal mucosa where analyzed the 
distances pre-resection and post-resection and reported a mean 
shrinkage of 3.18 mm (22.7%). However, El-Fol et al.[23] described 
a mean discrepancy between intraoperative margins and 
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Figure 2: Brief summary of the measurements taken during the different phases of the study performed by the authors’ team. (A) intraoperative 
measurement in fresh; (B) measurement in fresh by the pathologist; (C) measurement after fixation with formaldehyde; (D) measurement under microscope 
(C) in a patient with oral squamous cell carcinoma - T1N0M0

histopathologic margins exclusively analyzing all close and 
positive margins. In this study, the mean discrepancy for 
buccal mucosa was 47.6%, 33.3% for the tongue, 9.5% for the 
mandibular alveolus, and 4.8% for both, retromolar trigone 
and floor of the mouth.

In the study of Cheng et al.,[20] the mean discrepancy between 
the in situ margins and the histopathologic margins for all 
patients was reported statistically significant at 59.02% (P < 
0.001). One conclusion of the authors for these findings is 
that the specimens of the oral cavity retract significantly after 
resection and subsequently after pathologic processing.

Likewise, Egemen et al.[24] in their study on surgical margins 
of the resected lip specimens, observed a mean decrease of 
up to 41-47.5% in length and of 21.8% in volume between 
measurements obtained before the resection and those 
reported in the histopathologic study. Moreover, they noted 
that the most significant step for shrinkage phenomenon 
was the excision step followed by the formalin fixation step 
and also noted that the duration of the fixation did not 
affect the shrinkage rate of surgical margins; however, the 
volume of the specimen was decreased in higher proportion 
at 48 h compared with 24 h of fixation.

An interesting fact to consider is whether the tumor 
site influences on the degree of tissue shrinkage. Certain 

intrinsic factors, such as tissue composition, have been 
studied as responsible of different shrinkage percentages 
at different locations in the given specimen. It has been 
observed that intra-tumoral shrinkage is less as is compared 
to the shrinkage at surgical margins. Even if different surgical 
margins of a single specimen are from the same location of 
the oral cavity, shrinkage of each margin may vary. The reason, 
according to some authors, could be diverse: presence of 
varying number of tumor cells underneath surgical margin, 
cohesiveness of tumor cells, degree of keratinization, 
degree of inflammation, variable susceptibility of invasion 
or inclusive heterogeneous biology among other.[20,30]

In this regard, Mistry et al.[16] reported a greater discrepancy 
of the tongue margins (23.5%) that the buccal mucosa 
margin (21.2%), however, these results were not statistically 
significant. They concluded that factors like age, gender 
or site of tumor do no significantly affect the quantum 
of shrinkage. On the other hand, in the study of Cheng et 
al.[20] where the patients were grouped by locations, the 
mean of discrepancy obtained for group 1 (buccal mucosa, 
mandibular alveolar ridge and retromolar trigone) was 
71.90%, 53.33% for group 2 (maxillary alveolar ridge and 
palate) and 42.14% for group 3 (oral tongue), with a P value 
corresponding to 0.0133. Likewise, El-Fol et al.[23] found a 
significant difference in the measurement of resection margin 
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according to the anatomical site. In this study the mean of 
discrepancy observed for buccal mucosa was of 66.7%, 35% 
for the tongue, a 33.3% for the floor mouth, a 16.7% for the 
retromolar trigon and a 15.4% for the mandibular alveolus. 
Given these results, it seems appropriate to believe that 
knowing shrinkage of each margin according to its location 
instead of shrinkage of the specimen, is what should guide 
treatment guidelines.[30]

When comparing margins discrepancies based on staging, 
Cheng et al.[20] described a mean discrepancies in T1/T2 
tumors of 51.48% and in T3/T4 tumors of 75% with a P value 
of 0.0264. These findings differed from those presented by 
Mistry et al.[16] who observed a mean shrinkage of 3.59 mm 
(25.6%) for T1/T2 tumors and 1.4 mm (9.2%) for T3/T4 tumors 
with a difference statistically significant (P < 0.011). In this 
study, the authors hypothesized that late stage tumors may 
show a smaller discrepancy due to tumor related destruction 
of contractile elements surrounding cancer. However, Cheng 
et al.[20] tried to explain this discrepancy alluding that late 
stage tumors result in a greater microscopic invasiveness and 
that the small number of cases presented by Mistry et al.[16] 
could be considered an artifact. As we can see in view of the 
results obtained, the degree of discrepancy between the pre 
and post surgical resection margins based on tumor staging 
does not obtain extrapolated conclusions mainly because 
only two studies, whose tumor sites clearly differ from each 
other, were analyzed.

The results obtained in this review related to the phenomenon 
of tissue shrinkage on the surgical margin of resection in 
patients with oral SCC, coincide with the results observed by 
the author and his team. In our study, pending on its recent 
publication, patients diagnosed of oral and oropharyngeal 
squamous cell carcinoma and that underwent surgery with 
reconstruction by means of microsurgical techniques, the 
analysis of surgical resection margins was performed in 
several stages: pre-resection, immediately post-resection in 
the operating room, in fresh in the pathology department, 
after fixation by the pathologist and under microscope [Figure 
2]. In anticipation of the results, only indicate that a large 
discrepancy between the margins intraoperatively measured 
and the margins microscopically analyzed was observed, with 
an average of 4.46 mm. The step in which a smaller reduction 
of surgical margins was observed coincide with that reported 
in this review, the step from formalin fixation to the microscope 
analysis, with an overall mean of 0.68 mm.

Study limitations
The author of this paper recognizes the limitations inherent 
to this review. The study is limited to one database (Pubmed) 
and only four articles were included in the final study 
according to our search strategy. The scarce number of 
patients observed by staging or by site in some articles, the 
variety of study designs, the absence of measurement post-
resection immediately in the operation room in two of the 
studies, together to the fact that not all articles explain the 
surgical instruments used for tumor resection or how long 
was from resection of surgical specimen to the measurement 
by the pathologist after histopathologic processing, make 
that studies be quite heterogeneous as to obtain any type 

of quantitative results. Therefore, the conclusions achieved 
have to be taken with caution before its application to 
clinical practice. Maybe, future studies involving a largest 
number of patients by stage or locations can provide more 
reliable information for application to clinical routine.

In conclusion, tissue shrinkage on surgical margins of 
resection in oral SCC is a tangible phenomenon. The highest 
percentage of retraction occurs at the time of resection. 
Tumor staging should be established intra-operatively and 
no following histopathologic processing when the tissue 
shrinkage phenomenon is already established. The surgeon 
should take the tissue shrinkage phenomenon into account 
when affording surgical resection, while his/her actuation 
must be based on tumor site and stage in order to provide 
adequate definitive tumor margins.
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ABSTRACT
Radiotherapy plays a critical role in the treatment of oral cavity squamous cell carcinoma as 
monotherapy in early stage cancer or combined with surgery and/or chemotherapy in advances 
ones. Recent developments in the imaging of cancer and radiation technology have allowed 
developing more precise delivery of treatment with recent data demonstrating improvement in 
survival and lessening of adverse toxics effects of radiation. This review will focus in the recent 
advances and current state-of-the-art in radiation oncology both external beam radiotherapy and 
brachytherapy. As complexity of cancer treatments increases a close coordination between head-
neck surgeons and radiation oncologist is needed due to a significant proportion of patients will be 
treated with combined modality therapy.
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INTRODUCTION

Although surgery is the recommended treatment for oral 
cavity squamos cell carcinoma (OCSCC),[1] radiotherapy 
(RT) plays a capital role in the treatment of OCSCC either 
exclusively or as adjuvant after surgery.

RT may be administered using two techniques, which, in 
turn, are likely to be combined together in the specific case of 
OCSCC: external beam radiotherapy (EBRT) and brachytherapy 
(BT). Usually patients with early stage disease are treated 
exclusively radical radiotherapy; however, patients with 

unresectable or advanced disease will receive radiotherapy 
plus chemotherapy or targeted therapy with monoclonal 
antibodies against epidermal growth factor receptor (EGFR) 
in order to enhance the cytotoxic effect of radiation.

The present manuscript is a revision of most important 
manuscripts concerning a large and extended bibliography 
has been performed in order to elucidate the current role of 
RT in the treatment of patients with squamous cell carcinoma 
of the oral cavity.

Topic: State of the Art in the Management of Oral Squamous Cell Carcinoma
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RADIOTHERAPY TECHNIQUES 
OVERVIEW

Currently standard EBRT is based on the assessment of target 
volumes to irradiate and organs at risk to protect in 3D-computed 
tomography (CT) simulation plus multimodal images (e.g. positron 
emission tomography-CT, magnetic resonance imaging).[2-6] 
Delivery of treatment should be based on intensity modulated 
radiation therapy[7] (IMRT) which involves the use of multiple 
computer-aided beams of inhomogeneous radiation, allow dose 
shaping the spatial shape of treatment volume, improving the 
coverage of target area and the protection of healthy tissue 
[Figure 1]. When using IMRT different treatment volumes (e.g. 
macroscopic tumor vs. elective nodal levels) receive a different 
dosage during the same fraction, without increasing the number 
of RT sessions, so the intensity of treatment is adjusted to each 
volume of interest by dose gradients.[8] IMRT compared with 
traditional 2D-EBRT has been shown to improve toxicity[9] and 
survival[10] in patients with head neck cancer.

Traditionally BT implant has been performed with low dose rate 
(LDR) by inserting iridium needles (192Ir) mainly; this technique has 
been gradually displaced by the so-called high dose rate (HDR) 
BT [Figure 2] due to its advantages of radiation protection of 
medical personnel, better dose distribution and shorter duration 
of treatment.[11] However, the accelerated treatment and high 
dose per fraction used in HDR could lead to a decrease in the 
therapeutic ratio because of the risk of complications in extreme 
cases.[12] Liu et al.[13] conducted a meta-analysis to compare 
HDR BT vs. LDR BT in the treatment of OCSCC. No statistically 
significant difference was found in the odds ratio (OR) between 
the group of patients treated with LDR or HDR in terms of local 
recurrence OR = 1.12, mortality OR = 1.01, and complications 
grade 3-4 OR = 0.86.

The equivalent fractionation and total dosing between 
LDR and HDR is unknown. Neither the Groupe Européen 
de Curiethérapie-European Society for Radiotherapy and 
Oncology (GEC-ESTRO)[11] nor the American Brachytherapy 
Society[14] came to publish a consensus, although they 
recommended not to exceed a dose 6 Gy per fraction. In 
the comparative meta-analysis of Liu et al.,[13] the mean dose 
administered was 66.17 Gy in LDR group and 50.75 Gy in the 
HDR. Radiobiological studies suggest that the optimal dose for 
exclusive HDR is about 50 Gy[15,16] consistent with data from Liu 
et al.[13] GEC-ESTRO has published recommendations[17] for the 
calculation of equivalent doses between different protocols and 
BT techniques.

The main indication for combining EBRT and BT is the need 
to irradiate the cervical lymph node chains when the risk of 
involvement is significant due to the primary site,[18] tumor 
thickness greater than 4 mm[19] and stage cT2-T3.

Stages I-II
In treating early OCSCC the best results were obtained when 
BT is part of the treatment, either exclusively or as tumor 
overdose after EBRT.[11] Evidence supporting this practice is 
based entirely on retrospective series. Even with the advent of 
IMRT, BT administration is advantageous in terms of shaping and 

Figure 1: Postoperative intensity modulated radiation therapy plan for an 
oral tongue squamous cell carcinoma pT2 pN1 M0. High dose encompass 
risk volumes (blue: ipsilateral nodal bed. purple: tumor bed) while sparing 
healthy organ: parotids glands (orange) spinal cord (green) mandible and 
larynx (courtesy of Dr. Enrique Miragall from Fundación ERESA)

Figure 2: High dose rate brachytherapy for oral tongue carcinoma. (A) 
showing external outward apperance of percutnaeous catheters for 
afterloading technique; (B) digital radiographic reconstruction of the 
implant for planning purposes; (C) computed tomography axial view 
showing high isodoses lines covering tumor bed but sparing contralateral 
tongue, mandible and lips (courtesy of Dr. José Luis Guinot from Instituto 
Valenciano de Oncología)
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uniformity of dose[20] and tumor control.[21] Table 1 summarizes 
the results of selected series of OCSCC patients treated with 
radical BT with or without EBRT.[12,22-47] In the case of floor of 
mouth stage cT1 local control is 93-95% and 72-88% for stage 
cT2. Local control in cancer of mobile tongue is achieved in 
79-97% for stage I and 65-95% for stage II.

Stages III-IV
Usually the treatment of advanced cancer of OCSCC has been 
included in the group of “advanced head and neck cancer” 
(AHNC) because of this the indications, techniques and results 
from clinical trials are fully applicable.

Radiotherapy alone
Modification of EBRT fractionation allows to intensify 
radiation dose by means of two way: (a) increase in the total 
dose with hyperfractionation; and (b) shorten the duration of 

using accelerated fractionation radiotherapy.

Two meta-analyses of randomized trials[48,49] comparing 
conventional fractionation EBRT (CF-EBRT) against modified 
fractionation EBRT (MF-EBRT) were published. Bourhis et 
al.[48] analyzes all clinical trials for all locations of the head 
and neck (12.6% of cases OCSCC), however data are presented 
separately depending on location; Glenny et al.[49] examined 
trials for oral cavity and oropharynx cancer only.

Bourhis et al.[48] found a statistically significant benefit in 
terms of overall survival (OS) HR = 0.92 in favor of MF-EBRT 
as well as an improvement in locoregional control (LRC) HR = 
0.82. Hyperfractionated EBRT was also significantly better in 
terms of OS than accelerated EBRT, with an absolute benefit 
of 8% at 5 years.

Table 1: Radical brachytherapy for oral cavity squamos cell carcinoma only, not including other head and neck sites
Studies No. of 

patients
Site Technique Radiotherapy schedule 5-year local 

control (%)
5-year survival (%)

Lau et al.[12] 1996 27 Tongue HDR BT only, 45.5 Gy @6.5 Gy 53 92
Leung et al.[22] 2002 19 Tongue HDR BT only, 45-63 Gy (median 55 Gy, ten 

fracions)
94.7 (4-year) NS

Martínez-Monge et al.[23] 
2009

8 Oral cavity HDR EBRT 45 + BT 16 Gy @4 Gy 86 (7-year) 52.3 (7-year)

Guinot et al.[24] 2010 33
17

Tongue
Tongue

HDR
HDR

EBRT 55 + BT 18 Gy @3 Gy
BT only 44 Gy @4 Gy

79 74

Inoue et al.[28] 2001 25
26

Tongue HDR
LDR

BT only 60 Gy @6 Gy
BT only 70 Gy

87
84

Yamazaki et al.[29] 2003 58
341

Tongue HDR
LDR

BT only 60 Gy @6 Gy
BT only 70 Gy

84
80

Yamazaki et al.[30] 2007 80
217
351

Tongue HDR
LDR 226Ra
LDR 192Ir

EBRT 37 Gy + BT 36-60 Gy
EBRT 29 Gy + BT 59-94 Gy
EBRT 29 Gy + BT 59-94 Gy

85
74
72

Kakimoto et al.[32] 2011 14
61

Tongue (T3) HDR
LDR

EBRT 30 Gy + 60 Gy
EBRT 30 Gy + 72 Gy

71 (2-year) 
62

Akiyama et al.[33] 2012 17
34

Tongue HDR BT only 54 Gy @ 6 Gy
BT only 60 Gy @6 Gy

88
88

Donath et al.[34] 1995 13 Oral cavity HDR BT only 45-50 Gy @4.5-5 Gy 92
Inoue et al.[35] 1998 16

41
Floor or Mouth HDR

LDR 198Au
EBRT 30-40 Gy + BT 36-48 Gy @6 

Gy
EBRT 30-40 Gy + BT 65-85 Gy

94

69
Matsumoto et al.[36] 2013 67 Tongue HDR EBRT 20 Gy + BT 50 Gy 94 88.7
Khalilur et al.[37] 2011 125 Tongue LDR 70 Gy 86
Vedasoundaram et al.[38] 
2014

33 Bucal mucosa HDR BT only 38.5 Gy @3.5 Gy
EBRT 50 Gy + BT 21 Gy @3.5 Gy

92.3

Lee et al.[39] 2014 16 Oral
cavity

HDR BT only 50 
Gy @5 Gy

EBRT 50 Gy +BT 35 Gy @5 Gy

84 (3-year) 70

Tuček et al.[40] 2014 20 Tongue HDR BT only 54 gy @3 Gy 85 75
Oota et al.[25] 2006 433 Tongue LDR BT only 70 Gy

EBRT 35 Gy + BT 60 Gy
85.6

Pernot et al.[41] 1996 552
207

Tongue
FOM

LDR BT only 66 - 75 Gy 90.5 71.5

Lefebvre et al.[42] 1994 429 OC LDR BT only 66 Gy 90
Mazeron et al.[43] 1991 279 Tongue & FOM LDR BT only 60-70 Gy 87-93
Marsiglia et al.[44] 2002 160 FOM LDR 88-93 76
Dearnaley et al.[45] 1991 149 Tongue & FOM LDR BT only 90
Fujita et al.[46] 1999 207 Tongue LDR EBRT 30 Gy + BT 50-60 Gy

BT only 65-70 Gy
82.2

Bachaud et al.[27] 1994 94 Tongue
& FOM

LDR EBRT 48 Gy + BT 26 Gy
BT only 66 Gy

61

Ihara et al.[47] 2005 117 Tongue LDR EBRT 30 Gy + BT 65 Gy 59.2 54
BT only 70 Gy

@: dose per fraction when HDR is used. LDR: low dose rate; HDR: high dose rate; EBRT: external beam radiotherapy; BT: brachytherapy; OC: oral cavity; 
FOM: floor of mouth; NS: no shown
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Glenny et al.[49] reported that MF-EBRT, reduces overall mortality, 
HR = 0.86, and increased LRC HR = 0.79. Trials included as 
"purely hyperfractionated" also showed a significant gain in OS 
compared with the accelerated fractionation HR = 0.78.

Radiotherapy and chemotherapy combination
Pignon et al.[50] performed a meta-analysis on benefit of 
chemotherapy (CMT) added to EBRT in head and neck cancer 
(MACH-NC). Overall improvement in OS was demonstrated 
when chemotherapy is added to radiation. Maximum benefit 
was found when CMT is administered concurrently with EBRT: 
5-year OS 8% improvement. The benefit of CRT is applicable to all 
locations of the head and neck.[51]

Two randomized trials have investigated whether the addition 
of chemotherapy to MF-EBRT is superior to CRT (CF-EBRT) or 
MF-EBRT alone.

The French Group of Radiation Oncology of Head and Neck 
Cancer (GORTEC)[52] randomized patients into three arms: 
accelerated EBRT alone, CF-EBRT plus CMT or accelerated 
EBRT plus CMT. No statistically significant difference was 
found between the treatment groups at 3-year OS: 32.2% 
vs. 37.6% vs. 34.1%, nor distant metastasis (DM). However, 
both locoregional failure (LCF) (49.9% vs. 41.7% vs. 45.4%) 
and progression-free survival (PFS) (32.2% vs. 37.6% vs. 
34.1%) were significantly lower in the accelerated EBRT arm. 
Mucosal acute toxicity and the need for feeding tube were 
significantly higher in patients treated with MF-EBRT.

In the second study by the Radiation Therapy Oncology 
Group (RTOG)[53] patients were randomized to MF-EBRT 
alone or FM-EBRT plus CMT. No statistically significant 
difference was found in 8-year OS (48% in both arms) LRF 
(37% vs. 39%) PFS (42% vs. 41%) or DM (15% vs. 13 %) No 
statistically significant differences in toxicity were found 

Table 2: Risk groups definition according multivariate analysis (recursive partitioning analysis) by Langendijk
VUMC series VUMC series

RPA class Definition LRC 5-year OS 5-year LRC 5-year OS 5-year
Class I (intermediate 
risk)

Free margins without ECE 92% 67% 82% 60%

Class II (high risk) T1, T2, T4 tumors with close or positive surgical margins;
One lymph node metastasis with ECE

78% 50% 82% 50%

Clase III (very high risk) T3 tumors with close or positive surgical margins;
Multiple lymph node metastases with extranodal spread;

N3 neck

58% 37% 63% 36%

RPA: recursive partitioning analysis; LRC: locoregional control; OS: overall survival; ECE: extracapsular extension

Table 3: Adjuvant brachytherapy for oral cavity squamos cell carcinoma
Studies No. of patients Site Technique RT schedule 5-year local 

control (%)
5-year-overall 
survival (%)

Goineau et al.[89] 2015 112 Tongue LDR EBRT: 60-66 Gy + BT 50-55 Gy 76 56
Petera et al.[90] 2015 30 Tongue

FOM
HDR BT only 54 Gy @3 Gy 85.4 (3-year) 73 (3-year)

Lapeyre et al.[91] 2004 82 Tongue
FOM

LDR EBRT 48 Gy + BT 24 Gy
BT only 60 Gy

81 80

Pernot et al.[92] 1995 97 Tongue 
FOM

LDR NS 84 79

Fietkau et al.[93] 1991 50 Tongue
FOM

LDR EBRT 55 Gy + BT 24.5 Gy 94 (crude) 84 (crude)

@: dose per fraction when HDR is used. RT: radiotherapy; LDR: low dose rate; HDR: high dose rate; EBRT: external beam radiotherapy; BT: brachytherapy; 
FOM: floor of mouth; NS: not shown

Table 4: Postoperative intensity modulated radiation therapy for oral cancer
Studies No. of patients Site RT schedule Loco-regional 

control
Overall surivival

Chan et al.[94] 2013 180 Oral 83 (2-year) 65 (2-year)

Hoffman et al.[95] 2015 18 Oral cavity 66 Gy IMRT with SIB 78 (5-year) 77 (5-year)
Sher et al.[96] 2011 30 Oral 64.13 Gy IMRT secuencial 

boosting
91 (2-year) 85 (2-year)

Gomez et al.[97] 2011 35 Oral 60 Gy IMRT SIB 77 (3-year) 74 (3-year)
Chakraborty et al.[98] 2015 75 Oral IMRT volumetric 88.9 (2-year) 80.5 (2-year)
Studer et al.[99] 2012 99 (R0-1)

17 (R2)
Oral (primary + 

recurrent)
70 Gy IMRT SIB 80 (4-year)

35 (4-year)
79 (4-year)
30 (4-year)

Collan et al.[100] 2010 40 Oral 58 Gy IMRT secuential 
boosting

87.5 (5-year) 75 (5-year)

Geretschläger et al.[101] 2012 53 Oral 66 Gy IMRT secuential 
boosting

79 (3-year) 73 (3-year)

Yao et al.[102] 2007 55 (5 p definitive RT) Oral 66 Gy IMRT SIB 82 (3-year) 82 (3-year)
Daly et al.[103] 2011 37 (7 definitive RT) Oral 66 Gy IMRT SIB 53 (3-year) 60 (3-year)
Most patients receive chemoirradiation. Only include studies about oral cancer or mixed head and neck tumors reporting oral cancer results separately. RT: 
radiotherapy; IMRT: intensity modulated radiation therapy; SIB: simultaneous integrated boost
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either. In conclusion, no advantage in combining MF-EBRT 
and CMT have been proved so far.

Target therapy
EGFR over expression leads to decreased survival and increased 
risk of local and regional recurrence in head and neck cancer.[54] 
The inhibition of EGFR by monoclonal antibodies (cetuximab) 
associated with EBRT in patients with non-operated AHNC 
showed an increase 5-year OS (46% vs. 36%) and LRC (47% vs. 34%) 
compared with EBRT alone.[55] Notably in this trial did not include 
patients with OCSCC therefore clinical benefit in this group of 
patients is presently unknown.

Nowadays, the standard of treatment for non-operable 
AHNC, including OCSCC, is EBRT plus CMT despite the 
fact that its benefit in OS and LRC probability equals of 
the hyperfractionated-EBRT. The reasons that have led to 
this situation are basically two: (1) logistics, due to the 
consumption of resources and the drawbacks associated 
with treating patients twice a day, for 7-8 weeks; and (2) the 
development of high conformation techniques as IMRT, which 
allow to exploit the different sensitivity to radiation of the tumor 
and healthy tissues using a single fraction per day with a shorter 
overall time of treatment, usually 5-6 weeks.

Postoperative radiation therapy
Adjuvant EBRT
The value of postoperative radiotherapy (PORT) for AHNC, was 
established by Fletcher and Evers[56] and Marcus et al.[57] in 1970’s. 
The evidence that proves the usefulness of PORT has been based 
on retrospective studies of large groups of patients. Due to the 
inherent bias in such kind of studies the survival benefit of PORT 
is not fully confirmed, although there are no doubts about the 
gain in LRC.

Lundahl et al.[58] performed a retrospective, matched-pair analysis 
to compare surgery alone vs. surgery plus PORT. They found 
significant improvement in LRC and OS in the PORT group.

Lavaf et al.[59] and Kao et al.[60] analyzed patients with AHNC 
stage III-IV treated with surgery alone or surgery plus 
PORT from Surveillance Epidemiology End Results (SEER) 
data base. In multivariate analysis the survival benefit of 
PORT vs. surgery alone at 5-year was significant in both 
non-locally advanced tumors with lymph node metastasis 
(51.6% vs. 40.6%) as in the case of locally advanced tumors 
with lymph node metastasis (35.3 % vs. 25.2%). Overall 
PORT significantly improved OS by 11% and cancer-specific 
survival by 8.6%. They showed a greater reduction in the risk 
of death in stage N2b-N3 compared to N1-N2a (HR = 0.62, 
0.78 and 0.82 respectively). The magnitude of the reduction 
was larger for tumors of the oropharynx, hypopharynx and 
larynx compared to oral cavity (HR = 0.72, 0.66 and 0.62 
respectively) Patients with lymph node metastasis and any 
tumor sites, all benefited from the administration of PORT 
although the gain is greater in high-risk disease.

Whereas PORT is not routinely indicated in patients with 
HNSCC stage pT1-2 pN1[61] because there is not definitive 
data supporting that approach. Moergel et al.[62] published 
a meta-analysis of studies in order to elucidate the role 

of PORT in patients pN1 with oral cavity and oropharynx 
primaries. Any firm conclusions could be drawn due to 
the heterogeneity of the studies, although it was evident 
more mortality (not significant) in the group treated with 
PORT (44% vs. 34%). Shrime  analyzed the benefit of PORT 
in patients with OCSCC pT1-2 pN1. PORT improved OS at 5 
years [41.4% vs. 54.2% (P < 0.001)] of note PORT improved OS 
in T2 tongue and floor of mouth subgroup [52.3% vs. 37.9% 
(P = 0.002) and 39.9% vs. 17.7% (P =0.003), respectively] but 
not significantly in T1 subgroup.

The hypothesis that early nodal metastases may express a more 
aggressive biology supports adjuvant therapy in stage III.[64]

Risk factors for locoregional recurrence
Extracapsular extension (ECE) in cervical lymph node 
metastases and the involvement of surgical resection 
margins (ISRM) are the most important prognostic factors 
for risk of LRC and death.

RTOG[65] stratified patients treated with PORT into 3 risk groups 
according to the presence of ECE, 2 or more lymph nodes with 
metastasis or ISRM. Group I were those with no more than 2 
nodes affected without ECE; group II included patients with more 
than 2 positive lymph nodes or ECE, negative margins; group III 
comprised patients with ISRM. Significant difference was found 
in the rate of loco-regional recurrence at 5 years between groups 
I, II and III of 17%, 27% and 67% respectively and median OS at 5.6 
years, 2 years and 1.5 years, respectively.

Langendijk et al.[66] conducted a multivariate analysis to define 
different prognostic groups based on pathologic features a series 
of 801 patients with AHNC treated with PORT. The final model 
identified 6 prognostic factors and grouped the patients into 
3 risk groups [Table 2]. This model was validated by the Dutch 
Head and Neck Oncology Cooperative Group (DHNOCG) in a 
multicenter study.[67]

Nowadays, there is consensus[68] to identify patients at high 
risk of recurrence after surgery who benefit from PORT: (1) 
major criteria: ECC or ISRM; and (2) minor criteria: inadequate 
surgical margins (< 5 mm), ≥ 2 lymph nodes metastases 
(N2b-N3), stage pT3-T4 even with negative margins, in primary 
oral cavity, metastases in levels IV and V, presence of PNI or LVI.

Perineural infiltration
One of most controversial point is the value of PORT when 
there is PNI but the absence of other factors associated with 
risk of recurrence. Neither in the analysis of Jonkman et al.[66] 
or its further validation,[67] PNI was found to be an independent 
prognostic factor. Bur et al.[69] after a systematic review on the 
potential benefit of PORT in patients with PNI concluded that 
there is insufficient evidence to recommend PORT routinely in 
these cases. The author suggests that in case of infiltration of 
cranial nerves or multiple PNI, PORT might be justified. PNI is 
associated with increased risk of nodal recurrence, therefore it is 
recommended to treat the neck in this scenario.

Time factor in PORT
Evidence exists suggesting that the risk of LRC is higher in 
patients with AHNC when receiving PORT more than 6 weeks 
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after surgery,[70] OR: 2.89. Further work  confirmed elevated 
RR 1.28 on LRC and decrease in OS (RR: 1.16) per month of 
delay. The waiting list to start radiotherapy has negative effect 
on the prognosis according to a Dutch national study.[72]

The accelerated repopulation during radiotherapy is a cause of 
treatment failure, that can be increased by the undue prolongation 
of radiation therapy.[73] González Ferreira et al.[74] found an loss 
in LRC of 1-1.2% per extra-day or 12-14% per extra-week. 
Prolongation of radiotherapy negatively interferes LRC and 
OS even in case of CRT.[74]

Finally, the overall treatment time (OTT) from the day of 
surgery to the end of PORT showed prognostic significance 
for the LRC and OS in a randomized trial when the entire 
duration of treatment was greater than 13 weeks.[75] No other 
randomized studies have been published that would confirm this 
finding, a retrospective series found no prognostic association in 
the OTT with LRC neither OS.[76]

Intensification of adjuvant treatment
The value of dose escalation with PORT as a function of risk of 
recurrence has been explored in 2 prospective randomized 
trials. Peters and Withers[77] showed the benefit of a dose 
of 63 Gy in 1.8 Gy fractions in patients with ECE, positive 
or inadequate surgical margins. Ang et al.[75] published the 
results of a multicenter trial that randomized 151 patients 
with high-risk criteria (ECE and 2 or more additional criteria) 
between accelerated concomitant boost radiotherapy 63 Gy 
in 5 weeks or the same dose in conventional fractionation 
in 7 weeks. The accelerated treatment showed significantly 
improvement in LRC and OS when the interval between 
surgery and the start of PORT was not stretched or if the 
duration of the whole treatment (surgery plus PORT) no exceeded 
13 weeks. Role of accelerated PORT is not firmly established, a 
confirmatory phase III Dutch trial (POPART CKTO 2003-11) is 
currently in recruitment period.

A meta-analysis[78] on the benefit of postoperative CRT confirmed 
the reduction in RR of LRC (RR = 0.59) and death (RR = 0.80) 
and improvement in median survival (from 22-32 months to 
40-72 months). The authors state that the patients included in 
those trials were under 70 years and with good performance 
status, so the impact of the CRT in patients aged 70 or older 
with associated co-morbidities is unknown.[50,78] A pooled 
analysis[79] of 2 phase III trials from RTOG[80] and the European 
Organization for Research and Treatment of Cancer (EORTC)[81] 
on the role of the postoperative CRT in adjuvant treatment of 
the SCCHN, confirmed that patients with ECE or ISMR were 
those who most benefit obtained with the administration of 
PORT chemoradiation in terms of risk reduction in LRC (48%) in 
time to progression (23%) and mortality (30%). Other pathological 
features commonly used to define patients at risk of relapse) 
were not so decisive influencing LRC, OS, neither benefit of 
CRT. However a updating of the RTOG 9501 trial[82] found no 
significant difference between patients treated with PORT alone 
and those treated CRT regarding LRC (28.8% vs. 22.3%, P = 0.1), 
DFS (19.1% vs. 20.1%, P = 0.25) or OS (27% vs. 29.1%, P = 0.31); 
an unplanned analysis on the subgroup of patients with ECE 
or ISMR showed that the combined treatment improved LRC 
(33.1% vs. 21%, P = 0.02) and DFS (12.3% vs. 18.4%, P = 0.05) 

but not OS (19.6% vs. 27.1%, P = 0.07).

On the technical aspects of PORT
PORT administration is a particular challenge from the point 
of view of the radiation oncologist. Anatomy distortion due 
to tumor resection, the presence of reconstruction flaps, 
prosthetic material and the position of scars may influence 
routes of dissemination and hamper assessing volumes at risk 
to irradiate. Due the narrow conformation of dose to the target 
volume by IMRT, failure to design an adequate treatment volume 
will leave untreated areas of unrecognized risk; on the contrary 
excessively large volumes lead to higher radiation exposure 
of healthy tissue regions with consequent toxicity.[83,84] Close 
collaboration between the radiation oncologist and head and 
neck surgeon is imperative when interpreting the pathological 
findings and surgical technique used; the engagement with 
radiologist and pathologist will be necessary in most cases. There 
is currently no international consensus on standard volumes 
for PORT irradiation in AHNC, but there are some guidelines 
published.[85-88].

Adjuvant brachytherapy
In the specific case of OCSCC, PORT can be performed in fully or 
partly by BT reaching an equivalent dose of 60-66 Gy (LDR or HDR) 
on the tumor bed when surgical margins are infiltrated (stages 
pT1-T3) EBRT is administered alone when cervical nodes are at 
risk or primary surgical bed is not amenable for BT. Adjuvant BT 
results are summarized in [Table 3].[89-93] While in early-stage 
OCSCC treated with radical RT adding BT plays a critical role 
in cure and local control, it is not the case of adjuvant setting 
(early nor advanced stage OCSCC) as either LRC and OS are 
equivalent between PORT-EBRT or PORT-BT. Table 4 shows 
recent published studies on patients with advanced OCSCC 
treated with PORT IMRT-based.[94-103]
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ABSTRACT
Aim: The indication of neck dissection in oral squamous cell carcinoma (OSCC) is a problem of risk-benefit 
evaluation between probability of neck metastases, the problem of complications associated with neck dissection 
and the prognostic influence of delayed diagnosis of metastasis during follow-up. There is no consensus on 
the elective treatment of the neck in early oral cancer patients with a clinically N0 (cN0) neck. Methods: The 
author performed a search of PubMed articles with the words "elective neck dissection vs. observation", "node 
negative neck" and "early stage oral squamous cell carcinoma". The author selected those articles that studied 
the early OSCC (T1-T2), and elective neck treatment was compared with clinical observation. Results: Many 
studies have compared the outcome of elective neck dissection (END) to observation of the neck in early 
OSCC. The results of them are described. The biologic aggressiveness of oral cavity squamous cell carcinoma, 
particularly in the early stages, is reflected in its ability to metastasize to regional lymph node chains. Many 
pretreatment imaging techniques to diminish the incidence of occult metastases haven been studied, and 
comparative studies have shown ultrasound guided fine needle aspiration cytology (USgFNAC) to be the 
most accurate. Conclusion: A few non-randomized studies have shown no advantages of END when 
strict USgFNAC follow-up was employed. Thus, if routine strict follow-up using USgFNAC by a well-
trained ultrasonographer cannot be assured, END is the safest strategy.
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INTRODUCTION

Management of the clinically negative neck in patients with 
T1-T2 oral cancer remains controversial [Figure 1]. The single 
most important tumor-related prognostic factor in patients 

with head and neck squamous cell cancer is the status 
of the cervical lymph node.[1-5] Patients with lymph node 
metastases require treatment of the neck. When the neck 
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needs to be entered for excision of the primary tumor or 
reconstruction of the surgical defect, a neck dissection needs 
to be performed.[6-10] Currently, management of the clinically 
negative (cN0) neck in patients whose tumor can be resected 
transorally remains controversial.[11-15] In general an elective neck 
dissection (END) is justified if the estimated risk of occult lymph 
node metastases exceeds 15-20%.[16-20]

Although screening of clinically N0 neck by ultrasound, 
computed tomography (CT) magnetic resonance imaging (MRI), 
or positron emission tomography (PET) can help to detect some 
of these non-palpable nodal metastases, the recurrence rate in 
the observed N0 neck is 23.7-42%.[21-25]

The indication of neck dissection in oral squamous cell carcinoma 
(OSCC) is a problem of risk-benefit evaluation between 
probability of neck metastases, the problem of complications 
associated with neck dissection and the prognostic influence of 
delayed diagnosis of metastasis during follow-up.[26-30] Although 
END results in early treatment of occult lymph node metastases, 
the vast majority of these neck dissections harbors no metastases 
and was unnecessary.[31-35] Moreover, these patients are subjected 
to morbidity such as shoulder morbidity, pain and sensibility 
disorders, which may have major impact on health-related quality 
of life.[36-40] Furthermore, neck dissection may remove a barrier 
to cancer spread in case of local recurrence or second primary 
tumor.[41-45] There is no consensus on the elective treatment of the 
neck in early oral cancer patients with a cN0 neck.[46-50]

METHODS

We performed a search of PubMed articles with the words "elective 
neck dissection versus observation", "node negative neck" and "early 
stage oral squamous cell carcinoma": ("elective surgical procedures" 
[MeSH Terms] OR ("elective"[All Fields] AND "surgical" [All Fields] AND 
"procedures" [All Fields]) OR "elective surgical procedures" [All Fields] 

OR "elective" [All Fields]) AND ("neck dissection" [MeSH Terms] OR 
("neck" [All Fields] AND "dissection" [All Fields]) OR "neck dissection" 
[All Fields]) AND versus [All Fields] AND ("observation" [MeSH Terms] 
OR "observation" [All Fields]). Node [All Fields] AND negative 
[All Fields] AND ("neck" [MeSH Terms] OR "neck" [All Fields]). Early 
[All Fields] AND stage [All Fields] AND ("mouth" [MeSH Terms] OR 
"mouth" [All Fields] OR "oral" [All Fields]) AND ("carcinoma, squamous 
cell" [MeSH Terms] OR ("carcinoma" [All Fields] AND "squamous" [All 
Fields] AND "cell" [All Fields]) OR "squamous cell carcinoma" [All 
Fields] OR ("squamous" [All Fields] AND "cell" [All Fields] AND 
"carcinoma" [All Fields])).

We selected those articles that studied the early oral squamous 
cell carcinoma (T1-T2), and elective neck treatment was compared 
with clinical observation. We only included studies published 
in the English language and those dealing with “squamous cell 
carcinoma of the oral cavity”.

The following technical biliographic exclusion criteria were 
applied: (1) case reports; (2) technical reports; (3) animal or in 
vitro studies; (4) uncontrolled clinical studies; and (5) publications 
in which the same data were published by the same group of 
researchers.

RESULTS

Many studies[4-6,10,15] have compared the outcome of END to 
observation of the neck. In the prospective study of O’Brien 
et al.[4] management of the cN0 neck in T1-T4 oral cancer 
patients was based on clinical criteria such as T-classification 
and tumor site, which makes comparison of survival between 
treatment options difficult. Two studies showed statistical 
significant difference in disease specific survival or overall 
survival between END and observation.[13,15] However, Huang et 
al.[13] did not describe surveillance of the neck in the observation 
arm and if absent or merely clinical, this may have influenced 

Figure 1: Clinical Stage I (T1N0M0) squamous cell carcinoma of the tongue
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survival. The group of La Princesa University Hospital[51] (Madrid, 
Spain) analyzed only END patients who were pN0, which 
obviously resulted in better overall survival in END patients. 
Three studies reported a significantly better disease-free survival 
in the END arm.[6,13,15]

Fasunla et al.[52] systematically reviewed the available literature 
and performed a meta-analysis on the existing randomized 
controlled clinical trials which compared END with observation 
(and therapeutic neck dissection only when lymph node 
metastasis were detected) in early OSCC patients. Only four 
randomized clinical trials with a total of 283 patients were eligible 
for inclusion in this meta-analysis. Although the data used in that 
meta-analysis were from different parts of the world, between 
study heterogeneity of the relative risk of disease specific 
death in the trials were tested and no statistically significant 
difference were found. This meta-analysis showed that END 
significantly reduced the risk of disease specific death: fixed-
effects model RR = 0.57 [95% confidence interval (CI) 0.36-
0.89; P = 0.014] and random-effects model RR = 0.59 (0.37-
0.96; P = 0.034).[52]

D’Cruz and Dandekar[53] from Tata Memorial Center (Mumbai, India) 
performed a critical appraisal of this meta-analysis which revealed 
“some caveats that need careful consideration before the findings 
can be accepted”. They pointed out the poor follow-up in one of 
the included studies that resulted in a large number of patients with 
advanced neck recurrences and low salvage rates. Finally, they 
emphasized the need for meticulous follow-up patients on the 
observation arm.[53] The same group analyzed their series of 359 
patients with early oral cancer, found no difference in disease 
specific survival between END and observation and elaborated 
the need for a large randomized controlled clinical trial (RCT).[15] 
The Head and Neck Disease Management group of Tata 
Memorial Centre performed such a trial, enrolled 596 patients 
and reported the results of the first 500 patients. The conclusion 
was that among patients with early stage OSCC, END results in 
higher rates of overall and disease free survival than observation 
with therapeutic neck dissection in patients in whom lymph 
node metastases are detected during follow-up.[54]

The group of the Tata Memorial Centre had chosen overall 
survival as primary endpoint and disease free survival as 
secondary endpoint for their RCT. END resulted in an improved 
3-year overall survival rate (80%; 95% CI 74-86) as compared with 
observation and therapeutic neck dissection (68%; 95% CI 61-74): 
hazard ratio of death 0.64 (95% CI 0.45-0.92; P = 0.01). Patients 
in the END group had a higher disease free survival than those in 
the observation group (79% vs. 46%, P < 0.001).[54] It is not surprising 
that END improves the regional control rate because development 
of lymph node metastases during observation of the neck should 
be taken into account as an inevitable consequence of the adopted 
strategy. Therefore, this disease free survival is a useful outcome 
measure of diagnostic work-up but not a reliable outcome measure 
in comparing END and observation of the neck.

Ganly et al.[55] reported on a series on 216 cT1-T2N0 patients 
treated with or without END and found a 5-year disease specific, 
overall and disease free survival of 86%, 79% and 70%, respectively. 
Disease specific survival is probably the most clinically meaningful 
endpoint for measuring an eventual benefit of END, but 

unfortunately is not reported in the RCT. As mentioned above, in 
the meta-analysis of Fasunla et al.[52] END significantly reduces the 
risk of disease specific deaths.

Flach et al.[1] presents a survival analysis of a large series of 
patients with T1-T2 cancer of the mobile tongue or floor of mouth 
with a wait and scan follow-up policy of the neck with regular 
ultrasound guided fine needle aspiration cytology (USgFNAC). 
The 5-year disease specific survival (DSS) and overall survival (OS) 
of “wait and scan” policy (W&S) patients were 94.2% and 81.6%, 
respectively, and these rates were comparable to those of END 
patients. The most important finding is that in W&S patients 
with delayed metastases the 5-year DSS and OS were similar 
to END patients with proven metastases in the neck dissection 
specimen: 80.0% and 62.8% to 81.3% and 64.2%, respectively. In 
order to justify an observation policy, survival rates of patients 
with delayed metastases in a W&S policy should not be worse 
than rates of END patients with nodal metastases in the neck 
dissection specimen. In the above mentioned series the patients 
who developed delayed metastases (27.8%) did not have worse 
survival rates (DSS 80.0%, OS 62.8%) as compared to END patients 
with nodal metastases in the neck dissection specimen (DSS 
81.3%, OS 64.2%), also when corrected for confounding factors. 
Moreover, with regard to the total study groups after correction 
for confounding no significant difference in survival between 
W&S and END patients was found and survival rates were 
comparable to the reported rates in literature.[4-6] Out of the W&S 
patients, 72.2% did not develop lymph node metastases during 
follow-up, meaning that they were saved from END with good 
survival rates (DSS 99.4%, OS 89.1%). Although, DSS in the W&S 
group was significantly different between pT1 and pT2 tumors, 
pT2 tumors still had a 5-year DSS of 88.6%, which resembles the 
survival rates of END patients.

Tsang et al.[56] stated that “wait and scan” would not be effective 
in pT2 tumors, but that conclusion was based on a 5-year DSS 
of 46% for pT2 tumors. These authors assumed that the delayed 
lymph node metastases were missed by preoperative USgFNAC. 
In a “wait and scan” policy, the diagnostic method should 
be highly sensitive. This is dependent on the cut off level for 
aspiration and of the expertise of the radiologist.[57-59] Almost all 
patients with delayed metastases underwent a modified radical 
neck dissection and 90.6% needed adjuvant radiotherapy. Since 
they also found metastases in level IV, they would recommend 
selective neck dissection of level I-IV in case of delayed lymph 
node metastases, although Wensing et al.[60] suggested selective 
neck dissection of level I-III.

Borgemeester et al.[57] compared the overall survival in head 
and neck squamous cell carcinoma patients with a clinically N0 
neck who underwent END or close observation using regular 
USgFNAC during follow-up. Survival in the OSCC patients of 
the close observation group was not different from the END 
group: 90% and 81% after 3 years and 79% and 75% after 5 
years, respectively. Nieuwenhuis et al.[61] showed that by using 
USgFNAC pretreatment and during follow-up 79% of the delayed 
metastases could be salvaged resulting in a regional control rate 
of 88%.

Yuen et al.[14] performed a prospective multicenter randomized 
trial in 71 T1-T2 oral cancer patients with cN0 necks 
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evaluated by USgFNAC and the patients were stratified for 
T-staging classification. Observation of the neck consisted of 
ultrasonographic examination every 3 months during the first 
3-year follow-up, which strongly resembles our wait and scan 
follow-up policy. Although the sample size was limited, this 
study had the preferable study design to compare the outcome 
of elective neck treatment with observation. The reported 5-year 
disease-specific survival rates were not significantly different 
(observation arm 87%, END arm 89%).[14]

In the study of Feng et al.[16] total regional recurrence rate of the 
untreated N0 neck was found to be 19.2% for stage T1 (8/48, 
16.7%) and stage T2 (6/25, 24.0%), respectively. 92.9% of them 
occurred in the early postoperative period (within 2 years). Of these 
regional recurrences, only 41.7% patients were successful salvaged due 
to advanced neck disease. In their department, observation policy for 
clinically N0 neck was more common in patients with the stage T1 
tumours, so that the T1/T2 ratio for the randomized controlled study 
was unbalanced (T1/T2 ratio in “END vs. observation”: 0.6 vs. 1.9). 
Although the patients from the observation group had a higher 
proportion of stage T1, They found that the patients from END group 
exhibited significantly better DSS rates than those from observation 
group. They further analysed the prognosis of subgroups (T1/T2) 
in each group, the results showed that the patients from the END 
group with stage T2 tumours had a higher survival rate than those 
from the observation group.[16]

Weiss et al.[3] suggested that END is necessary if the incidence of 
occult metastasis is greater than 20%. The proponents of wait 
and watch policy argue that 80% of patients with N0 neck would 
be over treated, and subjected to additional morbidity and costs. 
Though this argument may apply to most oral cavity tumors, the 
cancer of the tongue must be viewed as a separate entity. The 
incidence of nodal metastasis is higher for early cancer of the 
tongue when compared with other sites of the oral cavity.[62,63] 
D’Cruz et al.[15] found the incidence of nodal metastasis to be 
37.5% in T1 lesions and 62.5% in T2 lesions of the oral tongue. 
Andersen et al.[64] studied the results of neck failure following 
observation of N0 necks. They found that 60% of patients had 
N2 disease and 49% had extracapsular spread (ECS). Either or 
both these adverse prognostic factors were present at the time 
of surgery in 77% of patients.[22,62-64]

Four RCTs have been performed to compare END with wait 
and watch policy. Two of the trials were conducted purely on 
early oral tongue cancers. Fakih et al.[65] in a series on T1 and 
T2 lesions, compared END with observation. They found that 
there was no survival difference between the two groups. They 
found that a tumor depth of more than 4 mm was associated 
with higher rates of involved nodes and suggested that these 
set of patients may benefit from END. A more recent RCT from 
Hong Kong compared END versus observation for T1 and T2 
lesions of the oral tongue. The authors had a robust follow-
up protocol of clinical and ultrasonographic examination of 
the neck to detect recurrences. They were able to salvage all 
neck recurrences in the observational arm and thus found no 
survival differences between the two arms.[14] All the above 
RCTs had small numbers and consisted of methodology flaws 
making their conclusions difficult to inculcate into clinical 
practice.

Vijayakumar et al.[22] found that about 50% of patients with   
tongue tumor depth more than 4 mm had grade III and IV 
tumors. The incidence of occult metastasis was 62.2%, which 
is significantly higher than for other subsites of the oral 
cavity. Thirty eight (33.9%) patients with occult metastasis 
had ECS, which is a poor prognostic feature. Another poor 
prognostic indicator they detected was multiple levels of 
nodal involvement in 79 (70.5%) patients. As expected most 
of the lymph nodes were localized to levels I, II and III. But 
level IV was involved in 23 patients.[22]

In the study of Huang et al.[13] neck recurrence rate in the 
OBS group (28.6%) was significantly higher compared with 
that observed in the END group (12.7%, P = 5.004). Although 
contralateral regional metastases have been described in 
some series of patients with early stage tumors of the oral 
cavity,[26,66] their data show that neck recurrence is mainly 
ipsilateral in patients treated with glossectomy alone. Among 
patients treated with END, 12.7% developed a regional 
recurrence. Contralateral level I lymph nodes were the most 
frequent site of regional recurrence. This finding was in line 
with previous data.[66] It is posited that this phenomenon may 
be due to an afferent communicating pathway that drains from 
the floor of the mouth into the contralateral lymph nodes.[67] 
This may also occur silently before surgery. The second most 
common site of regional recurrence was ipsilateral level I 
nodes. In their study, the 5-year cervical control rates was 
much better for patients treated by END compared with OBS. 
In addition, the 5-year OS in the END group was superior 
compared with patients who had a subsequent therapeutic 
neck dissection. These data are in line with previous studies 
in early-stage tongue cancer.[65] It is thus posited that END 
might improve both neck control and OS. Indeed, application 
of this technique might improve the chance of clearance 
of micrometastasis that cannot be detected by histology 
or imaging. However, their data provide evidence that, in 
the group of patients treated by END, the incidence of skip 
metastasis to level IV in the absence of level I/II lesions is as 
low as 2.7% (1 case out of 37 patients). In the OBS group, 
the skip metastasis rate was 5.4% (3 of 56) in patients with 
regional recurrence who received salvage neck dissection. 
In their report the skip metastatic rate was lower compared 
with that reported in previous studies.[68-71] However, in their 
study all patients were staged with the use of CT/MR imaging. 
In the light of our data, routine dissection of level IV lymph 
node alongside supraomohyoid neck dissection can provide 
little benefit to patients with early-stage tongue cancer. 
It is concluded that level IV nodes should not be routinely 
included in the neck dissection for patients with negative 
neck as assessed by CT/MRI scans.

In the study of Dias et al.[6] analyzing the two groups of patients 
(resection of the primary tumor alone-RA and resection of 
the primary tumor "plus" elective neck disection-XR+END) 
according to the incidence of regional recurrence, they 
found a 24% incidence in the RA group compared with a 4% 
incidence in the R+END group. The 20% difference between the 
two groups was statistically significant (P = 0.03). Differences 
between disease-free survival of 97% for the R+END group and 
of 74% for the RA group were also statistically significant (P = 
0.05). These findings confirm the results of Kligerman et al.[34] in 
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their comparative analysis of the outcome in patients treated 
with END versus observation in early oral cancers.

Most locoregional recurrences in oral cancer patients occur 
during the early postoperative follow-up period.[23,24,34,38] 
Analyzing the patterns of regional recurrence in untreated N0 
neck patients, they found involvement of multiple nodes of 
levels I to III, involvement of levels IV and V (2 cases), and 
involvement of bilateral lymph node metastases (2 cases). 
These observations clearly confirm the more aggressive 
behavior of the oral cancer when delayed cervical metastases 
have become clinically apparent.[26-30]

Regional recurrence was the most important cause of failure 
after surgical treatment in their groups of patients. END, 
when used, reduced the initial regional recurrence rate and 
improved the disease-free survival time of patients. The 
overall 24.5% incidence of neck metastases allied with the 
poor rate of salvage in the case of regional recurrence (28.5%) 
found in this study strongly suggest the need for elective 
treatment of the neck in stage I squamous cell carcinoma of 
the tongue and floor of the mouth.[6]

DISCUSSION

Cervical node metastasis in head and neck cancer is a poor 
prognostic feature and decreases the survival by 50%. It is obvious 
that patients with clinically involved nodes require treatment of 
the neck. However, controversy exists in the management of 
patients with early cancers and N0 neck.[22,23]

The biologic aggressiveness of oral cavity squamous cell 
carcinoma, particularly in the early stages, is reflected in its 

ability to metastasize to regional lymph node chains. Because of 
the rich lymphatic network of the tongue and floor of the mouth 
(FOM), the risk of development of lymph node metastases in 
these particular sites varies between 6% and 46%, even in the 
early stages.[6,29-33] This metastatic disease is almost always 
subclinical or occult at the time of the diagnosis and treatment 
of early tongue and FOM cancers, thereby contributing to the 
controversy regarding elective treatment of the neck.

END for N0 neck has been increasingly performed for early 
oral carcinomas.[23,26,33-35] The main reason for this aggressive 
therapeutic approach is the high index of occult[33,34,36] 
metastases in association with poor salvage rates for 
recurrences at the neck.

Although palpation is the most practical means of staging the 
neck, it has a false-negative rate of about 40%.[38,39] The use of 
CT may reduce the false negative rate of the staging to 22.7%.[38] 
The use of MRI or PET scans can further improve detection rates 
for neck nodal metastases. A high incidence of neck recurrence 
has been reported in patients with T1-T2 cancer of the oral tongue 
treated by primary tumor excisions alone.[40,41] Specifically, cervical 
lymph node metastases developed subsequently in 38% to 43% of 
such patients.[41-43]

Management of the clinically negative neck in patients with T1-T2 
oral cancer remains controversial. Although END can result in early 
treatment of occult lymph node metastases, the vast majority of 
these neck dissections turn out to be unnecessary. Moreover, these 
patients are subjected to morbidity such as shoulder morbidity, 
pain and sensibility disorders,[44,45] which may have major impact 
on health-related quality of life.[46,47] Furthermore, elective neck 
treatment may remove or destroy a barrier to cancer spread in 
case of local recurrence or second primary tumor which occur 

Figure 2: Right selective supraomohyoid neck dissection. Note the appearance of a 1-cm node in the jugulodigastric region (level II) intraoperatively, 
which was evident neither by palpation nor in the preoperative computed tomography scan. This otherwise not son uncommon situation may justify the 
performance of elective neck dissection even in T1 squamous cell carcinoma of the oral cavity and oropharynx
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frequently in head and neck cancer patients.[48] Therefore, it is 
challenging to optimize management of the neck in T1-T2 oral 
cancer and tailor management in the individual patient.

Several articles have stated that tumor depth is an important 
factor contributing to neck lymph node metastasis.[72-76] Other 
factors such as differentiation, DNA aneuploid, T stage, perineural 
invasion, infiltration pattern, and other molecular markers have 
also been proposed.[35,77-79] In general, these studies agree that 
the depth of tumor invasion more than 4 to 5 mm will have 
higher risk of neck lymph node metastasis.

Because of the dense lymphatic interconnections of the tongue 
and FOM, bilateral and contralateral spread is not uncommon 
in early oral lesions of these anatomic sites.[6,26,33,66] Contralateral 
regional metastases have been described in some series of 
early tumors of the oral cavity facing elective ipsilateral neck 
dissection.[26,66]

These results are in accordance with the findings of Cunningham 
et al.[39] in their analysis of cervical metastases in stage I and II 
squamous cell carcinoma (SCC) of the oral cavity. The possibility of 
metastatic spread to lower lymphatic levels at the neck (levels IV-V) 
or the development of the so-called “skip metastases” challenges 
selective supraomohyoid neck dissection as an effective therapeutic 
method of regional control in oral cancer patients.[35,69] Byers et al.[69] 
found a 15.8% incidence of level IV metastases as the only metastatic 
manifestation or involvement of level III without compromising 

of levels I and II in 277 oral tongue cancer patients. Lydiatt et al.[35] 
concluded that the inclusion of the lower jugular chain with the 
supraomohyoid neck dissection had increased the effectiveness of 
regional control by 20% to 24%.

Shah et al.[68] found a 3.5% incidence of nodal metastases at levels IV 
and V and a 1.5% incidence of isolated level involvement, outside 
the supraomohyoid triangle (level I, II, or III) in their review of the 
patterns of cervical metastases in 192 squamous cell carcinoma 
of the oral cavity. These findings emphasize the effectiveness of 
selective supraomohyoid neck dissection when used electively 
to control cervical micrometastases [Figures 2 and 3].

Many pretreatment imaging techniques to diminish the 
incidence of occult metastases haven been studied, and 
comparative studies have shown USgFNAC to be the most 
accurate. However, the sensitivity is only in the range of 
50-65% and whether imaging should change the current 
management of the cN0 neck remains controversial. In early 
OSCC, sentinel node biopsy (SNB) has a sensitivity of 93% for 
the detection of occult lymph node metastases.[62] This figure 
is probably even higher in the more experienced centers. 
Thus, SNB has a much higher sensitivity and can be used 
to better select candidates for neck dissection. Although 
the long-term follow-up results of the large European SENT 
study are not yet reported, several centers have already 
adopted sentinel node biopsy as an alternative to END. In the 
American National Comprehensive Cancer Network (NCCN) 
guidelines as well as the guidelines of the Dutch Head and 
Neck Society, sentinel node biopsy is already mentioned as 
an alternative for END. However, this technique does require 
experience and is currently recommended only for centers 
with the necessary facilities and expertise. The group of 
Tata Memorial Centre recently reported their experience in 
51 early OSCC patients and found a sensitivity of only 71%. 
In spite of this low percentage, they concluded that SNB is 
a reliable method to detect occult metastases which has 
potential to replace END.[63]

Sentinel node biopsy has been investigated in many cancer 
centres.[80] Some authors postulate that SNB might replace 
END in the treatment of early, node-negative OSCC.[81,82] 
Other studies, however, do not find such a high sensitivity 
for SNB, suggesting that this approach should primarily be 
considered for patients with T1 tumours and a low risk of 
occult metastases.[83-85] In the future, we believe that SNB will 
play a vital role in classification for patients with T1 tumours 
who would benefit from END. Nevertheless, before further 
prospective studies confirm that SNB can actually replace 
END for T2 tumours, simultaneous neck dissection is still the 
most preferred recommended neck management choice for 
stage II OSCC.[16]

In conclusion, a few non-randomized studies have shown 
no advantages of END when strict USgFNAC follow-up was 
employed. In these studies, the salvage rates were much higher 
and relapses were diagnosed earlier. However, it is a highly 
operator dependent investigation. It also requires additional 
manpower and time, thus making its routine use difficult in a high 
volume cancer center. Thus, if routine very strict follow-up using 
USgFNAC by a well-trained ultrasonographer cannot be assured, 

Figure 3: Completed selective supraomohyoid neck dissection, with 
extirpation of fibro-fatty tissue and lymph neck nodes from levels I to III, 
while preserving the sternocleidomastoid muscle, accessory spinalis nerve 
and internal jugular vein
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END is the safest strategy. We emphasize the effectiveness of 
selective supraomohyoid neck dissection when used electively 
to control cervical micrometastases.

Therefore, it seems to not be practical to use the depth of 
tumor invasion or other pathologic parameters as a guideline 
to determine whether the patient should receive END or not. 
It will become two stages of surgery. Instead, it is proper to 
proceed with supraomohyoid neck dissection at the time of 
neck operation.

The next step in refinement of the choice to manage the cN0 
neck with END or observation is to perform a RCT comparing 
END with close observation in OSCC patients with a cN0 neck 
based on sentinel node biopsy.
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ABSTRACT
Aim: Surgical treatment of clinically negative neck in maxillary squamous cell carcinoma (SCC) of 
the upper jaw is controversial. The purpose of this systematic review was to define the incidence 
of cervical metastasis and to assess if elective neck dissection is justified when the neck is not 
primarily affected. Methods: An electronic literature search was conducted in several databases, 
including MEDLINE, EMBASE, and Cochrane Central databases, for articles written in English. 
Results: Twenty-eight articles were included in the review. The overall cervical metastases rate 
was 33% and the total initial cervical metastases rate was 16%. Interestingly, the author found 
that 71% of patients with cervical metastases from maxillary SCC carcinoma were T3/T4 stage. 
Conclusion: This review shows the need for a change in the management of the N0 neck in SCC 
arising in the maxillary alveolus and hard palate. Elective neck dissection should be performed in 
patients with T3/T4 tumours with clinic or radiographic negative necks (N0c).
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INTRODUCTION

Squamous cell carcinoma (SCC) located in the maxillary 
gingiva and hard palate is relatively rare and less 

frequent than SCC from other oral sites such as tongue, 

floor of mouth or retromolar region. Many studies[1-5] 
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have evaluated the need for elective neck dissection in 
these intraoral common sites when there is no clinical or 
radiographic suspicious of lymphadenopathy.[6-10] Controversies 
remain regarding the strategy of treatment for patients 
with maxillary SCC,[11-15] including indications for 
unilateral or bilateral elective neck dissection and 
postoperative adjuvant treatment.[16-20] Only a few 
authors[21-25] have focused on the management of the 
neck in SCC of the maxillary gingiva, maxillary alveolus 
and hard palate.[26-30]

Traditionally, when there is no clinical or radiographic 
suspicious of lymphadenopathy, management has been 
to watch and wait. However, in recent studies,[31-35] it 
has been proven that a higher rate of occult cervical 
metastases in SCC of the maxilla has been found[36-40] 
and elective neck dissection in these patients has been 
recommended in order to reduce recurrences.[41-43]

A systematic review was conducted in order to clarify if 
elective neck dissection is necessary in management of 
SCC of the maxillary gingiva, maxillary alveolus and hard 
palate, and to identify the risk of cervical metastases in 
patients with maxillary SCC. 

METHODS

An electronic literature search was conducted in several 
databases, including MEDLINE, EMBASE, and Cochrane 
Central databases, for articles written in English from 
their respective dates of inception to December 2015. 
The searching keywords were “cervical metastases” 
OR “cervical metastases” OR “neck metastases” AND 
“maxillary squamous cell carcinoma” OR “maxilla 
squamous cell carcinoma” OR “squamous cell carcinoma 
of upper maxilla” AND (limit to clinical trial OR 
randomized controlled trial).

The abstracts of yielded results were reviewed and the 
full text of those with apparent relevance was obtained. 
The references of identified articles were crosschecked 
for unidentified articles. These journals were Journal of 
Oral and Maxillofacial Surgery; International Journal of Oral 
and Maxillofacial Surgery; Journal of Oral Surgery; British 
Journal of Oral and Maxillofacial Surgery; Head and Neck 
Surgery; Laryngoscope; Oral Oncology; Journal of Cranio-
Maxillo-Facial Surgery; Oral Surgery, Oral Medicine, Oral 
Pathology and Oral Radiology; and Revista Española de Cirugía 
Oral y Maxilofacial. The searches were limited to articles 

Table 1: Studies included in the review about patients with squamous cell carcinoma of the upper maxilla
Author Year Country No. of 

patients
Study Nodal 

disease in 
T3/T4 (%)

Initial 
nodal 

disease 
(%)

Overal 
nodal 

disease 
incidence 

(%)

Follow-up 
(months)

Truitt et al.[23] 1999 USA 24 Retrospective Unknown 17% 33% 60 
Ogura et al.[14] 2003 Japan 21 Retrospective Unknown 29% 67% Unknown
Simental et al.[11] 2006 USA 26 Retrospective Unknown 12% 35% 65 
Zwetyenga et al.[35] 2006 France 34 Retrospective 91% 18% 32% Unknown
Montes and Schmid[9] 2008 USA 14 Retrospective 50% 21% 43% 27 

Lin and Bhattacharyya[22] 2009 USA 725 Cross-section 64% 14% 14% Unknown
Kruse and Grätz[12] 2009 Switzerland 30 Retrospective 18% 13% 37% Unknown
Mourouzis et al.[13] 2010 UK 17 Retrospective 100% 24% 35% 60 
Montes et al.[16] 2011 USA 131 Retrospective 55% 24% 31% 1-180 
Lubek et al.[18] 2011 USA 37 Retrospective 67% 5% 16% 49 
Nicolai et al.[34] 2010 Italy 86 Retrospective 31% 9% 22% Unknown

Wang et al.[36] 2010 Taiwan 79 Retrospective 100% 9% 22% Unknown
Valentini et al.[25] 2010 Italy 19 Retrospective Unknown 5% 11% Unknown
Beltramini et al.[26] 2012 Italy 65 Retrospective 86% 12% 22% 43.3 
Morris et al.[15] 2011 USA 139 Retrospective 71% 8% 31% 57 
Brown et al.[10] 2013 UK 43 Retrospective 81% 7% 37% 94 
Poeschl et al.[33] 2012 Austria 74 Retrospective 100% Unknown 22% 6-130 
Dalal and McLennan[30] 2013 UK 30 Retrospective 100% 27% 36% 60 
Feng et al.[27] 2013 China 129 Retrospective 65% 0% 24% Unknown
Eskander et al.[32] 2013 Canada 97 Cohort 53% 24% 41% Unknown
Sagheb et al.[29] 2014 Germany 138 Retrospective 60% 38% 46% 43 
Zhang et al.[37] 2015 China 100 Retrospective 79% 9% 34% 46 
Philip et al.[24] 2014 UK 39 Retrospective 95% 33% 46% 38 
Givi et al.[39] 2016 USA 199 Retrospective 50% 6% 22% 52 
Berger et al.[40] 2015 Germany 171 Retrospective 78% Unknown 44% Unknown
Yang et al.[28] 2015 China 62 Retrospective 69% 15% 37% 37 
Troeltzsch et al.[41] 2016 Germany 92 Retrospective 40% 16% 29% 42 
Moreno-Sánchez et al.[42] 2016 Spain 20 Retrospective 100% 30% 45% 53 
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published in English. The PICO question was as follows: is 
elective neck dissection necessary in oral squamous cell 
carcinoma of the upper maxilla?

The following exclusion criteria were applied: (1) case 
reports; (2) technical reports; (3) animal or in vitro studies; 
(4) review articles; (5) uncontrolled clinical studies; and (6) 
publications in which the same data were published by the 
same group of researchers. The authors carefully assessed 
the eligibility of all studies retrieved from the databases. 
From the included studies in the final analysis, the following 
data were extracted: authors, year of publication, country, 
study design, number of patients in the groups, initial nodal 
disease (%), and nodal disease in T3/T4 stage (%), overall 
nodal disease incidence (%) and follow-up period.

The selected articles were used to assess the rate of 
cervical metastases in patients with squamous cell 
carcinoma of the upper maxilla.

RESULTS

The electronic search resulted in 502 entries. Four 
additional articles were identified by manual searching. 
Of the 502 articles identified by electronic search, 305 
were excluded because they were being retrieved in more 
than one search. After the initial screening of titles and 
abstracts, 169 articles were excluded because they were 
off topic. Thus, 28 articles were included in the review.

Of the 28 articles, 26 were retrospective studies, 1 was 
a cohort study, and 1 was a cross-sectional study. The 
studies included 2,641 cases in total [Table 1].

Rates of total cervical metastases 
The rates of total cervical metastases were analysed in 
28 articles [Table 1] in which metastases was confirmed 
by pathological examination. The overall metastases 
rate was defined as the ratio between the number of 

pN+ cases and total cases. For the patients without 
neck dissection initially, those presenting with regional 
metastases or recurrence during the follow-up period 
would also be counted as pN+ cases. Several authors 
reported high rate of total cervical metastases. In a 
recent study, Berger et al.[40] reported 44% of total cervical 
metastases in a series of 171 patients. Yang et al.[31] 
observed a 37% of patients with cervical metastases during 
the follow-up in a series of 62 patients. Eskander et al.[32] 
reported a total of 41% of cervical metastases in a well-
structured study of a 97 patients. Montes and Schmidt[9] 
reported a 42.9% rate of regional nodal disease in a series 
of 14 patients. Brown et al.[10] reported a rate of 37.2% in 
a series of 43 patients. 

We can conclude from our meta-analysis about these 28 
studies including 2,641 patients that the overall cervical 
metastases from SCC of the upper maxilla are 33%. 

Initial nodal disease
Initial nodal disease was defined as the patients with 
lymph neck node metastases from the physical and 
radiologic examination in the first examination and the 
overall initial metastases rate was defined as the ratio 
between the number of initial cN+ cases and total cases. 
This variable was analysed in 26 of the 28 articles [Table 1]. 
At the time of the primary diagnosis, in a series of 138 
patients, Sagheb et al.[29] observed 52 (38%) with cervical 
metastases whereas 53 (38%) patients that had a T3 (n 
= 6) or T4 (n = 47) tumour as well. Philip and James[24] 
reported 33% (13) of patients with neck disease at 
presentation. Ogura et al.[14] observed 28.5% of cervical 
metastases at presentation in their series of 21 patients 
with SCC of the upper maxilla. Dalal and McLennan[30] 
reported a 27% of cervical metastases at initial diagnosis. 

From our meta-analysis among 26 studies including 2,396 
patients with SCC of the upper maxilla, we can conclude 
that the overall initial cervical metastases rate is 16%. 

T3/T4 nodal rate
We also analysed the incidence of cervical metastases 
of maxillary SCC in advanced-stage (T3/4) disease, 
including 24 articles for this purpose. Interestingly, we 
observed that the probability of lymph node metastases 
increased with the size of the tumour. Brown et al.[10] 
reported an 81% of cervical metastases in T3/T4 tumours 
in a series of 43 patients and Berger et al.[40] observed a 
78% of cervical metastases in patients with T3/T4 stage 
in a series of 171 patients. Philip and James[24] observed 
a 95% of cervical metastases in T3/T4 tumours. Even 
authors such as Poeschl et al.[33] or Dalal and McLennan[30] 
reported that all the patients (100%) with advanced-stage 
(T3/T4) developed cervical metastases.

From our meta-analysis these 24 studies including 2,551 
patients, we observed that 71% of patients with cervical 

Figure 1: Intraoperative photograph of a patient with T4 squamous 
cell carcinoma of the hard palate with cervical metastases
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metastases from maxillary SCC carcinoma were T3/T4 
stage [Table 1].

DISCUSSION

In the last century, few studies have been focused 

on cervical metastases from SCC of the maxilla. 
Nevertheless, cervical metastases from SCC of tongue 
or floor of mouth have been well studied, both sites 
presenting a high incidence, considering elective neck 
dissection necessary in patients.

Elective neck dissection is generally performed in 
patients with SCC of the oral cavity when there is a 
risk of occult metastases higher than 15%. It is made at 
the time of surgery of the primary tumour, since most 
cancers of the oral cavity are treated surgically.[1-5] The 
risk of cervical metastases of maxillary gingival and 
hard palate SCC is considered lower than metastases of 
SCC in other primary sites, and management of clinical 
NO (cN0) patients is to “watch and wait”. The National 
Comprehensive Cancer Network proposed guidelines 
for treatment strategies for head and neck cancer, 
suggesting selective neck dissection for cN0 patients 
with SCC of the tongue, floor of the mouth, mandibular 
gingiva, and buccal mucosa.[44] However, there is still no 
specific strategy for cN0 cases of maxillary SCC.

Recently, several studies reported that cervical 
metastases of maxillary SCC are much higher than 
expected and comparable to that of other primary oral 
sites. Montes and Schmidt[9] reported a 42.9% rate of 
regional nodal disease in a series of 14 patients with SCC 
of the maxilla; Brown et al.[10] reported a rate of 37.2% 
in a series of 43 patients; Simental et al.[11] in a series of 
26 patients with SCC of the maxillary alveolus and hard 
palate found cervical metastases in 34.6%, similar to that 
observed by Kruse and Grätz[12] (33.6%) in a series of 30 
patients. Mourouzis et al.[13] reported a 23.5% incidence 
of cervical metastases at presentation with maxillary SCC 
in a series of 17 patients. These reported incidences of 
cervical metastases are comparable to those observed for 
SCC of tongue or floor of mouth. Ogura et al.[14] reported 
a 28.5% incidence of cervical disease at presentation. 
Recently, Berger et al.[40] reported an overall rate of 44% 
of cervical metastases in a series of 171 patients. In 
our series, we founded that 9 of the 20 (45%) patients 
with SCC involving the palate or the maxillary alveolus 
[Figures 1 and 2] developed cervical metastases [Figure 3] 
during disease.[42]

In the 28 articles included in this systematic review, the 
initial nodal disease was 16% and cervical metastases 
rate ranged from 11% to 67% with an overall metastases 
rate of 33% in a total of 2,641 patients, which was 
similar to the cervical metastases from SCC of other oral 
sites, such as the tongue or floor of the mouth.

According to the tumour node metastasis classification 
system, T represents tumour size, depth of invasion, and 
relation with the surrounding tissue. The association 
between tumour site, size and grading and the risk 
of lymphatic metastases is well known for SCC of oral 
cavity and is not different for SCC of the maxilla.[44] 

Figure 3: Computed tomography of the neck showing a cervical 
metastasis (arrow) of maxillary squamous cell carcinoma

Figure 2: (A) Intraoperative photograph of a patient with T4 squamous 
cell carcinoma of the maxillary gingiva and bone invasion; (B) maxillary 
tumour was resected with wide surgical margins
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It is very significant that most of cervical metastases 
from SCC of the maxilla in the analysed series (71%) 
corresponded with a tumour size larger than 4 cm (T3 
and T4 tumours). This rate of cervical metastases from 
big-sized tumours may suggest performing elective neck 
dissection only in patients with advanced disease. This 
finding has been observed by an American multicenter 
study by Montes et al.[16] about maxillary SCC, which 
reported a high percentage of cervical metastases in 
T3 and T4 tumours. Meng et al.,[21] in their series of 78 
patients with SCC of the maxilla, reported that rates 
for positive nodal metastases from T1 and T2 tumours 
were lower than 15%, whereas those for T3 and T4 
tumours were higher than 40%. Zhang et al.,[37] in a series 
of 100 patients, observed a 79% of cervical metastases in 
patients with T3/T4 SCC of the upper maxilla. Brown et al.[10] 
reported an 81% of cervical metastases in T3/T4 tumours 
in a series of 43 patients, while Berger et al.[40] in a series 
of 171 patients, observed a 78% of cervical metastases 
in patients with T3/T4 stage. Even others authors have 
reported that all the patients (100%) with advanced-stage 
(T3/T4) developed cervical metastases in some point 
during the study.[13,30,33,42]

Within our meta-analysis, in 24 out of 28 articles, 
metastases in patients with T3/T4 tumours were 
analysed, founding a total of 71% of cervical metastases. 
These data could demonstrate a significant connection 
between T-stage and metastatic cervical status, and may 
suggest that patients with advanced-stage (T3/4) disease 
face a significantly higher risk of metastases.

It is a fact that most clinicians do not routinely perform 
elective neck dissection when the neck is clinically or 
radiographically negative. However, the results from our 
systematic review suggest that elective neck dissection 
should be performed in patients with locally advanced 
SCCs of the hard palate and maxillary alveolus, despite 
the fact that SCC of these sites has traditionally been 
believe to have a low rate of occult metastases.

In spite of the results observed from this meta-analysis, 
we believe that it is important to highlight that most 
of the analysed studies are retrospective, with their 
intrinsic limitations. Furthermore, several papers are 
limited by the small number of patients enrolled in the 
study. Therefore, prospective studies with larger series 
are necessary.

