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INTRODUCTION

Five thousand years ago, the ancient Egyptian 
mummification methods were based on removal of all 
internal organs and subcutaneous fat except the heart, 
they used the liposuction technique via a small hole to 
aspirate the whole body contents.[1] The traditional dry 
liposuction technique was introduced more than 50 years 
ago. The term liposculpture was introduced by Teimouria 
and Fisher[2] and Fournier and Otteni[3] who advocated also 
the criss‑cross technique.

Illouz[4] developed the wet tumescent liposuction that helped 
in standardization and refinement of this technique in 1977. 
Field,[5] an American dermatologist, started the procedure in 
USA using the Fischer’s suction machine. The first American 
liposuction course was taught 1982 by Dolsky et al.[6]

In 1987, Klein[7] developed a formula of 0.05% lidocaine, 
1:1,000,000 epinephrine, and 10 mL of bicarbonate 
and a liter of normal saline. The Klein formula allowed 
large liposuction to be done under local anesthesia and 
provided patient a painless 24 h postoperatively.

Zocchi in 1992,[8] presented a revolutionary body 
contouring technique based using ultrasound energy. 
This allows selective destruction of lipocytes by means 
of cavitation and elimination of the fluid fraction (fatty 
acids). The ultrasound waves stimulate the collagen in 
deep dermis and initiate lifting of the skin.

In 1992, Apfelberg[9] described the use of laser assisted 
lipolysis. Laser‑assisted liposuction uses laser energy 
lasers heat the fat, turning it semi‑soft and making it 
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easier to remove via liposuction, and helps to tighten the 
skin. There is no scientific evidence demonstrating the 
advantage of this technique over the ultrasound assisted 
liposuction or the traditional liposuction.

Blugerman et  al.[10] described a novel technique using 
radiofrequency assisted liposuction. Radio frequency is 
a form electro‑magnetic energy similar to microwave. 
The process involves passing radio frequency energy 
through tissue to heat up fat cell and making it easier to 
remove via liposuction and helps to tighten the skin. This 
procedure was well‑tolerated, safe, and efficient in the 
removal of a moderate volume of fat. Paul et al.[11] reported 
three‑dimensional skin tightening with this procedure and 
proposed a mechanism of tissue tightening.

The Water‑Jet assisted liposuction is a new technique that 
uses fan‑shaped jet of tumescent solution to anaesthetize 
the area for liposuction. Sasaki[12] used this technique in 
2011 on 41 patients. The amount of instilled tumescent 
fluid, lidocaine dosage, and aspiration volumes appeared 
to be safe, with minimal blood loss in small and moderate 
volume liposuction cases, and have emphasized on 
efficacy and safety of the technique.

ADIPOSE TISSUE DISEASES

El‑Khatib[13] has used the wet technique to treat the lower 
part of the body with unusual fat distribution that is 
clinically characterized by massive symmetric and diffuse 
fat deposition in the trochanters, groins, buttocks, hips, 
and lower extremities; it contrasts sharply with the normal 
fat distribution in the upper part of the body. The massive 
lipomatoses of the lower body can be classified into 
3 types: type 1, the familial symmetric lipomatosis (Simon’s 
syndrome) that affects the groins, trochanters, hips, 
buttocks, and thighs [Figure 1]; type 2, the bilateral 
peritrochanteric familial lipomatoses [Figure 2]; and type 3, 
the unilateral peritrochanteric lipomatosis. The adipose 
tissue diseases are often accompanied by psychological 
depression due to their disturbed body image. The 
traditional liposuction is the treatment of choice for these 
esthetic deformities. The surgical removal of the localized 
fatty deposit results in unacceptable cosmetic outcome.

MULTIPLE SYSTEMIC LIPOMATOSIS

Multiple Symmetrical Lipomatosis, also known as benign 
symmetric lipomatosis or Madelung’s disease and 
Lanois‑Bensaude syndrome are metabolic conditions 
characterized by the growth of fatty masses around the 
face, back of the head, neck, upper arms, abdomen, back 
and upper leg in a very specific distribution [Figure 3]. 
Unlike the usual lipoma, these benign fatty masses are 
not enclosed in a membranous. Due to this characteristic 
and symmetrical appearance, these conditions are often 
dismissed as simple obesity.

Bassetto et al.[14] used the ultrasound‑assisted liposuction 
to treat multiple systemic lipomatosis. He compared 
the traditional lipectomy and the ultrasound‑assisted 
liposuction and concluded that the ultrasound liposuction 

is preferable due to a reduction of blood loss and 
reduction of effort produced by surgeon.

DERCUM’S DISEASE

Decrum’s disease is characterized by the presence of the 
painful condition, sleep disturbance, memory impairment, 

Figure 3: Madelung’s disease. (a) Preoperative anterior and (b) posterior 
photos
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Figure 2: Peritrochantric lipomatosis. (a) Preoperative and (b) 18 months 
postliposuction
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Figure 1: Simon syndrome. (a) Preoperative and (b) one‑year 
postliposuction treatment
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shortness of breath, constipation, and fatigue. As 
reported by Hansson et al., Dercum’s disease is classified 
into: generalized diffuse adiposity, generalized nodular 
adiposity [Figure 4], localized nodular adiposity, and 
juxta‑articular adiposity.[15,16]

Hansson traditional treated 53 patients with Dercum’s 
disease that had been operated on with liposuction. As 
controls, 58 nonoperated subjects with Dercum’s disease 
and 41 obese abdominoplasty patients were followed 
for 5 years. Hansson suggested that liposuction might 
alleviate pain in patients with Dercum’s disease. However, 
it is difficult to determine whether the effect is due to the 
actual surgery or to other factors.

Women are more affected by this condition and, it 
usually presents in ages between of 30 and 50 years. The 
differential diagnosis for this condition includes: familial 
lipomatosis, multiple symmetric lipomatosis, adipose 
tissue tumors, panniculitis, lipedema, and fibromyalgia. 
Dercum’s disease is diagnosed based on patient’s history 
and the physical findings. There are no specific laboratory 
tests for this disease.

The treatment strategies for this condition are mostly 
based on case reports. Treatment of Dercum’s disease is 
usually targeted towards pain relief rather than lipoma 
removal.[17] Currently, there is a lack of scientific data 
on the use of integrative therapies for the treatment or 
prevention of Dercum’s disease.

De Silva and Earley[18] used liposuction in the 
treatment of two patients with juxta‑articular adiposis 
dolorosa (Dercum’s disease), and recommended 
liposuction as an effective, has a low morbidity and is 
well‑tolerated by the elderly.

SUBCUTANEUS LIPOMAS

A lipoma is a benign tumor composed of adipose tissue. 
It is the most common benign soft tissue tumor. Lipomas 
are often soft to the touch, mobile, and painless. Many 
lipomas are small (under 1 cm diameter) but can enlarge 
to sizes greater than 6 cm. They are commonly found in 
adults from 40 to 60 years of age, but can also be found 
in younger adults and children.

Al‑basti and El‑Khatib[19] successfully reported the 
treatment of subcutaneous capsulated giant (more than 
10 cm diameter) and moderate (5 cm to 10 cm diameter) 
sized lipomas by traditional liposuction. The capsule was 
extracted surgically by the end of the procedure from 

the same small incision used for liposuction. There was 
no recurrence, and the cosmetic outcome was highly 
satisfactory.

POSTTRAUMATIC LIPOMAS

The pathogenetic link between soft tissue trauma and 
formation of lipomas remains controversial. A proposed 
mechanism is the prolapse of adipose tissue through the 
fascia defect resulting from direct impact. An alternate 
explanation is the formation of adipose tissue as a result 
of preadipocyte differentiation and proliferation mediated 
by cytokine release following trauma and hematoma 
formation.

Aust et  al.[20] used the simple excision method in 
22 cases and used the liposuction method in 1 case and 
recommend both techniques.

CHRONIC LYMPHEDEMA

In chronic lymphedema, there is a physiological imbalance 
of blood flow and lymphatic drainage. The decreased 
lymphatic drainage results in impaired clearance of lipids 
and deposition of fat in subcutaneous tissue.

Lymphedema may be inherited (primary) or caused by 
injury to the lymphatic vessels (secondary). It is most 
frequently seen after lymph node dissection, surgery, and/
or radiation therapy, most notably in the treatment for 
breast cancer. In many patients with cancer, this condition 
does not develop until months or even years after therapy 
have concluded. Lymphedema may also be associated with 
trauma or conditions that inhibit the lymphatic system 
function. In tropical areas, a common cause of secondary 
lymphedema is filariasis, a parasitic infection. It can 
also be caused by cellulitis as it compromises lymphatic 
drainage.

While the exact cause of primary lymphedema is still 
unknown, it occurs due to poorly developed or missing 
lymph nodes or channels. Lymphedema may be present 
at birth, develop at the onset of puberty (praecox), or 
in adulthood (tarda). Lower‑limb primary lymphedema 
is most common in men, occurring in one or both legs. 
Secondary lymphedema affects both men and women. In 
women, it is most prevalent in upper limb after breast 
cancer surgery and lymph node dissection. It occurs on 
the same side as surgery. Cancer treatment is the most 
common cause of secondary lymphedema in western 
countries. Between 38% and 89% of breast cancer patients 
suffer from lymphedema due to axillary lymph node 
dissection and/or radiation,[21‑23] Unilateral lymphedema 
occurs in up to 41% of patients after gynecologic 
cancer.[24] For men, a 5‑66% incidence of lymphedema has 
been reported in patients treated with radical removal of 
lymph glands.

The first report of use of liposuction to reduce the size 
of lymphedema of the extremity was published by O’Brien 
et  al.[25] and Brorson.[26] Developed a pressure‑measuring 
device to optimize compression treatment of lymphedema 

Figure 4: Dercum’s disease. (a) Preoperative anterior and (b) 19 months 
postliposuction
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and evaluation of change in garment pressure with 
simulated wear and tear, was added to the liposuction 
technique in order to enhance the outcome.

In 2008, National Institute for Health and Clinical 
Excellence published guideline on indications and 
patients’ selection for liposuction.

Brorson et  al.[27] used absence of pitting, failure of 
conservative treatment, absence of wounds and cancer as 
criteria for liposuction for treatment of lymphedema of 
upper extremity due to ablative surgery for breast cancer.

Literatures review concluded that liposuction 
demonstrated significant and stable reduction of both 
upper and lower limbs lymphedema. The technique is 
also reliable in the treatment of both the acquired and 
congenital lymphedema.

AXILLARY HYPERHIDROSIS

Axillary hyperhidrosis, also known as underarm sweating, 
involves extreme sweat production in the axillary region. 
This condition is not controlled by deodorants and other 
odor controlling medication. Axillary hyperhidrosis can 
occur by itself or associated with hyperhidrosis of other 
regions of the body.

Over‑stimulating of sympathetic nervous system is the 
main cause of this condition. This has a direct relation to 
the emotional well‑being of the person and environmental 
stimuli such as stress and anxiety.

Traditional surgical procedure has many disadvantages 
such as scarring, longer wound healing, complex wound 
dressing, and limited range of motion for shoulders after 
surgery.

Seo et al.[28] studied 43 patients who underwent superficial 
liposuction with curettage for axillary hyperhidrosis and 
found that 31 patients (72.1%) showed excellent to good 
results. The most common postoperative complication 
was transient ecchymosis that spontaneously regressed 
in 1‑2 weeks. Focal skin necrosis, induration, and 
hematoma or seroma were each noted in 4, 3 and 1 
patient, respectively. All these conditions resolved with 
proper dressing. The preoperative histological findings 
included increase in size and number of apocrine glands 
in cross‑section view, and the postoperative specimen 
showed absence of subcutaneous tissue, including 
apocrine and eccrine glands, and destruction of sweat 
glands.

Seo et  al.[28] used the tumescent superficial liposuction 
with curettage of the subdermal tissues for treatment of 
axillary bromhidrosis and concluded that this technique is 
an effective and safe.

Ottomann et al.[29] studied reported a total of 88 patients, 
47 patients underwent a tumescent liposuction 
curettage (TLC) (liposuction combined with curettage), 
and 41 patients received intradermal Botox injections. 
The effect of both treatments on the quality‑of‑life was 
assessed using a specific hyperhidrosis questionnaire 

and was correlated with sweat volumes measured by 
gravimetry. Follow‑up after 6 months showed significantly 
improved sweat volumes of 52 ± 41 mg/min of TLC 
patients versus 78 ± 87 mg/min in the Botox group. 
Ninety‑one percent of TLC group and 98% of Botox 
group were satisfied with the result. Both methods were 
superior to the traditional surgical methods in terms of 
efficacy and complication rates. Both Botox and TLC 
improved the quality‑of‑life.

POSTABLATIVE SURGERY

Use of autologous fat grafting for reconstruction is 
still controversial because of its safety and efficacy. 
Liposuction is considered an ideal harvesting method for 
fat graft [Figure 5].

Coleman[30] advocated a unique method for harvesting fat 
graft. General anesthesia can be used for removal of large 
volume of fat although local anesthesia is most commonly 
used. The preferred donor sites are the abdomen, the 
inner thigh, the lateral thigh, and the lower back.

Fifteen or twenty‑six centimetre two hole Coleman 
harvesting cannula with a blunt tip and dull distal 
openings is placed near the end of the cannula, and it is 
twisted onto a 10 mL Luer‑Lok syringe. The combination 
of negative pressure and the cannula motion through 
the fatty tissue allows aspiration of adipose tissue. The 
recommended centrifugation of the lipoaspirate is 3,000 
revolutions per minute for 3 min. The middle layer 
contains fat cells that can be used as a fat graft.

Another technique is “The one‑step harvesting modification” 
described by Lazzeri et  al.[31] It is a useful and time‑saving 
method for high‑volume replacement fat graft. This is an 
atraumatic, low‑negative‑pressure drain method that helps 
to preserves any viable lipocytes for transfer. The manual 
method using a Luer‑Lok syringe is also similar and better 
than the continuous active suction machine liposuction.

Claro et  al.[32] studied articles regarding autologous 
liposuctioned fat grafting of female breast, with a 
description of clinical complications, radiographic 
changes, and local breast cancer recurrence.

Claro found that there were few complications reported 
in the literature; there was no evidence of interference 
with follow‑up for breast cancer posttreatment although 
oncologic safety remains unclear.

Figure  5: Lipofilling assisted latissimus dorsi flap for right breast 
reconstruction. (a) Preoperative and (b) two weeks postoperative
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POSTIRRADIATED SKIN

Radiation dermatitis results from prolonged exposure of skin 
to ionizing radiation.[33] It can be seen in patients receiving 
radiation therapy, with or without adjuvant chemotherapy.[34]

Inflammation of the skin after exposure to the 
radiotherapy (radiodermatitis) can be classified to three 
specific types of radiodermatitis: acute radiodermatitis, 
chronic radiodermatitis, and eosinophilic, polymorphic, 
and pruritic eruption associated with radiotherapy. 
Radiation therapy can also cause radiation skin cancer.

Radiodermatitis can be successfully treated by 
implantation of fat graft harvested from liposuction. The 
lipofilling procedure was first performed by Coleman.[35‑37]

After radiation treatment, breast reconstruction with an 
implant carries a high risk of failure and complication. 
Clinical and experimental studies have demonstrated 
that adipose tissue graft (lipofilling) in the irradiated area 
enhances skin atrophy. Sarfati et al.[38,39] reported the use 
of lipofilling to the irradiated skin before the implant 
breast reconstruction. Safarai claimed that the lipofilling 
will decrease the risk of breast Implant exposure.

DEBULKING OF FLAPS

Patients often complain about an enlarged or bulky 
appearance after fasciocutaneus and myocutaneus flap 
reconstruction.

Conventional liposuction can be used to debulk the skin 
flap without fear of tissue necrosis [Figure 6].

Single‑stage debulking of flaps using suction‑assisted 
lipectomy combined with skin excision is a safe and 
reliable procedure with results comparable to conventional 
multistaged surgical techniques. In 2010, Reuben 
et  al.[40] reported on the efficacy and safety of power 
assisted suction lipectomy for debulking fasciocutaneus 
flaps in upper and lower extremity. Reuben operated on 
16 lower extremity flaps of 15 patients and recommended 
the use of liposuction as an adjunct in debulking and 
contouring skin flaps.

Hallock[41‑43] reported successful use of traditional 
liposuction for debulking perforator muscle flaps, and free 
flaps elsewhere.

Overall, literature review [Table 1] showed good outcomes 
for suction‑assisted lipectomy as an adjuvant procedure 

for recontouring bulky skin flaps. Most papers recommend 
debulking three months after initial procedure.

COMPLICATIONS OF LIPOSUCTION

Severe complications have been reported and include 
necrotizing fasciitis,[44] toxic shock syndrome,[45] 
perforation of inner organs,[46] and pulmonary embolism.[47] 
These complications were mostly due to inappropriate 
patient selection, use of excessive local anesthesia during 
mega‑liposuction (tumescent technique) and inadequate 
postoperative surveillance based on literature review, 
the complication rate usually reflects a lack of medical 
experience.

Liposuction has gained popularity and has become the most 
frequent esthetic procedure for adipose tissue reduction 
and treatment of lipedema. Liposuction is also a suitable 
treatment for chronic medical conditions like lymphedema, 
benign adipose tissue diseases, radiodermatitis, 
re‑contouring skin flaps from previous procedures and 
breast reconstruction. This intervention is not without risks 
and requires extensive knowledge and training to prevent 
irreversible medical or esthetic complications.
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INTRODUCTION

Cranioplasty implants, whether of autologous bone or 
biocompatible bone substitutes, are used primarily in cases 
of surgical cranial decompression following pathological 
elevations of intracranial pressure. These implants play 

roles in restoring both function and aesthetics, and 
thus, consideration of a custom‑made solution as a first 
choice is in the best interest of the patient. Available 
bone substitutes include porous hydroxyapatite (HA), 
which favors regeneration (biomimetism) as well as 
reconstruction, and polymethylmethacrylate (PMMA), 
which should be reserved for severe cases of psychiatric 
disturbance, violent institutionalized patients, epileptics 
with frequent falling episodes, and the terminally ill.[1] 
Whichever material is used, however, prosthetic cranial 
implants are susceptible to intra‑ and postsurgical 
complications and even failure. The aim of this study 
was to investigate such occurrences in HA cranioplasty 
implants, seeking not only to determine the likely 
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causes (whether correlated or not with the device itself) 
but also, where possible, to suggest countermeasures.

METHODS

We analyzed information regarding failures or complications 
reported in postmarketing surveillance and clinical 
studies of patients treated worldwide with custom‑made 
HA cranial implants (Custom Bone Service Fin‑Ceramica 
Faenza, Italy) during the period of 1997‑2013. This analysis 
was possible due to an agreement between the relevant 
parties in the context of an academic study. No sensitive 
information was collected during the research, which was 
limited to the processing of data regarding adverse events 
according to the biomedical device surveillance norms in 
force (MEDDEV‑2).[2] Statistical interpretation of the data 
was performed using IBM SPSS (V19; Chicago, United 
States).

RESULTS

In the study period, 2877 custom‑made HA devices 
were implanted and all adverse events that arose were 
collated [Table 1]. The two most common complications 
were implant fractures (84 cases, 2.9% of the total 
fitted) and infections (51 cases, 1.77%). Of the fractures, 
36 (1.25%) occurred postimplant (within 12 months of 
surgery, delayed fracture) and 48 (1.66%) occurred during 
the surgery itself (early fractures). A back‑up was used to 
replace the primary implant in 43 of these cases. Fractures 
were not correlated with the size of the cranial defect. 
A correlation was noted between the occurrence of 
infection and the implantation site: frontoparietotemporal 
in 25 cases (49% of total infections), frontal‑bifrontal in 
17 (33.3%) temporoparietal in 6 (11.8%) and parietal in 
3 (5.9%) [Table 2]. However, data analysis did not reveal 
a statistically significant difference regarding implantation 
site (Chi‑square test; P = 0.1694; odds ratio = 1.65)
[Table 3]. A further correlation between the time elapsed 
after surgery and the onset of infection was noted: less 
than 6 months in 32 (62.8%) cases, 6 months to 1 year in 
3 cases (5.8%), and more than 1 year in 16 cases (31.4%). 
Analyzing data for the first postoperative year, it was 
observed that most infections occurred between 3 and 
6 months (23 infections, 45%). It was also noted that 
infections were more common in cases of cranial trauma.

DISCUSSION

Delayed posttraumatic prosthesis fracture (36/2877) occurred 
with an incidence three‑fold higher than that seen in normal 
population (3.5‑4.5/1000). The incidence of a second cranial 
trauma also seemed to be greater than in normal population 
(2/1000), presumably due to the clinical and neurological 
effects of the underlying primary pathology. However, there 
was no discernable correlation between fracture and defect 
size, so other issues need to be examined, most likely the 
severity of the head trauma that fractured the skull or surgical 
error stemming from a lack of careful planning, positioning, 

or fixing of the implant. Regarding the planning, design, 
and validation phase, the relevant persons (manufacturing 
technician and surgeon) should pay particular attention to the 
following critical steps if such occurrences are to be avoided: 
verification of suitable implant thickness and uniformity of the 
density distribution of the prosthesis (micro‑ and macro‑pores 
and interconnection channels), ensuring that the prosthesis 
perimeter engages the bone margin at all points, the latter 
being a type of ledge upon which the implant should rest 
snugly all round, thereby spreading the forces evenly. Thus, 
the prosthesis, in addition to possessing suitable curvature, 
should be tailored to fit the cranial lacuna precisely and 
without breaks. Indeed, if this does not occur, in addition to 
a lack of osteointegration, the laws of mechanics dictate that 
weaker areas with less resistance will arise. Regarding early 
fracture (i.e. during surgery), if one implant breaks, it could 
be due to manufacturing/design error, but if both the primary 
and back‑up devices break, surgical error is the more likely 
cause because the possibility of a structural defect affecting 
two separate blocks of HA is remote.

Infections were more frequent in trauma patients, not 
surprisingly, because these represent the greater portion 
of the population in which custom‑made HA cranial 

Table 1: Indicators for failure of HA cranioplasty 
implants
Errors Complications
Incongruous size or shape Infection
Breakage Fistula
Dislocation/mobilization Fluid collection: extracranial and/

or extradural
Subdural hematic suffusion
Skin ischemia/necrosis/decubitus
Lack of osteomimesis

HA: Hydroxyapatite

Table 3: Chi-square test to compare the infections 
implant rates of two groups
Group Infected implants Implants without infection Total
Group 1 42 2094 2136
Group 2 9 742 751
Total 51 2836 2887

Group 1: the HA cranioplasty implant takes relationship with frontal 
sinus (frontal, frontoparietotemporal and bifrontal); Group 2: the 
HA cranioplasty implant does not take relationship with frontal 
sinus (parietotemporal, parietal, temporal and occipital).  The Chi‑square 
test revealed no significant difference between the two groups (P = 0.1694; 
OR 1.65). OR: Odds ratio; HA: Hydroxyapatite

Table 2: Correlation between the anatomical location of 
the prosthesis and the incidence of infection
Implantation site Number of 

cases 
(n = 2877) 

(%)

Cases of 
infections 

(n) (%)

Rates in total 
infections 

(n = 51) (%)

Fontoparietotemporal 1588 (55) 25 (1.57) 49
Frontal-bifrontal 548 (19) 17 (3.10) 33.3
Parietal 231 (8) 3 (1.30) 5.9
Temporoparietal 491 (17) 6 (1,22) 11.8
Occipital 29 (1) - -
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implants are indicated. The incidence of infection was 
1.77%, a finding comparable to that reported for titanium 
implants (1.18%) and slightly better than that for PMMA 
prostheses (5.48%).[3‑7] Of the infections, 73% occurred 
during the 1st year after fitting, confirming that infection 
risk is higher in the postsurgical period. That being said, 
cranioplasty implants fitted in the frontal sinus or mastoid 
can lead to airway fistulas and to acute secondary 
infections that may arise at any time during the life of 
the patient, even many years after surgery.[8,9] Infections 
were found to occur with particular frequency in cases of 
large cranial implants (frontoparietotemporal), or those in 
the vicinity of the paranasal sinuses (frontal/bifrontal).[10] 
This could be due to at least two distinct factors: (1) skin 
coverage is often insufficient in cases of large implants, 
due to tissue atrophy arising from the surgical approach 
itself (sectioning of large arterial blood vessels during the 
incision) and/or the time interval between craniotomy 
and reconstruction, which can predispose a patient to 
cutaneous lesions or ulcers that allow pathogenic agents 
to invade the prosthesis; and (2) poor occlusion of the 
sinuses, in cases of frontal or bifrontal cranioplasty, which 
effectively leaves the door open to any invading pathogen. 
Moreover, the sometimes precarious clinical and 
neurological conditions of trauma patients may reduce 
their immune responses. A first statistical analysis of the 
data (Chi‑square test) did not reveal a difference between 
infection rates of HA implants that either take or do not 
take relationship with the frontal sinus [Table 3]. Despite 
this finding, further in‑depth, studies are warranted to 
clarify a potential correlation between infection rates and 
implant sites.

In almost all cases of infection, it is advisable to cleanse 
the wound and remove the prosthesis to avoid intradural 
propagation and the consequent severe risk as well as 
prolonged hospitalization of the patient.[8,11] Indeed, 
in cases in which back‑up devices have been used to 
replace removed primary implants, infection rates are 
relatively low, presumably due to the fact that these 
patients have already been administered appropriate 
antibiotic treatment and have been scheduled for 
prompt re‑intervention without undue waiting times. 
Nevertheless, the need for implant removal should be 
evaluated on a case‑by‑case basis, because in certain cases 
conservation is possible.[12] Indeed, we recently managed 
to salvage an infected HA cranial implant by administering 
suitable antibiotic treatment over the course of a few 
months. This experience showed that if the dura mater 
appears intact, and if the pathogen can be isolated, 
identified, and targeted with appropriate antibiotics, it is 
possible to opt for conservative treatment provided that 
careful monitoring is implemented, which should include 
regular blood tests and serial scintigraphy with labeled 
leukocytes. It should not be forgotten that as long ago as 
1948, 25% of infected synthetic implants were salvaged by 
means of antibiotic therapy and curettage.[8]

The relationship between the timing of surgery and 
infection lead us to believe that this would be less 
frequent if the cranioplasty was performed within the 

first 3 months or after 6 months. The time between 
3 and 6 months is associated with the highest risk of 
complications, both infectious and otherwise.

Another complication arising from cranioplasty is the 
dislocation/mobilization of the implant, which can be 
caused by poor planning, design and/or validation, 
and errors in the surgical procedure. Thus, this type 
of occurrence is largely preventable if a few simple 
precautionary steps are taken during the craniotomy 
itself, such as use of the jigsaw technique and beveling 
the cranial defect edge [Figures 1 and 2]. Furthermore, in 
cases of large lacunas requiring more than one implant, 
these should be shaped so that their juncture mimics 
the natural sutures of the skull and features slanted‑S 
edges [Figure 3]. Other precautions include avoiding 
anchoring the prosthesis to the temporal muscle; this 
muscle should instead be positioned over the implant, 
which should be equipped with sufficient holes for 
anchorage [Figure 4].[13]

Attempts should also be made to prevent the formation of a 
fluid fistula, which can severely slow or impede cicatrisation 
and osteomimesis. The main cause of fistulas is adhesion 
between the dura mater, temporal muscle, and galea.[14] Such 
scarring adhesions can prolong subsequent surgery times, 
cause excessive blood loss, and increase the probability of an 
inadvertent lesion to the dura mater or cerebral cortex due 
to the difficult techniques required for their dissection.[15] 
Nevertheless, these events can be averted by placing an inert, 
nonresorbable membrane, such as a super‑thin (0.1 mm) sheet 
of expanded polytetrafluoroethylene (ePTFE; e.g. Preclude 

Figure  1: “Puzzle” technique. The perimeters of cranioplasty must be 
characterized by extroflexions to prevent slips and dislocations

Figure  2: Forehead cranioplasty. The edges have an inclination of 45° 
to prevent the sinking of the cranioplasty. Male forehead profile on the 
left; female forehead profile on the right



Peritoneal Membrane, W.L. Gore and Associates. Inc.), 
between the dura and the soft tissues, especially at the site 
of the temporal muscle.[16]

Extradural and extracranial pooling of fluid and subdural 
hematoma are less frequent events in cranioplasties. The 
former can usually be resolved by prompting parenchymal 
re‑expansion (if viable) or by increasing the number of 
dural suspension points and maintaining subcutaneous 
drainage for a longer period of time. Adhesion of the 
scalp to the cranial implant can be promoted by anchoring 
the latter to the galea fascia using sutures.