In conclusion, this systematic review shows the fact 
that the rate of metastases in patients with SCC of the 
upper maxilla is high and comparable with metastases 
from other oral cavity cancers. Thus, the authors believe 
in the need for a change in the management of the N0 
neck in SCC arising in the maxillary alveolus and hard 
palate. Elective neck dissection should be performed in 
patients with T3/T4 tumours with clinic or radiographic 
negative necks (N0c). Prospective studies with a large 

number of patients are necessary to confirm the results 
obtained from this study. 
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ABSTRACT
Oral cavity squamous cell carcinoma (OSCC) has a high incidence of cervical micrometastases 
and sometimes metastasizes bilaterally because of the rich lymphatics in the submucosal plexus, 
which freely communicate across the midline. The presence of contralateral pathologic lymph 
nodes has been reported previously as a critical factor influencing the survival of patients. There are 
a few reports in the literature with regard to the rates of contralateral neck disease and the factors 
that may be involved in the risk with them. An elective ipsilateral neck treatment is generally 
recommended for initial treatment in all OSCC. However, no consensus exists whether or not to 
perform an elective contralateral neck dissection or radiation. In this study, a systematic review 
has been performed in order to evaluate the predictive value of clinical-histopathologic factors 
potentially related to contralateral occult lymph node metastasis in squamous cell carcinomas of 
the oral cavity to form a rational basis for elective contralateral neck management. 
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INTRODUCTION

Head and neck cancer is the fifth most common type of 
cancer worldwide, among all neoplasms. Approximately 

40% of them occur in the oral cavity. Squamous cell 
carcinoma (SCC) is the most common histological type, 
with a frequency of approximately 90%. The presence 
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of neck lymph node metastasis is the most significant 
prognostic and survival factor in patients with oral cavity 
squamous cell carcinoma (OSCC). With the exception of 
thin early-stage tumours in the context of clinically and 
radiologically node negative necks, most patients with 
OSCC undergo neck dissection.[1] This has the benefit 
of treating occult metastatic disease and providing 
pathological staging information to direct adjuvant 
therapy.[2,3] The rich lymphatic connections in the head 
and neck makes oral cavity malignancies susceptible to 
spread across the midline.[4] The SCC of the oral cavity 
presents a variable frequency of contralateral lymph 
neck metastases (CLNM) between 0.9% to 36%, reported 
in the literature.[5,6] The presence of such metastases 
decreases the survival rate of the patients, generating 
a poor prognosis.[7] Although elective treatment of the 
contralateral neck is accepted for OSCC approaching 
or crossing the midline, this is not routinely performed 
in lateralized cases. Few studies have analyzed rates of 
contralateralneck disease in oral cancer and thefactors 
that may be involved with them. In terms of treatment 
decision-making, the use of elective contralateral neck 
dissection remains controversial for patients with OSCC 
that does not cross the midline.

The purpose of this review was to evaluate the incidence 
of CLNM and analyze the factors that may predict their 
appearance in OSCC to form a rational basis for elective 
contralateral neck management. 

METHODS

To address the research purpose, the authors designed 
and implemented a systematic review of the literature. 
The electronic search was perfomed in the Cochrane 
Library, MEDLINE via Pubmed and EMBASE using the 
key terms “contralateral neck dissection”, “contralateral 
metastases”, “oral squamous cell carcinoma” and 
“oral cancer”. Some of these terms were searched in 
combination. The references of each article obtained 
were checked for additional relevant studies. Only articles 
published in English were included in this study. One 
reviewer screened all titles and abstracts. A total of 103 
references were retrieved, of which 34 were screened. 
The exclusion criteria were: (1) date of publication before 
1999; (2) articles written in a language different from 
English; (3) required data not available; and (4) type of 
article: abstracts, letters, comments, editorials, expert 
opinions or case reports.

THE ROLE OF CLNM IN OSCC

The contralateral metastasis propagation can occur in 
the head and neck carcinoma in different ways: firstly, 
by crossing afferent lymphatic vessels, by tumor spread 
along the midline, when ipsilateral lymph nodes are 
widely involved, and secondly, in certain anatomical 
areas where there is not a real barrier in the midline.[7]

The OSCC has a high incidence of micrometastases and often 
bilaterally metastases due to the rich submucosal lymphatic 
plexus, that communicates freely crossing the middle line.[8] 
It presents a variable incidence of CLNM between 0.9% to 
36%, reported in the literature. Diverse factors can be held 
responsible for such differences, among them the diversity 
of the anatomic regions considered for study, problems 
in clinical staging, and exclusion of cases not considered 
eligible for treatment. Kowalski et al.[6] found a rate of 36% of 
contralateral positive nodes after bilateral neck dissection. 
Kurita et al.[5] observed an incidence of CLNM in early oral 
tongue SCC of 12.2%. In the paper reported by Koo et al.[8] 
the overall rate of occult contralateral metastasis in OSCC 
was 11%, and the rate was 21% in cases of ipsilateral 
pathologic metastasis. In the study of Bier Laning et al.[9] 
the incidence was 10%. This corresponds to the findings 
of Mukherji et al.[10] who found that oral tongue and 
floor-of-mouth cancers had an expected drainage to 
contralateral lymph nodes in up to 9% of cases. On the 
other hand, Lim et al.[11] in their study detected only a 
4% rate of contralateral occult metastases in a series of 
early tongue carcinomas and did not recommend elective 
contralateral neck treatment. González-García et al.[12] in 
a large series of 315 patients with oral squamous cell 
carcinoma of the oral cavity, reported an incidence rate of 
5.7% for CLNM, which is similar to the 5-year CLNM rate of 
4.1% reported by Feng et al.[13] while another large cohort 
study by Huang et al.[14] showed a 7.1% 5-year CLNM rate.

In relation to prognosis, it has been widely accepted that 
CLNM dramatically reduce the long-term survival and 
prognosis in these patients is described as extremely 
poor.[6,8,15,16] Capote-Moreno et al.[7] reported a decrease 
in the 5-year survival rate in patients with OSCC, from 
70% in patients with negative contralateral lymph nodes 
to 41.2% in those with CLNM. These rates were similar 
to those found by other authors; for example, Koo et al.[8] 
found a 5-year cause-specific survival rate of 43% in 
patients with contralateral disease compared with 73% 
in metastasis-free patients in a series of 173 cases with 
oral and oropharyngeal SCC, which emphasizes the 
prognostic importance of CLNM.

With respect to the time of appearance, most studies 
corroborate that CLNM mainly happens within two years 
postoperatively.[17-20] For instance, González-García et al.[20] in 
a series of 203 patients with oral squamous cell carcinoma 
of the tongue, with especial consideration in excluding 
those cases involving the midline or at a distance less than 
1 cm, reported CLNM occurring within the first 2 years 
after surgery in 89.9% of the affected patients. Therefore, 
special effort should be paid early detecting nodal relapse 
in the cervical región,while a careful follow-up is mandatory 
during this period of time. 

PREDICTIVE FACTORS

Several clinical and pathological factors have been proposed 
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to be correlated with the risk of contralateral lymph node 
metastasis as well as with patient survival. We consider it 
important to analyze these factors. It is currently unclear 
whether CLNM are underestimated in OSCC patients at 
initial presentation. Therefore, correct identification of risk 
factors associated with CLNM is paramount to improve the 
clinical outcome of this patient group, especially because 
ultrasound diagnostic imaging and computed tomography 
scannings are not sensitive enough to sufficiently 
detect occult disease. Prediction of tumors at high risk 
for contralateral involvement may determine a better 
therapeutic management of the contralateral neck and may 
improve OSCC prognosis [Table 1]. 

Tumor location
One of the factors that has been speculated as a 
determinant prognosticator for contralateral metastases 
is tumor location, although there is not a clear consensus 
about which location is of higher risk for cross-metastases. 

The importance of tumor midline involvement had been 
already exposed by Martin et al.[21] Risk increased to 16% in 
cases with tumors crossing the midline by less than 1 cm and 
reached 46% in those where the crossing was of more than 
1 cm. In the same way, Koo et al.[8] also demonstrated that the 
rate of contralateral occult neck metastasis was significantly 
higher in cases in which the primary lesion showed extension 
across the midline, compared with early-stage or 
unilateral lesions. In a series including 513 consecutive 
cases, Kowalski et al.[6] testified that the risks of CLNM were 
significantly higher in cases of tumors extending to 1 cm or 
less of the midline or crossing such medial margin (relative 

risk from 2.8 to 12.7). In the study of Kurita et al.,[5] patients 
with tumors showing radiological evidence of extension 
crossing the midline were at a higher risk for CLNM (53.8%) than 
patients without an extension crossing the midline (10.3%).

In relation to the location of the primary tumor, a higher 
risk for CLNM in patients with tumors of the floor of the 
mouth and the anterior third of the tongue in detriment 
of the retromolar region or the lateral gum has been 
reported.[6] Cross-drainage in the oral tongue and floor of 
mouth cancer is common, thereby placing both sides of 
the neck at risk for nodal metastases, as reported in the 
study by Mukherji et al.[10] Califano et al.[22] found a higher 
rate of contralateral involvement in the base of the 
tongue even in early tumors than in the body and the tip 
of the tongue and recommended prophylactic bilateral 
neck dissection in all tongue base carcinomas. The data 
of Olzowy et al.[23] also showed that tumors of the base 
of tongue had a higher risk of contralateral metastases 
than that of tumors of the tonsillar fossa. Moreover, 
although not statistically significant, tumors of the soft 
palate and the pharyngeal walls also seemed to have a 
higher risk of CLNM. Capote-Moreno et al.[7] observed a 
higher tendency for contralateral metastases in tumors 
located in the tongue base (31.4%) and the floor of the 
mouth (11%), with a lower frequency in the mobile tongue 
(7.2%) and the oropharynx (6.3%). However, in the study of 
Kurita et al.,[5] the incidence of CLNM was higher in cases 
of lower gum carcinoma (25%) than in those with mobile 
tongue carcinoma (15.4%). They suggested that the 
direction of tumor invasion is a more important factor for 
CLNM than the original tumor location in patients with 

Table 1: Chart review of the main articles that analyze risk factors for CLNM
Study Year Number Mean age 

(years) 
Male:female Follow-up 

(months)
CLNM

(number of patients)
Predictive factors

Kowalski et al.[6] 1999 513 56.4 437:76 - 38 TNM stage and ipsilateral 
metastases 

Kurita et al.[5] 2004 126 66 74:55 21 19 T-stage, ipsilateral metastases, 
and histo-pathologic grading 

Koo et al.[8] 2006 66 53 52:14 44 7 T-stage and ipsilateral 
metastases 

González-García 
et al.[20] 

2007 203 59 72:28 71 9 Histo-pathologic grading and 
peritumoural inflammation 

González-García 
et al.[12]

2008 315 60 222:93 > 5 years 18 TNM stage, histopathologic 
grading, surgical margins, 

ipsilateral neck dissection and 
perineural invasion 

Liao et al.[31] 2009 913 49 852:61 > 24 55 ECS, tumor location, ipsilateral 
metastases and histo-
pathological grading 

Capote-Moreno 
et al.[7]

2010 402 59 293:109 > 12 20 ECS, tumor location, ipsilateral 
metastases and histo-
pathological grading 

Olzowy et al.[23] 2011 352 56.8 274:78 - 75 Tumor location, T-stage and 
ipsilateral metastases

Lin et al.[38] 2012 683 > 50 624:59 - 36/676 Tumor location and histo-
pathologic grading 

Feng et al.[13] 2014 1,482 60 822:66 > 5 years 35/844 ECS 
Habib et al.[33] 2016 481 64 288:193 160 14 Ipsilateral metastases and 

histo-pathologic grading

CLNM: contralateral lymph neck metastases; TNM: tumor node metastasis; ECS: extracapsular spread
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carcinoma that has originated laterally in the oral cavity. 

Tumor size
The literature reports a strong correlation between the 
size of the primary and the risk of CLNM.[24-28] A significant 
correlation between the T-stage and the occurrence of 
CLNM was observed by Kurita et al.[5] In this study, the 
incidence of CLNM for the T4 tumor (31.4%) was relatively 
high compared to that for the T1 (0%) as well as the 
T2 (12.2%) and T3 tumor (11.8%). In addition, CLNM in 
patients with the T2 and T3 tumor occurred only in cases 
of the mobile tongue, but not in other sites. Excluding 
cases of the tongue SCC, CLNM was unlikely in patients 
with T1 to T3 oral carcinoma that had arisen in the 
unilateral side. In a retrospective analysis of 66 patients 
with cancer of the oral cavity at N0-2 stage, Koo et al.[8] 
showed that the rate of contralateral occult metastasis 
was 8% for T2, 25% for T3, and 18% for T4, whereas no 
metastasis was observed in the T1 cases. 

Tumor thickness
Tumor thickness has been recognized as an histological 
prognostic factor of local recurrence, cervical nodal 
metastasis, and survival. Bier-Laning et al.[9] found an 
approximately 5% increased risk of CLNM for every 1-mm 
increase in tumor thickness. They did not found cases 
of CLNM when the primary tumor had a thickness less 
than 3.75 mm. So, they recomended that consideration 
should be given to observation of the contralateral neck 
for tumors less than 3.75 mm, neck dissection to the 
contralateral neck for tumors more than 3.75 mm thick, 
and treatment of the contralateral neck with surgery and/
or radiation therapy if the tumor is more than 9.5 mm 
thick. This is compatible with the findings of others, in 
which the risk of ipsilateral nodal metastasis is increased 
in tumors thicker than 4-5 mm.[29,30] Other authors, as 
González-García et al.[12] failed to show tumoral thickness 
greater than 2 mm as predictive for CLNM, which could 
be attributable to the insufficient sample size where 7.1% 
of the patients with tumor thickness greater than 2 mm 
developed CLNM in comparison with 0% of the patients 
with tumor thickness less than 2 mm.

Infiltration of the cervical lymph nodes 
In relation to cervical affectation, ipsilateral lymph neck 
node metastasis has been referred to as a significant 
predictor in assessing the risk to the contralateral neck. 
According to the statistical results of Kurita et al.,[5] no 
CLNM occurred in patients without ipsilateral lymph 
node metastasis. In addition, the incidence of CLNM 
was higher in patients with multinode involvement (50%) 
than in those with single node involvement (26.1%). The 
study reported by Capote-Moreno et al.[7] supported 
these results, in which 21.6% of the cases with positive 
homolateral nodes showed positive CLNM whereas 
contralateral disease developed in only 6.4% of the 
cases with negative homolateral nodes. This prognostic 

variable, together with tumor extension across the 
midline, was the most important risk factor in the 
logistic regression analysis performed in this report. 
Other studies have also shown a significant correlation 
between the presence of ipsilateral and CLNM.[6,8] In 
the study of Olzowy et al.[23] patients with two or more 
ipsilateral neck metastases showed significantly more 
bilateral metastases compared with patients with fewer 
than two positive ipsilateral lymph nodes. 

In contrast to these previous studies, González-García et al.[20] 
did not found an association between the presence of clinical 
and pathological positive node status on the ipsilateral side 
of the neck and a higher incidence of contralateral cervical 
metastasis in SCC of the lateral side of the tongue.

Extracapsular spread
Transcapsular infiltration of lymph node metastases is 
another important prognostic factor that, although it can 
be found in smaller lymph nodes, is generally associated 
with lymph nodes with a diameter of more than 2 cm. 
In a retrospective study performed by Feng et al.,[13] they 
demonstrated that extracapsular spread (ECS) status was 
correlated with 5-year CLNM. In a series of 913 patients, 
Liao et al.[31] also showed that the 5-year CLNM rate was 
significantly higher in patients with ECS (39%) than in 
those without (12%). Furthermore, the 5-year overall 
survival was 48% in patients without ECS, whereas it 
dropped to 16% in those with ECS. 

However, other authors such as Koo et al.[8] did not find 
a statistical assocciation between ECS and the ocurrence 
of CLNM.

Clinical tumor node metastasis stage
It has been reported that patients with advanced tumors are 
at a higher risk for CLNM in OSCC.[5,6,12] In the multivariate 
analysis performed by Kowalski et al.,[6] it became clear that 
the risk of CLNM for patients with clinical stage (CS) I and II 
tumors not involving the floor of the mouth was low, even 
though it crossed midline (< 1 cm). On the other side, CS 
IV tumors that were less than 1 cm away from midline had 
a high risk of metastasis, independent of tumor original 
site. Frequency of such metastases was 33% for stage 
T4, 15% for CS III and 32% for CS IV. Risk of contralateral 
metastases was over 20% in stage T1-3 N2a-3 and T4 N0-3 
M0 tumors. González-García et al.[12] found in their series 
that 6.7% of patients with staging IV in the tumor node 
metastasis (TNM) classification developed CLNM, whereas 
only 2.6% of patients with TNM staging I showed CLNM.

Surgical margins
In relation to surgical resection, the absence of wide 
enough margins in the excised primary tumor has been 
reported to be a predictor for CLNM. Particularly, the 
presence of 1 cm or more of non-affected tissue around 
the tumor was considered adequate, in contrast to 
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specimens with less than 1 cm of non-affected tissue 
around the tumor. Illustratively, only 4% of patients in 
the first group developed CLNM in contrast to 11.6% of 
patients in the last group.[12] Nason et al.[32] found that 
each 1-mm increase in clear surgical margin decreased 
the risk of death at 5 years by 8%. Other authors have 
also demonstrated that surgical margins had a statistical 
association with a higher risk of CLNM developing.[7]

Grade of histological differentiation
Histopathological grading is also an important predictive 
factor for the occurrence of CLNM in head and neck SCC. 
For Kurita et al.[5] the risk for CLNM increased as the 
degree of histopathological grading advanced. In another 
study, González-García et al.[12] also demonstrated a 
statistically significant association between histological 
grading and the appearance of CLNM and found that 
13.5% of the patients with poor-differentiated SCC 
developed CLNM, in comparison with 5.2% of patients 
with well-differentiated tumors. Other authors also have 
identified poor tumour differentiation as a significant 
predictor.[5,20,31,33]

Tumor satellite distance
Tumor satellites can be defined as separate islands of 
tumor cells at the tumor and nontumor interface. Tumor 
satellite distance (TSD) is the distance from the main 
tumor to the most distant tumor satellite and reflects 
the spreading ability of tumor satellites. In the literature, 
microsatellite tumor spreading was reported to reach 
as far as 1.8 cm.[34] Yang et al.[35] reported that TSD is 
significantly associated with the survival of patients with 
tongue cancer in areas of endemic betel nut consumption. 
In addition, increased TSD is associated with a higher 
incidence of local recurrence, shorter intervals to neck 
recurrence, and a higher tendency to contralateral or 
bilateral neck metastasis. 

Perineural and lymphovascular invasion
Perineural infiltration of the primary tumor has been shown 
to be highly predictive for CLNM, as it was illustrated in 
the series of González-García et al.[12] by the appearance 
of pathologic contralateral lymph neck nodes in 17.02% of 
patients with perineural infiltration, in comparison with 
4.1% of those patients without perineural involvement. In 
the study of Capote-Moreno et al.,[7] perineural invasion 
also turned out to be arelevant factor for contralateral 
metastases. Kowalski et al.[6] suggested the presence of 
lymphovascular involvement, as well as of perineural 
infiltration, were significantly associated to higher rates of 
risk of CLNM in OSCC.

Peritumoral inflammation
A statistically significant association between the 
absence of peritumoral inflammation and the appearance 
of CLNM has been observed. A possible explanation for 
this association could be that a low host immunological 

response around the primary tumour could allow 
easier dissemination of cancer cells through lymphatic 
drainage.[20]

Local-regional recurrence
Local recurrence has been defined as an independent risk 
factor for CLNM in the study of Liao et al.[31] Specifically, 
the percentage of CLNM was 18% (17/132) in patients 
with LR, and 5% (38/781) in those without. 

TREATMENT OPTIONS

The possibility of occult CLNM in the OSCC requires a 
challenging decision: whether the contralateral neck 
should be electively treated or not. No consensus 
has been reached on the need for contralateral neck 
dissection (CND) or radiotherapy. Implications of such 
treatment on the contralateral side include the advantage 
of treating subclinical disease on the one hand, but on the 
other hand, because these cases have a poor prognosis, 
treatment may lead to a significant increase in morbidity 
and even mortality without improvement.

Neck dissection 
Appropriate management of cervical lymph nodes is an 
important aspect of the treatment of patients with OSCC. 
Although elective treatment of the contralateral neck is 
accepted for oral cancers approaching or crossing the 
midline, this is not routinely performed in lateralized 
cases. Unfortunately, even with the use of elective CND 
for ipsilateral tumors crossing the midline, approximately 
one-third of neck lymph node recurrences occur at the 
contralateral site. So, it is unclear whether the use of 
elective CND may reduce incidence of contralateral neck 
recurrences in this patient group.

Various studies have failed to show a benefit in the 
survival rate from elective treatment of the contralateral 
neck.[11,13,36] The reduced survival in some patients with 
OSCC appears to reflect aggressive disease biology with 
regional and/or distant failure in spite of salvage therapy, 
suggesting that elective treatment of the contralateral 
neck is unlikely to improve their prognosis. So, some 
surgeons advocate an observation-only policy for the 
contralateral neck. For example, Lim et al.[11] examined 
54 patients with early stage SCC of the oral tongue. 
The goal of this study was to determine if there was an 
outcome difference between patients who underwent 
observation of the contralateral neck (29 patients) versus 
the 25 patients who underwent bilateral elective neck 
dissection (END). Notably, 7 patients in the ‘‘observation’’ 
group underwent radiation therapy that included the 
contralateral neck. The incidence of recurrence at any 
site in this study was 17/54 (31%), with no recurrences in 
the contralateral neck. There was only 1 of 25 (4%) CNDs 
that showed occult malignancy. There was no significant 
difference in the disease-free survival between those 
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who underwent observation of the contralateral neck 
and those who underwent contralateral END, even when 
those in the observation group who received radiation 
therapy were excluded.

Although the reason for these findings is unclear, it has 
been suggested that END, in conjunction with primary 
tumor resection, may predispose patients to aberrant 
migration of intransit carcinomatous cells to the 
opposite side of the neck.[12] Chow et al.[28] failed to show 
bilateral neck dissections reduced the contralateral neck 
relapse by statistical testing. Remarkably, only 1 of the 12 
patients undergoing bilateral neck dissection as part of 
their definitive treatment developed contralateral nodal 
recurrence. In contrast, 8 of the 46 patients undergoing 
only ipsilateral neck dissection developed contralateral 
or bilateral nodal recurrence. In the same way, for 
González-García et al.[12] unilateral cervical dissection was 
predictive for CLNM. In fact, only 1.8% of the patients that 
primarily underwent bilateral neck dissection developed 
CLNM, in comparison with 7.4% of those patients 
undergoing unilateral neck dissection. Remarkably, only 
2 of 64 patients undergoing bilateral neck dissectionas 
definitive treatment developed CLNM. In contrast, 14 
of 149 patients undergoing ipsilateral neck dissection 
developed CLNM. However, despite these results, they 
stated that the low reported incidence of CLNM and 
the added morbidity supported recommendation for 
bilateral neck dissection in selected patients with tumors 
primarily arising in the midline. 

Lanzer et al.[4] did neither show a statistical benefit of 
elective CND in patients with contralateral clinically 
negative neck. Neither locoregional recurrence-free 
survival nor overall survival rates differed. 

In another study, performed by Liao et al.,[31] the 
independent risk factors for the 5-year CLNM rate were 
poor differentiation, perineural invasion, and level IV/V 
lymph node metastases. A prognostic scoring system 
was thus formulated by summing up the three significant 
factors identified by multivariate analysis. In order to 
reduce the incidence of CLNM, CND and adjuvant therapy 
were recommended in high-risk patients with tongue 
cancer [score 2-3, 5-year nonrenal clearance rate (CLNR) 
40%]. In the intermediate-risk group (score 1, 5-year CLNR 
15%), neck ultrasound examinations were recommended 
every 3 months until 24 months postoperatively. 
Observation should be considered sufficient for low-risk 
patients (score 0, 5-year CLNR 3%).

In a recent study by Fan et al.,[37] all indications for 
contralateral END in oropharyngeal SCC were summarised 
as leading to: (1) tumours crossing the midline; (2) advanced 
staging (cT34); (3) primary tumour more than 3.75 mm thick; 
(4) multiple ipsilateral node involvement; and (5) tumours 
arising in the base of the tongue and floor of the mouth.

The location of the primary tumor plays an important role 
in other studies. The carcinoma of the base of tongue 
seems to have a high propensity to produce bilateral neck 
metastases. For Olzowy et al.,[23] in the case of involvement 
of the base of tongue, the neck should be operated on 
bilaterally, independent of T classification of the primary. 
In carcinomas of the soft palate greater than T1, bilateral 
neck dissection should also be recommended because of 
a high frequency of bilateral metastases. For Lin et al.,[38] 
prophylactic CND is suggested for primary oral tumors 
with mouth floor invasion or midline crossing, or at 
advanced tumor stage (> T3). This recommendation is 
not supported by most authors.

In summary, despite facing a high number of occult lymph 
node metastasis in the ipsilateral and contralateral neck 
in oral cancer, the locoregional recurrence rate seems to 
be low. Surgeons should take into account the detailed 
and individual study of risks and potential benefits of 
elective neck treatment for contralateral N0 neck while 
considering the small percentage of patients with oral 
carcinoma that finally develop CLNM. 

Adjuvant radiotherapy
The alternative to the bilateral neck dissection is 
radiotherapy (RT) of the contralateral neck in the case 
of a relevant risk of bilateral metastases, particularly in 
patients receiving planned adjuvant RT postoperatively. 
In this way, Capote-Moreno et al.[7] recommended bilateral 
treatment of the neck with surgery or RT in patients 
with several risk factors. On the other hand, Koo et al.[8] 
showed that the patients who received adjuvant RT had 
a lower locoregional control and survival rate compared 
with those who did not receive adjuvant RT. However, this 
was attributed to the fact that the patients who received 
adjuvant RT were those who had an advanced-stage 
disease or worse prognosis, which would have affected 
the locoregional control and survival rate. Finally, they 
suggested elective contralateral neck management with 
surgery or RT in the treatment of OSCC patients with 
ipsilateral node metastasis and/or those with tumors 
either greater than stage T3 or crossing the midline.

The results of the Radiation Therapy Oncology Group 
and European Organization for Research and Treatment 
of Cancer trials have provided evidence that in patients 
with head and neck cancer surgery plus concomitant 
chemoradiation (CCRT) had a better impact on clinical 
outcome compared with surgery plus RT.[39,40] The benefits 
of CCRT were especially evident in head and neck cancer 
patients with positive margins and ECS.[40] In the study 
performed by Feng et al.,[13] postoperative CCRT compared 
with surgery alone improved the 5-year disease-specific 
survival in these high-risk patients but did not decrease 
the 5-year CLNM rate. However, it is important to take in 
mind that the use of CCRT in the adjuvant setting, which 
is highly toxic, may cause immunosuppression.[41] For 
these authors, whether high-risk patients benefit from 
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contralateral neck dissection plus adjuvant CCRT can 
only be answered in a prospective trial.

To come to conclusions, when RT is employed as the 
elective treatment modality, the threshold for treating 
the contralateral neck is low, taking in mind the difficulty 
of future treatment in cases of recurrence, and the 
relative low additional morbidity associated with the 
therapy. Thus, in patients at a moderate-high risk of 
developing CLNM, contralateral neck should be included 
in the radiation field. 

CONCLUSION

The OSCC presents a variable incidence of CLNM, reported 
between 0.9% to 36% and it has been widely accepted 
that CLNM dramatically reduce long-term survival and 
prognosis. Several predictive factors have been proposed 
to be correlated with the risk of contralateral lymph node 
metastasis, such as tumor location, size or thickness, 
ipsilateral lymph node metástasis, ECS, TNM stage, 
surgical margins, grade of hystological differentiation, 
tumor satellite distance, perineural and lymphovascular 
invasion, peritumoral inflammation and local recurrence. 

It is important for clinicians to pay careful attention 
to these prognostic variables that must be globally 
considered for each individual case. Surgeons should 
take into account the detailed and individual study of 
risks and potential benefits of elective neck treatment 
for contralateral N0 neck while considering a small 
percentage of patients with oral carcinoma that finally 
develop CLNM. 
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ABSTRACT
Aim: To select and analyze the most representative papers published in the literature concerning 
oral squamous cell carcinoma (OSCC), specifically dealing with salvage surgery following primary 
treatment by surgery with or without by postoperative radiotherapy, specifically focusing in the 
oral cavity and oropharynx locations. Methods: A bibliography search on MEDLINE and EMBASE 
databases for studies published from March 2000 to March 2016 was conducted. The authors only 
included studies published in the English language and those dealing with “squamous cell carcinoma 
of the oral cavity and/or oropharynx”. The following technical bibliographic exclusion criteria 
were applied: (1) case reports; (2) technical report; (3) animal or in vitro studies; (4) review articles; 
(5) uncontrolled clinical studies; and (6) publications in which the same data were published by the 
same group of researchers. The abstracts of yielded results were reviewed and the full text of those 
with apparent relevance was obtained. Results: A total amount of 188 studies were found using the 
above reported searching parameters. Thirteen original papers were finally selected according to 
the inclusion and exclusion criteria. From 1,692 analyzed patients, overall recurrence rate was 26% 
(range: 15-41.7%), with a mean 47.3%, 35.1% and 10.9% local, regional and loco-regional recurrence, 
respectively. Mean 5-year overall survival rate was 40.2% (range: 37.5-42.9%). Conclusion: Salvage 
surgery is the best option for the treatment of recurrent OSCC, either local, regional or loco-regional, 
with the highest rates in terms of survival and with an acceptable morbidity.
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INTRODUCTION

Nowadays, recurrence in oral squamous cell carcinoma 
(OSCC) remains the main cause for failure in oral cancer 
patients, despite advances in surgical techniques and 
chemo-radiotherapy (CRT) protocols. In fact, treatment 
of OSCC with radical surgery followed by radiotherapy 
(RT) has been reported to be unsuccessful in 25% to 
48% of the cases.[1] This recurrence can be local-oral 
cavity or oropharynx-, regional- in the neck, ipsilateral, 
contralateral or both-, or loco-regional. Today, salvage 
surgery is generally considered to be the best choice 
for treating recurrent OSCC patients that have been 
previously irradiated, although cure rates are still poor. 
Also, when dealing with regional recurrences, primary 
treatment seems to determine overall outcome following 
salvage surgery, with poorer rates in previously irradiated 
and surgically treated necks.[2]

Otherwise two conditions are mandatory for this subset 
of patients to undergo salvage surgery: (1) the recurrence 
has still to be resectable in terms of resectability criteria 
within the head and neck region; and (2) the patient has 
to be operable in terms of an aesthesiologic critera. Other 
eligible options are generally behind in terms of curative 
intention such as re-irradiation or CRT, while palliative 
chemotherapy and supportive care are reserved for non-
curative patients.

In considering the treatment to be performed, especially 
for those patients with advanced recurrences, there is 
a trend to outweigh the importance of quality of life 
for the patient, even more than in the first approach 
to the disease, in which survival is far from any other 
consideration, such as function and aesthetic impairment. 
Moreover if one takes into consideration that many 
of these advanced recurrent patients may undergo a 
permanent tracheostomy and/or a gastrostomy, a realistic 
evaluation of the probability of cure versus the generated 
morbidity has to be evaluated and sincerely approached 
with the patient and his/her family before salvage surgery 
is to be offered for the recurrent patient.

The purpose of the present study was to select and analyze 
the most representative papers published in the literature 
concerning OSCC, specifically dealing with salvage surgery 
following primary treatment by surgery with or without by 
postoperative radiotherapy, specifically focusing in the oral 
cavity and oropharynx locations. 

METHODS

A bibliography search on MEDLINE and EMBASE databases 
for studies published from March 2000 to March 2016 
was conducted, with the searching terms: (("salvage 
therapy" [MeSH Terms] OR ("salvage" [All Fields] AND 
"therapy" [All Fields]) OR "salvage therapy" [All Fields] OR 
"salvage" [All Fields]) AND ("surgery, oral" [MeSH Terms] 

OR ("surgery" [All Fields] AND "oral" [All Fields]) OR "oral 
surgery" [All Fields] OR ("surgery" [All Fields] AND "oral" 
[All Fields]) OR "surgery, oral" [All Fields]) AND ("carcinoma, 
squamous cell" [MeSH Terms] OR ("carcinoma" [All Fields] 
AND "squamous" [All Fields] AND "cell" [All Fields]) OR 
"squamous cell carcinoma" [All Fields] OR ("squamous" [All 
Fields] AND "cell" [All Fields] AND "carcinoma" [All Fields])). 
References were explored to identify other articles.

A total amount of 188 studies were found using the above 
reported searching parameters. We only included studies 
published in the English language and those dealing 
with “squamous cell carcinoma of the oral cavity and/or 
oropharynx”, excluding those exclusively referring to the 
larynx, hypopharynx or other sites of the head and neck, 
such as paranasal sinuses or salivary gland neoplasms. 
If an overall approach to multiple locations of the upper 
aero-digestive tract was performed in a particular study, 
only those locations referred to the oral cavity and/or 
oropharynx were taken into consideration regarding 
data output, if available. However, if no specific data 
was offered for “oral cavity” and “oropharynx” and only 
general data was offered, then the series was rejected 
for inclusion in the meta-analysis. Articles dealing with 
CRT as the salvage treatment of choice for recurrent 
tumors were also excluded from this review. Besides, 
articles specifically focusing on the reliability of the used 
reconstructive method or surgical technique were not 
considered if data referring to prognosis and/or survival 
analysis was not performed. 

Then, a manual screening of articles’ abstracts was 
performed in order to explore the role of salvage surgery 
in squamous cell carcinoma of the oral cavity and 
oropharynx from the ultimate complete 16 years. The 
following technical bibliographic exclusion criteria were 
applied: (1) case reports; (2) technical reports; (3) animal 
or in vitro studies; (4) review articles; (5) uncontrolled 
clinical studies; and (6) publications in which the same 
data were published by the same group of researchers. 
The abstracts of yielded results were reviewed and the 
full text of those with apparent relevance was obtained. 
The references of identified articles were crosschecked 
for unidentified articles. The author carefully assessed 
the eligibility of all studies retrieved from the databases. 
A total amount of 13 original papers were finally selected 
according to the provided inclusion and exclusion criteria.

RESULTS

Summary of results from the selected 
studies
From the review of the selected papers, several common 
weakness among them have to be highlighted, such 
as the difficulty in establishing prospective series of 
patients submitted for different treatment modalities, the 
variation in the series’ size, and the lack of homogeneity 
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for inclusion/exclusion criteria and treatment protocols 
among institutions. All these features make quantitative 
analysis of results difficult if bias wants to be dismissed. 
The following paragraphs in the results section will deal 
with the description of the main results provided by the 
authors of the 13 selected papers in a chronologic manner 
[Table 1]. Further qualitative analysis of these results will 
be individually approached in the discussion section.

Up in the beginning of the 21st century, Schwartz et al.[3] in a 
retrospective study about 38 patients that had developed 
recurrence of oral cavity SCC, reported an overall 
recurrence rate of 28%, with a local recurrence of 58%, a 
loco-regional recurrence of 27% and an isolated regional 
recurrence of 16%. With an overall salvage cure rate of 
21%, they found that those patients receiving surgery 
as salvage treatment modality significantly improved 
in terms of survival time with respect to those treated 
with chemotherapy and/or RT, while cure rate trended 
to signification (P = 0.08). Interestingly, primary tumor 
staging was predictive for improved survival time but not 
for improved cure rate, while recurrent tumor staging 
was not predictive for any of them. In a general approach, 
among patients with recurrence, those who had primary 
tumors stage I-II, those having recurred after 6 months 
of initial treatment and those being amenable to surgical 
resection had better prognosis.

Kowalski et al.,[4] in a series of 513 patients with OSCC, 
observed an overall recurrence rate of 41.7%, with 82 (16%) 
patients showing a regional recurrence. Only 36 (44%) 
patients were amenable to salvage surgery, with an overall 
survival after salvage surgery of 31% to 36%, depending 
on the location of the recurrence in the ipsi- or contra-
lateral neck. The authors found that patient’s previously 
undergoing treatment of the neck experimented a poorer 

survival after recurrence than those not previously 
treated, and concluded that patients with neck recurrences 
have a poor prognosis despite salvage surgery.

In a series of 191 patients receiving curative intended 
surgery for SCC of the oral cavity, Lin et al.[1] isolated 56 
patients with recurrence, for whom salvage surgery was 
performed. By defining “early recurrence” as a localized 
tumor less than 4 cm, without bone invasion in the 
computed tomography (CT)-scan, and “late recurrence” 
as a tumor larger than 4 cm with bone invasion that 
presented as a lymph neck node or a diffuse invasion in 
the CT scan, they found a 5-year disease-free survival rate 
of 24%, with 32% of patients free of disease if an early 
recurrence was detected, in comparison to only 16% of 
patients free of disease if a late recurrence was treated. 
They also reported an acceptable overall 5-year survival 
rate of 60% for early recurrences, in contrast to 38% if 
recurrences were late. 

Agra et al.,[5] in 2006, studied 246 patients with recurrent 
SCC of the oral cavity and oropharynx who underwent 
salvage surgery from a single institution. They found a 
statistical significant better 5-year overall survival in favor 
of: (1) early (I/II) (43.6%) versus late recurrent clinical tumor, 
node, and metastasis stages (III/IV) (29.1%), P = 0.027; 
(2) disease free interval more than 1 year (42.1%) versus 
less than one year (26.7%), P = 0.023; and (3) previous 
treatment by surgery alone (39.3%) versus surgery followed 
by RT (26.1%) or RT alone (25.3%), P = 0.028. There were 
no differences in relation to survival according to the 
period of admission, sex, age, type of recurrence, and 
status of surgical margins. Patients with recurrent cancer 
of the oral cavity showed a higher 5-year overall survival 
rate than patients with recurrent oropharyngeal cancer 
(33.6% vs. 25.6%), although this difference was not 

Table 1: Selected studies from systematic review and meta-analysis
Recurrent 

patients´series 
size (n)

Overall 
series 
size (n)

Overall 
recurrence 

rate (%)

Local
recurrence

n (%)

Regional
recurrence

n (%)

Loco-regional
recurrence

n (%)

5-year overall survival 
after salvage surgery

(%)
Schwartz et al.[3] 2000 38 135* 28% - - - 21%
Kowalski[4] 2002 214 513 41.7%* - 82 (38.3%) - 31-36%
Lin et al.[1] 2004 56 191 29.3%* - - - 38-60%
Agra et al.[5] 2006 246 - - 154 (62.6%) 59 (24%) 33 (13.4%) 32%
Koo et al.[6] 2006 36 127 28% 15 (41.7%) 13 (36.1%) 3 (8.3%) 38%
Brown et al.[7] 2007 98 462 21% 48 (59.2%) 34 (34.7%) 16 (16.3%) -
Liao et al.[8] 2008 272 953 28.5% 133 (48.9%) 139 (51.1%) - 36%
Lim and Choi[9] 2008 16 76 21% 5 (31.2%) 8 (50%) 2 (12.5%) 36%
Zafereo et al.[17] 2009 434 1681 26% 199 (45.8%) 53 (12.2%) - 28%
Kernohan et al.[10] 2010 117 533 22%* 39 (33.3%) 38 (32.5%) - 50%
Sklenicka et al.[11] 2010 24 157 15% 11 (45.8%) 9 (37.5%) 1 (4.1%) 48%
Kostrzewa et al.[12] 2010 72 - - - - - 44%
Goto et al.[13] 2016 69 - - - - - 48-86%
Overall resultsa 

(González-García, 
2016)

1,692 - 26% 47.3% 35.1% 10.9% 40.2%
(37.5-42.9%)

*Indirectly calculated by the author from data provided in respective publications; aOverall results from recalculation of variables in previous 
analyzed studies, considering only articles with available data in relation to each particular variable
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statistically significant (P = 0.226). Similarly, Koo et al.,[6] 
in a series about 127 patients with OSCC observed a 28% 
overall recurrence rate, with a 12% local recurrence, 13% 
regional recurrence, and 2% loco-regional. They reported 
a 5-year overall survival rate of 38% and the mean interval 
free of disease higher taller than in 18%.

In a well-known study by Brown et al.[7] about a series of 
462 patients with OSCC treated by surgery followed or 
not by postoperative RT, they found an overall recurrence 
rate of 21%, with a 10.4%, 7.35% and 3.46% of local, 
regional and loco-regional recurrence rates, respectively. 
They wanted to study the hypothetic benefit of post-
operative RT in the group of patients at intermediate 
risk of recurrence, and observed that a significant higher 
proportion of patients undergoing adjuvant RT had loco-
regional recurrence (24%) compared to those treated by 
surgery alone (15%). They also found an improved salvage 
rate for recurrent disease in the surgery alone group (53%) 
in comparison to the postoperative RT group (13%).

Liao et al.,[8] in a series of 272 recurrent OSCC patients, 
found an overall recurrence rate of 28.5%, with a local 
recurrence of 48.9% and a regional recurrence of 51.1%. 
They observed that the cutoff point at 10 months from 
the initial treatment has the worst prognosis in terms of 
5-year disease-specific survival (DSS) and overall survival 
(OS). They found that a late-relapse was associated 
with better survival than an early-relapse occurring 
within the first 10 months after primary treatment. 
Considering treatment in patients with early-relapsed 
OSCC, a significant benefit was demonstrated for salvage 
treatment (salvage surgery with or without RCT), in terms 
of both 5-year DSS and OS. Similarly, in patients with 
a late-recurrence OSCC, a significant improvement in 
both 5-year DSS and OS rates were observed for salvage 
therapy. It is interesting to note that salvage surgery was 
significantly better than salvage RCT for patients with 
late-relapsed OSSC but not for early-relapsed OSCC. 

In 2008, Lim and Choi[9] found recurrences of OSCC to 
appear in 21% of the patients with T1 and T2 tumors 
primarily treated with surgery alone, with 31% and 
50% local and regional recurrences rates, respectively. 
They encountered a 36% OS rate for recurrent patients 
following salvage surgery. This recurrent rate is very 
similar to that reported by Brown et al.[7] and also by 
Kernohan et al.[10] with a 22% recurrence rate. These 
authors also reported a quite high OS of 50% for 
recurrent patients. Meanwhile, in a short series by 
Sklenicka et al.,[11] in 2010, they found a 15% recurrence 
rate, with 67% of recurrent patients undergoing further 
salvage surgery and an estimated 5-year disease-free 
survival of 48% for the whole series.

Kostrzewa et al.,[12] in a series of 72 recurrent OSCC patients 
that underwent salvage surgery, observed a 44% OS rate. 
These authors did not encounter a significant association 

between OS following salvage surgery and restaging after 
recurrence or margin status following surgical salvage. 
Conversely, they demonstrated a significant association 
between survival and time to recurrence, showing that 
recurrences within the first 6 months from the primary 
treatment had a worse prognosis. 

According to Goto et al.,[13] in a series of 69 recurrent 
OSCC, the 5-year OS rate for those patients undergoing 
salvage surgery ranged from 86% in recurrent stage I or 
II to 48% in recurrent stage III or IV. Their multivariate 
analysis identified extra-capsular spread (ECS) as an 
independent prognostic factor for OS following salvage 
surgery, with patients presenting ECS at salvage surgery 
having a 37% 5-year OS rate, in contrast to 78% for those 
do not presenting ECS. 

Overall results from the systematic 
review
Several articles in the primary literature search evaluated 
recurrence and overall survival rates in relation to “head and 
neck cancer” or “squamous cell carcinoma” of the “upper 
aerodigestive tract”, including oral cavity, oropharynx, 
hypopharynx and larynx subsites. As categorization was 
not always performed by the authors and results specifically 
dealing with OSCC were not either supported, these series 
were systematically excluded from our study. Thus, only 
those series specifically dealing with recurrence and overall 
survival at the oral cavity and/or oropharynx were selected 
and included for the analysis [Table 1]. 

From the finally analyzed 13 articles, a recalculation of the 
values within selected variables was performed. For their 
calculation, only those articles with available data in relation 
to a specific variable were selectively chosen. A total number 
of 1,692 patients with recurrent OSCC were included 
from the author’s selection, ranging from 16 patients 
corresponding to the lower series to 434 patients from the 
largest one. The recalculated overall recurrence rate from 
the meta-analysis was 26% (range: 15-41.7%), with a mean 
47.3%, 35.1% and 10.9% of local, regional and loco-regional 
recurrences, respectively. 

Except for a single paper, the 5-year OS rate was present 
in all selected papers. Regarding the survival expressed in 
terms of 5-year OS rate, a mean value of 40.2% (range: 37.5-
42.9%) was obtained from the meta-analysis. Three particular 
series showed their results concerning survival in terms of 
categorization upon early stage (I/II) or advanced stage (III/
IV), and thus two values for the variable 5-year OS rate were 
provided. This could explain the observed range of survival 
rates between 37.5% and 42.9%.

DISCUSSION

Survival of recurrent OSCC patients
Although some classical studies[14,15] advocated for 
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the use of only palliative treatment in recurrent oral 
cancer, mainly in advanced cancer previously treated 
with surgery and radiotherapy, actually a main role for 
curative treatment is advocated, basically by means of 
salvage surgery. In a meta-analysis by Goodwin et al.,[16] 

a 5-year overall survival rate of 43% was reported for 
recurrent SCC of the oral cavity, while a 26% was referred 
for recurrent SCC of the oropharynx. In the study by 
Agra et al.[5] the overall 5-year survival rate was 32.3%, 
with a 33.6% for the SCC of the oral cavity and a 25.6% 
for SCC of the oropharynx. Even, for advanced clinical 
stage recurrences (rCS III/IV), an overall 29.1% 5-year 
overall survival was found. Zafereo et al.[17] found a 
3-year and 5-year OS rates for salvage surgery of 42% 
and 28%, respectively, being favorable patients for such 
a treatment: (1) youngers; (2) long disease-free interval 
after primary treatment; (3) small recurrent tumors for 
which is possible to obtain negative surgical margins; and 
(4) no recurrent neck disease. All these OS rates illustrate 
that, even for advance recurrent OSCC, salvage surgery is 
still an option with curative intention for many patients.

Prognostic factors for survival are not similarly considered 
in all the studies. While some authors[3] did not find a 
relation between the clinical stage of the recurrence and 
survival, others have encountered a significant association 
among them. Agra et al.[5] showed this association in 
the univariate as well as in the multivariate analysis. 
Goodwin et al.[16] found that the clinical stage of the 
recurrent tumor was the most significant predictor of 
survival. Interestingly other authors[13] have found the ECS 
as the most powerful prognostic factor for surveillance, 
even superior to the stage of the recurrence.

Also, recurrences before 1 year after primary treatment 
seem to have worse prognosis. This is somehow a 
common topic, as Liao et al.,[8] in their series of 272 
recurrent OSCC, have also checked that early recurrences 
before 10 months after primary treatment had a 
significant worse prognosis in terms of 5-year DSS and 
OS than late-relapsed OSCC. Similarly, Zafereo et al.,[17] 
for recurrent SCC of the oropharynx, observed that a 
disease-free interval after primary treatment was a critical 
factor in predicting the success of salvage surgery. In 
concordance, Agra et al.[5] showed that patients recurring 
less than a year before primary treatment had a significant 
worse prognosis. 

While some authors[3,15] have suggested that patients 
with advanced III/IV recurrent tumors that have received 
previous surgery followed by RT, based on poor 
prognosis, should only receive palliative treatment, this 
asseveration is no longer supported in the light of the 
results from the last decade. In fact, there are several 
studies[5] which indicate from multivariate analyses that 
previous treatment is not a predictor of survival anymore, 
and so advanced recurrent OSCC patients cannot be 
excluded from salvage surgery if general conditions and 

resectability criteria allows for it, as 5-year OS is higher 
than 30%. In the light of the results from the present 
meta-analysis, with a mean 5-year OS rate upper than 40%, 
if candidates, salvage surgery is strongly recommended 
for treating recurrent OSCC patients.

In concordance with several other studies, Liao et al.[8] found 
that better prognosis was achieved for local recurrence in 
comparison to cervical recurrence. In concordance with it, 
Lim and Choi[9] also observed that although good salvage 
was accomplished in local recurrences, a poor salvage 
rate was found in cases of cervical nodal recurrences, 
especially if being associated with a neck level IV 
recurrence. Goto et al.[13] was coincident in asseverating 
that node involvement at levels IV or V was predictive for 
a decreased 5-year OS rate.

Besides several prognostic tumor-related factors, the 
influence of primary treatment modality in the outcome 
of recurrent OSCC patients has also been investigated. In 
relation to this, the study by Brown et al.[7] demonstrated 
that the administration of postoperative RT negatively 
influenced prognosis and recurrence rate in patients 
at intermediate risk of recurrence that underwent 
further salvage surgery because of relapse. Goto et al.[13] 

also demonstrated several prognostic factors being 
predictive for a worse 5-year OS after salvage surgery, 
such as advanced stages (III and IV) recurrent tumors, 
two or more positive cervical lymph nodes, positive 
cervical lymph nodes at levels IV or V, ECS, and disease-
free interval form primary treatment minor than a year.

The role of salvage surgery
Traditionally, in relation to resectability criteria, many 
concerns about the possibility for real resection of 
recurrent oral SCC and related reconstructive options 
made salvage surgery scarcely indicated. Nowadays, 
advances  in  surg ica l  approaches ,  technology, 
microsurgical reconstruction, and also surgeons´ training 
have extended indications for salvage surgery, even for 
patients with advanced recurrent clinical stages III/IV. 

As pointed out by Liao et al.[8] salvage therapy is of 
benefit for patients with early-relapsed OSCC in terms 
of both 5-year DSS and OS. Interestingly, these authors 
could not find a significant difference for salvage 
surgery compared with salvage RCT, regardless of 
whether patients have a local or a regional recurrence. 
In contrast, the benefit of salvage surgery over salvage 
RCT was clearly stated for patients with late-relapsed 
OSCC, in which recurrence appeared 10 months later 
than primary treatment. In relation to the benefit of 
salvage surgery, Zafereo et al.[17] revealed that patients 
who underwent salvage surgery had a significantly 
higher 3-year OS rate than patients who underwent non-
surgical treatments (excluding patients who received 
supportive care), such as re-irradiation or brachytherapy 
or chemotherapy.
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Actually, salvage surgery is being considered as the best 
treatment in recurrent OSCC, especially in those patients 
in which previous radiotherapy has been administered 
as part of the primary treatment, because of the toxicity 
of re-irradiation [Figure 1]. Re-irradiation in SCC of the 
aero-digestive tract has been reported to have an overall 
5-year survival rate up to 20%, while chemotherapy is 
clearly discouraging.[5] The real fact with many recurrent 
OSCC patients is that RT has already been administered 
as part of the primary treatment, in most of the cases as an 
adjuvant therapy to primary surgery, and re-irradiation with 
its inherent toxicity is not tolerated by the patient. 

Besides, the main concern with respect to the use of RT is 
the increased morbidity, such as risk of osteo-radionecrosis 
and caries, worseness of speech and swallowing, and 

xerostomia, among others. Considering that some 
authors[7] have found a loco-regional recurrence rate of 
only 18% for patients at intermediate risk of recurrence 
[close surgical margins (> 1 mm and < 5 mm) and/or 
positive neck disease without ECS], and that 82% of 
them may not benefit from adjuvant RT, the clinician 
must reconsider the systematic administration of post-
operative RT in those patients without cervical ECS or 
an involved margin (< 1 mm from the margin). 

In our experience from a single institution (University 
Hospital Infanta Cristina, Badajoz, Spain) treating 
SCC of the oral cavity and oropharynx by surgery in 
a population area of one million and five hundred 
thousand inhabitants (Extremadura, Spain), salvage 
surgery is the best option for recurrent patients, even in 

Figure 1: Recurrent oral squamous cell carcinoma (OSCC) patient 1. (A) Local recurrence of OSCC in the right side of the tongue; (B) regional 
recurrence in right cervical level II; (C) intraoperative hemi-glossectomy; (D) intraoperative view of the resected specimen; (E) classical radical neck 
dissection; (F) design of the “Iberic graft” technique for reconstruction of the defect with a radial forearm free flap (RFFF); (G) RFFF harvesting; (H) 
intraoral view of the reconstruction, with the RFFF showing arterial bleeding and viability
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advanced stages, if feasible [Figure 2]. We only reserve 
re-irradition (if toxicity tolerated), chemotherapy or 
supportive care for those patients with unresectable or 
inoperable recurrent tumors, in whom a radical surgical 
surgery is not warrantied and/or a general anesthetic 
procedure is an extremely risky intervention.

Complications following salvage surgery
One of the major concerns regarding performance of 
salvage surgery for the recurrent patients is the high 
rate of complications. Agra et al.[5] reported a 37% 
overall complication rate and a mortality of 2% for 
salvage surgery, most of complications being wound 

infection, wound dehiscence and/or flap necrosis, and 
oro-cutaneous fistulas. A major complication such as 
the rupture of the carotid artery was only observed 
in 0.5% of the cases. Lin et al.[1] reported an overall 
complication rate of the salvage group of 60.7%, which 
was higher than that for patients primarily treated 
with surgery 30.4%. However, no significant differences 
in terms of major complications were observed. 
This consideration is based on a myriad of recurrent 
tumors, with early and late stages mixed together. 

Considering that for these authors, early recurrent tumors 
did not involve bone and/or neck, it is my believing, 

Figure 3: Recurrent oral squamous cell carcinoma (OSCC) patient 3. (A) Loco-regional recurrence of OSCC in the tongue. Intraoperative view of the 
resection and classical radical neck dissection; (B) intraoperative view following resection

Figure 2: Recurrent oral squamous cell carcinoma (OSCC) patient 2. (A) Local recurrence of OSCC in the left buccal mucosa and retromolartrigone; (B) 
intraoral view of the defect after resection with margins; (C) harvesting of the anterolateral thigh flap; (D) intraoral view of the reconstruction with 
the anterolateral thigh flap covering defect in the buccal mucosa and retromolartrigone
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based on our own experience in treating advanced 
recurrent tumor with neck involvement, that the major 
complication rate may be significantly different when 
only a local recurrence is surgically treated or by contrast 
when a loco-regional or regional recurrence with neck 
involvement is managed [Figure 3]. Most of our recurrent 
patients have been previously treated by primary surgery 
with local excision and cervical neck dissection followed 
or not by loco-regional radiotherapy. The effect of 
prior operation and/or irradiation is determinant in 
the absence of anatomical layers or boundaries, which 
makes salvage surgery of the neck completely different 
from that performed in the primary treatment. Even, 
it is not uncommon among our recurrent patients to 
encounter advanced tumors in which diffuse invasion is 
present, with invasion of major vascular structures such 
as the internal jugular vein and surrounding musculature, 
which subsequently makes surgery much more difficult 
and hazardous, with potential severe complications such 
as massive bleeding from big cervical vessels.

Thus, based on previous series and on our own experience, 
we believe that: (1) overall complication rate for salvage 
surgery is higher than that for primary surgery; (2) major 
complications rate does not seem to be statistically 
different for salvage surgery; and (3) major complication 
rate and postoperative mortality from salvage surgery 
does not seem to differ from that observed for advanced 
stages III/IV primary OSCC, but this should not be 
extensible to early stage tumors (I/II) treated primarily by 
surgery, in which major complications are being expected 
in a lower rate.

Also, the influence of long-term radiation toxicity derived 
from its postoperative administration in the primary 
treatment and/or following salvage surgery may determine 
the appearance of xerostomia, osteo-radionecrosis of the 
jaws or restricted mouth opening and lingual movements, 
which may add its deleterious effects to those derived 
from surgery. Even, despite the performance of free 
flap reconstruction, up to 25-50%[16] of the patients may 
require a permanent gastrotomy because of feeding 
impairment, although these considerations concerning 
sequelae are beyond the scope of the present paper.

In summary, with an overall 26% recurrence rate for OSCC 
despite primary treatment with surgery followed by post-
operative radiotherapy, the clinician must be firmly aware 
of recurrence, which is mainly a local relapse in more than 
47% of the cases, followed by a regional recurrence in 
35% and a combined loco-regional relapse in almost 11% 
of the cases. While chemotherapy is clearly discouraging 
and radiotherapy has only been reported to be curative in 
no more than a 20%, salvage surgery is the best option for 
the treatment of recurrent OSCC patients, also for those 
with advanced disease, with a mean 5-year overall-survival 
rate of more than 40% of the cases, showing acceptable 
morbidity and good functional results if reconstructive 

microsurgical techniques are used.
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ABSTRACT
Aim: Traditional donor site closure from radial forearm free flap (RFFF) has been associated 
with esthetic and functional morbidity. To avoid complications, such as color mismatch and 
secondary donor site morbidity, a new technique named ‘‘Iberic graft’’ for covering the RFFF 
donor site was described previously by our team. Methods: A study of patients who underwent 
reconstruction of head and neck defects using a RFFF was conducted to assess postoperative 
complications of the RFFF donor site and also to evaluate the morbidity in terms of aesthetics 
and function following the use of the “Iberic graft”. The donor site was covered by the use of 
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INTRODUCTION

Since its introduction in 1981 by Yang et al.[1] the radial 
forearm free flap (RFFF) has been used extensively for 
reconstruction of head and neck defects after oncologic 
resection. However, many donor site complications have 
been described, such as partial loss of the skin graft, 
sensory disturbance, tendon exposure, and esthetic 
pitfalls.[2-5] Direct closure is not often possible due to too-
large defects or insufficient skin laxity.[6-8]

Several techniques have been described for adequate 
closure of the donor site defect after RFFF harvesting, 
such as purse-string closure,[9] split-thickness skin grafts 
(STSGs),[10,11] full-thickness skin grafts (FTSGs),[12-15] 
tissue expansion,[16,17] closure with local flaps,[18-20] cross-
suturing,[21] use of artificial dermis,[22,23] and local fascial 
flaps.[24] STSGs are most commonly used. FTSGs can 
be used to provide a thicker coverage of the defect; 
they are more resistant to contractures or trauma and 
provide better esthetics results. However, their main 
disadvantages are potential increased morbidity and 
occasional need for an STSG to close the second donor 
site.[25] Those patients in whom the skin graft is harvested 
from the thigh can develop several other complications, 
such as pain, infection, and hypertrophic scar formation. 
Moreover, evident color mismatch is often present in 
relation to the surrounding forearm skin.[26] In addition, 
avoiding a second surgical site might be a valuable aspect 
to consider to decrease postoperative complication rates.

To avoid complications at the donor site from RFFF 
harvesting, such as color mismatch and secondary donor 
site morbidity, a new technique named ‘‘Iberic graft’’ 
for covering the RFFF donor site based on the use of 
combined local FTSG triangles within a geometric model 
concept was described by the authors’ group in 2009.[27]

Since its description, we have used this technique for 
covering the RFFF donor site in 125 patients. In this 

article, we analyzed the results (esthetics and function) 
using the Iberic graft.

METHODS

As described by González-García et al.,[27] the design of 
the RFFF begins by outlining the course of the dominant 
subcutaneous veins and the palpable pulse of the radial 
artery. The flap is elevated in a subfascial layer in a few 
cases and in a supra-fascial layer in other cases. The 
superficial branch of the radial nerve is preserved in all 
cases. The basis for the design of the Iberic graft is the 
geometric concept of the designed skin paddle and the 
local FTSGs. Thus, a quadrangular or rectangular radial 
forearm flap is outlined on the distal forearm. A double 
curvilinear line is outlined from the proximal portion of 
the RFFF to the proximal forearm to provide Access to the 
proximal portion of the neurovascular pedicle; this double 
curvilinear line allows the design of 2 opposed arcs. Then, 
2 bowstrings are outlined within the concavities of the 
arcs. At the midpoint of each bowstring, a perpendicular 
dotted line is outlined to the midpoint of each arc. This 
perpendicular dotted line is half the width of the RFFF 
donor defect and no longer than 3.5 cm to allow direct 
closure of the forearm skin flaps. At this point, 4 isosceles 
triangles are depicted [Figure 1]. Subsequent triangular 
FTSGs are harvested and freed from the forearm. Silk 
sutures are used to join the FTSGs to the borders of the 
defect and resorbable sutures are used to join 1 skin 
triangle to another. Then, the FTSGs are covered with a 
sponge using a tie-bolster technique and dressed with 
regular gauzes with nitrofuran (Furacin® 2 mg/g; LAB-
SEID®, Barcelona, Spain) and protected in a forearm 
splint for 10 days.

RESULTS

One hundred and twenty-five consecutive patients 
underwent RFFF harvesting for head and neck 
reconstruction since the first case. Primary closure of 

a combined local triangular full-thickness skin graft. Color match, quality of the scar, presence 
of necrosis, dehiscence of the suture or tendon exposure were recorded and analyzed. Results: 
One hundred and twenty-five consecutive patients undergoing RFFF harvesting were included. 
RFFF donor site defects ranged from 15 cm2 to 70 cm2; 9 patients (7%) had small dehiscences of 
the forearm skin graft, whereas 2 cases (1.6%) presented tendon exposure. Otherwise, partial skin 
graft loss occurred in a few patients. In all cases, these sites healed secondarily by conservative 
management, with no final impairment of function. Assessment of the forearm donor site at 1 
to 3 months after the primary surgical procedure showed complete defect coverage, good color 
match, and no scarring along the graft line. Conclusion: The “Iberic graft” is a reliable method 
for closing most of RFFF donor site defects as it provides excellent color match and pliability, 
while obviates the need for a second surgical site. 

Key words:
Radial forearm free flap; donor site morbidity; full-thickness skin graft; “Iberic graft”
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the donor site was achieved in allcases using the Iberic 
graft technique.

This technique allows covering big-sized defects using 
skin grafts extracted from the donor site, obtaining the 
same color of it. In the series of 125 patients, the RFFF 
donor site defects ranged from 15 cm2 to 70 cm2 (mean ± 
24.5 cm2). Most patients underwent reconstruction with 
4 skin triangles [Figure 2], whereas coverage of the RFFF 
donor site with 2 or 3 skin triangles was carried out for 
smaller defects [Figure 3]. The versatility of this technique 
allows using either triangle-shaped or crescent-shaped 
grafts, as convenient for a proper closure.

Concerning complications of the radial donor site, only 
a few patients developed partial necrosis of the FTSG 
[Figure 4] that was treated with local debridement and 
healed successfully by secondary intention. No patients 
developed complete necrosis of the graft. Only two cases 
presented tendon exposure. In all cases, these sites 
healed secondarily by conservative management, with 
no final impairment of wrist mobility. No acute ischemia 
or compartment syndromes were encountered using this 
technique. 

Complete healing typically occurred for 2 to 3 weeks, with 
the longest healing time taking approximately 2 months. 
Although no specific functional tests were applied, no 

patients complained of symptoms related to motion or 
any other functional deficit. No prolonged hand swelling 
was found. Assessment ofthe forearm donor site at 1 to 
3 months after the primary surgical procedure showed 
complete defect coverage, good color match, and no 
scarring along the graft line [Figures 5-7].

DISCUSSION

Several methods for closure of the RFFF donor site have 
been described, most of which are based on theuse of an 
STSG or an FTSG.[12] Because of its ease in harvesting and 
use, the STSG has been the most frequently used method 
of reconstruction, although several complications such 
as partial skin graft loss, flexor tendon exposure, and 
postoperative painand discomfort have been reported.[9] 

The use of FTSG combined with a direct closure of the 
FTSG donor site has been reported to provide better 
pliability and promotion of the healing process, together 
with less postoperative pain and discomfort from the 
donor site, although it is more time-consuming and 
requires additional intraoperative processing of the 
graft.[28-31] However, it is used for closure because it 
provides a thicker base to prevent wound breakdown and 
a superior esthetic result.[32] This is the main reason for 
the use of this kind of grafting by the authors.

Figure 1: Design of the combined local triangular full-thickness skin 
graft based on 4 skin triangles for rectangular defects

Figure 2: Postoperative clinical views of donor site. Horizontal design 
with 4 triangles

Figure 3: Reconstruction of radial forearm free flap donor site defect 
with 3 triangles (vertical design)

Figure 4: Partial necrosis of the full-thickness skin graft
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FTSGs harvested from the abdomen for donor site 
closure have been used and several complications have 
been observed, including hematomas, postoperative 
pain, delayed healing, poor esthetic results, and the 
need for a second surgical site.[27] An FTSG from the 
inner arm has been used by other investigators, but they 
claim that additional time for removal of the tourniquet 
and further preparation and draping of the arm are 
required.[33,34] Other authors have recently reported 
the use of FTSGs harvested from the upper inner arm 
or neck for closure of the RFFF donor site defect, 
leading to a robust coverage.[35,36] Among 25 RFFFs used 
for soft tissue reconstruction, Kaltman et al.[35] found 
donor site morbidity in only 1 case, which had a failed 
FTSG. They promoted the use of a technique similar 
to the one proposed by Avery et al.,[14] which involves 
obtaining an FTSG from the inner arm to close the 
defect remaining from the RFFF harvesting. However, 
they also reported wound dehiscence at the medial arm 
donor site in 2 patients. Hanna et al.,[36] in a series of 
50 patients who underwent RFFF reconstruction with 
repair of the donor site using an FTSG harvested along 
the neck dissection incision, reported minor skin loss in 
15 cases (30%), which was managed with local wound 
care until healing by secondary intention. None of the 
patients had recipient site infections. With this method, 
the need for this second surgical site was eliminated. 
However, this technique can be used only when the 

recipient vessels are in the neck (it is not possible to use 
when anastomosis is performed with temporal vessels in 
non-oncologic patients). In the authors’ opinion, another 
drawback with the use of an FTSG from the arm or neck 
for RFFF donor site reconstruction is the color mismatch 
in relation to the forearm skin. Several investigators 
have reported good results in associated morbidity for 
the RFFF donor site.[8,29,37,38] However, some reported 
methods for covering a donor site defect are limited by 
the size of the defect.

As we described in the first 100 cases,[39] the Iberic 
graft technique using 2, 3, or 4 local FTSG triangles 
facilitates the development of a geometricmodel for the 
reconstruction of large RFFF donor site defects (70 to 
80 cm2), because the alignment of triangles with bases 
measuring up to 3.5 cm covers defects up to 7 cm wide. 
The length of the defect is not usually a problem, because 
defects up to 10 cm in length can be easily covered by 
triangles measuring up to 5 cm in height, without the 
need for additional extension of the forearm incision. A 
limitation to consider in this technique was related to 
moderate skin laxity of the patients, because most were 
55 to 60 years old and thus more likely to achieve good 
results in the defect closure than younger patients with 
mild skin laxity. Nonetheless, this surgical technique has 
shown optimal results in young patients.

During the 7 years since the first description of the 
technique in 2009, the Iberic graft technique has 
been performed by the authors in every single patient 
undergoing reconstruction with an RFFF. Interestingly, 
there has been an evolution of the adaptation of the skin 
triangles in the donor site defect from a rigid horizontal 
disposition of the triangles in the very beginning to a 
more adaptable and flexible adaptation of the triangle 
skin grafts, depending on the size, shape, and contour 
of the donor site defect, including a proximal-to distal 
disposition of the grafts in the wrist to an oblique or 
irregular disposition. This feature also illustrates the 
versatility of this evolving technique for closure of RFFF 
donor site defects.[40]

In conclusion, the Iberic graft technique is a reliable 
method for closing RFFF donor site defects because 

Figure 5: Good color match and esthetic outcome six months after 
surgery

Figure 6: Good color match and esthetic outcome two months after 
surgery

Figure 7: Good color match three months after surgery
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it provides several advantages compared with other 
methods: (1) it provides an easy and fast way for closure 
of the donor site defect; (2) it is a 1-stage procedure 
that does not need further revision or care; (3) it 
obviates a second surgical site and subsequent distant 
donor site complications or sequela; (4) it provides an 
excellent color match and pliability, similar to that of 
the surrounding skin, because it is an FTSG harvested 
from the neighboring forearm skin; and (5) it can be 
used to cover large defects of the donor site, ensuring an 
adequate amount of available skin and decreasing the risk 
for scaring tissue. More clinical series must be reported 
worldwide to support the suitability of this technique in 
the optimal covering of RFFF defects.
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ABSTRACT
Head and neck squamous cell carcinoma (HNSCC) is one of the most common cancers in the 
world with a close relation with some risk factor like, tobacco, alcohol consumption and more 
recently, with human papilloma virus infection. A review of the literature about actual prognosis 
and quality of life in HNSCC has been done analysing the results of surgical treatment and their 
impact on the quality of life of patients. Despite the elevated incidence of HNSCC, the survival 
rate has increased considerably over the last years thanks to the development of new surgical 
techniques, such as, microvascular reconstruction or transoral robotic surgery and the most 
accurate adjuvant radiochemotherapy. Even in bad prognosis cases, there are many options to 
take into account not only with curative expectation, even, keeping in mind the preservation of 
the quality of life of patients. Due to the improvement of the prognosis, the interest of surgeons has 
been focused on preserve the aesthetics, functional and psychosocial aspect of patients without a 
worsening of the main objective which is the curative result. Although prognosis of HNSCC has 
improved, further studies are necessary to understand the behaviour in every case and determine 
how the impact on the quality of life can be a useful tool to individualize the therapies.
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INTRODUCTION

Squamous cell carcinoma (SCC) is one of the most common 
malignant neoplasms in the head and neck and the sixth 
cause of cancer worldwide. Approximately 600,000 cases are 
diagnosed every year. Although head and neck squamous cell 
carcinoma (HNSCC) includes salivary glands and paranasal 
sinuses tumours, their low incidence and different behaviour, 
have been made them be excluded from this study.[1]

There are many risk factors associated to HNSCC, but, alcohol 
and tobacco consumption are the most important and 
they are related to the 75% total tumours. However, recent 
studies have demonstrated that the connection between the 
infection by oncogenic virus human papillomavirus (HPV) 
(specifically the serotype 16) and SCC is an established 
cause of oropharynx cancer, mainly located in tonsils 
and base of the tongue.[2,3] Currently, the incidence of 
HPV-related HNSCC has been increased in the young 
population.

The survival rate of HNSCC among the last 20 years 
has increased considerably. The development of new 
methods of diagnosis, surgical techniques, radiotherapy 
(RT) and chemotherapy (CMT), are helpful tools that 
contributed to achieve the best results.[4]

During the last decades, head and neck surgeons focused 

their efforts on morbidity reduction, increased the quality 
of life and the functional status of the patients.[5] The 
development of reconstructive surgical techniques such 
as microvascularized free flaps, led us transfer any kind of 
tissue (skin, muscle bone, nerves) to the surgical defect after 
resection.

Treatment choices depend on the neoplasm location, 
tumour stage and the oncologic free disease survival 
expectation. Surgery is still the main therapy, most of 
the time accompanied by postoperative RT. Although, 
some advanced cases need to be treated with CMT with 
cetuximab. The overall survival rate varies between 40-60% 
after 5 years of treatment.[6]

METHODS

A qualitative review of the literature about actual prognosis 
and quality of life of oral squamous cell carcinoma has been 
done analysing the results of surgical treatment and their 
impact on the quality of life of patients. A bibliographic 
search on MEDLINE and EMBASE databases, with the key 
words: “carcinoma, squamous cell of the head and neck”; 
“head and neck neoplasms/mortality”; “quality of life”; 
“oral cancer” was conducted. After a manual selection of 
the abstracts, a total amount of 45 papers were selected 
from the literature and intensively reviewed.

Figure 1: Infiltrated skin with cervical infection in a recurrent tracheostomized head and neck squamous cell carcinoma patient
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RESULTS CONCERNING PROGNOSIS

Every year, over 50,000 patients with HNSCC are diagnosed 
and, approximately 12,000 developed regional disease or 
distant metastases in United States. Almost 60% of patients 
are diagnosed since the first moment as III/IV stage.[7] From 
30% to 50% of them have locally advanced disease which will 
develop recurrences and 20-30% of them will exhibit distant 
metastases.

The treatment choices for patients with non-resectable 
metastases are reduced to palliative care therapy, while the 
main objective of patients with resectable tumours is curative, 
enhance the overall survival, get a better functional result and 
palliate the symptoms.

When, the aerodigestive tract is involved can determinate 
many complications like dysphagia, airway obstruction and 
speech impediments. The infiltrated skin generates chronic 
infections, painful and malodorous fistulae [Figure 1]. These 
are some of the reasons that determine the social and familiar 
isolation despite the lack on the quality of life (QOL).

The reason of the high incidence of recurrences is still 
unknown. While the rate of smokers is decreasing, the 
incidence of patients HPV+ is raising. It seems like cases 
HPV+ present a low rate of secondary tumours and is not 
related with the typical cancerization field. Anyway, is well 
known the connection between the high risk of recurrence 
and the development of radio-induced tumours with HPV+ 
cases during a long period of time.[8-10]

Recurrences differ from primary tumour because they are 
typically more infiltrative and multifocal, it is very common 
to find disseminated tumours outside the radiated field and 
the surgically area.[11] Despite the effort to find wide resection 
margins, the presence of fibrosis and the distortion of the 
anatomy make us very difficult to get free margins.

PROGNOSIS FACTORS OF 
RECURRENCES IN HNSCC

One of the most important criteria is determine the real 
curative expectation of patients. There are many studies 
published with ambiguous results because the heterogeneity 
of the data, the different location sites of the tumours and the 
therapies included.

Factors depending on the patient
Comorbidity of the patient is a determinant factor for the 
prognosis. An excessive loss of weight, high comorbid 
diseases, low cognitive level, lack of social support, the low 
quality of life and the continuing alcohol and tobacco abuse 
are some of the most frequent adverse prognosis factors.[12,13]

Factors depending on the tumour
The most important factor is the stage of the recurrence. 

Some studies reveal a significant difference up to 2 years of 
free disease survival withoutrecurrences (67% for stage II, 
33% for stage III and 22% for stage IV).[14] Otherwise, a short 
interval without recurrences demonstrated an important 
negative impact factor.

Some studies included more than 500 patients, revealed 
20% of differences of 5 years overall survival with a 9-month 
interval and considering a short period of free survival 
disease, probably the most important factor despite the 
tumour site.[15]

Previous computed tomography-scan is considered a poor 
prognosis factor in patients with recurrences. Many patients 
showed a worst survival rate after recurrences (5 months 
mean rate vs. 25 months).[14] Although the explanation for this 
result is already unknown, it seems like a good response after 
induction CMT anticipates a good response in the recurrence 
area. CMT can detect those patients with more aggressive 
recurrences. Alternatively, CMT could be a landmark for 
advances stages where more intense previous therapy is 
required but with poor prognosis.

Factors depending on tumour location
Comparing oropharynx with hypopharynx, the larynx 
tumours developed more early symptoms and could be 
detected in an early and more treatable stage. The drainage 
pathways are well established and the lymph dissemination 
is more predictable. These factors can be observed in cases 
of recurrences and total laringectomy is already a curative 
therapy with a 5-year overall survival about 68-70%.[16,17]

The favourable prognosis in patients with recurrent laryngeal 
disease is the reason why many groups propose a more 
conservative surgical treatment, such as, partial laringectomy 
performed with transoral laser microsurgery or open partial 
laryngectomy. Ganly et al.[17] referred that stages rT1-T2 enable 
to be surgically treated with partial laringectomy have a 5-year 
overall survival of 89%, meanwhile, those who require a total 
laringectomy due to a more aggressive tumour behaviour, 
the overall survival decrease to 50%. Obviously, patients with 
early stages show, not only, a better survival rate, also a better 
functional larynx preservation.

Sinclair et al.[18] demonstrated that intelligible speech could be 
preserved in 66-71% of patients in which conservative larynx 
therapies were performed. It supposes a better QOL in this 
group of patients.[18]

Oral recurrences are easier to detect, but the prognosis 
is poorer than other location, probably the reason is the 
different lymphatic drainage pathways, biological behaviour 
and the easy dissemination to many other areas of the oral 
cavity.

In contrast to laryngeal recurrences, the oral cavity recurrence 
occurs more frequently in distant sites. According to some 
studies, one of the determinant prognostic factor for long 
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disease-free survival is the tumour depth more than 10 mm 
and presence of neck metastases.[19] Regarding the group of 
patients with recurrences after a long period of time free of 
disease, the overall survival rate is higher in the group where 
salvage surgery were performed than the group who receive 
RT/CMT (84% vs. 52% after 5 years).

Analysing the group of patients who presented a short period 
of free survival disease (FSD), the different survival after 5 
years was lower, 38% vs. 31%; this result could be caused by an 
early recurrence and infiltrative feature of the tumour, which 
determine a more aggressive behaviour that hides an occult 
expansion more difficult to be eradicated. In conclusion, a 
short period of FSD is a negative prognosis factor.[20,21]

Oropharyngeal recurrences are more common despite the 
prevalence of HPV andits high sensitivity to CMT/RT. The rates 
of regional and distant failure in patients with HPV+ disease 
were 14% and 9% respectively in the Radiation Therapy 
Oncology Group 0129 study.[2] The survival after salvage 
surgery in recurrence cases is worse than for larynx and oral 
cavity neoplasms with a 5-year survivor of 13-28%.

The salvage surgery or reirradiation in oropharynx often 
results in high comorbidity including dysphagia, aspiration, 
dysarthria and permanent tracheostomy. The development 
of microsurgical reconstruction has led the possibility to 
perform salvage surgical treatment in more cases although 
the functional and QOL worsening are more controversial.

Many authors referred that the time needed to return to 
overall baseline health after a free flap reconstruction exceed 
the mean time of FSD before a second recurrence, despite the 
controversies, it is obvious that microvascular reconstruction 
demonstrates to be feasible and reliable, with low rate of 
complications and a better impact on patients.[22] As well as in 
other tumours in oral cavity, the FSD until recurrence is one 
of the most important prognostic factor. Nevertheless, in that 
cases, salvage surgery whenever is possible, demonstrates 

to be more effective than RT/CMT, despite the functional 
sequelae.

Recurrences in hypopharynx show worse survival and 
functional results than other location. Symptoms may be 
non-specific and diagnosis can be delayed when the disease 
is already advanced.

Lymphatic spread is extensive and invasion of unresectable 
structures can be affected, Salvage surgery such as 
pharyngo-laringectomy has dramatic side effects and a 
high risk of postoperative complications. About 29% of 
patients present resectable recurrences at the moment of 
diagnosis, maybe this situation determine that a few cases 
could obtain benefits from salvage surgery.

Nevertheless, when surgery is possible, has demonstrated 
it is the best option to control de tumour. Some studies, 
showed how salvage surgery gets the same survival rates in 
patients previously treated with RT/CMT than patients who 
surgical treatment where done.

Regional recurrence is another bad prognosis factor, 
as well as the presence of distant metastasis. Even if, 
isolated neck nodule is ease to be resected compared 
to local recurrence, patients with regional recurrences 
have better free tumour margin control at the surgical 
moment (42% vs. 29%) rather than local recurrences. 
But, present a worse long term survival (26% vs. 42%). 
Also, overall survival decreases in operated necks than 
others where surgery was not performed (18% vs. 32%).[23] 

Lim et al.[24] found in rN2-rN3 stages that previous neck 
dissection and previous RT/CMT are the worst negative 
predictive factors.

RESULTS CONCERNING QOL

According to the World Health Organization, health-related 
quality of life (HRQOL) is defined as the self-perception of 

Table 1: Commonly used tools to collect patient-reported QOL outcomes in patients with HNSCC
QOL instrument-specific measures 
for head and neck cáncer

Description Domains measured

EORTC QOL Head and Neck Version 
(EORTC QLQ-H%N35)

35-item, self-administered questionnaire to 
be administered along with EORTC QLQ-30

Pain swallowing, senses, speech, social 
eating, social contact and sexuality

Functional Assessment of Cancer 
Therapy-Head and Neck (FACT-H%N)

39-item, self-administered questionnaire
12 questions specific to head and neck 

cáncer

General wellbeing questions (covering 
physical, social/family, emotional and 

functional parameters)
FACT-Head & Neck Symptom Index 
(FHNSI)

10-item, self-administered questionnaire, a 
subset of the FACT-H&N

General wellbeing questions (covering 
physical, social/family, emotional and 

functional parameters)
Liverpool Oral Rehabilitation 
Questionnaire

40-item, self-administered questionnaire Eating, swallowing, dry mouth, saliva, 
speech, appearance, social life and 

interactions
MD Anderson Dysphagia Inventory 
(MDADI)

20-item self-administered questionnaire for 
patients with head and neck cáncer

Orophayrngeal dysphagia

The University of Washington Quality of 
Life Instrument (UW-QOL)

10 domains, self-administered questionnaire Pain, appearance, activity, recreation, 
swallowing, chewing, speech, shoulder 

problems, taste, saliva and general health 
questions

QOL: quality of life; HNSCC: head and neck squamous cell carcinoma
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patients in the cultural context and valuable systems where 
they live in relation with their expectations, standards and 
concerns.

HRQOL is the assessment of the effect of a disease or 
treatment of a patient’s wellbeing and daily function.[25] It is 
a multidimensional tool reflecting the self-perception of the 
patients.

Evaluating the HRQOL of patients can be a helpful tool for 
physicians before taking decisions about the effectiveness 
of treatments, clarifying and helping to decide according 
to the side effects, can be used as a prognostic factor to 
analyse symptoms and evolution, identifying factors which 
can interfere the survival of patients, useful to estimate 
cost-effectively of therapies, helping to organize and 
maintain the quality of therapies. It helps to develop new 
drugs and reveal patients priorities.[26]

There are amounts of questionnaires used to determine the 
impact of cancer or treatments on patients. In contrast, just a 
few other surveys are designed specifically for patients with 
HNSCC [Table 1].

In our daily practice is common ask to the patient about 
how they feel but we do not usually spend time in complete 
questionnaires unless for some specific researches. 
Complete a survey means leave the patient alone in a proper 
environment without the influence of distractors to avoid bias 
or incorrect results. Many authors tried to solve the problem 
making online questionnaires, by this way we do not miss 
time and we let the patient a comfortable moment to do the 
questionnaire and value how the cancer affects them daily.

Specifically, patients’ concerns about HNSCC can depend on 
individual factors such as age, comorbidity and psychosocial 
situation, stage and side effects. Motorization of the QOL can 
be a value tool to measure effectiveness of the treatment like 
how determine the intensity of chemotherapy. Information 
obtained from questionnaires could be useful to make 
decisions and management of patients, give priority to 
some important factors for their life such as pain, organ 
preservation, speech, physical appearance and their worries 
about recurrences.

The term QOL includes many factors related with life 
conditions, subjective reflection about the individual 
well-being rate. During the last years, a lot of studies have 
been published about QOL, which is consequence of the 
great response to the treatment. Professionals must be 
concerned not only about surgery, therapeutic treatment 
and complication rate, also about psychosocial aspect of 
people. For many authors QOL is an independent survival 
factor.[27,28] Due to the subjectivity of the term and how 
difficult is to measure, value the QOL is challenging, that 
is why many questionnaires have been developed.

There are many questionnaires in the literature, such as 

number of surveys just reflects that any of them is well 
validated, there are not common criteria, but all of them must 
be easy to understand and quickly to complete in no more 
than 10 min.

One of them is the University of Washington Quality of Life 
(UW-QOL), this questionnaire is short and easy to response 
and has been validated in many studies published. It includes 
12 domains: pain, appearance, activity, recreation, swallowing, 
chewing, speech, shoulder, taste, saliva, mood and anxiety. 
This questionnaire also added final global question where the 
patient could explain which factors secondary to the tumour 
affected mostly in their daily activity giving them the chance 
to add several aspects not asked before. Each domain has 5 
possible answers, with the score ranging from 0 (worst) to 
100 (best).[29]

Some of the disadvantages that we find is due to most of 
studies are retrospective, and there are just a few prospective 
results. Visacri et al.[30] elaborated a study including 
prospectively 32 patients who underwent RT/CMT and they 
evaluated the quality of life using UW-QOL questionnaire. 
There was a reduction in overall QOL that was significant after 
cycle 2 of chemotherapy and the sixth week of radiotherapy 
when compared with baseline. There was a significant 
improvement in some domains, such as pain and anxiety. The 
domain most affected after the start of treatment was taste.[30]

Another study analysed the QOL in a group including 
82 patients who completed the EORTC QLQ-H%N35 
questionnaire in 4 different times: before starting the 
radiotherapy, in the middle (15th or 20th fraction the 
radiotherapy), at the end, at 1 month and at 6 months after 
the treatment. In the middle, at the end the radiotherapy, 
one and six-month after the treatment, compared to before 
starting the radiotherapy, all symptom scales of the quality 
of life were affected negatively. However, 6 months after 
radiotherapy, all of them show an improvement excepting, 
dental problems, dryness of the mouth and the viscosity 
of the saliva. According to the localization, stickiness of 
saliva and dry mouth were significantly more frequent in 
the tumours of the nasopharynx, the oral cavity and the 
oropharynx, compared to the tumours of the larynx area. 
Regarding age, groups over 65 years demonstrated better 
results than young people. Also, the group with high radiation 
was affected more in terms of shortage of social interaction, 
speech problems, eating in social environment, opening the 
mouth, sticky saliva, feeling sick, weight loss and additional 
nutrient intake.[31]

Qiu et al.[29] compared the impact in QOL of patients with 
HNSCC treated with surgery and adjuvant therapies versus 
those treated with radical RT alone. A total of 30 patients 
fulfilled the UW-QOL questionnaire at least after 1 year of 
follow up. According to the results, pain due to treatment 
recreation activities and shoulder weakness were well 
tolerated by most patients. But, chewing and taste were the 
domains with the worst scores in both groups. Significant 
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differences were found in the domains: appearance, 
shoulder and anxiety. Patients who underwent surgery and 
reconstruction were found to be more concerned about 
their appearance and complained about shoulder pain; 
whereas patients who were treated with radical radiotherapy 
were more anxious about their cancer. Finally, no significant 
differences were found according to the follow-up, it seems 
that do not interfere in the QOL.[29]

Chewing is the function that was mostly impaired after 
HNSCC treatment, despite the location. Also, impaired 
chewing may lead to dysphagia and insufficient feeding. 
These are consequences not only of radiation and surgical 
damage of the salivary glands but also his disruption of the 
normal anatomy of the jaw. Thus, all efforts must be made 
to preserve vital structures and organ-function, the use of 
organ-sparing RT could be a good option because it predicts 
potential complications according to the dose of radiation 
and allows preservation of contralateral salivary glands.[32,33]

The facial disfigurement after surgery is considered to be 
the most distressing aspect of HNSCC, although is well 
tolerated in patients who received RT. The surgery group, 
scars and the different colour of the flaps’ skin paddle add 
serious discomfort to patients [Figure 2]. Another aspect to 

be concerned is that anxiety was significantly higher in the 
group of radiotherapy, especially in women.[29]

Among psychosocial issues, depression is the most prevalent 
in cancer patients, and it is the most common reason for 
referral to a mental health professional in oncology. In head 
and neck cancer, depression rates can reach 43% before 
treatment and 44% after treatment, which is particularly 
elevated compared with all oncology patients, in whom 
depression rates vary between 20 and 30% at any one time.[34]

Depression is underdiagnosed and the consequence 
includes impaired quality of life, treatment noncompliance, 
and increased length of hospital stay, greater health care 
utilization, and suicide. Taking into account that HNSCC 
survivors rank among the top three cancers with the highest 
rates of suicide, after lung and stomach cancer, the main 
interest about target depression as a main QOL-outcome is 
the powerful to be prevented or treated using psychotherapy 
and/or pharmacologic therapy.[35,36]

Moubayed et al.[37] established a study including 209 
patients with HNSCC and they analysed the results of a few 
questionnaires to determine the presence of depression and 
its impact in their quality of life. They identified 4 independent 
predictors of long-term depressive symptoms after controlling 
for all patient, tumour and treatment factors. They include 
the following pre-treatment factors: (1) having more than 3 
medications; (2) smoking at diagnosis; (3) having more than 
14 drinks per week; and (4) T3 or T4 tumour stages. These 
factors were used as independent risk factors in the creation 
of a depression predictive score, identify patients at risk for 
developing depressive symptoms and to be treated. In this 
study, they conclude that in presence of 2 risk factors, there is 
82.3% of probability to identify depressive symptoms.[37]

The development of new surgical techniques such as 
transoral robotic surgery (TORS) has let us to find not only 
the reduction of side effect; whereas it has demonstrated 
the same long-term results with better preservation of the 
quality of life. Choby et al.[38] analysed in a retrospective 
study 34 patients who TORS was performed in oropharynx 
(tonsil and base of the tongue). They used the UW-QOL 
questionnaire in different times: at 1-month, 6-month, 
12-month and 24-month postoperative visits. The results 
showed a tendency to improve throughout follow-up, 
specially the domains pain, swallowing, activity and 
chewing. Increasing recognition of the adverse effects of 
CRT and their negative effect on QOL has provided the 
rationale for TORS as a primary treatment modality option 
for some head and neck cancers. This study not only 
obtained an improvement in the QOL, whereas presents 
better results compared to the group of conventional 
surgery.[38]

Other authors analysed 32 patients classified in 3 groups: 
surgery for resection, surgery and adjuvant RT and 
surgery and adjuvant RT/CMT. In this case, they apply the 

Figure 2: The reconstruction of mandibular oral squamous cell 
carcinoma with composite resection by the miocutaneous pectoralis 
major flap. Note differences in terms of color and possibility for scar 
contraction in the neck area
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UW-QOL modified questionnaire in which it is included a 
new item called overall well-being. Results showed that 
scores for all parameters were higher or at least equally 
high for group 2 compared to group 1. When asked 
to compare their pre- and post-therapeutic HRQOL, 
21.9% of patients in group 1 stated that there were no 
differences, whereas 46.9% stated there was a moderate 
deterioration, and 31.3% stated that deterioration 
was marked. Furthermore, 53.1% of patients in group 
2 and 56.3% of patients in group 3 reported a marked 
deterioration of their QOL after treatment. In fact, just 
34,4% in group 2 and 53.1% in group 3 would consent to 
further RT/CMT if necessary during the follow up.[39]

Herce-Lopez et al.[40] elaborated a cross-sectional study 
including 60 patients treated for a head and neck cancer 
who survived over 5 years without recurrences. In this 
case, patients filled out the SF-36 questionnaire, which 
include 8 categories: physical functioning, role-physical, 
role-emotional, vitality, mental health, social function, pain 
and the social dimension. Regarding the impact of gender, 
in the male group, found statistically significant positive 
differences for the dimensions of vitality and general health; 
and significantly negative for the dimensions of role-physical, 
social functioning and pain. In the female group, statistically 
significant negative differences for the dimensions social 
functioning were observed. Respecting age, patients over 
65 years showed statistically significant negative differences 
for social functioning and pain; and positive for vitality and 
general health status. Similar to previous results, T1-T2 stages 
had significant positive differences for general health and 
negative for role-physical, role-emotional, social functioning 
and paint. Also, T3-T4 showed statistically negative 
differences for social functioning and pain. The impact of 
surgical reconstruction showed that patients who underwent 
complex reconstruction referred worse social functioning 
and pain, whereas patients who did not receive this kind of 
surgical procedure they referred a better general health status 
unless worst role-physical, role-emotional, social functioning 
and pain.[40]

Follow up length is still a controversial aspect, because every 
author obtained results according a short follow-up period. 
Nevertheless, Rogers et al.[41] determined no differences 
respecting the QOL between patients after 1 year of 
treatment or 5 years. Although, other authors are not agree 
with this because patients consider themselves cured 5 years 
after treatment may significantly change their perception of 
the disease.

With regard to survival prediction from pre-treatment 
HRQOL data among HNSCC patients, few investigations 
with some extent of varied finding have been published. 
A significant predictive effect of HRQOL scores on survival 
has been detected, but noteworthy variations with regard 
to design, simple sizes, and use of HRQOL inventories 
exist.[42-44] Osthus et al.[45] determined the predictive potential 
of HQROL scores in a heterogeneous cohort of patients with 

newly diagnosed HNSCC. They used QLQ-C30 and QLQ-
h&N35 questionnaires in a group of 106 patients, finding that 
high comorbidity is a risk factor especially cardiac disease. 
They did not find relation between tumour stage and tumour 
location, and, alcohol consumption supposes a predictive 
value of survival.[45]

CONCLUSION

Over the last decades, the perspective and management of 
SCC in head and neck has changed, many disciplines have 
contributed to improve the prognosis not only surgeons. 
The advancement of reconstructive surgical techniques 
and adjuvant therapies such as RT/CMT made treatable an 
increased number of patients with many risk factors that 
otherwise would have been relegated to palliative care.

Regarding SCC prognosis, many factors have demonstrated 
to be influential but, high level tumour stage and short length 
of free survival disease time are the most important to predict 
the really expectation of therapies.

Despite de numerous studies published in the literature about 
the assessment of the quality of life in patients with HNSCC, 
the heterogeneity of the population and the lack of internal 
validity of studies, can explain why there is not a consensus 
about the accuracy of the questionnaires as a predictive tool 
to distinguish the bad prognosis cases and their capacity to 
choose the best therapeutic option in every situation.

Currently, data do not let us individualize patients’ treatment, 
but this is the objective for the future and maybe new studies 
will show us the ways to identify how the QOL can modify the 
treatment choices.
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ABSTRACT
Face transplant (FT) has evolved enormously in the last 10 years since the successful completion 
of the first facial transplant. This procedure has become a new reconstructive option for complex 
facial deformities to restore the anatomy of patients with severely disfigured faces. The authors 
review the literature and discuss the main surgical, immunological, and ethical aspects as 
well as the results described in patients undergoing FT. To date there have been more than 
thirty FT worldwide. The main indication was post-traumatic deformity. In all cases a standard 
immunosuppression was performed with three drugs, although acute rejection episodes were 
observed, that could be controlled with conventional immunosuppressive regimen. Overall, 
functional and aesthetic results have been excellent at short-term and high satisfaction rate 
exceeded initial expectations, although long-term data are still scarce. Major complications were 
opportunistic infections. Five deaths that occurred have reopened the ethical debate about the 
potential complications and concerns of providing informed consent to recipients. Continuous 
progresses in microsurgical techniques and preoperative planning have promoted the evolution 
from partial to full FT. All these are on the basis of accurate and careful selection of well-
motivated candidates. The next challenge will be getting new immunosuppressive treatment 
strategies. Although clinical experience has demonstrated the FT viability, it is still considered 
an experimental procedure in which we have much to learn to define its true role in the current 
reconstructive surgery and resolve major technical, medical and ethical problems involved.
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INTRODUCTION

Face transplant (FT) has evolved enormously in the last 
10 years since the successful completion of the first facial 
transplant allograft (FAT) in November 2005 in Amiens 
(France).[1] However, scientific community must be cautious 
because there are scarcely few selected cases in clinical 
follow-up after a decade of clinical experience. In a literature 
search in English from the PubMed/Medline data base 
(http://www.ncbi.nlm.nih.gov/PubMed), with the following 
search terms: “face”, “facial”, “transplant”, “transplantation”, 
“composite allotransplant tissue” and “vascularized 
composite allotransplant”, there have been reported clinical 
data from 31 patients to date [Figures 1 and 2].[2,3] Although the 
comparative analysis of data reported in these early clinical 
cases shows that overall functional and aesthetic results in 
FT are encouraging, there are still many unresolved aspects 
of experimental research and clinical application to know 
the real extent and the true dimension of this procedure. 
This paper will review, point by point, major surgical, 
immunological, ethical, and clinical follow-up aspects on FAT 
published in the literature, from the analysis of the results 
reported by pioneer FT teams on patients operated to date.

SURGICAL CONSIDERATIONS

Preclinical models
The initial problem on the knowledge of FT is common 
to other body transplants: to provide a basis for the study 
of the surgical technique. That is why in recent years, 
worldwide FT transplant teams have developed different 
preclinical research in experimental surgery on animals and 
cadaveric models. The pioneer teams have emphasized the 
importance on this preclinical work prior for the completion 
of a successful clinical transplantation.[4,5] FAT is a new 
field in reconstructive surgery that is still considered as an 
experimental and exceptional procedure. Therefore, it is 
imperative to establish a protocol and a previous training 
to achieve excellence in this demanding procedure, to know 
perfectly the anatomy of the allograft needed in each case, 
and to handle the tissues that compound the allograft.

The non-human primate model is the best suited since it 
provides tissues of anatomical size and texture very similar 
to humans.[6-9] Other models used have been rats,[10-14] rabbits 
and dogs,[15,16] animals that are easy to use in a research 
center [Figure 3].[17,18]

Preclinical studies on cadavers have sought to find the best 
way to recover soft and hard tissues, muscles, nerves and 
vessels of donor face while reducing tissue ischemia to 
the minimum. Studies on cadavers have been performed 
with recovery simulations of lower, middle and/or upper 
third face for FAT preparation[19-23] and development either 
partial or total.[4,5,24-26] Preclinical planning studies for 
implementation and validation of tools for planning, design 
and adaptation of allograft into recipients are other key 

aspects for anatomical structures of donors and recipients 
are consistent in size and configuration to allow a reasonable 
accommodation. Anthropometric study of facial soft and 
hard tissues both the donor and the recipient must be as 
accurate as possible to ensure the viability of the procedure 
and the proper insertion of the allograft into the defect,[27-29] 
even including the preparation of preoperative surgical 
osteotomy guides.[30-32]

Overall aspects on surgery
In FAT, microsurgical procedures are similar to those other 
complex reconstructive surgical procedures of the face.[33,34] The 
crux here is based on the exact surgical planning and surgical 
execution considering to ensure the adequate perfusion 
and blood supply allograft, knowledge of angiosomes, and 
vascularity of facial tissues. Allografts are recovered from the 
donor in monobloc containing the facial osteomiocutaneous 
tissues with mimic muscles, vessels and motor and sensory 

Figure 1: Countries in which a face transplant had been made in the last 
decade

Figure 2: Evolution of the number of face transplant in the last decade

Figure 3: Design of a facial transplant allograft in a Wistar rat. (a) Allograft 
pedicled in the external jugular vein and common carotid artery; (b) 
external view of the allograft before anastomosis
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nerves. This has ensured the full allograft vascularization by 
preserving muscle-cutaneous perforating vessels between 
facial muscles and skin component [Figure 4].[35]

FAT design has varied depending on tissue components 
involved, which determines the extent of each surgical 
procedure.[36] Most allografts included cheeks, nose, eyelids 
and lips, and in some cases the tongue and parotid glands 
have been transferred. At least half of them contained bone 
(maxilla and/or mandible, including teeth), which requires 
open osteosynthesis.[37,38]

Despite the complexity of the procedure, surgical primary 
failure has not been documented, which can be explained by 
head and neck rich vascularisation and the capability of the 
teams involved in the procedures.[39-41] A significant blood 
loss has been described during the procedure requiring 
transfusions.[42]

The restoration of the circulation allograft is achieved with 
relatively few vascular anastomoses. Most anastomosis was 
performed in large diameter vessels to minimize the risk 
of thrombosis. Complete revascularization of the face has 
proved to be possible from the anastomosis of one vascular 
pedicle,[43] and vascular viability of the maxilla, palate and 
mandible.[34] Most teams opted for a bilateral connection 
of the external carotid or facial arteries. The venous 
drainage was mainly channeled through the connection 
of the external jugular, facial or thyrolinguofacial trunk 

veins [Figure 5].[44] Almost all anastomoses were performed 
using conventional end-to-end or end-to-side microsurgical 
techniques.

Regarding facial nerve neurorrhaphy, some teams have 
accessed to nerve via parotidectomy, performing the nerve 
connection at recipient main trunk also including the parotid 
glands in the allograft.[21] Other teams have performed the 
anastomosis at peripheral facial nerve branches doing an 
intra-parotid nerve dissection[45,46] connecting only distal 
branches to the parotid gland.[1,47] Regarding sensory nerves, 
most teams connected infraorbital and mental nerves[48-51] 
while the supraorbital nerve neurorrhaphy is preferably 
carried out in full FT.[35,36,52,53]

PRE-TRANSPLANT CONSIDERATIONS

In all cases a brain death donor is required besides the 
consent of the family. Donors and recipients are matched on 
the basis of race, sex, blood type, human leukocyte antigen 
and skin color.[54,55] A full psychological evaluation before 
including the recipient as a candidate on a FT program is 
essential.[56] Evident contraindications are psychological 
disorders that impair the ability of the recipient to follow 
the immunosuppressive protocol. Informed consent prior 
to the FT requires a clear understanding of the risks of 
surgery, immunosuppressive therapy and potential allograft 
rejection.

Recovery strategy of allograft
The cold ischemia period since vascular disconnection of 
allograft from donor until reperfusion is one of the most 
important aspects as the rapid removal and transference 
into recipient is required. In the context of a multi-organ 
donation, most FT teams have removed “the face in the 
first place” after cardiac arrest and before organ removal. 
In worldwide experience to date, most of allografts have 
been removed from beating heart donors in brain dead. 
In order to reduce cold ischemia period if multiple organ 
donations, surgical teams prepared the removal procedure 
by dissecting most of allografts under maintenance of 
circulation before clamping.[1,39,57-59] If recovery and insertion 
of allograft are performed in different hospitals, allograft 
transport should be done in a secure manner in an organ 
preservation solution, and as quickly as possible to limit the 
time of ischemia tissues.[60,61]

FT indications
The most common indication was to restore the lower two 
thirds of the face, especially the perioral and periorbital 
central zone, including in some cases the forehead, eyelids 
and scalp, as well as maxilla, mandible and teeth.[62] Inclusion 
criteria of patients in FT programs vary from one center to 
another. To date only those patients with extensive tissue 
damage in which conventional reconstruction procedures 
previously failed have been included.[49,63,64]

Most frequent indications were severe burns (including 

Figure 4: Experimental model of a full face transplant in cadaver. (a) 
External and (b) internal view of the allograft

Figure 5: Experimental model of a partial face transplant in cadaver
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chemical and electrical burns), gunshot trauma, animal 
bites, plexiform neurofibromas of the trigeminal nerve in 
the context of neurofibromatosis type I, tumoral sequelae, 
severe side effects of radiotherapy, vascular tumors, and 
occupational traumas. However, it must be highlighted that 
since the first full FT performed in 2010,[43] the spectrum 
of possible candidates has expanded. In general, patients 
with significant medical comorbidity, lack of guarantee for 
post-transplant monitoring, high risk of recurrent cancer 
under immunosuppression, and pregnancy are excluded.[49] 
Protocols considered only stable psychological and 
immunologically patients as potential recipients.[50,56]

Patients with plexiform neurofibromas associated with 
neurofibromatosis type 1 are possible candidates in the 
absence of viable reconstructive options. To date, 4 patients 
with neurofibromatosis have undergone FAT.[40,51,55] However, 
this procedure should still be considered as an experimental 
option and consequently these patients as well as cancer 
patients must be carefully selected.

Evolution from partial to full FT
All FT had been partial before the first full FT which 
included different aesthetic units of the face (Barcelona, 
Spain, 2010).[43,65] After the first full FT there was a change 
in the reconstructive paradigm because of adherence to 
the classical concepts of facial aesthetic to a FT. From that 
moment, most FT was complete. This full FT approach has 
proven effective and safe, and most teams have reported 
excellent anatomical and functional results.[66-68] Moreover, 
the restoration of a full new anatomy of the face allowed 
conventional cosmetic procedures of refinement.

INMUNOLOGY

The skin is the most important and largest component of 
FAT, and it is well known that the skin (and the mucosa) 
has a high immunogenicity, so it is inevitable that rejection 
episodes are triggered at different times:[33,69] in the early 
period (hyper-acute rejection), within days or months after 
transplantation (acute rejection) or chronic rejection.[55,70]

Hyper-acute graft rejection has not been reported so far. 
However, most recipients had acute rejection episodes in 
the first year, revealed as skin redness, swelling and nodules 
and papules.[54,71,72] In FAT, episodes of mild rejection may 
be easier to treat than in solid organ transplantation due 
to immediate visibility of the skin and easy inspection. 
Episodes of acute rejection were usually reversible with 
corticosteroids (bolus treatment), supplemented in some 
cases by topical drugs (steroids and tacrolimus).[1,55] Other 
treatments included the increased tacrolimus levels and 
topical drugs.[39,50,51,73]

For monitoring rejection episodes after transplantation, 
clinical systematic follow up is required performing skin 
and/or oral mucosa biopsies.[69,74] In some cases, a sentinel 
free flap has been transplanted into donor for carrying out 

multiple biopsies and monitoring of clinical and pathological 
signs of graft rejection.[1,48]

Prevention and treatment of rejection
Immunosuppressive therapy in patients with FT has been 
similar to the scheme used in solid organ transplantati
on.[43,52,54,66,75] It consisted of an “induction” phase, which 
starts at an early stage of surgery, followed a “maintenance” 
phase. Most teams employed an induction therapy with 
polyclonal anti-thymocyte globulins, monoclonal antibody 
anti-interleukin-2 receptor as daclizumab and basiliximab, 
anti-CD3 monoclonal antibodies, mycophenolate mofetil, 
methylprednisolone, and tacrolimus (anti-calcineurin 
inhibitor).[76] Maintenance and preventing rejection of allograft 
is based today on the use of a global immunosuppression 
induction, non-specific, by postoperative triple therapy 
consisting of the administration of mycophenolate mofetil, 
tacrolimus and prednisolone.[77]

This immunosuppressive regimen should continue during 
the life of the patient, which carries risks of toxicity and 
complications like infections (opportunistic infections 
by cytomegalovirus, herpes, etc.), metabolic (diabetes), 
nephrotoxicity, hypertension and malignancies.[54] Although 
theoretically there is a risk of chronic rejection, most 
teams have not reported evidence of chronic rejection over 
time.[72,78,79] Recently there is a report of chronic rejection in 
a patient who left immunosuppression due to a malignant 
process.[3]

New strategies of immunosuppression
Current research is focused on finding new 
immunosuppressive molecules that allow adjustment of 
known drugs and avoid the problems associated with 
allograft rejection. Research are mainly directed on 
antibodies anticell-T, the development of more selective 
molecules with less toxicity to organs (kidney, liver) and 
creating a state of hematopoietic chimerism. In addition, 
new immunosuppressant associations are being studied to 
reduce the doses of each. Some researchers have used bone 
marrow infusion, thymoglobulin, anti-IL-2 receptor antibody 
and irradiation of X-rays. Since the skin is the more antigenic 
portion of allograft, topical treatment with tacrolimus 
ointment and phototherapy has also been used.[34,80]

RESULTS AND COMPLICACIONS

Functional and aesthetic results
FT aims to re-establish the functions of speaking, swallowing 
and mimic muscle mobility as well as to provide aesthetic 
improvements that allow patients to live a normal social 
life. Although a systematic analysis of all cases cannot 
be performed due to the unique characteristics of each 
patient, the results of the earliest FT, as a whole, are very 
convincing.[81]

Unlike solid organ transplants, in which a metabolic 
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function after revascularization of the organ is immediately 
detected, the FAT is initially viable after reperfusion in the 
operating room, but facial motor activity and sensitivity are 
absent. Therefore, in the first months of follow up, nerve 
regeneration and muscle rehabilitation becomes a challenge 
as well as patient’s ability to reintegrate allograft in sensory 
and motor cortex in the central nervous system. Between 
6-9 months, patients recovered discriminative sensitivity of 
the face. The recovery of active and passive movements of 
the lips was obtained between 6 and 12 months, but results 
differed between full or partial FT.[45,48,54,57] The functional 
improvements have been proportional to motor recovery, 
reaching even in some cases to restoration of near normal 
functional capacity.[72]

The long-term results are yet to be assessed and reported by 
different FT teams and therefore a final assessment of the 
results cannot be offered now.[82] Almost all patients have 
been able to breathing through the nose, smelling, chewing, 
swallowing, eating and speech and phonation recovering to 
a greater or lesser extent.[50,55,63,82-84]

Psycho-social outcomes
Psychological long-term results are not known with accuracy 
because the novel nature of the procedure, although 
preliminary results have reported positive outcomes. In 
general, patients experienced an acceptable improvement 
of quality of life with social reintegration and meaningful 
changes for having recovered their body image, without 
psychological disorders.[40,63] All patients have accepted their 
new face and some patients returned to work.[45,53,72] The 
favorable outcome is probably a consequence of the strict 
preoperative selection with a psychiatric and psychological 
evaluation of motivated and compliant patients.[85-87]

After the inset of the donor face on the recipient, no problems 
were detected with regard to identity transfer or change in 
body image in FT recipients. What is obtained is a mixture 
of both subjects, and due to differences in the characteristics 
of each facial bony structures, a new face is formed. 
Therefore, the initial concerns about appearance of feelings 
of depersonalization to the new face and the transfer or 
separation of the donor’s identity have not been substantiated. 
According to donor families, recipients and transplant teams, 
the recipients do not resemble the donor.[72,88,89]

Post-transplant revisions and refinements
To the extent that the number of FT has increased, various 
surgical refinements have been planned to optimize 
the aesthetic and functional results.[30,90] The functional 
and aesthetic improvement can be supported in various 
secondary procedures as such as the re-alignment of the 
jaws, restoration of teeth, re-suspension of the soft tissues, 
fat injections and dermabrasion.[91-95] These revisions did not 
seem to have caused major complications or affected in any 
way the immunological rejection.[40]

Post-trasplant complicacions
Despite the complexity of the procedure, no cases of 
allograft loss by surgical failures, such as arterial or venous 
thrombosis or tissue damage by cold ischemia time, have 
been reported. The most important complications derived 
from immunosuppressive therapy and drug toxicity leading to 
metabolic disorders, opportunistic infections and increased 
incidence of malignancy. Tacrolimus, a potent calcineurin 
inhibitor, is well known for its severe nephrotoxicity.[63] 
The majority of patients have suffered from opportunistic 
infections such as cytomegalovirus, herpes simplex, herpes 
zoster, candida albicans and bacterial infections, most of 
them have been treated successfully.[55,75] Due to an increased 
risk of carcinogenesis in the context of a suppressed 
immune system, it was likely that a correlation between 
immunosuppressive medication and the appearance of 
tumors was established. In this sense, neurofibromatosis 
type 1 or post-oncological sequelae are indications that may 
be critically questioned. Finally, at least 5 deaths associated 
with the FT procedure have been collected so far caused by 
failure of the immunotherapeutic regime, sepsis, recurrent 
malignant tumor, multiple organ failure and suicide,[34,96] 
which for some researchers reopens the question of risk 
versus benefit in the FT.[3,97]

ETHICAL IMPLICATIONS

From the ethical point of view, a crucial issue widely 
discussed in the literature has been the obligation to subject 
individuals to immunosuppressive treatment during patient’s 
life, leading to increased risk of developing complications,[33] 
when it is not a procedure to “save lives”, unlike solid 
organ transplant that often have an urgent indication to 
save a person life. From that point of view, the risks of 
immunosuppressive therapy may outweigh the benefits of 
the procedure due to recipients are exposing to the risks 
of immunosuppression. However, all transplant teams 
have reported that the reestablishment of the functional 
capabilities and the restoration of the face “have changed 
the lives of patients”, and a significant improvement in 
patient’s quality of life has occurred.[45]

An ethical unsolved problem would arise if a total loss 
allograft occurs as a result of a surgical complication or 
irreversible rejection.[55] Confronted with this catastrophic 
situation, very few reconstructive options would remain 
for that patient[54] and hypothetically, patients would return 
to a starting situation much worse as consequence of the 
procedure FAT.

Informed consent is crucial before performing a FAT for 
the reasons discussed above. Moreover, the question 
has arisen whether consent can be truly informed if the 
candidate previously does not coexist with the facial 
disfigurement for some time. Something as outlined in 
breast reconstruction, where a period of post-mastectomy 
waiting gives the woman the opportunity to accept a 
complex reconstruction.[98] Pediatric age creates an ethical 
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dilemma since it is linked to the difficulty of obtaining 
informed children consent, psychological instability during 
the years of growth, risk of cancer and complications of 
immunosuppression throughout a long life ahead. Another 
aspect to consider is the high economic costs of FT,[54,99] 
both the procedure and the immunosuppressive lifetime 
therapy, preventing its widespread application and opens 
the discussion of opportunity-cost for countries with public 
health services.[54,99]

FUTURE DIRECTIONS

From the first FT performed a decade ago, more than 
thirty FAT have been performed worldwide with promising 
immunological, functional, psychological and aesthetic 
results that have clearly demonstrated the feasibility of 
this demanding process. Unlike solid organ transplant that 
“potentially saved a life”, what FAT provides is a “change 
of life” to recipients. This substantial difference has created 
ethical concerns in society about the exposure of individuals 
(young and otherwise healthy) to potential immunological 
complications and the ability to provide informed consent. 
On the other hand, the incessant advance in microsurgical 
techniques and the computer assisted surgical planning, 
have progressively allowed a broader clinical application 
of this procedure, and have promoted the evolution from 
the first partial FT to full procedures of FT. All these are on 
the basis of accurate and careful selection of well-motivated 
candidates. There is a firm belief in the scientific community 
that, at present, surgical innovations in the field of FT have 
overcome to some extent immune, medical and ethical 
aspects. However, FT is still an experimental procedure in 
which we have much to learn. Next challenge will be getting 
new strategies for more effective immunosuppressive 
therapy and improved donor-specific tolerance. There are 
still unresolved problems and crucial aspects to define the 
true role of the FAT in the current reconstructive surgery.
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The present special issue collects the best papers from 
the “EuRePS” (European Residents in Plastic Surgery) 
Meeting, which was held in Favignana from 18th to 21st 
of June 2015. The scientific committee selected the best 
5 presentations, to be published on PAR journal thanks to 
an agreement with the editorial board.

The 5 papers will be introduced by a letter by Dr. Carlo 
Melloni, a resident in Plastic Surgery at the University of 
Palermo, representing the Organizational Committee of 
the meeting. The first following paper is a letter from 
Dr. Giovanna Spinzo on her experience as a resident 
in India. The second paper by Dr. Margot den Hondt 
presents the outstanding twenty years of experience of 
her group in tracheal transplantation research on a rabbit 
model. The special issue continues with a clinical paper 
by Dr. Giuseppe Guarro on closed rhinoplasty and effects 

and changes on voice and a paper by Dr. Mauro Barone 
on the application of regenerative medicine in treatment 
of acne scars. Finally, a case report on breast amyloidosis 
by Dr. Giulia Boscaini closes the special issue.

Thanks to all the authors and the reviewers for their 
contributions and to the editorial staff of PAR for hosting 
this special issue and for the precious and continuous 
support. 

I hope you enjoy reading this special issue.
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As the chairman of the 2015 European Residents in 
Plastic Surgery (EuRePS) Meeting and on behalf of the 
organizing committee, it is a pleasure for me to describe 
the emotions that flew through that magic days.

The setting was Favignana, an enchanting, whimsical, 
harsh and welcoming island in the Mediterranean Sea. 
About 150 participants from all over Europe and beyond 
have invaded the venue of the meeting, an old tuna-fish 
factory called “Tonnara Florio”.

Countdown to suspense and video with special effects 
introduced the EuRePS Meeting’s opening, on 18th June 
2015. The conference, entirely dedicated to European 
Residents in Plastic Surgery, has been organized by the 
School of Specialization in Plastic, Reconstructive and 
Aesthetic Surgery of the University of Palermo.

The enthusiasm is sky high and the focus is at the top. Off 
we go!

With their communications and high quality scientific 
works, the residents gave birth to four days of intense 
debate on the most advanced researches in plastic surgery.

Sharing knowledge and setting new collaborations were 
the main goals of the meeting. Attendants presented their 
works, both in podium and in poster presentation, and 
residents also had the opportunity to be moderators for 
one day tutored by the Directors of the Italian Schools of 
Plastic Surgery.

The poster session was one of the greatest innovations. 
With a fresh and informal format, the poster session was 
arranged as a short-oral-presentation during an aperitif. 
Speakers presented their works in three minutes enjoying 

together with the attendant a glass of icy-white-wine.

The Keynote Lectures of the invited “Special Guest” such 
as Roy De Vita (Rome), Jaume Masia (Barcelona), Fabio 
Santanelli di Pompeo (Rome), Jan Vranckx (Leuven) and 
Salvatore D’Arpa (Gent) have enriched the scientific 
program with important practical information, charming 
the participants with their “ars oratoria”.

The event ended on Sunday 21st with a space reserved 
for the projects of the Italian Society of Plastic, 
Reconstructive and Aesthetic Surgery (SICPRE) dedicated 
to residents and the awards for the best five works here 
published in Plastic and Aesthetic Research Journal.

The EuRePS Award for the best communication went to 
Margot Den Hondt, resident in Leuven (Belgium), who 
will have the opportunity to participate for free at the 
upcoming EuRePS meeting in Brussels in 2016.

In this way, four unforgettable days of science, friendship and fun 
come to the end: the perfect mix that made this event unique.

We are looking at the future; we are looking for a new 
way to arrange meetings in a different format: less formal, 
relaxed atmosphere and smart presentations with lots of 
tips and tricks messages to take home. The future is now!
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I completed my Residency in Plastic and Reconstructive 
Surgery at Tata Memorial Hospital, in Mumbai, India. 
“Everybody has gone through something that has 
changed them in a way that they could never go back to 
the person they once were.” My life changing experience 
happened in India.

The first time I stepped foot in India was the 26th of 
September 2014. My Professor, Giorgio De Santis, Chief 
of Plastic and Reconstructive Surgery Department at 
Policlinico di Modena, President in charge of the Italian 
Society of Plastic, Reconstructive and Aesthetic Surgery, 
gave all his residents the opportunity to spend six months 
of their residency abroad; I chose India.

Though I was excited to embark on this new adventure, I 
also had some fears about India. However, upon arriving 
many of my fears were quickly washed away.

I was a visiting doctor at Tata Memorial Hospital (TMH), 
the second largest cancer hospital in Asia and the national 
center for prevention, treatment, education and research 
in cancer. India is the oral cancer capital of the world; 
80% of Indian patients come to consultancy with late or 
advanced stage malignancy. The major cause is “chewing 
tobacco”, a smokeless tobacco product consumed by 
placing a portion of tobacco between cheek and gum or 
upper lip teeth and chewing. In particular in India the 
most common used is “paan”, a preparation combining 
betel leaf with areca nut, tobacco, slaked lime (chunnam); 
it is an addictive and euphoria-inducing formulation.

At TMH every week about 15 free flaps were performed, 
mainly for head and neck reconstruction; free fibula 
flap was daily bread, along with free radial forearm or 

anterolateral thigh flap; other flap performed weekly 
were pectoral mayor muscle cutaneous flap (about 5 per 
week), or latissimus dorsi (about 2 per week).

Deep inferior epigastric perforators flaps for breast 
reconstruction where performed once or twice a week 
and that’s not including the larger number of breast 
cancer removals per week (approximately 20). Breast 
reconstruction is not a “trend” in India and this is basically 
due to the conservative way of thinking and religious 
beliefs; the female body is still considered a taboo and 
women often lack of self-confidence. Many women are 
unaware that it is even an option they could consider.

At TMH a normal surgery day was scheduled as following: 
patients arrived at the operating theater at 8 a.m.; after 
anesthesia induction, while the oncosurgeon started 
the demolition part, the plastic surgeons (one senior 
consultant and residents or fellows assisting him or 
performing surgery by themselves) performed the 
harvesting of the flap; the microscope time was always 
in the middle afternoon and most of the cases were 
completed for dinner time.

The senior consultants always trusted us as he would say, 
“Start, be confident, and if you have any problem, stop; I 
will guide you and help you”. This is real teaching plastic 
surgery.

I spent the first month observing and trying to understand 
their entire system: the timing, the scrubbing, the 
instruments, the recording system, the tips and trick of 
surgery in India.  After a month of observations, I started 
to scrub and to be part of the group. They welcomed 
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me into their hospital and quickly I became part of their 
family of doctors.

At TMH I was able to hone the skills in which I had been 
trained at medical school. In India I had the opportunity 
to encounter, learn about, and treat a wide variety of 
diseases: sarcomas big as a soccer ball (to have a very 
realistic idea) or more, last stage melanomas, large 
ulcerations in the neck and cheek. Most of Indian 
population doesn’t know that it is a tumor: at the 
beginning they try to tolerate, then they pray to their 
gods, they go to a guru, they use natural or ayurvedic 
methods and if all that fails they finally go to doctor for 
a checkup.

Patients come from the villages from all across India and 
sleep outside the TMH; some wait a week to be seen 
by a doctor. TMH is a hospital where different classes 
of people can still come and choose different levels of 
comfort during their recovery, from the beautiful suites 
to the common wards on the first floor with 30-40 beds. 
But all the patients in the operating room receive the 
same human treatment.

My life in India wasn’t only confined to TMH. I scheduled 
one trip per month during the weekend: Goa, Agra (Taj 
Mahal), New Delhi, Kerala, Ajanta and Ellora, Rajasthan.  
This gave me the opportunity to understand, and still 
there’s a lot to learn, a millenary and fascinated culture, 
made of colors, smiles, foods, traditions, gods, temples 
and all the ancient world mixed today with the fast 
and running progress that this developing country is 
brilliantly facing.

This experience changed my way of thinking, reacting, 
speaking, and living. I believe all residents should have an 
experience abroad in places like Europe, South America, 

Asia, Australia, and there’s always a lot to learn from 
other schools and mostly from other cultures.

I will always keep with me the tricks and tips learned in 
harvesting a fibula or other flaps, and why not at the last 
year of residency I learned other ways for better suturing. 
But the most important aspect of my professional 
experience was the lovely atmosphere of hospitality and 
kindness of people from the consultants to the residents, 
nurses and “chaiwalla”, the boys employed to serve 
masala chai (Indian tea). In Veda, the sacred Sanskrit 
tests, is written: “Your mother, your father, your teacher 
and your guest must be treated as God by you.”

Currently I am living in India with a goal to bridge my 
“western” experience with the expertise and knowledge 
I learned from my residency here. My hope is to educate 
women on the breast reconstruction options that are 
available to them.

I will always be grateful to my professor for giving me 
such an amazing opportunity to improve myself not only 
from the professional point stance but also from the 
human, social, and personal stance. I went to India to 
gain experience in my medical career and I gained that 
and so much more.

As you can see, spending six months in India was not as 
bad as most people would imagine.

Namaskar.
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ABSTRACT
Pathologies comprising more than half the length of the trachea are a challenge to the 
reconstructive surgeon. Innovative tracheal transplantation techniques aim to offer the patient 
a curative solution with a sustained improvement in quality of life. This review summarizes 
the authors’ experience with the rabbit as a versatile model for research regarding tracheal 
transplantation. Because of the segmental blood supply of the trachea, it is not feasible to 
transplant the organ together with a well-defined vascular pedicle. As such, the key element 
of successful tracheal transplantation is the creation of a new blood supply. This vascularized 
construct is created by prelaminating the rabbit trachea heterotopically, within the lateral 
thoracic fascia. After prelamination, the construct and its vascular pedicle are transferred to the 
orthotopic position in the neck. This model has become gold standard because of the advantages 
of working with rabbits, the anatomy of the rabbit trachea, and the reliability of the lateral 
thoracic artery flap. In this paper, the key elements of surgery in the rabbit are discussed, as 
well as the tracheal anastomosis and the harvest of the lateral thoracic artery flap. Practical tips 
and tricks are presented. The data described in this review represent the fundaments of ongoing 
translational research in the center over the past twenty years.
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INTRODUCTION

Pathologies comprising more than half the length of the 

trachea are a challenge to the reconstructive surgeon. 

Innovative transplantation techniques aim to offer the 

patient a curative solution with a sustained improvement 
in quality of life. In the nineties, Delaere et al.[1] developed 
a rabbit model for orthotopic tracheal transplantation 
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following a period of heterotopic revascularization in 
the lateral thoracic fascia. This animal model has become 
the gold standard of the authors for research regarding 
tracheal transplantation. As a result of this benchwork, 
the first human allogenic trachea was transplanted 
with withdrawal of immunosuppression in 2008.[2] 
Since then, 5 more patients have been transplanted in 
our center.[3,4] This clinical breakthrough, in addition to 
ongoing translational research in the rabbit model, has 
contributed to the authors’ experience in the field. To 
date, over 200 tracheal transplantations in the rabbit have 
been performed. The authors wish to share their 20 years 
of experience with this versatile model by discussing 
the key elements of tracheal surgery in the rabbit, by 
reviewing key elements of the tracheal anastomosis 
and the harvest of the lateral thoracic artery flap, and 
by giving practical examples. The importance of proper 
revascularization of the construct is emphasized, as it is 
the authors’ opinion that it is paramount in obtaining a 
successful tracheal transplantation.

Definitions
The term prelamination was defined by Pribaz and Fine[5] 
to describe the implantation of tissue or another device 
into a vascular territory without manipulation of the 
blood supply. In a second stage, the construct with its 
blood supply can be transferred as a pedicled or free 
flap. As such, it is possible to create a multilayered, 
vascularized flap. Prelamination is not to be confused 
with prefabrication, introduced by Yao,[6] which is the 
implantation of a vascular pedicle into a new territory. 
After neovascularization, tissue in this territory can be 
transferred based on the implanted pedicle.

Heterotopic placement of the trachea refers to the 
temporary placement of the tube in an anatomical 
location other than its normal position in the neck, for 
example in the lateral thoracic area. When the trachea is 
transplanted to its anatomically correct position in the 
neck, it is referred to as orthotopic position.

Why rabbits?
Numerous advantages are associated to working with 
rabbits. Rabbits have a long cervical trachea, allowing for 
easy access to the tube and segmental transplantation. 
Also, in contrast to larger animals such as pigs or sheep, 
rabbits are more readily accessible for research purposes 
and are more convenient to manage. Rabbit cell-surface 
markers for recognition by the immune system have been 
mapped out.[7] These rabbits major-histocompatibility 
complexes are referred to as Rabbit Leukocyte Antigens. 
Rabbits are phylogenetically closer to primates and 
have a more diverse genetic background than inbred 
and outbred rodent strains.[7-9] This makes the model 
a better overall approximation to humans, mimicking 
human genetic diversity more accurately. Moreover, the 
tracheal anatomy of humans resembles that of the rabbit 
closely. It is also possible to perform tracheoscopy as a 
monitoring tool following transplantation, and to obtain 
an adequate tracheal length for epithelial cell-cultivation. 

Figure 1: Human vs. rabbit trachea. (a) Human trachea measures 10 
cm ± 9 cm;[10] (b) rabbit trachea measures on average 6.5 cm; (c) 
human cartilage rings comprise two-thirds of tracheal circumference 
vs. 90% in rabbits (d). The blue (c) and green (d) arrows represent the 
trachealis muscle; (e and f) Masson’s trichrome stain: human trachea (e) 
contains more submucosal glands, compared to the better-developed 
submucosal capillaries in rabbits (f)

Figure 2: The tracheal blood supply is segmental.[12] Branches from the 
inferior thyroid, subclavian, internal thoracic, innominate, superior and 
middle bronchial arteries form two lateral longitudinal anastomoses to 
supply the anterolateral trachea. These anastomoses give off transverse 
branches, which penetrate through the intercartilaginous ligaments 
to feed the submucosal capillary plexus. Cartilage is nourished via 
diffusion from this plexus. The posterior membranous trachea has an 
independent vascular supply derived from the oesophageal branches of 
the above-mentioned large neck vessels
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Together with the relative cost-effectiveness compared 
to larger animal models, these characteristics make the 
rabbit our experimental model of choice.

TRACHEAL ANATOMY AND BLOOD 
SUPPLY

The rabbit trachea is approximately 6.5 cm in length 
and 0.5 cm in diameter [Figure 1].[10] It is composed of 
cartilage rings connected by intercartilaginous ligaments 
anteriorly, and the trachealis muscle posteriorly. Both the 
cartilage and trachealis muscle contribute to the typical 
semi-rigid, semi-flexible characteristic of the trachea.

Hyaline cartilage is composed of an outer layer of highly-
organized collagen type I and II fibrils, which provide 
strength to the construct.[11] This outer layer surrounds 
a hydrated proteoglycan-core, which is able to resist 
compression. The rings are connected by fibroelastic 
ligaments, through which vessels penetrate to create a 
richly-anastomosing submucosal capillary network. The 
trachealis muscle shapes the posterior part of the circle. 
This smooth muscle alters luminal diameter, e.g. during 
coughing.

The intrinsic blood supply of the trachea is segmental 
[Figure 2].[12] As such, unlike other solid organ transplants, 
a direct microvascular transfer of the organ together 
with its own vasculature is unfeasible. To solve this 
problem, the technique of indirect revascularization or 
prelamination is used.[5,13] The trachea is wrapped with 
heterotopic tissue that is perfused by an identifiable 
vascular pedicle, such as the lateral thoracic fascia with 
the lateral thoracic artery and vein. In a second stage, the 
trachea and its new vascular pedicle are transferred to 
the orthotopic position in the neck.

Lateral thoracic artery flap
The authors’ workhorse flap for tracheal revascularization 
in humans is the free radial forearm flap. The counterpart 
in the rabbit is the pedicled lateral thoracic artery flap. The 
lateral thoracic artery flap is composed of subcutaneous 
fascia with a thin muscular layer, i.e. the panniculus 
carnosus.[14] This striated muscle is particularly well 
developed in the trunk of rabbits. In humans, with the 
exception of remnants such as the platysma, it is almost 
entirely regressed.

The rabbit’s lateral thoracic artery originates from the 
external thoracic artery.[14] It travels caudally together 
with the lateral thoracic vein and nerve, deep to the 
pectoralis muscle. On the latero-inferior border of 
the muscle, the artery continues superficially within 
the thoracoabdominal panniculus carnosus. Around 
the second to third nipple, the artery anastomoses 
with secondary branches from the superficial inferior 
epigastric artery.[15,16] One prominent lateral thoracic 
vein, which runs parallel to its artery, drains into the 
axillary vein.

The human lateral thoracic artery has a small caliber 

Figure 3: (a) Dissection of the lateral thoracic artery flap. The flap 
is isolated for 2 weeks within the donor area; (b) patent artery and 
vein after 2 weeks of flap isolation; (c) injection of silicone dye into 
the lateral thoracic artery; (d) patent artery with blue silicone dye up 
to distal from the bifurcation and anastomosis with the superficial 
inferior epigastric artery (green arrow)

Figure 4: (a) Peroperative view on the pretracheal fascia with the 
thyroid gland (green arrow), after dividing the strap muscles; (b) image 
of posterior oesophageal branches (yellow arrow) after opening the 
pretracheal fascia

Figure 5: Peroperative image of autologous rabbit tracheal transplantation. 
Each anastomosis was closed with 6 points, using interrupted Prolène 6-0 
sutures with external knots. The result shows no caliber mismatch
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and shows anatomical variations.[17,18] Compared to 
the shorter, variable human lateral thoracic vessels, 
rabbit vessels in our series (n > 200) had a consistent, 
long course before anastomosing with the superficial 
inferior epigastric artery. As in humans, the caliber of the 
artery is small. Patency and course of the pedicle were 
demonstrated by isolating the flap for 2 weeks in situ, and 
by injecting silicone dye into the lateral thoracic artery 
(Microfil, Flow Tech, Inc., Massachusetts) [Figure 3].

RABBIT ANESTHESIA AND 
EUTHANASIA

Animal handling
All rabbits are treated according to the European Directive 
on the Protection of Animals. The Ethical Committee for 

Animal Experimentation of KU Leuven verifies each study 
protocol. As with any animal, it is important to handle 
rabbits with care. When lifting rabbits out of their cages, 
their lower legs are supported to prevent spinal cord 
injuries secondary to kicking.

Anesthesia
General anesthesia is performed by the researcher 
after having obtained adequate training skills and 
qualifications regarding laboratory animal science, the 
use of anesthetic agents, and monitoring tools.

Adult New Zealand white rabbits, weighing approximately 
3 kg, are used in all studies. Rabbits are anesthetized 
by inhalation of isoflurane. Because of the particular 
smell of this gas, conscious rabbits will counteract its 
use. Moreover, induction with isoflurane may cause life-

Figure 6: Timeline of tracheal revascularization and transplantation

Figure 7: Harvest of lateral thoracic artery flap. The rabbit’s head 
is located on the left. (a) The pedicle is visible throughout the skin 
after shaving. The pivot point of the flap (green circle) is situated at 
the latero-inferior border of the pectoralis muscle, where the lateral 
thoracic artery appears superficially; (b) view on the lateral thoracic 
artery and vein within the panniculus carnosus, coursing over the thorax 
(left) and abdomen (right). The lateral thoracic artery anastomoses with 
the superficial inferior epigastric artery at the level of the third nipple; 
(c) opening of fascia and panniculus carnosus distally; (d) elevation of 
the flap from the underlying muscles; (e) heterotopic prelamination of 
trachea within the lateral thoracic artery flap
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threatening apnea in rabbits.[19] Therefore, proper induction 
is carried out with the use of xylazine 6 mg/kg and ketamine 
40 mg/kg intramuscularly, each injected into 1 gluteal region. 
The primary function of xylazine is sedation, while ketamine 
induces dissociative anesthesia. Analgesia is achieved by 
administering buprenorphine 0.05 mg/kg subcutaneously in 
the gluteal region. Additional doses are administered every 
8 to 10 h, up to 72 h or as needed. Once proper induction 
is achieved, maintenance gas-anesthesia with isoflurane 1% 
to 2% supplemented with oxygen 1 L/min is administered by 
mask ventilation with spontaneous breathing. Rabbits are 
obligate nasal breathers, and as such, a mask firmly attached 
around the nose provides adequate inhalation of isoflurane. 
Rabbits are monitored with pulse oximetry. It is important 
to work in an adequately-equipped environment with 
proper ventilation and a scavenging system to minimize 
spills. Upon orthotopic transplantation, it is useful to 
have a sterile tube available in the operating field which 
can be inserted into the distal tracheal segment at the 
moment that the trachea is opened.

Euthanasia
Rabbits are euthanized by intravenous injection of a lethal 
dose of T61 0.3 mL/kg into the marginal auricular vein. When 
the trachea is used for transplantation or in vitro research, 
it is important to limit warm ischemia time.[20,21] Therefore, 
opening of the neck is performed under general anesthesia. 
Only after exposure of the entire tracheal length, is the 
euthanizing agent administered and the trachea procured.

OPERATING TECHNIQUE

Tracheal surgery as well as flap dissection can be performed 

with the rabbit in dorsal decubitus without the need 
to change position. After achieving proper sedation, 
the rabbit is shaved and the skin is disinfected with an 
alcoholic preparation. Both upper legs can be fixed in 
relaxed extension, taking care to avoid brachial plexus 
injury caused by overstretching of the limbs.

Tracheal surgery
The neck is opened via a vertical midline incision to expose 
the superficial investing fascia. Deep to this fascia, the paired 
sternocleidomastoid and strap muscles are divided via their 
connecting raphe, forming a bloodless plane at the midline. 
The raphe is opened from the thyroid cartilage to the sternal 
notch to expose the cervical trachea over its entire length. 
Upon approaching the sternal notch, the venous jugular 
arc is encountered, running deep to the distal part of the 
sternocleidomastoid muscles and crossing the midline. The 
branch is ligated and an orthostatic retractor is placed to 
provide adequate exposure [Figure 4]. The trachea is covered 
by pretracheal fascia. The thyroid gland is also incorporated 
into this fascia, and can be divided along the midline while 
opening the fascia longitudinally. The cervical trachea is then 
circularly detached from the surrounding tissue.

The recurrent laryngeal nerve travels within the tracheal-
esophageal groove and enters the larynx on the posterior 
surface of the trachea.[22] The nerve is identified and dissection 
is pursued close to the trachea to avoid vocal-cord paralysis.

Figure 8: (a) Trachea wrapped within lateral thoracic artery flap, 
tunneled to cervical incision. The pedicle (green arrow) is oriented 
perpendicular to the longitudinal tracheal axis. The flap is fixed loosely 
to the local subcutaneous tissue to prevent dislocation; (b) lateral neck 
incision with tunneled construct (left) and lateral thoraco-abdominal 
incision (right), the flap donor site

Figure 9. Orthotopic inset of trachea prelaminated within the left 
lateral thoracic artery flap (between green arrows)
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The quality of the anastomosis depends on the degree of 
exposure, the presence of a bloodless field, and well-prepared 
tracheal ends. To control both segments, a retraction suture 
is placed proximal and distal to the segment that will be 
removed. The circularly-detached trachea is elevated and the 
desired tracheal length is procured. At this point, a sterile 
tube providing isoflurane can be placed into the distal native 
segment. A suctioning device is used to prevent blood from 
the submucosal capillary plexus of the tracheal ends from 
leaking into the tube.

Tracheal anastomosis
The tracheal anastomosis is performed under loop 
magnification with Prolène 6-0 interrupted sutures 
[Figure 5]. As with every anastomosis, careful 
approximation of both segments without overlap is 
important. To minimize the risk of stenosis, as few 
sutures as necessary are used to close the gap while 
preventing the leakage of air. On average, 6 to 7 points 
per anastomosis are used. If the caliber-difference is 
substantial, a short vertical incision is made in the 
narrowest segment to enlarge the diameter. To prevent 
secondary healing, it is important not to damage the 
mucosa. Microsurgical tissue handling techniques are 
used and grasping of the inner lumen with a forceps is 
avoided.

The first two interrupted sutures are placed posteriorly. 
Full-thickness bites are avoided by passing the suture from 
externally to the submucosal space. As such, the integrity 
of the fragile mucosa is preserved, and the risk of stenosis 
is diminished. Knots are tied externally, as intraluminal 
knots and suture ends will obstruct airflow. By suctioning 
the lumen, again without harming the mucosa, stasis of 
secretions or blood is prevented. Next, the remaining 
sutures are placed, progressing anteriorly. Once the tube 
is closed, a tracheoscopy can be performed to check the 
quality of the anastomosis from the luminal side.

Strap muscles and investing fascia are closed. Rabbits 
do not tolerate foreign material such as a Penrose 
drain to prevent possible air trapping. As a preventive 
measure, loose, interrupted sutures are placed, taking 
care not to impair flap vascularization. The distal part of 
the incision is left open for a distance of approximately 
one centimeter.

Flap dissection
Heterotopic prelamination
After the thoraco-abdominal region has been shaved, 
the lateral thoracic vessels are easily recognizable 
[Figures 6 and 7]. The vessels are palpable and visible 
through the skin. When in doubt, a handheld Doppler 
can be used to assist in marking the visible portion of 
the vessels. The point at which the vessels dive deeper 
to reach the axillary artery is the pivot point of the flap. 
The length from the pivot point to the native trachea is 
measured to ensure that the fabricated flap reaches the 
neck without tension. Extra length is added to the distal 
part of the flap for tracheal wrapping.

The skin overlying the vessels is incised and undermined 
between the dermis and subcutaneous fascia. Once the 
correct plane has been identified, dissection proceeds 
easily from distal to proximal. Operating clips or fine 
bipolar coagulation are used to divide branches to the 
skin. Once the length of the flap has been established, 
the pedicle is divided distally. It is important to preserve 
enough width of the flap to be able to wrap the desired 
tracheal length. The flap is elevated from the underlying 
muscles via the intervening bloodless plane. Elevation 
is continued towards the pivot point while leaving a cuff 
of tissue on each side of the pedicle. It is not necessary 
to skeletonize the pedicle proximally.

The flap is wrapped around the tracheal tube with its 
pedicle perpendicular to the longitudinal axis of the 
trachea to facilitate future orthotopic inset of the tube 
[Figure 8]. 

Rabbits tend to bite wounds in the trunk. To avoid trauma 
during prelamination, the construct is tunneled with its 
flap to a lateral neck incision [Figures 6 and 8]. This region 
is not accessible to biting and has an abundance of excess 
skin. The technique is a combination of prelamination and 
prefabrication. The trajectory from the lateral thoracic 

Figure 10: Wrapping of an orthotopic tracheal segment within the 
lateral thoracic artery flap. The native trachea is not manipulated until 
complete ingrowth of the flap, i.e. after two weeks. After prefabrication, 
the tracheal segment can be safely manipulated on its pedicle, without 
the risk of devascularization

Figure 11: (a) Trachea wrapped with lateral thoracic artery flap, located 
within the lateral thoraco-abdominal area; (b) two constructs can be 
tunneled to two separate lateral neck incisions
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incision to the neck incision is freed subdermally, creating 
enough width in the tunnel to prevent flap congestion. 
The flap is fixated in the neck to avoid dislocation. The 
incisions are closed with subcutaneous interrupted and 
intradermal running sutures with buried knots to prevent 
wound dehiscence secondary to biting.

Orthotopic transfer
Optimal revascularization of autologous trachea 
is achieved after fourteen days of heterotopic 
prelamination.[23-25] At this point, the trachea and its 
flap can be transferred to their orthotopic position in 
the neck [Figure 9]. Upon inserting the construct, it is 
important to minimize the amount of tension placed on 
the flap. This tension can potentially create respiratory 
distress secondary to kinking of the tube. Proximal and 
distal anastomoses are performed as described earlier.

Postoperative care
Rabbits are awakened from anesthesia with extra 
oxygen via mask ventilation and kept warm. Adequate 
analgesia is provided postoperatively and enrofloxacin 
is administered in the drinking water upon indication. 
Tracheoscopy is performed weekly or in case of respiratory 
distress (2.9 mm, 0°, rigid endoscope, Karl Storz).

PRACTICAL EXAMPLES

Orthotopic prefabrication
To perform studies on vascularized autologous trachea, 
a native tracheal segment can be wrapped with lateral 
thoracic fascia prior to manipulation [Figure 10]. After 
two weeks of prefabrication, the autologous tracheal 
segment is vascularized and can be manipulated safely 
on the lateral thoracic pedicle.

Heterotopic prelamination
Regular wound controls are planned during heterotopic 
vascularization. Every three days the skin is opened 
and the construct is exposed under general anesthesia. 
As such, intraluminal tissue-ingrowth and mucus-
accumulation are avoided, thereby preventing fibrosis 
and infection.

For ethical reasons, if orthotopic inset is not planned, 
two lateral thoracic artery flaps can be used per rabbit to 
minimize the number of animals used [Figure 11].

COMPLICATIONS AND LIMITATIONS

Complications
Minor complications such as seroma formation can 
be treated by aspiration of the region of fluctuance. 
Wound dehiscence is prevented by using intradermal 
running sutures with buried knots, and by transferring 
the construct to the neck during heterotopic 
revascularization. To date, no flap failures have been 

observed. Three rabbits exhibited flap congestion, which 
could be corrected by widening the subcutaneous tunnel 
(1.5%, total n = 200).

Limitations
Although rabbit tracheal anatomy resembles human 
anatomy closely, the rabbit is not a large animal 
model. Rabbit trachea contains more submucosal 
vascular structures, as compared to the more glandular 
submucosa of human trachea [Figure 1]. Furthermore, 
the rabbit trachealis muscle encompasses only 10% of 
the tracheal circumference, in contrast to 30% in humans. 
Also, it is postulated that rabbits have better developed 
longitudinal anastomoses along the lateral tracheal wall, 
as is the case for cats and dogs.[12] Another difficulty 
in the use of rabbits for study is the application of 
immunohistochemistry markers in rabbit tissue. Rabbits 
are commonly used to produce monoclonal antibodies 
against rodent or human epitopes. As a consequence, 
appropriate rabbit-specific antibodies are more difficult 
to find, as they are often produced in the rabbit itself. As 
in humans, a disadvantage of the rabbit’s lateral thoracic 
artery is its routinely small caliber, which makes it more 
difficult for free flap transfer.

CONCLUSION

This review summarizes our experience with the rabbit 
as a versatile model for tracheal transplantation research. 
The advantages of working with rabbits, the anatomy 
of the rabbit trachea and the reliability of the lateral 
thoracic artery flap make this model the authors’ gold 
standard. Additionally, the pedicled lateral thoracic 
artery flap can be used for various reconstructive 
procedures and prelamination studies. The data 
presented in this review represent the fundaments of 
ongoing translational research in our center over the past 
twenty years. Because of the segmental blood supply 
of the trachea, it is unfeasible to transplant the organ 
together with a well-defined vascular pedicle. As such, 
the main challenge of successful tracheal transplantation 
is the creation of a new blood supply. In clinical practice, 
revascularization of human allotrachea in the radial 
forearm fascia was enhanced by making incisions in 
the intercartilaginous ligaments.[3] To further enhance 
vascularization of transplanted tracheae, the authors are 
currently investigating pro-angiogenic strategies in their 
standardized rabbit model.
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ABSTRACT
Aim: Effects of rhinoplasty were already studied from many points of view: otherwise poor is 
scientific production focused on changes of voice after rhinoplasty. This preliminary study analyzed 
objectively and subjectively these potential effects on 19 patients who underwent exclusively 
closed rhinoplasty. Methods: This preliminary evaluation was conducted from September 2012 to 
May 2013 and 19 patients have undergone primary rhinoplasty with exclusively closed approach 
(7 males, 12 females). All patients were evaluated before and 6 months after surgery. Each of 
them answered to a questionnaire (Voice Handicap Index Score) and the voice was recorded for 
spectrographic analysis: this system allowed to perform the measurement of the intensity and 
frequency of vowels (“A” and “E”) and nasal consonants (“N” and “M”) before and after surgery. 
Data were analysed with the Mann-Whitney test. Results: Sixteen patients showed statistically 
significant differences after surgery. It was detected in 69% of cases an increased frequency of 
emission of the consonant sounds (P = 0.046), while in 74% of cases the same phenomenon was 
noticed for vowel sounds (P = 0.048). Conclusion: Many patients who undergo rhinoplasty think 
that the intervention only leads to anatomical changes and improvement of respiratory function. 
The surgeon should instead accurately inform patients about the potential effects on the voice. 
This preliminary study reveals the significant effects of closed rhinoplasty on the human voice.
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INTRODUCTION

Closed rhinoplasty is nowadays one of the most requested 
aesthetic surgeries in occident. Many effects of this kind 
of procedure have already been studied from several 
points of view, otherwise in literature we found few 
works about the impact of exclusively closed rhinoplasty 
on individual and technical features of voice.[1-3] The 
impact of surgery on the anatomy of the nasal cavity, the 
true resonance box of the phonatory system, was not 
deeply studied.[4] Patients who use professionally their 

voices can feel the relevance of these consequences.[5] 
We conducted a preliminary evaluation to study these 
potential effects, considering that changes on the size of 
nasal cavity may let airflow resistance grow.[6] We decided 
to study patients who underwent a surgical procedure 
like closed rhinoplasty, because it allows to solve many 
respiratory disfunctions, but it is also a widely requested 
aesthetic procedure. A preliminary evaluation, conducted 
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by our department, analyzed objectively and subjectively 
the potential changes brought by closed rhinoplasty on 
many characteristics of vocal pattern, such as frequency, 
tones and timbre.

METHODS

Our preliminary evaluation was conducted from 
September 2012 to May 2013. We studied 19 patients 
(7 males, 12 females), raging in ages from 19 to 56 
years (mean age was 29.3 years). All of them underwent 
exclusively closed rhinolplasty. An informed consent and 
an accurate clinical history were obtained from all patients, 
and every single step of our evaluation was carried on 
through the rules of the local medical ethic committee 
of Umbria, Italy. Our preliminary evaluation was obtained 
with an observational study. Both the objective and the 
subjective evaluation were realized with a time series 
study, through a chronological sequence of data points, 
consisting in several measures made over a 6 months 
time interval. All data were analyzed with the Mann-
Whitney test. Inclusion criteria were the professional use 
of voice and the purely aesthetic request for the surgery. 
We excluded patients affected by chronic respiratory 
diseases; we also excluded secondary procedures. The 
study was approved by the local ethical committee 
under the World Medical Association Declaration of 
Helsinki guidelines. Of our patients, 24% used their voce 
professionally. All 19 patients were studied before and 6 
months after surgery. The same surgeon performed the 
19 operations. Authors always used the closed approach 
for the surgical procedures, performed under general 
anesthesia with the supplementary infiltration of a 
local anesthetic with vasoconstrictor (xylocaine 1% and 
epinephrine 1:100,000). The intercartilaginous incision 
starts the procedure, and after the dissection of vestibular 
skin, the operator reduces the dorsum. Lateral low-to-high 
osteotomies and the management of the tip, performed 
with a delivery approach, complete the procedure. Grafts 
or additional procedures were never used.

After 1 week, we removed nasal splints. This preliminary 
postoperative evaluation was performed 6 months after 
surgery (we will evaluate more patients for a longer period 
of time, for a stronger report). The study of the voice was 
performed with both objective and subjective methods. 
To compare the extracted data from preoperative and 
postoperative evaluations, the results were analyzed 
with the Mann-Whitney test. The objective analysis, 
conducted with the study on spectrograms, allowed to 
quantify the frequency levels of nasal consonants (“N” and 
“M”) and vowels (“A” and “E”) before and 6 months after 
surgery. It was conducted with a professional recording 
system and sounds were analysed using the PRAAT open 
source software. Voices were analyzed in frames of 3 s 
and for every single sound we extracted a spectrogram 
and studied it through a spectrographic analysis. Every 
recording was performed in a quiet room, using the 

professional recording system at a constant distance 
from mouth (12 cm). All data, expressed as ± standard 
deviation, were analyzed with the Mann-Whitney test 
and values were compared before and 6 months after the 
intervention. All data with a P value of 0.05 or less were 
considered statistically significant for the preliminary 
report.

The subjective evaluation, instead, was supported by a 
questionnaire, translated in Italian. The questionnaire 
was a modified version of the Voice Handicap Index 
Score[7,8] and helped us to study the subjective changes. 
It is composed by 3 legs, technical, structural and 
perceptive: a greater handicap is reflected by a greater 
score. Technical leg is about effects of vocal pattern 
on work life. The structural leg is about any personal 
detected disorders. Perceptive leg comprises questions 
about the personal perception of the effects on voice after 
rhinoplasty. Patients answered this questionnaire before 
and 6 months after surgery. Results were compared in 
total score and separately for each area of questions.

RESULTS

The 19 patients enrolled for the study were observed 
before and 6 months after surgery (this is a preliminary 
report, we will continue with a long-term evaluation 
in future, with more patients). For the subjective 
evaluation, our modified version of Voice Handicap Index 
Scores helped us to evaluate several characteristics of 
the personal perception of voice. We separately scored 
and compared each area of the translated questionnaire. 

Figure 1: Frequencies of “M” consonant sound (top), “N” consonant 
sound (middle) and “A” vowel sound (bottom) before and 6 months 
after surgery. Data are expressed in Hertz
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We noticed a statistically significant difference in data 
derived from the answers 6 months after surgery (P 
= 0.047). Patients noticed effects on voice not only in 
general, but also for every single area of questions. The 
increased score suggests that vocal features significantly 
change after closed rhinoplasty.

The objective evaluation was conducted with a 
spectrographic analysis for the 4 sounds (“A”/“E” vowels, 
“N” and “M” consonants), before and 6 months after 
surgery. The frequency of every single spectrogram 
(Hz) was the main considered parameter. We have to 
underline that data extracted from the spectrographic 
analysis of vowel sounds clearly show the improved vocal 
pattern in patients undergoing closed rhinoplasty. We 
found an increased frequency of emission of consonant 
sounds in 69% of cases (P = 0.046), and in 74% of cases 
for vowels (P = 0.048). The results of this analysis are 
shown in Figure 1. We didn’t detect major complications 
in the immediate postoperative period (2 weeks).

DISCUSSION

Changes on voice after closed rhinoplasty were the main 
target of this preliminary report: we found statistically 
significant effects on several vocal features.

In literature, we didn’t find any work about the impact of 
exclusively closed rhinoplasty on individual and technical 
features of voice.[9-12] This preliminary evaluation begins 
from the principle that changes in nasal cavity volume 
may bring effects to the resonance system and frequency 
of several vocal sounds.[13-16]

We conducted a preliminary report and enrolled 19 
patients which underwent a closed primary rhinoplasty. 

We didn’t include open procedures because our target 
was an evaluation after a single and standardized 
surgery. Objective and subjective analyses supported this 
evaluation, the first one performed with a spectrographic 
study of vocal sounds frequencies (data expressed in 
Hertz) before and 6 months after surgery, the second one 
supported by the Italian version of the “Voice Handicap 
Index Score”.