The soft tissues overlying the cranioplasty implant can 
also be subject to ischemia, necrosis, and/or decubitus, 
and it is thus vital that cutaneous trophism and irrigation 
is carefully evaluated in the presurgical phase. Moreover, a 
surgical approach should be planned taking into account 
not only aesthetic concerns (such as avoiding the incision 
encroaching below the hairline and using the Simpson 
technique) but also seeking to avoid damage to the main 
arterial trunks and temporal muscle.[13,17] In difficult cases 
featuring a paucity of viable soft tissue, cranioplasty 
implant fitting could necessitate the use of cutaneous 
expanders. Another useful surgical aid for improving 
cutaneous trophism is dermal matrix (INTEGRA Dermal 
Regeneration Template Single Layer film) [Figure 5].[18] 
Such matrices promote mesenchymal histoinduction and 
histoconduction, serving to guide the formation of normal 
dermal tissue. The collagen and glucosaminoglycans 
of these matrices provide structural support for the 
infiltrating fibroblasts, macrophages, lymphocytes, 
and capillaries that form the neurovascular network. 
In covering the implant, these networks favor the 
development of better blood irrigation, important not 
only for cutaneous tropism but also for the invasion of 
the porous HA of the cranial implant by the organic bone 
matrix, promoting osteoconduction and osteointegration 
of the prosthesis. The scalp is not only necessary for 
implant coverage but it also supplies nutrients and 
immune system components. Together with the dura, it 
also aids in the osteomimesis process of the cranioplasty 
implant.

Indeed, another possible cause of HA cranial implant 
failure is lack of osteomimesis. If there is poor contiguity 
between the implant and the skull margin, osteoblast 
migration is compromised. To avoid this and to ensure the 
accurate design of the implant (which must fit perfectly 
along the entire border of its cranial housing), the 
surgeon must take certain factors into account during the 
surgery itself. In particular, the skull defect borders must 
be cleared completely of any scarring or inflammatory 
matrix, the dura on the border of the internal plate 
must be delaminated, and the craniectomy border drilled 
delicately. In addition, no material should be placed 
between the bone and implant, with the exception of HA 
granules or calcium phosphate paste [Figure 6]. Indeed, it 
has been demonstrated that more osteointegration occurs 
on a rough surface.[19] A prime concern of the surgeon, 
however, should be that the continuum is controlled and 
that the tissue exposed to drilling is adequately cooled. 

In fact, the threshold for damage to osteocytes is as low 
as 47 °C.[20] That being said, the limited clinical success 
of osteomimesis could also be explained by a lack of 
vascularization, which is affected by the tropism of the 
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Figure 4: In the pterional area, the anchorage of the temporalis muscle 
should not be done on the cranioplasty, but must override it, with 
traction to the sagittal line

Figure  3: “Italic S” technique. If the cranioplasty involves the use of 
more pieces faced between them, the contact surfaces must not be 
linear. This prevents slips and dislocations

Figure  5: The trophism of the skin overlying the cranioplasty is 
important for the osteomimesis and for the prevention of infections. 
The trophism of the skin may improve by using dermal matrix placed 
between cranioplasty and subcutaneous tissue



overlying skin, a critical process during bone growth and 
repair.[21]

In general, it appears that the majority of adverse events 
in cranioplasties are ascribable to human error, on the 
part of the manufacturer or the surgeon. Indeed, poor 
design or lack of adequate preparation is responsible for 
almost all custom‑made HA cranioplasty implant failures. 
For this reason, a continuous exchange of information 
among surgeons and implant manufacturing technicians 
is essential, and should go some way to ensuring the 
continued success of this procedure.
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Figure 6: The solutions of continuous between cranioplasty and be must 
be filled with moldable pastes of calcium phosphate. This promotes 
osteointegration and increases the primary resistance of the cranioplasty 
thanks to optimal bone perimeter support (curb)
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ABSTRACT
Aim: Incobotulinumtoxin A (xeomin) has been proposed as an alternative to abobotulinumtoxin 
A (dysport) and onabotulinumtoxin A (Botox) in the treatment of glabellar frown lines. A recent 
study is comparing abobotulinumtoxin A and onabotulinumtoxin A revealed equivalent efficacy 
with a dose conversion ratio of 2.5:1. We sought to establish effectiveness and dosing equivalency 
of incobotulinumtoxin A vs. abobotulinumtoxin A. Methods: Inclusion criteria for this pilot study 
included patients of a single surgeon (LAC) who had previously received a constant dose of 
abobotulinumtoxin A over at least four consecutive treatment sessions for the previous 12 months to 
achieve an 85-90% elimination of dynamic glabellar frown lines. The primary outcome sought dose 
comparison between established maintenance abobotulinumtoxin A dosing and incobotulinumtoxin 
A first-time dosing. A 2:1 conversion (abobotulinumtoxin A: incobotulinumtoxin A) was chosen in 
most patients. Secondary outcomes were patient-reported onset of effect, physician-assessed effect 
at 10-12 weeks, pain associated with administration, and patient perceived need for re-treatment at 
2 weeks. Results: A total of 32 subjects were included. The mean dose of incobotulinumtoxin A was 
17.1 units (± 6.1, the median dose 20 units). The mean dose of abobotulinumtoxin A was 27.6 (± 11.7, 
the median dose 27.5 units). The mean difference in treatment units was -10.5 (95% confidence 
interval, P < 0.001). Among 30 patients who reported effect onset, the median was 8.5 days, with a 
range of 1-14. At 10-12 weeks, muscle paralysis was assessed to be 69.2% (± 27.3), vs. 90.3% (± 1.8) 
with abobotulinumtoxin A (P < 0.001). The majority of patients rated pain of administration as 
equal or greater to that of abobotulinumtoxin A (63% and 22%, respectively). Three patients (9%) 
required re-treatment at 2 weeks with abobotulinumtoxin A due to lack of effective treatment with 
incobotulinumtoxin A. Abobotulinumtoxin A re-treatment was chosen by the patient. Conclusion: We 
found incobotulinumtoxin A at 17.1 (± 6.1) units to be less effective than abobotulinumtoxin A 
at 27.6 (± 11.7) units in the treatment of glabellar frown lines at 10-12 weeks postadministration. 
Dosing was less predictable than dosing associated with abobotulinumtoxin A treatment. Larger, 

randomized controlled trials are indicated 
to further delineate these differences and to 
clarify whether this difference from previously 
published incobotulinumtoxin A dosing may 
have been due to the small sample size.
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incobotulinumtoxin A, rhytids
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INTRODUCTION

Neurotoxin injection accounted for more than a third of 
all nonsurgical cosmetic procedures performed in the 
United States in 2012.[1] Abobotulinumtoxin A (aboBTX‑A, 
dysport) and onabotulinumtoxin A (onaBTX‑A, Botox) 
are currently the most commonly used preparations 
of Clostridium botulinum toxin in the treatment of 
glabellar frown lines. Composed of high‑molecular weight 
protein complexes unique to the various formulations, 
each of these neuromodulators has a slightly different 
pharmacokinetic profile.[2] The protein complex is also 
thought to play a role in the immunogenicity of these 
therapeutic agents, influencing tolerance to drug effect 
and clinical response over time.[3]

Abobotulinumtoxin A (aboBTX‑A, dysport) is a 
type A botulinum toxin approved for the temporary 
improvement in the appearance of moderate to severe 
glabellar lines associated with procerus and corrugator 
muscle activity.[4] The toxin exists in a protein complex 
approximately 500 kDa in size. Incobotulinumtoxin 
A (incoBTX‑A, xeomin), a recently approved form 
of botulinum toxin type A, is also indicated for the 
temporary improvement in the appearance of moderate 
to severe glabellar lines associated with corrugator and/
or procerus muscle activity in adult patients.[5] IncoBTX‑A 
differs from the other neuromodulators, including 
onaBTX‑A and aboBTX‑A, in its formulation as a purified 
toxin‑free of complexing proteins. This formulation, in 
theory, renders incoBTX‑A less immunogenic than the 
other forms of botulinum toxin A currently available, 
permitting reproducible effects on repeat injections.

Although a calculated unit conversion between alternative 
neurotoxin preparations cannot be directly derived due to 
differing manufacturing processes, the separate bacterial 
strains involved, and the variations in size of the associated 
complexing proteins,[2,6,7] a published clinical study as well 
as the senior author’s clinical experience has shown that a 
reliable conversion rate between aboBTX‑A (dysport) and 
onaBTX‑A (Botox) is 2.5:1.[8] In addition, several studies 
have concluded that a 1:1 equivalency exists between 
onaBTX‑A (Botox) and incoBTX‑A (xeomin).[9,10]

In our practice since 2010, the majority of patients 
treated with neuromodulators receive aboBTX‑A. Given 
the potentially promising immunogenic profile of 
incoBTX‑A,[11] we were interested in determining the 
correct dosage of this neuromodulator among our patient 
population. Due to the uncertainty regarding conjectural 
conversion between the three neurotoxin preparations, we 
sought to establish effectiveness and dosing equivalency 
of incoBTX‑A versus aboBTX‑A within a consecutive series 
of 32 patients previously treated with aboBTX‑A for 
temporary reduction in glabellar dynamic wrinkles.

METHODS

We conducted a prospective pilot study at a single 
surgeon center, with all injections performed by the senior 

author. The study included patients that had previously 
received at least four consecutive treatments of aboBTX‑A 
at 4‑month intervals at a stable dose, achieving 85‑90% 
elimination of dynamic glabellar frown lines, and who 
had expressed satisfaction with at least four consecutive 
aboBTX‑A treatments. Patient satisfaction with aboBTX‑A 
treatment was defined by the patient’s decision not to 
return for re‑treatments before the planned redosing 
interval of 4‑month. The study was approved by the review
board of University of Chicago Medical Center. 

Primary outcomes of this pilot study were patient 
perceived clinical effectiveness at 2 weeks (defined as 
an 85‑90% decrease in muscle activity) and percentage of 
muscle activity at 3 months per surgeon assessment. The 
planned conversion rate was 2:1 (aboBTX‑A: incoBTX‑A) 
using the established aboBTX‑A dosage for each patient 
to determine an initial incoBTX‑A dose. However, we 
permitted dose adjustment per the physician’s assessment 
at the time of incoBTX‑A injection. The incoBTX‑A dose 
was dispersed into the corrugator and procerus muscles 
for each patient; injection patterns were based on 
diagrams reviewed in the electronic medical record, 
documenting the injection points used during prior 
aboBTX‑A treatments.

Secondary outcomes were examined via patient 
questionnaires that asked subjects to report on the 
onset of effect after incoBTX‑A injection, the pain of 
injection versus their recollection of pain on aboBTX‑A 
injections, the perceived duration of effect, and their 
overall satisfaction with the treatment session. Patients 
who were not satisfied with their initial treatment dosage 
were asked to return for re‑treatment at 2 weeks. All 
patients were seen in follow‑up at 10‑12 weeks. At this 
time, glabellar and procerus activity were assessed by 
the treating surgeon, and the patient’s perception of the 
treatment was recorded.

Demographic and clinical characteristics were summarized 
using frequency counts and percentages for categorical 
variables and median and range for continuous variables. 
Residual muscle activity at 4‑month following at least four 
abobotulinumtoxin A treatment sessions was compared to 
muscle activity with one incobotulinumtoxin A treatment 
session at 10‑12 weeks using a paired t‑test.

RESULTS

A total of 32 subjects were included. The majority of 
patients were female (40‑71 years old) and most had 
received aboBTX‑A consistently for over 2 years [Table 1]. 
The mean dose of incoBTX‑A administered was 17.1 
units (± 6.1, median dose 20 units). The mean treatment 
dose of aboBTX‑A administered was 27.6 (± 11.7, median 
dose 27.5 units). The mean difference in treatment units 
was ‑10.5 (95% confidence interval, P  < 0.001) [Table 2]. 
Among 30 patients who reported effect onset of the one 
incoBTX‑A treatment, the median result was 8.5 days, 
with a range of 1‑14 days [Table 1].

Twenty‑nine out of 32 patients (91%) reported satisfactory 
treatment effect at 2 weeks, 3 patients (9%) requested 
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re‑treatment at 2 weeks with aboBTX‑A due to perceived 
lack of effective treatment with incoBTX‑A. During 
follow‑up with the treating surgeon at 10‑12 weeks, 
muscle paralysis was assessed to be 69.2% (± 27.3), 
vs. 90.3% (± 1.8) in an equivalent time period with 
aboBTX‑A (P < 0.001) [Table 2]. With regard to perceived 
pain on injection, 62% of patients reported equivalent 
pain between the two treatments, 22% of patients 
reported more pain with the incoBTX‑A injection, 9% had 
less pain with incoBTX‑A, and 6% were unable to reliably 
recall. Overall satisfaction with incoBTX‑A treatment was 
confirmed by 22 out of 32 patients among the study 
group (68%) at 2 weeks; this increased to 25/32 (78%) 
at 3 months. The most commonly cited reasons for 
dissatisfaction were related to the longevity and 
magnitude of incoBTX‑A’s effect.

At 10‑12 weeks following incoBTX‑A treatment, the 
percentage of muscle activity was recorded by the 
senior surgeon in light of the dose ratio of aboBTX‑A: 
incoBTX‑A administered. Of the subjects that received 
an incoBTX‑A dose at a ratio of 1.5‑2.5:1, only 40% had 
a clinical result that was considered equivalent to the 
original four aboBTX‑A treatment dose results. A total of 
16% of patients had effects that were less than expected 
for the hypothesized ratio. Some patients (38%) received 
relatively more incoBTX‑A (ratio of 0.5‑1.5:1), due to 
clinical evaluation that the dose should be higher than 2:1 
of the original aboBTX‑A dose. Among this study group, 
16% resulted in muscle attenuation that was greater than 

perceived with the aboBTX‑A dose, whereas 22% had 
a less than expected response. Six percent of patients 
had a lesser response while receiving a relatively lower 
dose (ratio of 2.5‑3:1) [Figure 1].

DISCUSSION

Injection of botulinum toxin type A was the most commonly 
performed cosmetic procedure in the Unites States in 
2012, with over 4 million treatments reported for the 
year.[1] Together with other injectable products, treatment 
with botulinum toxin type A accounted for approximately 
2 billion dollars of Unites States spending in 2012. The 
rising number of minimally‑invasive cosmetic procedures 
being performed, with a 10% increase in such procedures 
noted from 2011 to 2012, signals the long‑term impact that 
injection of botulinum toxin type A and other nonsurgical 
procedures will have on the future of aesthetic practices.

Reported overall patient satisfaction rates with botulinum 
toxin type A treatments are high[7,12] and are largely related 
to the onset, duration, and efficacy of treatment.[7] Given 
the tremendous impact of neuromodulator therapy and 
the importance of patient satisfaction as a key outcome, 
it is essential for practitioners to understand the optimal 
treatment dose, re‑treatment interval, and expected 
outcomes associated with the various botulinum toxin A 
preparations available today.

Multiple clinical studies have demonstrated the safety, 
efficacy and tolerability of aboBTX‑A since its Food and 
Drug Administration (FDA) approval in 2009 for the 
treatment of glabellar frown lines.[13‑16] A prospective, 
randomized control split‑face trial comparing aboBTX‑A 
with onaBTX‑A found no significant differences 
between treatment effects on muscle activity or wrinkle 
appearance, onset and duration of treatment effect, 
or diffusion characteristics of the two neurotoxins.[8] 
Although one clinical trial is comparing onaBTX‑A with 
aboBTX‑A indicated lower rates of patient satisfaction 
among patients treated with aboBTX‑A,[17] satisfaction 
rates with aboBTX‑A treatments were high among our 
patient population. All our patients had previously 
received at least four consecutive treatments of aboBTX‑A 
at 4‑month intervals at a stable dose and had continued 
to achieve 85‑90% elimination of dynamic glabellar frown 
lines at this dose with a reported high patient satisfaction 
rate.

Free of complexing proteins, incoBTX‑A is unique among 
the botulinum toxin preparations currently available. 
The subtraction of these inactive or denatured protein 

Table 1: Patient demographics
Total patients 32
Median age in years (range) 56 (40-71)
Number female (%) 29 (91)
Length of abobotulinumtoxin A use (years), n (%)

< 2 6 (19)
> 2 26 (81)

Median abobotulinumtoxin A dose in glabella (SD) 27.6 (± 11.7)
Median incobotulinumtoxin A dose in glabella (SD) 17.1 (± 6.1)
Average conversion rate 1.6:1
Glabella re-treatment, n (%) (patient request)

No 29 (91)
Yes 3 (9)

Pain versus abobotulinumtoxin A, n (%) 
(patient recall of abobotulinumtoxin A: questionnaire 
following incobotulinumtoxin A treatment)

Equal 20 (63)
Greater 7 (22)
Less 3 (9)
Can’t remember 2 (6)

SD: Standard deviation

Table 2: Dose comparisons
Incobotulinumtoxin A Abobotulinumtoxin A Mean difference (SD) (95% CI) P*

Dose in the glabella 17.1 (6.1)
20

27.6 (11.7)
27.5

-10.5 (8.6)
(-13.6, -7.4)

< 0.001

Percentage of activity in glabella at 
10-12 weeks (per surgeon evaluation)

69.2 (27.3)
70

90.3 (1.8)
90

-21.1 (27.0)
(-30.8, -11.4)

< 0.001

*Numbers in table are mean (SD) and median unless otherwise specified, difference calculated as incobotulinumtoxin A: abobotulinumtoxin A, P value 
from paired t‑test. SD: Standard deviation, CI: Confidence interval
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complexes theoretically results in a lower antigen load, 
decreasing the chance that the subject will develop 
neutralizing antibodies to treatment over time that 
could result in diminished clinical efficacy.[11,18] IncoBTX‑A 
received FDA approval for the treatment of glabellar frown 
lines in 2011, and a phase III clinical trial conducted that 
same year confirmed its efficacy for this indication, in 
accordance with FDA‑mandated scoring criteria.[19] One 
comparative trial of onaBTX‑A and incoBTX‑A reported 
overall high rates of patient satisfaction with both 
treatments and no statistically significant difference in 
satisfaction rates between the two neuromodulators.[20] A 
noninferiority trial comparing incoBTX‑A with onaBTX‑A 
found similar efficacy, safety, and patient satisfaction 
profiles between the two treatments at a 1:1 dosing 
ratio.[10] No head‑to‑head trials comparing incoBTX‑A with 
aboBTX‑A have been published to date.

As such, our pilot study aimed to determine a dosing 
equivalency of incoBTX‑A vs. aboBTX‑A that would result 
in similar clinical effectiveness and patient satisfaction 
among 32 patients previously treated with aboBTX‑A for 
at least four treatments over 1 year. At ratios believed 
to anticipate equivalent results based on prior dose 
comparison studies,[8‑10] we found that no precise ratio 
could be determined.

Among the patients who reported effect onset with 
incoBTX‑A treatment, the median result was 8.5 days, 
longer than the median onset of effect with aboBTX‑A 
treatment reported in the literature of 3 days.[21,22]

Limitations of our study include its small sample size, 
larger studies are warranted to better establish dose 
equivalency between aboBTX‑A and incoBTX‑A. IncoBTX‑A 
injections were performed without cost to the patient, 
and this may have affected patient satisfaction rates. 
Secondary outcomes were determined through the use 
of a patient questionnaire. Recall bias may have affected 
our patients’ ability to compare the pain of incoBTX‑A 
injection compared with aboBTX‑A injection which had 
occurred several months prior, and patient‑reported onset 
and duration of effect may not be the most accurate 
means available of recording these results. However, 

given the elective nature of treatment to improve 
patient cosmesis, we believe that the patient report, 
while inherently biased, is still an acceptable method of 
outcome assessment.

In conclusion, the pilot study did not establish a dose 
equivalency between incobotulinumtoxin A (xeomin) 
vs. abobotulinumtoxin A (dysport) in the treatment 
of dynamic glabellar frown lines in 32 consecutive 
patients who previously reported treatment success 
with abobotulinumtoxin A for at least 1 year at 4‑month 
intervals. By combining the analysis of both the 
patient‑reported results and the objective evaluation of 
dynamic glabellar muscle activity at 10‑12 weeks following 
one treatment session with incoBTX‑A, we found that using 
incoBTX‑A at 17.1 (± 6.1) units was less predictable than 
using aboBTX‑A at 27.6 (± 11.7) units. In comparison to 
aboBTX‑A, the majority of our patients also reported lower 
satisfaction rates with incoBTX‑A treatment; this difference 
was attributed to longer onset to treatment effect, 
increased pain on injection, and shortened duration of 
effect. Larger, prospective, randomized controlled studies 
are warranted to better establish dose equivalency between 
abobotulinumtoxin A and incobotulinumtoxin A.

REFERENCES

1. Cosmetic surgery national data bank: statistics 2012. Aesthet Surg J 2013;33: 
S1‑21.

2. Klein AW, Carruthers A, Fagien S, Lowe NJ. Comparisons among botulinum 
toxins: An evidence‑based review. Plast Reconstr Surg 2008;121:e413‑22.

3. Dressler D, Wohlfahrt K, Meyer‑Rogge E, Wiest L, Bigalke H. 
Antibody‑induced failure of botulinum toxin a therapy in cosmetic indications. 
Dermatol Surg 2010;36 Suppl 4:2182‑7.

4. Ipsen Biopharmaceuticals, Medicis Aesthetics. Medication Guide 
Dysport (dis‑port) (abobotulinumtoxinA) Injection. 2012. Availabe from: 
http://www.pi.medicis.us/medication_guide/dysport.pdf. [Last accessed on 
2014 Jul 10].

5. Merz Pharmaceuticals, Merz Aesthetics. Medication Guide Xeomin 
(zeo‑min) (incobotulinumtoxinA) for Injection, for Intramuscular 
Use . 2011. Avai lable from: http: / /www.xeominaesthet ic .com/
EM00674‑XEOMIN‑Medication‑Guide.pdf. [Last accessed on 2014 Jul 10].

6. Matarasso A, Shafer D. Botulinum neurotoxin type A‑ABO (Dysport): clinical 
indications and practice guide. Aesthet Surg J 2009;29:S72‑9.

7. Flynn TC. Botulinum toxin: examining duration of effect in facial aesthetic 
applications. Am J Clin Dermatol 2010;11:183‑99.

8. Michaels BM, Csank GA, Ryb GE, Eko FN, Rubin A. Prospective randomized 
comparison of onabotulinumtoxinA (Botox) and abobotulinumtoxinA 
(Dysport) in the treatment of forehead, glabellar, and periorbital wrinkles. 
Aesthet Surg J 2012;32:96‑102.

9. Freeman SR, Cohen JL. New neurotoxins on the horizon. Aesthet Surg J 
2008;28:325‑30.

10. Sattler G, Callander MJ, Grablowitz D, Walker T, Bee EK, Rzany B, Flynn TC, 
Carruthers A. Noninferiority of incobotulinumtoxinA, free from complexing 
proteins, compared with another botulinum toxin type A in the treatment 
of glabellar frown lines. Dermatol Surg 2010;36 Suppl 4:2146‑54.

11. Lorenc ZP, Kenkel JM, Fagien S, Hirmand H, Nestor MS, Sclafani AP, Sykes JM, 
Waldorf HA. IncobotulinumtoxinA (Xeomin): background, mechanism of 
action, and manufacturing. Aesthet Surg J 2013;33:S18‑22.

12. Fagien S, Carruthers JD. A comprehensive review of patient‑reported 
satisfaction with botulinum toxin type a for aesthetic procedures. Plast Reconstr 
Surg 2008;122:1915‑25.

13. Kane MA, Brandt F, Rohrich RJ, Narins RS, Monheit GD, Huber MB, Reloxin 
Investigational Group. Evaluation of variable‑dose treatment with a new 
U.S. Botulinum Toxin Type A (Dysport) for correction of moderate to 
severe glabellar lines: results from a phase III, randomized, double‑blind, 
placebo‑controlled study. Plast Reconstr Surg 2009;124:1619‑29.

14. Baumann L, Brandt FS, Kane MA, Donofrio LM. An analysis of efficacy data 

Figure 1: Neuromodulator dose ratio vs. muscle activity (percent) at 
10‑12 weeks



 Plast Aesthet Res || Vol 2 || Issue 1 || Jan 15, 201516

from four phase III studies of botulinum neurotoxin type A‑ABO for the 
treatment of glabellar lines. Aesthet Surg J 2009;29:S57‑65.

15. Rubin M, Dover J, Maas C, Nestor M. An analysis of safety data from five 
phase III clinical trials on the use of botulinum neurotoxin type A‑ABO for 
the treatment of glabellar lines. Aesthet Surg J 2009;29:S50‑6.

16. Carruthers JD, Lowe NJ, Menter MA, Gibson J, Eadie N, Botox Glabellar 
Lines II Study Group. Double‑blind, placebo‑controlled study of the safety 
and efficacy of botulinum toxin type A for patients with glabellar lines. Plast 
Reconstr Surg 2003;112:1089‑98.

17. Lowe PL, Patnaik R, Lowe NJ. A comparison of two botulinum type a toxin 
preparations for the treatment of glabellar lines: double‑blind, randomized, 
pilot study. Dermatol Surg 2005;31:1651‑4.

18. Prager W. Differential characteristics of incobotulinumtoxin A and its use in 
the management of glabellar frown lines. Clin Pharmacol 2013;5:39‑52.

19. Carruthers A, Carruthers J. Commentary: long‑term treatment of glabellar 
rhytides using onabotulinumtoxina. Dermatol Surg 2011;37:929‑30.

20. Prager W, Huber‑Vorländer J, Taufig AZ, Imhof M, Kühne U, Weissberg R, 
Kuhr LP, Rippmann V, Philipp‑Dormston WG, Proebstle TM, Roth C, 

Kerscher M, Ulmann C, Pavicic T. Botulinum toxin type A treatment to the 
upper face: retrospective analysis of daily practice. Clin Cosmet Investig Dermatol 
2012;5:53‑8.

21. Moy R, Maas C, Monheit G, Huber MB, Reloxin Investigational Group. 
Long‑term safety and efficacy of a new botulinum toxin type A in treating 
glabellar lines. Arch Facial Plast Surg 2009;11:77‑83.

22. Brandt F, Swanson N, Baumann L, Huber B. Randomized, placebo‑controlled 
study of a new botulinum toxin type a for treatment of glabellar lines: efficacy 
and safety. Dermatol Surg 2009;35:1893‑901.

How to cite this article: Bank J, Phillips NA, Casas LA. Patient-
centric dose equivalency pilot study of incobotulinumtoxin a (xeomin) 
vs. abobotulinumtoxin a (dysport) in the treatment of glabellar frown 
lines. Plast Aesthet Res 2015;2:12-6.
Source of Support: Nil, Conflict of Interest: None declared.
Received: 24-07-2014; Accepted: 28-09-2014



Plastic and Aesthetic Research

Plast Aesthet Res || Vol 2 || Issue 1 || Jan 15, 2015  17

INTRODUCTION

The increased use of neoadjuvant chemotherapy (NAC) has 
altered the therapeutic management of patients with clinical 
stage II and III breast cancer. For patients with large breast 

tumors, NAC has been shown to significantly reduce tumor 
size in > 90% of cases, thus increasing the proportion of 
patients eligible for breast conservation surgery (BCS).[1] 
Conversely, in women undergoing mastectomy for early‑stage 
breast cancer, skin‑sparing mastectomy (SSM) followed by 
immediate breast reconstruction (IBR) has been shown to 
result in acceptable oncologic and esthetic outcomes and 
good patient satisfaction.[2‑5] There is increasing evidence 
that NAC followed by SSM and postmastectomy radiation 
therapy results in favorable long‑term local control and 
survival rates.[6,7] It is generally accepted that NAC does not 
increase complication rates after SSM and IBR but that NAC 
patients undergo IBR and delayed breast reconstruction 
with decreased frequency.[8,9] However, it is unclear whether 
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the use of NAC increases the likelihood that patients 
with stage II and III breast cancer will receive SSM with 
immediate reconstruction, or if it changes the use of 
reconstructive modality.

Given the clear preference for skin‑preserving mastectomy 
with IBR in the majority of patients undergoing mastectomy, 
the interaction of these therapeutic options and their 
impact on outcomes needs to be elucidated.[10‑13] In light of 
the advantages of NAC on improving breast conservation 
rates, if applied to patients undergoing mastectomy, it 
could both allow for more skin preservation and improve 
the reconstructive options that can be offered to these 
patients.[14,15] For patients with clinical stage II‑III breast 
cancer who would otherwise not be candidates for SSM, 
conversion from non‑SSM to SSM allows reconstructive 
surgeons to optimize outcomes due to the preservation of 
the three‑dimensional skin envelope, the key component 
of an aesthetically acceptable breast reconstruction.

The purpose of this study was to compare the clinical 
characteristics and outcomes of patients with large 
primary and locally advanced breast cancer (stages II 
and III) with or without NAC and IBR after mastectomy. 
Objectives of this study were to determine the impact of 
NAC and other clinical factors on the rate of SSM and the 
choice of the reconstructive modality in these patients.

METHODS

We searched the plastic surgery, breast surgical oncology 
and breast medical oncology databases for patients with 
stage II‑III breast cancer who underwent IBR. We excluded 
patients whose records lacked information about the type 
of primary surgery or whether the patient had received 
NAC. All patients were treated at the same tertiary referral 
center. American Joint Committee on Cancer clinical disease 
stage, patient demographic information, and the side of 
the affected breast were recorded for all patients. Data 
were collected from clinic notes, patient charts, operative 
reports, and prospectively entered plastic surgery, medical 
oncology, and breast surgical oncology databases.

For statistical analyzes, patients who underwent IBR were 
separated into two groups: patients who underwent 
SSM and patients who underwent non‑SSM. Clinical and 
pathological data were tabulated for each of these groups. 
For comparison of all categorical variables, Chi‑square 
analysis or Fisher’s exact test (when sample sizes were 
small) was used. For continuous variables, Student’s t‑test 
or the rank sum test (when variances from comparison 
groups were not equal) was used. All P  values were 
two‑tailed, and we considered P ≤ 0.05 to be significant. 
Stata statistical software (StataSE 10, StataCorp LP, College 
Station, TX) was used for all statistical analyzes.

RESULTS

We identified 409 patients with stage II‑III breast cancer 
who met study criteria for inclusion. Table 1 shows the 
clinical characteristics of patients who underwent SSM vs. 

those who underwent non‑SSM. There was a statistically 
significant relationship between clinical stage of disease 
and the utilization of SSM or non‑SSM (P < 0.0001). 
Seventy‑five percent of patients with stage II disease and 
50% of patients with stage III disease underwent SSM. 
Tumor size also had a significant impact on the utilization 
of SSM (P = 0.017): patients who underwent SSM had a 
mean tumor size of 3.1 cm (range, 0.5‑14 cm) vs. a mean 
tumor size of 3.9 cm (range, 0.8‑20 cm) for patients who 
underwent non‑SSM. The authors found a significant 
difference in the size of excised skin in non‑SSM vs. SSM 
patients (56.2 cm2 vs. 22.3 cm2, P < 0.01). As a consequence 
of the need to replace breast skin, the type of IBR was 
significantly affected by whether the patient underwent 
SSM or non‑SSM (P = 0.001). Fifty‑one‑point‑four percent of 
SSM patients ultimately had implant‑based reconstruction, 
41.4% had autologous reconstruction, and only 7.2% had a 
latissimus dorsi flap plus a breast implant, vs. 36.8%, 44.4%, 
and 18.8% for non‑SSM patients, respectively.

Despite the findings that 57.8% of the SSM patients received 
NAC and 69.5% of the patients who had NAC underwent 
SSM, NAC was not shown to have a significant impact on 
whether a patient underwent SSM or non‑SSM (P = 0.3). 
Table 2 compares the clinical characteristics of SSM and 
non‑SSM patients who underwent NAC. Similar to the 
listing in Table 1 (which includes all study participants), 
75.5% of patients with stage II and 49.1% of patients 
with stage III disease who received NAC underwent SSM 

Table 1: Comparisons of clinical characteristics 
between patients who underwent SSM and patients 
who did not (n = 409)
Characteristics Non-SSM 

(n = 117)
SSM 

(n = 292)
P

Age
Mean 48.1 47.3 0.4
Median (range) 47 (29-76) 48 (23-75)

Race
White 89 (29.1) 217 (70.9) 0.7
Other 28 (27.2) 75 (72.8)

Clinical TNM stage
Stage II 87 (24.9) 262 (75.1) < 0.0001
Stage III 30 (50.0) 30 (50.0)

Tumor size (cm)
Mean 3.9 3.1 0.017*
Median (range) 3 (0.8-20) 2.9 (0.5-14)

Neoadjuvant chemotherapy
No 43 (25.9) 123 (74.1) 0.3
Yes 74 (30.4) 169 (69.6)

Year of surgery
2007 20 (32.3) 42 (67.7) 0.7
2008 35 (29.9) 82 (70.1)
2009 62 (27.0) 168 (73.0)

Reconstruction type
Tissue expander followed 
by implant

43 (36.8) 150 (51.4) 0.001

Autologous 52 (44.4) 121 (41.4)
Latissimus dorsi flap 22 (18.8) 21 (7.2)

Data are shown as n (%). *Rank sum test. SSM: Skin‑sparing mastectomy, 
TNM: Tumor node metastasis
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with immediate reconstruction (P < 0.0001). Among the 
patients who received NAC, the mean clinical tumor size 
for the patients who underwent SSM was 3.5 cm (range, 
0.5‑14 cm) compared with 4.6 cm (range, 0.8‑20 cm) 
for those who underwent non‑SSM (P = 0.025). Of the 
patients who received NAC followed by SSM, 54.4% had 
implant‑based reconstruction, 39.6% had autologous 
tissue flap reconstruction only, and 5.9% had a latissimus 
dorsi myocutaneous flap plus a breast implant, vs. 27%, 
46%, and 27% for non‑SSM patients, respectively.

Figure 1 displays by year the percentages of patients 
with stage II and III disease who underwent SSM, with or 
without NAC. In the latter years of this study, a statistically 
significant increase occurred in the percentage of patients 
with both stage II and III disease who underwent SSM 
with immediate reconstruction. This increase in SSM with 
immediate reconstruction was most notable in patients 
with stage III disease, especially between the time periods 
2007 and 2009.

DISCUSSION

In this report, we present our experience with patients 
with clinical or pathological Stage II and III breast cancer 
who underwent IBR. We found that approximately 75% of 
patients with stage II disease and about half of patients 
with stage III disease underwent SSM. Patients who 
received NAC followed by SSM with IBR had larger clinical 
tumors than those who did not. More than half of these 
patients ultimately had implant‑based reconstruction, 
without the need for additional skin from either a 

latissimus dorsi flap or other autologous tissue flap. 
Immediate reconstruction with an autologous tissue flap 
was affected by the availability of the breast skin envelope 
as seen in the significantly increased utilization of flaps in 
non‑SSM as opposed to SSM patients. Preservation of the 
breast skin envelope thus appeared most beneficial for 
immediate reconstruction with a tissue expander followed 
by an implant.

Although the use of NAC was not associated with an 
increase in the use of SSM and IBR (71.4% in all patients, 
vs. 69.5% in NAC patients, P  = 0.3), it was associated 
with the choice of reconstruction (P < 0.0001). NAC 
had a moderate effect on the proportion of patients 
who underwent implant‑based or autologous tissue flap 
reconstruction, and a larger proportional difference in 
patients who underwent reconstruction with a latissimus 
dorsi flap plus breast implant. The authors suspect that 
less breast skin was sacrificed during mastectomies in 
the NAC cohort, resulting in this difference. However, 
while fewer SSM patients who had NAC had a latissimus 
dorsi flap plus breast implant than those who did not 
have NAC (5.9% vs. 7.2%), this finding was not statistically 
significant (P = 0.765, Chi‑square).

While one purpose of NAC is to facilitate the conversion 
of mastectomy to BCS, the authors hypothesized that in 
patients with locally‑advanced breast cancer (i.e. stage II 
and III) it can also reduce the morbidity of mastectomy 
by converting patients who would otherwise receive 
non‑SSM to SSM. There was a significantly higher 
percentage of Stage III breast cancer patients in the 
NAC cohort (22.6% vs. 14.7%, P  < 0.05). NAC patients 
furthermore had larger tumors on average (3.5 cm, vs. 
3.1 cm for non‑neoadjuvant patients), potentially allowing 
the use of SSM in more patients who would otherwise 
not be candidates. Additionally, a greater percentage 
of SSM patients who had NAC had implant‑based breast 
reconstruction than those who did not have NAC, which 
may indicate that more mastectomy skin was preserved at 
the time of SSM. Indeed, the authors found a significant 
difference in the size of excised skin in non‑SSM vs. SSM 
patients (56.2 cm2 vs. 22.3 cm2, P < 0.01). It is our current 
practice to reconstruct non‑SSM patients with either a 
latissimus dorsi flap + implant or autologous tissue, thus 
highlighting the role of mastectomy skin preservation in 
shaping reconstructive choices.

Breast conservation surgery has become an integral 
part of the management of breast cancer patients. 
It provides effective locoregional management and 
reduces the negative psychosocial impact related to 
mastectomy.[16,17] Its oncologic safety is now documented; 
it does not increase local or distant recurrence, nor 
does it adversely affect disease‑free or overall survival. 
Furthermore, there is no significant delay in detection 
of cancer recurrence.[18‑21] However, many patients still 
require mastectomies as standard treatment for breast 
cancer.[8,22,23] Many institutions have adopted the use 
of NAC to facilitate the conversion of mastectomy to 
breast‑conserving surgery or inoperable tumors to 
operable tumors in women with locally advanced breast 

Table 2: Comparisons of clinical characteristics of 
patients who received neoadjuvant chemotherapy 
with or without SSM (n = 243)
Characteristics Non-SSM 

(n = 74)
SSM 

(n = 169)
P

Age
Mean 46.8 45.8 0.4
Median (range) 47 (29-69) 47 (25-75)

Race
White 53 (29.0) 130 (71.0) 0.4
Other 21 (35.0) 39 (65.0)

Clinical TNM stage
Stage II 46 (24.5) 142 (75.5) < 0.0001
Stage III 28 (50.9) 27 (49.1)

Tumor size (cm)
Mean 4.6 3.5 0.025*
Median (range) 4 (0.8-20) 3 (0.5-14)

Year of surgery
2007 15 (36.6) 26 (63.4) 0.3
2008 23 (34.3) 44 (65.6)
2009 36 (26.7) 99 (73.3)

Reconstruction type
Tissue expander 
followed by implant

20 (27.0) 92 (54.4) < 0.0001

Autologous 34 (46.0) 67 (39.6)
Latissimus dorsi flap 20 (27.0) 10 (5.9)

Data are shown as n (%). *Rank sum test. SSM: Skin‑sparing mastectomy, 
TNM: Tumor node metastasis
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cancer.[7] In patients with skin involvement or frank T4b 
disease, NC has enabled an opportunity for SSM in patients 
where skin involvement regresses clinically.[20] However, 
little has been studied regarding the effects of NAC on 
IBR. Patients who receive IBR have better esthetic results, 
better psychosocial outcomes, and lower costs of surgery 
compared to patients who undergo delayed reconstruction 
or no reconstruction.[24] In these patients, SSM has clear 
advantages over non‑SSM in that it preserves the breast’s 
three dimensional architecture. Furthermore, many 
studies have shown that SSM with IBR does not increase 
local or distant recurrence, demonstrating the oncological 
safety of this technique.[2,18] IBR after mastectomy is now 
routinely recommended for selected patients according to 
the National Comprehensive Cancer Network Guidelines.[19] 
Compared with non‑SSM, SSM is far superior as regards 
cosmetic outcomes and is expected to remarkably reduce 
the emotional trauma due to the sense of loss of a breast 
that is perceived by the patient just after surgery.[25]

Although there have been some studies on the 
usefulness of SSM in locally advanced breast cancer,[21,26] 
its application is still debated. It is commonly approved 
that local control, prognosis, and risk of complications 
are the same for SSM and NSSM, at least in stages 0, I, 
and II. SSM is still considered to be contraindicated for 
inflammatory breast cancer and breast cancer with skin 
invasion.[25] So far, no study had addressed the issue 
of the influence of clinical characteristics on the type 
of breast reconstruction, especially for patients with 
advanced breast cancer. We found similar utilization of 
reconstructive modalities between non‑NAC and NAC 
cohorts, despite the increased rate of stage III patients 
in the NAC cohort. The authors argue that NAC facilitates 
higher stage patients to undergo SSM‑IBR, thus optimizing 
care in these patients.

Previous reports have documented a decreased receipt of 
breast reconstruction in NAC patients. Hu et al. revealed 
that recipients of neoadjuvant therapy are less likely to 
undergo immediate reconstruction, even after controlling 
for age, disease stage, and receipt of radiotherapy.[27] 
They assumed that, the average NAC recipient has a 
28% chance of undergoing immediate reconstruction 
compared with 40% for the average patient who 
receives only adjuvant chemotherapy. These neoadjuvant 

recipients, however, are not more likely to progress to 
delayed reconstruction. Only younger age and lower BMI 
seem to predict delayed reconstruction among patients 
who do not undergo immediate reconstruction.[27] 
Conversely, some patients undergoing NAC may develop 
treatment fatigue and may be unwilling to undergo 
elective breast reconstruction.[28]

There are a number of limitations of our study. Since tissue 
expansion with two‑stage reconstruction can be used for 
patients short of breast skin, a more logical comparison 
assessing the impact of NAC on SSM‑IBR would evaluate 
direct‑to‑implant, one‑stage implant reconstruction. Since 
we were only beginning to use this technique at the 
time of the study, there were not sufficient patients in 
the study cohort to examine this subject. In addition, our 
comparison of breast skin specimens (as noted above) 
makes this examination unnecessary. Direct comparison 
between NAC and non‑NAC groups was confounded 
because tumor size was statistically larger in the NAC 
group (3.5 cm vs. 3.1 cm for SSM patients), and there was 
a statistically higher proportion of stage III patients in 
the NAC cohort. Patient cohort size did not permit us to 
confine statistical analysis only to patients with tumors 
larger than 3.5 cm or stage III patients. In addition, most 
patients with stage III disease already receive NAC, thus 
confounding this relationship. Of note, the authors found 
an increasing percentage of patients undergoing SSM 
over the course of the study, most notably in Stage III 
breast cancer patients [Figure 1]. While this is certainly 
multifactorial in nature, the use of NAC is a likely 
contributor to this phenomenon. However, a full analysis 
of this relationship is beyond the scope of this article.

Thus, far NAC has mainly been considered by medical 
oncologists as a predictor of response to chemotherapy 
and by breast surgeons as a means to increase eligibility 
for partial mastectomy instead of mastectomy. However, 
its use to reduce the morbidity of mastectomy in 
patients with Stage II and III breast cancer, including the 
need to resect breast skin and subsequently enhance 
reconstructive outcomes, is an intriguing possibility. In 
this large single‑center study, we found that NAC did 
not statistically increase the use of SSM, but did affect 
the types of reconstruction used. Further work will help 
elucidate the role of NAC in IBR.

Figure 1: Percentage of patients receiving skin‑sparing mastectomy (SSM) only or SSM with neaoadjuvant chemotherapy, vs. stage of breast cancer, for 
years 2007‑2009
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INTRODUCTION

Wound contraction is a normal physiological phenomenon 
reducing the area of a skin defect and therefore expediting 
its closure. This contraction is based on scar contraction 
and myofibroblast activity; all originate from granulation 
tissue that develops during the 1st week of the 
inflammatory process, part of the normal wound‑healing 
course. The application of skin grafts to fresh skin 
defects has been proven to reduce wound contraction 
and hypertrophic scarring compared with full‑thickness 
wounds that have been left to granulate and heal by 
secondary intention alone.[1,2] However, skin grafts can also 

contract, resulting in a compromised esthetic outcome 
and restricted mobility of the joints involved.

Skin graft contraction occurs in two stages: primary and 
secondary contraction. Primary contraction refers to the 
immediate reduction in size of the skin graft, directly 
after it has been harvested from its donor site. Primary 
contraction is due to passive recoil of the elastin fibers in 
the dermis and is, therefore, dependent upon the thickness 
of the graft. Full‑thickness skin grafts (FTSGs) contain large 
volumes of elastin‑containing dermis and consequently 
exhibit the greatest degree of primary contraction. Due 
to the reduced volume of dermis included, spilt‑thickness 
skin grafts (STSGs) exhibit less contraction, whereas pure 
epidermal grafts do not contract.[3] Secondary contraction 
is due to a wound bed contraction. This secondary 
contraction reduces both the size of the graft at the 
interface with its recipient bed and the circumference of 
the graft at its periphery.[1,4] Traditionally, it is accepted 
that the degree of secondary contraction is inversely 
related to the thickness of the graft of FTSGs to minimize 
the extent of secondary contraction.[5] Studies have shown 
that a granulating recipient bed, burn size, young age 
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of the patient, anatomical area and grafting over mobile 
tissues may prompt skin graft contraction.[1,5‑7]

Skin grafting is a major element of reconstructive 
surgery. It is, therefore, important that every aspect of its 
practice is thoroughly investigated and evaluated. Primary 
contraction was first described and assessed by Davis 
and Kitlowski in 1931.[3] The authors of that pioneering 
study used human specimens, a practice that has some 
limitations regarding the number, size and shape of skin 
grafts. Furthermore, although > 80 years have elapsed, 
there have not been any studies that further looked 
further into the development and cause of primary 
contraction. In this preliminary in  vivo porcine study, we 
assessed the degree of primary skin graft contraction and 
investigated whether the shape of skin grafts affects the 
degree of contraction.

METHODS

The study was conducted at an accredited animal research 
facility (CRO, Lahav Research Institute, Lahav, Israel) 
following national and institutional guidelines for the 
care and use of laboratory animals.[8] The animals were 
anesthetized female domestic pigs (Susscrofa), weighing 
approximately 30 kg. The study was approved by the 
Institutional Animal Care and Use Committee.

The study consisted of two parts. In the first part, 
we compared the contraction of FTSGs and STSGs. 
Four animals participated in the study, and a total 
of 67 specimens of skin grafts were harvested from 
the back of the pigs, 41 and 26 of FTSGs and STSGs, 
respectively.

For the study of the FTSG contraction, circles of 4 cm 
diameter were drawn with a permanent marker on the skin 
of each pig [Figure 1]. The area of the circles marked was 
calculated using the formula: area = πr2, where r = radius 
of  the  circle  and  π =3.14,  resulting  in  the  area  value  of 
12.56 cm2. The skin was excised with a No. 15‑blade in a 

circle shape and meticulously defatted. The FTSGs were 
placed on a flat surface 15 min after skin graft harvesting 
to facilitate complete primary contraction; their diameter 
was measured in 3 axes (with an axis‑to‑axis angle of 120°) 
and the average diameter was used to calculate the radius 
of the circle [Figure 1]. The mean value of the diameter 
was computed, and the surface was again calculated using 
the formula: area = πr2.

For the study of STSG contraction, a rectangle stripe of 
4 cm height and 40 cm width was drawn with a permanent 
marker on the pig. Additional lines were drawn vertically 
to produce 10 squares of equal 4 cm sides [Figure 1]. The 
area of each square was calculated using the formula: 
area = s2, where s = side of the square and the initial 
area value of 16 cm2 were recorded. All STSGs were 
harvested with a dermatome adjusted to 0.014 inch 
skin thickness, corresponding to moderate to thick skin 
grafts. The stripe was cut into squares according to our 
drawings, and the grafts were placed on a flat surface and 
left there for 15 min before measuring [Figure 1]. Due 
to the primary contraction, the initial squares changed 
into rectangles. Each side of the contracted STSGs was, 
therefore, measured, and the surface was calculated 
using the formula: area = h × w, where h = height and 
w = width.

In the second part, we examined whether the shape 
of the skin graft affected the degree of contraction. 
For that purpose, we took a total of 27 specimens, 
harvested from the back of a single pig [Figure 2]. Nine 
of these specimens were circle‑shaped FTSGs, 6 were 
square‑shaped FTSGs, 8 circle‑shaped STSGs and 4 
square‑shaped STSGs. The harvesting and calculation of 
the area of FTSGs and that of square‑shaped STSGs were 
made in the same way as in the first stage of our study, 
with the initial surface area being 12.56 cm2 and 16 cm2 
for the circle‑ and square‑shaped specimens, respectively. 
For harvesting circle‑shaped STSGs, we used a dermatome 
to create a “skin belt” graft, which was subsequently cut 
into a circle‑shaped skin graft with scissors. All STSGs 
were harvested with a dermatome adjusted to 0.014 inch 
skin thickness [Figure 2].

Statistical analysis was performed using Microsoft Excel 
2003® (Microsoft, Redmond, Washington, USA) and SPSS® 
version 14 (IBM‑SPSS Inc., New York, USA). Statistical tests 
used Pearson’s Chi‑square test and Student’s t‑test.

Figure 1: First part of study. (a) Skin grafts marked on the back of the 
animal. Circles are drawn with a permanent marker for the full‑thickness 
skin grafts (FTSGs) and squares for the split‑thickness skin grafts 
(STSGs). (b) Full‑thickness skin grafts after excision and defattening. 
(c) STGSs after excision

c
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Figure 2: Second part of study. (a) Investigation of possible relation 
of shape of skin graft with degree of primary contraction. Circle‑ and 
square‑shaped skin grafts excised from the back of a single animal. 
(b) Circle‑ and square‑shaped full‑thickness skin grafts and split‑thickness 
skin grafts after excision
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RESULTS

In the first part of the study, comparison was made 
between the contractions of FTSGs and STSGs. The initial 
surface area of the FTSG specimens was 12.56 cm2. After 
excision and defatting, the area values of the contracted 
skin grafts ranged from 12.6 cm2 (0% shrinkage) to 9.3 cm2 
(25.6% shrinkage). The mean area value of the FTSGs 
after primary contraction was 11.1 cm2 and the median 
was 11.0 cm2. The mean percentage of graft shrinkage 
was 12.0% and the median was 12.2% [Table 1]. The initial 
surface area of the STSG specimens was 16 cm2. After 
harvesting with the dermatome, the area values of the 
contracted skin grafts ranged from 16 cm2 (0% shrinkage, 
1 specimen recorded) to 13.30 cm2 (17% shrinkage). The 
mean area value of the STSGs after primary contraction 
was 14.9 cm2 and the median was 15.2 cm2. The mean 
percentage of graft shrinkage was 6.9% and the median 
was 5.0% [Table 1]. FTSGs presented greater primary 
contraction than STSGs at a statistically significant level 
(P = 0.0011) [Table 1].

In the second part, the role of the skin graft shape on 
primary skin contraction was investigated. The initial 
surface area of the circle‑shaped specimens of both 
FTSGs and STSGs was 12.6 cm2 and the initial surface 
area of the square‑shaped specimens was 16.0 cm2. After 
excision and defatting, the circle‑shaped FTSGs had a 
calculated surface range from 12.3 cm2 (2.0% shrinkage) 
to 11.3 cm2 (9.8% shrinkage). The mean area value of the 
circle‑shaped FTSGs was 11.8 cm2 and the median was 
11.7 cm2. In this group, the mean percentage of graft 
shrinkage was 5.8% and the median was 6.9% [Table 2]. 
On the other hand, the square‑shaped FTSGs ranged 
from 15.6 cm2 (2.5% shrinkage) to 14.8 cm2 (7.4% 
shrinkage). The mean area value of the square‑shaped 
FTSGs was 15.3 cm2 and the median was 15.4 cm2. In the 
square‑shaped FTSGs group, the mean percentage of graft 
shrinkage was 4.2% and the median was 3.8% [Table 2]. 

The comparison of primary contraction values between 
square‑ and circle‑shaped FTSG specimens was not 
statistically significant (P = 0.14). The circle‑shaped STSG 
specimens demonstrated a primary contraction ranging 
from 12.6 cm2 (0% shrinkage) to 11.9 cm2 (5.0% shrinkage). 
The mean area value of the circle‑shaped STSGs was 12.4 
cm2 and the median was 12.6 cm2. In the circle‑shaped 
STSGs group, the mean percentage of graft shrinkage was 
1.1% and the median was 0% [Table 2]. The square‑shaped 
specimens showed primary contraction ranging from 
16.0 cm2 (0% shrinkage) to 15.8 cm2 (1.3% shrinkage). The 
mean and median area values of the square‑shaped STSGs 
were both 16.0 cm2. In the square‑shaped STSGs group, 
the mean percentage of graft shrinkage was 0.31% and 
the median was 0% [Table 2]. The different shrinkage rates 
between square‑ and circle‑shaped STSG specimens were 
not statistically significant (P = 0.33).

DISCUSSION

Skin graft contraction is a common problem resulting 
in significant morbidity with restriction of joint mobility 
and cosmetic complications, often requiring multiple 
corrective operations. Secondary contraction has received 
the most research emphasis due to the fact that it is 
clinically more important than primary contraction. 
Secondary contraction often results in severe effects 
on body function or patient appearance. Studies on 
the cellular activity underlying skin graft contraction 
support a most probable theory that the contraction 
occurs secondary to the differentiation of fibroblasts 
to myofibroblasts with expression of α‑actin filament 
bundles which exert an inward pull on the wounds 
edges.[1,9,10] The myofibroblasts have contractile properties 
similar to smooth muscle cells and organize their actin 
cytoskeleton along the lines of greatest skin tension.[1,11] 
As the myofibroblasts are adherent both to one another 
and to the fibronectin‑rich wound bed, the entire mass 
of granulation tissue contracts.[1] Keratinocytes may also 

Table 1: First part of the study: comparison between contraction of FTSGs and STSGs
Skin 
graft 
type

Initial area 
value (cm2)

Mean area value 
after primary 

contraction (cm2)

Mean percentage of 
area value of FTSG to 

the initial area value (%)

Mean 
percentage of 
shrinkage (%)

SD P
t-test FTSG 

versus STSG
FTSG 12.56 11.5 87.96 12.04 0.069 0.0011
STSG 16 14.9 93.13 6.87 0.052

FTSG: Full thickness skin graft, STSG: Split thickness skin graft, SD: Standard deviation

Table 2: Second part of the study: evaluation of the role of shape of skin graft in primary skin contraction
Skin graft type Initial area 

value 
(cm2)

Mean area value 
after primary 

contraction (cm2)

Mean percentage of 
area value of FTSG to 

the initial area value (%)

Mean 
percentage of 
shrinkage (%)

SD P 
t-test circle 

versus square
FTSG
Circle shaped FTSGs 12.56 11.5 87.96 12.04 0.069 0.0011
Square shaped FTSGs 16 14.9 93.13 6.87 0.052

STSG
Circle shaped STSGs 12.56 11.83 94.17 5.83 0.021 0.142
Square shaped STSGs 16 15.34 95.85 4.15 0.016
FTSG: Full‑thickness skin graft, STSG: Split‑thickness skin graft, SD: Standard deviation
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play a distinct role at the early stages of contraction, 
since studies have shown that keratinocytes are capable 
of inducing collagen gel contraction in vitro.[12‑15] The 
actinfilament organization within keratinocytes at the 
wound margin appears to be responsible for the epidermal 
“purse‑string phenomenon”.[14] In addition, cytokines and 
growth factors such as ransforming growth factor‑β1, 
insulin‑like growth factor and fibroblast growth factors 
have also been found to play a major role in secondary 
contraction.[15] Unlike secondary contracture, which is 
the result of a prolonged biological process, primary skin 
graft contraction is mainly an immediate physical change 
in graft dimensions mediated by the tough fibrous layer 
of the dermis, which is primarily composed of collagens, 
glycosaminoglycans and elastins.

Davis and Kitlowski[3] were the first to study the primary 
contraction of skin grafts. The authors used skin grafts from 
patients of various age and donor sites and recorded the 
percentage of skin contracture in relation to the thickness 
of the graft. Their results showed that, regarding the 
“whole thickness skin grafts” (FTSGs), the mean amount of 
shrinkage was 43.6% with little variations according to the 
donor site. The “half thickness skin grafts” (mid thickness 
split thickness STSGs) were presented with a mean shrinkage 
of 24.86% and the “thick Ollier‑Thiersch grafts” (small grafts 
with thinner periphery and thicker‑centered STSGs) with 
a mean shrinkage of 11.26% and 11.95% for abdominal 
and thigh donor sites, respectively. The very thin “true 
Ollier‑Thiersch grafts” (thin thickness STSGs) demonstrated 
a greatly reduced primary contraction of 1.24%.[3] According 
to the authors, the shrinkage observed was in direct 
relation to the amount of dermis included in the harvested 
skin grafts. Using specimens from humans, however, had 
the limitation that the grafts and their donor sites could 
not be standardized according to the site, size and shape 
of the examined grafts. Homogeneity of the samples was 
further compromised due to variables like gender and age 
of the studied subjects.