The objective study, performed with an open source 
software and a professional recording system, helped us 
to notice effective changes on intensity and frequency 
of voice after surgery. This evaluation was performed 
again after 6 months. The Mann-Whitney test allowed us 
to analyze data. An example of a spectrogram from our 
study is shown on Figure 2.

Data extracted from the spectrographic analysis let us 
discover a statistically significant change of the frequency 
emission for the “A” and “E” vowels and the “N”/“M” 
consonants (results with data expressed in Hertz are 
summarized on Figure 1).

The subjective evaluation showed significant changes 
about the perception of voice after this kind of surgery (P 
= 0.047). This evaluation helped us to study the impact 
of these changes on the professional and everyday life 
of the 19 subjects. This result, although it represents the 
first and preliminary step of our evaluation, is statistically 
significant.

In our opinion, these changes could be caused by the lateral 
low-to-high osteotomies performed during the surgery.

Several characteristics of vocal pattern, according to our 
preliminary evaluation, can be statistically changed by this 
kind of surgery. The subjective analysis reveals how surgery 
can change the personal and ideal perception of voice. 
The objective evaluation helped us to notice differences 
in sound frequency and amplitude after surgery. Bringing 
the focus of our study to everyday life, we can say that 
every surgeon who performs a closed rhinoplasty should 
accurately talk to patients about potential changes on 
the quality of voice, first of all through the informed 
consent. Limitations of our study were the small series of 
patients and the relatively short period of evaluation. We 
will evaluate more patients for a longer period of time, in 
order to confirm the results of our preliminary report.
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ABSTRACT
Aim: The aim of this study is to evaluate the efficacy of the protocol of nanofat and platelet-rich 
plasma (PRP) infiltration and fractional CO2 laser resurfacing for face atrophic scars by acne 
and to analyse patient’s satisfaction with the original questionnaire. Methods: From March 
2014 to June 2015, 30 patients with acne scarsonthe cheeks were selected for this pilot study. 
Patients were evaluated pre- and postoperatively by a physical examination, photographs and 
ultrasound scan with a 22 MHz probe to measure subcutaneous tissue thickness. All patients 
were treated by infiltration of nanofat and PRP. The production of PRP was achieved by 
RegenLab THT tube® method. Subsequently, patients were randomly divided into two groups: 
group A, which also underwent a fractional CO2 laser resurfacing at 15 W; and group B, which 
only underwent nanofat and PRP infiltration. The original questionnaire of quality of life 
questionnaire (QoL-Q) was also administered pre- and postoperatively to analyse satisfaction 
and aesthetical perception of the result. Results: Preoperative thickness of subcutaneous 
tissue of patients from group A was 0.532 mm, whilst preoperative thickness of subcutaneous 
tissue of patients from group B was 0.737 mm. Postoperative thickness of subcutaneous 
tissue was 1.201 mm in group A and 1.367 mm in group B. The improvement of thickness of 
subcutaneous tissue was 0.668 mm in group A and 0.630 mm in group B. The authors applied a 
t-test on unpaired data, comparing the difference in thickness obtained with the treatment both 
in group A and in group B, with a P = 0.7289 (not significant). All patients in both groups had 
a treatment benefit. Conclusion: Combined approach with nanofat, PRP and CO2 laser seems 
to be effective to improve trophic scars, however, infiltration alone proved to significantly 
increase skin and subcutaneous tissue thickness. QoL-Q confirmed the impact of acne scars on 
the face in social life and relationships. 
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INTRODUCTION 

Acne is  a chronic inf lammator y disease of the 
pilosebaceous unit, characterised by the presence of 
polymorphic skin lesions such as blackheads, papules, 
pustules, nodules and cysts. As regards the phatogenesis 
of the disease, some typical conditions such as a 
sebaceous hypersecretion and a hyper keratinisation of 
the follicular ostium, usually contribute to the creation 
of an anaerobic environment which facilitates the 
bacterial growth and the subsequent development of 
an inflammatory reaction (i.e. Propionibacterium acnes). 
Despite numerous topical and systemic therapeutic 
weapons, nowadays available to the dermatologist, 
some forms of acne, especially those characterised by 
an inflammation extended to deep dermis (nodular 
cysts), hesitate in scars, which strongly impact on both 
the aesthetic and, above all, on the psychological side 
of the disease. The scarring process is most often the 
result of a severe inflammatory process that extends to 

Table 1: Thickness of subcutaneous tissue of the 
patients of group A
ID of 
patient

I preoperative 
thick (mm)

I postoperative 
thick (mm)

II preoperative 
thick (mm)

II postoperative 
thick (mm)

1 0.175 0.475 0.94 1.25
2 0.11 0.61 0.685 0.950
3 0.355 0.48 0.415 0.650
4 0.175 0.61 0.550 0.750
5 0.41 1.115 0.975 1.250
6 0.52 0.69 1.09 1.150
7 0.5 1.215 1.150 1.050
8 0.35 1.32 1.02 1.550
9 0.54 0.755 1.08 1.250
10 1.09 1.92 1.750 1.950
11 0.9 1.125 1.450 1.70
12 0.615 0.750 0.650 0.850
13 0.5 0.650 0.55 0.750
14 1.3 1.550 1.450 1.650
15 0.450 0.875 0.9 1.250
I postoperative control: 3 months; II postoperative control: 3 months 
from the second treatment

Table 2: Thickness of subcutaneous tissue of the 
patients of group B
ID of 
patient

I preoperative 
thick (mm)

I postoperative 
thick (mm)

II preoperative 
thick (mm)

II postoperative 
thick (mm)

1 0.335 0.930 1.48 1.650
2 0.36 0.450 0.445 0.550
3 1.03 1.4 1.175 1.350
4 0.98 1.3 1.275 1.650
5 1.02 1.450 1.770 1.990
6 0.545 0.760 0.880 1.3
7 0.46 0.650 0.890 1.2
8 0.9 0.9 1.1 1.240
9 0.985 0.99 1.125 1.275
10 0.350 0.780 0.880 0.9
11 1.3 1.550 1.750 1.950
12 0.7 0.920 1.150 1.370
13 1.1 1.550 1.750 1.980
14 0.450 0.880 0.9 1.2
15 0.550 0.750 0.88 0.9
I postoperative control: 3 months; II postoperative control: 3 months 
from the second treatment

Figure 2: Rolling scar

Figure 3: Boxcar scar

Figure 1: Icepick scar

the dermis as it usually happens in nodulocystic acne; 
however, it may also derive from the manipulation of 
less severe acne lesions by the patients themselves. 
Two forms of scar are generally identified: hypertrophic 
and atrophic, such as icepick [Figure 1], rolling 
[Figure 2] and the most common boxcar [Figure 3]. 
The management of acne scars consists of different 
approaches: physical approach (laser, pulsed light, 
cryotherapy), surgical approach (dermabrasion, punch 
excision etc.), fillers and chemical peels.[1] Up to now, 
none of these methods has been considered the gold 
standard for the treatment of scars from acne and or 
is enough for a good cosmetic outcome; moreover, 
there are no studies in the literature analysing patient’s 
satisfation after treatment. The aim of this study is to 
evaluate the efficacy of our protocol of nanofat and 
platelet-rich plasma (PRP) infiltration and fractional 
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CO2 laser resurfacing for face atrophic scars by acne 
and to analyse patient’s satisfaction with our original 
questionnaire. All related patients are consented and 
agree with this publication.

METHODS

From March 2014 to June 2015, 30 patients with acne 
scars on the cheeks were selected for this pilot study. 
Age ranged between 18 and 52 years old. Patients 
were evaluated pre- and postoperatively by a physical 
examination, photographs and ultrasound scan with a 22 
MHz probe to measure subcutaneous tissue thickness. 
All patients were treated by infiltration of nanofat and PRP.[2] 
The production of PRP was achieved by RegenLab THT 
tube® method.[3,4] Subsequently, patients were randomly 
divided into 2 groups: group A, which also underwent 
a fractional CO2 laser resurfacing at 15 W; and group 
B, which only underwent nanofat and PRP infiltration. 
Patients attended a 1 month, 3 months and 6 months 
follow-up after treatment. The difference in thickness 
obtained with the treatment in group A and in group B 
was compared through a t-test on unpaired data. Our 
original questionnaire of quality of life questionnaire 
(QoL-Q) was also administered pre- and postoperatively 
to analyse satisfaction and aesthetical perception of the 

result. The pre- and postoperative module was comprised 
of 11 multiple-response questions. The questionnaire was 
conceived by the authors as a test of self-administration, 
only for patients candidate to undergo all type of 
cosmetic procedures. Questionnaires were filled out in an 
anonymous fashion. Preoperative surveys were completed 
during the initial consultation, and postoperative 
surveys were completed at the 6 months postoperative 
visit. This was a cross-sectional study and therefore the 
patients who filled out preoperative surveys may be 
different from those who filled out postoperative surveys. 
Because surveys were filled out anonymously, there was 
no way to identify those patients who filled out both 
the preoperative and postoperative surveys. Statistical 
analysis was performed using descriptive and summary 
statistics to identify a central tendency. An unpaired t-test 
was performed to examine the significance of changes in 
mean scores of satisfaction. Fisher’s exact test was used 
to detect any significant differences between preoperative 
and postoperative satisfaction for a dichotomous 
outcome. A value of P < 0.05 was considered significant.

Inclusion criteria were: (1) patients from 18 to 40 years old 
in good health; and (2) patients with chronical acne scars 
on the cheeks. 

Exclusion criteria were: (1) patients with diabetes, 
cancer, collagen disorders, deficiency status; (2) others 
acute or chronical dermatological disorders; (3) patients 
with coagulation defects and platelet count less than 
150,000/mm3; (4) pregnancy status; (5) acute phase of 
acne; and (6) chronical assumption of anti-aggregants 
agents or non-steroidal anti-inflammatory drugs.

RESULTS

Preoperative thickness of subcutaneous tissue of patients 
from group A was 0.532 mm, whilst preoperative 
thickness of subcutaneous tissue of patients from group B 
was 0.737 mm. Postoperative thickness of subcutaneous 
tissue was 1.201 mm in group A and 1.367 mm in group 
B. The improvement of thickness of subcutaneous tissue 
was 0.668 mm in group A and 0.630 mm in group B. 
Preoperative and postoperative thickness values of 
group A and group B are displayed in Tables 1 and 2, 
respectively. The difference in thickness obtained with the 
treatment in group A and in group B was not statistically 
significant, with a P = 0.7289. Answers of QoL-Q pre-
module and post-module questionnaires are reported in 
Table 3 and Figure 4, respectively.

DISCUSSION

Currently, we have many new treatments for acne scars,[4-8] 
no gold standard has been officially identified yet. 
Historically, the most used treatments were: dermabrasion, 
a decade-old technique which employs the use of a 
motorised device equipped with an abrasive material to 

Table 3: Patient’s quality of life evaluated with QoL-Q
Thinking about 
the body part that 
you turned to the 
plastic surgeon:

Preoperatively 
(%)*

Postoperatively 
(%)*

P

How do you feel in 
your clothes?

8 (27) 27 (90) 0.0001†

How you feel when 
you're in the midst 
of the people?

5 (17) 28 (93) 0.0001†

How do you feel 
showing the part of 
the body?

1 (3) 29 (97) 0.0001†

Do you feel safe in 
working life?

15 (50) 24 (80) 0.002†

Do you feel safe in 
your private life?

11 (37) 26 (87) 0.065

Do you feel safe of 
the body part for 
which you have 
addressed to the 
plastic surgeon

1 (3) 26 (87) 0.0001†

Do you feel safe of 
your body?

18 (30) 25 (83) 0.068

Do you feel 
reassured?

7 (23) 25 (83) 0.0001†

Do you think your 
quality of life is 
good?

13 (43) 24 (80) 0.003†

Do you think to be 
successful in life?

12 (40) 22 (73) 0.004†

You think your body 
is beautiful?

6 (20) 19 (63) 0.0001†

†: statistically significant; *: raw score ≥ 2; QoL-Q: questionnaire of 
quality of life
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physically remove the superficial layers of the skin, thus 
inducing the wound-healing process with subsequent 
formation of new collagen;[9] ablative lasers, which are 
effective in the treatment of atrophic scars;[10] nonablative 
radiofrequency, which gives better results in the treatment 
of ice pick scars, compared to the use in more superficial 
scars;[11] subcision, a more physically intensive technique 
useful for treatment of superficial atrophic acne scars;[12] 
skin needling, also referred to as collagen induction 
therapy, which makes use of vertical needle punctures to 
treat rolling and boxcar scars;[13] punch techniques, useful 
for treating deeper atrophic acne scarring, which are 
difficult to be treated otherwise;[14] chemical peels, which 
traditionally employ acidic compounds to strip away the 
outer layers of skin at variable depths, depending on the 
concentration of the agent being applied;[15] soft-tissue 

augmentation, another effective treatment of superficial 
atrophic acne scars which is characterised by the 
injection of hyaluronic acid or calcium hydroxylapatite, 
poly-L-lactic acid, or even autologous fat to replace lost 
tissue volume while simultaneously inducing collagen 
production via stretching of dermal fibroblasts.[16] The 
idea of our protocol came from the patients’ request to 
search a satisfactory solution to the problem of atrophic 
scars of the face. These scars are not only the outcome 
of a devastating inflammatory disease for the patient’s 
appearance, but in severe cases constitute the reason 
of relational and psychological problems. We think the 
atrophic acne scars should be treated as “dips” to fill 
and smooth. In fact, scars are found in the subcutaneous 
tissue, thus making a decisive surface treatment difficult 
to obtain. Scars need also a stimulation to maintain 
that volume. The best treatment is to fill the scars and 

Figure 4: Student t-test for unpaired data. Pre-op: 8.818 ± 1.661, n = 
11; post-op: 25.00 ± 0.8421, n = 11; P < 0.0001

Figure 6: The case of a 36-year-old woman with boxcar acne scars, 
treated with platelet-rich plasma and nanofat injection and laser CO2. (A) 
preoperative situation; (B) 3 months after the second treatment

Figure 5: The case of a 33-year-old woman with icepick scar treated 
with platelet-rich plasma and nanofat injection and laser CO2. (A) 
preoperative situation; (B) 3 months after the second treatment

Figure 7: The case of a 41-year-old man with boxcar scars, treated with 
platelet-rich plasma and nanofat injection. (A) preoperative situation; (B) 3 
months after the second treatment
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stimulate the self-regeneration. The results obtained from 
the measurement of the thickness do not show evident 
differences in group A [Figures 5 and 6] and in group B [Figures 
7 and 8], therefore the use of dermabrasion does not bring 
change in the aesthetic result. The surface treatment of 
atrophic scars is therefore not the best treatment to get 
good results. Into the 2 groups, we did not notice any 
difference between the various patients, nor according 
to the type of scars (icepick, boxcar or rolling), nor on 
the basis of the initial thickness of the scars. Indeed, we 
have calculated the differences of thicknesses obtained 
after treatment in group A and in group B and we applied 
a t-test for unpaired data with a non-significant result (P 
= 0.7289). All patients in both groups had a treatment 
benefit. Through our questionnaire we were able to 
know the patients’ point of view, both before and after 
treatment and we could find in all a great improvement 
in the perception of its image. All patients were highly 
motivated to perform the treatment, both those with 
severe scars and those with milder scars. We report the 
results of the questionnaire into a single table because 
there was no difference between the 2 groups. The 
questionnaires which we administered to the patients 
were collected and processed in anonymous form so it 
was only possible to compare the responses obtained 
from each group of patients without being able to be 
divided into subgroups according to age, gender, type of 
scars. For the future, we would like to assess the stability 
of postoperative results with a longer follow-up and the 
effects of nano-fat plus PRP through hystological analysis 
(cutaneous biopsies during the treatment) on a short and 
long time. Also, we would like to use 2 other comparison 
groups, one with the use of only nanofat and 1 only with 
the use of PRP to study the role of the nanofat and the 
PRP in the treatment of atrophic scars.

In conclusion, combined approach with nanofat, PRP 
and CO2 laser seems to be effective to improve atrophic 
scars, however, infiltration alone proved to significantly 
increase skin and subcutaneous tissue thickness. QoL-Q 
confirmed the impact of acne scars on the face in social 
life and relationships. All patients, regardless of age, 
social class or educational level, are highly motivated to 
perform the treatment because they have not found a 
solution in previous treatments or have not performed 
any treatment yet. 
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ABSTRACT
Amyloidosis is an uncommon disorder characterized by extracellular deposition of abnormal 
proteins. Breast involvement has rarely been reported and can clinically be misdiagnosed as breast 
cancer. A 60-year-old woman presented with a 3-mm diameter mass in the right breast close to 
a silicon implant positioned 20 years before. A core biopsy, performed to rule out breast cancer, 
showed amyloid deposit. Further exams confirmed a systemic amyloid light chain amyloidosis. 
After few months the mass increased causing breast volume and shape distortion. Since breast 
cancer may be the cause of amyloid deposits or be hidden by it, the patient underwent a bilateral 
skin sparing mastectomy and expander and fat grafting breast reconstruction. The resection 
specimens showed amyloid deposits only, no evidence of cancer. At 2 years follow-up, no breast 
amyloidosis recurrence was shown. Breast amyloidosis is rare but can occur in a plastic surgeon’s 
practice. It is mandatory to rule out a comitant breast cancer or systemic amyloidosis.
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INTRODUCTION

Amyloidosis is an uncommon disorder characterized by 
extracellular deposition of amorphous and insoluble 
proteins in an abnormal fibrillary configuration. Despite 
the various morphologic manifestations in tissue, 
staining for amyloid protein with Congo red reveals a 
characteristic apple-green birefringence under polarized 
light. The most common types of amyloidosis are amyloid 
light chain (AL) and amyloid A (AA). AL, caused by 
immunoglobulin light-chains [amyloid heavy chain (AH) is 
more rare and caused by heavy chains], is secondary to 
plasma cell dyscrasia (clonal plasma cell disorder 
secreting fibril-forming monoclonal immunoglobulin), 
while AA is reactive amyloidosis associated with chronic 

inflammatory disease (rheumatoid arthritis, Reiter 
syndrome, etc.).[1] The precise aetiology and pathogenesis 
of amyloidosis are unknown.

AL amyloidosis can be systemic, affect more than one 
organ or tissue (commonly involving heart, gastrointestinal 
tract and tongue), or less commonly localized, affecting 
individual organs.

Breast involvement by amyloidosis has rarely been 
reported in the literature, first by Fernandez and 
Hernandez[2] in 1973. Breast amyloidosis can be part of a 
systemic amyloidosis disease or it may be limited to the 
breast and therefore be cause of misdiagnosis.
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In the vast majority of patients, breast amyloidosis is part 
of a systemic AL type disease (usually kappa light chain 
proteins). It can be associated with malignancies of the 
breast including invasive ductal or lobular carcinoma but 
mainly it is associated with hematologic malignancies.

Moreover, breast cancer may sometimes be the cause of 
amyloid, the so-called amyloid tumour of the breast but 
it is rare.[3] 

The typical clinical presentation of breast amyloidosis is 
a painless, solitary or multiple breast mass. Mammogram 
shows a mass of focal or diffuse density with or without 
calcification.

CASE REPORT

A 60-year-old woman presented in 2011 with a non-
palpable 3-mm diameter mass visualized at ultrasound in 
the right breast close to a silicone implant imaging 
[Figure 1].

She had a bilateral breast augmentation with silicone gel 
implants 30 years before.

Comorbidities, on regular treatment, were hyperthyroidism, 
hypertension and heart failure.

Although the first mammogram did not suspect a 
malignant lesion, but only showed heterogeneously 
dense breast, the clinical suspicion was breast cancer or 
silicon leakage.

Magnetic resonance imaging (MRI) did not show implant 
rupture. A fine needle aspiration cytology was performed, 
which was negative for malignancy, and reported a non-
specific inflammatory reaction only.

At 2 years follow-up, the mass size increased to 3 cm. An 
ultrasound guided core needle biopsy was performed 
and the histological examination showed amyloid 
deposits but no evidence of cancer. Amyloid deposits 
appeared as eosinophilic amorphous material with 
lymphocytes, plasma cells and multinucleated giant cells 
and showed characteristic staining with Congo Red 
(under fluorescence light and laser microdissection). 
Amyloid typing, performed by immunohistochemistry 
(immunoperoxidase staining on paraffin sections of the 
breast using antibodies), showed immunoglobulin-
associated mixed light chains (kappa and lambda) and 
heavy chains.

Our first hypothesis was that amyloid deposits could be 
related to a local inflammation (silicon leakage) or could 
be due to a breast cancer or could be part of a systemic 
amyloidosis. Further investigations confirmed a systemic 
AL amyloidosis.

In a few months, the breast mass increased in volume and 
new nodules appeared causing breast volume and shape 
distortion. At ultrasound several masses were found in 
both breasts.

The MRI showed global replacement of normal parenchyma 
with mixed hyper and hypo echogenic masses that formed 
a conglomerate coalescent mass in the superior right 
breast close to the implant [Figure 2]. In accordance with 
the patient, a bilateral skin sparing mastectomy and 
implant removal was performed [Figure 3].

Figure 1: Right breast ultrasound imaging

Figure 2: Magnetic resonance imaging of the breast: demonstrating a 
conglomerate coalescent mass in the superior right breast upon the 
implant Figure 3: Pre operative pictures and surgical plan
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The resection specimens of both breasts showed nodular 
amyloid deposits only, with no evidence of cancer or 
calcifications [Figure 4]. Multinucleated giant cells were 
present within and adjacent to the amyloid deposits. 
Focal aggregates of lymphocytes (B and T) and plasma 
cells were also found.

The patient opted for a bilateral reconstruction with fat 
grafting. Two 470 mL expanders were positioned under 
the pectoralis major muscle at the time of mastectomy 
and gradually inflated on an outpatient basis.

In three consecutive surgeries the expanders were 
gradually deflated and that volume replaced by fat grafts 
according to the Coleman technique.

At two years of follow-up, MRI did not show any breast 
amyloidosis recurrence [Figure 5].

The patient is satisfied with the reconstruction. No 
significant fat resorption was shown [Figure 6].

She is under follow-up for systemic amyloidosis and did 
not show involvement of other organs until now.

DISCUSSION

Röcken et al.[4] and Charlot et al.[5] reported that breast 
amyloidosis is associated with invasive cancer (ductal or 
lobular carcinoma or lymphoma). Other studies[6,7] 
showed that comitant malignancies may be absent, as 
happened in our case.

Although breast amyloidosis is most commonly AL type, 
our patient had a systemic amyloidosis of the AH/AL type. 

Breast amyloidosis doesn’t have specific clinical or 
radiographic features. In the majority of cases it is not 
suspected clinically; instead, breast biopsies are usually 
done to rule out malignancy.

The pathogenesis of localized breast amyloidosis in the 
absence of a concomitant breast lymphoma or plasma 
cell dyscrasia is unknown, probably originating from local 
plasma cells secreting immunoglobulins. Plasma cell 
proliferation by itself is probably not sufficient to trigger 
amyloid deposition, and undetermined factors are 
needed for amyloid deposition.[5] 

Prosthetic breast implantation is one of the world’s most 
popular aesthetic surgical operations.

The amyloid fibril proteins deposited in the breast of our 
patient were not of epithelial origin. Nevertheless, one 
may suggest a reaction link between leakage of silicon 
and deposition of amyloid deposits. The role of silicone 
gel in relation to connective tissue disease and 
amyloidosis has not been proved by current serologic, 
immunologic, or epidemiologic test. We found 
multinucleated giant cells within or adjacent to amyloid 
deposits; multinucleated giant cells may represent a Figure 4: Resection specimens of the breasts

Figure 5: Magnetic resonance imaging of the breasts at 2 years of 
follow-up

Figure 6: Patient appearance at 2 years of follow-up
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tissue response but also they have been described in 
amyloidosis of the breast and they might be involved in 
the resorption of amyloid deposits by synthesized 
proteases.[8]

In conclusion, breast amyloidosis is rare but can occur in 
a plastic surgeon’s practice.

The surgical pathologist may miss amyloid deposits, 

especially if the deposits are very discrete. When diagnosis 

of amyloidosis is done, it is mandatory to rule out a 

concomitant breast cancer or a systemic amyloidosis. In 

Figure 7, we present a flow chart to guide clinicians in the 

diagnostic pathway.

Figure 7: Flow chart for diagnosis of amyloidosis
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Moreover, recognition and appropriate classification of 
amyloid deposits in biopsy specimens is mandatory, 
independently of whether amyloidosis is local, organ-
limited or generalized to help diagnose concomitant 
conditions (i.e. B-cell or plasma cell proliferation for AL, 
chronic inflammatory diseases for AA as previously 
explained).[1] Breast amyloidosis treatment options 
include conservative excision of the nodules or, in rare 
and diffuse cases such as the one presented, mastectomy 
can be considered.
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ABSTRACT
There are a myriad of suture techniques available to close incisions of the brow and forehead, 
each with their own advantages and disadvantages. The ideal suture technique would provide 
excellent cosmetic results, offer expedient wound closure, optimize skin eversion and wound 
edge apposition, and provide excellent cosmetic results. The authors describe a new suture 
technique, the Running-X suture, a running horizontal mattress suture that has successfully been 
used by the senior author for many years to re-approximate surgical wounds of the brow and 
forehead in an expeditious and aesthetic manner.
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INTRODUCTION

The choice of suture technique used to close incisions 
depends on multiple variables which include anatomic 
location, thickness of skin, type of wound, and degree of 
tension. Of the various epidermal skin closure techniques 
used throughout the body, simple interrupted and simple 
running sutures are the most common because of the 
ease of placement and speed of closure.[1,2] Although 
simple interrupted sutures are easy to place and have a 
lower potential to cause impaired cutaneous circulation, 
the major disadvantages are that the technique is more 
time consuming and produces minimal eversion. The 
main advantages of using a simple running suture are the 
rapid closure of wounds and its ability to simultaneously 
approximate the dermis and epidermis. However, its 
major disadvantage is poor control of inversion and 
eversion of the epidermal edges. Mattress sutures are 

also widely used in epidermal closures because of their 
ability to produce eversion, compression of wound edges, 
and close wounds under moderate tension.[3,4] One of the 
major disadvantages to mattress sutures, both vertical 
and horizontal, is they are more prone to become buried 
during the healing process, requiring a more tedious 
removal. Combining the advantages of mattress sutures 
with the time saved using a running technique has been 
widely described, although the wound edge apposition 
tends to be imprecise.[2]

Herein, we describe the Running-X suture, a novel 
running horizontal mattress suture. This suture 
technique provides multiple advantages when compared 
to traditional running mattress sutures. The Running-X 
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provides rapid wound closure, excellent skin eversion, 
precise wound edge apposition, ability to close wounds 
under tension, ease of suture removal, and most 
importantly excellent cosmesis in sensitive areas of the 
face such as the temporal brow and forehead.

TECHNIQUE

Anchoring stitch
The Running-X begins with a simple interrupted stitch. 
The initial throw is passed from the epidermis on the 
opposite side of the wound, through the wound, and 
then out of the epidermis. A knot is tied and the free end 
of the suture tail is cut leaving a small tail [Figure 1a].

Running-X
The needle is then picked up, reloaded and inserted in 
the epidermis on the opposite side of the anchoring 
knot approximately 4 mm from the initial stitch (far) 
and 2 mm from the wound edge. The needle is passed 
perpendicular to the wound edge, across the wound and 
through the epidermis on the same side as the anchoring 
knot [Figure 1a]. The suture is pulled through leaving a 
small loop between the anchoring knot and the entry 
point of the first throw. The needle is then thrown at 
the midpoint between the first throw and the anchoring 
stitch (near), inside the loop, starting on the opposite 
side of the anchoring knot 2 mm from the wound edge, 
with the needle passed perpendicularly though the 
wound, and ending through the epidermis on the same 
side as the anchoring knot [Figure 1b]. The next throw is 

then started 4 mm from the first far throw starting on the 
opposite side of the anchoring knot [Figure 1c]. This will 
now produce what appears to be a “double-X” pattern 
over the wound. Following the second far throw, the next 
throw is placed midway between the first and second far 
throws inside the loop between the first near throw and 
the second far throw making this the second near throw 
[Figure 1d]. This pattern of far-near is repeated for the 
remainder of the wound.

End stich
After the Running-X is used across the entire wound 
length, the suture is tied off using a final far throw. This 
final far throw is different from the previous far throws 
because it is placed only 2 mm from the previous far 
throw as opposed to 4 mm like the previous ones [Figure 1e]. 
The suture is secured with a knot created using the loop 
between the previous near exit site and entry of the final 
far throw, and the end of the suture. The tails are then 
cut short.

Suture material
We prefer to use polypropylene (Prolene, Ethicon, 
Somerville, NJ, USA). This suture material provides 
more elasticity and stretch than nylon. This is important 
because it allows for wound edema and decreases the 
risk of tissue strangulation and necrosis.[3]

Time to removal
The Running-X suture is removed at the appropriate time 
interval for the specific anatomic locations to avoid track 

Figure 1: Running-X suture technique. (a) Anchor stitch and first far throw; (b) first near throw midway between anchor stitch and far throw; (c) 
second far throw 4 mm distal to first far throw; (d) second near throw midway between first and second far throw; (e) final far throw only 2 mm 
distal to penultimate far throw and secured to loop between the last near and last far throw with tails cut
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marks. The authors in this report have primarily used 
this technique for brow and forehead wound closures. 
Therefore, the sutures were removed at 5 to 7 days from 
closure.

DISCUSSION

The senior author (Ronald Mancini) has successfully used 
this technique for many years to re-approximate surgical 
wounds of the brow, forehead and temporal area. 
Since the Running-X technique is continuous it allows 
for rapid wound closure. The needle is always thrown 
in the same direction, reducing the time to reload the 
needle compared to a running horizontal mattress suture 
which needs to be reloaded in opposing directions with 
each throw. This technique functions as a horizontal 
mattress specifically at the interval between the far and 
near throws. The horizontal and oblique forces placed 
across the wound at these intervals of the technique 
provide excellent skin eversion and precise wound edge 
apposition. The eversion is created in a similar fashion 
to running horizontal mattress sutures. However, it is 
superior to the running horizontal mattress because the 
“X”s created over the wound edges provide a leveling 
force for the epidermal edges. In addition, the Running-X 
is excellent for closure of wounds under tension because 
it provides added strength. A similar suture pattern 
has been described for epitendinous suture in tendon 
repairs, and when compared to a simple running suture, 
the similar patterned suture provided a 245% increase 
in tensile strength.[5] Since this technique places suture 
strands over the wound, unlike traditional running 
mattress sutures, these strands can easily be divided at the 
time of suture removal with minimal patient discomfort. 
Finally, through a summation of the advantages of the 

Running-X, this technique has provided the authors with 
excellent cosmetic results [Figure 2].

We do not recommend this suture technique for anatomic 
locations with thinner, fragile skin or distorted wound 
edges due to the increased risk of tissue strangulation 
and wound dehiscence. We also recommend against 
over tightening this suture in order to avoid tissue 
strangulation.

Despite our positive clinical experience with this 
technique, further studies are required to further define 
the limitations and tissue biomechanics of this technique 
and a prospective study comparing the Running-X suture 
technique with commonly used running and interrupted 
suture techniques is necessary before any definitive 
conclusions can be drawn.
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ABSTRACT
Aim: Negative pressure wound therapy (NPWT) has been studied extensively in adult patients, 
but less is known about pediatric patients. This study assesses the efficacy and safety of vacuum-
assisted closure® usage in pediatric oncology patients. Methods: Retrospective data on all 
patients treated with NPWT at a single pediatric oncology hospital were collected between April 
2005 and September 2013. Details on pre-treatment factors, treatment course, and post-treatment 
events were collected. No control group was available for comparison. Results: Sixty-six patients 
were identified, with a total of 74 wounds. Median age at the time of NPWT application was 
13 years (range, 10 months-23 years). Median duration of treatment was 21 days (range, 3-236 days). 
NPWT therapy was started with continuous high negative pressures (125 mmHg) in most 
patients. Sixty-nine percent of patients had their wounds healed without intervention, and 20% 
of patients required surgical closure. NPWT was discontinued temporarily secondary to skin 
maceration or cellulitis in 12% of patients. NPWT was used in a number of non-standard clinical 
situations, including primarily-closed incisional wound NPWT and bridging NPWT through 
adjuvant chemotherapy. Conclusion: In pediatric oncology patients, NPWT is safe, effective, and 
well-tolerated. Although this study is retrospective in nature, and there was no control group 
for comparison, these data are important for clinicians to guide therapy as device monitoring 
agencies and payors increasingly require outcomes data for the approval of therapeutic decisions. 
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INTRODUCTION

Negative pressure wound therapy (NPWT) has fundamentally 
changed complex wound management, such that it is now 
considered an independent rung on the “reconstructive 
ladder.”[1-4] NPWT therapy has been studied extensively 
in adults, where it has found applications in chronic 
wounds, open abdominal wounds, and open fractures, 
amongst others. [5-8] Recent studies have showed 
that outcomes in the pediatric population are often 
equivalent to those reported in adults.[9-12] However, no 
large studies have examined the use of NPWT in the 
pediatric oncology population, a group which is unique 
given the frequent utilization of extensive surgery, 
systemic chemotherapy, radiotherapy, and (in some 
cases) stem cell transplantation.[13] In this study, we 
reviewed our single-center experience with NPWT in 
pediatric oncology patients and reported our outcomes 
with respect to efficacy, safety, and technical innovation 
in wound treatment. 

METHODS

Records of patients treated with NPWT at a single 
center between April 2005 and September 2013 were 
reviewed. Approval for the study was obtained from the 
institutional review board of the respective institution. 
Patient data included demographics, diagnosis, and 
duration of NPWT, adjunctive treatment, wound size, 
definitive wound closure technique, complications, 
chemotherapy, radiation, recurrent disease, and general 
outcomes. 

All NPWT systems used in this study were designed 
and manufactured by Kinetic Concepts, Incorporated 
(KCI Inc, San Antonio, TX, USA). The device includes a 
vacuum-assisted cosure® (VAC) dressing (wound VAC® 

dressing), consisting of a polyurethane or polyvinyl 
sponge placed directly over a wound site. The sponge 
is then sealed with plastic tape and connected to a 
negative pressure device with a tube. The vacuum 
pump in the device creates a sub-atmospheric negative 
pressure in the wound bed, and it is reported to 
reduce edema, increase local blood supply, increase 
the formation of granulation tissue, reduce bacterial 
colonization, improve patient tolerance, and accelerate 
wound healing overall.[14,15]

RESULTS

Between April 2005 and September 2013, a total of 
66 patients were identified for study inclusion. Seven 
patients required multiple wound VAC, or a wound 
VAC at multiple times, for a total number of 74 wounds 
treated with NPWT. Patient and wound characteristics at 
baseline are reported in Table 1. The median patient age 
was 13 years, with a range of 10 months to 18 years. 

Our sample had 35 males to 31 females. The median body 
mass index (BMI) was 21.5 kg/m2 (range, 14.1-45.9 kg/m2). 
Only 5 patients had serum albumin less than 3.4 mg/L, 
and only 1 patient had serum albumin less than 3.1 mg/L. There 
was no association between serum albumin level and 
adverse events (P > 0.05). Wounds were primary wounds 
in 62 patients, and recurrent in 4 patients.

Patient primary diagnoses are reported in Table 2. 
Fifty-six patients received chemotherapy at some point 
during their cancer therapy, and 22 of these patients 
had wounds requiring NPWT during chemotherapy. In 
these latter patients, NPWT was used for a range of 
21-206 days. Twenty-four patients received radiation 
therapy at some point during their cancer treatment. 
Of these patients, the radiation dose was administered 
to the site of the wound in all but nine cases.

NPWT was used in total of 66 patients. Three patients 

Table 1: Patient and wound characteristics at 
baseline (n = 66)
Patient characteristics

Age at NPWT application, median (range) 13 years (10 months-18 
years)

Gender 31 females; 35 males
Body mass index (kg/m2), median (range) 21.5 (14.1-45.9)
Serum albumin (g/dL), median (range) 4.2 (2.5-4.8)
Patients using NPWT during chemotherapy 22
Patients receiving chemotherapy 56
Patients receiving radiation 24
Wound size (cm2), median (range) 27 (4-250)
Time until wound closure (days), 
median (range)

21 (3-236)

Duration of wound NPWT (days), 
median (range)

21 (3-236)

NPWT: negative pressure wound therapy

Table 2: Pathologic diagnosis of primary tumors
Primary disease Number of patients
Osteosarcoma 30
Ewing sarcoma 6
Retinoblastoma 2
Acute lymphoblastic leukemia 6
Acute myeloid leukemia 2
Adrenocortical carcinoma 1
Dermatofibrosarcoma protuberans 1
Epitheloid sarcoma 1
Glioma 1
Hodgkins lymphoma 1
Melanoma 2
Malignant fibrous histiocytoma 1
Malignant peripeheral nerve sheath tumor 2
Soft tissue high grade polyphenotypic sarcoma 1
Rabdomyosarcoma 1
Sickle cell anemia 1
Synovial sarcoma 5
Malignant teratoma of the sacral bone 1
Thalamic glioblastoma 1
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had NPWT therapy twice: once before reconstruction 
and again for skin graft fixation. One patient had NPWT 
applied three times: first, for local wound care; second, 
for fixation of integra dermal regeneration template 
(Integra Life Sciences, Plainsborough, New Jersey, USA); 
and third, for skin graft fixation. Three patients had two 

separate wounds, requiring two separate wound VACs. 
In total, NPWT was used 74 times in 66 patients.

Wound etiology is presented in Table 3. Fifty-six patients 
had surgically-created wounds. Two patients had 
traumatic wounds. Two patients had wound dehiscence 
requiring NPWT. One patient had pressure ulcer. There 
was one case of sickle-cell induced avascular skin 
necrosis. One case of cutaneous acute lymphoblastic 
leukemia resulted in full thickness skin loss. One patient 
with osteosarcoma who was treated with methotrexate 
developed a case of purpura fulminans that required 
debridement and NPWT. One wound resulted after 
debridement of a cutaneous infection. There was one 
wound that resulted after an extravasation injury. Three 
patients had amputations that required NPWT; 2 of them 
for open wounds and 1 for an incisional wound. NPWT 
was applied immediately in the event of surgically-
created wounds, and it was delayed for a range of 1 to 
21 days in the remaining patients.

NPWT indication is shown on Table 4. NPWT was used 
for local wound care in 44 patients, skin graft and/or 
integra fixation in 10 patients, local wound care in the 
setting of brachytherapy in one patient, and incisional 
support in 11 patients. With respect to incisional 
NPWT, 4 patients had previous external beam radiation 
therapy, and 2 patients had previous brachytherapy. 
There were 10 extremity wounds and 1 scalp wound 
that utilized incisional NPWT. All wounds were healed 
without complications at the time incisional NPWT was 
discontinued (5-7 days postoperatively).

Table 5 shows the anatomic distribution of wound NPWT 
usage. NPWT was used in the head and head/neck in 
three patients, trunk in 13 patients, upper extremity in 
10 patients, and lower extremity in 40 patients. Eleven 
wounds had bone exposure in the wound bed; four had 
exposure of fascia; seven had tendon exposure; three 
had nerve exposure; and two patients had exposure of 
their endoprostheses. The remaining had either skin, 
fat, or muscle exposed.

The respective wounds ultimately healed in 60 patients 
[Table 6]. Wounds healed by secondary intention in 47 
patients, skin grafting in four patients, adjacent tissue 
transfer in three patients, split-thickness skin graft (STSG) 
and Integra in two patients, local flap in one patient, and 
delayed primary closure in three patients. Wounds failed 
to heal in 2 patients who had recurrence of their wound 
at last follow up, in 1 patient who died of necrotizing 
fasciitis, in 1 patient who died of primary disease, and 
in 2 of the 3 patients who required amputation. No 
patients required free flap to reconstruct their wound.

At the time of their last follow-ups, 2 patients had died 
of their primary disease. One patient died secondary 
to necrotizing fasciitis. One patient had a below-knee 

Table 3: Wound etiology in patients (n = 66)
Wound etiology Number of patients
Trauma 2
Wound dehiscence 2
Post-surgical 56
Skin infection 1
Pressure sore 1
Sickle-cell/vascular disease 1
Cutaneous acute lymphoblastic leukemia 1
Purpura fulminans 1
Extravasation injury 1

Table 4: Indication for negative pressure wound 
therapy (n = 66)
Indication Number of patients
Local wound care 44
Skin graft/Integra fixation 11
Brachytherapy 1
Support of primarily-closed incision 10

Table 5：Anatomic location of wounds, and exposed 
structures at wound base (wounds = 74)

Number of wounds
Wound location

Head and neck 4
Trunk 13
Upper extremity 10
Lower extremity 47

Exposed structures
Bone 11
Fascia 4
Tendon 7
Nerve 3
Endoprosthesis 2
Skin (incisional wound VAC) 11
Muscle or fat 36

VAC: vacuum-assisted closure

Table 6: Outcomes of negative pressure wound 
therapy utilization (n = 66)

Number of patients
Mechanism of closure in healed 
wounds

(n = 60)

Secondary intention 47
Skin graft/Integra 6
Local flap/tissue closure 4
Delayed primary closure 3

Characteristics of non-healing 
wounds 

(n = 6)

Wound recurrence 2
Died of primary disease before 
wound closure

1

Died of necrotizing fasciitis 1
Amputation 2
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amputation secondary to intractable pain, unrelated to 
his wound. Three patients had above-knee amputations: 
1 secondary to local tumor recurrence; 1 due to a failed 
free flap reconstruction; and 1 from implant failure.

NPWT was applied with a negative pressure of 125 mmHg, 
except in 1 scalp case in which the negative pressure 
was set to 75 mmHg. NPWT was used under continuous 
pressure except in 1 patient where intermittent pressure 
was used for a cheek wound. The regular black Granu-
foam sponge was used in all but 11 cases. Silver-
impregnated Granu-foam sponges were used in 7 cases, 
and 1 case used the White-foam sponge for an open 
abdominal wound. The average wound size was 36 cm2 

(median, 27 cm2; range, 4-250 cm2). The average number 
of days to achieve wound closure was 39 days, with a 
median of 21 days and a range of 3 to 236 days.

In general, patients tolerated NPWT with minimal 
morbidity. One patient who had NPWT for fixation of 
STSG developed cellulitis under the sponge secondary 
to methicillin-resistant Staphylococcus aureus. The 
cellulitis resolved after the discontinuation of the NPWT 
and healed completely with no further interventions. 
Seven patients developed maceration of the skin 
under the wound VAC dressing, requiring temporary 
discontinuation of NPWT. 

DISCUSSION

Wound issues are not uncommon in the oncology 
population due to various factors including radiation, 
chemotherapy, and decreased immunity.[16-19] NPWT 
has showed some promising results in the pediatric 
population.[12-15] Our study assesses the safety and 
efficacy of NPWT therapy in the pediatric oncology 
population. 

NPWT therapy offers several advantages over traditional 
wound care. Because dressing changes are only done 
every two to three days, the often painful dressing 
change experience is less traumatic, simplifying wound 
care for both the patient and the provider. Drainage of 
the wound is contained in a transparent container, and 
wound leakage is far less likely compared to traditional 
wound care. These factors help improve compliance and 
reduce patient anxiety regarding wound care. 

In this study, most wounds were managed successfully 
with NPWT. The wound VAC was applied in all our 
patients without any problems regardless of the patient's 
age or the location or size of the wound.

Of the total 66 patients treated with NPWT, 69% of 
the wounds healed completely with no intervention, 
and 20% required delayed surgical closure. NPWT was 
discontinued temporarily secondary to skin maceration 
or cellulitis in 12% of patients. Wound care was converted 
to traditional saline wetted gauze in those cases, and all 
wounds subsequently healed completely without surgical 
intervention. No problems of retained sponge material, 
device malfunction, or inability to apply the wound 
NPWT were reported in our study. Complications were 
seen in 12% of the patient population.

The indications for NPWT have expanded since its 
first introduction. We started using NPWT directly on 
primarily-closed incisions in the setting of previous 
radiation therapy, reoperation, and chronic steroid use 
in 2009. Initially described in patients with multiple 
comorbidities, this technique was met with moderate 
success and has resulted in the introduction of NPWT 

Figure 1: Right leg after limb-salvage procedure, with gastrocnemius 
muscle flap and skin graft coverage of central wound

Figure 2: Surgical site with wound vacuum-assisted closure in place

Figure 3: Surgical site after wound has healed
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systems specifically tailored for this use [Figures 1-3].[20-22] 
In our study, no complications were reported with 
incisional wound NPWT. All wounds using the incisional 
NPWT system healed without issue, although use of 
the incisional NPWT was not randomized to establish a 
control group for comparison. However, from historical 
controls of similar patients, we would have expected 
a complication rate of 6-22%. In addition to wound 
care, our study shared the same favorable outcomes of 
previous studies in using vacuum assisted fixation of 
STSG and Integra with acceptable complication rates.[23]

Another novel use of NPWT in our system involved using 
the VAC in patients with wound healing issues while 
undergoing concurrent chemotherapy. Specifically with 
regard to limb salvage patients, one of our protocols 
involved the use of bevacizumab (an angiogenesis 
inhibitor) and concurrent high-dose methotrexate. Post-
surgical wound dehiscence or delayed wound healing in 
this population was not uncommon. Given the attendant 
myelosuppression in these patients, surgical wound 
closure frequently needed to be delayed. In such patients, 
wound care was often performed using NPWT for a 
prolonged period of time, with excellent results.

NPWT offers a safe and reliable alternative to traditional 
wound care. Our findings are equivalent to similar 
reports in other pediatric populations.[6,10] Two cases 
did have severe complications in our series. In the first 
case the patient ultimately required a hemipelvectomy 
for definitive oncologic treatment; however, this 
complication was related to the nature of the wound 
rather than use of NPWT. The only wound-related 
mortality in our cohort was secondary to a case of 
Streptococcus pyogenes necrotizing fascitiis. The patient 
was a 9-year-old girl with acute lymphoblastic leukemia, 
status post allogeneic bone marrow transplant, and she 
was being treated with methotrexate and prednisone. 
She developed necrotizing fasciitis and underwent two 
rounds of surgical debridement of an abdominal wound 
before NPWT. She expired 3 days later. There was no 
evidence that the infection was due to the use of NPWT 
in this case. There was a reported case[24] of necrotizing 
fasciitis in an adult paraplegic patient which occurred 
after NPWT for treatment of a debrided grade IV ischial 
pressure ulcer. The authors believed that the patient’s 
underlying osteomyelitis and his prolonged wound VAC 
dressing change regimen (the dressing sponge was only 
changed every 5 days rather than the recommended 
2 to 3 days regimen) may have contributed to the 
development of necrotizing fasciitis. There is no 
evidence in the literature that supports a correlation 
between the use of NPWT and an increased risk for the 
development of necrotizing fascitiis.

One of the limitations of our study is its retrospective 
nature. Because this study was observational, we lacked 
a control group to compare NPWT to traditional wound 

management in pediatric oncology patients. Another 
weakness is the lack of patients below six months 
of age; this patient population may require different 
approaches and different settings for NPWT.[25] Another 
issue which was not addressed in our study is the use of 
continuous versus intermittent negative pressure.[26] All 
our patients except one had continuous NPWT. There is 
experimental evidence that intermittent vacuum therapy 
promotes more granulation tissue formation than 
continuous therapy.[27] Regardless of these limitations, 
our study suggests that the use of NPWT is a viable and 
safe tool in this pediatric oncology population. 

In conclusion, we have found NPWT to be a valuable 
tool for the management of open wounds, fixation 
of skin grafts, and as a dressing for incision sites in 
children who are undergoing chemotherapy or radiation 
therapy. NPWT complications in this patient population 
are acceptable and easily manageable.
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ABSTRACT
Alloderm was the first acellular dermal matrix used and remains a popular choice among plastic 
surgeons. However, while the overall surgical outcome of breast reconstruction using alloderm 
has been a success, the economic burden on the health care system makes it a subject of frequent 
re-evaluations in cost-effectiveness. Prompted by the high price of $3,700 USD for a 6 cm × 16 cm 
area, our group proposes the meshing of AlloDerm to decrease the total amount needed for breast 
reconstruction, while achieving comparable surgical outcomes as using unmeshed alloderm.
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INTRODUCTION

The use of acellular dermal matrices (ADM) in breast 
reconstruction has grown in popularity in the last 
decade, stemming from the increase in implant based 
reconstruction requiring adequate lower pole coverage.[1] 
Our idea of meshing ADM originates from a common 
surgical technique used for skin grafting.

Skin grafts can be classified broadly into two groups: 
split-thickness grafts that contain a portion of the 
dermis, and full-thickness grafts that contain the entire 
dermis. An advantage of split-thickness grafts over full-
thickness grafts is that they can survive in less vascular 
conditions, but are more prone to contracting.[2] Split-

thickness grafts can be processed through meshing, 
therefore increasing promoting improved adherence to 
the wound. To date, there have been no reports in the 
literature on using meshed alloderm routinely for breast 
reconstruction surgery.

Alloderm is an acellular human tissue matrix derived from 
cadaveric tissue that exhibits regenerative properties.[3] All 
donor cells and allergenic epitopes are removed, leaving 
a collagen scaffold, growth factor receptors, and vascular 
channels that aid in tissue regeneration with minimum 
scarring and fibrosis. The utility of alloderm is based on 
its ability to integrate and promote neovascularization 
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in the wound bed.[4] It follows the principles of skin graft 
healing and can therefore be easily incorporated into 
host tissue as a suitable alternative. These properties 
make alloderm an excellent support material for breast 
reconstruction.

Alloderm has been used since 2005.[5] Lower pole 
coverage was achieved by suturing alloderm to the 
caudal aspect of the pectoralis major and at the level of 
the inferior and lateral mammary folds. The benefits of 
alloderm include reducing implant exposure, visibility 
and palpability, preventing window shading, better 
defined inframammary and lateral mammary folds, and 
allowing for a more natural breast shape.[5] 

TECHNICAL NOTE

AlloDerm was initially developed to solve problems with 
lower pole coverage. Depending on the size of the breast, 
the quantity of alloderm sheets per operation may vary, 
leading to increased costs. Meshing alloderm is a novel 
technique that increases the surface area of usable ADM 
while maintaining structural integrity.

A sheet of alloderm regenerative tissue matrix (LifeCell 
Corportation, Branchburg, NJ) measuring 6 cm × 17 cm 
= 102 cm2 [Figure 1] and having a thickness of 1.0 mm 
± 0.2 mm (thin type) was prepared in standard fashion 
by soaking in antibacterial solution and placed on the 

skin graft carrier (Zimmer Dermacarrier, Zimmer Surgical 
Inc., Dover, OH). The tissue matrix was passed through 
the skin graft mesher (Zimmer Surgical Inc.) with a 
pre-installed roller blade size of 1.5:1 [Figure 2]. Once 
meshed, it measures 9 cm × 17 cm = 153 cm2, an 
increase in surface area of 50% [Figure 3]. The meshed 
alloderm is then attached to the chest wall and pectoralis 
major muscle with PDS 2-0 sutures (Ethicon Inc.), with a 
tissue expander placed underneath [Figure 4].

DISCUSSION

The most widely used technique for breast reconstruction 
employs tissue expanders and implants.[6] When first 
described, the expander or implant was inserted under 
the pectoralis major muscle to obtain complete sub-
muscular coverage. If not feasible, the serratus anterior 
or rectus muscles would be raise to cover the lower 
pole of the breast. However, using the serratus anterior 
muscle would often times be associated with donor site 
morbidity. This includes shoulder pain, weakness and 
limitation of shoulder elevation due to serratus anterior 
palsy, in addition to other problems such as wound 
dehiscence, infection and hematoma formation at donor 
site closure.[7] Therefore, the dual-plane technique was 
developed, where the expander or implant was covered 
by the pectoralis major superiorly and by the dermis of 
the breast inferiorly. This eliminated donor site morbidity, 

Figure 1: Native alloderm with dimensions of 6 cm × 17 cm = 102 cm2 
and having a thickness of 1.0 mm ± 0.2 mm (thin type)

Figure 2: AlloDerm (thin-type) is processed by the skin graft mesher

  

Figure 3: Meshed alloderm with new dimensions of 9 cm × 17 cm = 
153 cm2

Figure 4: Meshed alloderm is sutured to the pectoralis muscle and the 
chest wall
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but was associated with the pectoralis major migrating 
superiorly and causing window shading. In addition, as 
the inferior pole is covered solely by a thin skin flap, 
there is a risk of implant migration, poor visibility, 
palpability, and excessive ptosis. Window shading has 
since been corrected with marionette sutures to anchor 
the pectoralis major, while the development of alloderm 
helped with the problem of lower pole coverage.[2]

Meshing of alloderm is an innovative idea that can decrease 
the costs of its use. A recent study looked at the effects 
of fenestrating ADMs.[8] Their results showed that with 
fenestrations, the incidence of capsular contractures, 
infections and seroma formation were all decreased. Further, 
they described improved intra-operative fill volumes and 
expansion rate, as well as a decreased number of post-
operative expansions.[8] While not identical in technique to 
meshing alloderm, it does show potential further benefits 
for meshing alloderm. By employing a similar technique 
used with split thickness skin grafts, we were able to take 
a standard 6 cm × 17 cm sheet of alloderm and increase 
its area from 102 cm2 to 153 cm2, an increase of 50%. In our 
experience, with an increase of 50% more alloderm available 
for use, this amounted to savings of approximately 50% per 
sheet of alloderm. Intraoperative findings during the second 
stage (expander to implant exchange) show that the meshed 
alloderm integrates as well if not better than the standard 
unmeshed alloderm. This may be because the overall three-
dimensional surface area of the ADM is increased, allowing 
for better integration and neovascularization. Further 
correlation with histological analysis and clinical follow up to 

compare meshed versus un-meshed ADM is pending.
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Sir,

The positions of the dental chair, patient and operator are 
critical for successful completion of tooth extraction.[1] 
Whilst, the proper positioning of the operator is very 
important to have good visibility and accessibility of 
the oral cavity, besides allowing the surgeon to have 
maximal control of the force that is being delivered 
to the patient’s tooth through the forceps.[1] Also, 
proper operating position and good posture reduces 
fatigue and physical strain and possibility of developing 
musculo-skeletal disorders. 

For extraction of the mandibular right posterior teeth, a 
right-handed operator would usually stand at the right rear 
position (11 o’clock) or direct rear position[2] (12 o’clock) 
[Figure 1]. These positions give good visibility and maximal 
accessibility to the oral cavity posteriorly as far as right 
first mandibular molar. However, a diminished accessibility 
is experienced by many operators when extracting the 
right second and third molars from these positions. It also 
results in unnecessary curvature of the spine or slumping of 
shoulders during the surgical procedure leading to physical 
strain [Figure 2].

With the intention to overcome this diminished accessibility 
and to enhance the effectiveness of the operator, the authors 
recommend positioning of a right-handed operator at the 

left rear position (2 o’clock) for extraction of the mandibular 
right posterior teeth [Figure 3]. This compatible operator 

Figure 1: Operator positions for tooth extraction
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position provides a more balanced posture with increased 

visibility and accessibility to the oral cavity when extracting 

the mandibular right second and third molars. 
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ABSTRACT
Aim: Reduction mammaplasty is a commonly performed procedure for the treatment of symptomatic 
macromastia and is increasingly desired by the obese population. With the increasing prevalence obesity 
in the population, it is imperative to understand its effect on postoperative outcomes. The purpose of 
this study is to evaluate obesity as an independent risk factor for postoperative complications in breast 
reduction surgery using 1:1 patient matching through propensity scores between obese patients and non-
obese controls. Methods: Between 2005 and 2013, the National Surgical Quality Improvement Program 
dataset identified a total of 6,016 patients as having undergone primary reduction mammaplasty with 
30-day postoperative follow-up. Patients were divided into obese [body mass index (BMI) of 30 or more] 
vs. not obese (BMI below 30). Patients were initially analyzed using standard multivariable analysis. 
Using propensity scores obtained from a logistic regression model, patients were subsequently matched 
1:1 according to preoperative and operative variables to truly isolate the effect of obesity on surgical 
outcomes. Outcomes were compared between the matched cohorts using McNemar’s test and the 
Wilcoxon signed rank test. Results: In unmatched multivariable analysis, rates of overall complications 
(7.2% vs. 5.3%, P = 0.0024), wound complications (5.5% vs. 3.6%, P = 0.0004), superficial surgical site 
infection (4.1% vs. 2.8%, P = 0.0050), and wound dehiscence (0.3% vs. 1.1%, P = 0.0005) were found to be 
statistically different between obese vs. non-obese, respectively. However, when comparing 1:1 matched 
obese and non-obese patients, only wound complications (4.6% vs. 3.1%, P = 0.0334) were significantly 
increased in the obese cohort. Conclusion: Using the most robust statistical tools available, obesity was 
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INTRODUCTION

Breast reduction surgery, or reduction mammaplasty, 
is a commonly performed procedure for the treatment 
of symptomatic macromastia. Over 101,000 breast 
reductions were performed in 2014.[1] Patients seek relief 
from back and neck pain, intertriginous rashes, shoulder 
grooving, ill-fitting clothing, and dissatisfaction with 
breast appearance. Breast reduction has been shown to 
improve physical, psychosocial, and sexual well-being.[2] 
Patients experience enhanced quality of life[3] and are 
highly satisfied with the procedure.[4,5]

The incidence of postoperative complications in reduction 
mammaplasty is relatively low, approximately 6%.[6] 
Problems range from minor wound complications and 
infections to significant bleeding and thromboembolic 
events. Thorough preoperative assessment is imperative 
to patient safety and avoiding poor surgical outcomes.

Many women suffering from symptomatic macromastia 
are obese. Given the increasing number of obese patients 
in the general population, the role of body mass index 
(BMI) as a preoperative assessment factor remains of 
great interest to the surgical community. Obese patients 
are more likely to have medical comorbidities, including 
hypertension, diabetes, chronic respiratory disease 
and obstructive sleep apnea. They are 35% more likely 
to have an emergency department visit or hospital 
admission 30 days after outpatient surgery.[7] Many 
surgeons require obese patients to lose weight prior to 
undergoing surgery, and certain insurance carriers use 
higher weights as refusal criteria for coverage.[8] The 
role of obesity in postoperative complications following 
reduction mammaplasty is inconsistently defined in the 
literature. Some studies associate obesity with increased 
postoperative complications,[9-13] whereas others find no 
statistically significant correlation.[14-17]

In 2014, Nelson et al.[6] studied obesity and reduction 
mammaplasty using the 2005-2011 American College of 
Surgeons - National Surgical Quality Improvement Program 
(ACS-NSQIP) datasets. NSQIP is a nationally-validated, 
risk-adjusted surgical outcomes database to measure 
and improve the quality of surgical care. The authors 
reported an increased rate of overall complications in the 
early 30-day postoperative period among obese patients 

on multivariable analysis. However, no study to date has 
harvested the statistical power of the NSQIP dataset with 
the use of propensity score matching to evaluate the 
effect of obesity as an independent risk factor on breast 
reduction outcomes. Multivariable analysis attempts 
to control for heterogeneity between patient cohorts 
via advanced statistical techniques. Patient matching, 
however, eliminates heterogeneity between patient 
cohorts by 1:1 matching each experimental group patient 
with a control group patient with similar characteristics. 
The goal of this study is to isolate the effect of obesity on 
breast reduction outcomes using 1:1 patient matching.

METHODS

Data acquisition
Patients undergoing primary reduction mammaplasty 
were identified from the 2005-2013 ACS-NSQIP registry. 
Methods for data acquisition involved trained research 
nurses from participating institutions in the United 
States who collected data through systemic sampling of 
surgical procedures, as previously described.[18] A total 
of 240 variables were collected for each case. Further 
information can be accessed via the ACS-NSQIP website 
at http://www.acsnsqip.org/. Data are depersonalized 
and Health Insurance Portability and Accountability Act 
compliant.

The NSQIP registry was queried using Current 
Procedural Terminology code 19318 to identify patients 
who had undergone reduction mammaplasty. Patients 
were then characterized according to the World Health 
Organization (WHO) classification of obesity: non-obese 
(BMI < 30 kg/m2), class I obesity (BMI 30-34.9 kg/m2), 
class II obesity (BMI 35-39.9 kg/m2), or class III (BMI ≥ 
40 kg/m2). Inclusion criteria included primary bilateral 
breast reductions.

Outcome variables
Primary outcomes of interest were analyzed through 
several pre-defined NSQIP variables, including patient 
demographics and comorbidities, as well as early surgical 
complications, defined as adverse events occurring within 
30 days after surgery. Demographics included race and 
age. Comorbidities included diabetes (further classified 
into insulin dependent and non-insulin dependent), 

determined to affect wound complications after breast reduction without increased detriment on other 
major complications when compared to the non-obese. Obesity should be a considered with other 
preoperative comorbidities, rather than an independent contraindication to surgery. Breast reduction 
appears to be safe in the obese patient who is otherwise healthy.

Key words:
Obesity; breast reduction; reduction mammoplasty; National Surgical Quality Improvement 
Program; propensity score
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active smoking, alcohol use, dependent functional status, 
respiratory disease (chronic obstructive pulmonary 

disease and dyspnea), hypertension, wound infection 

with in the prior 30 days, heart disease (previous 

Table 1: Patient characteristics
 Overall Complications
 n % n %
Overall 6,016 378
Race

White 2,773 46.1 154 40.7
Black 918 15.3 57 15.1
Hispanic 33 0.5 0 0.0
Other 53 0.9 1 0.3
Unknown 2,239 37.2 166 43.9

Age, years
< 45 3,009 50.0 185 48.9
45-65 2,663 44.3 175 46.3
> 65 344 5.7 18 4.8

Diabetes
None 5,736 95.3 350 92.6
Any diabetes 280 4.7 28 7.4
Insulin dependent 52 0.9 6 1.6
Non-insulin 

dependent 228 3.8 22 5.8
Active smoking 675 11.2 57 15.1
Alcohol use 40 0.7 5 1.3
Dependent functional 
status 16 0.3 1 0.3
Respiratory disease 169 2.8 17 4.5

Chronic obstructive 
pulmonary disease 40 0.7 4 1.1

Dyspnea 142 2.4 15 4.0
Hypertension 1,307 21.7 100 26.5
30-day prior wound 
infection 23 0.4 4 1.1
Heart disease 34 0.6 3 0.8

Previous cardiac  
surgery 31 0.5 2 0.5

History of angina 4 0.1 1 0.3
Recent weight loss 12 0.2 1 0.3
Bleeding disorder 28 0.5 3 0.8
Preoperative sepsis 6 0.1 0 0.0
Prior operation within 30 
days 8 0.1 0 0.0
Overall comorbidities

0 3,722 61.9 195 51.6
1 1,725 28.7 125 33.1
2 or more 569 9.5 58 15.3

Total comorbidities were determined by evaluating the following 
comorbidities: diabetes, smoking, alcohol use, dependent functional 
status, respiratory disease (ventilator dependence, chronic obstructive 
pulmonary disease, pneumonia and dyspnea), hypertension, history of 
transient ischemic attack and cerebrovascular accident, 30-day prior 
wound infection, steroid use, liver disease, heart disease (congestive 
heart failure, myocardial infarction, previous cardiac surgery, history 
of angina), recent weight loss, bleeding disorder, low albumin, low 
hematocrit, preoperative sepsis, prior operation within 30 days

Table 2: Case characteristics
 Overall Complications
 n % n %
Overall 6,016 378

ASA classification

1 1,682 28.0 97 25.7

2 3,629 60.4 214 56.6

3 688 11.4 67 17.7

4 11 0.2 0 0.0

Year of procedure

2005-2009 1,718 28.6 100 26.5

2010-2013 4,298 71.4 278 73.5

Admission status

Inpatient 877 14.6 81 21.4

Outpatient 5,139 85.4 297 78.6
Operative time (min), 
median and range 148 13-739 148 30-484
Complication rates were analyzed in terms of the following case 
characteristics: American Society of Anesthesiologists (ASA) classification 
(1, 2, 3, or 4), year of procedure, inpatient versus outpatient, and operative 
time

Table 3: Complications
 Overall Complications
 n % n %
Overall 6,016 378

Surgical complication 100 1.7 100 26.5

Wound complication 275 4.6 275 72.8

Medical complication 38 0.6 38 10.1

Return to operating room 99 1.6 99 26.2

Superficial SSI 208 3.5 208 55.0

Deep SSI 29 0.5 29 7.7

Organ/space SSI 4 0.1 4 1.1

Wound dehiscence 42 0.7 42 11.1

Venous thromboembolism 8 0.1 8 2.1

Pulmonary embolism 7 0.1 7 1.9
Deep venous 

thrombosis 3 0.1 3 0.8

Unplanned reintubation 2 0.1 2 0.5

Urinary tract infection 8 0.1 8 2.1

Other bleeding 15 0.2 15 4.0
Surgical complications included graft failure and an unplanned return to 
the operating room. Wound complications included superficial surgical 
site infection (SSI), deep SSI, organ/space SSI and wound dehiscence. 
Medical complications contained National Surgical Quality Improvement 
Program defined endpoints including renal complication (renal failure 
and renal insufficiency), neurological complications (cerebrovascular 
accident, coma, peripheral nerve injury), cardiac complications 
(myocardial infarction and cardiac arrest), sepsis, death, venous 
thromboembolism, failure to wean, reintubation, pneumonia, bleeding, 
and urinary tract infection
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cardiac surgery and history of angina), recent weight 
loss, bleeding disorder, preoperative sepsis, and prior 
operation within 30 days.

Surgical complications included wound complications, 
unplanned return to the operating room and graft/flap 
failure. Wound complications encompassed superficial 
surgical site infection (SSI), deep SSI, organ/deep space 
SSI, and wound dehiscence. Medical complications were 
defined as renal (renal failure and renal insufficiency), 

neurologic (stroke, coma, peripheral nerve injury), 
cardiac (myocardial infarction and cardiac arrest), sepsis, 
death, venous thromboembolism, failure to wean from 
ventilator, unplanned reintubation, pneumonia, bleeding, 
and urinary tract infection. Multivariable analysis of 
postoperative outcomes was performed to control for 
those preoperative and intraoperative variables with n > 
10 events, and P < 0.05 on bivariate screen.

Obese and non-obese patients were then 1:1 

Table 4: Comorbidities by body mass index group

 
Underweight and 

normal Overweight Class I Class II Class III P-value
Sub-

analysis
 n % n % n % n % n %
Overall 951 2,011 1,708 830 516
Race

White 407 42.8 947 47.1 801 46.9 390 47.0 228 44.2 0.0004 abcdefghij
Black 55 5.8 187 9.3 275 16.1 209 25.2 192 37.2
Hispanic 10 1.1 10 0.5 9 0.5 4 0.5 0 0.0
Other 14 1.5 18 0.9 11 0.6 6 0.7 4 0.8
Unknown 465 48.9 849 42.2 612 35.8 221 26.6 92 17.8

Age, years 0.0045 bhi
< 45 503 52.9 1,005 50.0 797 46.7 432 52.0 272 52.7
45-65 393 41.3 876 43.6 806 47.2 358 43.1 230 44.6
> 65 55 5.8 130 6.5 105 6.1 40 4.8 14 2.7

Diabetes 0.0004 abcdefghij
None 941 98.9 1,962 97.6 1,618 94.7 775 93.4 440 85.3
Insulin 

dependent 2 0.2 7 0.3 12 0.7 15 1.8 16 3.1
Non-insulin 

dependent 8 0.8 42 2.1 78 4.6 40 4.8 60 11.6
Any 

diabetes 10 1.1 49 2.4 90 5.3 55 6.6 76 14.7 < 0.0001 abcdefgij
Active smoking 89 9.4 212 10.5 209 12.2 110 13.3 55 10.7 0.0474 bcf
Alcohol use 7 0.7 17 0.8 13 0.8 1 0.1 2 0.4 0.1788
Respiratory 
disease 5 0.5 26 1.3 45 2.6 42 5.1 51 9.9 < 0.0001 bcdefghij
Hypertension 81 8.5 319 15.9 433 25.4 254 30.6 220 42.6 < 0.0001 abcdefghij
30-day prior 
wound infection 3 0.3 5 0.2 12 0.7 1 0.1 2 0.4 0.1641
Heart disease 5 0.5 9 0.4 11 0.6 4 0.5 5 1.0 0.6535
Weight loss 3 0.3 2 0.1 4 0.2 2 0.2 1 0.2 0.6470
Bleeding disorder 6 0.6 6 0.3 9 0.5 2 0.2 5 1.0 0.2148
Preoperative 
sepsis 1 0.1 0 0.0 0 0.0 4 0.5 1 0.2 NR
Prior operation 
within 30 days 0 0.0 6 0.3 1 0.1 1 0.1 0 0.0 NR
Total 
comorbidities < 0.0001 abcdefghij

0 736 77.4 1,385 68.9 978 57.3 419 50.5 204 39.5
1 184 19.3 517 25.7 547 32.0 295 35.5 182 35.3
2 or more 31 3.3 109 5.4 183 10.7 116 14.0 130 25.2

P-value subanalysis key: P-value < 0.05 in a (underweight and normal vs. overweight), b (underweight and normal vs. class I), c (underweight and 
normal vs. class II), d (underweight and normal vs. class III), e (overweight vs. class I), f (overweight vs. class II), g (overweight vs. class III), h (class I vs. 
class II), i (class I vs. class III), j (class II vs. class III). P-values are not reported (NR) for any variables with a cell size of 0
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propensity score matched to control for preoperative 
and intraoperative variables, in order to isolate the 
effect of obesity on postoperative outcomes. Patient 
characteristics were matched if n > 10 (i.e., greater than 
10 events) and P < 0.05 on bivariate screen. Based on 
these criteria, matched characteristics included the 
following: age; diabetes mellitus; active smoking; alcohol 
use; hypertension; respiratory disease; heart disease; 
history of transient ischemic attack or stroke; bleeding 
comorbidity; preoperative wound infection; steroid or 
immunosuppressant use; recent weight loss > 10% of 
total body weight in 6 months prior to surgery; total 
number of comorbidities (none, one, or two or more); 
American Society of Anesthesiologists (ASA) class; 
inpatient versus outpatient status; operative time; and 
total work relative value units.

Statistical analysis
Characteristics of the sample were summarized using 
descriptive statistics. Medians and ranges were reported 
for continuous variables; frequencies and percentages are 
reported for categorical variables. The chi square test, 
Fisher’s exact test and the Kruskal-Wallis test were used to 
determine association between BMI groups and various 
demographic, comorbidity and outcome variables. If a 
statistically significant association was detected between 
a BMI group and a variable, a subgroup analysis was 
performed using the same tests to determine which of 
the groups were significantly different from each other. 
Multivariable analysis of postoperative outcomes was 

performed for those preoperative and intraoperative 
variables with n > 10 events, and P < 0.05 on bivariate 
screen.

Data were then separated into two groups: patients 
who were obese (BMI of 30 or more) and patients who 
were not obese (BMI below 30). Patients were matched 
on a 1:1 basis using propensity scores from a logistic 
regression model (as described above). Outcomes were 
then compared between the matched cohorts using 
McNemar’s test and the Wilcoxon signed rank test. 
Statistical significance is indicated by P < 0.05.

RESULTS

Overall
Between 2005 and 2013, the NSQIP datasets identified a 
total of 6,016 patients who underwent primary reduction 
mammaplasty with 30-day postoperative follow-up. The 
patients were predominantly white, comprising 46.1% 
of the cohort, and 15.3% were black. Fifty percent were 
younger than 45 years of age, 44.3% were between 45 
and 65 years, and only 5.7% were older than 65 years.

From the total group of patients, 28.7% had at least one 
preoperative comorbidity, and 9.5% had two or more. 
Common comorbidities included hypertension (21.7%), 
active smoking (11.2%), and diabetes (4.7%) [Table 1]. 
Other factors to assess preoperative risk included ASA 
classification, with 28.0% in class 1, 60.4% in class 2, 11.4% 

Table 5: Complications and body mass index group

 
Underweight 
and normal Overweight Class I Class II Class III P-value Sub-analysis

 n % n % n % n % n %
Overall 951 2,011 1,708 830 516

Any complication 42 4.4 115 5.7 105 6.1 53 6.4 63 12.2 < 0.0001 dgij

Surgical complication 14 1.5 33 1.6 20 1.2 16 1.9 17 3.3 0.0214 dgi

Wound complication 27 2.8 79 3.9 81 4.7 40 4.8 48 9.3 < 0.0001 bcdgij

Medical complication 3 0.3 11 0.5 9 0.5 7 0.8 8 1.6 0.0739

Return to operating room 14 1.5 33 1.6 19 1.1 16 1.9 17 3.3 0.0156 dgi

Superficial SSI 26 2.7 56 2.8 62 3.6 27 3.3 37 7.2 < 0.0001 dgij

Deep SSI 0 0.0 15 0.7 8 0.5 5 0.6 1 0.2 NR

Organ/space SSI 0 0.0 0 0.0 2 0.1 2 0.2 0 0 NR
Wound dehiscence 1 0.1 8 0.4 13 0.8 6 0.7 14 2.7 < 0.0001 bdgij
Venous 
thromboembolism 2 0.2 2 0.1 2 0.1 2 0.2 0 0 NR
Unplanned reintubation 0 0.0 1 0.1 0 0 0 0 1 0.2 NR

Urinary tract infection 0 0.0 3 0.1 1 0.1 3 0.4 1 0.2 NR
Other bleeding 1 0.1 3 0.1 6 0.4 1 0.1 4 0.8 0.1024
Hospital length of stay, 
median and range 0 0-234 0 0-31 0 0-32 1 0-6 1 0-15 < 0.0001 bcdefghij

P-value subanalysis key: P-value < 0.05 in a (underweight and normal vs. overweight), b (underweight and normal vs. class I), c (underweight and 
normal vs. class II), d (underweight and normal vs. class III), e (overweight vs. class I), f (overweight vs. class II), g (overweight vs. class III), h (class I vs. 
class II), i (class I vs. class III), j (class II vs. class III). P-values are not reported (NR) for any variables with a cell size of 0. SSI: surgical site infection
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in class 3, and 0.2% in class 4. A majority of cases (85.4%) 
were outpatient, and median operative time was 148 
min, with a range of 13 to 739 min [Table 2].

Overall complications within the early postoperative 
period were rare, at a rate of 6.3%. These were comprised 
mostly of wound complications (4.6% of total, 72.8% 
of all complications). The most common wound 
complication was superficial SSI, occurring in 3.5%. 
Surgical complications occurred in 1.7%, and medical 
complications occurred in only 0.6% [Table 3].

Analysis by WHO obesity classification
BMI data were then assessed according to WHO obesity 
classification. Overall, 3,054 of the patients (50.8%) 
were obese, with 1,708 (28.4%) classified as class I, 830 
(13.8%) as class II, and 516 (8.6%) as class III. Analysis 
among the non-obese, overweight, and three classes 
of obesity showed statistically significant differences 
in demographic values and several comorbidities. Black 
patients comprised an increasingly large proportion 
with each class of obesity (5.8% underweight/normal, 
9.3% overweight, 16.1% class I, 25.2% class II, and 37.2% 
class III) [Table 4].

Regarding comorbidities, there was a significant increase 
in the rate of diabetes with increased obesity class: 1.1% 
in the underweight/normal, 2.4% in the overweight, 
5.3% in class I, 6.6% in class II, and 14.7% in class III (P 
< 0.0001). Hypertension (8.5% underweight/normal, 
15.9% overweight, 25.4% class I, 30.6% class II, and 42.6% 

class III) and respiratory disease (0.5% underweight/
normal, 1.3% overweight, 2.6% class I, 5.1% class II, 9.9% 
class III) increased as well (P < 0.0001). As the class of 
obesity increased, there were greater total comorbidities 
(3.3% of underweight/normal patients had at least two 
comorbidities, compared to 25.2% of class III obese 
patients) (P < 0.0001). Smoking and alcohol use rates 
did not increase proportionally with increasing obesity 
class [Table 4].