Other authors had previously referred to the etiology of 
skin graft contraction, coming to the conclusion that the 
network of elastic fibers of the dermis is responsible for 
its ability to stretch under the movement of the underlying 
tissues, as well as for the shrinkage of the skin graft.[16] In 
Ragnell’s study on the secondary contracting tendency of 
free skin grafts, the elasticity of circular pieces of rabbit 
skin was estimated using a manometer device. The author 
concluded that rabbit skin presented uniform elasticity, 
but no further studies on primary skin graft contraction 
were performed.[16]

Skin is a very complex, integrated, dynamic organ 
that has many functions. In mammals, the primary 
functions of the skin include insulation and temperature 
regulation, although the role of the skin as an endocrine 
organ and a critical component of the immune system 
cannot be ignored.[17] Species differences in all of these 
functions may dramatically alter skin behavior regarding 
its mechanical characteristics or drug absorption. When 
barrier, pelage, vascular, endocrine and immunological 
properties are considered en masse, pigskin is very similar 

to human skin.[17] Pigskin resembles human skin in both 
structure and function, having similar sparse hair coating, 
a relatively thick epidermis, similar turnover kinetics, lipid 
composition, carbohydrate biochemistry, lipid biophysical 
properties, and – what is most relevant to the present 
study – a similar arrangement of dermal collagen and 
elastic fibers.[9,18] All these similarities establish the pig to 
be an essential model in cutaneous research. Since in vivo 
experiments on primary skin grafts would require grafts 
of different shapes, minimum dimensions of 2 or 3 cm, 
symmetrical locations of the grafts and suitable controls, 
human experimental material is not available.

In our study, the skin grafts were harvested from pigs, 
resulting in standardized specimens in terms of size, shape 
and location of the donor site and at the same time, skin 
behavior close to that of human skin. The substantial 
differences between our results and the results reported 
by Davis and Kitlowski,[3] however, point out the different 
primary contraction behavior of human and porcine skin. 
Although similar in many ways, different thicknesses and 
possibly different elastic properties between human and 
porcine skin may lead to different contraction behaviors 
of skin grafts. Furthermore, the rate of primary skin 
contraction probably depends on donor site characteristics. 
Clinical experience shows that skin harvested from the 
backs of patients presents limited contraction when 
compared with skin grafts from other sites. Furthermore, 
there was one specimen from the STSG group of the first 
part of the study that surprisingly showed 0% shrinkage. 
Since 0% primary skin contraction before is rather unusual, 
we believe that this behavior was related to a specific 
donor site and will be further investigated in upcoming 
studies. Another possible reason for such a discrepancy 
in skin graft shrinkage could be technical difficulties: 
harvesting very thin skin grafts with small amounts of 
dermismay have been responsible for graft contraction.

The mean percentage of primary skin graft contraction 
has found to be different in the two parts of the study, 
with mean values for both FTSG and STSG contraction 
showing inconsistencies between the study series. These 
unexpected differences were probably due to the small 
number of specimens in the second part, which did not 
yield statistically significant results. Furthermore, the use 
of only one animal in the second part of the study may 
have magnified the role of biological variation, a matter 
that will be further investigated in future larger studies.

To the best of our knowledge, primary skin contraction 
in relation to the shape of the skin graft has never been 
investigated before. In our study the mean graft shrinkage 
was 5.8% and 4.2% in circle‑shaped and square‑shaped 
FTSGs, respectively [Table 2]. The difference was 
more notable in the STSGs, where the circle‑shaped 
specimens showed graft shrinkage of 1.1%, whereas 
the square‑shaped present a mere 0.31% [Table 2]. 
The difference recorded could be due to the relation of 
the line of contraction with the skin tension lines. Square 
specimens have one contraction vector that runs parallel 
to the direction of the skin tension lines, whereas the 
round‑shaped specimens have multiple contraction 
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vectors positioned at various angles to the skin tension 
lines. Theoretically, the projection of the skin tension 
lines to the radii of the circle‑shaped specimens could 
possibly add to their total graft shrinkage. Due to the 
small number of specimens, however, further studies 
should be conducted in order to determine potential 
statistically significant findings.

Mean percentage of primary contraction for square STSGs 
was found to be 3.8 times higher than round STSGs 
(4.2% and 11% for square and circular STSGs, respectively). 
The recorded difference for the FTSGs, however, is not 
that prodigious. Since this is only a preliminary report 
with a small number of specimens involved, we believe 
that future studies will help to clarify the issue.

Limitations regarding human specimens necessitate the 
use of animal models; further studies are required in 
order to investigate whether pigskin is suitable for the 
study of primary graft contraction. The study cohort is 
limited and a larger series for all arms is needed for a 
better understanding of these phenomena.

Skin grafts are widely used and any information 
regarding their characteristics is valuable. Our 
preliminary report reveals an expected increased 
shrinkage of FTSGs compared to STSGs and in a limited 
number of specimens, the shape of the skin graft seems 
to affect primary contraction of the STSGs. Although 
it is difficult to dramatically change the shape of skin 
grafts, if this feature is ultimately found to alter primary 
contraction, the results could possibly be applied in 
clinical practice.
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INTRODUCTION

One of the traditional benefits that aesthetic surgery 
offers to patients is the improvement in self‑esteem. 
The appearance of the external genitalia, both male and 
female, can have similar degrees of influence on social 
relationships and may cause a concern similar to that 
generated by a lipodystrophy or a nose with inadequate 
proportions. Given the unrealistic expectations (sometimes 
fanciful) that these patients tend to assume about 
the anticipated results, it is essential to properly and 
thoroughly inform patients about treatment characteristics, 

limitations, and what results they can expect. Although 
a large number of patients who are interested in genital 
aesthetic surgery request a consult for purely aesthetic 
motivation, as in other domains of aesthetic surgery, there 
are many in which a functional defect coexists with the 
aesthetic burden that can worsen patient experience in 
sexual or social relationships.

Generally speaking, aesthetic surgery of male genitalia is 
focused on increasing penis measures in both length and 
girth. There are, however, ancillary techniques that work 
to improve the “visual” size of the penis and scrotum. At 
the present time, there is only one technique capable of 
increasing girth in erection but none (at least known to 
the author) capable of increasing dynamically the length in 
erection. Therefore, currently, existing techniques are able 
to increase the girth in erection or flaccidity but not both. 
There are surgical techniques that increase the length in 
the flaccid state, but no reports known to the author that 
describe increasing the length of the penis in erection. 
For these reasons the enhancement of the penis size is 
better achieved by performing several surgical techniques 
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simultaneously or in stages. If it is assumed that the penis 
is a cylindrical body, a more successful outcome should 
seek to increase the entire volume (diameter and length) 
than only one of the dimensions [Figure 1]. There is only 
one exception to this approach which is the treatment of 
a buried or partially buried penis. In this case, given the 
importance of adequate pubic skin redraping and marking 
the new peneopubic angle, the author recommends girth 
enhancement in a second staged step.

An important factor that is difficult to standardize is the 
measurement of penile length and girth in flaccidity and 
erection. Several ways to do this are postulated, with the 
main objective of obtaining an accurate estimate of the 
increase in these measures in postoperative follow‑up for 
comparative purposes. As a general rule the established 
mean normal values of flaccid length are between 7.2 cm 
and 11.0 cm measured from the peneopubic angle to the 
tip of the glans, with an average of 9.5 cm. A normal girth 
will vary between 7.7 cm and 12.0 cm, with an average 
of 9.56 cm.[1] It is extremely important that the surgeon 
standardize the method for taking these measurements to 
maintain consistency in daily practice.

The author presents his experience in a retrospective 
study of 275 augmentation phalloplasty procedures. 
The final analysis focuses on the main increase in penis 
measurements (girth and length) in the flaccid state and 
the stability of improvement over time.

METHODS

The author analyzed retrospectively the outcomes of 
275 augmentation phalloplasty procedures performed in 
259 patients. The main motivation for all patients was to 
achieve greater penis size without the development of any 
form of impotence or sexual dysfunction. Mean preoperative 
penis dimensions in the flaccid state were 8.9 cm in 
girth (range, 6.5-10.2 cm) and 9.2 cm in length (range, 
7.4-12.2 cm). Of the 275 procedures, 127 underwent girth 
enhancements with fat grafting and 148 were undertaken 
for composite phalloplasties (girth enhancement with fat 
grafting and length improvement by suspensory ligament 
release). In 16 patients, these procedures were performed 
in two surgical stages, not < 6 months apart. All patients 

signed the corresponding informed consent. The age of 
patients ranged from 23 to 57 years with a mean age of 
38 years. All cases of girth enhancement with fat grafts 
were performed under local anesthesia with sedation on an 
ambulatory basis; composite phalloplasty were performed 
under spinal anesthesia on an ambulatory basis as well. All 
pre and postoperative measures and pictures were taken in 
forced flaccidity (applying a light traction on the penis for 
about 3 s). Postoperative measurements were scheduled on 
the day after the operative procedure and again at 1, 4, 6, 
and 12 months postoperatively.

Girth enhancement with fat grafting
The technique of fat grafting used in this series has been 
published previously.[2,3] Briefly, lipoaspirate is harvested 
with a 20‑hole 3 mm cannula (Quirumat, Spain). The 
lipoaspirate is washed with Ringer’s lactate, and layer 
separation is obtained by decanting for about 30 min. Once 
processed, the washed fat is injected under the dartos and 
Buck’s fascia. The engrafting process must be performed 
with extreme caution, placing fat fragments of no 
> 3 mm in diameter to ensure a proper take and prevent 
necrosis and cyst formation. Whether girth enhancement 
is performed alone or in combination with suspensory 
ligament release, the infiltration cannula is advanced 
from the peneo‑pubic angle towards the preputial skin or 
circumcision scar. The fat is injected in a retrograde fashion 
and distributed all around the girth; this is tailored to the 
needs of each patient, from the peneo‑pubic angle to the 
coronal sulcus scar (if the patient is circumcised) or to the 
foreskin proper (if he is not circumcised). The distribution of 
fat is particularly important in the penis foreskin to prevent 
unaesthetic nodules or bulges or the presence of an offset 
devoid of fat when the patient removes the foreskin. This 
technique can be performed alone (127 + 16 cases in our 
series) or preferably at the same time as the suspensory 
ligament release (148 patients in our series).

The behavior of fat grafted to the penis is mostly the 
same as when performed in other body areas. Although 
postoperative swelling usually takes about 6 weeks to 
disappear, the volume loss in the grafts should stabilize 
by 3-4 months; at this timepoint the improvement in girth 
must be stable.

Composite augmentation phalloplasty
Figures 2 and 3 summarize the sequence of steps 
performed during suspensory ligament release as done in 

Figure 1: The penis can be approximated to a cylinder, and thus, 
enhancement of girth and length at the same time improves real volume. 
From left to right: original size, length improvement, girth improvement, 
both simultaneously

Figure 2: (a) Anatomy of the suspensory ligament: (A) deep neurovascular 
bundle; (B) suspensory ligament; (C) surgical approach. (b) Pick‑ups are 
shown grasping the most caudal and superficial aspect of the ligament
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the current series. Although composite phalloplasty can 
be performed under local anesthesia and sedation, the 
author prefers spinal anesthesia that adds little morbidity 
and enhances patient comfort. The procedure begins with 
a 3.5 cm incision located about 2.5-3.0 cm cranial to 
the peneo‑pubic angle. The first step is to perform the 
dissection and release of the fascial and fasciocutaneous 
attachments. The dissection then proceeds down to the 
front edge of the suspensory ligament. Thus, the release 
must be performed directly from the attachments to the 
symphyseal ligament to avoid accidental damage to deep 
penile neurovascular structures. The release is then carried 
further down, stopping at the start of the pelvic floor. The 
author usually does not release bone attachments except in 
cases of micropenis. After the ligament release is complete, 
corpora cavernosa will move easily forward and downward, 
creating a dead space between these structures and the 
pubic bone; This dead space must be filled with local 
tissues; the availability of these tissues can be extremely 
variable depending on the body mass index of the patient. 
In slim patients it is usually necessary to take the fat that 
surrounds the spermatic cords. When there is enough 
pubic fat, adipofascial flaps can be tailored and turned 
down as described by Hinderer and Espinosa.[4] Available 
tissues are interposed inside the dead space created by the 
ligament release while simultaneously pulling on the penis 
and checking on the stability of the repair.

Upon completion of these steps, a skin gap can be observed 
and that is caused by penis advancement. Although a variety 

of skin plasties can be planned in advance and performed 
at the beginning of the procedure, the author prefers to do 
this once the penis advancement has been completed, to 
modify for each situation. Treatment of the skin gap begins 
by closing the defect in a horizontal fashion [Figure 4]. This 
closure produces two dog ears that will provide the final 
measure of skin advancement. The distal dog ear is tailored 
to provide a Y or T advancement. The proximal dog ear is 
usually smaller and can be managed by defatting and direct 
closure; in about 2-3 months it will flat tenon on its own. 
Performed correctly, closure of the skin by an advancement 
plasty stabilizes and maintains the improvement in 
length [Figure 5]. It must be kept in mind that an overly 
ambitious cutaneous advancement usually results in 
the incorporation of hairy skin and some scrotalization 
of the penis shaft which worsens the aesthetic result. 
Before epidermal closure, the author inserts a vacuum 
drain and then proceeds to girth augmentation with fat 
grafting as previously described. All sutures used including 
epidermal closure can be performed with 4/0 absorbable 
monofilament.

As a rule composite augmentation phalloplasty can be 
performed on an outpatient basis. The drain is removed 
after 24 h and antibiotics are continued for 3 days. After 

Figure 5: Intraoperative views (a) before and (b) after completion 
of composite augmentation phalloplasty. Green arrows depict initial 
incision location. Red arrows mark peneopubic angle

Figure 6: Original model of traction system (JES extender). Today all 
brands look the same as the original

Figure 3: Sequence of suspensory ligament release as performed by the 
author. (a) Transverse incision; (b) symphysis approach and complete 
release; (c) transverse closure, advancement and dog ears; (d) dog ear 
treatment
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Figure 4: Sequence of suspensory ligament release as performed by 
the author. (a) Transverse incision; (b) symphysis approach; (c) complete 
release (green arrow: pubis, blue arrow: urogenital diaphragm); 
(d) transverse initial closure
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15 days, patients can start using the traction system if 
previously circumcised. In noncircumcised patients traction 
must be delayed until foreskin swelling has disappeared. 
The author recommends the use of an extender [Figure 6] 
because it ensures control over initial scar maturation and 
helps to prevent ligament reattachment. In addition, when 
used correctly, additional length is added to that offered 
by the surgical procedure. All patients are encouraged 
to maintain sexual abstinence during the 1st month 
postoperatively.

RESULTS

Of the 259 patients who underwent surgery, 160 provided 
a 6 months follow‑up and 87 completed 12 months of 
follow‑up. In 99 patients follow‑up was < 6 months. The 
average increase in girth was 1.7 cm at 6 months and 
1.6 cm at 12 months and the mean increase in length 
was 3.1 cm and 3.2 cm at 6 and 12 months, respectively. 
In 22 patients (8% of the series) the author detected minor 
complications that were treated without sequelae and 
without influencing the final result. No patient reported 
functional problems or difficulty in sexual activity after the 
second postoperative month. Postoperative length gain did 
not change during the first 6 months of follow‑up. Patients 
who used the extender for at least 3 months after surgery 
achieved modest additional increases in length, which did 
not exceed 1.3 cm. The author was not able to properly 
analyze the increase in erection measurements due to lack 
of data. Figures 7‑9 represent average results of composite 
augmentation phalloplasty. Figures 10 and 11 represent 
average results of penis girth enhancement with fat grafting.

Minor complications encountered after phalloplasty 
were combined infection: marginal wound dehiscence (3 
cases, 2%), the development of small seromas that required 
aspiration (5 cases, 3.4%, especially when performing the 
suprapubic adipofascial flap), liponecrotic cysts that were 
resectable secondarily (4 cases, 2.7% in the first 4 years 
of experience). There were no incidents of keloid scar 
formation, however, in 5 cases the final scar was considered 
hypertrophic. The author currently recommends placement 
of silicone sheets or gels as part of the postoperative 
care. The use of a postoperative traction system is not 
mandatory but helps to minimize the chances of abnormal 
scarring and to gain extra length. Lack of compliance with 
the extender device or the presence of erosion caused by 
the pulling ring is a common cause for abandoning the use 
of postoperative traction. The author did not encounter 
any cases of postoperative paradoxical shortening.

Regarding girth enhancement performed as a stand‑alone 
procedure, the complications were liponecrotic cysts in 
7% of patients (9 cases in the first 5 years of experience), 
1 case of postoperative infection that needed a complete 
antibiotic course (0.8%), and 1 case of fat overgrowth 
due to extreme weight gain (0.8%) [Figure 12]. Lack 
of abstinence, especially during the first 2 weeks, can 
certainly cause the loss of grafted fat to some degree, so 
the patient should be warned about this.

Figure 7: Case 1. preoperative and 11 months postoperative views 
of composite augmentation phalloplasty (40 mL of fat). (a and c) 
Preoperative; (b and d) 11 months postoperative

Figure 8: Case 2. preoperative and 16 months postoperative views 
of composite augmentation phalloplasty (55 mL of fat). (a and c) 
Preoperative; (b and d) 16 months postoperative

Figure 9: Case 3. preoperative and 12 months postoperative views 
of composite augmentation phalloplasty (65 mL of fat). (a and c) 
Preoperative; (b and d) 12 months postoperative

DISCUSSION

Standard measurement of the penis has been a 
controversial issue and a subject of discussion 
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for a long time. The racial controversy introduces 
more variables, which can influence decisions 
about justifying augmentation phalloplasty.[5,6] The 
enhancement of penis size can be achieved using 
surgical or nonsurgical procedures. Unfortunately the 
uses of unproven techniques or synthetic fillers have 
made these treatments notorious for their sequelae or 
bad results.[7] Nonsurgical techniques that use traction 
by weights have been employed by many cultures 
over the centuries and are based on cultural, religious 
or aesthetic purposes.[8,9] The modern age of these 
treatments began at the end of the 1990’s with the JES 
Extender device. These techniques exploit the ability 
of tissues to respond to physical stimuli as traction 
or expansion with hyperplasia and cell division, 
a well‑known behavior used by plastic surgeons 
worldwide.

As in any medical or surgical procedure using expansion 
or distraction, while using a penis extender a pulling 
force of a certain intensity must be applied and must be 
as continuous as possible and for a minimum time period 
and hence that the biological phenomena responsible for 
tissue modification are started. The use of these devices 
often requires a great deal of diligences on the part of 
patients to get results that are minimally satisfactory. 
Erosions are sometimes produced by traction ring or 
by irregular use of the device and are some of the 
factors that negatively affect the results, which may be 
minimal. In any case, an adequate knowledge about the 
management of these devices must be present in the 
armamentarium of the surgeon performing phalloplasties, 
since it can be an extremely useful complement to the 
surgical procedure to secure, maintain and/or improve 
the outcome. The author always uses traction as an 
adjunct to surgical treatment and never as a stand‑alone 
treatment.

As in the case of surgical lengthening, there is not a 
single surgical solution to increase the thickness or 
perimeter of the penis.[10,11] Pericavernous techniques 
provide girth augmentation in flaccid penises but little 
or no improvement in erection. These techniques try to 
obtain an increase in girth by implanting some of the 

available grafts (fat or dermofat grafts) or biological 
implants (acellullar dermis) around the penis shaft 
outside the albuginea and under the dartos fascia. More 
advanced techniques using resorbable matrices together 
with autologous fibroblasts have also been described 
with good results.[12,13] Albugineal techniques get good 
results in erection but none in flaccidity.[14] The injection 
of synthetic fillers is probably one of the options 
that are frequently performed, but may cause many 
deformities and complications. All of these techniques 
are more invasive and thus can yield a greater number 
and severity of complications. Fat grafting is probably 
the least aggressive technique but requires fine control 
and technique to avoid complications and poor results. 
It was introduced as a technique for girth enhancement 

Figure 10: Case 4. preoperative and 3 years postoperative view of girth enhancement with fat grafting in two sessions (30 + 40 mL). (a) Preoperative; 
(b) 3 years postoperative; (c) pinch of implanted fat

Figure 11: Case 5. preoperative and 9 months postoperative view of 
girth enhancement with fat grafting (35 mL of fat). (a) Preoperative; 
(b) 9 months postoperative

Figure 12: (a) Preoperative view of fat graft overgrowth due to 26 kg of 
weight gain 4 years after girth augmentation; (b) intraoperative view of 
complete lipectomy
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in the mid‑1980’s and continues to be used due of its 
versatility.

Traction treatments are the only ones able to achieve 
effective length improvements of the penis, producing 
an increase in actual tissue mass and at the same time 
“softening” the corpora cavernosa fascial and osseous 
attachments. The combined use of both types of 
treatments (suspensory ligament release and extender 
use) can produce the best outcome by extending the 
“hidden” part of the penis with generation of additional 
tissue. All penis lengthening techniques are based 
on the release of natural physiologic anchors that 
bind the corpora cavernosa to the pubic symphysis, 
isquiopubic bone branches, and abdominal aponeurotic 
expansions. Although this lengthening can be performed 
through a simple transverse incision or even using an 
endoscope (not published), a number of ancillary skin 
advancements can be performed to ease ligament release 
and to procure advancement and stabilization, and thus 
prevent length loss due to scar contracture. In this 
regard several techniques have been published such as 
M‑plasty (popularized in China and reported by Reed[15]), 
VY advancement (Roos and Lissoos[16]), Z‑plasty (Horton[17]), 
double Z‑plasty (Alter[18,19]) and personal techniques of 
Abecassis[20] and Panfilov.[21] Although the author supports 
the use of local tissues to fill the advancement gap to 
additionally maintain advancement, some authors have 
published their experience inserting small testicular 
prostheses as spacers with no better results.[22]

In our practice performing suspensory ligament release, 
skin flap advancement together with simultaneous girth 
enlargement using fat grafts is the most satisfactory 
approach to increase penis size. This composite technique 
generates real volume increase which results in a better 
perceptual outcome for the patient. Additionally, the 
increase in shaft convexity and downward position creates 
the illusion of a longer penis as well. The incidence of 
complications or side effects is relatively low and easy to 
solve without affecting final results. A thorough knowledge 
of regional anatomy helps to prevent serious or minor 
complications. There are two good safety rules: perform 
the ligament release as close to the bone as possible and 
do not perform any grafting that may exceed the capacity 
of the tissue. Although liponecrotic cyst occurrence can 
be solved easily, damage to the deep penile neurovascular 
structures usually has disastrous consequences. Patient 
satisfaction after augmentation phalloplasty is lower 
when compared with other popular aesthetic surgical 
procedures. In our series, only 32% perceived the result 
as very good and an additional 43% as good, in spite 
of being clearly informed about the limitations and 
outcomes for other patients and follow‑up demonstration 
of improved average measurements. As with any other 
aesthetic surgery procedure, informing the patient is 
extremely important in achieving an adequate degree of 
satisfaction. Two relatively distinct patient groups exists: 
those who present with a real hypoplasia and those cases 
of body dismorphic disorder. The former tend to show 
higher degrees of satisfaction and understand easily the 

limitations of the techniques. Patients with unrealistic 
expectations that do not understand this information 
must be discouraged from the procedure because the level 
of disappointment will likely be very high. It is extremely 
important not to assure the patient that any type of result 
will be an improvement; patients should understand that 
it is possible to see no improvement, an event caused 
usually by an inadequate scar contraction.

Composite augmentation phalloplasty techniques are safe 
and reproducible and yield satisfactory results if properly 
performed. Although apparently easy to perform, a 
thorough knowledge of anatomy and grafting techniques 
is needed to get good results and avoid complications. 
Volumetric enhancement by ligament release and 
cutaneous advancement together with an increase in 
girth with fat grafting is probably a safer option, with 
better results and lower morbidity. The future of penis 
enlargement will be enhanced with techniques that 
provide dynamic improvements in size, possibly through 
the use of tissue engineering.
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INTRODUCTION

Reconstruction of the nose is complex, due to its three 
dimensionality, and its prominence in the central facial 
region.[1,2] Full thickness nasal defects require repair of 
three different layers: skin envelope, osteocartilaginous 
framework and nasal lining. The latter one is considered 
the most challenging.[3,4]

Often, nasal defects extend into adjacent regions of the 
face such as the lips and cheeks, increasing the complexity 
of wound reconstruction. One can choose to simply “fill 
the hole”; however, when planning nasal reconstruction, 
the surgeon should be aware that the defect may not 
reflect the actual tissue loss. Swelling, infiltration of 
anesthesia, the action of gravity on tissues and scar 
retraction may alter the dimensions of the defect; and 

therefore, may not reflect the true defect at the time of 
presentation.[5]

The nose rests on a platform consisting of the premaxilla 
and the piriform aperture surrounded by the adjacent soft 
tissues (upper lip and cheek) with a well‑defined angle 
and location. Improper positioning of nasal structures, 
even for a few millimeters can generate significant 
distortions. If such a platform is unstable, it can displace 
the reconstructed alar region inferiorly or laterally 
over time. Preliminary procedures, such as the repair 
of the lip and cheek defects using local flaps and skin 
grafts flap are usually necessary to prevent distortions 
and scar contracture of the adjacent nose before nasal 
reconstruction.[6,7]

There is limited information about preliminary stages 
before paramedian forehead flap discussed in the 
literature. The aim of this study is to demonstrate the 
experience of the Rhinology team of the Plastic Surgery 
Department (HUPES‑UFBA) using a preliminary stage to 
stabilize the nasal platform before nasal reconstruction 
using the paramedian forehead flap.

Between May 2011 and May 2013, the department 
of Plastic Surgery, HUPES‑UFBA, performed 12 nasal 
reconstruction surgeries that required paramedian 
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forehead flaps. Of these, 3 patients required preliminary 
procedures to stabilize the nasal platform.

The selected cases were reported, highlighting the 
indication and the technique used in the reconstruction 
in the donor area of the flap as well as in the nasal and 
perinasal region. The patients involved in this article agreed 
to publish their facial pictures and signed the consent form.

CASE REPORT
Case 1
A 29‑year‑old man presented with a nasal deformity 
caused by paracoccidioidomycosis, which affected the 
right ala leading to the nostril stenosis. In a preliminary 
stage, the right nostril was opened with a Z‑plasty and 
skin grafting was performed [Figure 1]. After 4 months, 
he underwent resection of the scarred area to construct 
the original defect using a three stage paramedian 
folded forehead flaps to resurface the lining and nasal 
subunits [Figure 2]. The cartilaginous support was 
achieved by a conchal cartilage graft performed in the 
second stage.

Case 2
A 26‑year‑old female, presented with a total loss of 
the left ala and upper lip retraction after a motorcycle 
accident 4 years prior [Figure 3]. A preliminary stage 
was indicated, and a Z‑plasty with a full thickness skin 
graft was performed in order to fill the resulting gap. 
Furthermore, a nostril enlargement was performed using 
local flaps, and a tissue expander was placed in the 
forehead [Figure 4]. After 3 months, the expander was 
removed, and a paramedian forehead flap was transferred 
in two stages [Figure 5]. In addition, part of the left 
nostril scar was used as a hinge‑over flap to resurface 
the missing nasal lining. The cartilaginous framework was 
rebuilt using a conchal graft.

Case 3
A 26‑year‑old man was referred to our department after 
an unsuccessful attempt at nasal reconstruction using a 
nasolabial flap. He sustained a gunshot trauma 8 years 
prior to presentation. In the preliminary stage, a costal 
cartilage graft was used for nasal dorsum augmentation. 
An advanced V‑Y nasolabial flap was performed using 
the previous scar to fill the nasal base lining and a full 
thickness skin graft was placed to resurface nasal lining 
and unblock the left nostril. Three months later a three 
stage folded paramedian forehead flap was performed. 
In this case, a new forehead flap was required to allow 
better projection and support for the tip and resurfacing 
the columella [Figure 6].