Multivariable analysis of postoperative outcomes was 
performed for those preoperative and intraoperative 
variables with n > 10 events, and P < 0.05 on bivariate 
screen [Tables 5 and 6]. After controlling for preoperative 
and interoperative differences by multivariable analysis, 
a significant increase was noted in any complication 
in class III obese patients (12.2%), when compared to 
underweight/normal (4.4%), overweight (5.7%), class I 
(6.1%) and class II (6.4%) patients (P < 0.0001). Surgical 
complications were significantly greater when comparing 
class III (3.3%) with underweight/normal (1.5%), 
overweight (1.6%) and class I patients (1.2%) (P < 0.0214). 
Regarding wound complications, class III patients had 
significantly increased rates (9.3%) compared to all other 
categories. However, they were also found to be greater 
in class I (4.7%) and class II patients (4.8%) when compared 
to underweight and normal weight patients (2.8%) (P < 
0.0001). An unexpected return to the operating room 
occurred more frequently in class III patients (1.6%) 
relative to underweight/normal, overweight and class 
I patients (P < 0.0156). Superficial SSI and wound 
dehiscence also occurred significantly more in class III 

Table 6: Complications and obesity status - unmatched analysis
 Obese Non-obese P-value
 n % n %
Overall 3,054 2,962

Any complication 221 7.2 157 5.3 0.0024

Surgical complication 53 1.7 47 1.6 0.7263

Wound complication 169 5.5 106 3.6 0.0004

Medical complication 24 0.8 14 0.5 0.1706

Return to operating room 52 1.7 47 1.6 0.8011

Superficial SSI 126 4.1 82 2.8 0.0050

Deep SSI 14 0.5 15 0.5 0.9342

Organ/space SSI 4 0.1 0 0.0 0.1251

Wound dehiscence 9 0.3 33 1.1 0.0005

Venous thromboembolism 4 0.1 4 0.1 1.0000

Unplanned reintubation 1 0.0 1 0.0 1.0000

Urinary tract infection 5 0.2 3 0.1 0.7266

Other bleeding 11 0.4 4 0.1 0.1357
Hospital length of stay, median and 
range 1 0-32 0 0-234 < 0.0001
The rates of overall complication (P = 0.0024), wound complication (P = 0.0004), superficial surgical site infection (SSI) (P = 0.0050), and wound 
dehiscence (P = 0.0005) were found to be different between obese and non-obese patients. The distribution of the total hospital length of stay was 
also found to differ by obesity status (P < 0.0001).
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patients (7.2% and 2.7%, respectively) compared to all 
other categories; wound dehiscence occurred more in 
class I obese patients compared to the underweight and 
normal (P < 0.0001) [Table 5].

Unmatched multivariable analysis
Again on multivariable analysis, obese patients (BMI 30 or 
more) were compared to the non-obese (BMI < 30) in an 
unmatched analysis. Rates of overall complications (7.2% 
vs. 5.3%, P = 0.0024), wound complications (5.5% vs. 3.6%, 
P = 0.0004), superficial SSI (4.1% vs. 2.8%, P = 0.0050), 
and wound dehiscence (0.3% vs. 1.1%, P = 0.0005) were 
found to be statistically different. Total hospital length 
of stay was found to change with obesity status (P < 
0.0001) [Table 6].

Propensity score matched analysis
Using propensity scores, obese patients were then 
matched to non-obese patients according to preoperative 
and operative variables, totaling 1,464 patients in each 
group. After matching, none of these variables were 
found to differ between the two groups. When comparing 
the matched obese vs. non-obese patients, only wound 
complications (4.6% vs. 3.1%, P = 0.0334) and hospital 
length of stay (P < 0.0001) were significantly increased 
in the obese cohort.

DISCUSSION

Obesity continues to be an epidemic not only in North 
America, but globally as well. Thirty-six percent of 
the population is considered obese, with a greater 
proportion of women than men.[19,20] Symptomatic 
macromastia is a common condition which afflicts many 
women, particularly the obese population. Although 
obesity has been correlated with increased complication 
rates,[9-13] this population also has a propensity towards 
having greater medical comorbidities. With literature 
demonstrating improved longevity in overweight 
patients compared to normal weight patients,[21] BMI and 
obesity must therefore be assessed independent of these 
confounding comorbidities.

Obesity is an often assumed risk factor for postoperative 
complications following breast reduction surgery. 
However, its effect on risk outcomes remains incompletely 
understood. Our study hopes to better define obesity as a 
preoperative risk factor for breast reduction. Multivariate 
analysis both before propensity score matching [Tables 5 
and 6] and after matching [Tables 7 and 8] was utilized 
to isolate the effects of obesity alone on postoperative 
outcomes. Propensity score matching produces estimates 
that are less biased, more robust, more precise, and with 
greater empirical power than logistic regression when 

Table 7: Using propensity scores, obese patients were matched to non-obese patients on the variables listed
 Full cohort Matched cohort
       % of patients P-value     % of patients P-value
 Non-obese Obese Non-obese Obese
 n = 2,962 n = 3,054 n = 1,464 n = 1,464
Age, years 0.0399 0.1067

< 45 50.9 49.1 54.1 52.9

45-65 42.8 45.6 41.1 43.7

> 65 6.2 5.2 4.8 3.3

Diabetes 2.0 7.2 < 0.0001 1.8 2.0 0.8774

Hypertension 13.5 29.7 < 0.0001 15.2 16.9 0.1344

Respiratory disease 1.0 4.5 < 0.0001 1.5 1.2 0.5708

ASA class < 0.0001 0.3593

1 or 2 94.2 82.7 93.0 93.8

3 or 4 5.7 17.3 7.0 6.2

Total comorbidities < 0.0001 0.4571

0 71.6 52.4 69.1 68.2

1 23.7 33.5 25.1 26.8

2 or more 4.7 14.0 5.7 50.0

Inpatient status 11.6 17.5 < 0.0001 11.8 13.9 0.0831

Total RVU, median (range) 16.0 (16.6-54.7) 16.0 (15.6-52.0) < 0.0001
16.0 (15.6-

49.2) 16.0 (15.6-51.9) 0.7769
Operating time, min, median 
(range) 133 (13-739) 163 (14-636) < 0.0001 146 (14-543) 146 (14-488) 0.3134
Prior to matching, obese patients were found to be significantly different from non-obese patients on all of the characteristics. After matching, none 
of these characteristics were found to differ between the two groups. ASA: American Society of Anesthesiologists; RVU: relative value units
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the number of events are low and there are multiple 
confounders.[22]

Many authors have tried to definitively determine 
the correlation between obesity and adverse events 
after surgery. Although many studies consistently 
demonstrate the deleterious effect of obesity, nearly 
all analyses are confounded by the effects of associated 
medical conditions on outcomes. One such study did not 
find a statistical difference in obese versus non-obese 
patients in relation to complication and hospital length 
of stay.[23] Another did not find significant differences 
in complications attributable to age, BMI, size of 
resection, smoking status, comorbidities, or surgical 
technique, even in the morbidly obese.[16] Other studies 
similarly found no statistically significant difference in 
complication rates among the obese.[14,15,17]

However, contradictory findings exist in the literature as 
well, supporting obesity as a risk factor.[6,9-13] Chun et al.[13] 
identified a threshold of BMI 35.6 at which postoperative 
complications were increased two-fold, the most 
common complication being infection. The pioneering 
study using NSQIP data to analyze BMI and breast 
reduction complications by Nelson et al.[6] included 
4,545 patients between 2005 and 2011. This study used 
logistic regression to account for demographics and 
comorbidities. They found an increased rate in overall 
complications, wound complications in all obesity classes, 
and major surgical complications in class III obesity.

Multivariate analysis among the non-obese, overweight, 
and three classes of obesity showed statistically significant 
differences in demographics, comorbidities, and 
complication rates [Tables 4-6]. In our unmatched analysis 
[Table 6], overall complications, wound complications, 
superficial SSI, and wound dehiscence were significantly 
increased in the obese population compared to the non-
obese cohort after multivariable analysis controlling for 
significantly different variables between obese and non-
obese cohorts. Comorbidities may confound the isolated 
risk of obesity on complication rates. The distinguishing 
feature of our study was matching obese patients 
to non-obese patients with similar preoperative and 
operative variables, thus eliminating the confounding 
effect of associated comorbidities on outcomes. 
While multivariable analysis attempts to control for 
comorbidities via advanced statistical techniques, 1:1 
matching is a dramatically more powerful technique that 
matches each study patient with a near-identical “control” 
patient, in spite of detractors of this technique.[24] After 
analysis of matched cohorts, only wound complications 
were increased in the obese population [Table 8]. On 
further analysis, the difference was mainly attributed to 
a risk of increased surgical site infection in the obese 
cohort. Of note, length of hospital stay was found to be 
significantly increased in the normal-weight cohort. On 
close examination, this was due to a statistical aberrancy 
(in that the range of values for length of stay for non-
obese patients was greater than for obese patients).

In previous studies, dissatisfied patients had frequently 

Table 8: Complications and obesity status - matched analysis
 Obese Non-obese P-value
 n % n %
Overall 1,464 1,464

Any complication 91 6.2 72 4.9 0.1456

Surgical complication 22 1.5 24 1.6 0.8828

Wound complication 68 4.6 45 3.1 0.0334

Medical complication 9 0.6 5 0.3 0.4227

Return to operating room 22 1.5 24 1.6 0.8828

Superficial SSI 55 3.8 36 2.5 0.0536

Deep SSI 8 0.5 5 0.3 0.5465

Organ/space SSI 3 0.2 0 0.0 0.2482

Wound dehiscence 4 0.3 4 0.3 1.0000

Venous thromboembolism 2 0.1 3 0.2 1.0000

Unplanned reintubation 0 0.0 0 0.0 NR

Urinary tract infection 1 0.2 2 0.1 1.0000

Other bleeding 3 0.2 0 0.0 0.2482
Hospital length of stay, median and 
range 0 0-32 0 0-234 < 0.0001

A total of 2,928 patients (1,464 per group) were matched using propensity scores. The unmatched patients were discarded from the analysis. 
McNemar’s test and the Wilcoxon signed rank test test were used to compare the two matched groups. The rate of wound complication (P = 0.0334) 
and the distribution of length of stay (P < 0.0001) was found to differ between the matched groups. SSI: surgical site infection; NR: not reported
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experienced postoperative soft tissue necrosis.[4] The 
pathophysiology of wound healing in obese patients 
is currently being studied. Obesity has been shown to 
inhibit bone marrow-derived vasculogenic progenitor 
cell mobilization, trafficking and function. This in turn 
impairs the normal response to tissue injury and the 
proliferation of blood vessels.[25] Adipocytes in fat also 
produce macrophage migration inhibitory factor, a factor 
which decreases wound healing through impairment of 
macrophage polarization/activation and inhibition of 
adipocyte progenitor cells.[26]

Like other NSQIP-based analyses of reduction 
mammaplasty, there are limitations to this study.[6,27] 
Follow-up was only 30 days, a relatively short period 
of time. NSQIP does not include complications such 
as seroma, hematoma, fat necrosis, altered nipple 
sensation, aesthetic outcomes, or hypertrophic scarring. 
Setala et al.[15] report complication rates amongst normal 
BMI, overweight, and obese, respectively, as follows: 
seroma, 8.6% vs. 10.0% vs. 3.0%; hematoma, 8.6% vs. 5.4% 
vs. 3.0%; and fat necrosis, 1.7% vs. 2.0% vs. 6.1%. These 
are significant complications for this operation, which 
vary amongst different BMI classes and may explain a 
lower overall complication rate in our analysis. These 
datasets also do not report pedicle design/skin incision 
or resection weights, which may also affect complication 
rates.[9] Although NSQIP provides a powerful dataset, 
further investigation is warranted through prospective 
analysis, longer follow-up, and more comprehensive 
collection of operative and complication data.

In conclusion, the increasing number of obese patients 
accompanied by their desire for breast reduction surgery 
poses a significant challenge to surgeons. To provide 
optimal care and minimize surgical risk, understanding 
the role of obesity in postoperative outcomes is 
essential. This study was able to independently assess 
obesity as a surgical risk factor for postoperative wound 
complications following reduction mammaplasty using 
multivariate analysis and propensity score matching. 
Obesity alone should not be the sole determining factor of 
a patient’s surgical candidacy, but rather as a component 
of a complete preoperative evaluation. We recommend 
thorough risk stratification and patient counseling prior 
to surgical intervention.
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Sir,

Eighty-five percent of all basal cell carcinomas (BCCs) 
are located in the head and neck, with a markedly 
increased incidence after the age of 40 years. Complete 
extirpation in the early phase allows to limit skin excision 
and facilitates reconstruction, reducing consequent 
scarring. In the medical literature, it is reported that 
appropriate excision margins should be included 
between 3 and 10 mm, based on location, dimensions, 
margins and histology.[1] BCC margins are defined by the 
discontinuation of well-known dermoscopic features 
along the skin lesion borders, so separating cancer from 
healthy skin.[2] The authors conducted a study to assess 
the effectiveness of preoperative dermoscopic evaluation 
of BCC peripheral margins, in order to achieve complete 
excision.

Fifty-seven patients presenting BCC in the head and neck 
areas were operated on, from February 2012 to June 2012, at 
the Department of Plastic and Reconstructive Surgery of the 
Campus Bio-Medico University, Rome, Italy. Morphea-type, 
recurrent and superficial multifocal BCC were not included 
in the study. In all cases, margins were identified with a 
polarized-light dermoscope, at 30-fold magnification 
(Videocap®, Video Loupe VL-7EXII). A 0.5-mm tip skin 
marker was used to draw incision lines, 2 mm off the 
dermoscopically detected borders [Figure 1]. The contact 

plate was applied to the skin with little pressure, to avoid 
blanching of vessels. The study protocol and procedures 
met the ethical standards of the committee on human 
experimentation and with the Helsinki Declaration of 
1975, as revised in 1983.

Excised skin lesions varied from 4 to 15 mm in maximum 
diameter. The histology report showed: nodular 25 cases 
(43.9%), infiltrating 2 cases (3.5%), superficial 30 cases (52.6%). 
In all patients, tumours resulted as being totally excised 
after histological evaluation. Moreover, at follow-up visits, 
between 12 and 36 months postoperatively, no recurrence 
was detected. In terms of lesion dimensions, clinical and 
dermoscopic assessment corresponded. In 12 cases (21%), 
borders were apparently well-defined, but dermoscopy 
showed larger extension, with histologically confirmed 
excision margins.

Reduced excision margins allowed preservation of 
healthy tissue, which consented ellipse excision and 
direct wound closure in most cases. This reflects in better 
aesthetic results, particularly noteworthy in the facial 
area.[3]

Less invasive reconstructive procedures, fewer secondary 
surgeries for reoperation imply reduced costs. Preoperative 
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dermoscopy is quick, straightforward and less expensive 
than Mohs surgery.

It is evident that an adequate dermoscopic assessment 
can be performed in every surgical setting, with a 
portable device.[4]

Our study showed that, following a 2-mm margin excision, 
no recurrence was observed after a 36-month follow-up 
period, in contradistinction to the data reported in the 
medical literature (3.96%).[5]

We believe that a thorough dermoscopic detection 
of tumour borders contributes significantly to the 
identification of safe BCC excision margins.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Sterry W; European Dermatology Forum Guideline Committee. 
Guidelines: the management of basal cell carcinoma. Eur J Dermatol 
2006;16:467-75.

2. Giacomel J, Zalaudek I. Dermoscopy of superficial basal cell carcinoma. 
Dermatol Surg 2005;31:1710-3.

3. Caresana G, Giardini R. Dermoscopy-guided surgery in basal cell 
carcinoma. J Eur Acad Dermatol Venereol 2010;24:1395-9.

4. Carducci M, Bozzetti M, Foscolo AM, Betti R. Margin detection using 
digital dermatoscopy improves the performance of traditional surgical 
excision of basal cell carcinomas of the head and neck. Dermatol Surg 
2011;37:280-5.

5. Gulleth Y, Goldberg N, Silverman RP, Gastman BR. What is the best 
surgical margin for a Basal cell carcinoma: a meta-analysis of the 
literature. Plast Reconstr Surg 2010;126:1222-31.

Figure 1: Two-millimeter excision margins in a case of a nodular basal cell carcinoma on the nasal dorsum



271© 2016 Plastic and Aesthetic Research | Published by OAE Publishing Inc.

Editorial Plastic and Aesthetic Research

Body contouring: “less is more and don’t 
throw anything away”
Raffaele Rauso 
Department of Dentistry, University of Foggia, 71121 Foggia, Italy.
Correspondence Author: Dr. Raffaele Rauso, Centro Polispecialistico Santa Apollonia, Via Martiri del Dissenso 95, 81055 Santa Maria 
Capua Vetere (CE), Italy. E-mail: dr.raffaele.rauso@gmail.com

Access this article online
Quick Response Code:

Website:
www.parjournal.net

DOI:
10.20517/2347-9264.2016.44

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows 
others to remix, tweak and build upon the work non-commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

How to cite this article: Rauso R. Body contouring: “less is more 
and don’t throw anything away”. Plast Aesthet Res 2016;3:271-2.
Received: 09-06-2016; Accepted: 21-06-2016

Year after year, body contouring (BC) request in getting 
higher, this is confirmed by the most respected society 
in the field of aesthetic plastic surgery;[1] this is related 
not only by post bariatric surgery’s patients seeking, but 
also by patients that due to bad habits, sedentary job, etc. 
lost their ideal physical shape and look for getting better 
and heathy. Results achieved after surgical BC procedures 
can be terrific, changing patient's self esteem, however 
sometimes are not so good as patients can expect: why?

BC surgical procedures have more than a century of 
history, during this period were refined and improved, 
reducing surgical risk and gaining better results. An easy 
example of how BC procedures changed during the time 
can be shown by tummy tuck surgery.

Traditional abdominal plastic surgery result in a high 
rate of morbidity stemming from the necessity for a 
large undermining of the flap in which the perforating 
vessels are sectioned,[2-5] consequently, the vascularity 
of the remaining flap is supplied only by the intercostal, 
subcostal, and lumbar per-forating branches, which are 
situated in the back and flank regions.[6] Moreover the 
occurrence of ischemic processes with tissue necrosis 
and dehiscence of the suture has been described when 
ab-dominoplasty is associated with liposuction.

In 1995, Matarasso[7] focused on the complications of 
combined liposuction and abdominoplasty, he considered 
the back and the flanks safe areas, did not regard the 
lateral region of the abdomen as a safe area, and 

considered the central region of the abdomen prohibited 
for lipo-suction.

In 2001, the Brazilian plastic surgeon Saldanha et al.,[8] for the 
first time, described the so called “li-poabdominoplasty”, 
a technique characterized by selective undermining 
between the medial borders of the rectus abdominal 
muscles combining abdominoplasty and liposuction.[9,10]

The new and conservative concept is based on the 
preservation of the abdominal perforating vessels 
(subcutaneous pedicle);[6] this technique conserves about 
80% of the blood supply of the abdominal flap compared 
with traditional abdominoplasty, moreover, lymphatic 
nodes and nerves are preserved, which is an improvement 
on traditional abdominoplasty.[8-11]

This is a great example how in BC surgery: “less is more”; 
and how the exact knowledge of the anatomy let to 
achieve better and safer results.

The same concept can be extended in BC performed after 
massive weight loss; in buttock reshaping, as a logical 
extension of Millard’s principle: “don’t throw anything 
away”; it is imperative not just excising tissue’s excess, 
but use it for buttock’s shape remodeling.[12]

After massive weight loss, buttock lowers and flattens, 
in this clinical cases, the gluteal dermal flaps (the tissue 
that would be discarded in a simple dermolipectomy) can 
be harvested and used to get better body proportions.[9]
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One more big evolution in the field of BC has been also 
given by the structural fat graft.

Fat grafting is characterized by a simple concept, fat 
removal where it is in excess and re-injection of it in areas 
that need to be augmented: also with this technique 
“don’t throw anything away”!

However, fat grafting isn’t a “novel technique”; in 1912, 
Joseph,[13] a German surgeon, for the first time published 
photographic documentation of natural appearing 
changes after infiltration of fat into 2 patients with facial 
lipoatrophy; in 1926, Miller[14] described his experience 
with infiltration of fatty tissue through cannulas on 36 
cases correcting cicatricial contraction on the face and 
neck; however, this technique never became widely used.

In the 1980s, Illouz[15,16] described great results 
for iatrogenic liposuction deformities and facial 
lipodystrophies, although his later reports were 
discouraging and claimed that grafted fat had a survival 
similar to that of injectable collagen. Later on similar 
results were reported by Ersek et al.[17,18] for first and 
then by Ellenborg,[19] both had disappointing results that 
discouraged plastic surgeon on this technique, even 
when a few years later, both of them, changing their 
fat processing technique reported long term results if 
fat grafting. Only in the 1990s, thanks to the American 
plastic surgeon Coleman,[20] who firstly described and 
codified the technique called “structural fat graft”, fat 
grafting gained popularity; although not all the surgeons 
use the technique described by Coleman,[20] fat grafting is 
performed routinely in plastic surgery, often and often as 
ancillary procedure in body contouring.

Although some question the long-term survival potential 
of fat transfer, nowadays there are hundreds of papers 
outlining how great is this surgical procedure, with a 
resorption that tends to be uniform in the first 3 to 6 
post operative months; in fact patient are told that the 
final results are not fully evident until that time and, if 
at that time they desire further augmentation, this can 
be repeated, since patients looking for BC procedures 
frequently have multiple areas of lipodystrophy that may 
necessitate additional procedures.[11]

However, even fat grafting is only one of the thousands 
refinements that have been described in BC in last 
century…

This surgery is changed a lot in last years, is changing 
now, year after year, and will also changes a lot in the 
future, fundamental concepts are represented by doing 

safe procedure and trying to reduce at least the use 
of prothesis: “less is more” and “don’t throw anything 
away” seems to be paradigmatics. An appropriate 
preoperative plan is mandatory to get the best! However, 
surgeons have also to encourage patients, after BC, to 
have an healthy life style, get sport and follow a right 
dietary; only with a good surgeon and a good patient, 
unbelievable result can be achieved!
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ABSTRACT
Aim: Scrotal soft tissue loss is a part of the challenging conditions for plastic surgeon. The non-
availability of adequate nearby healthy soft tissue and its probability of frequent contamination 
by excretory substances make the issue of reconstruction complicated. The authors present 
their experience with penoscrotal soft tissue loss with hyperbaric oxygen therapy as an adjunct. 
Methods: This retrospective study was undertaken in the department of plastic surgery, over a 
period of 2 years. Nine patients with scrotal or penile injury and infection were enrolled in the 
study. Age of the patients ranged 20-60 years. Five patients had traumatic loss of scrotal skin and 
4 resulted following necrotizing soft tissue infection. All patients underwent hyperbaric oxygen 
therapy before and following surgery. Results: Healing was complete in all patients with minor 
complications as partial skin graft loss in 2 patients. Five patients (55.5%) had sustained the 
soft tissue loss due to trauma. The cause of necrotizing fasciitis was found in 4 patients (44.4%). 
The mean length of hospital stay was 42.5 days. Conclusion: Management of soft tissue loss of 
penoscrotal region requires an organized approach and the utilization of newer modalities for 
early recovery of these injuries is of primary need. Operating surgeons should know the various 
reconstructive pathways and use of adjunct measures like hyperbaric therapy for early recovery. 
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INTRODUCTION

Scrotal soft tissue loss is one of the perplexing conditions 
for plastic surgeon. The non-availability of adequate 
nearby healthy soft tissue and its probability of recurrent 
faecal and urinary contamination make the issue of 
reconstruction complicated. All necessary effort to 

decrease the time period of healing of scrotal wounds 
should be undertaken as the condition may increase 
the morbidity following these injuries. Most of these 
patients suffer multiple co-morbidities and are immune-
compromised adding to the complication of such conditions. 
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We present our experience with penoscrotal soft tissue loss 
with hyperbaric oxygen therapy as an adjunct.

METHODS

This retrospective study was undertaken in the department 
of plastic surgery, over a period of 2 years from January 
2012 to December 2014. The records of patients who 
underwent scrotal reconstruction were reviewed. Nine 
patients with scrotal or penile injury and infection were 
enrolled in the study. Informed written consent was 
obtained from all the patients enrolled in the study. Age 
of the patients ranged 20-60 years. Five patients had 
traumatic loss of scrotal skin and 4 resulted following 
necrotizing soft tissue infection. No patient had injuries 
or infection to urethra. Patients with necrotizing soft 
tissue infection of the scrotum were diabetic. Rest of 
the patients did not have any comorbidity. All patients 
underwent hyperbaric oxygen therapy before and 
following surgery. Patient requiring intensive care unit 
admission was excluded from our study, as we are not 
equipped with hyperbaric oxygen therapy settings in 

critically ill patients.

RESULTS

The mean patient age was 41.5 years. Five patients 
(55.5%) had sustained the soft tissue loss due to trauma. 
The cause of necrotizing fasciitis was found in 4 
patients (44.4%). The majority of necrotizing soft tissue 
infection was referred to plastic surgery following initial 
debridement in general surgery or urology department. 
All of the patients underwent multiple surgical 
debridements when required and several reconstruction 
techniques were utilized as mentioned in Table 1. The 
median length of hospital stay was 42.5 days. Healing 
was complete in all patients with minor complications 
as partial skin graft loss in two patients, which required 
repeated skin grafting procedure. Patients were 
satisfactory in terms of aesthetic outcome and sexual life 
during the follow up period.

Case 1
A 23-year-old patient came with avulsion injury due 

Figure 1: (a) Posttraumatic avulsion injury penoscrotal region; (b) bilateral pedicled gracilis muscle flap harvested for reconstruction of scrotal 
tissue; (c) split thickness skin grafting done on the muscle and penile shaft region; (d) early postoperative picture following bilateral gracilis flap 
cover; (e) late postoperative picture following bilateral gracilis flap cover
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to road traffic accident with loss of soft tissue in the 
peno-scrotal region [Figure 1a]. Wounds debrided and 
soft tissue loss was reconstructed with bilateral pedicle 
gracilis muscle flap cover and split thickness skin 
grafting [Figure 1b and c]. Six sessions of hyperbaric 
oxygen therapy were administered. Wounds healed 
well [Figure 1d and e] and the patient was discharged in 

three weeks following injury.

Case 2
A 35-year-old patient has come with avulsion injury due 
to road traffic accident with loss of soft tissue in the 
peno-scrotal region [Figure 2a]. Wounds debrided and 
soft tissue loss was reconstructed with Superomedial 

Figure 2: (a) Posttraumatic avulsion injury penoscrotal region; (b) superomedial thigh flap planned for reconstruction of scrotal tissue; (c) 
superomedial thigh flap harvested for reconstruction of scrotal tissue; (d) donor area closed primarily by local mobilization; (e) early postoperative 
picture following superomedial thigh flap cover

Figure 3: (a) Necrotising soft tissue infection involving the penoscrotal region; (b) post debridement soft tissue loss penoscrotal region - volar view; 
(c) post debridement soft tissue loss penoscrotal region - dorsal view; (d) split thickness skin grafting procedure done for the penoscrotal defect 
- volar view; (e) split thickness skin grafting procedure done for the penoscrotal defect - dorsal view; (f) loate postoperative picture following 
procedure
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thigh flap [Figure 2b and c]. Donor area closed primarily 
[Figure 2d] and penile region covered with skin graft. Six 
sessions of hyperbaric oxygen therapy were administered. 
Wounds healed well [Figure 2e] and the patient was 
discharged by four weeks following injury.

Case 3

A 55-year-old patient presented with necrotizing soft tissue 
infection of the scrotal region [Figure 3a]. Debridement of 
necrotic tissue has done [Figure 3b and c]. Patient subjected 
to hyperbaric oxygen therapy 18 sessions. Skin grafting 
was done once the wound was healthy [Figure 3d-f]. 
Duration of stay in hospital was 56 days.

DISCUSSION

Scrotal injuries are of a highly distressing wound to 
the patients and serious surgical problem resulting in 
a high incidence of morbidity and mortality. The key 
in management of scrotal injury is timely planning of 
the type of management and execution of surgeries in 
appropriate time. Most of the scrotal avulsion injuries 
are associated with loss of penile skin. Soft tissue 
reconstruction when delayed may result in the onset 
of infection due to contamination from excretory 
substances. Immediate reconstruction following wound 
debridement reduces the morbidity resulting from 
scrotal injuries.

Invasive group A streptococcus was considered to be the 
most frequently isolated causative bacterium in necrotising 
soft tissue infection.[1] About 20-70% of the patients may 
have diabetes mellitus with necrotizing infection of 
scrotum.[2] Other predisposing factors include alcoholism, 
intravenous drug use, low socioeconomic status, immune 

disorders, and cancerous conditions.[3] Urgent debridement 
of necrotic tissue and the need for repeated debridements 
till the infective focus is removed becomes the crucial 
measure for early recovery. Multidisciplinary approach 
involving urologist, microbiologist and nutritionist should 
be taken into consideration. Further progression of the 
disease could be eliminated by prompt administration 
of hyperbaric oxygen therapy, which provides optimal 
tissue oxygenation, enhances the host’s bactericidal 
mechanism and promotes wound healing. The vascularity 
to the tissue involved is disrupted due to necrotic fascia, 
which results in a hypoxic and oedematous environment.[4] 

Hyperbaric oxygen administration increases tissue oxygen 
tension in necrotizing fasciitis with delivering oxygen to 
the critically ischaemic areas. Further, hyperoxia helps in 
increasing the antibiotic efficiency, improves white cell 
killing efficacy and reduces inflammation which aids to 
the outcome of reconstruction in scrotal region.[5]

Surgical intervention remains dynamic with debridement 
and soft tissue reconstruction when the wounds are 
healthy. Plastic surgical ladder of reconstruction could be 
applied to reconstruct the tissue loss in terms of primary 
or secondary suturing, skin grafting, local advancement 
flaps, fasciocutaneous flaps, muscle flaps, myocutaneous 
flaps or perforator flaps. General condition of the patient, 
site, size, location of the defects and the availability of 
donor tissue all are considered before proceeding to 
reconstruction. Surgical options include gracilis muscle 
flap, superomedial thigh flap, anterolateral thigh (ALT) 
flap, pudendal thigh flap, vertical rectus abdominis 
myocutaneous flap or Split thickness skin grafting. 
The split-thickness skin graft is not functionally and 
aesthetically pleasing in terms of reconstruction of scrotal 
tissue and hence not preferred frequently unless all the 
measures of reconstructions were failed.

Table 1: Patients with soft tissue loss and methods of reconstruction
No. Age/

gender
Trauma/etiology Occupation Co-morbidity Site Flap pattern Duration 

of hospital 
stay

1 23/M Road traffic accident Auto mechanic Nil Peno-scrotal 
region

Bilateral gracilis flap 
cover + SSG 21 days

2 35/M Road traffic accident Agriculture Nil Peno-scrotal 
region

Superomedial thigh 
flap + SSG 28 days

3 55/M Necrotizing soft tissue infection Plumber DM, HTN
Non-smoker Scrotal region SSG 56 days

4 60/F Necrotizing soft tissue infection Retired personal DM
Non-smoker Scrotal region SSG 67 days

5 41/F Road traffic accident Auto mechanic Nil Scrotal region Bilateral gracilis flap 
cover + ssg 25 days

6 43/M Necrotizing soft tissue infection Manager DM
Non-smoker Scrotal region SSG 65 days

7 52/M Necrotizing soft tissue infection Teacher Non-smoker 
DM, HTN Scrotal region SSG 63 days

8 29/M Road traffic accident Agriculture Nil Peno-scrotal 
region

Bilateral gracilis flap 
cover 27 days

9 36/M Road traffic accident Taxi driver Nil Scrotal region Superomedial thigh 
flap 31 days

DM: diabetes mellitus; HTN: hypertension; SSG: split skin graft



277Plast Aesthet Res || Volume 3 || August 12, 2016

Pedicle gracilis muscle flap is useful in cases of unilateral or 
bilateral scrotal tissue loss. Gracilis muscle flap eliminates 
the dead space and provides appropriate padding of 
testicular tissue with appropriate cosmetic appearance. This 
well vascularized muscle flap prevents bacterial inoculums 
and provides optimal wound healing.[6] Superomedial thigh 
flap is another alternative for soft tissue reconstruction 
of the scrotal region. The genital branch of genitofemoral 
nerve and ilioinguinal provides sensation to the flap. Flap 
has a sensate component compared to the gracilis flap 
but may be bulky and may not be aesthetically pleasing. 
Partial wound dehiscence, serous fluid collection at the 
donor site, paraesthesia over the anterior part of thigh 
and bulky flaps were significant to note as complications 
in utilizing these flaps.[7] The pudendal thigh flap is 
another fasciocutaneous flap are relative simple for flap 
elevation with reliable. The donor site can be closed 
primarily and no muscle function is sacrificed. Other Flaps 
are ALT flap and vertical rectus abdominis muscle flap, 
which may require long transit of pedicle, microsurgical 
expertise, increased donor site morbidity, and may result 
in a bulky flap.

Gracilis muscle flap for scrotal reconstruction easily 
covers the scrotal defects with deep pockets. As the 
muscle flap is well vascularized, there is greater resistance 
to further infection, adequate bed for skin grafting, also 
eliminates the risk of skin loss associated with potentially 
non reliable skin paddle in the myocutaneous or 
fasciocutaneous flap. Donor site morbidity considerably 
less compared to the superiorly based medial thigh flap 
and the flap is aesthetically well appealing. Disadvantage 
of the flap is the need for microsurgical expertise for 

flap elevation.[8] Superiorly based medial thigh flap is 
early single staged sensate flap coverage. The flap has 
the advantage of utilizing a single lower extremity and 
the ipsilateral gracilis muscle flap could also be included 
if the defects are larger. Donor area could be closed 
primarily which prevents the need for skin grafts. Flap 
dissection is easier compared muscle flap with fewer 
kinks at the pedicle and dog ear formation. However, 
in fatty individual, it results in bulky neoscrotal bag and 
there will be difficulty in the transposition of the flap to 
the scrotal region.[9] Skin grafting to the scrotal defect is 
useful in Fournier’s gangrene where there is adequate 
granulation tissue formation filling the deep pockets in the 
testicular region. The technique is quite simple and easily 
reproducible compared to the flaps. The reconstruction 
also provides tension-free, cosmetically appealing scrotum 
with complete testicular coverage. The disadvantage of skin 
grafting technique is that it may require multiple stages if 
the wound bed is not even or healthy. Deep pockets in the 
testicular region following trauma are difficult to cover with 
skin grafting procedure.[10]

Our preferred method of scrotal reconstruction in 
posttraumatic defect is gracilis muscle flap with skin 
grafting. Skin grafting is preferred for necrotizing fasciitis 
involving the scrotal and testicular region. Hyperbaric 
oxygen therapy as an adjunct enhances the recovery in 
both traumatic and infectious condition.

In our series, we utilized gracilis muscle flap in 3 patients 
with scrotal tissue loss and superomedial thigh flap in 2 
patients. Patients with necrotizing soft tissue infection 
were managed with multiple debridement and skin 

Figure 4: Algorithm devised for incorporating hyperbaric oxygen therapy into the treatment protocol of penoscrotal injuries

Post traumatic peno-scrotal 
soft tissue loss

Early reconstruction following 
debridement

Follow up with hyperbaric 
therapy (minimum 6 sessions)

Secondary procedures if any

Necrotizing soft tissue infection 
scrotum

Initiate hyperbaric therapy

Would debridement

Follow up with hyperbaric 
therapy

Multiple debridement with skin 
grafting

 

 

 
 

 

 

 



Plast Aesthet Res || Volume 3 || August 12, 2016278

grafting. Negative pressure wound therapy was used in 
patients with necrotizing soft tissue infection to evacuate 
wound secretions and blood, thereby shortening the 
duration for split thickness skin grafting.[11] In all the 
patients hyperbaric oxygen therapy was initiated as 
earlier as possible. Hyperbaric oxygen was delivered by 
means of monoplace chamber with pressure ranging 
from 1.8 to 2.4 ATA for 90 min in duration. Reduction 
of edema due to hyperbaric oxygen therapy helps in 
increased uptake of the skin graft and prevents venous 
congestion in the transferred flaps. Hyperoxia may also 
enhance intracellular transport of antibiotics. We did 
not experience the toxicity related to hyperbaric oxygen 
therapy. Hyperbaric oxygen therapy is used as an adjunct 
to prevent propagation of infection following wound 
debridement. The length of hospital stay of necrotizing 
infection could be significantly reduced if there is 
early detection of inflammation, early application oh 
hyperbaric therapy and early surgical intervention.[12] In 
our institution, an algorithm [Figure 4] was developed 
for incorporating hyperbaric oxygen therapy into the 
treatment protocol.

In conclusion, management of soft tissue loss of peno-
scrotal region requires an organized approach and the 
utilization of newer modalities for quick recovery of 
these injuries is of foremost need. Operating surgeons 
should know the various reconstructive pathways and 
use of adjunct measures like hyperbaric therapy for 
prompt recovery.
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ABSTRACT
In this paper, the authors presented a case report of a 39-year-old man taken to the Emergency 
Unit with a 25-year-old giant neurofibromatosis. Moreover, the treatment applied for this case 
and the physiopathology of the neurofibromatosis disease are also discussed.

Key words:
Giant neurofibromatosis; physiopathology; neurofibromas

Access this article online
Quick Response Code:

Website:
www.parjournal.net

DOI:
10.20517/2347-9264.2016.46

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows 
others to remix, tweak and build upon the work non-commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

How to cite this article: Sforza M, Zaccheddu R, Cancado BL, 
Sforza D. A case of 25-year-old giant neurofibromatosis. Plast 
Aesthet Res 2016;3:279-81.
Received: 20-06-2016; Accepted: 03-08-2016

INTRODUCTION

Neurofibromatosis is a neurocutaneous condition that 
can involve almost any organ system. Thus, the signs and 
symptoms presented may vary widely. Two major subtypes 
exist: neurofibromatosis 1 (NF-1), which is the most common 
subtype, referred to as peripheral NF, and neurofibromatosis 
2 (NF-2), which is referred to as central NF.[1,2]

We report a case of a giant neurofibroma kept for 25 years 
without treatment.

CASE REPORT

A 39-year-old male patient arrived at the Emergency 
Department with a history of bleeding from a moll on his 
back for the last 3 days. The patient also sustained episodes 
of nausea with no associated vomit, weakness and sleepiness.

At examination, we found a giant mass on his sacoccocigeal 
region [Figures 1 and 2] with small areas of scarification with 
punctiform mild bleeding. Patient was mildly dispneic with 
taquicardia associated. No other symptoms were found. 

According to the patient, the mass started to develop at the 
age of 14 years and he never felt compelled to have that 
examined by doctor. In fact, he regarded this as a phenomenon 
rendering him different from others.

Blood tests showed severe anemia (hemoglobin 6.9 g/dL). 
Computed tomography scan of thoracic and abdominal areas 
didn’t reveal any tumors or abnormalities with the patient.

The patient was diagnosed with neurofibromatosis, the 
anemia was corrected with blood transfusion and the patient 
was taken to the operating room.

Through a direct elipse incision the tumor was dissecated, 
appearing to be limited to the epidermic region [Figure 3].

While incising its base, we were not able detect any 
infiltration on the subjacent subcutaneous tissues. The tumor 
was completely removed and the surgery was completed 
with a simple closure of the lateral skin flaps [Figure 4]. 
The tumor weight was 5,276 g [Figure 5]. The patient was 
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discharged 48 h later after an uneventful postoperative 
recovery. Histopathological analysis confirmed diagnosis of 
benign neurofibroma.

DISCUSSION

Neurofibromas are tumors composed of schwann cells, 
fibroblasts, mast cells, and vascular components. They can 
be found in nerves, independently of the location in its 
surface. Moreover, many authors consider neurofibromas the 
commonest benign tumors of the NF-1.[3] Neurofibromas can 
be presented in three subtypes: cutaneous, subcutaneous, 

and plexiform. Cutaneous lesions and subcutaneous lesions 
are circumscribed, however none of them have compatible 
features with NF-1.[4]

During physical examination, neurofibromas may present a 
pathognomonic buttonhole invagination when pressed with 
a finger. However, their morphology is not always consistent, 
resulting in lesions either soft or firm to the touch. Plexiform 
neurofibromas are noncircumscribed, thick and irregular. This 
specific subtype for NF-1 can be associated with aesthetic 
deformation by entwining important supportive structures.[5]

One of the main physical signs encountered along with 
neurofibromatosis diagnosis is the presence of café au lait 
spots. These rather unfamiliar pigmentary patterns are brown 
macules irregularly shaped and evenly pigmented. Usually, 
when neurofibromatosis is diagnosed, subjects have 6 or 
more spots that are 1.5 cm or greater in diameter. However, 
in young children, 5 or more café au lait macules greater than 
0.5 cm in diameter are indicative of neurofibromatosis and 
for which investigation is required. Less than 1% of healthy 
children have 3 or more of such spots, although 1 or 2 
café au lait macules are commonly encountered in healthy 
individuals without disease. Due to the large volume of the 
mass presented in this case, it was difficult to determine if 
the alterations on the skin colour were café au lait spots or 

Figure 1: Lateral aspect of the tumor

Figure 2: Posterior view of the tumor demonstrating much narrower 
base that allowed direct excision

Figure 3: Dissection of the tumor showing limitation to the epidermis

Figure 4: Final aspect of the mass after removal with over 5 kg total 
weight
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decurrent from years of scarification under clothes.[6]

Neurofibromatosis is a dominant autosomal neurogenetic 
disorder that tends to change and develop with time.[7] 
Many authors demonstrated the development of this 
disease with increment of the nerve growth stimulation.[8,9] 
NF-1 is a pathology that can be associated with different 
phenotypical manifestations where a group of patients 
often express cutaneous findings as first symptoms, whilst 
others might develop life-threatening or severely disfiguring 
complications. Moreover, amongst individuals from the 
same family, neurofibromatosis presents itself in different 
degrees of severity and incidence. The spontaneous 
mutation rate is 100 times greater than many other genes, 
and it is considered to contribute to approximately 30-50% of 
neurofibromatosis cases, however many different mutations 
in the neurofibromatosis gene have been described.[10]

NF-I is linked to a large gene on band 17q11.2. It encodes 
a protein called neurofibromin, which has a guanosine 
triphosphatase region that binds to Ras and positively 
modulates conversion of guanosine triphosphate to 
guanosine diphosphate. Several studies confirmed the 
negative regulation of Ras by this protein, allowing authors to 

infer that the neurofibromin may act as a tumor suppressor.[11]

Many individuals with this pathology are known to 
present below average intelligence and some types of 
learning disabilities, which may comprise neuromotor 
dysfunction, attention deficit hyperactivity disorder and 
deficits in visual-spatial processing.

It was also found that 25-40% of individuals with NF-1 
might present learning disabilities and up to 5-10% have 
mental retardation.[4]

It should also be noted that when the lesion has a benign 
aspect and there are no other signs of malignancy, the 
excisional biopsia is the treatment of choice and it is 
normally curative.
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Sir,

According to the Oxford English Dictionary, selfie is a 
photograph that one has taken of oneself, typically by 
means of a smartphone or webcam and uploaded to 
a social media and shared with other people. The use 
of selfies has been dramatically increasing among the 
general population in the course of the last decade. 
Admittedly, most of us are used to take selfies in any 
kind of situation, for example to show others how we 
spent our spared time or simply how we enjoy meals, 
or to show off ourselves in dangerous or breathtaking 
panoramas. We love posting our pictures on the social 
networks to share them with family and friends.

The habit of taking selfies is so widespread to become 
even one of the means of communication between 
patients and doctors for example by mobile social media 
like WhatsApp. It is a raising issue for many medical 
specialties and overall for dermatology because of the 
fact that the skin is the largest, the most visible and the 
most accessible organ.

It is becoming more and more common that doctors 
are asked an opinion by patients who have sent some 
pictures showing unusual skin rashes, moles of dubious 
nature or unidentifiable lesions. All too often, making 
a correct and well-pondered diagnosis is an impossible 
achievement.

Patients may for instance also use selfies to have their 
moles checked. The device used to take the pictures, 
their brightness, contrast and sharpness can impact 
heavily on the quality of images. We can miss important 
additional information such as time of appearance, 
modifications over time etc. Furthermore, dermoscopy 
may be required, hence we can rarely provide a sound 
“safe” diagnosis. 

On the other hand, encouraging patients to take a selfie 
to monitor existing moles or ascertain the appearance 
of new ones is likely to increase awareness about the 
need of a regular mole check and the risk of melanoma. 
It may provide an important benefit for subjects who are 
living in rural communities with limited access to medical 
facilities.[1] We can recall the personal experience of seeing 
a patient in an outpatient skin cancer department of a 
county hospital who declared himself enthusiastic to have 
been asked to take “selfies of his moles”, saying that for 
once he was happy to take a “useful selfie” after taking so 
many pointless so far. Furthermore, selfies may represent 
the only way of documenting short-lived lesions, such as 
hives and can in certain cases be extremely helpful to put 
together a significant medical history.

Dermatologists and plastic surgeons could potentially 
encourage patients to take selfies for post interventional 
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monitoring in skin surgery or cosmetic treatments (fillers, 
botox injections), and acne treatments in order to optimize 
results when adjustments may be needed in due course, 
or to prevent complications and increase adherence to 
treatment. A point that must be properly considered in 
acne treatment is that selfies taken by minors and sent to 
doctors can represent a serious legal issue.

Up to date, taking a selfie for medical purposes is 
currently discouraged, because of the several ethical 
and legal issues it can imply: the responsibility of the 
physician is questionable, personal images may be shared 
inappropriately, all sorts of data and information may 
remain unprotected, misdiagnoses are likely to occur.

As it was rightly put before,[2] the use of selfies raises 
important questions about data ownership, privacy, 
and responsibility from the part of clinicians; still, an 
indiscriminate opposition to this use is not justified. 
Specific programs, smartphone application and also 
guidelines regarding their use are currently available 
to general doctors and specialists who work with 
teledermatology.[3,4] Increasing evidence support the use 
of teledermatological techniques in clinical practice but 
their possible influence on doctor-patient relationship, 
on adherence to treatment and on effectiveness of care 
requires constant monitoring and assessment.[5]

It has hence become necessary at this stage to start 
reflecting on the adequate use of selfies taken by patients 
and on how this habit of patients may be properly 
directed in medicine.

Doctors should think of developing adequate, simple and 
standardized systems accessible to patients to facilitate 

teledermatological consultations, and educational 
interventions should be considered in the next future to 
this purpose. Moreover, a well-founded juridical basis for 
the use of “uncontrolled” selfies needs to be established, 
aspects of insurance coverage requires clearing, since 
probably soon standardized apps to optimize the quality of 
images and to store these images, along with the relevant 
clinical information, in the cloud may become available. 

Overall, there is little point in negating or fighting the trend 
in patients’ empowerment brought in by the information 
technology revolution. It is better to convey the energy of 
these impending changes to the benefit of public health.
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Aim: The advent of 3D photoimaging and mammometrics has allowed for quantitative, 
volumetric breast analyses. This study uses 3D photoimaging and mammometrics to compare 
the postoperative morphometric outcomes of the modified Robertson technique to the more 
traditional Wise pattern inferior pedicle technique. Methods: Inferior pedicle reduction 
mammoplasty was performed using either a Wise pattern or modified Robertson skin incision. 
3D photography and analysis were done at 1-3 months and 6-12 months postoperatively. 
Results: There were 14 breasts in the modified Robertson group (ROB) and 24 breasts in 
the Wise pattern group (WISE). There were no significant differences in demographic data 
or amount of tissue resected. At 6-12 months, the modified Robertson cohort demonstrated 
increased superior pole fullness (62.9% ROB vs. 58.3% WISE, P = 0.05). The Wise cohort, 
however, maintained greater maximum breast projection (5.52 cm ROB vs. 6.54 cm WISE, 
P = 0.01) and increased medial pole fullness (29.6% ROB vs. 46.9% WISE, P < 0.01). There 
was no difference in tissue shifting from the superior pole to the inferior pole over time (+3.36 
superior pole % ROB vs. +1.42 superior pole % WISE, P = 0.28). Areola surface area increased 
equally in both cohorts (+3.08 cm2 ROB vs. +2.59 cm2 WISE, P = 0.77); however, the final size 
of the areola was greater in the modified Robertson cohort (26.9 cm2 ROB vs. 21.6 cm2 WISE, 
P < 0.01). Conclusion: Using 3D mammometrics, we found increased superior pole fullness 
in the modified Robertson group while the Wise pattern group demonstrated greater medial 
pole fullness and maximum breast projection.
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INTRODUCTION

Reduction mammoplasty is one of the most commonly 
performed operations in plastic surgery and has some of 
the highest patient reported levels of satisfaction.[1-5] The 

inferior pedicle Wise pattern technique is considered 
the “gold standard” due to its consistently reproducible 
results, even in large reductions;[2,6,7] however, critics 
of the technique describe the final result as wide, flat, 
“boxy” in appearance, and lacking in superior pole 
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fullness.[8] More importantly, over time, this technique 
has been shown to undergo tissue redistribution from 
the superior to inferior pole. This phenomenon is 
referred to as pseudoptosis and further exacerbates the 
lack of superior pole fullness.[2,9-11]

The Robertson technique was first described in 
1964[12-14] as an alternative to free nipple grafting in 
massive reductions. Later modifications incorporated 
a bell-shaped incision followed by the development 
of a superior apron flap to lower the position of the 
transverse bell-shaped scar.[15] These modifications 
eliminated the vertical midline scar found in the Wise 
pattern, while offering greater flexibility to manipulate 
and shape the breast inferior pedicle. Proponents also 
claim that the modified Robertson technique allows for 
greater nipple projection, improved preservation of the 
inframammary crease, and less pseudoptosis.[3,16]

While the use of linear measurements can be used as 
a proxy for pseudoptosis and changes over time, the 
advent of 3D photography and stereophotogrammetry 
has allowed for volumetric measurement and objective 
analysis of breast outcomes.[17-19] The use of 3D 
mammometrics has been validated over the last 
decade, and has been established in the analysis of 
breast reductions.[20-23]

This study uses 3D breast photography and 
mammometrics to compare postoperative volumetric 
and morphologic outcomes between modified Robertson 
and Wise pattern inferior pedicle breast reductions. 
Specifically, we aim to compare postoperative superior 
pole fullness, pseudoptosis, and breast projection over 
time. Other measurements with clinical and aesthetic 
relevance include sternal notch to nipple distance, 
nipple to inframammary fold (IMF) distance, inter-nipple 
distance, areola surface area, total breast volume, 
and medial pole fullness. This is the first quantitative 
analysis comparing these two different skin resection 
patterns for the inferior pedicle breast reduction.

METHODS

After obtaining Institutional Review Board approval, 
patients seeking breast reduction operations between 
2012 and 2014 were invited to participate in this study. 
Patients were randomly assigned by the scheduling 
department to either surgeon A, who used a modified 
Robertson skin incision pattern, or surgeon B, who 
used a Wise pattern. Exclusion criteria included 
age less than 18 years or more than 65 years, the 
history of breast surgery, the history or presence of 
breast malignancy, and the significant weight change 
affecting breast volume during the course of the study. 

Outlier patients with extreme body mass index (BMI) 
(> 40 kg/m2 or < 26 kg/m2), postoperative breast 
volume at early postoperative time point (< 400 mL or 
> 1,300 mL), and the weight of breast tissue resected 
(< 400 g or > 1,300 g) were also excluded.

Both surgeons marked patients in the standing 
position preoperatively, placing the nipple position at 
Pitanguy’s point. In the modified Robertson cohort, 
the IMF incision was then determined 8 cm below 
the new nipple position and marked accordingly. 
Intraoperatively, the new IMF marking was used to 
elevate a superior breast apron down to the chest wall. 
The inferior pedicle was created with a base width of 
12-16 cm, depending on the length of the nipple to 
IMF. Once the pedicle was defined, the intervening 
tissue was removed, and the apron was draped over 
the pedicle with transposition of the nipple. In the Wise 
cohort, the pedicle width was 10-12 cm, and the vertical 
skin incision was made 6-7 cm below the areola.

After the surgery, 3D photographs (Canfield Vectra 3D 
Camera) were taken during the early postoperative 
period (1-3 months postoperatively) and the late 
postoperative period (6-12 months postoperatively). 
Patients who did not return for both photographs were 
removed from the study. Complications were recorded 
during these follow-up visits, including painful scars, 
wound dehiscence, infection requiring antibiotics, and 
surgical revision.

Mammometric and volumetric breast analyses were 
completed using Geomagic software. Important 
landmarks were consistently marked on all images. 
These included sternal notch, nipple, and point of 
maximum breast projection. The point of maximum 
projection was defined as the point maximally projected 
on the Z-axis on a lateral, profile view of the breast. 
The nipple was usually also the point of maximum 
projection but this did not hold true in all cases. Linear 
measurements recorded include sternal notch to nipple 
surface distance, internipple vector distance, nipple 
to IMF surface distance, and projection of the breast 
from the chest wall to the nipple and point of maximum 
breast projection.

Surface area measurements recorded include the 
areola. Volumetric measurements recorded include total 
breast volume, percent volume in superior pole, and 
percent volume in medial pole. The borders of the breast 
were defined using the anterior axillary line as the lateral 
boundary, the sternal midline as the medial boundary, 
the IMF as the inferior boundary, and the chest wall as 
the dorsal boundary. Percent superior pole volume was 
defined as volume of the breast superior to an YZ axial 
plane through the point of maximum projection divided 
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by total breast volume. Percent medial pole volume was 
defined as volume of the breast medial to a XZ sagittal 
plane through the point of maximum projection divided 
by total breast volume.

Statistical analysis was completed using Statistical 
Package for the Social Sciences. Independent samples 
t-tests and chi-squared tests (Fischer’s exact) were 
used where appropriate and a P ≤ 0.05 was considered 
statistically significant. With an estimated 3% effect 
size in the modified Robertson group and 6% in the 
inferior pedicle group for tissue movement to the inferior 
pole, a common standard deviation of 2, a 0.5 level of 
significance, and a 0.8 power level, the sample size 
was calculated to be 7 in each cohort. 

RESULTS

Twenty-two patients consented and completed the 
required components of the study. Two patients were 
excluded as outliers due to excessive BMI and excessive 
volumes resected, and 1 patient was excluded due to 
low BMI. In total, there were 14 measured breasts in the 
modified Robertson cohort (ROB) and 24 breasts in the 
Wise cohort (WISE).

No statistically significant differences were found 
between the 2 cohorts regarding age (36.9 years ROB 
vs. 38.5 years WISE, P = 0.74), BMI (33.9 kg/m2 ROB vs. 
30.9 kg/m2 WISE, P = 0.08), total breast volume (809 mL 
ROB vs. 729 mL WISE, P = 0.26), or the weight of breast 

tissue resected (695 g ROB vs. 712 g WISE, P = 0.84; 
Table 1). Complications requiring surgical revision were 
minimal (Fisher’s exact test: 2/14 ROB vs. 0/24 WISE, 
P = 0.13). The 2 complications were both dog-ears that 
developed at the late postoperative period and revised 
under local anesthesia. Preoperative 3D photographs 
were not taken or analyzed due to the limitations of the 
software to accurately measure massive breasts with 
ptosis resting on the abdominal wall.

Early postoperative period
In the early postoperative period [Table 2], sternal notch 
to nipple distance was not significantly different between 
the 2 cohorts (23.1 cm ROB vs. 23.7 cm WISE, P = 
0.24); however, nipple to IMF was significantly greater 
in the modified Robertson cohort (12.3 cm ROB vs. 
10.6 cm WISE, P < 0.01). Internipple distance was not 
significantly different between the 2 cohorts (23.6 cm 
ROB vs. 21.6 cm WISE, P = 0.17). Nipple projection was 
not significantly different between the 2 cohorts (5.91 cm 
ROB vs. 6.97 cm WISE, P = 0.10); however, maximum 
breast projection was greater in the Wise cohort (5.55 
cm ROB vs. 6.69 cm WISE, P = 0.01). Areola surface 
area was greater in the modified Robertson cohort (23.6 
cm2 ROB vs. 19.0 cm2 WISE, P < 0.01).

Total breast volume was not significantly different 
between the two cohorts (809 mL ROB vs. 729 mL 
WISE, P = 0.26). Percent volume in the superior pole 
was not different between the 2 cohorts (59.6% ROB 
vs. 56.9% WISE, P = 0.21); however, percent volume in 
the medial pole was greater in the WISE cohort (27.0% 
ROB vs. 45.5% WISE, P < 0.01).

Late postoperative period
In the late postoperative period [Table 3, Figure 1], 
sternal notch to nipple distance was not significantly 
different between the 2 cohorts (24.4 cm ROB vs. 24.1 cm 
WISE, P = 0.57); however, nipple to IMF remained 

Table 1: Demographic statistics
 ROB (range) WISE (range) P value
Age (years) 36.9 (30-41) 38.5 (21-65) 0.74
BMI (kg/m2) 33.9 (31.1-37.2) 30.9 (26.4-35.7) 0.08
Total breast 
volume (mL) 809 (459-1,080) 729 (555-1,253) 0.26

Tissue 
resected (mL) 695 (406-1,000) 712 (449-1,280) 0.84

Table 2: Early postoperative period
 ROB (range) WISE (range) P value
SNtoNIP (cm) 23.1 (20.1-25.3) 23.7 (20.9-25.6) 0.24

NIPtoIMF (cm) 12.3 (9.3-15.3) 10.6 (8.4-12.9) 0.00*

NIPtoNIP (cm) 23.6 (15.5-27.7) 21.6 (17.0-24.6) 0.17

NipProj (cm) 5.91 (2.15-8.70) 6.97 (5.09-9.26) 0.10

MaxProj (cm) 5.55 (4.09-8.64) 6.69 (4.67-9.26) 0.01*

AreolaSA (cm2) 23.8 (21.3-28.1) 19.0 (13.17-24.05) 0.00*

BreastSA (cm2) 490 (388-571) 422 (355-547) 0.00*

TotVol (mL) 809 (459-1,081) 729 (555-1,253) 0.26

SupPole% 59.6 (45.7-69.4) 56.9 (44.2-66.6) 0.21

MedPole% 27.0 (20.5-50.2) 45.5 (31.2-63.1) 0.00*

*Statistically significant

Table 3: Late postoperative period
 ROB (range) WISE (range) P value
SNtoNIP (cm) 24.4 (21.4-26.4) 24.1 (21.5-26.4) 0.57

NIPtoIMF (cm) 13.2 (10.3-15.9) 10.8 (8.3-14.2) 0.00*

NIPtoNIP (cm) 24.8 (22.5-27.6) 21.3 (17.3-23.6) 0.00*

NipProj (cm) 6.59 (3.18-9.00) 6.70 (4.65-9.18) 0.83

MaxProj (cm) 5.52 (4.08-7.46) 6.54 (4.50-8.77) 0.01*

AreolaSA (cm2) 26.9 (16.3-37.1) 21.6 (12.9-33.7) 0.02*

BreastSA (cm2) 494 (402-593) 419 (344-559) 0.00*

TotVol (mL) 856 (486-1,183) 709 (489-1,123) 0.06

SupPole% 62.9 (51.1-73.6) 58.3 (42.3-69.9) 0.05*

MedPole% 29.6 (20.3-42.1) 46.9 (34.2-62.9) 0.00*

*Statistically significant
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significantly greater in the modified Robertson 
cohort (13.2 cm ROB vs. 10.8 cm WISE, P < 0.01). 
Interestingly, internipple distance became significantly 
different during the late postoperative period (24.8 cm 
ROB vs. 21.3 cm WISE, P < 0.01). Nipple projection 
was not significantly different between the 2 cohorts 
(6.59 cm ROB vs. 6.70 cm WISE, P = 0.83); however, 
maximum breast projection remained greater in the 
Wise cohort (5.52 cm ROB vs. 6.54 cm WISE, P = 
0.01). Areola surface area remained greater in the 
modified Robertson cohort (26.9 cm2 ROB vs. 21.6 cm2 
WISE, P < 0.01).

Total breast volume was not significantly different 
between the 2 cohorts (856 mL ROB vs. 709 mL 
WISE, P = 0.06). Interestingly, the percent volume in 
the superior pole was greater in the Robertson cohort 
(62.9% ROB vs. 58.3% WISE, P = 0.05), while percent 
volume in the medial pole remained greater in the WISE 
cohort (29.6% ROB vs. 46.9% WISE, P < 0.01). 

Comparing changes over time between 
modified Robertson vs. Wise cohorts
Analyzing the change over time (late postoperative 
measurement minus early postoperative measurement) 
between the two cohorts [Table 4, Figures 2 and 3], 
modified Robertson cohort patients experienced greater 
lengthening of both the sternal notch to nipple distance 

(1.31 cm ROB vs. 0.44 cm WISE, P < 0.01) and the 
nipple to IMF distance (0.88 cm ROB vs. 0.27 cm 
WISE, P = 0.05). While internipple distance increased 
1.20 cm in the modified Robertson cohort and decreased 
0.26 cm in the Wise cohort, this difference did not reach 
statistical significance (P = 0.09). Nipple projection 
increased significantly more in the modified Robertson 
cohort than the Wise cohort (0.69 cm ROB vs. -0.26 cm 
WISE, P < 0.01); however, there was no difference in 
the change in maximum breast projection between 
the two cohorts (-0.02 cm ROB vs. -0.15 cm WISE, 
P = 0.67). Areola size increased in both the modified 
Robertson and Wise cohorts, but this increase was not 
significantly different between the two cohorts (3.08 cm2 
ROB vs. 2.59 cm2 WISE, P = 0.77).

Interestingly, total volume increased in the modified 
Robertson cohort but decreased in the Wise cohort; 
this difference was statistically significant (46.7 mL ROB 
vs. -20.1 mL WISE, P = 0.04). The change in percent 
superior pole volume was greater in the modified 
Robertson cohort (3.36%) than the Wise cohort 
(1.42%); however, this difference did not reach statistical 
significance (P = 0.28). The change in percent medial 
pole volume (2.57% ROB vs. 1.36% WISE, P = 0.60) 
was not significantly different between the two cohorts. 

DISCUSSION
This study is the first to use 3D mammometrics to 
provide quantitative analysis comparing the modified 
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Figure 1: Late postoperative period significant findings (all P < 0.05). 
Statistically significant differences during the late postoperative 
period between the modified Robertson and Wise pattern cohorts. 
Y-axis displays units in cm, cm2, and %, depending on the variable. 
X-axis displays the name of the variable presented with the units 
in parenthesis. ROB cohort is represented by blue bars and WISE 
cohort is represented by red bars. Error bars show standard error. 
Nipple to inframammary fold distance (NIPtoIMF) was greater in the 
ROB cohort than the WISE cohort. Internipple distance (NIPtoNIP) 
was greater in the ROB cohort than the WISE cohort. Maximum 
breast projection (MaxProj) was greater in the WISE cohort than 
the ROB cohort. Areola surface area (AreolaSA) was greater in the 
ROB cohort than the WISE cohort. % volume in the superior pole 
(SupPole%) was greater in the ROB cohort than the WISE cohort. 
% volume in the medial pole (MedPole%) was greater in the WISE 
cohort than the ROB cohort
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Figure 2: Change over time significant findings (all P < 0.05). 
Statistically significant differences from the early postoperative 
period to the late postoperative period between the modified 
Robertson and Wise pattern cohorts. Y-axis displays units in cm 
and 10 mL, depending on the variable. X-axis displays the name 
of the variable presented with the units in parenthesis. ROB cohort 
is represented by blue bars and WISE cohort is represented by 
red bars. Error bars show standard error. The change in sternal 
notch to nipple distance (SNtoNIP) was greater in the ROB cohort 
than the WISE cohort. The change in nipple to inframammary fold 
distance (NIPtoIMF) was greater in the ROB cohort than the WISE 
cohort. The change in total volume (TotVol) increased in the ROB 
cohort but decreased in the WISE cohort
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Robertson and Wise patterns for inferior pedicle 
reduction mammoplasty. Movassaghi et al.[15] directly 
compared the two skin patterns in breast reduction; 
however, their analysis focused on complication rates 
of hematoma, minor wound dehiscence, and scar 
hypertrophy. They found a reduced complication rate 
in the modified Robertson technique with decreased 
skin breakdown, since this skin pattern does not have 
an intersecting triple point. Chalekson et al.[3] evaluated 
morphologic outcomes of modified Robertson patients; 
however, they compared the results to aesthetically 
optimal breasts, instead of other reduction patients. 
Their recorded outcomes included patient satisfaction, 
symptom reduction, scarring, nipple position, ptosis, 
pseudoptosis, shape, and overall appearance 
several years following surgery. They found excellent 
satisfaction among patients and no difference between 
their reduction patients and aesthetically ideal patients 
with regards to pseudoptosis.

Using 3D analysis to compare the late postoperative 
result of the modified Robertson to the Wise pattern 
breast reduction, the modified Robertson technique 
demonstrated greater superior pole volume by 
approximately 5%. This difference was both statistically 
and clinically significant. Previous research by 
Mallucci et al.[24] analyzed breast photographs with 5% 
differences in superior to inferior pole ratio to determine 
ideal breast shape, finding that the 45:55 ratio was 

aesthetically preferred over the 50:50 ratio. It is possible 
that the superior breast apron of the modified Robertson 
technique supports the inferior pedicle and maintains 
superior pole volume without the presence of a vertical 
incision in the Wise pattern technique.

In addition, the Wise technique demonstrated greater 
medial pole volume by approximately 17% and greater 
maximum breast projection by 1 cm. The presence of a 
vertical scar may distribute the inferior pedicle medially 
and narrow the width of the breast, leading to improved 
breast projection. The vertical incision may also prevent 
lateral migration of the nipple position as demonstrated 
by the smaller internipple distance in the Wise pattern 
cohort (21.3 cm WISE vs. 24.8 cm ROB, P < 0.01).

The total breast volume of the modified Robertson cohort 
increased over time (+47 mL), whereas the Wise cohort 
decreased (-20 mL). It is possible that these changes 
reflect systemic changes in the patient with weight 
and/or menstrual cycle. This change in total volume 
is consistent with an increase in notch to nipple and 
nipple to IMF measurements in the modified Robertson 
cohort. An increase in overall volume of the breast may 
also explain the increase in nipple projection found in 
the modified Robertson cohort. In contrast, the Wise 
cohort had a decrease in total volume over time, which 
is also consistent with the decrease in nipple projection 
and maximum breast projection.

The modified Robertson cohort consistently 
demonstrated longer nipple to IMF distances compared 
to the Wise pattern, and this can be explained by the 
surgeon preference to widen the skin bridge of the 
breast apron below the areola to minimize ischemic 
complications.

The areola surface area was consistently larger in 
the modified Robertson cohort compared to the Wise 
pattern cohort at all time points. Both surgeons 

Modified robertson reduction Wise pattern reduction

A B

C D

E F

G H

61.2%
38.8%

62.6%
37.4%

64.1%
35.9%

63.1%
36.9%

Early postoperative 
period

Late postoperative 
period

Early postoperative 
period

Late postoperative 
period

Figure 3:  Example images. Patient photographs and 3D 
reconstruction images showing volumetric analysis. Images 
A-D are from the same ROB patient (age: 31 years) and images 
E-H are from the same WISE patient (age: 26 years). (A) AP 
photograph of ROB breasts at early postoperative time period; (B) 
AP photograph of ROB breasts at late postoperative time period; 
(C) 3D reconstruction lateral view of left breast of ROB patient at 
early postoperative period showing 61.2% superior pole volume; (D) 
3D reconstruction lateral view of left breast of ROB patient at late 
postoperative period showing superior pole volume of 62.6%; (E) AP 
photograph of WISE breasts at early postoperative time period; (F) 
AP photograph of WISE breasts at late postoperative time period; 
(G) 3D reconstruction lateral view of left breast of WISE patient at 
early postoperative period showing 64.1% superior pole volume; (H) 
3D reconstruction lateral view of left breast of WISE patient at late 
postoperative period with superior pole volume of 63.1%

Table 4: Change over time
 ROB (range) WISE (range) P value
SNtoNIP (cm) 1.31 (0.60-2.31) 0.44 (-0.52-2.10) 0.00*

NIPtoIMF (cm) 0.88 (-1.25-3.26) 0.27 (-0.76-1.82) 0.05*

NIPtoNIP (cm) 1.20 (-1.21-6.98) -0.26 (-1.66-0.87) 0.09

NipProj (cm) 0.69 (-0.80-2.00) -0.26 (-2.15-1.81) 0.00*

MaxProj (cm) -0.02 (-1.85-1.43) -0.15 (-2.24-2.01) 0.67

AreolaSA (cm2) 3.08 (-7.13-9.81) 2.59 (-3.86-10.14) 0.77

BreastSA (cm2) 4.00 (-31.83-50.46) -2.89 (-29.50-36.55) 0.28

TotVol (mL) 46.7 (-112.7-170.5) -20.1 (-168.1-216.5) 0.04*

SupPole% 3.36 (-4.06-7.82) 1.42 (-11.16-22.05) 0.28

MedPole% 2.57 (-8.16-12.39) 1.36 (-17.94-17.96) 0.60

*Statistically significant
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reported using the same 38 mm “cookie cutter” when 
insetting the areola; however, the superior breast 
apron of the modified Robertson places greater 
tension and outward pull on the areola compared to 
the Wise pattern. Despite these absolute differences, 
the areola surface area in both cohorts increased 
equally over time. The inferior pedicle may apply 
pressure and weight behind the areola that results in 
similar expansion over time.

Although statistically significant, some of the measured 
differences between the two cohorts were clinically 
small and may seem within the margin of error for 
3D analysis. This error in 3D analysis is the result of 
limitations of 3D photography and minor computational 
inaccuracies in the software. This is especially true 
when measuring the lower pole and determining 
the IMF in patients with extremely ptotic breasts. 
However, we firmly believe that these measurements 
are valid since each image was measured three times, 
averaged, and pooled with other images within the 
same cohort. User dependent differences in making 
measurements can also lead to inaccuracies in 3D 
analysis; however, all measurements were performed 
by the same person, who had extensive experience 
performing 3D analysis. This study is also adequately 
powered as determined by the sample size calculation 
and the fact that the results were statistically significant.

This report represents the outcomes of individual 
surgeons at one institution and considering that there 
are many technical variations within each technique, 
the results may not be generalizable to all surgeons. 
It is possible that the variation in surgical technique, 
rather than the chosen skin incision pattern, has a 
greater impact on volumetric distribution. Further 
study of other surgeons who perform these techniques 
could determine reproducibility of our results. 
Future studies could also evaluate whether further 
morphologic changes occur in the 6-12 month time 
frame. Larger sample sizes will also help to further 
support our findings.

In conclusion, using 3D mammometrics, our results 
suggest that in the late postoperative period, the 
modified Robertson technique provides increased 
superior pole fullness, whereas the Wise technique 
provides increased medial pole fullness and maximum 
breast projection. These quantitative results allow 
plastic surgeons to choose the technique that may 
be most suitable for a patient seeking reduction 
mammoplasty.
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Aim: The authors observed the nostril floor in a gross cadaver specimen histologically and 
innovated a medially based de-epithelialized flap for nasal base narrowing and nostril sill 
augmentation. Methods: In cadaver, fully thick section was taken from the nostril sill at 
the midpoint of the columella base and ala base, and stained with Masson-Trichrome. In 
eight patients, circumferential incision along the nostril sill and alar base freed the alar base 
from the upper lip. At the columellar base, fresh epithelium was shaved on the medial side 
of the incision line. The widened scar on the upper lip was excised. The de-epithelialized 
tip of the columellar base was pulled under the medial tip of the alar base flap and sutured 
tightly. Four anthropometric distances were measured preoperatively and postoperatively. 
Results: Histologically the nostril sill was composed of thickened dermis. Just below the 
dermis, the depressor septi nasi muscle ran obliquely, augmenting the nostril sill. The 
nostril floor width, alar distance, and alar curvature distance decreased on the cleft side 
after the operation. Conclusion: A medially based de-epithelialized flap narrows the alar 
base and augments the nostril sill simultaneously, since the de-epithelialized part of the 
excess skin augments the depressed nostril sill.
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INTRODUCTION

In patients with cleft lip nasal deformities, the upper lip 
scar is widened and the nasal base is wider than the 
unaffected side. Alar base reduction is an important 
technique for narrowing the frontal view of the nose.[1]

Moreover, the nostril sill is deficient on the affected side. 
Excision of the scar of the upper lip and nostril sill may 
leave a depressed nostril.[2] Some authors have used 
laterally based alar flaps,[3] stating that they were able 
to reduce the risk of notching by adapting a two-layer 
closure of the vestibular floor.[2]

We hypothesized that a medially based de-epithelialized 
flap might avoid the notching of the nostril sill, since the 
de-epithelialized part of the excess skin could augment 

the depressed nostril sill.

We performed a histological observation of the nostril 
floor in a gross cadaveric specimen and created a 
medially based de-epithelialized flap for nasal base 
narrowing and nostril sill augmentation in cleft lip nasal 
deformities.

METHODS

Cadaveric study
On a cadaver, the nose including the upper lip was 
removed and fixed in 4% natural buffered formaldehyde. 
A fully thick section was taken from the nostril sill at 
the midpoint of the columellar base and the alar base. 
Following routine histologic procedures, the specimens 
were embedded in paraffin, sectioned at 10 μm, and 
stained with Masson trichrome. The prepared slides were 
observed under a light microscope. In the perpendicular 
section, the nostril sill was composed of thickened 
dermis. Just below the dermis layer, the depressor septi 
nasi muscle ran obliquely and augmented the nostril sill. 
No alar cartilage was found [Figure 1].

Surgical technique
A circumferential incision along the nostril sill and alar 
base freed the alar base from the upper lip. At the 

Figure 2: Surgical technique for the medially based de-epithelialized 
flap. (A and B): A circumferential incision along the nostril sill and 
alar base freed the alar base from the upper lip. At the columellar 
base, fresh epithelium was shaved on the medial side of the incision 
line. The widened scar on the upper lip was excised. (C and D): The 
raw (denuded and de-epithelialized) tip of the columellar base was 
pulled under the medial tip of the alar base flap and sutured tightly. (A 
and C): frontal view; (B and D): worm’s eye view

Figure 1: A perpendicular section of the nostril sill. Two arrowheads 
indicate the span of the nostril sill. A: Gross specimen; B: Histology 
with Masson trichrome stain, bar indicates 1.5 mm. Note the thick 
dermis and the obliquely running depressor septi nasi muscle (D) 
comprising the nostril sill. O: orbicularis oris muscle; P: periosteum; 
G: nasal glands
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columellar base, fresh epithelium was shaved on the 
medial side of the incision line. The widened scar on 
the upper lip was excised. The raw (denuded and de-
epithelialized) tip of the columellar base was pulled 
under the medial tip of the alar base flap and sutured 
tightly. The nasal base was then narrowed and the 
nostril sill was augmented [Figure 2].

Anthropometric measurements
Four anthropometric distances were measured 
preoperatively and postoperatively using Adobe 
Photoshop CS2 version 9 (Adobe Systems Inc., San 
Jose, CA, USA). All values were obtained in pixels. In 
order to avoid personal bias and random systematic 
error, all measurements and statistical analyses were 
performed by a single researcher.

Four distances were measured on the cleft side and 
non-cleft side preoperatively and postoperatively 
[Figure 3]:[4,5] the nostril floor width (Sbal-Sn), the alar 
distance (Sn-Al), the alar curvature distance (Sn-Ac), 
and nostril length (Sbal-C’). These were transferred along 
the relative length to the intercanthal distance and the 
reduction rate (RR) was calculated [RR = (preoperative 
measurement - postoperative measurement)/preoperative 
measurement]. Statistical significance was evaluated 
using the independent two-sample t-test.

Patients
Nine patients (3 males and 6 females) were operated on 
using the medially based de-epithelialized flap technique. 
Among these 9 patients, 6 patients underwent follow-
up for more than 12 months and their preoperative and 
postoperative worm’s eye views were compared.

RESULTS

Anthropometric results
Although not to a statistically significant extent (P > 0.05, 
independent two samples t-test) the nostril floor width 
(Sbal-Sn), alar distance (Sn-Al), and alar curvature 
distance (Sn-Ac) decreased on the cleft side after the 
operation. The RR of the nostril floor was 7.72% ± 
3.62%. The RRs of the alar distance and alar curvature 
distance were 7.09% ± 3.72% and 6.46% ± 6.24%, 
respectively [Table 1]. On the non-cleft side, the nostril 
floor width (Sbal-Sn), alar distance (Sn-Al), and alar 
curvature distance (Sn-Ac) did not change after the 
operation (P > 0.05, independent two samples t-test). 
The RR of the nostril floor was 0.17% ± 7.45%. The 
RRs of the alar distance and alar curvature distance 
were 1.58% ± 6.37% and 1.71% ± 4.42%, respectively 
[Table 1]. The nostril length (Sbal-C’) increased on the 
non-cleft side (6.17% ± 15.60%; P = 0.04, independent 
two samples t-test). The nostril length decreased on the 
cleft side (2.95 ± 30.81%), although this change was 
not statistically significant (P > 0.05, independent two 
samples t-test) [Tables 1 and 2].

c’

sbal
sn sbal

al

ac

Figure 3: Four anthropometric distances were measured: nostril 
floor width (Sbal-Sn), alar distance (Sn-Al), alar curvature distance 
(Sn-Ac), and nostril length (Sbal-C’). al: alare; ac: alar curvature 
point; sn: subnasale; sbal: subalare; c’: highest point of the columella

Figure 4: A 7-year-old girl with a cleft lip nasal deformity. The 
nostril sill was reduced using a medially based de-epithelialized 
flap. A: Preoperative worm’s eye view; B: postoperative view

B

A
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Patient case
A 7-year-old girl had a cleft lip nasal deformity. Her nasal 
tip was augmented with a conchal cartilage graft and 
her nostril sill was reduced with a medially based de-
epithelialized flap [Figure 4].

DISCUSSION

A nasal base reduction typically involves the soft tissue 
resection of one or more of the nasal bases (ala, sill, 
or columellar base).[6] Anatomically, the labio-nostril 
floor angle is approximately 105° and acute. In cleft lip 
patients, the labio-nostril floor angle is obtuse due to the 
soft tissue defect of the nostril sill and the supporting 
bony framework.[7]

Buried flaps have been used in the lip.[8-11] In order to 
shorten the lip, Kostianovsky[8] augmented the upper 
and lower lip using buried de-epithelialized local flaps. 
In order to improve the senile lip, Guerrissi[9,10] de-
epithelialized a strip of skin on the vermilion border and 
buried the remaining dermal flap in the pocket, which 
was performed by undermining the skin of the superior 
third of the upper lip.

In the above studies, the buried flaps were used to 
augment the upper or lower vermilion. In our study we 
used a de-epithelialized flap for simultaneous nasal 
base narrowing and nostril sill augmentation.

In order to replace deficient nostril sills, Millard[11] 
denuded the epithelium of the alar base flap (D-flap) 
and pulled it under the lateral tip of flap C. In the present 
study, we used a medially based de-epithelialized flap 
that did not require a pull-out suture or cinching suture in 
the nasal septum.

In an embryological study, Green[12] found that two 
relevant muscular systems exist: sphincteric fibers 
below the mucosal surface that are more prominent at 
the nasal sill, and a more superficial layer corresponding 
to the muscles of facial expression. He noted that the 
lateral external muscle fibers pass around the lower free 
border of the alar cartilage to insert into the sphincteric 
muscle.

Recently, Oh et al.[13] observed that the nasalis muscle 
lies most superficially in the nostril sill, followed by the 
depressor septi nasi and the orbicularis oris underneath. 
In our observations, we did not find the nasalis muscle 
in the middle of the nostril sill. Instead, obliquely running 
depressor septi nasi muscle fibers comprised the nostril 
sill [Figure 3]. In this study, we observed a depressor 
septi nasi muscle that ran obliquely and comprised the 
nostril sill just beneath a thick layer of dermis. 

The measurements we used in this patient cohort (alar 
distance, nostril floor width) supported the proposal that 
narrowing the alar base is beneficial. The RR of the 
nostril floor was 7.72% ± 3.62%. The RRs of the alar 

Table 1: Comparison of the reduction rate between the non-cleft and the cleft side (independent two samples t-test)

Point Definition
Reduction rate (%)  

Non-cleft Cleft P-value
sbal-sn Nostril floor width 0.17 ± 7.45 7.72 ± 3.62 0.19

sn-al Ala distance 1.58 ± 6.37 7.09 ± 3.72 0.10

sn-ac Ala curvature distance 1.71 ± 4.42 6.46 ± 6.24 0.67

sbal-c’ Nostril length -6.17 ± 15.60 2.95 ± 30.81 0.25

Data expressed in relative length of intercanthal distance. al: alare; ac: alar curvature point; c’: highest point of the columella; sn: subnasale; 
sbal: subalare

Table 2: Comparison of non-cleft and cleft side preoperatively and postoperatively (independent t-test)

Point Definition
Non-cleft Cleft

Pre Post P Pre Post P
sbal-sn Nostril floor width 0.24 ± 0.03 = 0.24 ± 0.04 0.47 0.29 ± 0.06 ≥ 0.27 ± 0.04 0.75
sn-al Ala distance 0.51 ± 0.05 = 0.51 ± 0.07 0.22 0.61 ± 0.06 ≥ 0.57 ± 0.06 0.80
sn-ac Ala curvature distance 0.50 ± 0.03 = 0.50 ± 0.04 0.35 0.62 ± 0.05 ≥ 0.58 ± 0.04 0.38
sbal-c’ Nostril length 0.22 ± 0.01 < 0.23 ± 0.04 0.04 0.21 ± 0.04 ≥ 0.20 ± 0.05 0.87

Pre-operation Post-operation
Non-cleft Cleft P Non-cleft Cleft P

sbal-sn Nostril floor width 0.24 ± 0.03 ≤ 0.29 ± 0.06 0.47 0.24 ± 0.04 ≤ 0.27 ± 0.04 0.91
sn-al Ala distance 0.51 ± 0.05 ≤ 0.61 ± 0.06 0.39 0.51 ± 0.07 ≤ 0.57 ± 0.06 0.59
sn-ac Ala curvature distance 0.50 ± 0.03 ≤ 0.62 ± 0.06 0.12 0.50 ± 0.04 ≤ 0.58 ± 0.04 0.79
sbal-c’ Nostril length 0.22 ± 0.01 ≥ 0.21 ± 0.04 0.10 0.23 ± 0.04 ≥ 0.20 ± 0.05 0.85

Data expressed in relative length of intercanthal distance. al: alare; ac: alar curvature point; c’: highest point of the columella; sn: subnasale; 
sbal: subalare. =: same mean value; ≥ and ≤: no significant difference (P > 0.05); <: significant difference (P < 0.05)
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distance and alar curvature distance were 7.09% ± 
3.72% and 6.46% ± 6.24%, respectively [Table 1]. Nostril 
length increased on the non-cleft side (6.17% ± 15.60%; 
P = 0.04). Although it was not a statistically significant 
finding (P > 0.05), nostril length decreased on the cleft 
side (2.95% ± 30.81%) [Tables 1 and 2]. This indicates 
that flap augmentation was beneficial.

We think that this is an advantageous technique that 
uses tissue that may be discarded to improve nasal 
symmetry. The medially based de-epithelialized flap 
may be a viable method for nasal base narrowing and 
nostril sill augmentation in cleft lip nasal deformities.
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Aim: The primary author previously described his technique for periareolar closure in mastopexy using 
a pinwheel interlocking purse string with absorbable barbed suture and now reports the results of a 
retrospective photometric analysis comparing this technique with the same closure using Gortex® suture. 
This study is designed to compare the degree of areolar widening and safety profile of using absorbable 
barbed sutures for periareolar closure versus permanent smooth suture. Methods: A retrospective chart 
review was conducted of all patients whose periareolar closures were performed using an interlocking 
purse-string technique over a 10-year period. Only patients undergoing circumvertical mastopexy were 
included. All had photometric evaluation and follow-up performed within 6-24 months. Results: In total, 
20 patients (40 areolas), which were closed with absorbable barbed suture, were analyzed photometrically. 
In this suture group, areola size increased a mean of 4.9% from baseline, and no complications (0%) 
were observed. This compared favorably with previously reported complication rates using permanent 
sutures and with a series of cases presented herein in which permanent smooth suture was used for 
purse string closure. The degree to which absorbable barbed suture controls areolar spread was shown 
to be significantly better than those where permanent smooth purse string techniques were employed. 
Conclusion: Circumvertical mastopexy closures using absorbable barbed suture was shown to be safe 
and effective and compared favorably to older techniques using permanent smooth suture for similar 
closures. This paper lends support to the safety of using absorbable barbed suture in circumareolar 
closures to limit areolar spread.
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INTRODUCTION

According to the American Society of Plastic Surgeons, 
approximately 90,000 breast lifts were performed in the 
United States in 2013.[1] Mastopexy closure techniques 
have evolved over the past decade to help limit scarring 
associated with the classic inverted-T technique, 
replacing it with Concentric (Donut) and circumvertical 
techniques with or without short horizontal scars.[2-4] 
Even the concept of a simple purse-string periareolar 
closure, first described by Benelli,[2] evolved to the more 
popular interlocking (pinwheel) purse-string technique, 
as described by Hammond et al.,[5] using permanent 
expanded polytetrafluoroethylene (ePTFE, GORE-
TEX®, W. L. Gore, Phoenix, AZ) suture for the deep 
layer. Franco et al.[6] reaffirmed the safety and reliability 
of the interlocking purse-string periareolar closure 
using ePTFE, by evaluating a retrospective series of 50 
patients who underwent augmentation mastopexy. They 
found a complication rate of 6% specifically associated 
with infected ePTFE requiring removal of this permanent 
foreign body. Other complications that we encountered 
with ePTFE in our work prior to 2008 included wound 
dehiscence, knot extrusion, suture palpability, fat 
necrosis, and areolar widening. Non-interlocking purse-
string techniques using ePTFE prior to 2008 were 
occasionally complicated by herniation of the areola 
secondary to a “cerclage” effect with spread of the areola 
beyond the boundaries of the initial suture placement.

In 2008, with the introduction of absorbable barbed 
suture (Quill™ Knotless Tissue Closure Device, Surgical 
Specialties Corporation®, Wyomissing, PA) we began 
using this new suture technology instead of ePTFE sutures 
for interlocking purse-string periareolar closure in our 
mastopexy, reduction mammoplasty, and augmentation 
mastopexy patient population.[7] Demonstration of this 

technique can be found at https://www.youtube.com/
watch?v=IHxKsC4S85c. We observed a satisfactory 
preservation of areolar size post op and had no knot-
related infections. No herniated or distorted areolas 
were noted and no palpability or visibility of the suture 
was encountered. In addition, the long-term potential 
nidus for infection was eliminated. Previous studies have 
confirmed the cost effectiveness, safety and efficacy of 
using barbed suture.[8,9]

We published our work with absorbable bidirectional 
barbed suture for wound closure in abdominoplasty 
and body contouring procedures.[10,11] Shortly after, 
we expanded its application to include our mastopexy 
closures. We undertook a formal chart review to test 
our hypothesis that the absorbable barbed suture, when 
applied using an interlocking purse-string technique, was 
effective in limiting the spread of the areola size post 
mastopexy. Swanson[12] found photometric analysis of 
outcomes to be effective in assessing outcomes of breast 
surgery and we decided to apply similar assessment 
tools to our study population.

METHODS

We conducted a 10-year retrospective chart review 
of consecutive patients (71 patients/142 breasts) who 
underwent mastopexy, either alone or in conjunction with 
other aesthetic breast and body procedures. From 2003 
to 2008, all mastopexy closures (30 patients/60 breasts) 
at our center were performed using permanent ePTFE 
sutures for the subdermal layer and smooth absorbable 
Monocryl suture for deep dermal and subcuticular 
closure. From 2008 to 2013, mastopexy closures (41 
patients/82 breasts) were performed exclusively with 
absorbable barbed suture. We used bidirectional PDO™ 
(polydioxanone) for the deep layer and Monoderm™ 

Midpoint

Figure 1: Interlocking purse string suture technique (deep layer 
with 2-0 PDO Quill)

Figure 2: The periareolar wound prior to suture deployment is 
marked in divided quadrants
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(PGA-PCL) for subcuticular layer. Monoderm™ retains 
62% of its original tensile strength at 7 days, and 27% at 
14 days, with absorption essentially complete within 90-
120 days, while the longer-term PDO™ retains 50-80% 
of its original tensile strength at 4 weeks, with absorption 
essentially complete within 180 days.[13,14]

We selected a patient population specifically to limit 
variables related to skin tension forces. We, therefore, 
excluded reduction mammoplasty and augmentation 
mastopexy and focused solely on patients undergoing 
mastopexy alone. The study population was further 
limited to patients with postoperative photographs 
between 6 months and 24 months after the mastopexy 
to minimize variables associated with aging.

The final analysis was performed on 20 eligible patients 
(40 breasts) in whom closures were performed using 
absorbable barbed suture exclusively. Since no previous 
reports of areolar spread rates have been published, 
for comparison purposes, we assessed 12 eligible 
patients (24 breasts) in whom mastopexy closures were 
performed with ePTFE/Monocryl. The primary author 
performed all surgeries using the same circumvertical 
technique[4] at the same surgical center. Diagrammatic 
representation of interlocking purse string technique is 
demonstrated in [Figure 1]. Intraoperative photos are 
shown below depicting the periareolar wound, prior to 
suture deployment [Figure 2], after suture placement 
[Figure 3], and after final closure [Figure 4].

In the permanent suture group, a ligature was secured 
with a surgeons knot at the T-zone. Cinching of the suture 
was performed to the desired areolar size in both groups. 
Data were compiled for patient demographics [age, 
body mass index (BMI)], medical history (hypertension, 
smoking status, diabetes, previous breast surgery), 
surgical record (technique used, additional procedures) 

and complications. Both pre- and postoperative photos 
were taken with Mirror Image Software (Canfield 
Scientific Corp, Fairfield, NJ). Surgical areola marker 
size was obtained from operative report review. Follow-
up assessments were based on photos taken between 6 
and 24 months postoperatively, and postoperative areola 
sizes were measured using free digital photo software 
(GNU Image Manipulation Program/www.gimp.org). 
Areolar width and height measurements were completed 
using the GIMP software.

The primary outcome was the change from baseline 
areolar template size used and the photometrically 
measured postoperative areola size. T-test statistics 
were used to compare within group pre-operative areola 
size with postoperative areola size. Analysis of variance 
(ANOVA) was used to compare change from baseline 
scores between groups, using XLSTAT software, 
Version 2014.5.01. This later test was considered to be 
the preferred test to assess changes from baseline in 
studies with a non-randomized design.[15] The incidence 
of complications was considered a secondary outcome.

RESULTS

The 32 patients assessed had a mean age of 41.6 years, 
and mean BMI of 23.5 kg/m2. Patients whose mastopexy 
incisions were closed with absorbable barbed sutures 
were similar in both age and mean BMI to those closed 
with permanent sutures [Table 1]. The two groups were 
also similar in the incidence of hypertension, diabetes 
and in the percentage that were current smokers. Many 
(12/32, 37.5%) had a history of other relevant medical 
conditions. More subjects in the barbed suture closure 
group had undergone previous breast surgeries: 6/20, 
30.0% vs. 2/12, 16.7% in the ePTFE group.

In 62.5% of cases (20/32), mastopexy was performed 

Figure 3: Intra operative photo with interlocking purse-string barbed 
suture prior to cinching (outlined diagrammatically in Figure 2 above).

Figure 4: The final intra operative appearance of the 2-layer 
absorbable barbed suture closure as described
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in conjunction with various other aesthetic surgical 
procedures [Table 2]. Of these, abdominoplasty was 
the most common procedure; it was performed in 30% 
of procedures in which the mastopexy incision was 
closed with absorbable barbed suture, and in 41.7% of 
procedures in which ePTFE sutures were used.

Follow-up photos used for the assessment of areola 
size were taken a mean of 11.2 months postoperatively. 
Mean follow-up times were similar for both cohorts: 10.7 
and 12.0 months, respectively [Table 3]. Among patients 
in the ePTFE suture group, areola size for both breasts 
increased a mean of 0.49 ± 0.57 cm from a baseline 
mean of 3.90 ± 0.18 cm (P = 0.011), representing a 
12.5% increase from baseline. 

Using absorbable barbed suture, areola size increased 
a mean of 0.20 ± 0.70 cm from a baseline mean of 4.11 
± 0.24 cm (P = 0.236), representing a 4.9% increase 
from baseline. The increase in areola size was a mean of 
0.29 ± 0.16 cm less for patients in the absorbable barbed 
suture group; however, the difference between groups 
in the change from baseline areola size did not reach 
statistical significance (P = 0.092, based on ANOVA).

No major or minor complications were reported for any 
patient who underwent mastopexy closure using the 
absorbable barbed suture [Table 4]. In contrast, 2 of 
the 24 breasts (8.3%) where ePTFE suture was used 
had complications. In one case, complications included 
wound dehiscence and infection; this patient had a 
history of breast cancer. In a second case, complications 
were limited to wound dehiscence and fat necrosis; this 
patient had a history of hypertension and diabetes.

DISCUSSION

We believe the unique property of the barbed suture 
allows redistribution of tension forces throughout the 
entire length of the closure, and is particularly effective 
for round closures under circumferential tension. Smooth 
sutures, whether permanent or absorbable, allow tissues 
to slide along the length of the suture and “bunch up” 
similar to the way a shower curtain slides unevenly along 
its rod. Furthermore, we have found that long-acting 
absorbable sutures provide enough strength to allow 
quality tension-free healing to occur without leaving 
permanent foreign body material beneath thin areolar 

Table 1: Baseline characteristics and medical history
Characteristic/history Absorbable barbed suture (n = 20) Permanent suture (n = 12)
Age, years, mean (range) 42.6 (24-66) 40.1 (20-71)
BMI, kg/m2, mean (range) 22.9 (18.5-28.5) 24.4 (19.0-34.7)
Hypertension, n (%) 2 (10.0) 1 (8.3)
Current smoker, n (%) 4 (20.0) 3 (25.0)
Diabetes, n (%) 1 (5.0) 1 (8.3)
Any other relevant medical history, n (%)* 6 (30.0) 6 (50.0)
Previous breast surgery, n (%)† 6 (30.0) 2 (16.7)

*Patients in the barbed suture group also had other relevant medical history that included a history of: leukopenia (1); kidney disease 
(1); rheumatoid arthritis (1); heavy scars (2); lupus and fibromyalgia (1); and high blood pressure, steroid use, blood clots, and Hodgkin 
Lymphoma (1); patients in the smooth suture group also had a history of: allergies and exercise-induced asthma (1); hypercholesterolemia, 
cough and asthma (1); breast cancer (1); cough and in-utero fibroids (1); medullary sponge kidney (1); and heart and gastrointestinal 
disease (1).†Patients in the barbed suture group had previously undergone bilateral mastopexy (1), breast reduction (3), lumpectomy (1) 
and biopsy (1); patients in the smooth suture group had previously undergone lumpectomy and axillary node dissection (1) and excision of 
a benign cyst

Table 2: Surgical record

Surgical record Absorbable barbed suture (n = 20) Permanent suture 
(n = 12)

Mastopexy only, n (%) 9 (45.0) 3 (25.0)
Mastopexy in conjunction with other aesthetic procedures, n (%)* 11 (55.0) 9 (75.0) 

Abdominoplasty 6 (30.0) 5 (41.7)
Blepharoplasty 3 (15.0) 1 (8.3)
Correction of inverted nipple, bilateral 1 (5.0) 0 (0)
Hernia repair 2 (10.0) 0 (0)
Liposuction† 2 (20) 1 (10)
Filler to lips and/or nasolabial folds 2 (20) 0 (0)
Upper abdominal lift 0 (0) 1 (8.3)

Mastopexy technique, n (%)
Circumvertical 20 (100) 12 (100)

*Some patients had multiple additional procedures. †Patients in the barbed suture group had power-assisted 
lipoplasty of the hips, abdomen and thighs (1) and bilateral anterior axillary liposuction (1). The patient in the 
smooth suture group had liposuction of the neck
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tissues. Absorbable suture eliminates long-term suture 
palpability, both at the knot and the circumferential portion 
of the permanent suture.

We also strongly believe that the tension relieving nature 
of the interlocking purse-string technique is further 
enhanced by the tension redistribution noted with barbed 
sutures. The combination of the novel interlocking 
technique and the improved absorbable barbed suture 
technology acts in synergy to reduce wound tension and 
minimize complications.

Various complications in procedures involving 
periareolar closures have been reported in the literature, 
most typically in association with breast reduction or 
augmentation/mastopexy surgeries.[16-21] Delayed wound 
healing, wound dehiscence, hematoma or seroma 
formation, wound infection, fat necrosis, stitch abscess, 
diminished nipple sensation and scarring have been 
reported but limited data are available for mastopexy 
alone. Franco’s review[6] using interlocking ePTFE 
reports similar complications. Since the wound healing 
problems listed in the permanent suture cohort in our 
review occurred in patients with systemic comorbidities, 
this could have played a role in the healing process. 
In addition, the retrospective nature of this review and 
the small, uneven sample size do not allow us to make 
statistically significant comparisons between groups, 
but the limited sample did show that areolar size was 
well preserved and no complications were seen in this 
particular group when closing the periareolar tissues 
exclusively with absorbable barbed suture.

Although complication rates for mastopexy are well 

reported in our literature, the effectiveness of controlling 
the degree of areolar spread has not. Many authors have 
made references to this outcome, but the incidence rates in 
a population of mastopexy patients without augmentation 
or volume reduction have not been previously reported. 
For this reason, we included a small sample of our own 
patients to serve as a comparative cohort in assessing 
post op areolar widening, an important parameter to 
demonstrate efficacy of periareolar closure techniques.

Certainly, some limitations of this study are inherent 
to the nonrandomized retrospective study design. 
A prospective, randomized multicenter trial with a 
larger sample size would be necessary to validate our 
observational findings. In addition, since only barbed 
suture was used we could not assess whether smooth 
absorbable suture might perform as well at lower cost.

Although the mean follow-up period was similar between 
groups, the range was wide varying from 6 to 24 months. 
It would have been preferable if all follow-up photographs 
had been recorded within an even narrower window to 
better restrict changes in breast size that may otherwise 
been due to weight gain or loss or other variables. It is 
possible that direct postoperative areolar measurements 
with calipers would have been preferable to photometric 
measurements, although both methods have a degree 
of inherent inaccuracy. We are also aware that due to 
the contractile properties of the nipple areolar complex, 
areolar size may vary based on environmental conditions, 
room temperature, stress and other unforeseen 
stimulatory factors.

In our surgical practice, the use of absorbable barbed 

Table 3: Mastopexy closure with barbed and smooth sutures 

Surgical record Absorbable barbed suture 
(n = 20) Permanent suture (n = 12)

Mastopexy only, n (%) 9 (45.0) 3 (25.0)
Mastopexy in conjunction with other aesthetic procedures, n (%)* 11 (55.0) 9 (75.0) 

Abdominoplasty 6 (30.0) 5 (41.7)
Blepharoplasty 3 (15.0) 1 (8.3)
Correction of inverted nipple, bilateral 1 (5.0) 0 (0)
Hernia repair 2 (10.0) 0 (0)
Liposuction† 2 (20) 1 (10)
Filler to lips and/or nasolabial folds 2 (20) 0 (0)
Upper abdominal lift 0 (0) 1 (8.3)

Mastopexy technique, n (%)
Circumvertical 20 (100) 12 (100)

*t-test for within group pre-op areola marker size vs. post-op areola size, using Excel. †Analysis of variance for between groups change from 
baseline scores, using XLSTAT software, Version 2014.5.01

Table 4: Postoperative complications
Complication Absorbable barbed suture (n = 40) Permanent suture (n = 24)
Any complication, n (%) 0 (0) 2 (8.3)

Wound dehiscence, infection 0 (0) 1 (4.15)
Wound dehiscence, fat necrosis 0 (0) 1 (4.15)
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suture for circumareolar closure was found to be effective 
in limiting post op areolar widening and was without 
complications. We present our data as a comparative 
photometric and clinical analysis for surgeons considering 
making the “leap of faith” and performing periareolar 
closure with absorbable barbed suture alone.

The tension reducing benefits of the interlocking purse-
string technique combined with absorbable barbed suture 
technology yields predictable areolar size outcomes and 
minimizes suture related complications in mastopexy. 
As plastic surgeons continue to evolve and explore 
new suture technologies and techniques, this study will 
support the safety and efficacy of doing so exclusively 
with absorbable barbed suture.
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Palatal cysts are always confusing by defining their exact nomenclature or conclusive diagnosis. One 
of these presentations is globulomaxillary cyst which requires to be categorized under appropriate 
head for the management point of view. Though this entity appears to be of odontogenic in origin but 
because of its anatomical relation and histo-pathological background this is placed in non odontogenic 
group. Though the mechanism of its formation remains the same but this cyst cannot be mixed up 
with nasopalatine cyst as per their location. Globulomaxillary cyst appears as inverted pear shaped 
radiolucency in all radiological procedures. This remains asymptomatic for a long time and rarely 
gets infected. We present a 29-year-old male who reported with one year history of asymptomatic 
right side hard palate swelling. He was subsequently diagnosed as globulomaxillary cyst with the 
help of radiological modalities like computerized tomography and magnetic resonance imaging. 
This article will highlight mainly the clinical and radiological features of these cysts with particular 
reference to globulomaxillary cyst which is our presenting case.
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INTRODUCTION

Cysts in the oral cavity can either be of soft tissue origin 
or from within the bone. Non-odontogenic hard palate 
cysts arise from the tissues which do not participate in 
tooth formation. There are many palatal cysts and their 
variants are encountered during the course of embryonic 
palate development. One of the cysts is globulomaxillary 
cyst and this terminology had a lot of dispute to be used. 
It was earlier thought to be of embryonic origin because 
of entrapment of the ectoderm but now this hypothesis is 
no longer considered. These have been considered as 
fissural entrapment of epithelium rather than embryonic 
ectoderm.[1] There are many other cysts reported in the 
palate region and have been categorized as per the 
origin and anatomical location.

CASE REPORT

A 29-year-old male reported to otolaryngology out-
patient department with the swelling in the hard palate 
of one year duration [Figure 1].

This was asymptomatic in the beginning but 
subsequently developed some roughness along with 
slight local tenderness. There was no history of trauma 
or fever. On examination there was slight protuberance 
over the right side of the hard palate. This was of slight dull 
pink in coloration. There was no ulceration seen locally 
over the swelling. There was no divergence of roots of 
central incisors. The adjoining teeth reacted normally 
to the electric vitalometer test and to temperature 
stimulation. All the biochemical parameters were 
within normal limits. The further detailed initial work up 
confirmed the swelling as that of the non odontogenic 
origin. The patient was referred for evaluation of the 
tumor. The oral occlusal film had confirmed the swelling 
of non odontogenic origin. The patient was subjected 
to plain as well as contrast enhanced computerized 

tomography (CT) scanning of the face and neck region. 
The findings revealed a radiolucent pear shaped non 
enhancing unilocular, inverted pear shaped cystic lesion 
2.5 cm × 3.5 cm in size between the lateral incisor and 
canine on right side [Figure 2].

There was also thinning out of the bony outline [Figure 3].

Patient was also subjected to magnetic resonance 
imaging (MRI) scanning of face and neck region. The 
mass was of fluid density which was hypointense in 
T1W and hyperintense in T2W images. There were no 
associated findings [Figure 4].

Fine needle aspiration cytology has shown 
some seropurulent secretion and confirmed as 
non odontogenic cyst coming in the category of 
globulomaxillary cyst. The histo-pathological images 
were not available. The patient has been planned for 

Figure 1: A 29-year-old male with hard palate swelling which is 
slightly pink in coloration (white vertical arrow)

Figure 2: Contrast enhanced computerized tomography of face and neck region. (A) Axial section shows a radiolucent non enhancing 
lesion (white star) present on right side of the hard palate; (B) reformatted sagittal section shows the same as pear shaped lesion (horizontal 
white arrow) abutting the right nasal cavity; (C) reformatted coronal section shows the lesion is encroaching upon the right maxillary sinus 
(white star) without invading the same

A B C
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enucleation of the cyst as this being the most preferred 
method of treatment of these entities.

DISCUSSION

Hard palate forms the floor of the nostrils and roof of the 
oral cavity. This is thicker in front and thin in its posterior 
aspect. Globulomaxillary cysts are still disputable in 
their origin but majority of studies have shown these as 
not of embryonic origin.[2]

Oral origin cysts can be placed in to two categories as 
follow: (1) non-odontogenic (fissural) category includes 
globulomaxillary, nasopalatine, median palatal and 
nasolabial (nasoalveolar) cysts; and (2) odontogenic 
category includes dentigerous cysts, primordial cysts, 
odontogenic keratocysts and residual cysts.

Globulomaxillary cysts fall in non-odontogenic category. 
These can be distinguished based on the origin of the 
epithelial rests. Odontogenic cysts arise from tooth 
developing epithelium contrary to non odontogenic 
which arise from the trapped epithelium because of the 

fusion of upper jaw bones.[3] Non-odontogenic cysts can 
further be differentiated on the basis of their anatomical 
location. All the cysts around incisive canal fall in this 
group [Figure 5].

Globulomaxillary cysts arise at the junction between 
maxilla and premaxilla. There are three main subtypes 
of non-odontogenic fissural cysts described as 
nasoalveolar, nasopalatine and median palatal.[4] 
These are usually discovered during routine clinical 
or radiographic examinations. The average duration 
of these cysts vary from one week to two years. The 
occlusal images are the first to lead in radiological 
investigations. In plain X-ray this may present as 
radiolucent region. These are usually asymptomatic and 
also found as incidental findings in CT examinations. 
Their pathogenesis though controversial but non 
disintegrated epithelium in the fissural sites remains the 
most accepted hypothesis. These are usually painless 
and rarely get infected and that is the reason for their 
delayed diagnosis.[5] These are oval or round and 
hypodense on CT examination and do not enhance in 
post contrast studies. Bone resorption is often present 

Figure 3: Non contrast computerized tomography of facial and neck region in 3D reformatted bone window. (A) Axial section shows 
expanded radiolucent lesion with “egg shell” appearance at the base of nasal region predominantly on right side (vertical white arrow); (B) 
sagittal section shows the superior extent of lesion from hard palate (white star); (C) coronal section delineate the lesion separate from the 
maxillary sinuses but obscuring the nasal passages predominantly on right side (white star)

Figure 4: Plain magnetic resonance imaging face and neck region. (A) T2W image shows the well contained hyperintense cystic lesion on 
right side of the hard palate (vertical arrow); (B) T2W sagittal image shows hyperintense well demarcated lesion on the superior part of the 
hard palate (white star) on right side; (C) same lesion in T2WI coronal section with its superior extent (vertical arrow)
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because of their expansile nature but the cortical break 
is very rare. The classical egg shell type of margins is 
present as was also seen in our case. Hisatomi et al.[6] 
has described the classical features of these cysts in 
MRI. MRI show intermediate signal in T1W and hyper 
intensity on T2W images. There is no post-gadolinium 
enhancement seen in T1W fat saturated sequences. 
Histologically these present as a cystic cavity covered 
by epithelium that contain stratified squamous cells with 
some respiratory epithelial components. The wall is 
composed of thick dense collagenous fibrous tissues. 
Median palatine cysts are easy to diagnose on CT and 
MRI modalities as their locations are self explanatory.[7,8] 
There are cases where these entities have been 
managed with non-surgical endodontic treatment[9] 
but the gold standard is complete surgical excision 
via intraoral approach.[10] Sometimes the part of nasal 
mucosa has to be sacrificed as the lesion is close to the 
floor of the nose.[11]

In conclusion, globulomaxillary cysts draw attention 
only after these are diagnosed. These cysts remain 

undiagnosed for a long period because of their 
asymptomatic background. CT and MRI modalities have 
brought revolution in diagnosing these entities while 
performed for some other reasons. These should be 
classified in their proper category before treating them.
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Rhinoplasty and septal reconstruction often require the use of cartilage grafts. Complete 
nasal septal reconstruction may be required in very specific situations like difficult secondary 
septoplasty or severely deformed post traumatic noses. Usually in these cases the septal 
cartilage or bone is insufficient for septal reconstruction. The authors hereby describe a new 
technique of complete septal reconstruction by using the 7th rib (costal) cartilage combined 
with author’s ingenious technique to prevent warping.
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INTRODUCTION

Rhinoplasty and septal reconstruction often require the 
use of cartilage grafts. Occasionally, the unsuspecting 
rhinoplasty surgeon may hitherto stumble upon such 
noses which have paucity of native cartilaginous and 
bony septum. In post-septoplasty severely deviated 
nose and severely deformed post traumatic nose, the 
native septal cartilage and bony septum may be thin, 
fragmented or inadequate. The reconstruction of a 
complete septum with costal cartilage may restore a 
strong support in such situations. Here we describe 
two such cases.

CASE REPORT

Case 1
A 26-year-old male had a history of injury to the nose by 
cricket ball 5 years ago. His nose had gradually deviated 
and owing to severe breathing problems, he underwent 
septoplasty 2 years ago. There was considerable relief 
in breathing after the surgery but the nose remained 
crooked. He presented to us with a crooked nose for 
aesthetic correction [Figure 1A and B].

The patients were assessed postoperatively by clinical  
examination, photography, nasoendoscopy. The dorsal 
symmetry was confirmed postoperatively by “text neck 
photographic view”.[1] The first patient has been following 
up regularly since 18 months [Figure 1C and D]. Clinically 
the nose and septum is straight and airway is patent as 
confirmed by nasoendoscopy [Figure 2].

Case 2
A 35-year-old female presented with severely deformed 
and scarred nose and breathing difficulty. Owing to a 
road accident one year ago, she had an adherent scar 
running from right nostril till junction of cartilaginous and 
bony dorsum, resulting in partition of right nostril. There 
was disjunction of cartilaginous dorsum and detachment 

of left medial canthus which was displaced in an oblique 
position. Also, there was shortage of skin between right 
ala and nasal tip [Figure 3A and B].

The patient was operated in two stages. Initially she 
underwent left medial canthopexy, release of synechia 
of right nostril, adhesiolysis, scar revision, and insertion 
of a costal cartilage strut to the nasal dorsum, through 
the existing scar. The scar revision and insertion of a 

Figure 1: Patient 1. A: Preoperative photograph, frontal view; B: 
preoperative photograph, lateral view; C: the 1-year postoperative 
photograph, frontal view; D: the 1-year postoperative photograph, 
lateral view

Figure 2: Patient 1. Postoperative naso-endoscopic view on right (A) and left (B) side showing patent airway
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strut not only improved the scar and stretched the skin 
envelope, but also prevented further adhesions and 
improved her breathing up to some extent. The final 
surgery was done one year later for reconstruction of 
the nasal septum.

The patient had clinically straight nose and patent 
airway on 3-month follow-up after which she was lost to 
follow-up [Figure 3C and D].

Surgical technique
Being broad and flat usually, the 7th costal cartilage 
was used for both the patients [Figure 4A]. Careful 
and indulgent carving of cartilage was required to 
get 2 equal and thin plates. Any uneven surface or 
discrepancy in thickness of the 2 plates was further 
carved either with the help of a knife or a burr. Since 
these plates have a tendency to warp, a straight 
plate was formed using authors’ Counterbalancing 
technique[2] in which concave surfaces of both the 
plates are sutured together to get a strong and an 
absolutely straight plate [Figure 4B and C].

The authors first used 4-0 polyglactin as, due to its 
better knotting property and strength, it takes all 
the stress in conforming the 2 concave plates. This 
allowed the use of a thinner non absorbable sutures 
(5-0 polypropylene), which usually break if used alone. 
Authors avoid using 4-0 polypropylene alone as it is too 
thick and the knots usually get exposed through the 
septal muco-perichondrial flaps. The length of the plate 
was dictated by the dimensions of the native septum as 
measured from the distal end of the nasal bones to the 
anterior nasal spine. The thickness (width) of the neo-
septum was around 3 mm in both cases.

The neo-septum was kept 5-7 mm longer on its proximal 
end which was fed into the groove created in the middle 
of nasal bone for adequate support. Bilateral spreader 
grafts were sutured to the neo-septum, which was fixed 
in place, proximally to nasal bones and distally to the 
anterior nasal spine, by drilling 2 holes on each side 
[Figure 5]. The fixation was done with 4-0 polypropylene 
sutures. The neo-septum rests comfortably on the 
vomer bone. The rest of the steps were same as in any 
extracorporeal septorhinoplasty case.

DISCUSSION

Septal reconstruction is a frequently required difficult 

Figure 4: A: the 7th costal cartilage graft; B: warping after carving of cartilage pieces; C: prepared neoseptum using counterbalancing 
technique to control warping

Figure 3: Patient 2. A: Preoperative photograph, frontal view; B: 
preoperative photograph, lateral view; C: the 3-month postoperative 
photograph, frontal view; D: the 3-month postoperative photograph, 
lateral view
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step in post septoplasty or post traumatic rhinoplasty 
cases. King et al.[3] first described extracorporeal 
septoplasty in 1952 which generally produces good 
results. In this procedure, popularized by Gubisch in the 
early 1980s, the cartilaginous and bony septum were 
removed intact, redundant cartilage and fracture lines 
were excised, and the remaining pieces were sutured 
together.[4,5] The main indication for extracorporeal 
septoplasty is severely deviated crooked septum 
causing both functional as well as cosmetic deformity. In 
majority of cases, the deformed native septum provides 
enough cartilage or bony plate by which a strong neo-
septum can be rebuilt. L-strut [Figure 6A] or neo-septum 
can be made by either septal cartilage or the bony plate, 
or a combination thereof.[6]

An easier option to rebuild a neo-septum is 
polydioxanone sulfate (PDS) plate, on which small 
fragments can be sutured to act as a scaffold.[7-9] In 
case of paucity of septal cartilage, conchal cartilage 
can also be used. In the first case, due to previous 
septoplasty, enough cartilage and bone could not be 
found to reconstruct a neo-septum. The second case 
was severe post traumatic nasal deformity. Here too, 
only fragments of cartilage and bony plate could be 
found, which could not be used to build a neo-septum.

Although PDS plate could have been used for the 
reconstruction but in the first case, the authors were 
caught unawares and had to resort to the technique 
being described. The success of first case encouraged 
the use of the technique in second case. The 
replacement of full cartilaginous plate which is resting 
over vomer bone or in the vomerine groove akin to 
the native septum, and fixed properly to the anterior 

nasal spine (ANS) caudally and nasal bone proximally, 
leaves no space for postoperative saddling, which 
is common with L-strut due to loosening or breaking 
of suture [Figure 6B]. Authors strongly advocate the 
replacement of either complete septal plate [Figure 6D] 
or a C-shaped septal strut [Figure 6C] with two vertical 
limbs on both ends (unlike L-strut which has only one 
vertical limb supported on ANS while the stability of 
cephalic end is largely dependent on suture fixation, 
which is not always reliable).

Replacing the complete septum is advantageous 
because it prevents primary sinking and collapse 
at the keystone area which may occur in L-strut due 
to inadequate suture fixation or failure of suture, 
secondary sinking of septum or shortening of nose due 
to development of fibrosis in empty space and vibration 
of empty mucoperichondrial flaps.[9] It also provides a 
solid support to the nose, and if required later, makes 
the subsequent surgical dissection easier (since it is 
easy to separate mucochondrial flaps from cartilage 
than from each other).

This procedure is simple, easy to understand and 
reproducible. Though this is a very small series, authors 

Figure 6: Schematic diagram of the technique. A: Reconstructed 
nasal septum with L-strut; B: collapse at the keystone area which 
may occur in L-strut due to inadequate suture fixation or failure 
of suture; C: C-shaped septal strut with two vertical limbs on both 
ends provides better stability; D: total septal plate replacement 
with costal cartilage graft. Multiple box sutures are used to hold the 
cartilage grafts together and prevent warping

Figure 5: Placement of neoseptum
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feel that this new technique of formation of complete 
neo-septum with costal cartilage is very helpful when 
used with specific indications and provides an additional 
tool to the rhinoplasty surgeon to be used in cases of 
difficult secondary septoplasty.
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As plastic surgeons, improvements in quality of life are 
often the goal of our labor. As the vascularized lymph 
node transfer (VLNT) procedure continues to evolve 
to become the surgical solution for lymphedema, 
proving the efficacy not only as a technique, but 
equally as important, its impact on quality of life is 
pivotal. De Brucker et al.[1] elegantly demonstrates 
quality improvements during a 29-month postoperative 
duration through a validated survey (Upper Limb 
Lymphedema-27 Questionnaire).

Although I largely agree with the results and the study 
design, I speculate recall bias may be high. In this 
study, patients received 2 Upper Limb Lymphedema-27 
Questionnaires postoperatively. Though the surveys 
were identical, one was to be completed based on 
the patients’ pre-operative status (a duration of up to 
5 years previously). In addition, 22 patients of the 
25 patients underwent simultaneous procedures 
(DIEP & lymph node transfer), combining the risk, 
morbidity and ultimately the patient’s experience of 2 
separate procedures. This may have implications in 
recall bias because of the resultant limitation when 
comparing seemingly identical procedures. Though it 
is certainly reasonable to perform lymph node transfer 

simultaneously as part of breast reconstruction, when 
attempting to study the experiential effect of lymph node 
transfer in situ, it’s difficult to delineate.

In my experience, breast reconstruction is an integral 
component of patients’ wellbeing. With the prevalence 
of breast cancer-related lymphedema up to 49%,[2] it is 
critical we seek a surgical solution. As the field of lymph 
node transfer continues to mature your study is the first 
to demonstrate an improvement in quality of life via a 
validated survey and furthermore sets the foundation 
that VLNT improves wellbeing and functionality in this 
patient population.
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Aim: To evaluate the age-related effects on the adipogenic differentiation and proliferation 
potentials of human orbital adipose-derived stem cells (OASCs). Methods: Orbital adipose 
samples were harvested from the central fat compartment in the lower eyelids of 10 young 
and middle-aged patients during routine blepharoplasty surgery. After assessment of the 
morphological changes of adipocytes with aging, OASCs were isolated from the fat samples 
and expanded in vitro. Differences in the stem cell colony number (fibroblast colony-forming 
unit), growth rate and phenotype characterization (flow cytometry analysis) were evaluated. 
The ability of OASCs to differentiate into adipocytes was determined by oil red O staining 
and the mRNA expression level of peroxisome proliferator-activated receptor γ. Results: Fat 
cell size showed a decreasing trend with advancing age. Although no difference was found 
in the expression of cell surface markers, the colony number and proliferative rate of OASCs 
from middle-aged donors were significantly lower than those from the young donors. The 
adipogenic differentiation capacity of middle-aged OASCs was also reduced. These differences 
were statistically significant (P < 0.001). Conclusion: The data showed that the progenitor 
cell number, proliferation capacity and adipogenic potential of OASCs decreased with aging, 
suggesting that using OASCs from elderly patients for therapeutic purposes might be restricted. 
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INTRODUCTION

Adipose-derived stem cells (ASCs) are a population 
of postnatal progenitor cells which exist abundantly 
in adipose tissue. These cells can expand rapidly in 

vitro, possess multi-lineage differentiation potential 
and remain stable over long-term culture.[1] Compared 
to the adult stem cells derived from other tissue 
sources, such as bone marrow, muscle and synovium, 
advantages of utilizing ASCs include the large 
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quantities of fat tissue, minimal patient discomfort, little 
donor-site morbidity and ease of cell isolation.[2] Thus, 
there has been growing interest in applying ASCs as 
a potential cell source in the field of tissue engineering 
and regenerative medicine during the past decade.

The human body can be segmented into various depots 
of fatty tissue based on anatomic region.[3] These 
depots vary in the amount of adipose tissue and may 
produce ASCs with different biological characteristics. 
The orbital cavity contains a highly specialized adipose 
depot which differs from the subcutaneous fat (SF) 
developmentally and functionally.[4] The existence of 
human orbital adipose-derived stem cells (OASCs) also 
has been confirmed, which can differentiate into the 
corneal epithelial lineage, smooth muscle lineage and 
neuronal lineage under specific inductive conditions, 
showing great therapeutic potential in treating orbital 
and ocular diseases.[4-7]

The location of orbital fat (OF) may change dramatically 
from young to old age, especially in the lower eyelids. 
Normally the OF is located behind the septum and 
in front of the aponeurosis, occupying most of the 
orbital cavity. By middle or early old age, it often 
migrates forward to the preseptal region, resulting 
in a baggy appearance of the eyes. An interesting 
question therefore arises from this phenomenon: 
will aging influence the functional characteristics of 
OASCs? Identifying this issue is of significance when 
autologous OASC-based therapies are designed for 
elderly patients. To date, however, little literature has 
investigated the relationship between age and the 
biological properties of OASCs.

In this study, the authors tested whether the proliferative 
and differentiation potentials of human OASCs are 
affected by donor age. First, the OF samples were 
harvested from young (with normal OF) and middle-
aged patients (with protruded OF) during routine 
blepharoplasty. Histological evaluation was performed 
to observe the morphological changes of fat cells in 
relation to age. Next, OASCs were isolated from OF 
samples and expanded in vitro. The cell yield, surface 
marker expression and growth kinetics were assessed. 
Finally OASCs were cultured under adipogenic condition 
to compare their differentiation potential into adipocytes.

METHODS

Harvest of orbital fat samples
Adipose tissue samples were surgically harvested 
during lower lid blepharoplasty from the central 
compartments of the OF in 20 healthy female patients 
who had previously given informed consent. Patients 

with obesity (body mass index > 25 kg/m2), orbital 
disease or endocrine disease were excluded from this 
study. The donors were divided into two age groups: 
group A (26.33 ± 6.48 years old, n = 10) and group B 
(56.44 ± 5.83 years old, n = 10). Patients in group A 
had no baggy eye appearance while those in group 
B had dermatochalasis with typical OF protrusion in 
the lower eyelids. Fat samples were preserved on ice 
under aseptic condition, transported to the laboratory 
immediately after surgery, and processed within 6 h. 

Evaluation of adipocyte morphology
After weight measurement, four specimens in each 
group were fixed in 10% formalin overnight, embedded 
in paraffin, sectioned in 5-µm thickness and processed 
for routine hematoxylin and eosin (HE) staining. Images 
were taken in triplicate for each specimen using an 
optical microscope (IX70, Olympus, Tokyo, Japan). The 
photographs were processed with the green channel 
to enhance edge prominence using the Image-Pro 
Plus software (v6.0, Media Cybernetics, Silver Spring, 
MD, USA). Three main descriptive parameters were 
measured for evaluation of adipocyte morphology as 
follows: cell diameter (length of the longest line joining 
two points and passing through the centroid), perimeter 
and area. [8] Approximately 300 adipocytes were 
measured for each histological image.

Isolation and expansion of OASCs
OASCs were isolated and expanded using methods 
previously reported with minor modification.[4] Briefly, 
after washing in phosphate buffer solution (PBS, 
pH 7.4, Sigma, Shanghai, China) extensively, 6 OF 
samples from each group were minced with sterile 
scissors and digested with 0.1% type I collagenase 
solution (Worthington Biochemical Corp, Lakewood, 
NJ, USA) at 37 oC for 60 min with constant agitation. 
The upper layer of adipocytes was removed by 
aspiration and the remaining cells were filtered 
through a 100-µm and then a 40-µm nylon strainer (BD 
Bioscience, Franklin Lakes, NJ, USA). Filtered cells 
were centrifuged for 5 min at 400 g, and resuspended 
in 3 mL of growth medium [GM, containing low-glucose 
Dulbecco’s modified Eagle’s medium (LG-DMEM, 
Gibco, Grand Island, NY, USA) and 10% fetal bovine 
serum (HyClone, Logan, UT, USA) plus 1% antibiotic/
antimycotic]. The viability of cells was assessed using 
the trypan blue exclusion method and the single-cell 
suspension was plated onto 35-mm culture dishes 
(Falcon, B&D Bioscience, San Jose, CA, USA) at a 
density of 50,000 cells/cm2. The medium was replaced 
48 h after cell plating to remove the non-adherent red 
blood cells and changed twice a week thereafter. 

Cell colony forming and growth kinetics
The total number of fibroblastic colony-forming units 
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transcribed to cDNA using Oligo dT primers and the 
final cDNA was subjected to real time PCR (7300 
Real-Time PCR System, Applied Biosystems, Foster 
City, CA, USA). Fold changes in gene expression level 
were calculated by the 2-∆∆Ct method and the results 
were normalized to the expression of an internal 
control, β-actin. The PCR primer sequences were 
listed as followed, with primer specificity confirmed on 
the NCBI Primer-BLAST website: 
Human PPARγ F: 5’TCCTCGGAAATGGGACCCTC3’, 
R: 5’ATCCACGGAGCTGATCCCAA3’.
Human β-actin F: 5’CTGGAACGGTGAAGGTGACA3’, 
R: 5’AAGGGACTTCCTGTAACAATGCA3’.

Statistical analysis
All data collected were presented as mean ± standard 
deviation. One-way analysis of variance and the 
Student-Newman-Keuls test were used to determine 
possible significant differences (P < 0.05) between 
groups.

RESULTS

Morphological observation
Grossly observed, the central fat taken from the lower 
lids in group A had fewer blood vessels and more 
fibrous tissue than that in group B. The average mass 
of OF samples was (0.412 ± 0.189) g and (0.451 
± 0.211) g for the young and middle-aged groups, 
respectively. No significant difference was observed 
regarding the tissue mass between groups (P > 0.05). 
Histologically, it was found that the septal membranes 
separating the adipose lobules were denser in the 
younger group, and that the adipocytes within fatty 
lobules were of similar sizes and arranged tightly. In the 
middle-aged group, the fat cells were arranged loosely 
and were of not uniform size [Figure 1]. Compared to 
group A, the mean diameter, perimeter and area of OF 
adipocytes in group B showed significantly decreasing 
trends (P > 0.05, data not shown). 

Cell yield and growth kinetics 
The yield of viable cells isolated from OF was (0.75 
± 0.17) × 106 cells/g in group A and (0.68 ± 0.13) × 
106 cells/g in group B, with no significant difference 
between the two groups (P > 0.05). In Group A, the 
cell colonies were detected as early as 48 h after 
primary seeding and these cells proliferated rapidly. In 
contrast, colonies usually formed after 72 h or more in 
group B. When the CFU-F numbers were determined 
on the 7th day in culture, more and bigger colonies 
were observed in group A than in group B (19.45 ± 
2.52 vs. 8.42 ± 1.37, P < 0.001) [Figure 2]. Passaged 
cells from both groups exhibited similar homogeneous 
fibroblast-like morphology, but the doubling time in 

(CFU-F, a cluster of at least 20 adherent, fibroblast-like 
cells) was counted on the 7th day in primary culture. 
Upon reaching approximately 80-90% confluence, the 
cells were detached with 0.05% trypsin/0.5 mmol/L EDTA 
(Sigma), seeded into 6-well culture plates (Falcon) 
at a density of 5,000 cells/cm2, and subcultured as 
first-passaged cells (P1). OASCs were passaged 
similarly for a total of 9 passages, and the proliferative 
potential was determined by calculating the cumulative 
population doublings using the following formula: 
[log10(NH) - log10(NI)]/log10(2), where NI is the inoculum 
cell number and NH is the cell harvest number. Once 
the cells were unable to reach confluence or a doubling 
time of over 100 h was obtained in two consecutive 
passages before achieving the 9th passage, the culture 
was considered to have failed at that passage.[9]

Flow cytometry of OASCs 
The phenotypic characterization of OASCs was performed 
using a FACScan cytometer (Coulter Epics Altra, 
Becton Dickson, San Jose, CA, USA). Briefly, cells 
of passage 2 (P2) were trypsinized and resuspended 
in the flow cytometry buffer (PBS containing 0.1% 
FBS and 0.02% natrium azide). After blocked with 
human immunoglobulin, cell aliquots (1 × 105) were 
incubated with the following fluorescein isothiocyanate 
(FITC)-conjugated or phycoerythrin (PE)-conjugated 
monoclonal antibodies: CD14-FITC, CD19-FITC, 
CD34-FITC, CD45-PE, CD73-PE, CD90-FITC and 
CD105-FITC. Labeled cells were analyzed by flow 
cytometry and non-specific IgG stained cells were used 
as isotype controls (all antibodies from Santa Cruz 
Biotechnology, Dallas, TX, USA).

Adipogenic differentiation of OASCs
When OASCs of passage 3 from both young and 
middle-aged groups reached near-confluence, 
adipogenic differentiation was induced by replacing 
GM with the adipogenic medium (AM, consisting of GM 
plus 0.5 mmol/L isobutyl-methylxanthine, 10 mmol/L 
insulin, and 200 mmol/L indomethacin, all from Sigma). 
AM was changed twice a week and the intracellular 
lipid accumulation was assessed by oil red O staining 
(Sigma) after 14-day differentiation. For quantification 
measurement, the number of oil red O-positive-staining 
cells was displayed as the percentage of the total cells 
counted within the image. Cells cultured in GM for 2 
weeks served as controls.

The mRNA level of adipogenesis-related gene, 
peroxisome proliferator-activated receptor γ (PPARγ) 
was quantified by real-time PCR assay. Briefly, after a 
2-week adipogenic-induction, total RNA was extracted 
from OASCs using the RNeasy Mini Kit (Qiagen, 
Valencia, CA, USA). RNA samples were reverse-
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group B was significantly longer than that of group 
A (P < 0.05, data not shown). Four of 6 cell lines in 
group B ceased to proliferate at the 6th passage, 
and only two reached the 7th passage. In contrast, 
in group A, 5 cell lines from the 6 donors reached the 
9th passage and 1 failed at the 7th passage. Thus the 
cell population doublings (CPDs) were compared in 
pairs from P1 to P5. On average OASCs in group A 
attained 13.41 CPDs. In contrast, only 8.7 doublings 
were achieved in group B (P < 0.001).

Flow cytometry analysis
The cell surface marker expression of OASCs from 
older and younger donors was compared using flow 
cytometry analysis. Our results showed that cells in 
both groups were negative for CD14, CD19, CD34 
and CD45, and positive for CD73, CD90 and CD105 
(typical markers for adult mesenchymal stem cells, 
MSCs). No significant difference existed between the 
two groups (P > 0.05). 

Adipogenic differentiation potential
Adipogenic differentiation of OASCs was confirmed 
by oil red O staining after a 14-day induction period. 
Compared to the non-induced cells, which exhibited 

long spindle-like morphology and failed to accumulate 
any lipid, differentiating OASCs assumed an expanded 
morphology consistent with adipocytes and contained 
red staining lipid droplets within the cytoplasm [Figure 3]. 
Quantitatively, the percentage of oil red O-positive 
staining cells in group A was obviously higher than that 
in group B (P < 0.001) [Figure 4A]. Consistent with the 
staining findings, the real-time PCR results revealed a 
significantly lower expression level of PPARγ mRNA 
in the middle-aged group than in the younger group 
(P < 0.001) [Figure 4B].

DISCUSSION

The multi-lineage differentiation capacity of OASCs 
has shown great therapeutic potential in the fields 
of ophthalmology and regenerative medicine.[4-7] 

Although the literature indicates that aging has less 
effect on the self-renewal and differentiation potential 
of ASCs isolated from SF tissue,[10-12] whether this fact 
holds true in OASCs derived from elderly humans 
remains unknown. In this study, the authors make the 
first report on the age-related effects on the biological 
properties of human OASCs, demonstrating that the 
adipogenic differentiation and proliferative capabilities 
of OASCs decrease with advancing age. 

Figure 1: Representative HE staining images of the orbital fat samples from young donors (A) and middle-aged donors (B). The adipocytes 
were smaller and fibrous structure appeared looser in (B) than those in (A) (scale bar: 100 µm)

A B

Figure 2: The colony formation of orbital adipose-derived stem cells was determined at day 7 in the primary culture. Compared to middle-
aged donors (B), both the colony number and the cell number within each colony were greater in young donors (A) (scale bar: 100 µm)

A B
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OF is derived from both mesodermal and ectodermal 
cells.[13] The central fat pads of both upper and lower 
lids are mesodermally derived, while the medial fat in 
the upper and lower eyelids develops from the neural 
crest cells.[4,5] Therefore, to achieve consistency 
between groups, all samples used in this study were 
taken from the central fat compartments of the lower 
eyelids. 

At the histological level, the fibrous septum surrounding 
the fat lobules was thin and sparse in the middle-aged 
group, and the loosely arranged adipocytes appeared 
smaller than those in the younger age group. Changes 

of septal structure correlated with age were predicted, 
and were attributable to OF herniation, resulting in a 
baggy-eye appearance. Irregular and decreased fat cell 
size at middle age may indicate the reduced capacity 
to accumulate lipid and reserve energy.[14] 

Next, OASCs were isolated and expanded in vitro. The 
cell phenotype was characterized by flow cytometry, 
and the effects of age on the number of OASCs’, their 
proliferation, and differentiation were investigated. 
OASCs from both groups expressed a similar CD 
marker profile, which was consistent with that reported 
for ASCs from SF depots. Although the viable cells 

A B

C D

Figure 3: Adipogenic differentiation was assessed by oil red O staining after culturing orbital adipose-derived stem cells in adipogenic 
media for 14 days. (A, C): young group; (B, D): middle-aged group; (A, B): non-induced; (C, D): induced. More positive staining cells were 
observed in (A, C) than those in (B, D), and almost no staining was seen in (A, B) (scale bar: 100 µm)

Induced
Non-induced

Figure 4: Quantitative analysis confirmed the adipogenic differentiation of orbital adipose-derived stem cells in contrast with the non-
induced cells. Compared to the young age group, both the percentage of oil red O staining-positive cells (A) and the expression level of 
peroxisome proliferator-activated receptor γ mRNA (B) were significantly reduced in the middle-aged group (*P < 0.001)

Induced
Non-induced

A B
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freshly isolated from OF were comparable between 
two groups, the progenitor cell numbers declined in the 
older group. Because some cell lines ceased to grow 
at passage 6, the cell growth kinetics were compared 
from passages 1 to 5. It was found that the proliferation 
rate of young OASCs was significantly greater than 
that of the middle-aged cells. Young OASCs could 
generally achieve more than 12 population doublings 
while 10 CPDs were the maximum that cells from 
middle-aged donors could achieve. Moreover, an age-
related decrease in the adipogenic-differentiation 
potential of OASCs was observed. Not only the 
percentage of oil red O staining-positive cells but also 
the mRNA expression of PPARγ, a key transcription 
factor regulating adipogenic differentiation and 
maintaining fat cell phenotype, declined with age.

In general, our data showed that aging had a great 
influence on the proliferation and differentiation 
potentials of OASCs. The OASCs’ number, adipogenic 
differentiation and proliferative potentials began 
to decrease at middle or early old age, which may 
render their use in autologous cell therapy unsuitable 
in elderly patients. Whether other linage differentiation 
capabilit ies of OASCs are correlated with age 
remains to be investigated in further studies. On the 
other side, our previous studies proved that ASCs 
isolated from SF depots possess low immunogenicity 
and can maintain their biological functions after 
cryopreservation.[15,16] If these properties prove true 
in OASCs, allogenic or cryopresereved autologous 
OASCs may serve as alternatives for future clinical 
applications in elderly patients.
 
Financial support and sponsorship
This work was financially supported by the grants 
of National Natural Science Foundation of China 
(No. 31271027 and No. 81171475).

Conflicts of interest
There are no conflicts of interest.

Patient consent
All patients had previously given informed consent.

Ethics approval
The protocol for this study was approved by the 
Research Ethics Committee of Tongji University 
School of Medicine (No. 2015-0083) and conformed to 
the principles outlined in the Declaration of Helsinki.
 

REFERENCES

1. De Francesco F, Ricci G, D’Andrea F, Nicoletti GF, Ferraro GA. 
Human adipose stem cells: from bench to bedside. Tissue Eng Part B 
Rev 2015;21:572-84.

2. Oedayrajsingh-Varma MJ, van Ham SM, Knippenberg M, Helder 
MN, Klein-Nulend J, Schouten TE, Ritt MJ, van Milligen FJ. 
Adipose tissue-derived mesenchymal stem cell yield and growth 
characteristics are affected by the tissue-harvesting procedure. 
Cytotherapy 2006;8:166-77.

3. Schipper BM, Marra KG, Zhang W, Donnenberg AD, Rubin JP. 
Regional anatomic and age effects on cell function of human 
adipose-derived stem cells. Ann Plast Surg 2008;60:538-44.

4. Korn BS, Kikkawa DO, Hicok KC. Identification and characterization 
of adult stem cells from human orbital adipose tissue. Ophthal Plast 
Reconstr Surg 2009;25:27-32.

5. Chen SY, Mahabole M, Horesh E, Wester S, Goldberg JL, Tseng 
SC. Isolation and characterization of mesenchymal progenitor 
cells from human orbital adipose tissue. Invest Ophthalmol Vis Sci 
2014;55:4842-52. 

6. Ho JH, Ma WH, Tseng TC, Chen YF, Chen MH, Lee OK. Isolation 
and characterization of multi-potent stem cells from human orbital 
fat tissues. Tissue Eng Part A 2011;17:255-66.

7. Lin KJ, Loi MX, Lien GS, Cheng CF, Pao HY, Chang YC, Ji AT, Ho 
JH. Topical administration of orbital fat-derived stem cells promotes 
corneal tissue regeneration. Stem Cell Res Ther 2013;4:72. 

8. Bujalska IJ, Durrani OM, Abbott J, Onyimba CU, Khosla P, Moosavi 
AH, Reuser TT, Stewart PM, Tomlinson JW, Walker EA, Rauz S. 
Characterisation of 11 β-hydroxysteroid dehydrogenase 1 in human 
orbital adipose tissue: a comparison with subcutaneous and omental 
fat. J Endocrinology 2007;192:279-88.

9. Lin TM, Tsai JL, Lin SD, Lai CS, Chang CC. Accelerated 
growth and prolonged lifespan of adipose tissue-derived human 
mesenchymal stem cells in a medium using reduced calcium and 
antioxidants. Stem Cells Dev 2005;14:92-102. 

10. Mendes SC, Tibbe JM, Veenhof M, Bakker K, Both S, Platenburg 
PP, Oner FC, de Bruijn JD, van Blitterswijk CA. Bone tissue-
engineered implants using human bone marrow stromal cells: effect 
of culture conditions and donor age. Tissue Eng 2002;8:911-20.

11. Chen HT, Lee MJ, Chen CH, Chuang SC, Chang LF, Ho ML, 
Hung SH, Fu YC, Wang YH, Wang HI, Wang GJ, Kang L, Chang 
JK. Proliferation and differentiation potential of human adipose-
derived mesenchymal stem cells isolated from elderly patients with 
osteoporotic fractures. J Cell Mol Med 2012;16:582-93.

12. Zhu M, Kohan E, Bradley J, Hedrick M, Benhaim P, Zuk P. The effect 
of age on osteogenic, adipogenic and proliferative potential of female 
adipose-derived stem cells. J Tissue Eng Regen Med 2009;3:290-301.

13. Billon N, Monteiro MC, Dani C. Developmental origin of adipocytes: 
new insights into a pending question. Biol Cell 2008;100:563-75.

14. Kirkland JL, Dobson DE. Preadipocyte function and aging: links 
between age-related changes in cell dynamics and altered fat tissue 
function. J Am Geriatr Soc 1997;45:959-67. 

15. Liu G, Zhou H, Li Y, Li G, Cui L, Liu W, Cao Y. Evaluation of 
the viability and osteogenic differentiation of cryopreserved human 
adipose-derived stem cells. Cryobiology 2008;57:18-24.

16. Liu G, Zhang Y, Liu B, Sun J, Li W, Cui L. Bone regeneration in a 
canine cranial model using allogeneic adipose derived stem cells and 
coral scaffold. Biomaterials 2013;34:2655-64.



                                                                                                                              © 2016 OAE Publishing Inc.  www.oaepublish.com       328

Topical rapamycin for angiofibromas in 
patients with tuberous sclerosis: how does 
it work in clinical practice?
Maria Palmetun Ekbäck1,2, Desiree Wiegleb Edström3

1Department of Dermatology, Örebro University Hospital, 70185 Örebro, Sweden. 
2Department of Pharmacology and Therapeutic, Region Örebro County Council, 70185 Örebro, Sweden.
3Department of Medicin Solna, Karolinska Institute and Department of Dermatology, Karolinska University Hospital, 17176 Stockholm, Sweden.

Correspondence to: Dr. Maria Palmetun Ekbäck, Department of Dermatology, Örebro University Hospital, 70285 Örebro, Sweden. 
E-mail: maria.palmetun-ekback@regionorebrolan.se

How to cite this article: Palmetun Ekbäck M, Wiegleb Edström D. Topical rapamycin for angiofibromas in patients with tuberous sclerosis: how 
does it work in clinical practice? Plast Aesthet Res 2016;3:328-34.

Aim: Topical rapamycin for angiofibromas has been reported to be a new promising treatment. 
This study aims to report the outcome in clinical practice. Methods: A retrospective clinical 
follow-up on twenty-three patients who had been prescribed an oral solution of 0.1% rapamycin, 
to be applied on facial lesions once a day. Results: Seventeen of 23 patients continued the 
treatment. Papules and nodules were improved in 8 patients (47%) and erythema in 12 (70%). 
Side effects, such as stinging and redness were reported in 35% of patients. Blood samples 
were taken from 5 patients and no rapamycin could be detected. All patients who paused the 
treatment relapsed. Conclusion: Topical rapamycin has a positive effect on angiofibromas 
with improvement in both erythema and papules even if only applied every second to third day, 
but continuous treatment is needed. 
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INTRODUCTION

Tuberous sclerosis complex (TSC) is a dominant 
autosomal disorder that affects multiple organ 
systems. The prevalence of the disease is estimated 
to 1 in 6,000 live births.[1] Spontaneous or inherited 
mutations in the tumor-suppressor genes TSC1 (9q34) 
or TSC2 (16p13) are found in 85% result in activation 
of the mammalian target of rapamycin complex 1 
(mTORC1) leading to uncontrolled formation of 

hamartomas in the brain, retina, skin, heart, kidneys, 
and lungs. 

These patients should be evaluated by a dermatologist 
for facial angiofibromas, fibrous cephalic plaques, 
hypomelanotic macules, ungual fibromas and shagreen 
patches.[2] 

Facial angiofibroma is found in 80-90% of cases 
and consist of vascular and fibrotic tissue, leading 
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to reddish or skin-coloured papules in the centro-
facial area.[3] Patients with these lesions may suffer 
negative emotional impact and stigmatization. In 
addition, the angiofibromas can easily bleed after minor 
trauma. In 2008, Hofbauer et al.[4] treated a patient 
with oral rapamycin, an mTOR inhibitor, to suppress 
graft rejection in one patient with tuberous sclerosis 
who had received a kidney transplant because of 
renal angiomyolipomas. They could report a marked 
improvement of facial angiofibromas.[4] In 2010, 
Haemel et al.[5] succeeded in preparing a topical 
ointment which had effect on facial angiofibromas. 
In 2011, Mutizwa et al.[6] reported that an oral solution 
with rapamycin could be used on the skin with good 
result. Since then, there are several case reports[7-10] 

and studies[11-14] reporting improvement after topical 
rapamycin applied once or twice daily.[15-18]

The aim of this retrospective observational study was 
to describe the outcome in clinical practice treating 
angiofibromas in TSC with topical rapamycin. 

METHODS

Patients and methods
All patients, who had been treated with topical 
rapamycin between January 2012 through December 
2014 at the Dermatology Departments Karolinska 
University Hospital Stockholm and Örebro University 
Hospital, were followed up in this retrospective 
observational evaluation. There were in total 23 
patients. Fifteen of the 23 patients had previously 
been treated with CO2 laser. Sixteen of 23 patients 
had tuberous-sclerosis-associated neuropsychiatric 
disorders (TAND) and 18 had severe epilepsy. All 23 
patients had been prescribed an oral solution of 0.1% 
rapamycin, but told to apply it on all facial lesions once 
a day. In case of skin irritation the patients had been 
instructed to refrain from treatment for a couple of days 
and use a weak topical glucocorticoid cream, and then 
resume the rapamycin treatment when the skin irritation 
had subsided. In the beginning of the treatment we 
instructed the patients/parents to discontinue during the 
summer, because of uncertainty regarding interaction 
with sunlight. The summer pause was from mid-June to 
mid-August 2012. The patients were initially instructed 
to give blood samples for measurement of serum 
rapamycin after four weeks of treatment. Treatment 
photos were taken. Follow-up was done through visits 
in person or through e-mailed photos, as some patients 
lived far from the clinics. All evaluations were done by 
the authors. The authors looked at several photos prior 
to the evaluation in order to reach consensus about 
the grading, as there was no standardized grading 
system at the time for the evaluation. Erythema was 

23 patients

2 patients lost before follow-up 

2 patients put on oral 
everolimus treatment

2 patients discontinued 
because of side effects

17 patients continued  

Figure 1: Flow diagram of patient population

graded as no erythema, slight, medium, or severe 
erythema. Angiofibromas were described as papules 
(< 5 mm) or nodules (≥ 5 mm). Both effects on papules, 
nodules and erythema and side effects were evaluated. 
The results were compared with the pre-treatment 
photos and graded on the scale: no improvement, 
improvement or excellent. 

Ethical considerations
This retrospective study is a clinical follow-up of the 
patients treated with topical rapamycin according to 
clinical praxis. In Sweden, a formal approval from 
an Ethics Committee is not needed for a clinical 
follow-up. This was also discussed with our Ethical 
Committee. All patients and/or parents got orally and 
written information about the treatment and potentially 
side effects and gave their informed consent. 

RESULTS

Clinical results
Twenty-three patients (10 males) were included in the 
retrospective observational evalutaion. The mean age 
was 19 years (range 2-52 years) [Table 1]. The duration 
of treatment was from 3 weeks to 33 months. Six 
patients discontinued the treatment. Of these, 2 were 
lost to follow-up; 2 were put on oral everolimus treatment 
because of internal hamartomas; and 2 discontinued 
the treatment after 3 weeks because of intractable 
side effects, such as skin pain, severe dryness, itching, 
burning sensations, erythema and swelling [Table 1].

Seventeen patients continued the treatment [Figure 1]. 
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The erythema was improved in 12 of 17 patients 
(70%) [Figure 4], of whom 4 had excellent results 
[Table 1]. The median age of the patients whose 
erythema responded (improved and excellent) was 
12.5 years (2-43 years) and median treatment time 
was 12.5 months (1.5-33 months). The median age for 
the patients whose erythema did not respond was 18 
years (2-30 years) and median treatment time was 4.5 
months (2.5-13 months). During the summer pause, 
lesions and erythema recurred. 

Initially, rapamycin was prescribed on a daily basis. 
Six of 17 patients (35%) had mild side effects, such 
as dryness, itching and stinging, but could continue 
the treatment when using the solution every second 
to third day. In practice, the treatment was performed 
every second to third day. The reasons for this were 
both side effects and compliance problems. Eleven of 
these 17 patients had CO2 laser treatment 3-5 months 
[Figures 3, 5, 6 and 7] before rapamycin treatment. 

Table 1: Patients and results

No. Gender Age,
year

Skin lesions 
(pre)

Erythema 
(pre)

CO2 
laser 
(pre) 

Duration of 
treatment 

Skin 
lesions post 

treatment

Erythema 
post 

treatment
Side 

effects
Sirolimus 

conc

1 M 15 Papules and 
nodules

Medium No 6 months Not improved Not improved None Not done

2 F 4 Papules Medium Yes 14 months Improved Excellent None Not done
3 M 10 Papules Slight No 6 + 3 months* Improved Improved Dryness Not detected

4 F 2 Papules Medium No 7 months Excellent Excellent None Not done
5 F 13 Papules and 

nodules
Medium Yes 10 months Not improved Improved Dryness Not detected

6 M 12 Papules and 
nodules

Medium No 8 + 12 months* Not improved Improved Dryness Not detected

7 M 30 Papules Slight Yes 1.5 + 1 month* Not improved Not 
improved

Dryness Not done

8 F 43 Papules Medium Yes 9 + 16 months* Excellent Excellent None Not detected
9 F 9 Papules Medium No Drop out - - - Not done
10 M 2 Fibrous cephalic 

Plaque
Medium No 9 + 4 months* Not improved Not 

improved
None Not detected

11 M 7 Papules Medium No Drop-out - - - Not done
12 M 19 Papules Medium Yes 19 + 7 months* Improved Improved None Not done
13 F 19 Papules Medium Yes 11 + 7 months* Improved Improved None Not done
14 M 18 Papules Medium Yes 5 + 14 months* Improved Improved None Not done
15 M 21 Papules Medium Yes 3 months Not improved Not 

improved
None Not done

16 F 26 Papules Medium No 33 months Improved Improved None Not done
17 F 29 Papules Slight Yes 5 months † † † Not applicable
18 F 33 Papules Medium Yes 3 months † † † Not applicable
19 F 52 Papules Slight Yes 3 weeks Discontinued Dryness, 

itching and 
swollen

Not done

20 F 9 Papules Medium Yes 6 + 5 months* Improved Improved Itching Not done
21 F 10 Papules Medium Yes 5 + 6 Not  improved Improved Stinging Not done
22 F 16 Papules Medium Yes 3 weeks Discontinued Pain, ery-

thema
Not done

23 M 32 Papules Severe Yes 1.5 months Not improved Excellent None Not done

*Paused the treatment during summer months; †Received oral rapamycin for internal hamartomas

All patients except three were evaluated during visits 
where the skin status was compared with the pre-
treatment photos. Three patients lived far away and 
were evaluated through photos sent by e-mail. Five 
patients had blood samples taken for rapamycin 
measurement but none had detectable rapamycin levels. 

Papules were improved in 9 patients (53%), of whom 2 
had results classed as excellent [Figures 2 and 3]. The 
median treatment time for the patients who responded 
(improved or excellent results) was 16 months (7-
33 months). The patients who did not respond (not 
improved results) had a median treatment time of 
10 months (1.5-13 months). The 3 patients with both 
papules and nodules did not improve. The patient 
with a fibrous cephalic plaque did not respond to 
treatment. The median age of the patients whose skin 
lesions were improved was 13 years (2-43 years). The 
median age of the patients whose skin lesions were 
not improved was 14 years (2-32 years). 
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We could not see any difference in improvement 
in patients who had received CO2 laser treatment 
compared with patients who had not. 

DISCUSSION

This is a retrospective observational study reflecting 
our experience in clinical practice using topical 
rapamycin. The solution was not applied daily because 
of side effects but also because of compliance 
problems, but we still had good clinical effect. This 

is important knowledge for clinicians, parents and 
patients. We used an oral solution with rapaymcin 
because it was impossible at that time to get an ex 
tempore ointment prepared in a Swedish pharmacy. 
We had an overall improvement of 70% which is 
a lower figure than what has been reported in the 
literature, where the majority reported improvement, 
which might be because of less application in our 
group of patients.[5,7,11,12,14,18] The patients, with lowest 
response in our clinical setting, were the patients with 
papules and nodules. Park et al.[15] found that papules 

A B

Figure 2: Patient 4. (A) before treatment; (B) after 7 months

Figure 3: Patient 8. (A) 3 months after CO2 laser and before rapamycin; (B) 3 months after CO2 laser and before rapamycin close-up; (C) 
after 6 weeks on rapamycin; (D) after 9 months with topical rapamycin; (E) after 9 months on topical rapamycin close-up; (F) after 2 years

A B

C D FE
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Figure 5: Patient 12. (A) before CO2 laser and rapaymcin; (B) before CO2 laser and rapamycin close-up on the nose; (C) a couple of days 
after CO2 laser; (D) 3 months after CO2 laser and before rapamycin; (E) 3 months after CO2 laser close-up; (F) 3 months after CO2 laser 
close-up on the nose; (G) after CO2 laser and 9 months on rapamycin; (H) after CO2 laser and 9 months on rapamycin close-up nose

Figure 4: Patient 6. (A) before treatment; (B) after pause with rapamycine; (C) after 5 months

A
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larger than 4 mm did not respond to topical rapamycin. 
In our observation, all patients who paused treatment 
during summer relapsed, which shows that mTOR 
inhibition needs to be continuous. There were also 
tendencies for younger patients to respond better, 
which reflect the importance of early treatment. This 
is in accordance with a study by Tanaka et al.[14] who 
also reported greater effects in patients younger than 
ten years. Five studies reported mild side effects, such 
as stinging and skin irritation.[6,12,14,16,18] In our study, 
8 of 23 patients had side effects, and 2 discontinued 
treatment because of pain and swelling. Six of the 
patients who got side effects could continue the 
treatment with no side effects if they used the solution 
every second to third day. We used an oral solution 
not designed for topical treatment, as has been 
reported in a previous study.[6] This solution contains 
ethanol and propylenglycol, which might explain some 
of the side effects. On the other hand, the solution is 
without oily element and is therefore more suited for 
teenagers who besides angiofibromas could have 
facial acne. The ex tempore ointment that has been 
available lately contains petrolatum but could be a 
good alternative for toddlers. We could not detect 
rapamycin in the blood of our first 5 patients. This is in 
accordance to other studies in the field.[5,6,8,10-13,17,19] So 

one could conclude that blood test is not needed in 
patients treated with topical rapamycin. 