Figure 2: Case 1. One‑month after the three‑stage forehead flap. 
(a) Oblique view, (b) basal view

ba
Figure 1: Case 1. Right ala destruction and nostril stenosis. (a) Frontal 
view, (b) oblique view, (c) preoperative landmark of aesthetic subunits, 
(d) immediate postoperative correction of the stenosis with Z‑plasty and 
skin grafting
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Figure 3: Case 2. Preoperative: (a) frontal view, (b) close up of frontal 
view showing upper lip retraction and deformity of left ala, (c) oblique 
view, (d) basal view
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Figure 4: Case 2. Postoperative view after a preliminary stage including 
expansion of the forehead, correction of retraction of the upper lip and 
left nostril opening. (a) Frontal view, (b) lateral view, (c) oblique view, 
(d) frontal view with the landmarks
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DISCUSSION

Scar contraction is a natural phenomenon in the healing 
process and is often not considered when planning 
surgical reconstruction. It is undesirable in nasal 
reconstruction, because minor flaws in preoperative 
plan can produce large distortions. The nose rests on a 
platform comprised of the premaxilla and the piriform 
aperture surrounded by the upper lip and cheek. This 
platform needs to be stable before planning a nasal 
reconstruction. In case 2, the lip position was corrected 
by releasing the retraction through a Z‑plasty and skin 
grafting in the first stage. The forehead skin is the best 
donor site for nasal reconstruction because its color and 
texture are similar to the skin of the nose. It can be used 
for skin cover and lining repair.[8‑11] The donor site is only 
partially closed after the flap transfer, and it is allowed to 
heal by secondary intention.

In addition, after preliminary reconstruction of affected 
areas, tissue expanders can be used in the donor 
site before nasal reconstruction using forehead flap. 
Some authors suggested the use of expanders in the 
forehead to improve scarring in the donor area and to 
provide large surface area to cover large defects.[9] In 
our department, scar improvement is not an indication 
for a saline expander. In patients with shortened vertical 
forehead height, the inclusion of scalp skin in the flap 
is not recommended due to the difference of texture 
and color of the nasal skin.[10] In such cases, we consider 
the use of expanders as a primary indication prior to 
forehead flap. The expanded flap has the advantage of 
decreased thickness that allows accurate reconstruction 
in two stages. Thus, the three stages reconstruction 
is restricted to more complex cases that require lining 
repair.

The airway patency is restored by excising the scar 
tissue and releasing retraction. Remaining excess tissue  
can be used as a flap to increase the nasal lining or to 
open the airway instead of being discarded. The nose 
should be rebuilt in a late stage following the principle 

of the subunits when the adjacent soft tissue structures 
are stable. In preliminary stages, scar tissue should be 
thoroughly evaluated in order to recreate the defect and 
be used as local flaps for lining repair (hinge‑over flaps or 
V‑Y flaps) or to widen the nostril (Z‑plasty and skin grafts) 
as performed in cases 1 and 2.

Restoration of nasal lining requires replacement of a 
well‑vascularized, thin and supple tissue that supports 
cartilage grafts. It should provide an ideal shape 
while preventing nasal stenosis. Nasal lining can be 
reconstructed by advancing the residual lining, hinge‑over 
lining flaps, and skin grafts. Lining can also be replaced 
by intranasal lining flaps, folded forehead flaps, nasolabial 
flaps, prefabricated forehead flaps and free flaps.

Any procedure performed on the nose produces the 
fibrosis that makes any subsequent manipulation difficult. 
In our study, the nostril expansion was performed 
in a preliminary because after a two or three stage 
forehead flap, one will find more fibrosis (mainly after 
muscle excision) that would render the thinning the alar 
margins more difficult and may decrease reliability of the 
vascularization of the small local flaps. Menick[5] suggested 
using templates based on the contralateral normal ala. 
Thus, the adjacent nostril floor must be re‑established 
and stabilized prior to nasal reconstruction.

In conclusion, correction of perinasal defects and the 
nostril stenosis should be performed as a preliminary 
stage to allow stabilization of the healing process. Any 
scar resection must be well‑planned, since this tissue may 
be useful as hinge‑over flaps for lining or as local flap for 
nasal stenosis correction.
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Figure 5: Case 2. Postoperative (4 months) after the expanded forehead 
flaps in two stages. (a) Frontal view, (b) oblique view, (c) lateral view, 
(d) base view
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INTRODUCTION

Ear laceration is one of the common auricular injuries 
among traumatic injuries. The type of reconstruction 
selected for the lacerated ear depends on the size of 
the defect and the amount of cosmesis expected by the 
procedure. It ranges from the wedge resection and direct 
advancement to reconstruction with chondrocutaneous 
flaps. This report presents a case of auricular laceration 
in 18‑year‑old boy who was managed by primary repair of 
the ear after wedge resection. A good cosmetic result was 
achieved.

CASE REPORT

The 18‑year‑old boy presented in our emergency surgery 
department with a history of an accident. On examination, 
the boy was conscious with laceration of right ear 
involving the skin and cartilage with tissue loss [Figure 1]. 
The ear was washed thoroughly to remove any foreign 
body. The patient was taken to the emergency operation 
theatre for repair with local anesthesia with 1% lidocaine 

with epinephrine 1:100,000. A wedge excision of the 
damaged part of the ear was done. The wound was then 
closed in a layered fashion re‑approximating the cartilage 
with 30 catgut and re‑approximating the epidermis with a 
running top suture of 5–0 prolene [Figure 2]. With regular 
dressings and antiseptic precautions, wound healed well 
with no residual necrosis [Figure 3].

DISCUSSION

Lacerations and abrasions are among the most common 
auricular injuries. The golden rule in such cases 
after adequate local anesthesia is to balance minimal 
debridement with maximal tissue preservation.[1]

Reconstruction of composite (skin and cartilage) defects of 
the ear may be broadly classified into two groups: wedge 
resection and direct advancement, and reconstruction 
with chondrocutaneous flaps. Small helical defects (often 
up to 2 cm) involving the helix and antihelix can be 
repaired with a wedge excision.[2] The apex of the wedge 
may extend into the conchal bowl. Wedge resections 
and helical advancements shorten vertical ear height but 
maintain the relative proportions.[3]

For defects larger but < 25% of the auricle, a star excision, 
or anterior composite Burows triangle excision, can 
redistribute tension throughout the ear and avoid cupping.

Various chondrocutaneous reconstruction methods have 
been described for defects up to one‑third of the auricle. 
Large composite defects require a new structural support 
followed by a vascularized skin flap.

Primary repair of ear laceration with wedge 
resection
Bhupinder Singla, Inderjit Chawla, Prasant Gautam, Anupam Goyal, Jalaj Rathi
Department of General Surgery, Rajindra Hospital, Patiala 147001, Punjab, India.

Address for correspondence: Dr. Bhupinder Singla, Department of General Surgery, Government Medical College, Samana Road,  
Patiala 147001, Punjab, India. E-mail: akash22singla@yahoo.com

ABSTRACT
Although major contributions have been made in the field of reconstructive surgery, reconstructive 
surgery of the auricle is a daunting prospect even for the most experienced surgeons. Here, we present 
a case who presented to us in the emergency surgical ward with a history of an accidental laceration of 
right ear. Primary repair of the ear laceration after wedge resection of the avulsed part was done. The 
cosmesis achieved by this technique is discussed.
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Primary repair of the ear after wedge resection is a standard 
procedure followed for auricle injuries. When the helical 
rim is affected, a vertical mattress suture should be placed 
initially at the rim to evert the wound edges and level the 
wound.[4] It is also important to stress the important role of 
dressing and good wound care in order to obtain a better 
cosmetic outcome.[1,5] For small composite defects of helix 

and antihelix, a wedge or star‑shaped excision technique is 
a preferable option.[5] It consists of a full‑thickness excision 
of skin and cartilage with the apex pointing to the anterior 
surface of the ear and extending to the conchal area. When 
designing the wedge, it is important to define an apex 
angle smaller than 30°.[6] The resulting wound is then closed 
primarily in layers, with the cartilage secured by long lasting 
sutures.[5] It is helpful, when possible, to use an offset skin 
closure around the rim. To decrease the risk of rim notching, 
the skin should not be approximated and secured over the 
cartilage space.[7] Usually, the ear is shortened slightly while 
maintaining the premorbid contour.[7] The advantages of 
wedge resection are: a one‑stage operation, simple and fast 
dissection, and minimal resultant scar.

However, the limitation of this technique is that it can 
be applied only for small defects of the helical rim and 
neighboring structures. The wedge should be located in 
the superior or posterior third to avoid deformity of the 
ear. If the defect is larger or located near the anterior 
helix, wedge resection cannot be used without severe 
deformity of the ear.[2]

Our technique is quite similar to the one described 
by Ferri[8] and Schonauer et  al.,[9] in terms of excising a 
wedge triangle but lacks the second incision at the helical 
root level. Aesthetic results of the reconstructed ear are 
maximized by balancing forces on the frontal and sagittal 
planes. Furthermore, anatomical landmarks and relative 
proportions are preserved.

This report shows that good cosmetic results can be 
obtained by managing the ear avulsion with standard 
procedure of wedge resection followed by primary repair.
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Figure 1: Ear laceration on helix extending anteriorly
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Figure 2: Stitching with prolene 5‑0. (a) During stitching, (b) after stitching
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Figure 3: Postoperative follow‑up. (a) At day 7, (b) lateral view, (c) 
posterior view
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INTRODUCTION

The term acne keloidalis nuchae (AKN) was coined 
in 1872 by Bazin.[1] AKN is a condition characterized 
by follicular‑based papules and pustules that form 
hypertrophic or keloid‑like scars. The principal sites are 
the occipital scalp and posterior neck. The condition 
starts as mildly pruritic papules and pustules on the 
occipital scalp or nape of the neck. This may subsequently 
evolve to keloid‑like plaques. Later, abscesses and multiple 
sinus tracts may develop. Patients may also present with 
cosmetic complaints with scarring alopecia in advanced 
cases. The condition has a male preponderance with a 
male:female ratio of approximately 20:1.[2]

Treatment of AKN is difficult; numerous modalities have 
been used with varying degrees of success. There is no 
single definitive first‑line therapy. Early, mild papular disease 
may respond to potent or superpotent topical steroids 
(e.g., Clobetasol). Intralesional triamcinolone acetonide 
injection can be helpful to reduce the size and firmness of 
papules and nodules. Refractory cases may respond to laser 
ablation.

CASE REPORT

A 23‑year‑old male presented with multiple papules in the 
occipital scalp of 3 years duration. His main complaints 
were cosmetic disfigurement and difficulty in combing the 
hair. He did not give a history of pruritus. On examination, 
multiple follicle‑based papules were observed over the 
occipital scalp [Figure 1]. An incisional biopsy confirmed 
the diagnosis of AKN. Histological examination showed 
skin with orthokeratosis and with increased pigmentation 
and periadnexal lymphocytic inflammatory infiltrate 
[Figure 2].

He was initially treated by dermatologist with eight sittings 
of intralesional triamcinolone acetonide injections at three 
weekly intervals, subsequently followed by CO2 laser 
delivery – 7 J/cm2 (2 sittings), 5.5 J/cm2 (1 sitting), and 9 J/cm2 
(1 sitting) – with no significant improvement in the symptoms. 
He was then referred to the Plastic Surgery Department for 
further management of the refractory lesions.

Since it was a case of refractory AKN, the patient was 
taken up for alternate laser treatment. Two modalities 
of lasers – the Nd:YAG (1064 nm) and the diode laser 
(810 nm) – were used as follows: the affected occipital 
scalp was divided arbitrarily at the midline into two halves 
and one modality was administered in each half with the 
intent to find out the modality that had a better response, 
which would be continued on both halves in subsequent 
treatments. The right side of the occipital scalp was 
treated with a diode laser (1 Hz/1 s/0.5 W) and the left 
side was treated with a Nd:YAG laser (30 J/cm2) with a spot 
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size of 7 mm. A second treatment sitting with the above 
settings was repeated after 3 weeks, using the same 
laser applications on each side of the scalp as in the first 
treatment. Twelve days after the second sitting, there 
was complete resolution of the lesions with no residual 
scarring [Figure 3]. He was kept on observation for any 

recurrence. The patient was advised to avoid shaving 
the posterior part of the hairline close to the skin and 
to avoid wearing clothes that rub or irritate the posterior 
parts of the scalp and the neck. There was no recurrence 
of the lesion seen at 15 months follow‑up.

DISCUSSION

AKN has an unclear etiology, with a predominant 
occurrence in males. The probable causes may be 
chronic irritation, chronic bacterial infections, or an 
autoimmune condition. Treatment of AKN is difficult. 
Early cases may be treated with topical potent steroids 
or intralesional steroids. Cryotherapy and intralesional 
5‑fluorouracil have also been tried. Refractory cases 
may respond to laser ablation (e.g., 10.6‑μm carbon 
dioxide laser, 1064‑nm Nd:YAG laser, or 810‑nm diode 
laser). With long‑pulsed Nd:YAG lasers at a wavelength 
of 1064 nm, there is a significant reduction in the 
papule count, probably due to the higher penetrance of 
the Nd:YAG laser into the dermis to disrupt the follicle, 
sparing the epidermis from heat absorption and thereby 
minimizing skin damage.[3] A side effect of the Nd:YAG 
laser is hair fall‑out, which grows back, but with thinner 
hair. The Nd:YAG laser is more suitable for applications 
in dark‑skinned individuals (Fitzpatrick IV, V and VI 
types).[3]

Diode lasers (using an 810 nm wavelength) act on the 
theory of selective thermolysis targeting the melanin 
in the hair follicles.[4] There is coagulation necrosis of 
the follicle leading to temporary alopecia. The new 
hair that regrows, usually after 4‑6 months, is much 
thinner causing less chance of recurrence. Both Nd:YAG 
and diode lasers act on the principle of selective 
thermolysis, leading to damage in the hair follicle and 
thereby causing relief of the disease process. This is in 
contrast to the earlier concept of using steroids which 
have mainly concentrated on the anti‑inflammatory 
response, leading to a decrease in disease activity. 
Laser treatment is a relatively painless procedure with 
minimal complications. In refractory and advanced cases 
of AKN, both of these laser modalities may have a role 
in reducing the number of papules as well as improving 
the scar cosmetically.

Our patient presented with a refractory AKN, refractory 
to treatment with topical antibiotics, intralesional 
steroids, and carbon dioxide laser therapy. We 
successfully treated the AKN with both diode and 
Nd:YAG lasers. In this case, each laser was equally 
effective in ablation of the lesions, with complete 
resolution of the symptoms and good cosmetic 
outcome. However, the risk of hair loss in the treated 
area should be mentioned to the patient. Furthermore, 
the chance of the new hair that regrows being much 
thinner should be emphasized.

Further, large scale randomized control trials are needed 
for assessing the efficacy and advantage of one modality 
over the other.

Figure 1: Acne keloidalis nuchae of the occipital scalp after failed CO2 
laser treatment and topical steroid and intralesional steroid injection

Figure 2: Histological examination showing the skin with orthokeratosis 
and with increased pigmentation and periadnexal lymphocytic 
inflammatory infiltration

Figure 3: Post‑Nd:YAG and ‑diode laser therapy; the lesion shows good 
resolution
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INTRODUCTION

Severe crushing injuries to the distal forearm are 
devastating and can preclude direct replantation for 
salvage of the hand. In such difficult situations, temporary 
ectopic implantation is a viable option under specific 
circumstances.[1] The amputated part, when transferred 
to a healthy recipient site, allows the patient to recover 
from critical combined injuries, radical debridement, and 
related soft tissue repairs.[2]

Previous temporary ectopic implantations have been 
reported in the literature. Wang et al.[3] reported two 
cases of temporary ectopic implantation of complex 
amputated forearms, followed by successful replantation 
to their anatomic positions in a second stage, the 
contralateral upper extremity was an acceptable recipient 
site for temporary ectopic implantation. For subsequent 
replantation, a cross‑arm flap was designed to carry the 
vascular pedicle from the ectopic implantation recipient 
to improve blood supply to the replanted part upon 
replantation to the original site and with when the blood 
supply was re‑established. Li et al.[4] temporarily implanted 

thumbs ectopically onto the forearm and foot in two 
cases, the thumbs survived after second‑stage replantation 
and the patients regained function 4 months after surgery. 
Tomlinson et al.[5] implanted digits to the contralateral 
forearm, with subsequent reconstruction of the injured 
hand when combined with microvascular toe transfer. 
Their outcome was a functionally useful hand which could 
be incorporated into daily life and a cosmetic appearance 
preferable to that of amputation.

This report describes a case of temporary ectopic hand 
implantation. The left foot was used as the recipient site.

CASE REPORT

In May 14, 2010, a 35‑year‑old man sustained a machine 
injury to his left forearm [Figure 1]. The patient was 
consented for this technique. Physical examination 
revealed a severe crushing injury that extended from 
the wrist to the middle third of the forearm, with 
contamination and associated comminuted fractures. The 
remaining connecting tissues included the median and 
ulnar nerves, several flexor tendons, and a strip of skin 
with a severe contusion.

Proximal end management
Surgery was performed under axillary block and epidural 
anesthesia with pneumatic tourniquet control. Two surgical 
teams worked simultaneously. The limb was transected at 
the level of the radiocarpal joint [Figure 2a and b]. The 
proximal end of the forearm was debrided thoroughly, but 
was preserved as long as possible. The median and ulnar 

Temporary ectopic hand implantation
Xu Zhang, Hong-Wei Zhu
Department of Hand Surgery, The Second Hospital of Qinhuangdao, Changli, Qinhuangdao 066600, Hebei, China.

Address for correspondence: Dr. Xu Zhang, Department of Hand Surgery, The Second Hospital of Qinhuangdao, Changli, 
Qinhuangdao 066600, Hebei, China. E-mail: ahand@sina.com

ABSTRACT
Severe crushing injuries to the distal forearm can preclude immediate hand replantation, with 
temporary ectopic implantation as a practicable option under special circumstances. This report 
describes a case of temporary ectopic hand implantation for a crush injury extending from the wrist to 
the middle third of the forearm, using the left foot as the recipient site. The hand was replanted onto 
the left forearm 3 months after the ectopic implantation, with functional gains seen by 18 months. 
Satisfactory ambulation was retained, with no reported foot pain. Temporary ectopic implantation is a 
pragmatic alternative under select circumstances.

Key words:
Ectopic, hand, hand implantation, replantation, transplant

Access this article online
Quick Response Code:

Website: 
www.parjournal.net

DOI:  
10.4103/2347-9264.149381

Case Report



 Plast Aesthet Res || Vol 2 || Issue 1 ||  Jan 15, 201544

nerves were transected at the distal‑most level of the 
injury site and then turned proximally into the uninjured 
subcutaneous tissue. The severely crushed tendons were 
debrided. The proximal end of the forearm was sealed 
with vacuum drainage.

Hand‑to‑foot transfer
We selected the left foot as the ectopic recipient site 
because of vascular match. At the dorsum of the left foot, 
the dorsalis pedis artery was palpated and assessed using 
Doppler ultrasound. A dorsalis pedis fasciocutaneous flap, 
7 cm × 8 cm in size, was raised on the dorsum of the foot 
as a base for the corresponding defect on the amputated 
part. The hand was stabilized to the tarsal bones with 
K‑wires. Anastomoses were performed between the 
dorsalis pedis artery and the radial artery, between 
their venous counterparts, and between the greater 
saphenous vein and the cephalic vein. The skin defect 
was reconstructed with the dorsalis pedis fasciocutaneous 
flap and skin grafts [Figure 2c and d]. After surgery, the 

patient was placed in a warm room. The implanted hand 
together with the recipient foot was elevated above the 
heart level. The patient was given 10 mL/kg dextran 40 
twice a day for 7 days. A nurse monitored the color and 
capillary filling of the hand and the flap every 2 h. Three 
weeks after surgery, the patient was allowed to walk with 
the bank foot in a specially designed shoe.

Foot‑to‑forearm transfer
Three months after surgery, the ectopically implant hand 
was transferred back to the left forearm [Figure 3a]. 
The proximal end of the forearm was incised, and 
the end of the radius was debrided. The median and 
ulnar nerves were dissected, and the tendon ends were 
prepared. The hand together with the dorsalis pedis 
fasciocutaneous flap was incised as a single unit from 
the recipient foot [Figure 3b]. The dorsalis pedis artery, 
its accompanying veins and great saphenous vein were 
dissected proximally until suitable lengths were obtained. 
The hand was transferred to the left forearm [Figure 3c‑e]. 
The radius and carpal bones were fused and stabilized 
with a plate and screw system. Anastomoses were 
performed between the dorsalis pedis artery and radial 
artery, between their accompanying veins, and between 
the greater saphenous vein and the cephalic vein. The 
median and ulnar nerves were repaired directly. We did 
not repair the radial nerve because there was a large nerve 
defect that precluded a direct repair. Moreover, the radial 
nerve is less important for hand function. We used the 
flexor digitorum superficialis tendons as grafts to repair 
the flexor digitorum profundus tendons, extensor and 
flexor pollicis longus, and extensor digitorum communis. 
The wound was then closed. The secondary defect on the 
left foot was resurfaced with skin grafts. Postoperative 
treatments were similar to the first operation. Four 
weeks after surgery, active range‑of‑motion exercises and 
physical therapy were started.

Figure 1: Extensive and complex crushing injury to the wrist and forearm. (a) Volar view; (b) dorsal view; (c) anterioposterior radiograph; (d) lateral view
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Figure 2: The hand is amputated. (a) Dorsal view; (b) palmar view. Ectopic 
implantation to the foot was completed. (c) Radial view; (d) ulnar view
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Outcome evaluation
The hand survived with normal color and capillary 
refilling test, partial flap necrosis was noted, but healed 
with wound care. Bone healing was achieved 4 months 
after the second operation. Eighteen months after 
surgery [Figure 4], two‑point discrimination on the pulps 
of the first through fifth digits was 4, 6, 7, 5, and 8 mm, 
respectively. Tenolysis was not performed because the 
patient refused. Tange of motion arcs for the first to 
fifth metacarpophalangeal joints were 5°, 10°, 4°, 0°, and 
3°, respectively; for the proximal interphalangeal joints, 
2°, 5°, 2°, 3°, and 0°, respectively; and for the distal 
interphalangeal joints, 0°, 0°, 2°, 0°, and 0°, respectively. 
The patient reported no pain for the hand or forearm. 
The disability score for the arm, shoulder, and hand[6] was 
78. Based on a foot function assessment,[7] the patient 
reported no foot pain and had no difficulty when he 
stood on tiptoe or walked in the house. The patient had 
no difficulty when he walked outside for four blocks, 
climbed or descended stairs, got up from a chair, climbed 
curbs, ran, or walked quickly.

DISCUSSION

Since the first replant almost 52‑year‑ago, thousands 
of severed hands have been reattached, preserving the 
quality of life for these patients through improved function 
and appearance that the void remaining after amputation 
cannot provide.[8] Revascularization procedures are often 
easier than replantation, but incomplete amputations with 
an extensive crush‑avulsion injury may be more difficult 
because debridement of nonviable tissue and bone 
shortening cannot retain healthy structures. In such cases, 
the percentage of viability is lower. Temporary ectopic 
implantation offers an approach to detach the distal part 
safely from the injured site, which improves subsequent 
viability.[9]

Several recipient sites are available for temporary ectopic 
implantation, including the groin, lower leg, foot, and 
opposite arm and hand.[4‑7] Selection is generally based 

on matching the vessels between the recipient site and 
the implanted part. In our case, a venous network on 
the dorsum of the foot was presented, which can be 
included in the dorsalis pedis fasciocutaneous flap. In 
the second‑stage foot‑to‑forearm transfer, the flap can 
be transferred to the forearm along with the hand, 
without the need for additional vascular anastomosis. 
In our case, the flap provided sufficient room for the 
underlying tendons and nerves. We believe a groin 
flap or superficial inferior epigastric artery flap may 
be needed in other cases for which a larger space 
may be needed to facilitate easier tendon and nerve 
reconstructions. In addition, physical therapy of the 
amputated parts before reattached to prevent joint 
stiffness and tendon adhesions, the special needs at the 
secondary replantation, such as flaps for the coverage 
soft tissue defects at the recipient site and patient 
acceptance should also be considered.

Indications for temporary ectopic hand implantation are 
severe injuries on the proximal end of the limb where 
salvation of the hand in situ is difficult, and the distal part 
is mildly injured. Contraindication is severe injured in the 
distal part where revascularization is impossible.

Function of the reattached parts can vary widely. As 
these are severe and complex injuries, satisfactory 
results may not be attained in many patients. In such 
case, the inconvenience during the banking period 
and inappropriateness of shoe wearing, especially in a 
cold area, should be considered. In addition, the cost 
is generally higher than that of direct replantation or 
revascularization. Therefore, the benefits and risks should 
be discussed carefully before undertaking these surgical 
reconstructions.
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INTRODUCTION

The practice of hand surgery requires an understanding of 
the anatomy, the intimate relationships between collagen 
and synovium, and the ultimate function of the hand. This 
is critical to the performance of surgery ranging from 
skin coverage following a crush injury to tendon or toe 
transfers in congenital hand cases. We present a series of 
surgical procedures based on this understanding.

Pathologic conditions resulting in synovial irritation or 
inflammation involve an array of molecular pathways, which 
can lead to the pathologic deposition of collagen in the hand 
and wrist. Chronically inflamed synovium will thicken adjacent 
collagen and create these phenomena (the “collasyn theory”). 
In the hand, collagen and synovial tissue are anatomically 
closely associated. The support structures, mostly made up of 
collagen (bones, tendons, ligaments), are lined with synovial 
tissue in areas where tissue motion requires a reduction in 
the coefficient of friction.

Surgical procedures must address the inflamed synovium, 
which, by virtue of its close anatomic proximity, 

“communicates” with the adjacent collagen structures and 
may cause collagen thickening and multiple symptomatic 
changes. Surgery may be needed to: (1) remove inflamed 
synovium; (2) increase space around affected structures 
and (3) remove abnormal tissues (such as osteophytes) that 
occur secondary to the effects of the inflamed synovium 
on adjacent collagen structures. This surgical approach 
decreases symptoms and may enhance joint longevity.

SURGICAL SERIES

Rheumatoid arthritis
The deformities in the hand in rheumatoid arthritis often 
follow a predictable pattern. The formula is destructive 
synovitis plus load equals deformity. If viewed through the 
lens of the collasyn theory, synovitis will rupture tendons 
at the distal edge (load area) of the extensor retinaculum. 
Synovitis also stimulates protective over‑activity of the 
intrinsics, creating abnormal loads in the fingers. These 
loads most often create pressure on the dorsoradial 
capsule and ligaments of the metacarpophalangeal (MP) 
joint resulting in volar and ulnar subluxation of the 
proximal phalanx. If there is insufficient synovitis in the 
MP joint, the MP joints will not subluxate. The intrinsic 
loads then are transmitted to the fingers, resulting in swan 
necks, boutonnieres, dislocations or even interphalangeal 
fusion. Applying this concept allows prediction of 
expected deformity on clinical examination. Tight 
intrinsics (positive Bunnell test) should be released early, 
removing the load component of the destructive formula. 
The ulnar drift and deformities of the wrist are the result 
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of the “downslope” loads created by the anatomy of the 
articular surface of the distal radius.

Stenosing tenosynovitis or trigger finger
The effects of the interaction between synovium and 
collagen can be seen in trigger fingers. In stenosing 
tenosynovitis of the finger flexors, there is a thickened 
retinaculum or pulley that constricts the osseofibrous 
tunnel through which the tendon runs.[1] Chronic 
synovial irritation affects collagen deposition in the 
A1 pulley and leads to a progressive thickening and 
sometimes metaplasia of the pulley[1‑3] [Figure 1]. During 
sleep, edema collects in the tendon proximal and 
distal to the pulley. The symptomatic sequelae include 
stiffness in the mornings as patients open and close 
their fingers to “milk” the fluid back into the natural 
shape of the tendons, or “locking” of the fingers 
if a nodule is too big to pass through the pulley. 
Conservative treatment may include steroid injections, 
splinting and activity modification. If this fail, surgery 
is indicated.[4] A release of the A1 pulley increases 
space to allow normal tendon gliding. Surgery has 
been shown to be more successful in the absence of 
diabetes.[5]

The collasyn theory explains why there is an increased 
incidence of stenosing tenosynovitis (trigger finger) in the 
thumb and little finger following carpal tunnel surgery. 
Infection can move from thumb to little finger through 
the common synovial lining between the thumb, the 
carpal tunnel and the fibro‑osseous sheath of the little 
finger flexors. Surgery on the carpal tunnel produces 
inflammation of this communicating synovium, which 
then has its hypertrophic effect on the collagen of the A1 
pulleys.