There was a tendency that longer treatment with 
topical rapamycin gave better effect. However, nodules 
responded less to topical treatment and cephlic plaque 
did not respond at all. 

We were initially uncertain of the interaction between 
rapamycin and ultraviolet radiation, so the patients 
were in the beginning instructed to avoid sun-light. 
Claims of such interactions have however been 
refuted, as subsequent randomized controlled studies 
have shown a reduced risk of malignancies and 
non-melanoma skin cancer in transplant recipients 
receiving oral rapamycin.[20]

This is a retrospective observational study. There was 
no set schedule for the visits, as some of the patients 
lived far from the clinics and had other severe medical 
problems. Many of our patients had the diagnosis 
of TAND and could not participate in a standardized 
examination, however it was possible to get photos of 
all the patients. 

Follow-up was done mainly through visits in person, 
but in 3 cases through the use of photos. The 
grading of treatment outcome did not employ the 
Facial Angiofibroma Severity Index. That scale has 
just recently been validated and published.[21] So 
we graded the skin lesions in papules, nodules and 
erythema and discussed the photos with each other in 
order to reach consensus about our grading system. 
We used an oral rapamycin solution, which might 
have given more side effects. Patients who had not 
received CO2 laser treatment did respond as good as 
patients who had not received CO2 laser treatment. 
One explanation to that is probably that patients with 
papules bigger than 4 mm, that is known to respond 
less to topical rapamycin, had received CO2 laser on 
these papules.[15] 

Figure 7: Patient 14. (A) after the last session of CO2 laser and 
before rapamycin; (B) after CO2 laser and rapamycin

Figure 6: Patient 13. (A) before CO2 laser and rapaymcin; (B) after CO2 laser and before rapamycin; (C) after CO2 laser and rapamycin

A B C

A B
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In conclusion, topical rapamycin is a valuable tool in 
the treatment of angiofibromas even when treatment 
was performed every second to third day. Erythema 
and papules seem to respond in most cases, but 
nodules respond less well to topical rapamycin. The 
treatment must be continuous. Rapamycin was not 
detected in the blood in our patients, which is in line 
with other studies. Topical Rapamycin could also be 
a valuable complement after CO2 laser in order to 
maintain the improvement after the laser surgery. 
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Morel-Lavallee lesion (MLL) entity represents as a haemolymph mass as a result of closed 
degloving injury following focal trauma. The swelling can be mistaken as a tumor or simple 
hematoma formation, and it can be of concern as it gradually increases in size. It is important 
to diagnose the entity promptly as proper management can avoid skin necrosis and further 
complications. We present a 20-year-old female nursing student who fell down from a scooter 
and developed painful massive right thigh swelling over a 3-week course following trauma. She 
underwent plain radiography which was unremarkable. Ultrasound and magnetic resonance 
imaging revealed the diagnosis of MLL and she was treated accordingly.
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INTRODUCTION

Morel-Lavallee lesion (MLL) occurs when there is a 
collection of haemolymph due to the separation of 
skin and subcutaneous tissue from the underlying 
fascia. This usually happens after blunt trauma 
and patients present with progressive swelling and 
pain. The potential space formed by this separation 
of tissues is occupied by the oozing serous fluids 
like blood and lymph. This collection sometimes 
becomes encapsulated and does not resolve. Victor-
Auguste-Francois Morel-Lavallée,[1] a French surgeon 
described this entity first time in 1848.

CASE REPORT

A 20-year-old female reported to the orthopedic 
surgery department three weeks after falling from 
her scooter, with slightly painful swelling over the 
lateral aspect of the right thigh. The painful swelling 
increased progressively from small to massive size. 
On examination the site of the swelling was on the 
lateral aspect of the upper half of the right thigh. 
The swelling was soft and fluctuating, measuring 
approximately 15 cm × 12 cm dimensions. Mild skin 
discoloration was present without open wounds 
[Figure 1]. 
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Plain X-ray of the right thigh and upper hip did not 
show any bony injury. Ultrasound (US) examination 

was done with the high frequency linear probe for 
this swelling and showed predominantly anechoic 
collection seen under the skin soft tissue extending up 
to deep fascia without traversing it. A few echogenic 
foci were present within and at the periphery of the 
collection [Figure 2].

The movement of the fluid was seen while scanning 
after changing the position of the affected limb. There 
was no vascularity seen within the collection or from 
the edges of the swelling [Figure 3].

She underwent magnetic resonance imaging (MRI) 
and revealed the fluid collection underneath the skin 
but not extending into the deep fascia. The collection 
was hypointense on T1W and hyperintense on T2W 
sequences. T1W with fat suppression sequences 
showed suppression of the fatty lobules seen from the 
margins and inside the collection [Figure 4].

There was evidence of “fluid-fluid” levels seen within 
the swelling [Figure 5]. 

The patient was treated initially managed conservatively 
with no relief, and subsequently underwent surgical 
drainage with an uneventful recovery. The patient will 

A

B

Figure 1: Photograph of the right leg with focal swelling. (A) fronto-
lateral position of the thigh shows swelling on upper lateral part with 
slight discoloration (white solid arrow); (B) magnified view of the same 
swelling shows normal overlying skin surface (hollow white arrow)

Figure 2: Greyscale images of the swelling with high frequency 
linear probe. (A) anechoic fluid in encapsulated space (white star) 
with echogenic fat lobule hanging against the margin (white arrow); 
(B) another similar image with fat lobule on the anterior aspect 
(upward arrow); (C) anechoic pure fluid in the space (white star); (D) 
two echogenic fat lobules (white arrows) hanging in the fluid

A B

C D

Figure 3: Ultrasound images showing the movement of the fluid. 
(A) few uniform soft echoes within the fluid (white arrow) because 
of haemolymph; (B) flow moments in the fluid because of different 
density of blood and lymph; (C) no color flow seen in and around 
the cycstic fluid in color flow imaging

A B

C

Flow 
movements

No flow 
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may form a capsule with unchanged size. Swellings 
of longer duration can be mistaken for soft tissue 
tumors and therefore have to be differentiated from 
sarcoma, haemangioma and fat necrosis. US imaging 
is characteristic of MLL as anechoic lesions with or 
without fat globules within it.[4] Color flow imaging does 
not show any vascularity or feeding vessels. Non-
contrast computed tomography of the thigh shows 
fluid-fluid level because of the different density of the 
blood and other fluid. MRI is the modality of choice for 
delineation of the lesions. This can differentiates the 
fluid contents and underlying fascia. The fat globules 
seen in the lesion can easily be confirmed by fat 
suppression sequences.[5,6] The differential diagnosis of 
these lesions is haemangioma, fat necrosis, sarcoma 
or simple subcutaneous hematoma formation. The 
management is dependent on the size, location and 
the duration of the lesion.[7] Conservative management 
is advocated for smaller lesions without presence of 
septations and infection.[8] Lesions with capsule and 
septations require surgical drainage. Post surgical 
graduated compression by stocking prevent the 
reaccumulation of the collection by agglutinating the 
skin to underlying fascia.[9]

be called for follow up to rule out any reaccummulation 
of the fluid.

DISCUSSION

MLL is a common condition and has got other names 
like post-traumatic soft tissue cyst or pseudolipoma. 
Post traumatic swelling of soft tissues is not uncommon 
and this can be misleading when degloving injury is 
present. The underlying mechanism is very simple 
as the small vessels and lymphatics are torn due 
to disruption of the skin layer from the underlying 
fascia by the direct and tangential forces. The fluid 
accumulates in this potential space and presents as 
swelling on the affected region.[2] The most common 
place is on the lateral aspect of the greater trochanter 
but can happen anywhere on the thigh. These 
swellings can either subside because of absorption of 
fluid or become encapsulated. These can also become 
infected and there is a potential for overlying skin 
necrosis.[3] The collected fluid is usually serosanguinous 
in nature. The septation and fat globules can also 
be seen in some swellings as it was in our case. 
These lesions may be associated with fractures, and 

Figure 4: Magnetic resonance images. (A) T1W image shows hypointense collection under the skin but overlying the fascia (white arrow); 
(B) T2W image shows the collection as hyperintense with well defined margins (hollow white arrow); (C) STIR images reveal the collection 
as hyperintense with suppression of surrounding fat (hollow white arrow)

A B C

A B

Figure 5: Magnetic resonance axial sections. (A) T2W image shows the “fluid-fluid level” (white solid arrow) within the collection (black 
star); (B) T2W fat suppressed image also shows the fat suppression of the fat lobule in the lumen (hollow black arrow). There is also the 
fluid-fluid level seen in the background of hyper intensity of the fluid and hypointensity of the old blood (white solid arrow)
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In conclusion, the diagnosis of MLL is of great 
importance as the management depends upon the 
nature and size of collection. Radiological assessment 
like US and MRI play a major role in the diagnosis 
and treatment of the lesion. As recurrence is very 
common, graduated compression stocking should be 
worn until follow-up. Careful management will avoid 
skin necrosis and other associated complications.
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Aim: The author describes a new endoscopic midface lifting technique using solely temporal 
access and evaluates its advantages and perspectives. Methods: This is a single-surgeon case 
study. Through a short temporal incision, dissection is performed along a single plane connecting 
the superficial surfaces of both the facial and temporal superficial musculoaponeurotic system 
(SMAS) layers. Subsequent midface dissection divides the malar fat pad into the deeper and 
superficial parts. A new concept of a combination high malar SMAS lift and internal skin flap 
anchorage that provides long-term stability is described. Results: The temporal endoscopic 
midface (TEM) lift technique resulted in good objective results with high patient satisfaction. 
The temporal access allowed proper vertical vector correction of the sagging centro-facial 
structures. The resulting scar was inconspicuous and hidden in the hair bearing skin, and 
its length was measured between 5-6 cm. A conversion to the conventional long facial scar 
approach was completely avoided. Conclusion: The TEM lift is a new and effective procedure 
for facial rejuvenation, especially the midface and cheek. The results illustrate the importance 
of internal anchorage of both the midface SMAS and skin flap. These are the keys to long-
lasting and pleasing results. The procedure is best suited for younger men and women with 
little or no neck skin laxity.
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INTRODUCTION

The midface is of central importance in facial aging 
as this is the first site where its signs manifest 
themselves. These signs comprise volume loss, 
deflation, malar prominence flattening, baggy eyes 
and development of nasolabial and nasojugal folds 
due to ptosis and laxity. The midface lift reverses the 
ptosis by reposition of the sagging tissues and has 
even been dubbed the the facelift of the 21st century 

by Botti and Ceravolo[1] due to its effectiveness. The 
midface lift has been performed using the trans-
blepharoplasty,[1,2] trans-oral,[3] trans-temporal[4-8] 

or brow-lift[9] approach. The trans-blepharoplasty 
approach has all the associated disadvantages of 
lower lid surgery including a canthopexy requirement 
and risks of asymmetry, scleral show, lagophtalmus 
and ectropion development. With the trans-temporal 
subperiosteal midface lift, dissection is extensive, 
technically demanding, has greater risks and a 
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longer recovery. The dissection plane has to be 
developed under the superficial temporal fascia and 
then transitioned to the subperiosteal plane over the 
zygoma. The surfaces of the zygoma and malar bone 
then need to be connected through subperiosteal 
dissection. Subsequent anchorage of the malar 
tissues are achieved only by suspension of the malar 
fat pad,[8] and its longevity is questionable. Other 
alternative procedures such as the minimal access 
cranial suspension (MACS) lift with a third suture[10] 

cause a visible facial scar of 14-16 cm in length. 

METHODS

The temporal endoscopic midface (TEM) lift is a new 
minimal-access facelift that uses exclusively temporal 
access incisions thereby sparing any scars on the 
face itself. This utilizes endoscopic dissection and a 
suturing technique that was developed by the author.[11] 
An incision measuring 5-6 cm is made and hidden in 
the hair-bearing part of the temple. Common pitfalls 
such as damaging the hair roots or making the flap 
excessively thin must be avoided at this stage. The 
dissection plane is developed over the superficial 
surface of the common facial and temporal superficial 
musculoaponeurotic system (SMAS). It is important to 
completely avoid violating the integrity of the SMAS 
by either inadvertent incisions or diathermy. 

An alternative initial approach through the same 
incision is a dual plane dissection [Figure 1]. In this 
approach, the plane between the superficial and deep 
layers of the temporal fascia is first developed and 
dissected towards the non-hair bearing skin of the 
face. When or before the junction of the hairline is 
reached, an incision is made on the deep surface of the 

superficial layer of the temporal fascia. The dissecting 
plane is then transitioned onto the superficial surface 
of the superficial layer of the temporal fascia. 

The subsequent surgical steps are common to both 
approaches. As dissection proceeds over the zygoma, 
the temporal branch of the facial nerve remains 
protected, it is deep to the superficial layer of the 
temporal fascia. Both the mid-facial (malar) SMAS and 
the lateral facial SMAS can be easily reached this way. 

Pertinent anatomy
The temporal and facial portions of the SMAS fuse 
over the malar bone. The facial SMAS continues in 
the temple as the superficial temporal fascia[1] and 
the frontal branch of the facial nerve lies deep to it. 
Limiting dissection to the plane above this fascia 
without violating it will ensure avoidance of nerve 
injury.[1] The facial SMAS continues in the midface 
as the malar SMAS and is incorporated by the thick 
malar fat pad. 

The anatomy of the facial fat compartments and that 
of the malar fat pad was best described by Botti and 
Ceravolo[1] through cadaveric studies. The malar 
fat pad was found to be divided into two parts, a 
superficial part and a deeper part. 

The author´s clinical experience is consistent with 
these findings. The midface can be well visualised 
through a medial extended facelift [Figure 2] and the 
parts of the malar fat pad can be easily distinguished. 
The superficial part originates from the skin and can 
be conceptualised as a condensation of the malar 
thickening of skin fat with the strong Camper´s fascia. 
Under this, the deep part of the malar fat pad is found 

Figure 2: Demonstration of the midface with the malar fat pad 
(malar SMAS) during an extended temporal-cervical-facial open 
facelift. SMAS: superficial musculoaponeurosis system; mfp: 
malar fat pad 

Figure 1: Dual plane temporal dissection. The superficial plane 
above the superficial fascia is exposed after dissecting the deep 
plane first. The superficial fascia is fixed by sutures onto the deeper 
one in order to facilitate the dissection 

mfp
SMAS
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The results are achieved primarily through the correct 
repositioning of the midface, the appropriate redraping 
and vector rotation and anchorage of skin flap, all of 
which are then well supported by SMAS imbrication. 

Usage of an endoscope is mandatory. The author 
advocates video recording of the procedure potentially 
for accurate documentation in case review is 
necessary in future. Precise haemostasis is better 
with endoscopic visualization. 

The SMAS must be imbricated to provide stability 
similar to that of an open procedure [Figure 4]. This 
is challenging due to the long distance between the 
incision and imbrication sites. Furthermore, the poor 
ergonomics of the instrumentation requiring a key-
hold like grip makes suturing more difficult. 

High malar SMAS anchorage
The author advocates that the malar fat pad be viewed 
not as a fat pad, which implies a flimsy structure, but 
instead as malar SMAS that has implies a stronger 
structure. The justification for this nomenclature change 
is due to the reinforced and sturdy nature of both parts 
of this fat pad described above. Furthermore, usage 
of the new term this way is key to understanding the 
role of the malar SMAS for midface repositioning, 
special threads, special needles and anchoring points. 
The malar SMAS can be directly repositioned and 
anchored high on the zygomatic bone, approximately 
2 cm below the horizontal level of the corner of the eye 
in the middle third of the zygomatic bone to effect the 
midface lift. This is what the author terms high malar 
SMAS anchorage and is the cornerstone-working step 
of the TEM.

The author uses permanent sutures for this purpose 
and specifically obtains informed patient consent for 
this purpose. Braided, non-resorbable silicone-coated 

enmeshed and reinforced by the fibres of the SMAS. 
Both the superficial and deep parts of the fat pad 
hold sutures well as the intertwined Camper’s fascia 
and SMAS fibres respectively, lend them strength. 
This unique anatomical construct of the reinforced 
malar fat pad serves as an effective pole for which 
lifting and anchoring threads can be secured to with 
effectiveness and longevity. 

The key elements of the method are the endoscopic 
dissection in the superficial plane, the high malar 
SMAS anchor, the direct internal flap anchor and the 
author’s suture technique in the tunnel and keyhole 
access.

Endoscopic dissection
Once the plane of dissection has progressed 
beyond the zygoma, a rigid 4 mm diameter operative 
endoscope with a 30-degree angle is used to visualise 
this area for dissection. The endoscopic dissector is 
introduced over the endoscope through the temporal 
incision. A distal spoon-shaped shield is also used to 
maintain proper visualization of the optical cavity.

A hollow space is created using the endocopic 
dissector to progressively elevate the skin. The 
internal facial structures are visible throughout the 
dissection. The endpoint for a good working cavity 
is reached after release of the fasciocutaneous 
ligaments, especially the zygomatic and the parotido-
masseteric ligaments. Attention must be paid to avoid 
incorrectly identifying ligaments that are branches of 
the facial nerves [Figure 3].

SMAS excision is not mandatory as good results can 
already be achieved in conventional facelifts without 
it. The most challenging element of the procedure is 
maintaining dissection in the correct plane. Adherence 
to this avoids any damage to the facial nerve.

Figure 3: Mobilising of the midface by endoscopic dissection of 
the retaining ligaments

Figure 4: Superficial musculoaponeurosis system suture and 
imbrication under endoscopic control with the authors’ technique 
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polyester threads (Astralen-R Assut Europe, Italy) 
are used with good results and no reactions. The 
thread strength for the malar SMAS should be at least 
USP 0-0 or USP 1-0 to avoid soft tissue cut-through 
after anchoring or imbrication. The anchoring suture 
is placed into the stable fascia or periosteum of the 
zygomatic bone at the high level described above. In 
selected cases, additional subperiosteal mobilization 
of the midface through the trans-oral approach is an 
option to achieve tension-free midface repositioning 
and anchorage.
 
The author´s method of midface fixation
It is difficult to work with thick sutures and large 
needles of 24 mm or 36 mm length through an 
endoscopic tunnel. The author devised a solution 
to this with a technique as follows: The first stitch 
is placed through the skin, from the outside into 
the inside of the endoscopic cavity [Figure 5]. This 
stitch also catches the SMAS under endoscopic 
visualization and control. The suturing continues 
within the endoscopic cavity, the patency of which is 
maintained with the endoscopic dissector. The suture 
thread is then completely pulled into the endoscopic 
cavity and knotted instrumentally.

Direct internal flap anchorage
The redraping and stable attachment of the skin flap 
onto the temple is very important for lift stability and 
longevity. It is insufficient to rely on SMAS imbrications 
and the high malar SMAS lift for this. Internal flap 
fixation is a necessary adjunct to impart this stable 
attachment and has the added benefit of relieving skin 
tension at the wound edges [Figure 6]. This is done 
by repositioning, rotating and internally anchoring the 
skin flap. 
 
It will be taken out by placing USP 2-0 or USP 3-0 
polyglactin sutures onto the internal surface of the skin 
flap in two points as follows: The first skin anchoring 

point is about 1 cm below the horizontal level of the 
corner of the eye which is anchored onto in the middle 
third of the zygomatic bone. The second internal skin 
anchorage connect the skin with the the lateral third 
of the zygoma or the temporal fascia at the projection 
of the hairline [Figure 6]. Both of the internal skin flap 
sutures involve the Caper´s fascia of the skin but 
none of them should cause a visible skin dimple after 
knotting them. However small dimples can be good 
managed by subcision and/or fat or PRP filling, which 
are proposed for volume reconstruction and deflation 
correction in the postoperative period in any case of 
facial aging.

As a result, the skin obtains the necessary redraping 
with long-term internal fixation and skin tension at 
the temporal wound is alleviated. The skin-to-malar, 
zygomatic or temporal fascial anchors located 4-5 cm 
caudal to the wound edge, have instead taken up this 
tension. These internal skin flap anchors shorten the 
distance between the sagging and fixation points.

By a conventional facelift, the skin is pulled at the 
level of the wound edges, far from the saging skin 
parts in the midface, which should be elevated. A 
conventional facelift is therefore not effective for the 
redraping, reposition and fixation of the midface skin. 
This disadvantage of the average facelift technique is 
compensated by internal skin fixation of the TEM lift. 
A further advantage of the internal skin anchorage is 
to prevent pulling of the hair bearing skin, to prevent 
excising too much from it and to prevent sliding back 
the hairline too much. The goal of any facelift is to 
elevate the sagging soft tissues. If only skin sutures 
alone are used to hold the sagging tissues, the skin 
will stretch out over a short time, resulting in loss of 
lifting efficiency and longevity. Resorbable threads 
with strength of USP 3-0 are used for this purpose 
and should not cause flap ischemia. If the anchoring 
sutures are well laid out, the yield of the skin surplus is 
approximately 1-2 cm in the temporal wound [Figure 7].

Figure 5: Endoscopic suture technique of the author Figure 6: Internal anchoring suture of the skin flap into the inside of the flap
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After excising the excess skin, the skin adapts itself 
well and can be closed tension-free with USP 5-0 
interrupted sutures.

Anaesthesia for TEM lift
Facial procedures are performed in the authors 
practice with a combination of sedation and local 
anaesthesia [Figure 8]. Approximately 100-200 mL 
of Klein’s tumescence solution is used for local 
anaesthesia. The solution is made up with the 
following components: 500 mL 0.9% NaCl, 50 mL of 
2% Lidocaine, 1 mL of 1 mg/mL epinephrine 4 from 
Adrenalin®. A dose of 5 mg Midazolam is given as pre-
medication. Patients also receive 3-5 mg of Piritramide 
intravenously before the local anaesthesia infiltration 

is administered. We have not observed any pain or 
other complications during the last 15 years using this 
simple and effective method, which can be applied to 
more extensive open face and midface lifts.

Bandaging
We apply elastic bandaging to the head for the first 
two postoperative days. Then we use kinesio tapes for 
the stabilization of the operation results during the first 
week, similar to that used by athletes for sport injuries. 
These tapes promote healing by preserving the lift as 
well as improving the dynamic lymphatic drainage. 
This thereby contributes to a quicker reduction in 
swelling. Conventional dressings may be omitted after 
the second day.

RESULTS

The lifting effect of the temporal endoscopic midface 
lift extends from the eyebrows to the midface, and 
affects also the jawline and neck [Figures 9-13]. 
The operation is relatively quick and takes two and 
a half to three hours in the hands of an experienced 
endoscopic surgeon. The postoperative results appear 
very natural and do not suffer from an “operated” look. 
The author attributes this to lifting using the correct 
vector against the force of gravity. The healing period 
takes approximately 14 days, and largely dependent 
on the variable resolution of oedema and swollen 
eyes. We stress that overcorrection is very important, 
which requires a calculated distortion. This distortion 
that is similar in appearance to “almond eyes” or 
“cat eyes” may persist for two to four weeks prior to 
resolution.

There are no facelift stigmas or conspicuous scars on 
the face. The only scar is located within the temporal 

Figure 7: The skin adapts itself without tension after removal of the 
excess skin

Figure 8: Demonstrating the efficiency of temporal endoscopic 
midface by an intraoperative shot after completing of the left side. 
Fully reposition and anchoring of flat malar tissues and the sagging 
jowls on the left side. Note that the operation takes place under full 
local anesthesia, an anaesthesiologist is not present during our 
facelift. The patient can feel and can also give a response in cases, 
if the operateur works nearby to the nerves. The patient can help the 
surgeon to prevent nerve injuries

Figure 9: Before (A) and 6 months after temporal endoscopic midface 
(B). More pleasant looking after endoscopic midface reposition by 
diminishing the suborbicular hollowing

A B
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hairline. It is therefore barely visible and can be well 
covered by the adjacent hair. Broad scarring with 
scar alopecia can be avoided with proper dissection 
and suture techniques. Due to the lack of facial 
scars, TEM is the method of choice for scarless facial 
rejuvenation. TEM is appropriate when no large jowls 
or skin excesses in the neck are present and is suited 
especially for young women and men who frequently 
lack such excesses [Figures 13-15]. 

DISCUSSION

Aging process is a combination of ptosis, deflation 
and wrinkling. A facelift corrects the ptosis of the 
lateral facial parts and of the jaws and neck, but not 
really works against centrofacial aging. As it described 
before the mid facial structures are not sufficient 
repositioned by a conventional facelift - they are too 
far from the large lateral acces and the scar means a 

Figure 10: Before (A) and after (B) temporal endoscopic midface. 
Note also the juvenile V-form of the jaws 6 months after the scar 
free face lifting. Note the psychological status of the patient and her 
evident feeling of happiness

A B A B

Figure 11: Before (A) and after (B) temporal endoscopic midface. 
A 48-year-old patient, note the improved contours of the malar 
and peri orbicular regions and of the jawline resulting much more 
pleasing face

Figure 12: Before (A) and after (B) temporal endoscopic midface. 
Visible rejuvenation and improving also of the psychological state of 
the 48-year-old patient

Figure 13: Before (A) and 6 months after (B) the procedure by a 
55-year-old patient. Note the improving of the suborbicular region by 
temporal endoscopic midface. No blepharoplasty was performed

A B A B

A B

Figure 14: Before (A) and 3 months after (B) temporal endoscopic 
midface (TEM) lift by a 30-year-old patient. Note the tired look before 
and the pleasant refreshing effect after TEM lift with improved brow 
position, with correction of the suborbicular hollowing. Improving 
of the nasolabial folds and the centrofacial depletion by correct 
reposition of the mid-facial structures
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stigma forever. By the MACS lift[10] the lateral face and 
the jawline can be well corrected, howewer on the cost 
of a pretrichal and praearicular scar. The so-called 
“third suture” of the midface[10] is also an additive 
element by the necessity of midface restoration even 
by young individuals. There are many subperiosteal 
ways of accesses to the midface to reposition and 
restore it efficient. All of them lack to generate a unity 
of the SMAS and also of the skin layer lifting each of 
them in one block, in one common layer.

In case of a temporal subperiosteal lifting, the 
fully reposition is partly blocked by the anatomical 
adherence of the SMAS and the facial nerve onto 
the zygomatic bone. The anchorage means only a 
suspensions lift, which does not allow the sunken 
part to merge with the part where the sunken part is 
anchored. It is then only the question of believing or 
not believing, whether any part of the body can be 
holded on a cord or “cable” with longevity.

The most effectively vertical midface reposition with 
direct anchorage is practiced by Botti and Ceravolo,[1] 

which was also adopted by the author. Howewer, a 
transblepharoplasty vertical, subperiosteal midface 
lift supposes an extended lower lid correction with 
canthopexy, though has many risks of a lower 
lid correction such as ectropion, scleral show, 
conjunctivitis, chemosis, lagophthalmos, assymetry, 
negative tilt, rounding of the eyes. The procedure 
needs drilling for bony tunnels, then also skin excision 
periorbital or temporal, that means three procedures 
in the same time: extended lower lid correction plus 
midface subperiosteal lift plus temporal lift. If a consent 
is correctly made, then such a multiplex combinative 
procedure will be mostly refused by a young patient 
and also very rarely can be indicated, than real ptosis 

and sagging are not common by young patients. 
Rather a centrofacial depletion is the case by such 
individuals, which is best treated by sharp needle 
intradermal fat or nano fat or micro fat injections in the 
hands of Verpaele et al.[10] and by the author.

The rejuvenation effect of the TEM lift is directed 
on the centro- and mid- facial sagging tissues and 
therefore adresses the roots of deflation and flattening 
of the midface by young patients. The reposition of 
the malar fat pad in combination with tightening both 
of the SMAS and of the skin make a natural volume 
restoration malar and submalar [Figure 8] and affect 
also the jawline [Figures 9-12]. The jaws get the 
natural and youthful V- form instead of quadratic form 
of jawling after the TEM Lift.

So the TEM incorporates the advantages as follows: 
rejuvenation in the problematic centrofacial region, 
volume restoration by reposition, affect also the lateral 
jawline and thus without any facial stigma.

Candidates of the TEM lift are prevented from possible 
complications of a lower lid operation and needs for the 
centrofacial reposition only one procedure and not three 
as like by transblepharoplasty subperiosteal midface 
lift. For young patients without severe sagging and 
deflation of the midface and/or without severe jawling 
and neck problem this scar savin procedure seems to 
be the best choice of by centrofacial rejuvenation by a 
restorative way. 

An additive volume restoration should be however 
an adjuctive part of any rejuvenation of the face, 
than both the ptosis and the volume loss should be 
corrected in all parts of the face according to our 
conviction. 

Figure 15: Before (A) and 6 months after (B and C) temporal endoscopic midface. Note the freshness of the whole face, the diminishing 
of the nasolabial folds, more malar fullness, pleasant periorbital of the 55-year-old patient. A proper repositioned midface with more malar 
fullness, diminishing of jowling and of the nasojugal folds 6 months after temporal endoscopic midface by a middle aged woman with 
happiness and satisfaction

A B C
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Older patients with significant skin excess of the jaw 
and neck are better suited for conventional lower 
facelift surgeries, intermediate cases can get a 
restricted pretrichial neck lift added to the scar sparing 
TEM lift by the author. 
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Epidermoid cysts, dermoid cysts and teratoid cysts are cystic malformations lined with 
squamous epithelium. They present as soft nodular lesions with a sessile base. Their prevalence 
is 7% in head and neck patients and 1.6% within the oral cavity. The authors present a case 
series of 21 patients with dermoid and epidermoid cysts who underwent surgical removal. One 
year of follow-up was carried out without evidence of recurrence. The removal of these cysts 
is of great concern as it can cause serious social stigma, aesthetic and functional impairment, 
dysphagia and dysphonia.
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INTRODUCTION

Epidermoid, dermoid and teratoid cysts are cystic 
malformations lined with squamous epithelium and are 
classified based on whether they are lined with simple 
squamous epithelium (epidermoid), or skin adnexa 
are found in the cystic wall (dermoid), or other tissues, 
such as a muscle, cartilage and bone are present 
(teratoid).[1] Epidermoid cysts are rare benging lesions 
usually located in the oral cavity. They present as soft 
nodular lesions with sessile base. They are frequently 
found in ovaries and testicles, and less frequently in the 
head and neck (7% of cases), or within the oral cavity 
(1.6%).[1-3] The floor of the mouth is the most commonly 
affected area, however these cysts can be found in 

the tongue, lips and buccal mucosa.[4,5] Dermoid and 
epidermoid cysts of the orbit are described as both 
superficial and deep formations with most frequently 
slow intermittent growth. Other than aesthetic effects, 
during their growth, dermoid and epidermoid cysts 
can cause disturbances in the eye motility, and in rare 
cases, also optical nerve compression syndrome.[6,7]

Epidermoid cysts occur more frequently in patients 
between 15 and 35 years but can be seen in all 
age groups. These are slow growing asymptomatic 
masses but once they increase in size, they can cause 
dysphagia, dysphonia and dyspnea.[1] Prior case 
reports report patients that presented with pain, speech 
disorder, or respiratory distress due to epidermoid 
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cyst in the oral cavity, lower lip, or upper lip.[7] Giant 
epidermoid cysts are rare and they present in the scalp.

Epidermoid cysts are relatively less common in 
the head and neck region, hence are likely to be 
misdiagnosed. The aim of this case series is to highlight 
the presentation of epidermoid and dermoid cysts as 
a differential diagnosis for head and neck masses, 
showing various clinical and radiological presentations 
as well as the surgical outcomes after their removal.

CASE REPORT

This study included all the patients of dermoid and 
epidermoid cysts who visited D. Y. Patil Dental College 
and Hospital, Pune between January 2010 to January 
2015. Twenty-one patients (12 females and 9 males) 
were diagnosed clinically with dermoid/epidermoid cyst 
and confirmed by fine-needle aspiration cytology. Giant 
cysts were present on the anterior scalp in 5 patients 
[Figure 1], on the posterior scalp in the occipital 
region in 3 patients [Figure 2], on the frontal bone in 
3 patients, on the lateral orbital margins in 9 patients 
[Figure 3], and 1patient had a dermoid cyst intraorally in 
the upper lip [Figure 4]. The age of the patients ranged 

16-78 years. The size ranged from 1.5 cm × 2 cm to 
12 cm × 7 cm [Table 1]. Infected cysts were managed 
with preoperative antibiotics. All cysts were unilocular. 
No evidence of malignancy was present. None had 
recurrence after a minimum 1-year follow-up. 

DISCUSSION

Dermoid cysts have been classified as true dermoid 
cysts, epidermoid cysts and teratoid cysts.[1-3,6] 

Several theories have been proposed to explain the 
development of dermoid cysts: they may result from 
entrapment of ectodermal tissue of the first and second 
brachial arches during fetal development; they could 
represent a variant form of the thyroglossal duct cyst; 
finally, previous surgical or accidental events could lead 
to traumatic implantation of epithelial cells into deeper 
tissues.[1,4] In our case series, we had the presentation 
of a patient with dermoid cyst in the upper lip region. 
There are paediatric cases in the literature with 
epidermal cyst lesions in the sublingual region, gingiva, 
palate, and uvula. Many of them had history of trauma 
or surgical intervention.[8] An epidermoid cyst is benign 
and rarely occurs in the oral cavity. When lesions 
occur in the floor of the mouth, one must think of other 
diagnoses including ranula, lymphatic malformation 

Figure 1: Preoperative (A) and intra-operative (B) view of a dermoid 
cyst of scalp

Figure 2: Preoperative (A) and intra-operative (B) view of a dermoid 
cyst of occiput

Figure 3: Preoperative (A) and intra-operative (B) view of a dermoid 
cyst of lateral orbital margin

Figure 4: Preoperative (A) and intra-operative (B) view of a epidermoid 
cyst of the upper lip

A B

A B

A B

A B
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cyst. Magnetic resonance imaging (MRI) shows fluid 
signal due to high protein content, and the areas of 
fat component will show low signal on fat suppressed 
images. MRI facilitates visualization of the exact location 
and extent of cystic lesions in the floor of the mouth 
and is useful for determining their relationship to the 
surrounding muscles.[3]

Pathological features of epidermoid cysts are oily or 
cheesy, tan, yellow, white material and the cyst wall is 
a fibrous capsule usually 2-6 mm in thickness.[3] Total 
excision is the main treatment for intraoral epidermal 
cystic lesions since needle aspiration or fenestration 
might lead to infection, pain, and complaints after 
treatment. Marsupialisation is another alternative 
for management of large cysts.[3] Lesions above 
the mylohyoid muscles are operated on intraorally, 
whereas those below the muscle are removed via 
an incision in the neck,[1,13] however, if there is a very 
large sublingual cyst above the mylohyoid muscle, 
an extraoral approach may be preferred. An intraoral 
approach avoids a conspicuous scar, and the recovery 
time is shorter.

In a study of 103 patients with diagnosis of epidermoid 
and dermoid cyst of the head and neck, 46.6% of 
these were orbital, 23.3% buccal and submental, 
12.3% nasal, 10.7% cervical and 2.9% labial. Various 
publications also report epidermoid cysts of the oral 
cavity in the soft palate, the uvula and the sublingual 
area. However, epidermoid cysts in tonsils are 
rarely reported.[14] Our case series did not find any 
epidermoid or dermoid cyst in the tonsillar area.

and heterotypic gastrointestinal cyst. When lesions 
occur in the tongue, a differential diagnosis of tumor of 
granular cells, schwanoma, lipoma and neurofibroma, 
should be considered. When lesions occur in the 
orbital region, the differential diagnosis of orbital cysts 
are lipodermoid teratoma, plexiform neurofibroma, 
encephalocoele, orbital  cel lul i t is,  and orbital 
pseudotumor deep dermoid.[9,10] Thus besides clinical 
examination, other complementary tests are necessary 
to achieve a diagnosis and eliminate other diseases.[2] 
Giant epidermoid cysts are common in females and are 
usually found on the scalp, in people working outdoors 
and who have had significant sunlight exposure. On the 
scalp, it occurs in an area located in a line drawn along 
the hairline passing through the upper border of the ear 
lobule and joining these two lines at the occipital area.[11] 
This is a retention type of cyst and is usually unilocular 
and contains keratin. Size varies from a few millimetres 
to a few centimetres but when the size exceeds 5 cm, 
it is referred to as a giant sebaceous cyst.[11,12] In our 
case series, giant cysts on the anterior scalp were 
present in 5 patients and posterior scalp in 3 patients. 
 
Imaging has an important role in confirming the diagnosis 
and classifying cysts according to their relation to muscle. 
Ultrasound is the initial imaging modality. Epidermoid 
cysts are seen as well-defined cysts with multiple well-
defined dependent echogenic nodules within the cyst. 
Computed tomography scan shows a unilocular cyst 
with homogenous, hypo-attenuating (0-18 HU) fluid 
material that contains multiple hypo-attenuating fat 
density nodules giving a “sack of marbles” appearance; 
this is a feature virtually pathognomonic for a dermoid 

Table 1: Characteristics of patients and the cysts
No. of patients Age (years) Gender Site Size (cm × cm) Surgery Follow-up (months)
1 21 Male Intraoral (upper lip) 2 × 2 Excision 13
2 35 Male Anterior scalp 1.5 × 2 Excision 12
3 23 Female Anterior scalp 3.2 × 2 Excision 18
4 35 Female Posterior scalp 12 × 7 Excision 17
5 57 Male Posterior scalp 5.5 × 4 Excision 14
6 17 Female Lat orbital margin 2.5 × 2 Excision 36
7 16 Female Lat orbital margin 2 × 1.5 Excision 25
8 22 Female Lat orbital margin 2.2 × 2 Excision 22
9 25 Female Lat orbital margin 2.4 × 2.2 Excision 30
10 24 Male Lat orbital margin 2.5 × 2.5 Excision 16
11 32 Female Lat orbital margin 3 × 2.8 Excision 14
12 36 Male Anterior scalp 3.2 × 2.8 Excision 19
13 23 Female Lat orbital margin 2.2 × 2 Excision 18
14 78 Male Frontal bone 8 × 5 Excision 20
15 62 Female Frontal bone 3.8 × 3.5 Excision 13
16 48 Female Frontal bone 3.2 × 3 Excision 15
17 42 Male Anterior scalp 4 × 5 Excision 12
18 40 Male Posterior scalp 5.5 × 4 Excision 14
19 37 Male Anterior scalp 3.5 × 3 Excision 14
20 32 Female Lat orbital margin 2.5 × 2 Excision 12
21 22 Female Lat orbital margin 2.6 × 2.2 Excision 18
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The epidermoid cyst rarely discloses malignancy, 
but isolated cases of premalignant and malignant 
conditions (Bowen’s disease, Paget’s disease, and 
squamous cell carcinoma) have been found in their 
walls. Ozan et al.[15] and López-Ríos et al.[16] described 
a patient with basal cell carcinoma arising in the wall 
of an epidermoid cyst. Kronish and Dortzbach[17] 
presented a case report stating that basal cell 
carcinoma originated from an epidermoid cyst in which 
they found nests of basal cell carcinoma connected 
with the epidermoid cyst. A deep dermoid cyst in 
the upper eyelid is not generally detected until they 
increase in size. Precise diagnosis and surgical 
removal is important because cyst growth can cause 
proptosis, diplopia and can restrict eye movement.[18,19] 
Complications of epidermoid cysts of the floor of the 
mouth include disfigurement, difficulty in swallowing 
and airway compromise. In addition, it can become 
infected.[3] In our case series, the most common 
location of epidermoid cysts was in the lateral orbital region.

In recent literature, we could find no reports related to 
orbicularis oris muscle fusion defects seconadary to 
epidermoid cysts.[8] Considering the fact that these kinds 
of cysts mostly affect children, special caution and care 
should be applied regarding the precise diagnosis of the 
type of tumour and its accurate localization. Our case 
series found only one adult patient with a dermoid cyst 
located in the orbicularis oris region. The cyst should 
be completely removed, with minimal trauma and a 
satisfactory aesthetic effect.[8,17,18] 

Dermoid cysts  may increase in size, leak and cause 
inflammation, and thus, it is recommended that even 
asymptomatic cysts should be removed.[19] The reason 
for early excision is to prevent incidence of secondary 
infection. The recurrence rate after excision of an 
infected cyst is 20% of all cases reported.[20]

While dealing with scalp lesions, as well as other 
cutaneous lesions of the head and neck region, 
differential diagnosis of keratinous cysts should be kept 
in mind as these cysts carry certain complications such 
as cystic rupture, abscess, secondary, and infections, 
during their treatment. These cysts carry relatively higher 
risk of recurrence compared to lipomas and certain other 
benign lesions that mimic these cysts. Therefore, these 
cysts require thorough histopathological examination 
and close follow-up due to their potential for malignant 
transformation.[21] Early diagnosis and removal of 
dermoid and epidermoid cysts are of great concern as it 
can cause serious social stigma, aesthetic and functional 
impairment, dysphagia and dysphonia.
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Aim: Scar prevention and reduction is an area of therapeutic opportunity and unmet medical 
need. With no current effective scar therapy, patients are often disappointed in their appearance 
post surgery and re-present to surgeons, only to be turned away. The purpose of this study was 
to develop and test a device that produces intermittent parallel stretch on new scars and to 
analyze its potential to reduce scarring. Methods: Mice were randomized into 5 scar stretch 
treatment groups: 1 control, 1 sham, and 3 stretch models (0.5×, 1×, or 2× device strength) and 
treated for 10 days. Scars were scored using the Vancouver Scar Scale. Scar tissue samples were 
compared by histology and transforming growth factor beta 1 (TGF-β1) expression between 
control and treatment groups. Results: Scar scores of 0.5× and 1× groups were significantly 
lower than the control group (P < 0.05). Scar scores from the 1× treatment group were also 
significantly lower than the 0.5× group (P < 0.05). Sham, control scar and 2× groups showed 
more collagen deposition and a thicker dermal scar than the 0.5× and 1× groups. Unstretched 
scars had fewer fibroblasts with more collagen deposition than the 0.5× and 2× groups. TGF-β1 
levels were significantly lower in the 0.5× (342.1 ± 9.2) and 1× (254.1 ± 3.1) groups than in 
the control group (P < 0.05). TGF-β1 levels in the 1× treatment group were also significantly 
lower than the 0.5× treatment group (P < 0.05). Conclusion: Intermittent cutaneous tissue 
stretch parallel to scars during the proliferative phase of wound healing decreases fibrosis on a 
macroscopic, microscopic and biochemical level.
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INTRODUCTION

Scar formation can be a debilitating consequence of 
surgery, burns, trauma, or disease. Scarring can result 

in loss of function, restriction of movement, adverse 
psychological effects due to appearance and reduced 
quality of life.[1-5] Patients across wide demographic 
groups, gender, age, ethnicity, and geographic region 
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have similar concerns about scarring and value even 
small improvements in scarring.[6-11] Changes in 
texture, coloration and elevation of scar are of equal 
concern to patients with minor and severe scars.[5,12] 

In addition to scars on the face, patients are often 
dissatisfied with scars from donor graft sites used 
for breast reconstruction, heart surgery, and elective 
procedures such as abdominoplasty.[13,14] 

Scar prevention and reduction is an area of therapeutic 
opportunity and unmet medical need. There is no 
single therapy that is accepted as the standard of 
care for treatment of scars.[15-17] Many patients seek 
surgery for scar revision but surgeons often turn away 
patients, as they believe that improved results cannot 
be obtained with current techniques and therapies.[12] In 
the US alone, 45 million patients undergo procedures 
yearly that would benefit from scar reduction therapy.[18]

Current scar therapies lack a clear mechanism of 
action and have unpredictable efficacy. Non-surgical 
therapies include topical creams and preparations, 
wound dressings, laser treatments, and skin substitutes. 
Additional therapies such as massage and mechanical 
manipulation have also been often recommended to 
patients for treatment of scars with variable results.[19-21]

To better understand then mechanism behind scar 
formation, the role of mechanical force in scar formation 
has been explored extensively.[22-25] Studies have 
shown that tension resisting wound closure can worsen 
scar formation.[25] However, recent data suggests 
that the timing, duration, and direction of force on 
a scar plays an important factor in scar formation, 
and properly aligned and timed mechanical forces 
could potentially decrease scar formation. [26-29] A 
previous study by Alenghat and Ingber[30] showed that 
mechcanotransduction directly affects a variety of 
cellular processes involved in scar formation. Although 
direct manipulation of these cellular processes is still 
being investigated, there has been an assortment 
of models examining the effects of direct skin 
manipulation on scar formation. A randomized-control 
trial (RCT) showed that using tape after surgery helped 
prevent hypertrophic scar formation in 70 patients.[31] 
Another study showed using a mouse model that when 
an incision is under mechanical stress, inflammatory 
cells become activated and apoptosis of the healing 
cells increases.[32] Additionally, a review on all currently 
hypothesized physical treatment modalities for scar 
prevention and found that the success of compression 
therapy, silicone therapy, adhesive tape, and occlusive 
dressing therapy, relies on mechanotransduction 
mechanisms.[24] Furthermore, recent studies evaluating 
tension on wounds in a pig model formed the foundation 
for the Embrace device, which functions to reduce scar 

formation by applying mechanical stress to oppose 
wound edges.[33,34] 

Langevin et al.[26-28,35] and Bouffard et al.[29] have 
published a series of studies that demonstrate the 
decreased collagen and transforming growth factor 
beta 1 (TGF-β1) expression, major contributors to scar 
formation, after longitudinal stretch parallel to a wound. 
Based on these data, the present study aims to develop 
a longitudinal stretch device that might enhance 
aesthetic outcome of scarring through modulation of the 
cellular processes involved in scar formation. 

METHODS

Device development and standardization
AutoCAD was used to design a scar stretch device 
that could easily attach and detach from skin. The 
components of the device include a skin adhesive 
mechanism and an extension force mechanism, 
allowing for reliable attachment and detachment of 
the device [Figure 1]. The device prototypes were 
constructed using inert materials purchased from 
Small Parts Inc. (www.smallpartsinc.com): steel spring 
(Stainless Steel 316 Compression Spring), polyvinyl 
tubing (White Translucent Miniature PTFE Tubing), 
Teflon rods (PTFE Round Rod), and an adhesive. 
Three different spring strengths for the scar stretch 
devices were created and labeled as 0.5×, 1× and 2× 
to investigate a dose response (1× = 0.96 Newton, as 
per manufacturer specifications). The devices were 
standardized to ensure similar extension force using a 
small force gauge (Jonard Industries, Tuckahoe, NY). 

Animal model
The experimental protocol was approved by the McGill 
University Animal Care Committee and Institutional 

A B

Figure 1: (A) Application of stretch device in vivo. Stretch 
treatments lasted 20 min once a day for 10 days. Mice were 
anesthetized under isoflurane for each stretch treatment; (B) the 
actual design of the stretch device
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treatment with device under isoflurane anesthesia. Five 
days after the last stretch treatment, at 20 days post-
incision, all mice were euthanized. The wounds were 
harvested and bisected with one piece fixed in formalin 
for histology and the other snap frozen in liquid nitrogen 
for biochemical analysis.

Morphologic scar assessment
Photos of scars 15 days after beginning tissue stretch 
(20 days post incision) were qualitatively analyzed by 
two blinded reviewers using the Vancouver Scar Scale. 

Histologic analysis
Following formalin fixation, tissues were embedded 
in paraffin and sectioned at 7 μm. Samples were 
mounted and stained with Masson-Trichrome to 
demonstrate collagen and examined using light 
microscopy. Two independent blinded histology trained 
observers evaluated stained sections qualitatively.

Cutaneous TGF-β1 assay
Skin samples were harvested as above. Samples 
were then homogenized and immediately assayed for 
TGF-β1 protein using a human TGF-β1 ELISA assay 
as per manufacturer protocol to adjust for standard 

Review Board. All mice were female, Balb/C weighing 
19-21 g. Thirty mice were divided equally into 5 groups 
(control scar, sham, 0.5×, 1×, 2×), with 1 mouse not 
making it into the control group [Figure 2]. After anesthesia 
was induced with isoflurane, mice were shaved and a 3-cm 
incision was made with a scalpel in the middle of the back 
at the level of the scapula as per the procedure described 
by Bouffard et al.[29] Incisions were closed primarily with 
Steri-stripsTM and were carefully observed to maintain 
close primary approximation. Steri-strips remained in 
place for five days until the device adhesive was applied. 
Mice were observed daily to confirm continuous primary 
closure of the wounds.

In vivo tissue stretch method
On day 5 post-incision in all mice, 2 U-lock mechanisms 
were adhered cranial and caudal to the incision, without 
coming into contact with the wound. The device was 
aligned in parallel over the scar by attaching the ends of 
the device to the U-lock mechanism for a 20-min stretch 
period. Following the 20-min stretch period, the device 
was removed while the U-lock mechanism remained 
adhered on the dorsum of the mice. All mice underwent 
stretching of the trunk for 20 min once per day for 10 
days, and mice in groups 2, 3, 4, 5 underwent stretch 

                                    Control (1)                     Control scar (2)                      Sham (3)

                                      0.5× (4)                                 1× (5)                                 2× (6)
Figure 2: Representative mice from 5 stretch strength groups, with the incision and stretch guidelines. Control mouse and each stretch 
strength group are shown
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level of the sample (R&D Systems, Minneapolis, MN), 
including sample acidification with 1N hydrochloric 
acid for activation of latent TGF-β1.

Statistical analysis
Analysis of variance (ANOVA) with Bonferroni 
correction for multiple variables was performed to 
test for differences of TGF-β1 level and Vancouver 
Scar Scale scores between treatment groups. ANOVA 
was used to analyze the effects of stretch on TGF-β1 
concentrations after 5 days of the 10 consecutive 
days of stretch therapy. For these analyses, TGF-β1 
data were log transformed prior to analysis in order 
to satisfy the normality and homogeneity of variance 
assumptions associated with the ANOVA. Statistical 
analyses were performed using SAS statistical 
software (PROC MIXED). P values < 0.05 were 
considered statistically significant.

RESULTS

Development of a scar stretch device
A total of 29 devices were created and grouped into 

4 different stretch strength categories. The force 
produced by each device, except the sham, was 
measured. The strength categories were: (1) a sham 
device, which consisted of the device without any 
spring mechanism that produced no extension force; 
(2) a 0.5× device which exerted a mean force of 
265.6 ± 1.5 g; (3) a 1× device which exerted a mean 
force of 532.4 ± 1.8 g; and (4) a 2× device which 
exerted a mean force of 1,068.4 ± 3.4 g.

Morphologic scar assessment
Photos of scars 15 days after beginning tissue stretch 
(20 days post incision) were qualitatively analyzed 
using the Vancouver Scar Scale [Figures 3 and 4]. 
Control scars averaged 12.4 ± 1.0, sham scars 12.8 ± 1.16, 
0.5× stretch treatment group 9.4 ± 1.0, 1× stretch 
treatment group 6.6 ± 1.5, 2× stretch treatment group 
12 ± 1.4. Scar scores from the 0.5× and 1× stretch 
groups were significantly lower when compared to 
the control scar group (P < 0.05). Scar scores from 
the 1× treatment group were also significantly lower 
when compared to the 0.5× group (P < 0.05). On 
examination 20 days post incision (5 days after last 
stretch treatment) scars remained most visible in the 
sham, control, and 2× treatment groups [Figure 4].

Qualitative histologic analysis
Sham, control and 2× treatment groups showed 
greater collagen deposition and a thicker dermal scar 
than the 0.5× and 1× treatment groups [Figure 5]. 
The dermis in unstretched scars (sham and control 
treatment groups) had fewer fibroblasts and more 
collagen between cells than the 0.5× and 2× treatment 
groups, where fibroblasts were closely spaced [Figure 5].

Cutaneous TGF-β1 assay
TGF-β1 protein levels in cutaneous scars 20 days 
after incision were significantly higher in the control 
(471.9 ± 13.8 pg/mL), sham (383.3 ± 49.2 pg/mL) 
and 2× stretch (401.3 ± 41.1 pg/mL) treatment 
groups. As shown in Figure 6, TGF-β1 levels were 
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Figure 3: Morphological comparison of scars using Vancouver Scar 
Scale. *Significant difference from control scar group (P < 0.05); 
^Significant difference from 0.5× stretch group (P < 0.05). Standard 
deviation is represented by error bars

Figure 4: Representative mice from 5 groups 20 days after incision, 5 days after last stretch treatment. Control mouse without scar is not shown

Control                                Sham                                     0.5×                                       1×                                         2× 
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significantly lower in the stretch treatment groups 0.5× 
(342.1 ± 9.2 pg/mL) and 1× (254.1 ± 3.1 pg/mL) when 
compared to the control scar group (P < 0.05). 
Furthermore, TGF-β1 levels in the 1× treatment 
group were signi f icant ly lower than the 0.5× 
treatment group (P < 0.05) [Figure 6]. 

DISCUSSION

Results of the present study demonstrate that linear 
stretch parallel to incisional wounds reduces scarring. 

Using a newly developed cutaneous stretch device, 
animals treated with the device demonstrated less 
scarring from a morphologic, histologic, and molecular 
perspective. Benefits included improved scar 
appearance, decreased collagen deposition in the 
dermis and decreased TGF-β1 production. 

This study demonstrates that application of linear 
cutaneous stretch parallel to incisional wounds 
reduces scarring on both macroscopic and microscopic 
levels. Critics of other scar reducing device papers 
found that only examining the aesthetic outcome of the 
scar is not sufficient in determining the success of the 
device.[34,35] The Vancouver scar scale is comprised 
of four variables, which are extremely recognizable 
to the patient: vascularity, height/thickness, pliability, 
and pigmentation.[36] This scale was selected due its 
relative common use in scar research, user objectivity, 
ease of use, and assessment of variables important 
to patients. The correlation of the reduction in scarring 
grossly and histologically supports the utility of linear 
cutaneous stretch in treatment of scars. 

Although the exact mechanism behind the improvement 
in scars with linear scar stretch is unknown, one 
explanation is that linear stretch may decrease scar 
formation by minimizing perpendicular tension across 
the wound and thus promoting approximation of 
wound edges. The stretch force and overall stretch 

                                    Control scar                                            Sham 

                         0.5×                                                      1×                                                        2×
Figure 5: Mouse in vivo stretch model. Effect of stretch on cutaneous scar formation. Masson Trichrome (stains collagen blue) of paraffin 
embedded histological sections cut perpendicular to the skin at 10× magnification
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time (total of 20 min per day) used in our study are 
both less when compared to other studies where 
skin was stretched continuously for long periods of 
time under higher tension.[22-24,37] In these studies 
prolonged tissue stretch under high tension caused 
release of inflammatory mediators that promoted 
scar formation.[24,38] Although such previous studies 
have demonstrated tissue stretch can induce scar 
formation, the discussion on timing, force and 
duration of stretch required to induce a scar remains 
unclear.[22-24,38] The results from the 2× stretch group 
in the present study provides some support for the 
detrimental effects of high-tension tissue stretch, 
where scars in this group were comparable to 
controls (non-stretched scars). In addition to worse 
appearing scars, the 2× group also had more collagen 
deposition in the dermis, and higher levels of TGF-β1. 
Compared to the favorable scar results in the 0.5× 
and 1× groups, the latter data suggests that there 
is a threshold of tension, above which tissue stretch 
promotes scar formation and below which tissue 
stretch may decrease scar formation.

Substantial evidence describes the role of mechano-
transduction in scar formation. Our study builds 
on preliminary findings that controlling tension in a 
proliferating scar modulates production of extracellular 
matrix proteins. Langevin et al. [26-28,35] described 
several cellular and extracellular matrix changes 
that take place once skin is stretched that promote 
decreased scar formation. Tissue stretch causes 
fibroblast cell spreading, cytoskeletal and nuclear 
remodeling, decreased type 1 collagen production and 
decreased production of TGF-β1. A recent paper by 
Suarez et al.[37] describes the role of tension in keloid 
pathology, specifically tension dependent proteins: 
Hsp27, α2β1-Integrin, and PAI-2. Furthermore, the 
clinical correlation of reduced fibrosis associated with 
intermittent parallel longitudinal tension and significant 
improvements in scar appearance using parallel scar 
massage offers further support for the clinical utility of 
the device presented herein. This suggests that tissue 
stretch induces mechanical signals that may regulate 
gene expression and overall function of fibroblasts. 

It is important to note that this study is not without 
limitations. A murine model was used as a preliminary 
means to evaluate the efficacy of this novel device 
in modulating scar formation during the proliferative 
phase of wound healing. The cost and previous use 
of a murine model to study wound healing made 
mice a logical first choice of animal model for this 
investigation. Mouse skin is significantly different 
from human skin in elasticity and healing potential, 
limiting the direct translation of these findings to 

humans. This study evaluated end-points correlating 
to the early remodeling phase of wound healing, 
offering assessment of fibrosis but not long-term scar 
remodeling. Despite these differences, there still 
remain substantial similarities between the underlying 
wound healing physiology, providing promise for the 
utility of this device. However, future experiments are 
still planned to measure the effects of the device long 
term on scarring. These studies, also proposed in 
mice, will also allow for more extensive biochemical 
assessment of the device by measuring parameters 
associated with mechanotransduction, including 
focal adhesion kinase levels to better describe the 
underlying mechanism of the observed reduction 
in fibrosis. Additionally, further quantitative analysis 
of the number of fibroblasts in numerous sections, 
thickness of the scars and the epidermal thickness 
would have added to the analysis of scar reduction.

To further elaborate the elegant mechanisms at 
work in the modulation of scar formation the authors 
plan to evaluate the device in a skin scarring animal 
model more indicative of human scar biology, such 
as the red Duroc pig.[33] While this study provides 
substantial promise for the device presented here, 
subsequent studies will establish more precisely the 
optimal vector, force, and duration of tissue stretch 
needed to effectively and consistently reduce scar 
formation. Optimizing such parameters may permit 
the development of a novel scar treatment device that 
could be used to treat a wide variety of scars. 

Scar formation has detrimental effects on social, 
psychological, and physical function.[1-5] Current scar 
therapies are poorly understood and insufficient to 
insure optimal scar formation. In one promising study, 
Lim et al.[39] showed in a randomized clinical trial that 
their Embrace device, which differs significantly from 
the device used in this study, managed to achieve 
statistically significant results. The Embrace device 
reduces perpendicular tension by direct opposition 
rather than by application of parallel stretch described 
in this study. The device presented herein, applied 
only intermittently rather than continuously as is the 
Embrace device, appears to function similarly in that 
it ultimately opposes the wound edges. The present 
device is only in its infancy, and further investigations 
of the optimal time interval of use, vector of stretch, 
and magnitude of stretch provide hope for an effective 
treatment strategy for the reduction of scar formation.

In conclusion, in this study we designed and manufactured 
a device that may provide parallel tissue stretch to a 
wound in order to improve scar formation. Our results 
show that the 1× strength device is overall superior 
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to other strengths and that tissue stretch is beneficial 
to scar formation in the molecular, histological and 
macroscopic levels. This device is a promising 
treatment to improve scar formation. It is safe and 
easy to use in clinical practice.
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Aim: The extended running W-plasty technique using the W-plasty principle is a modification 
of the conventional technique. The use of this technique was utilized for simultaneous 
reduction of the protuberant labia minora and the redundant clitoris. Methods: Twenty-three 
patients presented to the plastic surgery clinic between 2008 and 2015 with the complaints 
of protuberant and enlarged labia minora in conjunction with a hypertrophied clitorial hood. 
The extended running W-plasty was performed in all patients. Surgery was performed under 
general anesthesia as an outpatient procedure with a range of operative time from 30-45 min. The 
Likert scale was used to evaluate outcomes. Results: Patients maintained labial length with 
decreased scarring. Small hematomas occurred in 2 patients and were treated conservatively. 
One case of wound dehiscence occurred and was also treated conservatively. Patients returned 
to normal activity 5-7 days postoperatively. The cosmetic outcome of all patients was very 
satisfactory. Conclusion: The running W-plasty technique is ideal for closure of secondary 
defects following excision of both the redundant labia minora and clitoral hood, while 
maintaining length and providing tensionless scars. The technique conserves the original 
tissues while avoiding over- or under- resection of the labia.
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INTRODUCTION

Repeated tearing and stretching caused by childbirth, 
aging, and sexual intercourse, in addition to congenital 
defects such as vaginal atresia and Müllerian agenesis, 
and gender switching play a role in the request to 

change the size of the labia minora.[1] Congenital 
hypertrophy of the labia minora has also been reported.[2] 
Maas and Hage[3] reported the use of a W-shaped 
resection of the protuberant labia minora in 13 patients. 
Later, Solanki et al.[4] applied the same technique to 12 
patients. Both groups of authors noted that the running 
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W-shaped resection technique avoids many potential 
problems which can occur with other techniques. 
Capraro[5] introduced the edge resection technique in 
which the labia is resected at its free edges. Hamori[6] 
preserved the natural rugosity by performing the central 
wedge technique. De-epithelialization is another tool 
which has been used to reduce the size of the labia, 
and can be performed with either a scalpel[7] or the CO2 
laser.[8] Gonzalez et al.[9] reported the use of the custom 
flask labiaplasty technique in 50 patients, which permits 
precise reduction of the labia minora. Ostrzenski[10] 

described a fenestration labiaplasty technique in which 
the inferior flap is transposed to reduce the height and 
width of the labia.

The primary goal of the extended running W-plasty 
technique, described in this study, is to achieve 
an acceptable protrusion of both the labia minora 
and the clitoral hood beyond the labia majora. The 
design reported in this study is a modification of the 
conventional W-plasty reported in the literature which 
is used for reduction only of the hypertrophied labia 
minora.

METHODS

Six patients with unilateral hypertrophy and 17 
patients with bilateral hypertrophy of the labia minora 
presented for evaluation [Figure 1]. 

Within this group, 8 patients complained of irritation 
and chronic infection while the remaining 15 patients 
were concerned with the noticeable protrusion of the 
enlarged labia minora and its associated psychological 
and emotional distress.

Patients were admitted to the same day surgery unit 
after a complete examination. General endotracheal 
anesthesia was used in all patients. The procedure 
commenced with marking the running W-plasty on 
both sides of labia minora with an extension through 
the clitoral hood [Figure 2]. Excision of the pre-
determined amount of tissue was performed [Figure 3], 
followed by meticulous hemostasis and closure of the 
interdigitating small triangular flaps with absorbable 
4-0 monofilament [Figures 4 and 5].

A compression dressing was applied for several hours 
and removed prior to discharge. At the postoperative 
visits, an outcome evaluation questionnaire based 
on a 5-point Likert scale was administered. The 
questionnaire evaluated the level of improvement in 
physical exercise, improvement in sexual intercourse, 
improvement in appearance and shape of the labia 
minora and clitoral hood, elimination of fungal infection, 
ability of patients to wear fitted undergarments, and 
improvement in sense of well-being.

A 5-point Likert scale was designed with options of 
1 (very dissatisfied), 2 (dissatisfied), 3 (moderately 
satisfied), 4 (satisfied), and 5 (highly or very satisfied).

The preoperative and postoperative photos were 
analyzed based on the extent of external genitalia 
exposure and analysis was performed by an independent 

Figure 2: (A) A 34-year-old female, marked for an extended running W-plasty; (B and C) A 27-year-old female, marked with an extended 
running W-plasty on both sides of the labia minora

Figure 1: (A) A 34-year-old female with bilateral hypertrophy of 
the labia minora and a redundant clitoral hood; (B) A 27-year-old 
female with bilateral incomplete hypertrophy of the labia minora and 
a redundant clitoral hood

A B
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numbness, sensitivity, or scar pain during intercourse.

DISCUSSION

The use of the extended running W-plasty technique is 
required for the simultaneous reduction of hypertrophied 
labia minora and prominent clitoral hood. The central 
wedge resection removes a full-thickness wedge of 
skin from the thickest portion of the labia minora.[11] 
Giraldo et al.[12] add a 90-degree Z-plasty to the central 
wedge procedure; this modification produces a refined 
surgical scar that is less tethered and has less tension. 
The W-plasty previously described by Maas and Hage[3] 
and Solanki et al.[4] is limited as it does not simultaneously 
address the redundant hood of the clitoris. 

The technique described in the current report 
addresses both the hypertrophied labia and clitoral 
hood with an appropriate skin resection. The extended 
W-plasty has the same principles of the conventional 
W-plasty in thatthe angles of the “W” vary between 50 
and 55 degrees, but are further extended to involve 
another aesthetic unit which includes the defect 
resulting from the reduction of the enlarged clitoris. 
The technique divides the scar into small triangles to 
break up the scar contracture and providing a more 

plastic surgeon.

RESULTS

Because the W-plasty technique conserves tissue, 
over-resection was avoided, and the shape and size 
of the labia minora were acceptable in all patients. In 
addition, the vertical length of the labia was preserved. 
All patients were noted to have symmetry with a and 
natural color and contour of their labia minora [Figure 6].

Small hematomas occurred in one patient and were 
treated conservatively. Wound dehiscence (1-2 cm in 
length) developed in one patient and was also treated 
conservatively [Table 1].

Based on the results of the Likert scale and the 
evaluation questionnaire [Table 2] provided during 
the follow-up period, the aesthetic outcomes were 
very satisfactory in all patients. Patients experienced 
improvement in their daily activities, including sexual 
intercourse and physical exercise. Hygiene became 
easier, and patients stated that they did not need 
to apply antifungals or local steroids after surgery. 
All patients were able to wear bathing suits without 
embarrassment. No patients experienced scar 

Figure 3: A 34-year-old female, appearance of the labia minora 
after reduction. Note the interdigitating triangles. The excision 
extended to involve the clitoral hood

Figure 4: Tissue excised from both labia minora (the 34-year-old female)

Figure 5: Immediate postoperative view of the 34-year-old female 
(A) and the 27-year-old female (B). The procedure is completed by 
suturing the interdigitating small flaps

Figure 6: One-year postoperative result of the 34-year-old female
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level surface to the scar.

In the current study, the most common reason for 
seeking reduction of the labia minora (13 out of 20 
patients) was dissatisfaction with the appearance of 
the labial and clitoral hood. Hong et al.[13] reported 
the use of both the central wedge resection and 
asymmetric Z-plasty techniques in order to avoid the 
linear scar. De-epithelialization of the skin[14] of the 
central region of the medial and lateral aspects of 
each labia minora reduces the excess vertical tissue, 
while preserving natural rugosity and the sensory and 

erectile abilities of the labia. One disadvantage of 
de-epithelialization is that the width of the individual 
labia can increase if a large area of labial tissue is 
de-epithelialized. Although de-epithelialization by 
laser treatment has been reported,[15] it presents the 
potential for the occurrence of epidermal inclusion 
cysts. Closure of the opposing W-shaped incisions 
results in a tensionless zigzag suture line running 
obliquely across the edge of the labium. 

In this study, the running W-shaped resection 
technique avoids many potential problems which 

Table 1: Patient profile

No. Age 
(years) Clinical findings Procedure Complications Follow-up 

(months) Outcome

1 27 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 30 Very satisfied

2 30 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 29 Very satisfied

3 35 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

Small hematoma 22 Very satisfied

4 38 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 13 Very satisfied

5 41 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

Wound dehiscence 
of 1-2 cm

31 Very satisfied

6 22 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 14 Very satisfied

7 29 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 36 Very satisfied

8 40 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 13 Very satisfied

9 36 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 12 Very satisfied

10 30 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 15 Very satisfied

11 33 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 12 Very satisfied

12 22 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 12 Very satisfied

13 29 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 27 Very satisfied

14 25 Bilateral hypertrophied lasbia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 12 Very satisfied

15 26 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

Small hematoma 29 Very satisfied

16 30 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 22 Very satisfied

17 29 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 12 Very satisfied

18 33 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 14 Very satisfied

19 44 Unilateral hypertrophied labia minora and 
clitoral hood

Extended W-plasty None 33 Very satisfied

20 48 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 31 Very satisfied

21 40 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 12 Very satisfied

22 30 Bilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Bilateral extended 
W-plasty

None 21 Very satisfied

23 29 Unilateral hypertrophied labia minora and 
hypertrophied clitoral hood

Extended W-plasty None 12 Very satisfied

Small hematoma is defined as less than 2 cm. LM: labia minora; CH: clitoral hood
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can occur with other techniques, including wound 
contracture and dehiscence. The extended running 
W-plasty technique is ideal for closure of the 
secondary defect created following excision of both the 
redundant labia minora and the redundant clitoral hood 
because it maintains the vertical length and provides 
tensionless scars. The reduced labia minora remains 
sensate and painless. This technique avoids the over- 
or underresection of the labia, and all patients in our 
series were relieved of the functional problems related 
to an enlarged labia minora and clitoris.

In conclusion, the extended running W-plasty 
technique is a viable alternative to the conventional 
W-plasty, central wedge resection, edge resection, 
de-epithelialization excision, laser de-epithelialization, 
and other techniques. It is a modification of the 
W-plasty design reported in literature, and can be 
used to simultaneously reduce both the hypertrophied 
labia minora and the redundant clitoral hood.
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Table 2: Summary of 5-point Likert scale
Questionnaire Very satisfied Satisfied Unsatisfied Very unsatisfied Not sure 
Improvement of hygiene All patients _ _ _ _
Improvement of sexual intercourse All patients _ _ _ _
Painful scar All patients _ _ _ _
Improvement in appearance and shape All patients _ _ _ _
Elimination of fungal infection All patients _ _ _ _
Improvement of physical exercise All patients _ _ _ _
Improvement in sense of well-being All patients _ _ _ _
Ability of patients to wear a fitted size All patients _ _ _ _
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Aim: Ear reconstruction is a challenge for plastic and reconstructive surgeons. The ear requires 
sufficient skin coverage and a three-dimensional (3D) cartilage framework. In this paper, the 
authors present their 10-year experience in microtia reconstruction using tissue expansion 
and an autogenous rib cartilage framework. Methods: Ear reconstruction was performed in 3 
operative stages. During the first procedure, a 50-80 mL kidney or cylinder-shaped expander was 
implanted deep to the subcutaneous fascia of the retroauricular mastoid region. Over a period of 
3-5 months, the expander was filled to a final volume of 80-110 mL. In the next operation, the 
retroauricular fascia was eliminated or reserved following expander removal, and the autogenous 
costal cartilage framework was placed below the expanded skin flap. At the third and final stage, 
the earlobe transposition, tragus construction and conchal deepening were performed. Results: 
A total of 165 patients (166 ears) were reconstructed using tissue expansion and an autogenous 
rib cartilage framework. Complications included hematomas in 3 cases, expander exposure in 
8 cases, cartilage exposure in 6 cases, infection and cartilage resorption in 2 cases, exposure 
of steel wire in 4 cases, and aseptic seroma in 2 cases. Follow-up ranging from 3 months to 5 
years showed that 159 patients were satisfied with the reconstructed ear including size, location, 
projection, convolution, skin-colour matching, symmetry with opposite ear. Conclusion: 
Expansion of the retroauricular skin and fascia can provide sufficient non-hair-bearing skin and 
tissue for coverage of a three-dimensional costal cartilage framework. Avoidance and prompt 
treatment of complications are advised in order to obtain a satisfactory reconstruction of the ear.
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INTRODUCTION

Ear reconstruction with autogenous rib cartilage for 
congenital microtia is a challenge for plastic and 
reconstructive surgeons. In addition to the surgeon’s 

skills, successful ear reconstruction is dependent upon 
a framework for the ear material and the overlying 
skin coverage. Autogenous costal cartilage has been 
widely used as a source of the ear framework.[1-4] 
However, great success was not achieved until 2006 
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when a large series of ear reconstructions with tissue 
expansion were reported.[5,6] At present, retroauricular 
skin tissue expansion is one of the most popular 
techniques for ear reconstruction. In this study, tissue 
expansion and autogenous costal cartilage were 
used for reconstruction of 165 patients with 166 
cases of microtia. The majority of the reconstructed 
ears obtained a good contour with a low incidence of 
complications. In this paper, the authors report their 
experience with microtia reconstruction by use of full-
thickness skin and fascia expansion and a three-
dimensional costal cartilage framework.

METHODS

From August 2005 to August 2015, 165 patients with 
166 cases of congenital microtia were reconstructed 
using fully expanded retroauricular skin and fascia 
flaps combined with an autogenous costal cartilage 
framework at the Department of Plastic Surgery of 
the Second Affiliated Hospital of Kunming Medical 
University. Among these patients, 112 (67.9%) were 
males and 53 (32.1%) were females. Patient age 
ranged from 7 to 52 years (average 15.8 years). Of all 
patients, 110 cases (66.7%) of microtia involved the 
right ear, 54 cases (32.7%) involved the left ear, and 1 
case was bilateral [Table 1].

For the patient with left-side microtia [Figure 1A], 
during the first procedure, a 4-cm length incision 
parallel to the hairline was made on the scalp and 
a subfascial fascia pocket was dissected. After 
meticulous haemostasis was obtained, a 50-80 mL 
(corresponding to the size of the opposite auricle) 
kidney-shaped or cylinder-shaped tissue expander 
was implanted under the fascia pocket, with the valve 
of the expander placed in the subcutaneous tissue 
of the scalp or left externally. A negative-pressure 
drain was placed inside the pocket prior to closure 
of the incision. The suction drain and the suture 
were removed 6 days and 10 days postoperatively, 
respectively. Tissue expansion was performed twice 

Table 1: Basic information of 165 patients (166 ears)
Characteristics                         n (%)
Gender
     Male                          
     Female                         
Side
     Right                         
     Left                           
     Bilateral                        

112 (67.9)
  53 (32.1)

110 (66.7)
  54 (33.3)
    2 (0.60)

Associated deformities        
     Hemifacial microsomia        
     Facial nerve weakness         
     Opposite ear deformity        
     Fistula               
     Accessory ear            

    5 (3.6)
    1 (0.6)
    2 (1.2)
    4 (2.4)
    3 (1.8)

Figure 1: (A) The appearance of the left microtia; (B) the appearance of the fully expanded tissue expander in the left retroauricular 
region; (C) the harvested costal cartilages; (D) three-dimensional (3D) costal cartilage framework; (E) the appearance of the reconstructed 
ear immediately following application of the negative-pressure drain; (F) the malpositioned earlobe was transferred and connected to 
reconstructed ear

A C

FED
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the third surgery of earlobe transposition, skin graft 
was performed ahead of time, which resulted in poor 
reconstructed ear because of partial absorption of 
cartilage. Sterile seromas occurred in 2 cases 2 
weeks postoperatively. No seroma accured again after 
negative press suction. Fracture of upper pole of the 
ear framework occurred in 4 cases, creating a less 
satisfactory auricular contour. Extrusion of the steel 
wire occurred in 4 cases. Other complications included 
1 case of pneumothorax, 1 case of cervical vertebral 
subluxation, and 5 cases of hypertrophic scars at the 
chest harvest site. All complications were successfully 
treated [Table 2]. The postoperative satisfaction rate 
was 96.4% (159/165).