Fourth extensor compartment synovitis
Collasyn pathology is also seen in the extensor 
retinaculum. Patients with fourth extensor compartment 
stenosing tenosynovitis develop a thickened retinaculum. 
In performing ultrasound evaluation, Zhou et al.[6] found 
that with increased extension of the wrist, the contact 
area between the extensor retinaculum and the extensor 
tendons decreased, causing increased friction. We have 
found that a release of the septa between the fourth 
and fifth extensor compartments without releasing the 
external retinaculum is all that is needed to provide 
sufficient room for the tendons.[7]

Check reins
Treatment of proximal interphalangeal (PIP) joint 
contractures is often reported to be less than optimal.[8] 
The volar plate at the PIP joint is a unique structure that 
prevents hyperextension at the PIP joint and absorbs 
enormous compression loads. The PIP volar plate is 
a thick, strong fibrocartilaginous structure, lined on 
the volar surface by peritendinous synovium of the 
fibro‑osseous sheath and on the dorsal surface by joint 
synovium. These 2 layers of synovium lie on either side 
of the thin joint capsule at the lateral sides of the volar 
plate.[9] Inflammation of these two different synovial 
surfaces influence each other and produce the unusual 
abnormal collagen hypertrophy termed the checkrein 
ligaments. These do not exist in the normal state but are 
produced under the influence of this “synovial sandwich.” 
When treating contractures of the PIP joints, one must 
release these pathological structures in order to increase 
the movement in the joint. Results of a study using this 
technique indicated full intraoperative extension in 110 
of 115 joints, with 2 joints requiring a collateral ligament 
release. Three of the 115 digits required a second 
checkrein release after intraoperative gains were not 
maintained.[9]

Peripheral arthritis
Peripheral arthritis is secondary to synovial traction 
and inflammation. Osteophytes and abnormal cartilage 
build up on the joint periphery. It is hypothesized that 
the areas of synovial attachment are responsible for the 
synovitic influence on collagen and bone formation. 
With chronic synovial inflammation, the mechanical 
traction at the synovial attachment point may play a 
part but the inflamed synovium communicates with 
the bone collagen resulting in osteophyte formation. 
Resecting these bone areas along with excision of 
involved synovium results in clearing of the patient’s 
symptoms and significantly extending joint longevity. 
This occurs without having altered joint mechanics at 
the time of surgery.

Distal radioulnar joint
This approach has been used in the treatment of 
arthritis in the distal radioulnar joint (DRUJ). The 
treatment of DRUJ degenerative arthritis following 
failure of conservative treatment such as splinting 
and antiinflammatory medication includes complete 
elimination of the arthritic joint, as popularized by 
Darrach,[10] a hemiresection‑interposition technique,[11] the 
matched distal ulna resection[12] or the Sauvé‑Kapandji 
procedure, as well as ulnar head or total joint 
replacement.[13] A modified DRUJ arthritis technique 
based on the concept of proximal to distal progression 
of degenerative joint disease at the DRUJ has been 
described[14] [Figure 2]. The proximal one‑third to 
one‑half of the articular surface is typically resected 
around the entire circumference of the joint. In 
one published study, all patients noted significant 
improvement in symptoms.[14] One patient went on to 
have a matched ulna arthroplasty. In another report on 
results of 29 patients, 5 (17%) had additional surgery 

Figure 1: The A1 pulley thickens in response to synovitis and constricts 
the flexor tendons
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after the DRUJ arthroplasty specific to the ulno‑carpal/
DRUJ complex (four patients matched ulna arthroplasty, 
one patient triquetral impingement ligament tear [TILT] 
and ulna styloidectomy).[15]

Dorsal wrist syndrome
Another example of peripheral arthritis is the dorsal 
wrist syndrome (DWS). This common diagnosis of wrist 
pathology results from scaphoid instability after ligament 
tears, extreme loading of the wrist or a physiologically 
inadequate ligament system. The most common problem 
in the human wrist is the tendency for the proximal 
scaphoid pole to escape from beneath the capitate. 
Under load, this displacing scaphoid produces stretch 
and insult to the synovium. In its mildest form, acute 
wrist trauma produces scapholunate (SL) synovitis and 
ligamentous strain without a SL ligament tear. A more 
substantial ligament tear may result in a displacing 
scaphoid accompanied by chronic synovitis. These wrists 
are painful and will not tolerate loading. Conservative 
treatment consists of splinting and other types of activity 
modification.[16]

Surgical management of DWS after 6 months of 
conservative care involves exploration of the SL joint 
with excision of the soft tissue synovial mass and any 
associated ganglia. Bony ridging and osteophytes form on 
the dorsum of the scaphoid and occasionally the lunate 
and are present in every case to some extent [Figure 3]. 
The dorsal ridging is believed to be the synovial 
attachment point responsible for molecular remodeling of 
collagen and bone due to the synovial inflammation. No 
change in scaphoid stability is accomplished. One hundred 
and fifty‑one cases of surgically treated DWS were 
evaluated and <10% of these wrists required subsequent 
scaphoid stabilization (scaphoid‑trapezium‑trapezoid (STT) 
fusion). Wollstein et al.[17] presented results on 80 patients 
surgically treated for DWS, with 25% requiring some form 
of further surgery, including 9 STT fusions and 2 proximal 

row carpectomies. It is hypothesized that the resection 
of this synovitic attachment point is responsible for the 
relatively low rates of progression to arthritis despite 
continued abnormal scaphoid migration under load. 
A second group with a similar surgical procedure has 
been described with 86% of their patients having good to 
excellent results.[18]

In conclusion, inflamed synovium influences adjacent 
collagen. This fundamental relationship is the basis for 
many of the pathologic conditions of the hand, from 
capsular and ligament collagen to bone collagen (the 
“collasyn theory”). Viewing pathology of the hand in this 
manner may enhance our understanding and consequent 
treatment of hand conditions. The synovial cells produce a 
multitude of molecules and mediators involved in normal 
joint function as well as inflammatory mediators such as 
cytokines in response to osteoarthritis.[19,20] Lubricin and 
hyaluronic acid are two important lubricant molecules 
produced by synovium. Recent evidence has shown 
that these molecules are important in articular cartilage 
maintenance and loss of these substances can lead to 
osteoarthritic degeneration.[21‑23] A reactive synovium 
produces factors related to inflammation through 
participation in multiple pathways.[24‑27] Synovium includes 
mesenchymal stem cells capable of differentiating into 

Figure 2: (a) Peripheral arthritis is an early stage of bone response to synovitis. In the DRUJ, it typically begins along the proximal joint where 
synovium attaches. It has the appearance of a "goatee" on the articular surface of the ulna as noted in these 4 symptomatic patients; (b) at surgery, 
the osteophyte is made up of soft reactive bone, which is easily removed circumferentially; (c) a 5-year postoperation follow‑up shows no progression 
of DRUJ arthritis in this asymptomatic patient
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Figure 3: In dorsal wrist syndrome, the inflamed synovium produces 
peripheral osteophytes as noted on the dorsum of the scaphoid in this 
oblique X‑ray (a) and at surgery (b)
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various tissue types including cartilage, muscle and bone.
[28‑30] Thus, synovium plays a key role in the repair of 
injured connective tissue components, but may also create 
the environment in which further pathology occurs.[19]

Further study in this area may allow us to understand and 
address this synovial influence before it exerts its effect 
on surrounding collagen.
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INTRODUCTION

Pain management has always been an important part of 
dental care. With an estimated 30 million people benefited 
worldwide, non‑steroidal anti‑inflammatory drugs (NSAIDs) 
are the most commonly used drugs for managing surgical 
pain and inflammation. Consistently, NSAIDs are routinely 
prescribed for mild to moderate dental pain and will be 
supplemented/replaced by opioid analgesics in severe 

pain. The role of steroids as adjunctive measures to 
reduce postoperative inflammation, swelling, and pain has 
also received importance in recent years.[1‑4]

Despite adherence to all surgical recommendations and 
precautions during dental implant surgery in a normal 
healthy patient, many patients experience mild to 
moderate pain and inflammation after the procedure.[5,6] 
Though the role of NSAIDs and steroids in minimizing 
postoperative discomfort in dentoalveolar surgery has 
been reviewed extensively, specific recommendations 
regarding drugs, doses, and protocols with respect to 
dental implant surgery are not defined.[7,8]

A comprehensive search of commonly used electronic 
databases such as PubMed and Google Scholar, using the 
key words “analgesics”, “anti‑inflammatory” and “oral 
implants” was done. Published literature in this context 
related either to the use of analgesic or anti‑inflammatory 
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drugs by dental practitioners in routine clinical practice, 
with no specific relation to oral implant surgery.

Although the role of NSAIDs and steroids has been very 
beneficial in terms of pain relief, these drugs also have 
an associated risk of side effects and adverse drug 
reactions.[5] Since safe usage of drugs in clinical practice 
entails maximizing the therapeutic efficacy and minimizing 
the adverse effects, it is important to gain knowledge 
of the pattern of use of these widely prescribed drugs 
by dentists in order to minimize the possible risks 
associated with these drugs.[1‑4] The aim of our study was 
therefore to assess the prescription pattern of analgesics 
and anti‑inflammatory drugs during routine oral implant 
surgery in normal healthy patients among Indian dentists. 
To our knowledge, this is the first study of its kind to be 
conducted in the Indian subcontinent.

METHODS

A structured questionnaire was developed to elicit 
prescription preferences regarding analgesics and 
anti‑inflammatory drugs prescribed for routine oral 
implant surgery in the normal healthy patients and the 
protocol(s) followed. Dental surgeons were personally 

approached at various national events such as conferences 
and academic meetings and requested to provide the 
required information. Inclusion criteria for the study 
sample consisted of dental surgeons performing oral 
implant surgery and were willing to voluntarily complete 
the questionnaire. All data was manually transferred from 
the survey forms to an electronic spreadsheet for further 
analysis.

RESULTS

Out of a total of 332 dentists that responded to the survey, 
all study participants stated that they prescribed analgesic 
and anti‑inflammatory drugs for implant surgery to their 
patients. Nine NSAIDs, acetaminophen (paracetamol) and 
two semi‑synthetic opioid drugs were prescribed [Table 1]. 
Additionally, 33.7% (n = 112) participants prescribed 
steroids in conjunction with NSAIDs [Table 2].

The most preferred prescription was the combination of 
ibuprofen and paracetamol (32.2%, n = 107) [Figure 1]. The 
most commonly prescribed drugs were ibuprofen (44.3%, 
n = 147) and diclofenac (33.7%, n = 112). Paracetamol 
was prescribed by 54.2% (n = 180) of the dentists, 
however, all of these dentists prescribed paracetamol 

Table 2: Profile of steroid drug prescription by dentists performing oral implant surgery
Drug name n Drug name used Protocol Route 

Generic Trade name Both Pre Peri Post Oral IM IV
Prednisolone 33 28 5 0 3 7 23 107 0 0
Dexamethasone 57 42 15 0 19 2 36 67 7 3
Hydrocortisone 2 2 0 0 2 0 0 45 0 0
Betamethasone 20 9 11 0 10 3 7 40 0 0
Total 112 81 31 0 34 12 66 28 2 0

Pre: Pre‑operative, Peri: Peri‑operative, Post: Post‑operative, Route: PO: Per oral, IV: Intra venous, IM: Intra muscular

Table 1: Profile of analgesic and anti‑inflammatory drug prescription by dentists performing oral implant surgery
Drug name n Drug name used Protocol Route Additional 

steroid 
prescription

Unrelated 
drugs 

prescribedGeneric Trade name Both Peri Post SOS Oral IM IV

Ibuprofen+PCM 107 34 66 7 37 70 23 107 0 0 19 29
Diclofenac 67 50 13 4 23 44 16 67 7 3 26 15
Diclofenac+PCM 45 26 13 6 23 22 9 45 0 0 7 24
Ibuprofen 40 31 8 1 18 22 9 40 0 0 13 9
NSAIDs (unspecified) 28 28 0 0 5 23 9 28 2 0 6 0
Ketorolac 22 1 21 0 4 18 4 22 1 0 7 8
Piroxicam 18 11 4 3 8 10 2 18 0 0 5 6
Tramadol 14 9 1 4 3 11 2 14 2 4 9 12
Aceclofenac+PCM 14 8 4 2 7 7 2 14 0 0 8 8
Nimesulide+PCM 12 3 9 0 6 6 6 12 0 0 2 4
Nimesulide 10 7 3 0 1 9 0 10 0 0 3 3
Aceclofenac 9 9 0 0 1 8 4 9 0 0 4 9
Dextropropoxyphene 5 0 5 0 2 3 2 5 0 0 0 0
Tramadol+PCM 2 1 1 0 2 0 0 2 0 0 2 0
Etoricoxib 2 2 0 0 2 0 0 2 0 0 0 2
Aspirin 2 2 0 0 0 2 0 2 0 0 0 0
Mefenamicacid+PCM 1 0 1 0 0 1 0 1 0 0 1 1
Total 222 144 27 18 140 253 86 393 12 7 112

PCM: Paracetamol, Peri: Peri‑operative, Post: Post‑operative route, PO: Per oral, IV: Intra venous, IM: Intra muscular, NSAIDs: Non‑steroidal anti‑inflammatory 
drugs, SOS: Stat on symptoms
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as an additional drug in combination with some other 
analgesic, and in no case was paracetamol used as an 
analgesic‑anti‑inflammatory drug alone.

More than half of the dentists prescribed more than one 
drug (64.7%, n = 215), and of these 8.4% (n = 28) simply 
stated that they prescribed NSAIDs, without specifying 
any drug or trade name. Also, majority (56.9%, n = 189) 
used generic drugs names in their prescriptions, brand 
name was used by 37.3% (n = 124) and 5.7% mentioned 
both (n = 19). A single NSAID drug was prescribed by only 
35.2% (n = 117) dentists. Unrelated drugs were mentioned 
by 27.4% (n = 91) dentists and 58.1% (n = 193) indicated 
the use of pre‑formulated drug combinations.

The use of semi‑synthetic opioids was noted by 
9.0% (n = 30) dentists. Tramadol alone was prescribed 
by 3.3% (n = 11) dentists while 1.5% (n = 5) gave it in 
combination with paracetamol. Dextropropoxyphene was 
prescribed by 1.5% (n = 5) dentists only and it was part of 
a pre‑formulated commercially available drug formulation.

Additional drugs were also prescribed along with 
analgesic‑anti‑inflammatory drugs. These included tissue 
enzymes such as serratiopeptidase (10.8%, n = 36), 
chymotrypsin (0.3%, n = 1) and chlorzoxazone (4.2%, 
n = 14). Caffeine was present in 1.5% (n = 5) of 
the prescriptions. All of these drugs were part of 
pre‑formulated commercially available drug formulations.

Drug dose was mentioned by 5.4% (n = 18) dentists 
only. The peri‑operative treatment protocol (pre‑surgical 
dose followed by post surgical regimen) was preferred 
by 35.5% (n = 118) dentists while 64.7% (n = 215) gave 
the medication postoperatively only. The term ‘Stat 
on Symptoms’ was also mentioned by 21.6% (n = 72) 
dentists. Post‑operative prescription duration ranged from 
0 to 9 days, the most common being 5 days.

The oral route was recommended by all 332 dentists 
with an additional injection via intramuscular route (3.0%, 
n = 10) or intravenous route (1.5%, n = 5) along with 
this.

Regarding steroids, out of the 33.7% (n = 112) participants 
that prescribed steroids, dexamethasone (50.8%, n = 57) 
was the most preferred, followed by prednisolone (29.4%, 
n = 33). Also, majority used generic names in their 

prescription (72.3%, n = 81) but only 19.6% (n = 22) 
mentioned the dose. It is notable that most 
dentists preferred injectable steroid therapy (58.9%, 
n = 66) [Table 2].

DISCUSSION

A review of our study results shows that most of the 
dentists prescribed traditional NSAIDs to patients 
undergoing routine dental implant surgery. Only a 
marginal section of the dentists prescribed the newer 
cyclo‑oxygenase selective group of drugs on a regular 
basis. Similar prescription patterns for analgesics in 
the dental setting have also been observed in studies 
conducted in Istanbul,[9] Bangladesh,[10] Karnataka[11]

and Alabama.[12] It is noteworthy that analogous results 
have also been reported in a study illustrating country 
comparisons in analgesic usage.[13]

Evaluation of the prescription patterns revealed that there 
was a great deal of variability in the drugs prescribed 
and the protocols followed for their prescription. 
Regarding the analgesic drug prescribed, ibuprofen was 
the most prescribed, followed by diclofenac. The role 
of both these drugs in the management of dental and 
post‑surgical inflammatory pain is recommended by 
many authors.[14‑17] Amongst recommendations regarding 
the use of NSAIDs in dentistry, it has been suggested 
that ibuprofen is an ideal prototype for consideration in 
pain of dental origin.[2]

A noteworthy aspect of our study was the finding that 
the most common prescription pattern was the use 
of ibuprofen in combination with paracetamol, and 
diclofenac with paracetamol. No dentist prescribed 
paracetamol alone as an analgesic drug. Guidelines on 
sedation and management of dental pain[16] state that it 
is irrational to combine two or more NSAIDs in therapy, 
however, paracetamol or opioid analgesics are suitable 
for combination with NSAIDs whenever a combination is 
required in severe pain only.[18‑21] A review of literature 
related to ibuprofen‑paracetamol combination shows that 
the two drugs tend to provide efficacious pain control in 
the dental model when used together.[22]

Additionally, our study participants have also prescribed a 
variety of other NSAIDs such as piroxicam and ketorolac. 
However, it may be noted that these drugs have not been 
recommended for pain control in the dental pain model 
and are known to have more severe side effects.[2,4] Some 
dentists have also mentioned the use of unrelated NSAIDs 
in their prescriptions, indicating a subjective preference in 
prescribing different drugs to different patients.

Another matter for concern regarding the use of NSAIDs 
for analgesia is the incidence of side effects, specifically 
gastrointestinal (GI) bleeding.[23] The safest drug in this 
regard has been noted as Ibuprofen.[24] However, this has 
also been related to the frequency and duration of overall 
NSAID therapy. This may not be significant in normal 
healthy individuals taking short‑term therapy for oral 
surgical related pain.[2,4,25]

Figure 1: Prescription trend of analgesic/anti‑inflammatory drugs for oral 
implant surgery. PCM: Paracetamol
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In relation to prescription patterns, there was 
some variability in the preference for perioperative 
regimens versus postoperative prescription only. The 
role of a preoperative or loading dose of analgesic 
medication before surgery has been recommended as 
a form of preemptive analgesia.[19,26] In our study, only 
35.5% (n = 118) of our participants who preferred the 
peri‑operative regimen gave due consideration to this 
method of analgesic prescription.

The duration of prescription ranged from a self‑medication 
preference or "stat‑on‑symptoms" approach to the 
medication being prescribed for 2 to 9 days post‑surgically. 
Most authors recommend prescription duration of 4 to 
6 days, and most of our study participants also fell into 
this range.[16,27] All dentists in our study recommended the 
oral route of delivery, while only a few used an additional 
injection of NSAID drugs. Again, most authors recommend 
only oral NSAID therapy for dental and postoperative 
pain.[16,27]

When considering the method of prescription, it was seen 
that fewer dentists wrote the brand names of the drugs 
prescribed. The majority preferred to use generic names 
of commercially available drugs, including pre‑formulated 
drug combinations.

To manage NSAIDs associated adverse effects on the GI 
tract, a proton pump inhibitor or H2 receptor antagonist 
is usually recommended for patients that are at high risk 
of ulcers.[10] Only five of our study participants mentioned 
these drugs in their prescriptions. Our study also 
illustrated that only a minority prescribed semi‑synthetic 
opioid analgesics (tramadol and dextropropoxyphene) and 
this trend was also in accordance with indications for use 
of NSAIDs for dental and post‑surgical pain.[2,16]

The role of glucocorticoids as adjuncts for pain and 
edema has received interest in recent time.[28] Literature 
has shown that the short‑term use of corticosteroids 
is safe and provides analgesia in acute postoperative 
pain in healthy adults.[29] However, the optimal dose, 
mode and timing of administration remain unclear.[30] 
One meta‑analysis has provided reliable evidence that 
dexamethasone is an ideal drug for ameliorating acute 
postoperative pain.[5] Of the 30% of our study sample 
that did prescribe steroids, the majority did prescribe 
dexamethasone, but the duration, mode of delivery and 
protocol were variable. It is noteworthy that many of the 
dentists in our study prescribed injectable steroid therapy 
for up to seven days postoperatively.

It was interesting to note that pre‑formulated commercially 
available drug combinations contained additional drugs 
such as serratiopeptidase and chlorzoxazone. The role 
of a muscle relaxant in dental implant surgery remains 
unclear.

Review of current literature reveals that almost all authors 
are in favour of the use of conventional NSAIDs, specifically 
ibuprofen, ibuprofen with paracetamol and diclofenac, 
for the management of dental and postoperative pain 
and inflammation. These drugs are also easily available 

over the counter without prescription.[9‑11,13] The role 
of steroids, especially dexamethasone, as adjuncts in 
postoperative pain management has also been reviewed. 
NSAIDs are also associated with side effects such as GI 
bleeding and allergic reactions, and it is critical that these 
drugs be prescribed cautiously.[19,24,25]

Our study illustrates that the current trend of prescription 
of analgesic and anti‑inflammatory drugs for routine oral 
implant surgery among Indian dentists is in accordance 
with the guidelines for management of dental pain 
worldwide. However, evidence of prescription of drugs 
not primarily indicated for dental pain management and 
protocols not consistent with current recommendations, 
is noteworthy. It is essential that, to ensure safe delivery 
and avoidance of potential complications arising due to 
these drugs, dental practitioners should be more aware 
of the appropriate dose, dosage regimen and indications 
for specific analgesics. Additionally, further research 
is required to assess the outcomes, including adverse 
effects, related to the prescription of these drugs for oral 
implant surgery.
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INTRODUCTION

Foot trauma is a significant cause of morbidity among the 
working age population. Crush injuries to the foot are 
often associated with avulsion injuries of the heel pad. 
Heel pad avulsion injuries are always a challenge for the 
plastic surgeons, as the reconstructed tissue, even though 
sensate, may not match the unique and complex nature 
of the native fat pad structure. Heel pad avulsion injuries 
may be partial or complete.[1] When the avulsed heel pad 
tissue is avascular or clinically nonviable, avulsion is said 

to be complete and may require removal of the avascular 
tissue and reconstruction with local or distant flaps. 
Providing sensate and glabrous skin may not be possible 
in patients with extensive injuries.[2] There are clinical 
situations in which the avulsed heel pad structure may be 
viable, requiring debridement and anchoring of the heel 
pad flap in position. In cases of partial avulsion, the heel 
pad is, usually, debrided, reattached in position by sutures 
or K‑wire fixation, and further surgical interventions are 
postponed until there has been a demarcation of the 
nonviable tissue.[1] As the heel pad tissue is irreplaceable, 
there is a need for alternative methods of preserving the 
marginal tissue as well as preventing ischemia and hypoxic 
advancement of the injured tissue. In this prospective 
study, various treatment modalities including hyperbaric 
oxygen (HBO) therapy, primary closure, full thickness skin 
grafting/split thickness skin grafting (FTSG/STSG), and local 
or distant flap coverage were utilized to preserve and 
reconstruct the valuable heel pad tissue.
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ABSTRACT
Aim: Crush injuries of the foot are often associated with partial or complete degloving of the heel 
pad. The purpose of this study is to present an algorithm for the management of various types of 
heel pad avulsion injuries, including hyperbaric oxygen (HBO) therapy in the treatment regimen. 
Methods: We present a prospective study of 27 patients with various types of heel pad avulsion 
managed in our institution from December 2012 to June 2013. Heel pad avulsion injuries were 
classified according to the angiosomal pattern. Partial or complete avulsions were classified and treated 
accordingly. HBO therapy was administered postoperatively. The postoperative period, hospital 
course, and follow-up were documented in patients with heel pad avulsion injuries. Results: Of 
27 patients, 20 cases presented with partial avulsion and 7 cases were complete avulsion. Of 20 cases 
of partial avulsion, one of the flaps was anchored with K-wire. Nineteen cases of partial heel pad 
avulsion were managed by suturing. Eight patients out of 20 required skin grafting as a secondary 
procedure at a later date. Out of 7 cases of complete avulsion, one was managed by full-thickness skin 
grafting, one case by reverse sural artery flap coverage, and four cases were managed by free tissue 
transfer. No flap revisions were required, and no complications were experienced for the transferred 
flaps. Conclusion: HBO therapy may be a useful adjunct in the treatment of heel pad avulsion injuries.
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METHODS

Twenty‑seven patients with heel pad avulsion (isolated/
combined) were treated over a period of 
7 months (December 2012 to June 2013). The avulsed heel 
pad flaps were classified on the basis of the angiosomal 
concept. Heel pad flaps based distally were classified as 
tissue receiving its vascular supply from the medial plantar 
and lateral plantar artery angiosomal territories. Flaps 
based distally and medially were considered to receive 
their vascular supply from the medial and lateral plantar 
arteries and the calcaneal branch of the posterior tibial 
artery. Flaps based distally and laterally were considered 
to have a vascular supply based on the medial and lateral 
plantar arteries and the calcaneal branch of the peroneal 
artery. Those flaps with proximal continuity were classified 
as having their blood supply from perforators of either 
the posterior tibial or peroneal vessels.

Following initial assessment and resuscitation of 
the patient according to the ATLS protocols, acutely 
presenting heel pad avulsion injuries were assessed for 
the extent of degloving, skeletal injury, associated soft 
tissue loss, vascularity to the heel pad flap, and flap 
avulsion patterns. Patients were informed about the line of 
management, possible treatment modalities, and the need 
for additional surgery procedures pertaining the pattern 
of injuries. Patients were started on empirical antibiotic 
therapy, including a third‑generation cephalosporin and 
anaerobic coverage. Adequate analgesia was assured. 
Thorough wound debridement and fixation of the 
fractures was performed. In cases of partial avulsion 
requiring the anchorage, HBO therapy was initiated during 
the immediate postoperative period. Six sessions of HBO 
therapy, each session lasting 1 h and continued for 6 days, 
was administered to the patients postoperatively. In cases 
of complete avulsion, the nonviable tissues were debrided, 
and depending upon the patient’s condition, soft tissue 
reconstruction was performed as early as possible. 
Postoperatively, 6 HBO therapy sessions were administered 
for all patients. Immobilization of the limb was done in all 
cases. Outcomes following each type of management and 
secondary procedures performed were noted.

RESULTS
The mode of injury for all patients was road traffic 
accident. Out of 27 patients, there were 5 female (18.1%) 
and 22 male patients (81.9%). Mean age was 34.18 years 
(range: 5‑53 years). For 12 patients the avulsed flap was 
based distally, in 7 patients the flap was based distally 
and laterally, in 5 patients the flap was based distally and 
medially, in 2 patients the flap had proximal and distal 
connections with disruption in the medial and lateral 
aspects and in 1 patient the flap was continuous only in 
the lateral and medial aspects. Out of 20 cases of partial 
avulsion, one of the flaps was anchored with K‑wires by 
the orthopedic department, and then referred to plastic 
surgery for soft tissue coverage. Nineteen cases of partial 

heel pad avulsion were managed by primary closure. Eight 
patients out of 20 required skin grafting as a secondary 
procedure at a later date. Out of 7 cases of complete 
avulsion, one was managed by full‑thickness skin 
grafting, one case by reverse sural artery flap coverage, 
and four cases were managed by free tissue transfer. 
Among the free tissue transfer, two were latissimus dorsi 
muscle flaps, one was a gracilis muscle flap, and one 
was an anterolateral thigh flap [Table 1]. There were no 
complications following flap transfer and graft take was 
adequate. The patients in our series did not experience 
the common side‑effects of HBO therapy such aural or 
pulmonary barotrauma or transient reversible myopia 
during the treatment sessions. No complications were 
noted during the follow‑up period.

Case 1
A 43‑year‑old female was admitted with a crush injury 
to the right leg and foot region following a crush injury 
by a heavy vehicle [Figure 1a]. The patient presented 
with soft tissue loss over the anterior aspect of the 
leg and dorsum of the foot. The heel pad was avulsed 
from the calcaneum but was continuous to the proximal 
and the distal aspect by the skin and subcutaneous 
tissue [Figure 1b]. Stabilization of the ankle and heel 
pad was performed with an external fixator following 
wound debridement. Soft tissue coverage of the anterior 
aspect of the leg and dorsum of the foot was provided 
by a latissimus dorsi free flap and split‑thickness skin 
grafting [Figure 1c and d]. The vessels of the latissimus 
dorsi flap were anastomosed end‑to‑side to the 
posterior tibial vessels as the anterior tibial vessels were 
avulsed up to the level of middle third of the leg. HBO 
therapy was administered in 6 sessions postoperatively. 
Following demarcation of the avascular tissue over the 
medial part of the leg and proximal heel pad, nonviable 
tissue was debrided. Because there was adequate soft 
tissue padding over the calcaneum, skin grafting was 
performed [Figure 1e‑g]. Six sessions of HBO therapy 
were administered following skin grafting.

Case 2
An 18‑year‑old male was admitted with a crush injury of 
the right leg and foot with heel pad avulsion. Skin and 
subcutaneous tissue were connected in the proximal and 
distal aspects [Figure 2a]. The heel pad was anchored 
with K‑wires by the orthopedic department, and the 
patient was then referred to plastic surgery for further 
management [Figure 2b]. HBO therapy was administered 
for six sessions. Following demarcation of the nonviable 
tissue, the avascular tissue was debrided [Figure 2c and d]. 
Most of the foot pad tissue was found to be preserved, 
and skin grafting was sufficient for coverage of the soft 
tissue defect following debridement [Figure 2e and f]. Six 
additional sessions of HBO therapy were administered 
following skin grafting.

Case 3
A 52‑year‑old male was admitted with heel pad avulsion 
based distally [Figure 3a]. Primary closure was performed 
following debridement [Figure 3b and c]. HBO therapy was 

Administrator
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administered for 6 sessions. The wound healed without 
any additional intervention [Figure 3d].

DISCUSSION

Crush injuries to the foot are a significant cause of 
morbidity among the working age population and are 

commonly associated with degloving of the heel pad.[1] 
The heel pad flaps are typically elevated in a posterior 
to anterior direction. Crush injuries may disrupt the heel 
pad in various flap patterns, which are medially based, 
laterally based, medially and anteriorly based, or laterally 
and anteriorly based. In some cases, the soft tissues in the 
medial, posterior and lateral areas are disrupted, leaving 

Table 1: The patients treated for heel pad avulsion injury
No. Age (years)/

gender
Mode of 
injury

Base of 
vascularity

Primary management 
following debridement

Secondary 
procedure

1 32/male RTA Distal Primary suturing
2 23/male RTA Distal Primary suturing
3 24/female RTA Distal Primary suturing SSG
4 42/male RTA Distal Primary suturing SSG
5 53/male RTA Distal Latissimudorsi flap
6 34/female RTA Distal Latissimus dorsi flap
7 42/male RTA Distal and lateral Primary suturing
8 27/male RTA Distal and medial Primary suturing
9 34/male RTA Distal Gracilis flap
10 5/male RTA Distal FTSG
11 52/female RTA Distal Primary suturing
12 25/male RTA Distal and lateral Primary suturing SSG
13 27/male RTA Distal and lateral Primary suturing
14 21/male RTA Distal and lateral Primary suturing SSG
15 28/male RTA Distal and lateral Primary suturing
16 43/male RTA Distal and lateral Primary suturing
17 42/male RTA Lateral and medial Primary suturing SSG
18 37/male RTA Distal and lateral Primary suturing
19 43/female RTA Proximal and distal Latissimus dorsi flap SSG
20 35/male RTA Distal and medial Primary suturing
21 39/male RTA Distal and medial Primary suturing
22 42/male RTA Distal and medial Primary suturing
23 45/male RTA Distal and medial Primary suturing SSG
24 21/female RTA Distal Primary suturing SSG
25 18/male RTA Proximal and distal Anchorage with K-wire SSG
26 47/male RTA Distal Reverse sural flap
27 42/male RTA Distal Anterolateral thigh flap

RTA: Road traffic accident, FTSG: Full thickness skin grafting, SSG: Split thickness skin grafting

Figure 1: (a) Crush injury to the right leg and foot region; (b) soft tissue loss anterior aspect of leg and dorsum of foot with heel pad avulsed from 
the calcaneum with continuity to the proximal and the distal part; (c) soft tissue coverage of leg and dorsum of foot with latissimus dorsi free tissue 
transfer; (d) free muscle tissue covered with split thickness skin graft; (e) status of heel region following debridement and hyperbaric oxygen therapy 
after 3 weeks of injury; (f) postoperative picture following skin grafting over heel pad region; (g) late postoperative picture
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Figure 2: (a) Crush injury right leg and foot with heel pad avulsed skin and subcutaneous tissue connectivity in the proximal and distal part; (b) X‑ray 
lateral view right foot showing K‑wires used for stabilization of avulsed heel pad; (c) appearance of foot 3 weeks following debridement and hyperbaric 
oxygen treatment session; (d) plantar view of foot following 3 weeks; (e) medial view of the foot following skin grafting; (f) plantar view of the foot 
following skin grafting

Figure 3: (a) Heel pad avulsion based distally‑medial view of left foot 
foot; (b) wound debridement and primary suturing after placing a 
suction drain; (c) picture presenting the wound status during immediate 
postoperative period; (d) late postoperative picture

Figure 4: Diagram illustrating heel pad tissue degloved as a bucket 
handle type over the calcaneal bone with continuity proximally and 
distally with disruption of soft tissue medial and lateral aspect

the management of such complicated injuries [Figure 5]. 
Out of 6 angiosomes of the foot and ankle, 3 angiosomes 
are supplied by the posterior tibial artery, 2 angiosomes 
are supplied by the peroneal artery, and 1 angiosome is 
supplied by the anterior tibial artery.[4] The calcaneal branch 
of the posterior tibial artery supplies the medial aspect of 
the ankle and the plantar aspect of the heel pad region. The 
medial plantar branch of the posterior tibial artery feeds 
the medial aspect of the plantar instep. The lateral plantar 
branch of the posterior tibial artery feeds the lateral aspect 
of the forefoot, the plantar aspect of the midfoot, and the 
plantar aspect of the forefoot. The calcaneal branch of the 
peroneal artery supplies the lateral aspect of the heel pad 
region.[5] Taylor et al.[4] found that these angiosomes are 
interconnected by either reduced caliber choke vessels 
or by anastomotic arteries. The principle of utilizing 
HBO therapy for ulcers with vascular insufficiency and in 
radiation‑induced wounds can be applied to the salvage of 
vital heel pad tissue. HBO therapy creates an increase in 
dissolved oxygen in the plasma where there is increased 
partial pressure of arterial oxygen. Oxygen delivery through 

only a soft tissue bridge anteriorly. In some instances, 
the heel pad tissue is degloved in a “bucket handle” 
configuration over the calcaneal bone, with continuity 
proximally and distally and disruption of the soft tissue 
in the medial and lateral aspects [Figure 4]. The heel pad 
tissue, with its unique architecture, demands preservation 
in cases of any possible vascular supply. Premature efforts 
to remove doubtful tissue may result in loss of valuable 
sensate heel pad tissue, which might have been preserved 
by delayed intervention. However, a delayed intervention 
may also result in decreased survival rates of local or 
distant tissue transfer secondary to tissue edema and an 
increase in inflammatory factors. Since the zone of soft 
tissue compromise may extend beyond the zone of injury 
of the foot, reconstruction of heel pad with local or distant 
soft tissue reconstruction can be challenging. In addition, 
efforts to replace the heel pad with vascularized or 
regional flaps may be limited by decreased fine sensation, 
bulky soft tissues, and alteration in gait function.[3]

The vascular anatomy of the leg and foot by means of the 
angiosomal concept provides us with a better approach for 
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the plasma is increased through hemoglobin‑bound 
oxygen, facilitating oxygenation of the deprived tissue, 
stimulating angiogenesis, fibroblast proliferation, leukocyte 
oxidative killing, antibiotic synergy, toxin inhibition and 
vasoconstriction. Vasoconstriction significantly reduces 
tissue edema without hindering oxygenation. Decreasing 
edema is desirable in complicated plastic surgical wounds to 
relieve pressure on the surrounding vessels and structures. 
Oxygen delivery also leads to mature collagen formation 
and stimulates angiogenesis.[6] Ulkür et al.[7] illustrated the 
usefulness of HBO treatment during the delay period of 
the flap which can both decrease the time period needed 
for the delay procedure and increased the effect of the flap 
delay. The current study illustrates the utility of hyperbaric 
therapy in the treatment of heel pad avulsion injuries. 
Most heel pad avulsion injuries with partial continuity act 
similar to a delayed flap. Hence, considering the valuable 
heel pad tissue and the need for its preservation at any 
cost, management should include a modality which can 
potentially enhance vascularity and wound healing potential 
during the period of demarcation of necrotic tissue.

Hyperbaric oxygen therapy utilizes 100% oxygen at 
pressures greater than atmospheric pressure. In the 
current study, HBO was administered in a Monoplace 
chamber in which a single patient is placed in a chamber 
that is then pressurized with 100% oxygen. The pressure 
inside the chamber is adjusted, ranging from 2.0 ATA to 
2.4 ATA for duration of 90 min. As an adjunct to surgery 
and antibiotics, HBO therapy can significantly decrease 
costs and complications.[8] Vasoconstriction reduces edema 
and tissue swelling while ensuring adequate oxygen 
delivery and is thus useful in acute trauma wounds. 
Hyperoxygenation of the crush injury and compartment 
syndrome followed by flap salvage results in immune 
stimulation by restoring white blood cell function and 
enhancing phagocytic capabilities. Neo‑vascularization in 
hypoxic areas is augmented by fibroblastic activity and 
capillary growth.[8] Adequate shock management, direct 
surgical intervention with debridement, repair of soft 
tissues and any damaged vessels, and stabilization of 
bony elements are of paramount importance. Adjuvant 
HBO can be given early to prevent large regions of 
ischemic necrosis, minimize the frequency and extent of 

tissue necrosis, reduce edema, control infection, support 
healing, and prevent reperfusion injury.[9]

At the authors’ institution, a strategy has been developed 
to overcome these difficulties and to successfully manage 
these patients with a combined approach that maximizes 
tissue perfusion and oxygenation, allowing for surgical 
correction of such injuries. The current treatment 
algorithm [Figure 6] begins with surgical debridement and 
initiation of HBO therapy in the immediate postoperative 
period. HBO provides supersaturation of the plasma with 
oxygen, allowing a several‑fold increase in the oxygen 
diffusion gradient. Combination of the modalities allows 
preservation of marginal tissue, prevention of advancing 
ischemia and hypoxia and maximum preservation of heel 
pad tissue. This approach has been used in the current 
series of 27 patients, achieving maximal preservation of 
the heel pad with a return to ambulation.

Out of 27 patients, the avulsed flap was distally‑based in 
12 patients, distally and laterally based in 7 patients and 
distally and medially based in 5 patients. In 2 patients the 
flap had proximal and distal connections with disruption 
in the medial and lateral aspects, and in 1 patient the flap 
was continuous in only the lateral and medial aspects. In 
all cases, initial wound debridement was carried out and 
HBO therapy sessions were started. If flap coverage was 
required, surgery was scheduled as soon as the patient 
was stable. HBO therapy was withheld on the day of 
surgery and recommenced on postoperative day one. When 
skin grafting was performed at a later date, surgery was 
followed by six sessions of HBO therapy. Out of 20 cases 
of partial avulsion, one flap was anchored with a K‑wire 
from the orthopedic department, and then referred to 
plastic surgery for soft tissue management. Nineteen cases 
of partial heel pad avulsion were closed primarily. Eight 
patients out of 20 required skin grafting as a secondary 
procedure at a later date. Split‑thickness skin grafting was 
the method of choice when adequate soft tissue padding 
was present. In the authors’ experience, the risk of calcaneal 
bone exposure was decreased in patients treated with HBO 
therapy. Split thickness grafting can suffice if adequate soft 
tissue padding is present.[2] However, there is a need for a 
randomized controlled study of the preservation of heel 
fat pad tissue following HBO therapy. Out of 7 cases of 
complete avulsion, 1 patient was managed by full‑thickness 
skin grafting. The benefit of HBO therapy is greatest in 
cases in which relatively large areas of tissue are grafted, 
as in full‑thickness skin grafting.[8] One patient with a heel 
pad defect was treated by reverse sural artery flap coverage, 
and four patients were managed by free tissue transfer. 
Among the free tissue transfer cases, 2 were latissimus 
dorsi muscle flaps, 1 was a gracilis muscle flap and one was 
an anterolateral thigh flap. There were no complications 
following any flap transfers. The patients in the current 
series did not experience the common side effects of HBO 
therapy, including aural or pulmonary barotrauma and 
transient reversible myopia during the treatment session. 
No recent literature is available on management of heel 
pad avulsion injuries using surgery and HBO therapy 
as a combined modality. Other advanced wound care 

Figure 5: Angiosomal pattern of the heel pad and plantar foot region
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modalities including negative pressure wound therapy and 
limited‑access dressings could well be utilized along with 
HBO therapy for the management of such challenging 
injuries. Complications and problems in wound healing are 
bound to occur in crush injuries of the foot involving heel 
pad region. HBO therapy is an adjunct in the management 
of marginal tissues, but cannot be utilized in an avascular 

environment which requires surgical intervention. Measures 
that could improve the outcome with the adjunct use of 
HBO therapy should be considered [Figure 7].

In conclusion, the goal of management of heel pad 
avulsion injuries is to preserve as much viable heel pad 
tissue as possible and to provide sensate, stable coverage. 
Principles of wound management with wound evaluation, 

Figure 6: Algorithm for management for heel pad avulsion injuries in our institution

Figure 7: Hyperbaric oxygen therapy as an adjunct in the management of various patterns of heel pad avulsion injuries



 Plast Aesthet Res || Vol 2 || Issue 2 || Mar 13, 201562

debridement with preservation of viable tissue, fracture 
reduction, prevention of infection, and adequate soft tissue 
reconstruction are important in the management of heel 
pad avulsion injuries. The simplest and most appropriate 
technique is likely to produce the best outcome. This 
study presents a simple management algorithm for 
the management of various types of heel pad avulsion 
injuries. HBO therapy may be used as a useful adjunct in 
the treatment of such complicated injuries to offer speedy 
recovery as well as cost benefits.
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INTRODUCTION

The overall goal of breast reconstruction is to recreate the 
most naturally appearing and feeling breasts for patients 
with breast cancer who are treated with mastectomies. 
Autologous reconstruction with either the transverse 
rectus abdominus myocutaneous (TRAM) flap, or more 

recently the deep inferior epigastric perforator (DIEP) 
flap, is now considered the “gold standard” for breast 
reconstruction due to its ability to recreate natural and 
aesthetic results. However, not all women have sufficient 
abdominal tissue to make an aesthetically appearing 
breast. Often, in these cases, an alternative technique 
for breast reconstruction is the latissimus dorsi (LD) flap 
with an expander/implant. Miller et al.[1] demonstrated 
that TRAM flap reconstruction can be simultaneously 
performed with placement of a tissue expander (TE) to 
provide improved volume and projection in safe manner 
for patients who have a thin body habitus with medium 
to large‑sized breasts. Donor site and aesthetic outcomes 
proved to be statistically improved in patients who 
underwent TRAM/implant reconstruction when compared 
to LD/implant reconstruction.[2] Figus et al.[3] applied these 
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same principles to the recent advance in autologous 
reconstruction the development of the DIEP flap. In 
concordance with the TRAM/implant literature, Figus 
et al.[3] demonstrated that placement of a sub‑pectoral 
implant and DIEP flap can be safely performed and 
utilized in patients with insufficient abdominal tissue, 
in patients who need correction of breast asymmetries, 
and in patients that necessitate augmented volume and 
projection because they desire larger breasts. The main 
concern with the placement of the expander or implant 
simultaneously with a DIEP flap is potential injury to the 
pedicle. The authors describe a series of combined DIEP 
flap/expander reconstruction as well as the use of an 
alloderm sling to protect the pedicle from any immediate 
or delayed injury. The study was approved by review board
of Yale University.

METHODS
Between January 2009 and December 2012, over 250 
DIEP flaps were performed, and 91% were bilateral 
reconstructions. When clinical assessment demonstrated 
inadequate abdominal tissue to reconstruct the patient’s 
desired breast size, discussions regarding the simultaneous 
use of an expander or implant were undertaken. Patients 
with a high probability of postoperative radiation were 
not offered the choice of a combined DIEP/expander 
procedure. However,  history of preoperative radiation 
was not used as exclusion criteria. There were 5 
patients who underwent simultaneous DIEP flap and 
expander/implant placement. These patient’s charts were 
retrospectively reviewed, and data points were collected. 
These data points include patient demographics, 
co‑morbid conditions, pre‑ or postoperative radiation, 
primary disease, operative details, the final volume of 
the expander postoperatively, length of follow‑up, and 
complications. All patients had postoperative photos 
taken 4‑12 months postoperatively. Patients were asked 
to assess their satisfaction with the reconstruction using a 
four‑point scale, with the number 1 defined as dissatisfied 
and the number 4 as very satisfied.

Operative technique: alloderm sling
The borders of the breast are outlined preoperatively as is 
routinely done in expander‑only reconstruction. Elevation 
of DIEP flaps occurs simultaneously while the general 
surgeons perform the mastectomy. Perforators are isolated, 
and the inferior epigastric pedicles are dissected and 
exposed. Once the mastectomies are complete [Figure 1], 
the subpectoral dissection is undertaken, and sizers are 
placed. Alloderm is routinely used infero‑laterally to 
recreate the breast pocket and breast borders. The sizer 
is expanded to the desired final size, and the alloderm is 
secured in place [Figure 2]. The sizers are then deflated, 
and a window is created within the medial portion of the 
pectoralis, which allows access to the internal mammary 
artery and vein. At this time, dissection of the recipient 
vessels begins with the removal of the rib over the 
internal mammary vessels. Once the internal mammary 
vessels are dissected and exposed, the sizer is then 
replaced into the subpectoral pocket and re‑inflated to the 

desired breast volume. A piece of alloderm (approximately 
4 cm × 5 cm) is shaped to fit the defect between the 
ribs and the lateral edge of the pectoralis window. The 
alloderm is first secured to the rib periostium superiorly 
and inferiorly and is then draped along the lateral 
border of the pectoralis window [Figure 3]. The sizer is 
then exchanged with a smooth, round expander/implant, 
and a small pocket along the infero‑lateral breast is 
dissected for placement of the external port. Saline is 
infused via the external port, and lateral digital pressure 

Figure 1: Bilateral areola‑sparing mastectomy defects

Figure 2: Standard technique of tissue expander reconstruction: 
placement of subpectoral sizer and securing alloderm inferiolaterally 
to the released pectoralis muscle edge. The sizer will be replaced with 
placement of a tissue expander with an external port

Figure 3: A small window within the pectoralis muscle is made medially 
and the internal mammary vessesl are dissected and exposed. The 
alloderm sling is then sutured in place to form the lateral “wall” of 
the window within the pectoralis or the new medial boundary to the 
subpectoral expander
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on the expander/implant confirms appropriate position 
and integrity of the alloderm sling [Figure 4]. The 
expander/implant is then deflated to allow room for 
the microvascular anastomosis of the internal mammary 
vessels to the deep inferior epigastric pedicle. The DIEP 
flap is then secured in place, the overlying mastectomy 
skin is approximated, and a subjective amount of saline 
is infused into the TE/implant. This is all done while 
ensuring that: (1) the alloderm sling is competent; (2) the 
DIEP flap appearance and Doppler signal do not change; 
and (3) the mastectomy skin appears well perfused. As in 
routine breast reconstruction, the patient is then placed 
in an upright position, and the appropriate placement 
of the DIEP flap and expander/implant with resolution 
of any volume asymmetries is confirmed. Two 10‑flat 
Jackson Pratt drains are placed in each breast: one within 
the alloderm breast pocket and the other outside of the 
alloderm infero‑laterally. Postoperatively, the patients are 
placed on DVT prophylaxis until day of discharge and 
antibiotics until the drains are discontinued. As historically 
described with TRAM/implant procedures, expansion was 

initiated 4‑6 weeks postoperatively.[4] Permanent smooth, 
round silicone gel implants were exchanged once the 
patient’s desired breast volume was met.

RESULTS

Five patients underwent combined DIEP/TE 
reconstruction. The average age was 50 years, and 
all patients had early disease, few comorbidities, and 
were not smokers [Table 1]. Four patients had no prior 
reconstruction, one patient had prior bilateral TE 
placement with postoperative radiation and subsequent 
infections that led to significant deformities bilaterally 
and her desire for secondary reconstruction.

Of the 5 immediate DIEP flap/TE patients, four patients 
underwent bilateral reconstructions, and 1 patient had a 
stacked DIEP flap with implant placement for a unilateral 
defect [Figure 5]. There were no reoperations, episodes of 
venous congestion, hematomas, partial or total flap losses, 
seromas, infections, or expander/implant leaks [Table 2]. 
There were no instances of expander/implant extrusion, 
migration or palpability. The average final expander size 
was 325 mL ± 132.5 mL (range: 200‑400 mL). All patients 
have undergone an uneventful expander/implant exchange 
procedure, and none has necessitated a revision or fat 
grafting procedures to correct asymmetries. All patients 
describe being “very satisfied” with their reconstructive 
result (score 4) with subjective improvement in volume 
and projection of their breasts. Length of follow‑up 
ranged from 6 to 18 months [Figure 6].

DISCUSSION

Plastic surgeons are constantly searching for ways to 
optimize techniques and perfect results. Koshima et al.[1] 
was the first to improve upon the TRAM flap design by 
isolating the abdominal tissue on perforators and sparing 
the muscle. Not surprisingly, the DIEP flap has since 
gained widespread popularity and made inroads as the 
gold standard for autologous reconstruction, providing 

Table 1: Cohort demographics, comorbid conditions and oncologic characteristics
Age 
(years)

Height 
(m)

Weight 
(kg)

BMI Co-morbidities Smoker Preoperative radxn Prior recon Breast cancer stage Bilat recon

41 1.54 68.03 28.3 None No No No I Yes
50 1.70 58.51 20.4 None No No No 0 No
55 1.60 58.51 23.4 None No Yes Yes II Yes
49 1.70 71.66 25.1 None No No No I Yes
50 1.65 57.15 20.7 HTN, DM No No No 0 Yes

BMI: Body mass index, DM: Diabetes mellitus, HTN: Hypertension

Table 2: Cohort operative details and complications
Patient Expander size Initial saline infused Hematoma Seroma Injury to flap Infection Asymm Satisfaction score (1-4)
1 350 mL 0 mL No No No No No 4
2 250 mL 150 mL No No No No No 4
3 250 mL 0 mL No No No No No 4
4 250 mL 200 mL No No No No No 4
5 275/400 mL 200/275 mL No No No No No 4

Figure 4: (A) Dissected and exposed recipient internal mammary artery 
and vein; (B) alloderm sling sutured in place to the rib periostium 
superiorly and inferiorly as well as to the medial edge of the pectoralis. 
The subpectoral expander is therefore limited from migrating medially 
towards the internal mammary vessels by the alloderm sling
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both a lasting result and breasts that appear and feel 
natural.

However, not all women who desire autologous 
reconstruction have sufficient abdominal tissue to recreate 
an aesthetic appearing breast. Alternative donor sites 
for autologous reconstruction include the gluteal region, 
posterior thigh, and medial thigh, however, these sites 
generally contribute even less tissue than the abdomen. 
Historically, the standard procedure for thin women 
desiring autologous reconstruction was a combined LD 
flap/implant breast reconstruction. Kronowitz et al.[2] 
recently demonstrated that a superior alternative to the 
LD flap/implant procedure in this patient population is a 
combined TRAM/implant procedure. Eighteen TRAM/implant 
patients demonstrated a higher aesthetic score when 
compared to the LD/implant group by both the patients 
and a panel of blinded judges. The overall impression by 
the blinded judges was that the TRAM flap more accurately 
“recreated the breast with the implant contributing less 
to the overall shape” when compared with the LD/implant 
group. Serletti and Moran[4] corroborated these findings by 
suggesting that the subcutaneous tissue of the TRAM flap 
more accurately resembles native breast tissue, and unlike 
the LD, will not atrophy over time. In fact, any fluctuations 
in weight will result in volume changes in the TRAM flaps.

In addition to superior aesthetic results, the TRAM/implant 
group experienced fewer donor site complications when 
analyzed against the LD/implant group.[2] The scar from 
an LD flap tends to widen over time, and while it can be 
concealed behind a bra, the unilateral contour deformity 
of missing the LD muscle can be apparent.[1] On the other 
hand, the TRAM or DIEP flap donor site scar does not 
tend to widen over time, has no contour deformity, and 
can be easily concealed with most under‑garments.

While TRAM/implant procedures offer optimal aesthetic 
results when compared to standard techniques such as 
LD/implant, it is technically more challenging. Furthermore, 
concern lies in potentially injuring the TRAM flap when 
combined with implant placement. However, multiple 
authors have demonstrated that in experienced hands, 
TRAM flap reconstruction can be combined with implant 
placement without any occurrences of microvascular 
thrombosis or flap failure.[5,6]

Figus et al.[3] was the first to describe successfully 
combining DIEP flap reconstruction with immediate 

implant placement. Fourteen patients were selected as 
candidates for DIEP/implant reconstruction based on 
similar criteria to that previously reported in the literature; 
these patients were then prospectively followed. Ten 
patients had implants placed subpectorally at the time 
of the DIEP flap, and 4 patients had the implants placed 
in a delayed fashion directly under the DIEP flap. Their 
preferred vessel for anastomosis was the thoracodorsal 
artery and vein. They did not experience any total flap 
losses or episodes of microvascular thrombosis, however, 
they did experience an immediate postoperative infection 
and hematoma that led to partial flap loss and removal 
of the implant. In addition, they describe an accidental 
transection of the internal mammary vessels while placing 
a delayed implant directly beneath the flap. The aesthetic 
results were analyzed and revealed “very satisfied” and 
“excellent” outcomes.[3]

Commentary in response to this data argued against 
placement of immediate implants or expanders with 
DIEP flaps for concerns that the implant would either 
directly or indirectly compromise the vascularity of the 
flap.[7] This concern for injury to the pedicle, whether 
immediately or during the expansion, is the basis behind 
the development of our alloderm sling technique. We 
propose that this technique can prevent potential injury 
to the pedicle whether intraoperatively, in a reoperation 
or any delayed procedures. While total flap loss and 
microvascular thrombosis events have yet to be described 
in the literature with combined TRAM/implant procedures, 
we believe that the alloderm sling technique acts as a 
safety net to prevent the subpectoral implant/expander 
from injuring the pedicle. Clearly, this is less of a concern 
if the preferred recipient vessel is to the thoracodorsal 
artery and vein,[3] but the alloderm technique may have 
prevented the reported transection of the inferior 
mesenteric artery/inferior mesenteric vein (IMA/IMV).

In our cohort, patients desired larger breasts than the 
overlying skin envelope could maintain and therefore 
we chose to place smooth, round subpectoral expanders 
with an external port (the external port was chosen 

Figure 5: Right stacked deep inferior epigastric perforator (DIEP) flap 
with immediate subpectoral 250 mL expander and nipple reconstruction. 
Left breast augmentation with subpectoral 250 mL gel implant. Three 
months postoperative

Figure 6: One‑year postoperative: bilateral deep inferior epigastric 
perforator (DIEP) with immediate expanders, subsequent expander/400 mL 
gel implant exchange. Delayed nipple and areola reconstruction
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to limit potential injury to the flap during expansion). 
The subpectoral placement is the standard technique 
for expander reconstruction, leading to fewer capsular 
contractures and better concealing the outline of the 
expander.[1,2,4,8] Initially, saline was not immediately infused 
into the expander for fear that it could indirectly injure 
the flap through pressure. However, in our subsequent 
cases various amounts of saline were infused into the 
expander and changes in the implantable Doppler, flap, 
and overlying mastectomy skin was directly visualized. 
If any of these variables were negatively affected by the 
expansion, the volume was decreased. In our cohort, 
there were no reoperations, partial or total flap losses, 
hematomas, infections, implant failures, or asymmetries. 
In contrast to previous reports, our cohort demonstrated 
no seromas in relation to the initial expansion of the 
expander at the time of surgery.[3] We do, however, place 
drains within the expander pocket and continue them 
until the output is < 30 mL for 24 h. Furthermore, the 
cohort described is the initial experiences with the 
described technique, and thus is currently too small to 
make translatable conclusions.