DISCUSSION

Since Hata et al.[7] initially used a tissue expander 
for correction of congenital microtia. Since then, ear 
reconstruction using an expanded retroauricular 
skin flap and autogenous costal cartilage has been 
widely used. [8-10] Skin expansion provides non-
hairbearing, thin and well-vascularized skin. However, a 
3D framework and skin grafts are often required as well.[8,9] 
Liu et al.[5] and Zhang et al.[6] have reported the use of 2 
expanders for ear reconstruction without skin grafting. 
However, this method increases the complexity of 
the operation and increases the risks of complications 
associated with expansion, including hematoma, exposure, 
and an obvious post-auricular scar. Chen et al.[11] reported 
implanting a 50-mL kidney-shaped expander in the 
retroauricular mastoid region and infusing saline solution to 
a final volume of 100-120 mL. In this fashion, sufficient 
retroauricular non-hair-bearing skin was obtained for 
coverage of the auricular cartilage framework without 
the use of skin grafts or a retroauricular fascial flap. 
This method of over-expansion nonetheless risks 
complications including exposure, skin necrosis, and 
possible elongation of expansion time, or even failure 
of expansion.

In order to reduce the complications mentioned above, 
we implanted a 50-80 mL expander beneath the 
retroauricular fascia to reduce the risk of exposure, 
and infused saline solution for a total volume of 80-110 mL 

a week beginning 7 days after surgery and continuing 
until the targeted volumes were achieved [Figure 1B]. 
The second stage was performed following the 
completion of expansion. Preoperative computer 
tomography (CT) of the rib cartilage to be used for 
reconstruction was performed to assess for the 
degree of calcification and to measure rib cartilage 
parameters (length, width, and thickness). At the final 
surgery, the fascia was separated from the skin flap 
following removal of the expander, and the remnant 
ear cartilage was carefully dissected and preserved. 
Based upon the preoperative CT of the costal 
cartilage, normal costal cartilage from the seventh 
to ninth contralateral ribs were harvested by another 
surgical team [Figure 1C]. The harvested costal 
cartilages were then carved to include the structure 
of the ear, including the scapha, helix and triangular 
fossa [Figure 1D]. The redundant cartilage pieces 
were assembled to form a crescent-shaped pad and 
were inserted beneath the carved costal cartilage in 
order to enhance projection. The cartilage complex 
was assembled with 5-0 stainless steel wire and 
placed into the expanded pocket. The size, location 
and angle of the cartilage framework were adjusted 
until the reconstructed ear was consistent with the 
opposite ear. The drainage tube was inserted between 
the flaps and the cartilage framework. Finally, the 
shape of the reconstructed ear appeared after the 
drainage worked [Figure 1E]. The reconstructed ear 
was not covered dressing and a pressure dressing 
was applied to the retroauricular region. The dressing 
was removed on the first postoperative day to prevent 
infection. In order to maintain effective suction, the 
drain was evacuated every 2 h during the initial 24 h 
postoperative. The drain and sutures were removed 
at 6 and 10 days following surgery, respectively. 
Three to five months later, the malpositioned earlobe 
was transferred and connected to the reconstructed 
ear, the redundant cartilage and earlobe soft tissue 
were excised, and excess subcutaneous tissue was 
removed in order to deepen the conchal bowl [Figure 1F].

RESULTS

A total of 166 ear reconstructions were performed in 
165 patients with microtia. There were three cases 
of hematoma, but expansion was successfully 
accomplished following evacuation. Exposure of the 
tissue expander occurred in 8 cases, which were 
performed ear reconstruction ahead of time using 
expanded skin and temporoparietal fasical flap with 
skin grafts. After the second stage, exposure of the 
cxf occurred in 6 patients, and was repaired by use of 
a local skin flap or temporoparietal fascia flap and skin 
graft. Infection occurred in 2 patients and was treated 
with systemic antibiotics. For these two patients on 

Table 2: Complications in 165 cases
Complications                                              n (%)
Expander hematoma                                          3 (1.8)
Expander exposure                                            8 (4.8)
Exposure of cartilage                                          6 (4.3)
Infection and cartilage resorption                       2 (1.5)
Fracture of upper pole of ear framework            4 (2.4)
Extrusion of steel wire                                        4 (1.80)
Sterile seroma                                                    2 (1.5)
Pneumothorax                                                    1 (0.61)
Subluxation of cervical vertebra                         1 (0.61)
Hypertrophic scar                                               5 (3)
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to fully expand the fascia and skin. The region of non-
hairbearing skin in the mastoid is relatively small, and 
therefore an 80 mL expander was selected. At the 
second stage operation, the integrated fascial flap 
was dissected and covered to the cartilage framework, 
only imperfect fascia was removed. The thickness of 
the expanded skin flap was approximately 1.5 mm 
through treated, it can wrap erect 3D framework and 
reproduce reconstructed auricle substructure.

Harvesting ipsilateral rib cartilage has been recommended 
by Nagata[4] and Firmin.[12] Dashan et al.[13] routinely 
harvested rib cartilage from the right side in order to 
protect the left chest wall and the heart. In the current 
study, contralateral costal cartilage was routinely 
harvested to take advantage of the natural bend and 
tortuosity of the contralateral costal cartilage. After 
nearly 3 years of observation, there were no side 
effects to donor site. In this study, a two-dimensional 
X-ray template combined with a 3D plaster model 
was used to fabricate a cartilage framework similar 
to that of the opposite normal auricle. Jiang et al.[14] 
have reported the use of four different methods to 
sculpt the cartilaginous framework. In our patients, 
we used 3-4 layers of costal cartilage to fabricate the 
framework, which is similar to Jiang’s technique.[14] In 
adult patients, the seventh rib cartilage was divided 
into two parts, with the external portion used for the 
helix and superior crus, and the internal portion used 
for the main body of the framework, the other cartilage 
were used for base to increase protrusion. 

Stabilization plays an important role in construction 
of the cartilage framework. Therefore, each part of 
the framework, and in particular the helix, must have 
sufficient thickness. The 5-0 stainless steel wire was 
used to suture and fix all parts of the cartilage framework. 
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Aim: Non-invasive body contouring is a promising modality. However, due to a lack of good 
evidence-based data, the mechanism by which contouring occurs remains unclear. The purpose 
of this study was to evaluate the effect of treatment with the Contour I™ ultrasound system 
(Ultrashape®, Syneron®, Israel) on abdominal circumference and to compare 2 power levels 
for efficacy and safety. Methods: A prospective, self-controlled double-blind design was used. 
Thirty-six women, aged 30-45 years, were randomized to receive treatment with the Contour I 
at high or low acoustic outputs in 3 successive sessions, 1 month apart. Safety was evaluated by 
adverse events, local skin reaction, and pain. Efficacy was evaluated by the change in abdominal 
circumference relative to baseline and to the untreated thigh area (internal control). Patients were 
followed for 28 days after the last treatment session. Results: At 1 month after the first session, 
the mean reductions in abdominal circumference measured 1.65 cm (P < 0.001) and 0.87 cm 
(P < 0.019) in the high and low-power groups, respectively. At 1 month after the last session, 
the cumulative reductions in circumference were 2.56 cm (P < 0.001) and 1.49 cm (P < 0.012), 
respectively. There was no change in the internal-control circumference throughout treatment. 
There were no treatment-induced severe adverse events. Conclusion: Multiple successive 
treatments of the abdominal area with the Contour I lead to a significant progressive reduction in 
circumference. The magnitude of the reduction is directly correlated to the acoustic power output 
which suggests that the technology itself is the main cause for the contouring effect.
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INTRODUCTION

Body contouring is one of the most popular procedures 
in aesthetic medicine. There is a growing demand for 

non-invasive alternatives to traditional liposuction given 
the risk of complications[1-5] and prolonged downtime.[6] 
Multiple modalities have been developed including the 
use of laser and radio-frequency assisted liposuction, 
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but these modalities are minimally invasive, painful, 
and with unproven efficacy. There is still a demand for 
a true noninvasive modality. Ultrasound has served 
as a therapeutic tool for more than 50 years.[7,8] High-
power, high-intensity ultrasound is used for ablation 
and lithotripsy, and low-power ultrasound is used for 
sonophoresis, sonoporation, gene therapy, and bone 
healing.[9] The underlying mechanism of action is 
thermal or mechanical. 

The Contour I™ (Ultrashape®, Syneron®, Yokneam, 
Israel) is an FDA-approved, non-invasive, focused 
ultrasound device designed for body contouring. It 
selectively and mechanically disrupts adipocytes in 
the subcutaneous fat layer by a process of cavitation 
without damaging neighboring blood vessels, nerves, 
or muscles. It is based on a unique design of energy 
spreading that is focused 1.5 cm beneath the skin for 
selective targeting of the fat layer without affecting the 
dermis or deep structures. Its safety and efficacy have 
been evaluated in several pre-clinical and clinical 
studies.[10-14] Treatment requires no anesthesia and 
may be performed in a non-surgical setting.

Although its efficacy has been shown in numerous 
studies, as with other modalities, the main factors 
contributing to the body contouring effect are not 
clear and can be attributed to other aspects such as 
skin tightening, inflammatory response and lifestyle 
change during the treatment period.

The aim of the present study was to evaluate the 
cumulative effect of successive treatments with the 
Contour I™ device system on abdominal circumference 
and to compare two acoustic power levels for efficacy 
and safety.

METHODS

Setting
A prospective self-controlled, double-blinded trial 
was performed. The study was approved by the 
Helsinki Committee of Rabin Medical Center and 
Sackler Faculty of Medicine, Tel Aviv University, and 
was conducted in accordance with the Declaration 
of Helsinki and the International Conference of 
Harmonization/Good Clinical Practice (ICH-GCP) 
guidelines. Informed consent for participation in the 
study was obtained from participants.

Patients
The study cohort consisted of healthy Caucasian 
women who sought to reduce their abdominal 
circumference for aesthetic reasons. Inclusion criteria 
were age 18-50 years, body mass index ≤ 26 kg/m2 

and abdominal subcutaneous adipose tissue thickness 
≥ 1.5 cm, assessed by manual pinch test. The 1.5 cm 
criteria was instituted for procedural efficacy and safety 
according to the Contour I™ mechanical specifications 
(i.e. the focus of the ultrasonic energy). Exclusion 
criteria included the presence of any systemic chronic 
disease, blood coagulopathy or excessive bleeding, 
history of skin disease in the treatment area, known 
tendency to form keloids, poor wound healing, skin 
lesions in the treatment area other than simple nevi, 
depressed scar in the treatment area, abdominal 
wall diastasis or hernia on physical examination, and 
abnormalities in kidney or liver function, lipid profile, 
or blood count in the last 3 months. Women who were 
pregnant or lactating at baseline or during the study 
period and women who had given birth within the last 
12 months were also excluded. 

Procedure
Treatments were administered to the anterior 
abdominal area with the Contour I™ system, aided by 
computerized video tracking [Figure 1]. The targeted 
area was the lower abdomen, which was marked prior 
to the procedure. The procedure was performed with 
the patient in a flat supine position. The treated area 
is captured by the video system and is automatically 
divided into points of treatment that are followed by 
the trained operator of the device.[10] Subjects were 
randomized to receive high acoustic power output 
(Isppa = 440 W/cm2) or low acoustic power (Isppa 
= 370 W/cm2). These parameters were chosen as 
both extremes of the device’s power output. The 
focal depth for the selected output was 1.5 cm; the 
exclusion criteria of abdominal subcutaneous adipose 
tissue thickness ≥ 1.5 cm was set for this reason. All 
subjects underwent 3 treatment sessions, 1 month 
apart, performed by a trained physician. All patients 
were divided arbitrarily between the high and the low 
acoustic power groups. Subjects and physician were 
blinded to the group allocations, as the device was 
preset before treatment (by a technician), according 
to the allocation of the subject, and the settings were 
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group in treatment area
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RESULTS

Subject disposition and baseline demographic 
characteristics
All 36 subjects completed the study protocol with 19 in 
the high-power group and 17 in the low-power group. 
There were no between-group differences in mean 
weight, height, body mass index, or abdominal fat 
thickness [Table 1]. Ages ranged from 30 to 45 years. 
Mean age was significantly lower in the low-power 
than the high-power group (34 vs. 38 years, P = 0.04), 
but this 4-year difference had no clinical relevance 
with respect to abdominal circumference reduction.

Objective efficacy endpoints
Both study groups showed a statistically significant 
reduction in circumference of the treated area compared 
to baseline at all time points, with the exception of 
the low-power group on day 14 (P = 0.113), and a 
cumulative reduction over time [Table 2 and Figure 1]. 
On day 28 (4 weeks after the first treatment), the mean 
reduction in abdominal circumference was 1.65 cm in 
the high-power group (P < 0.001) and 0.87 cm in the 
low-power group (P = 0.019). On day 56 (1 month after 
the third treatment session), the mean reductions in 
the respective groups were 2.14 cm (P = 0.002) and 
1.62 cm (P < 0.001), and on day 84, 2.56 cm (P < 0.001) 
and 1.49 cm (P = 0.012) [Table 2 and Figure 1]. The 
subjects’ weight remained generally constant during the 
entire period of the study; the overall change in weight 
did not exceed 1.6% of baseline, with no between-group 
difference [Table 2].

The high-power group showed a greater and a more 
consistent reduction in abdominal circumference than 
the low-power group, but the difference did not reach 
statistical significance.

Analysis of the control (thigh) areas yielded an increase 
in circumference in both groups at all study time points 
[Table 3 and Figure 2], with the exception of the low-
power group on day 14 (no change). There was no 
statistically significant difference in mean internal-
control circumference between the groups (data not 
shown). However, a statistically significant difference 

not shown on the device’s control panel.

Abdominal circumference measurement 
At basel ine (pr ior to treatment, day 1), each 
subject’s abdominal circumference was measured 
independently by 3 trained operators who were blinded 
to the group allocation. All used the same standardized 
calibrated tape according to the same standardized 
and validated technique, ensuring that subject 
positioning, posture, and breathing were consistent for 
all measurements. All measurements were performed 
in the same anatomical spots, while standing in a 
standardized position. On days 14 (2 weeks after the 
first treatment), 28 (4 weeks after the first treatment), 
56 (4 weeks after the second treatment), and 84 
(4 weeks after the third treatment), measurements 
were repeated in the same manner, at the same height 
(per individual), in duplicate. The circumference of the 
untreated thigh area was also measured at all visits to 
serve as a control measurement. 

Adverse events and patient satisfaction
At each follow-up visit, subjects were examined for 
adverse events related to the treatment, and local skin 
reaction. Adverse events were recorded as Medical 
Dictionary for Regulatory Activities (MedDRA) codes. 
In addition, the subjects were asked to complete a 
satisfaction questionnaire, as follows:
(1) Has there been a visible change in your body contour 
since the beginning of the study? (yes, favorable change/
no change/yes, unfavorable change)
(2) Have other people commented on a change in your 
bodily appearance? (yes, favorably/no comments/yes, 
unfavorably)
(3) Would you recommend this procedure to your 
friends? (yes/no)
(4) Is the Contour I™ system preferable to liposuction? 
(yes/no) 
(5) How would you grade pain from the treatment on a 
scale of 1-10? 

Statistical analysis
Data were analyzed with SAS software, version 9.1 (SAS 
Institute, Cary, NC). Paired t-test and nonparametric 
signed-rank test were used to analyze differences 
in circumference within each study group by time. 
Student t-test and Wilcoxon rank rest were used to 
analyze differences in the reduction in circumference 
at each time point between the study groups. Mantel-
Haenszel chi-square test or linear regression was 
used to examine P values or trends during the study 
and follow-up periods. All tests applied were two-tailed. 
P values of 5% or less were considered statistically 
significant.

Table 1: Subject demographic characteristics

Characteristics High power
(Isppa 440 W/cm2)

Low power
(Isppa 370 W/cm2)

P 
value

Subjects number 19 17
Age, years 38.02 ± 1.10 34.21 ± 1.44 0.0407
Weight, kg 61.38 ± 1.64 63.65 ± 1.19 0.2804
BMI, kg/m2 22.89 ± 0.50 23.57 ± 0.35 0.2786
Height, cm 164.26 ± 1.43 164.12 ± 1.22 0.9396
Fat thickness, mm 25.87 ± 1.70 27.15 ± 1.98 0.6247

Data shown as mean ± SE. BMI: body mass index
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was observed in the relative change between the 
treated and untreated areas at all time points, with the 
exception of the low-power group on day 14.

Representative photographs of abdominal circumference 
before and after treatment are shown [Figure 3].

Subject satisfaction
Most subjects felt no pain or only minimal pain during 
all treatments, 92 of 108 documented encounters 
(85.1%). The high-power group reported a slightly 
greater pain sensation when compared to the low-
power group: rates of no pain or minimal pain reported 
by the high-power group were 79.0% after the first 

treatment, 84.2% after the second treatment, and 
84.2% after the third; corresponding values in the 
low-power group were 94.1%, 82.3%, and 88.2%. 
“Unbearable” pain sensation was uncommon across all 
treatments and modalities. “Unbearable” pain sensation 
at all 3 sessions was reported by one subject in the 
low-power group, at the first session by 2 subjects in 
the high-power group, and at the second and third 
sessions by one subject in the high-power group. All 
reports were obtained after the treatments were done, 
and no treatment had to be stopped secondary to pain. 
Nevertheless, all subjects who reported “unbearable” 
pain completed all treatments and follow-up procedures 
as scheduled.

Evaluation of the feedback questionnaire revealed that 
on day 28, in response to the item on visible change 
in appearance, a favorable change was reported by 
27.8% of the high-power group and 41.2% of the low-
power group [Table 4]. On day 56, these rates rose to 
61.1% and 64.7%, respectively. On day 84, 1 month 
following third treatment, 68.4% of the high-power 
group reported a positive visible change compared to 
58.8% of the low-power group [Table 4]. At the same 
time point, 57.9% of the high-power group reported 
positive comments from others, and 68.4% claimed 
they would recommend the procedure to their friends; 

Table 2: Circumference changes from baseline by day and study group in treatment area

Change from 
baseline

High power (Isppa 440 W/cm2) Low power (Isppa 370 W/cm2) Weight differences 
between groups

Number Mean (cm) SE P value Number Mean (cm) SE P value P value
Day 14 19 -1.54 0.57 0.016 17 -0.39 0.24 0.113 0.8741
Day 28 19 -1.65 0.42 < 0.001 17 -0.87 0.33 0.019 0.9317
Day 56 19 -2.14 0.60 0.002 17 -1.62 0.36 < 0.001 0.9981
Day 84 19 -2.56 0.63 < 0.001 17 -1.49 0.52 0.012 0.9896

Table 3: Circumference changes from baseline by day and study group in control area (untreated thighs)

Change from baseline
High power (Isppa 440 W/cm2) Low power (Isppa 370 W/cm2)

Number Mean (cm) SE P value Number Mean (cm) SE P value
Day 14 19 0.32 0.31 0.316 17 -0.02 0.24 0.933
Day 28 19 0.47 0.37 0.214 17 0.17 0.24 0.484
Day 56 19 0.60 0.26 0.033 17 0.60 0.42 0.176
Day 84 19 1.08 0.32 0.003 17 1.25 0.48 0.019

Table 4: Results of subject satisfaction feedback questionnaire

Questions in questionnaire 
Day 28 Day 56 Day 84

High power Low power High power Low power High power Low power
Subjects reported favorable change in body 
contour since beginning of study 27.8% 41.2% 61.1% 64.7% 68.4% 58.8%

Subjects reported receiving comments from 
other people regarding their appearance 27.8% 41.2% 72.2% 70.6% 57.9% 70.6%

Subjects reported to recommend this 
procedure to their friends 77.8% 76.5% 72.2% 76.5% 68.4% 70.6%

Subjects reported to prefer the Contour I™ 
treatments over a short-term body contouring 
procedure

66.7% 70.6% 66.7% 64.7% 89.5% 70.6%

Baseline         14               28              56             84
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the corresponding rates in the low-power group were 
both 70.6% [Table 4]. More subjects in the high-power 
group preferred the Contour I™ over liposuction 
(89.5% vs. 70.6%) [Table 4].

Safety endpoints
Adverse events included erythema, petechial rash, 
folliculitis, and hyperesthesia. Six subjects (16.7%) 
reported mild to moderate adverse events, 3 in 
each group. There was no relationship between the 
occurrence of adverse events and the acoustic power 
of the ultrasound. The rate of adverse events per 
treatment sessions was 5.5%. All adverse events 
resolved spontaneously by the end of the study, with 
no need for medical intervention. In no case were the 
adverse events a reason for terminating a treatment.

DISCUSSION

In the search for the gold standard of non-invasive 
technology for body contouring, ultrasound energy 
is a promising tool. The present study evaluated 
the cumulative effect of successive treatments with 
the Contour I™ ultrasound system on abdominal 
circumference, with comparison of two acoustic output 
levels: 440 W/cm2 (high power) and 370 W/cm2 (low 
power). Prior studies have shown that the ultrasonic 
energy delivered by the Contour I™ system disrupts 
cells in the histological level and causes a transient 
increase in blood lipids.

This study had a few limitations that should be 
noted. Although statistically significant, the number 
of participating patients is not very large, and subject 

Figure 3: Representative photographs before (A-C) and after (D-I) treatments with the Contour I™ at high power (Isppa = 440 W/cm2) in a 
single subject. Abdominal circumference decreased by 3.1 cm from baseline at 1 month after first treatment (D-F) and an additional 3.3 cm 
after 2 additional treatments (G-I) (total reduction, 6.4 cm). The reduction from baseline in the untreated control (thigh) area was 0.4 cm at 
completion of treatment
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variability, it terms of skin quality and elasticity, 
can have an effect. In addition, circumference 
measurement is a rather crude measurement. None of 
the patients underwent prior liposuction, and therefore 
no comparison can be made with invasive body 
contouring of any kind. Another important factor is that 
patient’s lifestyle effect was not a part of this study; 
the only control was weight and thigh circumference. 
No strict protocol for diet and physical activity was 
taken into consideration. A final item for consideration 
is that study-related patient satisfaction in aesthetic 
procedures may not be comparable to real-life data 
from patients who have actually paid for the procedure.

The findings indicate that both power levels, with 3 
treatment sessions, led to a statistically significant 
reduction in circumference of the treated area 
relative to baseline. Reductions were noted after 
each treatment session and overall, after all sessions 
were completed. The high-power setting was more 
effective than the low-power setting in reducing the 
circumference of the treated area after the 1st session 
and after the 3rd session.

As mentioned, both study groups showed a statistically 
significant reduction in circumference of the treated 
area compared to baseline at all time points, with the 
exception of the low-power group on day 14 (P = 0.113). 
Our assumption is that this data results from tissue 
edema.

The decision to use circumference measurement only, 
and not imaging studies, was based on two reasons. 
First, subjects normally measure their circumference 
by wearing trousers or skirts, and the aim of the 
treatment is to produce erect posture contouring. 
Secondly, the supine posture in magnetic resonance 
imaging or ultrasound scan does not correlate exactly 
with circumference measurement in the erect position 
since fat distributes differently in the supine position. 
Later studies done by Ultrashape® have failed to 
show a significant correlation between these two 
measurements.

To isolate the net effect of the device on the specific 
area treated and to eliminate the possibility of bias 
in the interpretation of the results, the circumference 
of the untreated thighs from each subject was used 
as an internal control. The results showed that 
the reduction in circumference of the treated area 
relative to the untreated area (true net effect) was 
statistically significant at all-time points. This finding 
was supported by the cumulative effect of the multiple 
treatments on the reduction in circumference of 
the treated area as well as the correlation between 

the power output and the magnitude of the effect. 
An interesting finding was a minimal increase of 
thigh circumference in some groups. It is unclear if 
beginning a process of body contouring encourages 
patients to change their life-style to achieve better 
overall results, or if it permits them to continue their 
current habits while relying on technology to correct 
excessive food intake and a lack of physical activity. 
The low number of adverse events in our cohort is 
consistent with the high safety profile of the device 
reported in extensive pre-clinical[10] and clinical 
studies.[11-14]

Subjective feelings of the patients play a critical role 
in the outcome of aesthetic procedures, aside from 
objective evidence of the safety and effectiveness. 
Therefore, subjects completed a questionnaire 
evaluating their satisfaction with the results as well as 
the perception of others. Less than half the subjects in 
both groups noted a favorable visible change following 
the first treatment. However, on later follow-up visits, 
those rates nearly doubled. 

In summary, multiple treatments over time with the 
Contour I™ device lead to a cumulative reduction in 
abdominal circumference. The effect is greater when 
high acoustic power is used. Patient satisfaction was 
found to be related to the measured circumference 
reduction. The findings support the use of the 
noninvasive Contour I™ as a safe, painless non-
invasive means for body contouring with proven efficacy 
in circumference reduction, correlated to the power of 
ultrasonic energy delivered. Due to the limitation of the 
study, more studies, comparing different modalities in 
non-invasive body contouring, are needed. Objective 
non-positional related measurements in form of 
accurate three-dimensional photography with volume 
calculation may be of future assistance. 
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INTRODUCTION

Chronic wound significantly influence patients’ quality 
of life, but wound care procedures can vary between 
hospitals. Wound management difficulties can be 
attributed to lack of standardized protocol, well-
integrated multidisciplinary team, and specific wound 
care unit. An establishment of wound care center can 
help to solve above difficulties with providing wound 
management service.

The efficient 3-step wound management pathway 
has the advantage that all involved specialists from 

different departments in the hospital can keep tracing 
the patients’ condition in the same pre-existing unit of 
the healthcare system. In addition to improving the 
quality of wound care, the establishment of a wound 
care center will not only improve patients’ pain and 
activities of daily life, but also achieve biopsychosocial 
healthcare, an approach believed to have positive 
effects on reducing costs and relieving the burden on 
the healthcare system.

WOUND MANAGEMENT DIFFICULTIES

The goals of wound management service are to treat 
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chronic wounds through the stages of healing, reduce 
infections or complications, and prevent future chronic 
wounds as well as restore the functional activities 
of daily life. Although the benefits of wound care 
service and multidisciplinary teams care have been 
well discussed,[1-3] there is a practicing gap about the 
establishment of an efficient referral system. Patients 
are often confused regarding whom to see for wound 
care, and simply receive wound treatment by the 
individual specialists they visit, in which the specialists 
may not actively track wounds unless they are consulted 
again. And healthcare providers (plastic specialists, 
dermal specialists, general practitioners, nurses) 
also found it difficult to manage wound care across 
disparate levels of departments. Furthermore, a lack 
of organization and specific space may postpone the 
accurate screening and debridement on-site and on-
time. Therefore, the establishment of clinical pathway 
for wound management service/pathway is crucial.

WOUND MANAGEMENT PATHWAY

The wound management pathway consists of three 
steps. The first step is patient entry and onsite immediate 
wound debridement, which indicates the patient 
referral process where wound center clients were 
referred from outpatient clinics and inward consultants. 
The wound care service is initiated once the physician 
from any other departments considered wound care 
service necessary. The patient is scheduled for a visit 
to the wound care center by the coordinator, and the 
appointed doctor can meet the patient and family on 
the arranged day to discuss the wound condition with 
them. Before the wound management pathway was 

established, wound inpatients were referred to different 
specialized departments such as dermatology, surgery, 
and internal medicine, where wound management 
care was limited to that department’s particular 
function. And the wound consultant by plastic surgeon 
usually took a few days even in urgent cases. In wound 
management pathway, without an uncertain waiting 
period, senior consultants can approach patients in 
person with professional wound assessments and 
perform immediate debridement on-site as needed 
[Figure 1]. The therapeutic process lags and can 
be delayed because the chronic wound may need 
a series of debridement and regular follow-up. The 
coordinator (nursing staff) also assisted the consultant 
in scheduling follow-up appointments at the center as 
clinically needed. The wound care center provides not 
only one-time wound care, but also a complete program 
of care including further education and prevention for 
patients and families.

After being referred and completing the first visit and 
debridement, the patients proceeded to step two, 
wound re-evaluation, including neurologic evaluation, 
vascular evaluation (e.g. Ankle-Brachial Index), and 
the TIME concept (Tissue, Infection/Inflammation, 
Moisture imbalance and Edge of wound).[4] Wound 
size is measured by the longest length and width of 
the wound. All individual patient wound profiles are 
organized into our data bank, which can be analyzed 
for wound care efficacy and follow-up.

The third step includes setting up the individual wound 
care plan based on the results of wound re-evaluation 
in step two. Emphasis is placed on the importance of 
wound bed preparation (using TIME), early referral 
between members of the multidisciplinary team, such 
as vascular team, hyperbaric oxygenation therapy, 
further education and prevention. Offloading must 
therefore be addressed in a timely manner.

THE EFFICIENT REFERRAL SYSTEM FOR 
WOUND CARE CENTER

Multiple studies have supported the efficacy of protocol-
based treatment for pressure ulcers, venous stasis ulcers, 
and diabetic foot ulcers.[5-7] Edwards et al.[8] confirmed 
that the implementation of evidence-based protocols 
for wound assessment and treatment was significantly 
related to improve healing outcomes. The principle of 
wound care protocol is easy to comprehend, but the 
execution of the clinical efficient wound management 
service is complicated and needs a standardized and 
well-integrated multidisciplinary team with specific 
capacity. The main reason for difficulty in wound care 
is the poor referral system, which may be attributed to 

Figure 1: The conceptual framework for wound management 
service contains three steps, including patient entry/on-site 
debridement, wound re-evaluation, and individual wound bed 
preparation. If the ambulation is possible, we will visit the patient 
at WCC and do the wound management service including 
debridement or wound care advice. If not, we will go to bed side for 
visit. OR: operating room; WCC: wound care center
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the inability of the physician to identify and diagnose 
the wound, patient refusal to see the doctor, patient 
refusal to be referred to a wound care center, and the 
absence of a highly efficient wound care center. The 
lack of education and routine training for professional 
wound care and the huge variety of wound care 
products, procedures, and treatments pose a potential 
problem for the implementation of wound care as well.

The major and significant improvement by wound care 
center mainly relies on the referral system for patients, 
which decreases the possibility of avoiding delay of 
early debridement. Comparing to conventional wound 
care system, the three-step wound management 
service has the advantage of specific wound care 
unit space, scheduled visit and on-site debridement, 
integration of multidisciplinary team, and regular 
following-up [Table 1]. When wound care center had 
not been established yet, the assessor for wound 
consultation was usually the training physician, rather 
than consultants (surgeon), as they were already 
busy with other daily practice activities. Hospitalized 
patients may wait until the night for a visit as they 
waited until the assessor finished the daily routines. 
Instead of visiting the patient personally, the senior 
consultant sometimes assessed the wounds from 
only photos taken by the training physician. Then, 
the senior consultant still needed to arrange the next 
scheduled operation room for wound management 
(debridement, amputation or flap); this process usually 
took a few days even in urgent cases. Scheduling was 
based around the surgeon’s activities rather than the 
patients’ requirement. The delay of debridement could 
have caused processing or even deterioration of the 
wound. With the integration of the efficient standardized 
multidisciplinary teams in a specific wound care center, 
patients can schedule appointments instead of waiting 
indefinitely for care. Staff can approach patients in 
person, administer an adequate wound assessment, 
and perform on-time debridement. Further wound 
condition follow-up, education, and prevention are also 

Table 1: Comparison between wound management service and conventional system
Conventional system Three-step wound management service

Specific wound care space - +++
On-time visit and on-site debridement - +++
Integrated multidisciplinary team + +++
Feasibility for regular follow-up + +++

The three-step wound management service has the advantage of specific wound care unit space, scheduled visit and on-site debridement, 
integration of multidisciplinary team, and regular following-up
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Aim: Negative pressure wound therapy (NPWT) in diabetic foot ulcers (DFU) has been 
discussed in several studies, but without a focus on peripheral arterial disease (PAD), which is 
a common comorbidity. This study aims to investigate the feasibility of NPWT in the treatment 
of DFU with PAD in regards to limb salvage and the clinical course. Methods: The authors 
retrospectively collected patients with DFU and PAD diagnosed with either Doppler ultrasound 
or angiography as the PAD study group. Patients with DFU but no PAD were enrolled as the 
non-PAD comparison group. NPWT was applied to both PAD and non-PAD subjects. Results: 
There were 10 patients in the PAD group and 3 patients in the non-PAD group. In the PAD 
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INTRODUCTION

Negative pressure wound therapy (NPWT) has gained 
significant interest in the treatment of complex wounds 
and decreasing wound healing time.[1-5] Previous 
studies have suggested that NPWT maximizes blood 
flow and promotes granulation tissue formation[6] at an 
intermittent setting of -125 mmHg.[7] Other research has 
also claimed benefits such as oedema reduction,[8,9] an 
enhanced wound healing microenvironment, improved 
immunologic response,[10,11] bacterial clearance,[8] 
and higher flap survival rate.[8,12] NPWT was originally 
developed as a treatment for decubitus ulcers and 
wounds with vascular dysfunction,[13] but its application 
has now been diversified to acute complex wounds.[14] 

However, there are still few articles that discuss the 
application of NPWT for the treatment of diabetic foot 
ulcers (DFU) and its potential for limb salvage. 

There is a 10-25% risk in diabetics of developing a 
foot ulcer,[15] and foot ulcers make up 84% of all non-
traumatic amputations.[15] Furthermore, patients with 
diabetic foot amputation have a five year mortality 
rate as high as 55%.[16,17] In addition, 39% of diabetic 
patients present with peripheral arterial occlusive 
disease,[18] and 46% of these patients will sustain 
a limb amputation. [19] Of the few studies on the 
benefits of NPWT in the diabetic foot over the last ten 
years,[1,20] the focus on the use of NPWT to achieve 
limb salvage in patients with DFU and peripheral 
arterial disease (PAD) is even rarer. Armstrong et al.[1] 
in 2005 suggested an increase in the rate of wound 
healing and granulation tissue formation in patients 
with DFU and partial amputation, and Nather et al.[20] 

in 2010 suggested the use of NPWT in preparation for 
split-skin graft. However, neither study addressed the 
presence of PAD. Thus, this study aims to investigate 
the feasibility of the use of NPWT in the treatment of 
the diabetic foot ulcer in patient with PAD in regards to 
limb salvage and clinical course.

METHODS

A retrospective study of patients with DFU was 
collected following approval by the Institutional 
Review Board of Chang Gung Memorial Hospital 
(number 101-3407B). Case inclusion criteria included 

age above 18 years and the presence of type 2 
diabetes mellitus. PAD was diagnosed with either 
Doppler ultrasound or angiography in the PAD study 
group. Patients with DFU but not PAD as documented 
by Duplex sonography or angiography were enrolled 
as a comparison non-PAD group (n = 3). Exclusion 
criteria included superficial wound (e.g. Wagner Grade I), 
burn wounds, malignant disease, collagen vascular 
disease, and venous insufficiency.

Patient information collected included gender, 
age, comorbidities, whether or not percutaneous 
transluminal angiography (PTA) had been performed, 
admission duration, diabetes diagnosis year (DDY), 
wound location, wound size, wound culture, University 
of Texas grading, Wagner grading, DFU score (DFUS), 
number of NPWT applications, application duration, 
and if the affected limb(s) had been amputated after 
at least 6-months of follow up. Wound size was 
recorded as width × length (cm × cm). DFU score 
assessment was followed by the guidelines established 
by Beckert et al.[21] of examining for a palpable pedal 
pulse, probing to bone, ulcer location, and presence of 
multiple ulcerations. Patients were negatively selected 
in that only subjects who were unlikely to benefit from 
standard moist wound therapy, as determined by depth 
of the wound, were enrolled in this study. Comorbidities 
that were recorded include the presence of end-stage 
renal disease, coronary artery disease, hypertension, 
and cerebrovascular accidents. Treatment days 
were determined by the days with NPWT application. 
Limb salvage was determined by successful wound 
closure or limb preservation throughout the study for a 
minimum of 6 months follow-up. 

Procedure
Initial treatment for the diabetic foot in both PAD and 
non-PAD subjects involved surgical debridement of 
infected and non-viable tissue around the wound until 
healthy tissue was exposed. Wound width and length 
were measured with a ruler and photos were taken 
with a digital camera after debridement and throughout 
the treatment [Figure 1]. NPWT was performed with 
devices from different companies (Kinetic Concepts 
Inc., San Antonio, Texas, or RENASYSTM, or Smith 
and Nephew, Hull, UK). Application of NPWT devices 
began with modification of the sterile polyurethane 

group, there was a 70% limb salvage rate with 14.70 (± 10.33) treatment days. The non-PAD 
comparison group had a higher limb salvage rate (100% vs. 70%, respectively), but a longer 
treatment time (30.00 vs. 14.70 days, P < 0.05, respectively) when compared to the PAD group. 
The 3 patients in the PAD group who failed limb salvage all had issues related to uncontrolled 
infection. Conclusion: NPWT is a feasible adjuvant therapy for DFU in patients with PAD, with 
a 70% limb salvage rate. Prolonged treatment time was due to the initial severity of the subjects 
with multiple comorbidities. The main reason for limb loss was intractable infection.

peripheral arterial disease, 
limb salvage
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ranged from 8-23 years, with a mean of 14.20 
(± 5.67) years [Table 2]. The most common location 
of the wound was on the dorsal foot (n = 6), followed 
by the plantar surface (n = 3). The diabetic foot wound 
size averaged 71.83 (± 93.44) cm2 and ranged 2.25-
300 cm2 [Table 2]. The DFUS ranged from 1-4, with 
a mean of 2.60 (± 0.67) [Table 2]. There was only 1 
subject with grade D2 and 9 subjects with grade D3 
in the University of Texas grading system. There was 
1 subject with grade II, 5 subjects with grade III, and 
4 subjects with grade IV in Wagner’s DM foot grading 
[Table 2]. The number of NPWT treatments ranged 
from 1-13, with a mean of 4.90 (± 3.44) treatments. 
Treatment days ranged from 3-39 days with a mean of 
14.70 (± 10.33) days. The limb salvage rate was 70% 
in the study group. There were three complications, all 
of which were due to uncontrolled infections, resulting 
in 1 mortality, 1 amputation, and 1 transferral to 
another center. 

Three non-PAD subjects had grade III (1 subject) and 
grade IV (2 subjects) scores by Wagner’s grading 
scale. When comparing the  PAD and non-PAD 
subjects, their age, DDY, and hospital admission 
rates were similar (58.4 vs. 58.3 years old; 14.2 vs. 
15.3 years; 64.44 vs. 60 days). The wound area 
was larger and DFUS were higher in PAD subjects 
than in non-PAD subjects (71.83 vs. 50.83 cm2; 2.6 
vs. 2). However, the number of NPWT application 
was significantly lower in PAD subjects than in non-
PAD subjects (P < 0.05). The number of treatment 
days were correspondingly significantly fewer in PAD 
subjects (P < 0.05) [Table 2]. All 3 complications were 
in the PAD study group. The non-PAD comparison 
group had a 100% limb salvage rate. Two non-PAD 
subjects continued NPWT after the study due to failure 
of wound closure, but their status had improved at 
6-month follow-up. No known adverse events related 
to NPWT were observed in both groups. In the PAD 
group, there were no significant differences in clinical 

sponge dressing to fit the ulcer. The procedure for 
NPWT device installation followed the manufacture’s 
manual, with pressure which was maintained between 
-100 and -125 mmHg with the intermittent mode setting. 

Sponge dressing were changed every 72 h to allow 
wound cleansing with sterile saline. Infection control 
was maintained by the application of antibiotics and 
debridement if necessary. Wound size was also 
measured and photographed [Figure 1]. The NPWT 
device was terminated if any adverse effects, such as 
ongoing infection or intolerable pain, were observed. 
NPWT was completed once the wound had closed 
and patient was discharged.

Statistical analysis
The Mann-Whitney U test was performed for continuous 
variables using SPSS Statistics (version 19). A P value 
< 0.05 was considered to be statistically significant. The 
power of the study was determined to be 77.6%.

RESULTS

Between October 2010 and June 2015, a total of 
13 patients’ data were collected. Ten patients with 
PAD were enrolled in the study group, and 3 patients 
without PAD were enrolled as a comparison group. The 
subjects’ basic information, wound character, grading, 
NPWT application, and outcome are presented [Table 1].

Subjects in the PAD study group were between the 
ages of 36-73 years old, with a mean age of 58.40 
(± 10.18) years. Hospital admission duration ranged 
from 27-103 days, with a mean of 64.44 (± 22.10) 
days [Table 2]. Many subjects in the study group had 
additional comorbidities, including end-stage renal 
disease (n = 5), coronary arterial disease (n = 3), 
hypertension (n = 7), and a history of cerebrovascular 
accidents (n = 2). Eight of the 10 PAD subjects 
underwent successful PTA. DDY across subjects 

Figure 1: Healing progress of a patient with a dorsal foot ulcer after 9 treatment days of NPWT. A: patient’s wound from a diabetic foot 
ulcer after debridement and partial foot amputation before NPWT; B: increasing granulation observable after NPWT. NPWT: negative 
pressure wound therapy

A B
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features between patients who had limb salvage and 
those who did not [Table 3].

DISCUSSION

PAD is a known r isk factor  for  d iabet ic  foot 
amputation,[22] with a 29% amputation rate and 55% 
5-year mortality associated with ischemic DFU.[17] 
Our studies have also shown that many diabetic 
patients present with PAD in combination with other 
comorbidities, including hypertension (70%) and end 
stage renal disease (50%). Patients with DFU and 
PAD usually had poor infection control, hence the 
majority of cases presented with deep infections with 

osteomyelitis. Repeated and frequent debridement 
for infection control created a vicious cycle for 
these patients, as frequent debridement often led to 
inevitable limb amputation if there was no strategy for 
reconstruction due to poor circulation. In this situation, 
it is reasonable to apply NPWT as an adjuvant therapy 
to achieve limb salvage. Although there have been 
few studies on the benefits of NPWT in the treatment 
of diabetic foot ulcers in the last 10 years,[1,20] this 
is the first study to focus on limb salvage following 
NPWT in patients with diabetic foot ulcers and PAD. 
The current study shows a 70% limb salvage rate in a 
group of patients with higher wound severity. 

Previous studies have demonstrated that NPWT 
may facilitate wound healing through extracellular, 
cellular and complex effects via increased blood 

Table 1: Patient characteristics of PAD group (No. 1-10) and non-PAD comparison group (No. 11-13)
No. of 
subject 

Age 
(years) Gender Admission 

length (days) Comorbidities DDY Wound size 
(cm3/cm2)

Wound 
location

No. of VAC 
application

Treatment 
time

Follow 
up (days) DFUS Result

1 36 Male 64 PAD, osteomyelitis 9 12 × 4 × 1 Left dorsal 
foot 3 9 57 1 Spontaneous 

closure

2 40 Male 63 PAD, osteomyelitis, 
ESRD, HTN 9 7 × 3 Right plantar 5 15 114 3 Spontaneous 

closure

3 64 Male 56 PAD, osteomyelitis, 
HTN, CVA 15 15 × 7 Left dorsal 

foot 5 15 50 3 Spontaneous 
closure

4 65 Male 46 PAD 23 11 × 4 × 3 Left dorsal 
foot 6 18 85 2 Spontaneous 

closure

5 70 Male 45 PAD, osteomyelitis, 
ESRD, HTN, CAD 8 4 × 7 × 0.5 Left dorsal 

foot 3 9 122 2 Spontaneous 
closure

6 50 Male 69 PAD 20 20 × 15 × 1 Multiple 6 18 108 4 Closure with 
skin graft

7 61 Male 27 PAD, osteomyelitis, 
HTN 10 1.5 × 1.5 Left plantar 1 3 211 2 Improved*

8 65 Male 39 PAD, osteomyelitis, 
ESRD, CAD, HTN 10 17 × 7 Left plantar 2 6 39 3 Extended 

infection

9 73 Male 68 PAD, osteomyelitis, 
ESRD, CAD, HTN 18 6 × 3 Right toe 5 15 121 3 Amputation

10 60 Male 103 PAD, osteomyelitis, 
ESRD, HTN, CVA 20 11 × 3 × 2 Right heel 13 39 20 3 Expired due 

to sepsis

11 69 Male 86 Osteomyelitis, 
ESRD, HTN, CVA 15 5 × 4 Left heel 7 21 86 2 Spontaneous 

closure

12 51 Male 94 Osteomyelitis, HTN 11 11 × 7.5 Left dorsal 
foot 12 36 384 2 Improved

13 55 Male 60 Osteomyelitis, HTN 20 10 × 5 Right dorsal 
foot 11 33 388 2 Improved

58.38 ± 
11.42 63.08 ± 21.78 14.46 ± 

5.25 6.08 ± 3.80 18.23 ± 
11.39

137.31 ± 
120.38

*Improved is defined as limb salvage within half a year, but has not achieved wound closure. DDY: diabetes diagnosis year; DFUS: diabetic 
foot ulcer score; PAD: peripheral arterial disease; ESRD: end stage renal disease; HTN: hypertension; CVA: cerebrovascular accident; 
CAD: coronary arterial disease; OSSA: oxacillin-sensitive staphylococcus aureus; MRSA: methicillin-resistant staphylococcus aureus

Table 2: Subjects with PAD compare with non-PAD in 
wound characteristic and NPWT application 
Variable PAD (n = 10) Non-PAD (n = 3) P
Age (years) 58.40 ± 10.18 58.33 ± 9.45
DDY 14.20 ± 5.67 15.33 ± 4.51
Wound area (cm2) 71.83 ± 93.44 50.83 ± 31.26
Texas grading 1 D2, 9 D3 1 B2, 2 B3
DFUS 2.60 ± 0.67 2.00 ± 0.00
No. of NPWT application 4.90 ± 3.44 10.00 ± 2.65 < 0.05
NPWT treatment (days) 14.70 ± 10.33 30.00 ± 7.94 < 0.05
Hospital admission (days) 64.44 ± 22.10 60.00 ± 17.78
Limb salvage (%) 70%* 100%

*3 infection complications resulting in 1 mortality, 1 amputation, and 
1 transfer. Data shown as mean ± SD. DDY: diabetes diagnosis 
year; DFUS: diabetic foot ulcer score; PAD: peripheral arterial 
disease; NPWT: negative pressure wound therapy

Table 3: Subjects with limb salvaged versus limb loss
Variable Limb salvaged (n = 7) Limb loss (n = 3)
Age (years) 55.14 ± 13.25 66.00 ± 6.56
DDY 13.43 ± 6.02 16.00 ± 5.29
Wound area (cm2) 78.32 ± 102.92 56.67 ± 54.50
Texas grading 1 D2, 6 D3 3 D3
DFUS 2.43 ± 0.98 3.00 ± 0.00
Number of NPWT application 4.14 ± 1.86 6.67 ± 5.69
NPWT treatment (days) 12.43 ± 5.59 20.00 ± 17.06
Hospital admission (days) 52.86 ± 14.58 70.00 ± 32.05

Data shown as mean ± SD. DDY: diabetes diagnosis year; DFUS: 
diabetic foot ulcer score; NPWT: negative pressure wound therapy
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flow, reduced edema, promoted granulation tissue 
formation, decreased number of microorganisms, 
and fewer endotoxins.[6-10] NPWT increases blood 
flow through increased blood volume, velocity and 
vascular diameter,[6] which may help to restore arterial 
insufficiency in patients with PAD. Further actions 
on angiogenesis and endothelial proliferation[6] may 
result in shortening of wound healing time in subjects 
with DFU and PAD. Although the gold standard 
treatments for PAD are angioplasty and surgery to 
fully restore blood flow, NPWT may also play a role in 
the wound healing process in patients with DFU and 
PAD by helping to achieve limb salvage. The length of 
treatment was not solely determined by the severity 
of vasculopathy. Both infection and associated 
comorbidities could prolong the hospitalization as 
observed in non-PAD subjects in the current study.

Other studies regarding limb salvage treatment 
for DFU regard use of free flap surgery. Although 
free flaps have the advantage of covering a larger 
wound area as compared to NPWT, there are still 
some drawbacks. Aside from donor side morbidity 
and prolonged operation time, these patients usually 
present with other comorbidities and a lack of 
recipient vessels. Also, the free flap may not always 
completely fill the wound, leaving a dead space and 
undermining, which can in turn lead to recurrence or 
wound dehiscence. Kallio et al.[23] reported in their 
2015 study that free flaps required a treatment time 
of 9 to 20 months, in correlation to the degree of 
PAD. They also identified a limb amputation rate of 
30% for a correctable ischemic artery, and 50% for 
an uncorrectable ischemic artery in DFU patients 
with PAD, suggesting that flap use is less desirable 
in patients with severe PAD. The limb salvage rate 
for DFU with the use of NPWT ranges from 97-100% 
in previous studies.[1,20] On the other hand, the free 
flap salvage rate range is 76-91%. [23-25] Further 
comparative case control studies between NPWT 
and free flaps would be useful in highlighting the 
advantages of each.

NPWT also had some limitations. Coverage of wounds 
with the NPWT sponge makes wound observation and 
infection detection difficult. Although Banwell et al.[10] 
suggested that NTWT may provide better bacterial 
clearance, Mouës et al.[26] and Weed et al.[27] have 
shown a constant bacterial concentration. In the 
current study, there were 3 complications consisting of 
1 mortality due to sepsis and 2 uncontrolled infections 
with 1 resulting in limb amputation. Because all 3 
failed cases had previously undergone PTA, the 
lack of circulation was unlikely to have been the only 
determining factor for limb salvage. Hence, this study 

stresses the importance of infection control as a 
determining factor for the success of NPWT.

In addition to observational studies, long-term data from 
three non-PAD subjects allows comparison between 
subjects with and without PAD. The limb salvage rate 
was as expected lower in PAD than non-PAD subjects. 
However, in the current study, the mean number of 
NPWT treatment days was 14.7 in the PAD group, as 
compared to 30 days in the non-PAD group, which may 
be related to the lower number of NPWT applications 
in the PAD group than in the non-PAD group. The 
prolonged treatment days in the non-PAD subjects may 
be attributed to their stagnant improvement. Since there 
are additional determinants, it cannot be concluded 
that PAD is the sole cause for this unexpected result. 
These determinants include other comorbidities such 
as end stage renal disease, hypertension, stroke, and 
osteomyelitis, all of which were present in one of the 
non-PAD subjects. The number of lengthened treatment 
days may have been due to severe osteomyelitis, 
since most enrolled non-PAD subjects typically had an 
infection of which the severity rendered standardized 
moist wound therapy ineffective. 

As this study is preliminary with a limited number of 
subjects in the non-PAD group, further studies with 
more subjects and higher power are urgently needed 
to determine significance. Future studies may also 
include qualitative data including HbA1c, kidney 
function, hepatic function, hemoglobin, C-reactive 
protein, and current medications. 

In conclusion, patients with DFU and PAD possess 
many additional comorbidities which limit their options 
for reconstruction following repeated debridement. 
NPWT remains an effective method of treatment 
for DFU with PAD with a high percentage of limb 
salvage. The limb salvage rate was not as high as 
in prior studies of NPWT as their subjects were not 
exclusively patients with DFU and PAD. The main 
reason for limb loss was intractable infection.
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Aim: This study aims to characterize the effects of elastic facelifts using the elasticum 
suspension technique on the cervical angle and anthropometric distances. Methods: Forty-six 
patients underwent surgery. Two 4-5 mm incisions a few centimetres apart were made at 
sideburn. Through blunt dissection, the deep temporal fascia was approached. An elastic thread 
(Elasticum®) was anchored to this fascia. A 1.0 cm incision was made just in front of the earlobe. 
The elastic thread was anchored to the tympanoparotid fascia. Jano needle was passed under the 
skin surface, as determined by the depth mark of the needle along the cervicomandibular angle, 
and the elastic threads were looped around the contralateral tympanoparotid fascia. Standard 
lateral photographs were taken and evaluated. Results: The elasticum suspension significantly 
decreased the cervical angle (P < 0.001, -5.5 ± 9.8%). This procedure significantly decreased the 
distance from the gonion-gnathion to the labiale inferioris (Gn-Li) (P < 0.001, -18.4 ± 25.5%). 
The ratio of the distance from Gn to the cervical point (Gn-C) to Gn-Li increased significantly (P 
< 0.001, 62.8 ± 85.8%) and the ratio of the distance from C to the visible thyroid cartilage (C-T) 
to Gn-C decreased significantly (P = 0.007, -7.1 ± 45.2%). Conclusion: Elasticum suspension 
may be a satisfactory minimally invasive method for facelifts, brow lifts, and neck lifts.
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INTRODUCTION

Most patients who desire to undergo facial rejuvenation 
want their skin in the mandible and zygomatic regions 
to be pulled cranially without a visible scar from the 
facelift.[1] In order to fulfil these goals, the S-lift followed 
by minimal access cranial suspension (MACS) lift has 
been developed and put into practice.[1-3] The MACS 
lift requires a smaller incision, less dissection, and 
less operating time than classical facelift operations. 
Although it has the advantage of a shorter recovery 
time, it nonetheless requires at least 2 or 3 weeks 
before patients can return to social activities. Recently, 
the elastic facelift technique has been introduced. 
Using a straight needle and elastic thread fixed at the 
midpoint of the needle, lower face lifts and neck lifts 
have been performed.[4,5] The aim of this study is to 
characterize the effects of the elastic facelift procedure 
using elasticum suspension on the cervical angle and 
anthropometric distances.

METHODS

Patients
A total of 46 patients (4 males, 42 females) were 
operated on between July 2013 and May 2015. Their 
mean age was 53.9 ± 10.9 years (range 33-79 years). 
Most of the patients were in their 40s (12), 50s (15), 
and 60s (11) [Table 1].

Operative technique 
Preoperatively, a marking pen was used to indicate 
the points where the elastic thread was to be passed 
and turned toward the entry site of the thread; these 
points were located about 3.0 cm and 1.5 cm from 
the preauricular fold, on and superior to a line running 
from below the earlobe to the lower part of the alar 
nasi. For the neck lift, 2 lines were marked from the 
earlobe junction. The 1st line was to a point near the 
angle of the mandible, and the 2nd line inferior to the 
1st for making a loop [Figure 1].

In order to perform an elastic facelift without skin 
excision, two 4-5 mm incisions a few centimetres 
apart were made in the sideburn area. Through blunt 
dissection, the deep temporal fascia was approached. 
An elastic thread (Elasticum® EP3,5 USP 0 Jano 
needle® 115 mm, Korpo SRL, Genova, Italy) was 
anchored to this fascia. In order to perform an elastic 
neck lift without skin excision, a 1.0 cm incision was 
made just in front of the earlobe. The elastic thread was 
anchored to the tympanoparotid fascia (Lore’s fascia).[6] 

The Jano needle was passed 5 mm under the skin 
surface, as determined by the depth mark of the 

needle along the cervicomandibular angle, and the 
elastic threads were looped around the contralateral 
Lore’s fascia, but were not tied. The same needle 
was passed along a 1.0 cm parallel line below the 
cervicomandibular angle. Returning to the initial Lore 
fascia, the elastic thread was tied under maximum 
tension. During passage of the Jano needle, slight up-
and-down movements of the needle tip allowed the 
operator to ensure that the pathway of the needle was 
not too superficial.

In both elastic facelifts and elastic neck lifts, the excess 
skin could be excised in order to prevent tissue from 
getting jammed. Just after anchoring, patients were 
checked for skin dimples, and when present, filler or 
fat injections were performed [Figure 2].

Lateral photographs 
Lateral photographs were taken in the standard manner 
preoperatively, 2 weeks and 6 months postoperatively.

The patients sat 90 cm from the lens (EFS18-55 mm, 
Canon EOS600D, Canon, Tokyo, Japan). Flashes 
(FOMEX D400, Fomex, Seoul, Korea) on both sides 
were synchronized (Shutter speed: 1/100 s, ISO: 200).

Anthropometric measurements
The preoperative and postoperative profile views were 

Figure 1: Preoperative design. Red solid lines: skin incision; red 
dotted lines: extent of skin excision; blue area: extent of dissection; 
white lines: passages and knots of Elasticum®. Note the lowermost 
point of elasticum suspension should be superior to the line from 
below the earlobe to the lower part of the alar nasi to avoid the 
parotid duct injury

Table 1: Age distribution of patients
Age (years) Number
30-39 4
40-49 12
50-59 15
60-69 11
70-79 4
Total (53.9 ± 10.9) 46
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length: (1) distance from gonion-gnathion to cervical 
point (Gn-C); (2) distance from gonion-gnathion to the 
labiale inferioris (Li) (Gn-Li); (3) distance from cervical 
point to visible thyroid cartilage (C-T).

Two ratios were calculated: Gn-C/Gn-Li ratio and C-T/
Gn-C ratio. 

RESULTS

Among the 46 patients who were operated on, 34 
patients [the suspension and excision (SE) group] 
underwent elasticum suspension with skin excision 
(face, 22; neck, 9; face and neck, 3). However, 12 
patients underwent elasticum suspension without skin 
excision [suspension-only (SO) group: face, 7; neck, 9; 
face and neck, 3] [Table 2].

evaluated by identifying the glabella (G), pogonion 
(Pg), menton (M), gonion-gnathion (Gn), cervical point 
(C) and visible thyroid cartilage (T) [Figure 3].[7] 

The following three anthropometric tangents were 
drawn: (1) glabella to pogonion (G to Pg); (2) menton 
to cervical point (M to C); (3) cervical point to visible 
thyroid cartilage (C to T).

Two angles were measured: (1) mental angle (MA): 
an angle formed by a line connecting G and Pg and 
a line from M to C (tangent to the submentum). The 
Gn point was identified at the intersection of the G-Pg 
line and the M-C line; (2) cervical angle (CA): an 
angle formed by a line from M to C and a line from C 
to T. Since neck flexion might influence the cervical 
angle, measured cervical angle (mCA) was converted 
to corrected cervical angle (cCA) by fixing the 
submental-sternocleidomastoid angle (SSA) at 90°.[7] 

Thereafter, cCA could be calculated as mCA plus 90° 
minus SSA (cCA = mCA + 90° - SSA) [Figure 4].

Three distances were measured in relation to ear 

Figure 2: Operative technique. (A) After anchoring to the deep 
temporal fascia, two-tipped atraumatic needle (Jano needle) travels 
through the deep subcutaneous tissue. The needle must not be 
extracted completely. Once it has been pulled halfway out, the 
thread is pulled through. Depth marks on the shaft of the needle 
indicate how much of the tip remains in the tissue (about 1 cm or 
1/2 cm from the surface of the skin). (B) The posterior tip of needle 
now become anterior and travels back toward the temporal region 
through the deep subcutaneous tissue until it reaches the point 
where the thread enters the deep temporal fascia. The elastic 
thread is then knotted under traction

Figure 3: Measured distances and 
angles. Distance from the Gonion-
gnathion (Gn) to cervical point (C) 
(Gn-C), from Gn to labiale inferioris 
(Li) (Gn-Li), from C to the visible 
thyroid cartilage (T) (C-T). Mental 
angle (MA): an angle formed by a 
line connecting glabella (G) and 
pogonion (Pg) and a line from the 
menton (M) to C. Cervical angle 
(CA): an angle formed by a line from 
the M to C and a line from C to T

F i g u r e  4 :  C a l c u l a t i n g  c C A . 
cCA = mCA + 90° - SSA. mCA: 
measured cervical angle; SSA: 
submental-sternocleidomastoid 
angle; SML: submental line; SCML: 
sternocleidomastoid line (anterior 
border of SCM)

Table 2: Operated patients according to the skin excision
Operation type Region Number
SE Face 22

Neck 9
Face and neck 3
Subtotal 34

SO Face 7
Neck 2
Face and neck 3
Subtotal 12

Total 46

SE: suspension and excision; SO: suspension only

A

B
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The MA did not change signif icantly after the 
operation (97.2 ± 9.4° preoperatively vs. 96.9 ± 9.1° 
postoperatively; P = 0.831, paired t-test). The angle 
change ratio (ACR) was 0.1 ± 9.0%. The ACR of the 
MA did not differ significantly between the SE group 
(0.1 ± 9.8%) and the SO group (0.2 ± 6.8%) (P = 0.283, 
paired t-test) [Tables 3 and 4].

The CA significantly decreased (P < 0.001, paired t-test) 
after the operation (135.1 ± 15.6° preoperatively vs. 
126.9 ± 14.6° postoperatively). The ACR of the CA was 
-5.5 ± 9.8%. The ACR of the CA likewise did not differ 
significantly (P = 0.707, paired t-test) between the SE 
group (-5.9 ± 10.0%) and the SO group (-4.6 ± 9.5%) 
[Tables 3 and 4].

The Gn-C distance did not differ significantly after the 
operation (56.8 ± 17.4% preoperatively vs. 62.1 ± 15.3% 
postoperatively; P = 0.125, paired t-test). The distance 
change ratio (DCR) was 19.2 ± 47.1%. The DCR of 
Gn-C did not differ significantly (P = 0.083, paired t-test) 
between the SE group (9.2 ± 43.0%) and the SO group 
(47.8 ± 48.2%) [Tables 3 and 4].

The Gn-Li distance decreased significantly (52.5 ± 25.6% 
preoperatively vs. 38.2 ± 9.5% postoperatively; P < 
0.001, paired t-test). The DCR was -18.4 ± 25.5%, 
and the DCR of the Gn-Li distance did not differ 
significantly (P = 0.296, paired t-test) between the SE 
group (-8.4 ± 20.4%) and the SO group (-46.8 ± 15.1%) 
[Tables 3 and 4].

The C-T distance did not  d i ffer  s igni f icant ly 
(36.3 ± 15.0% preoperatively vs. 33.0 ± 11.4% 
postoperatively; P = 0.243, paired t-test), and the 
DCR was 0.2 ± 41.0%. The DCR of the C-T distance 
was significantly greater (P = 0.027, paired t-test) in 
the SE group (4.8 ± 45.2%) than in the SO group (-12.6 
± 22.0%) [Tables 3 and 4].

The Gn-C/Gn-Li ratio was significantly greater (P < 
0.001, paired t-test) after the operation (1.6 ± 0.2%) 
than before the operation (1.2 ± 0.5%), and the ratio 
change rate (RCR) was 62.8 ± 85.8%. The RCR of 
the Gn-C/Gn-Li ratio was significantly greater (P = 
0.037, paired t-test) in the SO group (179.4 ± 69.7%) 
than the SE group (21.7 ± 41.6%) [Tables 3 and 4].

The C-T/Gn-C ratio was significantly lower (P = 
0.007, paired t-test) postoperatively (0.5 ± 0.2%) 
than preoperatively (0.7 ± 0.3%), and the RCR was 
-7.1 ± 45.1%. The RCR of the C-T/Gn-C ratio was 
significantly higher in the SE group (3.6 ± 47.4%) than 
in the SO group (-37.4 ± 15.2%) [Tables 3 and 4].

Two complications were observed. In one patient, 
paralysis of the frontal branch of the facial nerve was 
noticed. The thread was removed on postoperative 
day (POD) 2, and the palsy exhibited recovery on 
POD 7. In the other case, a sialocele occurred due 
to Stenson’s duct folding caused by making the knot 
under too much tension. The thread was loosened on 
POD 3, and the swelling had subsided on POD 7.

Table 3: Comparison of preoperation and postoperation measurements (mean ± SD)
Preoperation Postoperation  Delta (%) P-value

Angle (°)
Mental angle 97.2 ± 9.4 96.9 ± 9.1 0.1 ± 9.0 0.831
Cervical angle 135.1 ± 15.6 126.9 ± 14.6 -5.5 ± 9.8 < 0.001

Distance
Gn-C 56.8 ± 17.4 62.1 ± 15.3 19.2 ± 47.1 0.125
Gn-Li 52.5 ± 25.6 38.2 ± 9.5 -18.4 ± 25.5 < 0.001
C-T 36.3 ± 15.0 33.0 ± 11.4 0.2 ± 41.0 0.243

Ratio
Gn-C/Gn-Li 1.2 ± 0.5 1.6 ± 0.2 62.8 ± 85.8 < 0.001
C-T/Gn-C 0.7 ± 0.3 0.5 ± 0.2 -7.1 ± 45.1 0.007

Delta = (preoperation value - postoperation value)/pre-operation value. Gn: gonion-gnathion; C: cervical point; Li: labialeinferioris; T: thyroid 
cartilage

Table 4: Angle changes and distance changes in SE group and SO group (mean ± SD)

SE SO P-value

ΔAngle 
Mental angle 0.1 ± 9.8 0.2 ± 6.8 0.283
Cervical angle -5.9 ± 10.0 -4.6 ± 9.5 0.701

ΔDistance
Gn-C 9.2 ± 43.0 47.8 ± 48.2 0.386
Gn-Li -8.4 ± 20.4 -46.8 ± 15.1 0.296
C-T 4.8 ± 45.2 -12.6 ± 22.0 0.027

ΔRatio
Gn-C/Gn-Li 21.7 ± 41.6 179.4 ± 69.7 0.037
C-T/Gn-C 3.6 ± 47.4 -37.4 ± 15.2 0.008

SE: suspension and excision; SO: suspension only; Gn: gonion-gnathion; C: cervical point; Li: labialeinferioris; T: visible thyroid cartilage; 
ΔAngle: angle change ratio; ΔDistance, distance change ratio; ΔRatio: ratio change rate
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Case 1 
A 64-year-old woman had elastic face lift and neck lift 
with skin excision. At 3 years postoperatively, mental 
angle (from 89.3° to 83.5°), and cervical angle (from 
114.4° to 112.3°) decreased. The Gn-C (from 55.5% 
to 69.8% of ear length), Gn-Li (from 55.9% to 59.3% 
of ear length), and C-T (from 42.3% to 45.9% of ear 
length) increased [Figure 5].

Case 2
A 52-year-old woman had elastic face lift and neck lift 
with skin excision. At 2 years postoperatively, mental 
angle (from 107.3° to 77.6°) and cervical angle (from 
154.1° to 99.0°) decreased. The Gn-C (from 31.2% 
to 64.0% of ear length), Gn-Li (from 46.3% to 66.4% 
of ear length), and C-T (from 29.9% to 33.4% of ear 
length) increased [Figure 6].

Case 3 
A 80-year-old woman had elastic neck lift with skin 
excision. At 3 years postoperatively, mental angle 
(from 86.3° to 73.7°), and cervical angle (from 144.7° 
to 123.7°) decreased. The Gn-C (from 29.2% to 
48.3% of ear length), Gn-Li (from 51.6% to 63.8% 
of ear length) increased. The C-T decreased (from 
37.9% to 27.1% of ear length) [Figure 7].

DISCUSSION

Recently, Kang et al.[8,9] performed an elastic lift using 
Elasticum® (Korpo SRL) and a two-tipped long needle 
(Jano needle). He evaluated its efficacy by rating 
skin laxity (6 grades of sagging and laxity) using a 
skin scanner. For the facelifts, the preoperative and 
3-month postoperative median skin laxity scores 
were 5 (3-6) and 3 (2-4) respectively. For the neck 
lifts, the median skin laxity grade score was 5 (4-5) 
preoperatively and 3 at 3 months postoperatively.

Also, Stringer et al.[10] assessed the surface anatomy 
of 98 parotid ducts using ultrasonography. In most 
individuals, the duct is better represented as lying 
within 1.5 cm of the middle half of a line between the 
lower border of the tragus and the angle of the mouth. 
Thereafter, we designed the lowermost point of 
elasticum suspension superior to the line from below 
the earlobe to the lower part of the alar nasi to avoid 
the parotid duct injury.

We tried to standardize the pre and postoperative 
pictures, however, neck flexion cannot be same. Since 
neck flexion might influence the cervical angle, mCA 
was converted to cCA by fixing the SSA at 90° as 
Ellanbogen and Karlen suggested.[7] Thereafter, cCA 

Figure 5: Preoperative (A) and postoperative 3 years (B) 
photographs of a 64-year-old woman who had elastic face lift and 
neck lift with skin excision

Figure 6: Preoperative (A) and postoperative 2 years (B) 
photographs of a 52-year-old woman who had elastic face lift and 
neck lift with skin excision

Figure 7: Preoperative (A) and postoperative 3 years (B) 
photographs of an 80-year-old woman who had elastic neck lift with 
skin excision
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can be calculated as mCA plus 90° minus SSA (cCA = 
mCA + 90° - SSA) [Figure 4].

In our preoperative and postoperative measurements, 
elasticum suspension significantly decreased the CA 
(P < 0.001, -5.5 ± 9.8%). This procedure significantly 
decreased the Gn-Li distance (P < 0.001, -18.4 ± 
25.5%). The Gn-C/Gn-Li ratio increased significantly 
(P < 0.001, 62.8 ± 85.8%), while the C-T/Gn-C ratio 
decreased significantly (P = 0.007, -7.1 ± 45.2%) 
[Table 3].

In the 46 patients that were operated on, suspension 
was performed with skin excision in 34 patients 
who had skin redundancies, whereas 12 patients 
underwent suspension without skin excision. The 
purpose of skin excision was not to pull the skin, 
but to prevent tissue from getting jammed. Minor 
jammed soft tissues were found to have subsided 
spontaneously within a few weeks.

For three parameters (CA, Gn-C, and Gn-Li), no 
significant differences were found between the SE 
group and SO group. Regarding the Gn-C/Gn-Li ratio, 
the RCR was significantly higher in the SO group 
(179.4 ± 69.7%) than the SE group (21.7 ± 41.6%). 
For the C-T/Gn-C ratio, the RCR was significantly 
higher in the SE group (3.6 ± 47.4%) than the SO 
group (-37.4 ± 15.2%) [Table 4].

The advantages of the elasticum suspension are as 
follows. First, Elasticum® does not cut into the tissues. 
It is composed of a silicone core and surrounding 
braided polyester,  and the braided polyester 
effectively acts as a nidus for collagen and elastin to 
develop, similarly to a neoligament.[11] Second, it has 
the same consistency as the subcutaneous tissue, 
and is not palpable after placement. Third, the depth 
of the thread can be referenced by the depth mark on 
the Jano needle.

Based on our results, it appears that the elasticum 
suspension technique may be a satisfactory minimally 
invasive method for neck lifts. Elasticum suspension 
can be performed together with submental and 
superficial jowl liposuction. If necessary, a perioral 
fat graft could be performed. This technique could be 
also applied to the lifting the upper lip or breast, as 
well as scar revisions.
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Journal articles ahead of 
print

Odibo AO. Falling stillbirth and neonatal mortality rates in twin gestation: not a reason for 
complacency. BJOG 2018; Epub ahead of print [PMID: 30461178 DOI: 10.1111/1471-0528.15541]

Books Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th ed. Oxford: Blackwell Sci Pub; 
1993. pp. 258-96.

Book chapters Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human solid tumors. In: Vogelstein 
B, Kinzler KW, editors. The genetic basis of human cancer. New York: McGraw-Hill; 2002. pp. 93-
113.

Online resource FDA News Release. FDA approval brings first gene therapy to the United States. Available from: 
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm574058.htm. [Last accessed 
on 30 Oct 2017]

Conference proceedings Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ Cell 
Tumour Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer; 2002.

Conference paper Christensen S, Oppacher F. An analysis of Koza's computational effort statistic for genetic 
programming. In: Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of the 5th European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. pp. 182-91.

Unpublished material Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of balancing selection in Arabidopsis. 
Proc Natl Acad Sci U S A. Forthcoming 2002.

For other types of references, please refer to U.S. National Library of Medicine. 
The journal also recommends that authors prepare references with a bibliography software package, such as EndNote to 
avoid typing mistakes and duplicated references.

2.3.3.10 Supplementary Materials
Additional data and information can be uploaded as Supplementary Materials to accompany the manuscripts. The 
supplementary materials will also be available to the referees as part of the peer-review process. Any file format is 
acceptable, such as data sheet (word, excel, csv, cdx, fasta, pdf or zip files), presentation (powerpoint, pdf or zip files), image 
(cdx, eps, jpeg, pdf, png or tiff), table (word, excel, csv or pdf), audio (mp3, wav or wma) or video (avi, divx, flv, mov, mp4, 
mpeg, mpg or wmv). All information should be clearly presented. Supplementary materials should be cited in the main text 
in numeric order (e.g., Supplementary Figure 1, Supplementary Figure 2, Supplementary Table 1, Supplementary Table 2, 
etc.). The style of supplementary figures or tables complies with the same requirements on figures or tables in main text. 
Videos and audios should be prepared in English, and limited to a size of 500 MB or a duration of 3 minutes. 

2.4 Manuscript Format
2.4.1 File Format
Manuscript files can be in DOC and DOCX formats and should not be locked or protected.

2.4.2 Length
There are no restrictions on paper length, number of figures, or number of supporting documents. Authors are encouraged 
to present and discuss their findings concisely.

2.4.3 Language
Manuscripts must be written in English.

2.4.4 Multimedia Files
The journal supports manuscripts with multimedia files. The requirements are listed as follows:
•Video or audio files are only acceptable in English. The presentation and introduction should be easy to understand. The 
frames should be clear, and the speech speed should be moderate.
•A brief overview of the video or audio files should be given in the manuscript text.
•The video or audio files should be limited to a duration of 3 min and a size of up to 500 MB.
•Please use professional software to produce high-quality video files, to facilitate acceptance and publication along with 
the submitted article. Upload the videos in mp4, wmv, or rm format (preferably mp4) and audio files in mp3 or wav format.

2.4.5 Figures
•Figures should be cited in numeric order (e.g., Figure 1, Figure 2) and placed after the paragraph where it is first cited;
•Figures can be submitted in format of tiff, psd, AI or jpeg, with resolution of 300-600 dpi;
•Figure caption is placed under the Figure; 



Author Instructions

•Diagrams with describing words (including, flow chart, coordinate diagram, bar chart, line chart, and scatter diagram, etc.) 
should be editable in word, excel or powerpoint format. Non-English information should be avoided;
•Labels, numbers, letters, arrows, and symbols in figure should be clear, of uniform size, and contrast with the background;
•Symbols, arrows, numbers, or letters used to identify parts of the illustrations must be identified and explained in the 
legend; 
•Internal scale (magnification) should be explained and the staining method in photomicrographs should be identified; 
•All non-standard abbreviations should be explained in the legend;
•Permission for use of copyrighted materials from other sources, including re-published, adapted, modified, or partial 
figures and images from the internet, must be obtained. It is authors’ responsibility to acquire the licenses, to follow any 
citation instruction requested by third-party rights holders, and cover any supplementary charges.

2.4.6 Tables
•Tables should be cited in numeric order and placed after the paragraph where it is first cited;
•The table caption should be placed above the table and labeled sequentially (e.g., Table 1, Table 2);
•Tables should be provided in editable form like DOC or DOCX format (picture is not allowed);
•Abbreviations and symbols used in table should be explained in footnote;
•Explanatory matter should also be placed in footnotes;
•Permission for use of copyrighted materials from other sources, including re-published, adapted, modified, or partial tables 
from the internet, must be obtained. It is authors’ responsibility to acquire the licenses, to follow any citation instruction 
requested by third-party rights holders, and cover any supplementary charges.

2.4.7 Abbreviations
Abbreviations should be defined upon first appearance in the abstract, main text, and in figure or table captions and used 
consistently thereafter. Non-standard abbreviations are not allowed unless they appear at least three times in the text. 
Commonly-used abbreviations, such as DNA, RNA, ATP, etc., can be used directly without definition. Abbreviations in 
titles and keywords should be avoided, except for the ones which are widely used.

2.4.8 Italics
General italic words like vs., et al., etc., in vivo, in vitro; t test, F test, U test; related coefficient as r, sample number as n, 
and probability as P; names of genes; names of bacteria and biology species in Latin.

2.4.9 Units
SI Units should be used. Imperial, US customary and other units should be converted to SI units whenever possible. There 
is a space between the number and the unit (i.e., 23 mL). Hour, minute, second should be written as h, min, s.

2.4.10 Numbers
Numbers appearing at the beginning of sentences should be expressed in English. When there are two or more numbers 
in a paragraph, they should be expressed as Arabic numerals; when there is only one number in a paragraph, number < 10 
should be expressed in English and number > 10 should be expressed as Arabic numerals. 12345678 should be written as 
12,345,678.

2.4.11 Equations
Equations should be editable and not appear in a picture format. Authors are advised to use either the Microsoft Equation 
Editor or the MathType for display and inline equations.

2.5 Submission Link 
Submit an article via https://oaemesas.com/par/.
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