Our data supports the proven safety of combined TRAM 
and DIEP/implant procedures as well as the excellent 
aesthetic results achieved with this procedure.[1,2,4,8] 
Furthermore, there is evidence that combining an implant 
with autologous tissue appears to reduce implant related 
complications in previously irradiated breasts.[6] If a patient 
has a unilateral defect, stacking two DIEP flaps on top of 
one another can often provide sufficient tissue to recreate 
a single breast. However, in cases where the patient 
desires larger breasts and the contralateral breast needs 
augmentation [Patient 4, Table 2 and Figure 4], combining 
a stacked DIEP flap with an expander/implant is an option. 
This technique achieves the volume and projection the 
patient desires by utilizing an implant, and gives a natural 
feel and appearance by utilizing an overlying DIEP flap. 
As suggested by Figus et al.,[3] an implant/expander can be 
combined with a DIEP flap to address preoperative breast 
asymmetries. In our cohort, one patient demonstrated 
these asymmetries [Patient 5, Table 2], and a 275 mL 
expander was placed in one side and a 400 mL expander 
in the other to provide a more symmetric appearance. 
A noted alternative to simultaneous augmentation with 
DIEP flaps is to address any asymmetries is fat grafting. 
However, the advantage of using an implant is to correct 
the asymmetry immediately and eliminate the need for 
multiple revisional surgeries.

Additional reconstructive techniques being used in 
patients with inadequate abdominal tissue include the 
superior gluteal artery perforator (SGAP) flap, transverse 
upper gracilis (TUG) flap or the profunda femoris artery 
perforator (PAP) flap. These techniques, however, tend 
to be more complex and time intensive. The dissection 
of the muscle for the SGAP is technically difficult and 
possesses a relatively short vascular pedicle. There is 
also the possibility for contour deformity and asymmetry 
of the buttocks, particularly in the case of unilateral 
breast reconstruction.[9] Although the TUG flap involves 

a relatively easy dissection, it provides a rather small 
skin paddle and thin, fat pad, which limits its utility 
for reconstruction of small to medium‑sized breasts. 
Furthermore, atrophy of the gracilis muscle may cause 
secondary volume and contour deformities, requiring 
additional corrections.[10,11] The PAP flap has a relatively 
long vascular pedicle and the scar may be hidden in 
the lower buttock crease. However, there may be scar 
tenderness causing problems with sitting, visibility of the 
scar in swimwear or underwear, and asymmetrical donor 
site with unilateral breast reconstruction.[12] Fat grafting is 
an option for increasing volume, but it requires multiple 
procedures and often does not allow for large volume 
augmentation in excess of 150 mL or more. Although 
this is certainly an option for revision and touch ups, the 
authors routinely do not use large volume fat grafting to 
augment the volume of DIEP flap reconstruction.

This cohort has the limitations inherent to any small 
cohort and retrospective review, which include the 
difficulties in making generalizations from a small 
sample size. Despite the potential benefits of combined 
DIEP/expander reconstruction in patients desiring larger 
breasts or with insufficient abdominal tissue, women 
who smoke or have significant co‑morbidities may not be 
appropriate candidates for this technique.

In this retrospective review, we demonstrate that combined 
DIEP/expander reconstruction is safe and provides excellent 
long‑term aesthetic results. We report our experience to 
further support the notion that combined DIEP/implant 
procedures can have superior aesthetic results when 
compared to many of the alternative procedures in this 
select group of patients.[2,5,6] In addition, we describe 
a technique that may assist surgeons in preventing 
any inadvertent injury to the pedicle when performing 
simultaneous DIEP flap/expander reconstruction 
and using the IMA/IMV as the recipient vessels. The 
alloderm technique may provide plastic surgeons with 
the confidence to offer patients this technique as an 
alternative to traditional LD/implant techniques. This 
technique offers the ability to use an expander in women 
whose overall breast size is not yet finalized and who soft 
tissue envelope will not support a sizeable implant.
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INTRODUCTION

Traumatic injuries of the malar region and lateral aspect of 
the upper and lower eyelids are common following a fall 
or abrasion. There is a need for a method of soft tissue 
coverage that can simultaneously address all three defects 
while preventing both a functional deficit and distortion 
of the adjacent tissue. When compared to the western 

population, the potential for scar formation is profound in 
Asian patients secondary to their skin pigmentation. The 
McGregor flap provides satisfactory results when utilized 
for the reconstruction of such injuries.

METHODS

The study was conducted at the Jubilee Institute for 
Surgery of Hand, Aesthetics and Microsurgery, Jubilee 
Mission Hospital, Thrissur, India. The patients were 
enrolled in the Plastic and Reconstructive Surgery 
Department of Jubilee Mission Hospital. Nine patients with 
eyelids and malar soft tissue defects were treated with the 
McGregor flap during a period of 12 months from July 
2013 to June 2014, followed by 3 sessions of hyperbaric 
oxygen therapy. The postoperative course and subsequent 
follow‑up were noted. All involved patients agreed to have 
their facial pictures published and signed the consent form. 
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RESULTS

Six patients presented with malar and lower eyelid defects, 
2 patients presented with malar defects, and 1 patient 
with upper and lower eyelid and malar defects following 
trauma. The patients’ ages ranged from 20 to 36 years 
(with a mean age of 27 years). Among 9 patients, 7 were 
males and 2 were females. The defects varied in size 
from 2 cm × 3 cm to 3 cm × 4 cm. A McGregor flap was 
performed in all cases. No secondary procedures were 
required. Sutures were removed between 7 and 9 days 
postoperatively. There was no evidence of partial or total 
flap loss during the follow‑up period [Table 1].

Patient with upper and lower eyelid and malar 
defects
A 26‑year‑old male patient presented with upper and 
lower eyelid and malar defects [Figure 1a]. Wound 
debridement was performed, and a modified McGregor 
flap was planned for reconstruction of the soft tissue 
defect [Figure 1b and c]. A modified McGregor flap was 
performed [Figure 1d and e], which provided coverage 
of the defect with the use of a Z‑plasty at the lateral 
aspect of the flap for flap advancement. The patient 
underwent three sessions of hyperbaric oxygen therapy 

postoperatively. Regular follow‑up was performed, and 
the flap was noted to remain viable [Figure 1f and g].

Patient with lower eyelid and malar defect
A 36‑year‑old woman sustained an injury resulting in 
soft tissue deficits of the right malar and right lower 
eyelid [Figure 2a]. Wound debridement was carried out 
with use of the McGregor flap for coverage [Figure 2b]. 
The patient received three sessions of postoperative 
hyperbaric oxygen therapy and the flap healed well 
[Figure 2c].

Patient with malar defect
A 21‑year‑old man presented with a defect of the right 
malar region following a road traffic accident [Figure 3a]. 
Wound debridement with McGregor flap coverage was 
performed [Figure 3b]. Postoperatively, three sessions of 
hyperbaric oxygen therapy were administered. The flap 
healed well without complications [Figure 3c].

DISCUSSION

Soft tissue defects of the eyelids and malar regions 
following trauma may result in considerable disfiguration, 
functional derangement, and distortion of the adjacent 

Table 1: The patients treated with use of the McGregor flap for soft tissue defects in the upper and lower eyelid 
and malar regions
Patients Age (years)/

gender
Trauma/etiology Site Defect area (cm2) Flap pattern

1 27/male Road traffic accident Right malar and lower eyelid regions 3 × 4 McGregor flap
2 23/male Road traffic accident Right malar region 3 × 3 McGregor flap
3 25/male Road traffic accident Right malar and lower eyelid regions 3 × 4 McGregor flap
4 36/female Road traffic accident Left malar and lower eyelid regions 3 × 4 McGregor flap
5 20/female Road traffic accident Right malar and lower eyelid regions 3 × 4 McGregor flap
6 34/male Road traffic accident Right malar and lower eyelid regions 4 × 4 McGregor flap
7 35/male Road traffic accident Right malar and lower eyelid regions 4 × 3 McGregor flap
8 21/male Road traffic accident Right malar region 3 × 3 McGregor flap
9 26/male Road traffic accident Right malar and lower and upper eyelid regions 3 × 3 in lower part, 

3 × 2 in upper eyelid
Modified 
McGregor flap

Figure 1: (a) Posttraumatic soft tissue defect, right upper and lower eyelids and malar region; (b) soft tissue defect following surgical debridement; 
(c) planning of modified McGregor flap; (d) immediate postoperative picture following reconstruction; (e) immediate postoperative anterior view 
following reconstruction; (f) late postoperative anterior view following reconstruction; (g) late postoperative lateral view following reconstruction
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tissue. Traumatic injuries of the malar region and lateral 
aspect of the upper and lower eyelids are common 
following a fall from the motorcycle, or in cases of 
severe facial abrasion following a fall and drag along 
a roadway [Figure 4]. There is a need for soft tissue 

coverage which addresses all three defects simultaneously 
while preventing functional deficit and distortion of the 
adjacent tissue. The ideal reconstruction should avoid 
creating a “trap door” deformity, dog ear formation, 
ectropion, and sideburn displacement.[1]

Various local flaps such as the rotation flap, transposition 
flap, advancement flaps, rhomboid flap, bilobed flaps, 
and “reading man” flaps can be employed for the 
reconstruction of such defects.[2‑6] Most of these flaps 
have been described for reconstruction of circular defects 
following tumor resection. Although rhomboid, bilobed 
and reading man flaps provide soft tissue coverage, they 
may result in scar formation secondary to the multiple 
incisions required for flap execution. The Tenzel flap is 
an advancement‑rotation flap in which a semicircular 
skin‑muscle flap is fashioned from the skin lateral to the 
lateral canthus, and which can be used for both upper 
and lower eyelids.[7]

McGregor devised a flap that adds a Z‑plasty to the 
Mustarde cheek advancement flap for moderate defects 
of the lower eyelid.[7,8] An incision is made lateral to 
the eyelid, slanted upward gently, and carried into the 
temporal region. A backcut is then made at the temporal 
end of the incision and angled medially approximately 
30°. A Z‑plasty is created, which recruits the vertical laxity 
from the lateral periorbital region to correct horizontal 
defects of the lower eyelid. However, the same technique 
could well be utilized to cover moderate defects in the 
malar, as well as the upper eyelid region. Similarly by 
introducing certain modifications [Figure 1c] the same flap 
could be utilized to reconstruct defects of the eyelids and 
malar regions.

In our experience, the use of hyperbaric oxygen therapy 
may result in a favorable outcome in such injuries. Based 
on our clinical experience, a minimum of three sessions 
of hyperbaric oxygen therapy contributes to a reduction 
in edema, which increases the likelihood of flap survival. 
While steroids may contribute to the anti‑edema effect, 
they may result in associated immunosuppression.[9]

The modified McGregor flap is a useful option in the 
reconstruction of defects of the upper and lower eyelids 
and malar regions. Hyperbaric oxygen therapy, as an 
adjuvant to such traumatic facial injuries, will yield better 
outcomes.
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INTRODUCTION

Aneurysmal bone cysts (ABC) are typically found in 
long bones and the spine, but rarely can be seen in the 
craniofacial region. The incidence is 2% and 1.3% in the 
craniofacial region and maxillary region, respectively.[1,2] 
These benign, expansile bony tumors of unknown etiology 
are often referred to as aneurysmal bone tumors rather 
than cysts because of their aggressive behavior.

CASE REPORT

A 23‑year‑old man presented with a history of anosmia, 
the sensation of a blocked nose with mild pain that 
had been increasing over 6 months, and a gradual 
increase in bilateral exorbitism. The patient denies any 
history of fever, trauma, epistaxis, or oral bleeding. His 

physical examination was remarkable for a brownish 
bulge in the nasopharynx. The patient underwent 
computerized tomography (CT) and magnetic resonance 
imaging (MRI) examinations. Noncontrast computerized 
tomography (NCCT) of the nasopharynx region showed 
an expansile cystic lesion in the maxillary region bulging 
into the nasopharynx [Figure 1]. There was no cortical 
break [Figures 2 and 3]. Multiple fluid levels were seen 
within the lesion [Figures 4 and 5]. Cytology following 
fine‑needle aspiration was performed, and a cytological 
diagnosis of ABC of the maxilla was given. The patient 
underwent enucleation of the mass. Histopathological 
examination further confirmed the diagnosis of a 
maxillary ABC, with cystic spaces filled with blood, and 
without an endothelial lining along with osteoclast 
giant cells [Figure 6a and b]. There were no surgical 
complications, and the patient was advised to follow‑up in 
3 months. His recovery has been uneventful.

DISCUSSION

The maxilla is a rare site of ABC. It is neither an aneurysm 
nor a cyst. The World Health Organization (WHO) defines 
an ABC as an “expanding osteolytic lesion consisting of 
blood‑filled spaces of variable size separated by connective 
tissue septa containing trabeculae of osteoid tissue and 
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osteoclast giant cells.” These are usually found within bones 
with high venous pressure and marrow content. Sixty‑five 
percent are primary or simple, and 35% are secondary in 

nature as per Bonakdarpour et al.[3] Primary ABC has a high 
level of accuracy of diagnosis with radiological studies, 
diagnosis, but only 20% of secondary lesions can be 
diagnosed radiographically. It is usually found in individuals 
< 20 years old. There is no predilection for gender, but 
a 2:1 ratio in female to male has been recorded. ABC in 
the maxillary region may remain undiagnosed for a long 
period secondary to its gradual course as occurred in 

Figure 1: Axial section of noncontrast computerized tomography 
of nasopharyngeal region. There is an expansile lesion causing 
obliteration of right maxillary sinus. Multiple fluid levels are seen 
(black arrow)

Figure 2: Axial section of noncontrast computerized tomography of 
nasopharyngeal region in bone window. There is expansion and thinning 
of the bony cortex. Both the pterygoid plates are intact

Figure 3: Noncontrast computerized tomography coronal section shows 
an expansile “blown out” lesion in the nasopharyngeal region with 
multiple fluid levels (black arrow). There is no destruction of the bone

Figure 5: Contrast enhanced magnetic resonance T1‑weighted axial 
section shows variable septal enhancement along with collapse of the 
right maxillary sinus

Figure 4: Magnetic resonance T1‑weighted axial section of the 
nasopharyngeal region shows an expansile aneurysmal bone cyst with 
heterogenous intensities due to blood within the lesion. Multiple fluid 
levels are seen within the lesion. There is bulging of the left eyeball 
(white arrow) because of the mass effect (black arrow)

Figure 6: (a) Low power photomicrograph showing cystic spaces among 
fibrous tissue (H and E, ×200); (b) high power photomicrograph 
showing cysts without endothelial lining and wall containing giant cells 
and reactive bone formation (H and E, ×200)
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our case. A patient will generally report to the hospital 
after becoming symptomatic. The underlying pathology 
of giant cell tumor is well‑known in secondary types of 
ABC. It is always diagnosed when the patient undergoes 
three dimensional imaging modalities such as CT and MRI. 
Radiographically, ABC gives the impression of a “blown out” 
or “ballooned” appearance of the underlying bone. CT and 
MRI demonstrate classic fluid‑level images, but histological 
examination remains the hallmark for the diagnosis. The 
solid component of the lesion can be visualized on CT and 
MRI, which further indicates a secondary nature. Multiple 
areas of high intensity surrounded by hypointense rings 
are observed on T1‑weighted and T2‑weighted images. 
These represent the different ages of blood in the lesion.[4] 
There should be close collaboration between radiologist 
and pathologist when making the diagnosis, as a small 
specimen may miss the associated findings.

Surgical excision with enucleation remains the best 
treatment. The path to surgery depends upon the extent 
of involvement and its nature. Other potential options 
for treatment include percutaneous sclerotherapy, 
therapeutic embolization, curettage, block resection 
and reconstruction, radiotherapy and systemic calcitonin 
therapy.[5] There have some cases of spontaneous 
healing.[6]

In conclusion, ABC of hidden areas such as the maxilla 
as in our case poses a great diagnostic and management 
dilemma for the clinician. CT and MRI are quite helpful 

modalities in guiding the management path. This further 
helps in ruling out intracranial extension. The radiological 
modalities further help the anesthesiologist in guiding 
intubation and determining the level of risk during 
surgery.
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INTRODUCTION

The re‑creation of a natural‑appearing breast mound while 
simultaneously achieving symmetry with the opposite 
breast represents a complex challenge during unilateral 
reconstruction.[1,2]

Skin‑sparing mastectomy type‑IV (SSM‑IV), followed by 
immediate autologous reconstruction, and a simultaneous 
contralateral procedure is an ideal technique for large, 
ptotic‑breasted patients with tumor located in the 
inferior quadrants (IIQQ). However, if the tumor is 
located in the superior quadrants (SSQQ) or IIQQ with a 
prior lumpectomy or quadrantectomy scar in the SSQQ, 
SSM‑IV is contraindicated. In these cases, tumor resection 
interferes with wise‑pattern (WP) skin flaps, and a modified 
radical mastectomy is instead recommended. As a result, 
a contralateral procedure to achieve symmetry becomes a 
complex, multifactorial decision, and a staged procedure 

may be preferred to avoid a poor cosmetic result. This 
report presents two patients who underwent simultaneous 
contralateral mastopexy during unilateral SSM‑V, followed 
by immediate deep inferior epigastric perforator (DIEP) 
flap reconstruction, as a complete single‑stage procedure 
for upper quadrant skin and tumor resection.

CASE REPORT

Case 1
A 56‑year‑old non‑smoking woman was diagnosed with 
phyllodes tumor located deeply to IIQQ of her right breast. 
Medical history included repeated excisions of lumps and 
a superior‑lateral quadrantectomy of the right breast. She 
had large (C bra‑cup), ptotic (second‑degree) breasts with a 
mid‑clavicular to nipple distance of 28 cm. She underwent a 
right SSM‑V, axillary lymph‑node dissection and immediate 
reconstruction with a 13 cm × 21 cm de‑epithelialized 
DIEP flap. Her nipple areola‑complex (NAC) was grafted, 
and a simultaneous contralateral mastopexy was 
performed. The postoperative course was uneventful, 
and no complications were observed at the DIEP flap, 
SSM‑V skin flaps, contralateral mastopexy, or and to the 
abdominal donor site. Breast symmetry of shape and size 
was achieved [Figures 1 and 2]. Neither surgical revision 
nor secondary procedures were required at her 20 months 
follow‑up.
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Case 2
A 46‑year‑old non‑smoking woman, with large (C bra‑cup), 
ptotic (second‑degree) breasts and mid‑clavicular to 
nipple distance of 29 cm, underwent a right SSM‑V with 
axillary lymph‑node dissection for a ductal carcinoma 
located in the superior‑lateral quadrant, followed 
by immediate reconstruction with a 12 cm × 18 cm 
de‑epithelialized DIEP flap. Her NAC was grafted, and 
a contralateral mastopexy was performed in the same 
session. The postoperative course was uneventful. No 
complications were observed in the DIEP flap, SSM‑V skin 
flaps, contralateral mastopexy or at the abdominal donor 
site. Breast symmetry of shape and size was achieved 
[Figures 3 and 4]. Neither surgical revision nor secondary 
procedures were required at follow‑up of 16 months.

DISCUSSION

In unilateral breast cancer, the aesthetic quality of the 
reconstruction is also judged on the basis of symmetry 
of shape and size with the opposite breast. This often 
requires simple adjustments achieved by contralateral 
breast reduction, mastopexy or augmentation. Factors 
affecting the choice of surgical procedure for the 
contralateral side include the patient’s anatomic breast 
characteristics, the surgeon’s preferences, the patient’s 
desires, mastectomy type and reconstructive procedure.

The ideal time to perform symmetrization remains 
controversial due to the increased operative time and risk 
of complications with immediate reconstruction. Some 
argue that it is easier to adjust the opposite breast once the 
reconstructed breast has reached a stable shape, volume, 

and position and only after completion of any adjuvant 
therapy in order to avoid potential disadvantages.[3,4] In 
contrast, Stevenson and Goldstein[5] observed that the 
combination of transverse rectus abdominus myocutaneous 
flap reconstruction and immediate contralateral 
symmetrization neither increased morbidity nor decreased 
aesthetic satisfaction. Losken et al.[6] also confirmed 
superior aesthetic results with a simultaneous approach 
because the corrected opposite breast becomes the model 
for breast reconstruction rather than the other way around. 
In this context, the preservation of the skin envelope and 
inframammary fold is the key element to achieving an 
optimal shape and size with the opposite side during the 
initial surgery. SSM‑IV, immediate autologous reconstruction 
and contralateral symmetrization represents an excellent 
single‑stage procedure for large, ptotic‑breasted patients 
with tumor located in IIQQ. Success of this procedure 
depends on WP application to both breasts that will lead to 
the same shape, projection and degree of ptosis since the 
preserved skin envelope is comparable between the two 
breasts.[7,8] Moreover, it saves the patient a second surgical 
procedure under general anesthesia with less psychological 
and emotional distress, while lowering operating room 
costs and time on waiting lists.

The aim of this report was to illustrate how the same goal 
can be achieved in patients with large, ptotic breasts, but 
with tumor lying superficially in the SSQQ or deep to the 

Figure 1: Case 1. A 56‑year‑old non‑smoking woman with phyllodes tumour 
(black dot) located in inferior‑lateral quadrant of the right breast and a 
previous quadrantectomy scar in the upper right pole. (a) Preoperative 
markings; (b) pre‑ and (c) postoperative frontal view

cba

Figure 3: Case 2. A 46‑year‑old non‑smoking woman with a ductal 
carcinoma located in superior‑lateral quadrant of the right breast. (a) 
Pre‑ and (b) postoperative frontal view
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Figure 2: Case 1. (a) Pre‑ and (b) postoperative oblique view
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Figure 4: Case 2. (a) Pre‑ and (b) postoperative oblique view
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IIQQ with a prior lumpectomy or quadrantectomy scar in 
the upper quadrants.

The reported procedure entails a modified WP‑SSM for 
upper quadrant skin resection, as described by Santanelli 
et al.,[9,10] followed by immediate DIEP flap reconstruction 
and a contralateral symmetrization procedure. With the 
patient in standing position the median breast line was 
marked and the new nipple position was located at 23 cm 
from the sternal notch, then the WP was marked bilaterally. 
The general surgeon drew the skin area to be removed 
with breast parenchyma on the affected side and the 
plastic surgeon applied a modified WP to plan the SSM‑V, 
while a “standard” WP was used to perform a mastopexy 
or breast reduction on the opposite side [Figure 5].

While the general surgeon performed the SSM‑V with 
axillary lymph‑node dissection, the plastic surgeons 
harvested the DIEP flap, tailoring it according to the 
final desired contralateral breast size. The flap was 
then transferred to the chest wall and revascularized by 
end‑to‑end anastomoses to the circumflex scapular vessels. 
The NAC was harvested and grafted if intraoperative 
frozen sections were negative [Figure 6].

There are many advantages to this novel approach. By 
preserving the skin envelope and infra‑mammary fold on 
the affected side using a SSM‑V, the WP can be applied 
to perform a simultaneous contralateral symmetrization, 
allowing both NACs to be placed at the same position. 
Furthermore, by preserving the skin envelope on the affected 
side a natural‑appearing breast is achieved especially after 
autologous tissue reconstruction. Scarring is comparable to 
the SSM‑IV with an additional equatorial scar located at the 
superior medial/lateral quadrant, which is less disfiguring 
when compared with a conventional mastectomy. Despite 
its surgical complexity, immediate DIEP flap reconstruction is 
the best chance for obtaining long‑term symmetry because 
both breasts maintain natural ptosis and softness.[11,12]
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Figure 5: Modified wise‑pattern for upper quadrant skin resection (skin‑
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Figure 6: Scarring is comparable to the skin‑sparing mastectomy type‑IV 
with an additional equatorial scar located at the superior medial/lateral 
quadrant, which is less disfiguring when compared to a conventional 
mastectomy
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INTRODUCTION

The arterial patterns in the upper extremity have received 
attention in the field of clinical anatomy due to their 
high variability. Mccormack et al.[1] studied 750 upper 
limbs of cadavers and found anomalies of the brachial, 
radial, or ulnar artery in 112 cadavers. The radial artery 
was the most involved (81.3%), followed by the brachial 
artery (12.2%). Coleman and Anson[2] showed direct 
continuity between the ulnar artery and superficial palmar 
arch and the dominance of the ulnar artery in the wrist. 
Keen[3] noted that when the ulnar artery was larger than 
the radial artery at the elbow, the anatomical relationship 
was usually reversed at the wrist. Several other studies 
have also reported anatomical variances of the arteries in 
the forearm and hand.[4,5] However, bilateral absence of the 
distal ulnar artery and superficial palmar arch is extremely 
rare.

We report a case of bilateral absence of the distal 
ulnar artery, which was accidentally discovered during 
preoperative evaluation for a radial forearm free flap.

CASE REPORT

A 58‑year‑old male was referred to the Department 
of Plastic and Reconstructive Surgery for management 
of squamous cell carcinoma of the tongue. Magnetic 
resonance imaging showed a 2.5 cm × 1.8 cm × 1 cm 
sized enhancing soft tissue mass in the tongue, and the 
patient was scheduled to undergo partial glossectomy.

We decided to reconstruct the patient’s tongue using 
a radial forearm free flap. Preoperative Allen’s test 
demonstrated dominance of radial artery bilaterally. An 
arteriography was performed to map the vasculature 
of the hand, and it showed a gradually narrowing ulnar 
artery in the right upper limb that vanished in the distal 
2/3 of the forearm after branching off interosseous 
branches. In addition, the superficial palmar arch was 
absent, and the deep palmar arch was filled by radial 
artery alone [Figure 1]. The angiogram of left upper limb 
revealed symmetrical findings.

Due to the anatomical variation of ulnar artery in the 
forearm, the patient underwent reconstruction of the 
tongue using a free flap from anterolateral thigh and the 
patient was discharged home 2 weeks after the operation 
without any complications.

DISCUSSION

The ulnar artery is the main provider of blood supply to 
the hand via the superficial palmar arch.[6] The superficial 
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palmar arch has different types of anastomosis: (a) the 
“ulnar type” has minimal or absent flow from radial 
artery; (b) the “radio‑ulnar type” is the arch is formed 
by the superficial palmar branch of radial artery and 
the larger ulnar artery; and (c) the “mediano‑ulnar type” 
has predominant supply from median artery as it is able 
to reach the palm of the hand and forms the arch. It is 
reported that “ulnar type” is the most frequent (59%) 
and is followed by the “radio‑ulnar type” (32%), and the 
“mediano‑ulnar type” is the least common (9%).[4] An arch 
is considered incomplete when there are no continuations 
among the ulnar, radial, and median arteries.[7] This 
explains ischemic complications in the hand after 
harvesting of radial forearm flaps, because in patients 
with incomplete palmar arches, blood flow from the ulnar 
artery cannot reach the radial fingers.[8]

The absence of the ulnar artery is an extremely rare 
anomaly. Coleman and Anson[2] studied 650 cadaveric 
dissections and found no cases of a complete absence of 
the ulnar artery in the hand. Although several large‑sample 

studies have statistically analyzed the absence of the ulnar 
artery, the absence of the ulnar artery, its incidence may 
be considered < 0.015%.[5] Comparative anatomy studies 
suggest a theory of evolution underlying this anomaly.[9,10] 
These studies state that complete or partial absence of 
the ulnar artery might be the transition form from its 
total absence which can be seen in some lower animals to 
its complete development in humans.
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Figure 1: Arteriography of the hands showing the absence of the 
distal ulnar arteries and superficial palmar arches. Deep palmar 
arches are shown without any contribution from the ulnar artery 
(arrow) (a: right hand, b: left hand)
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INTRODUCTION

Augmentation mammoplasty is a commonly performed 
procedure. The procedure helps to enhance breast 
cup size by filling out an empty breast skin envelope. 
Following implantation skin gets further stretched and 
thinned down due to the pressure exerted by implants in 
a tight space. Explantation alone following augmentation 
mammoplasty is not very common. Removal of prosthesis 
results in loose, empty and often a ptotic breast skin 
envelope leaving patient worse off than prior to the 
procedure. Ptosis and skin excess may necessitate 
mastopexy that may further reduce breast volume 
resulting in loss of female proportion and body silhouette. 
This anticipated loss of feminine curves and accompanied 

loss of confidence is the reason that the explantation 
alone following aesthetic augmentation mammoplasty 
is not commonly performed. Breast remodeling in these 
patients is often challenging and extremely important 
and should be offered by a surgeon as an option, where 
possible. A case report is presented where autologous 
breast tissue is used in the form de‑epithelialized inferior 
dermoglandular flap for volume conservation and breast 
remodeling along with simultaneous mastopexy using 
Wise pattern markings following bilateral explantation of 
breast implants.

CASE REPORT

A 42‑year‑old mother of 4 children and a care assistant 
presented with neck and back ache. She had augmentation 
mammoplasty 5 years ago using 450 mL Eurosilicone 
anatomical implants. She considered her breasts too large 
and was concerned with resultant neck and backache. She 
requested removal of implants without replacement. She 
requested reduction of her breast cup size down from 
E to C.

Examination showed a cup size of 34 E with jugular notch 
to nipple areola complex distance of 26 cm. Her nipple to 
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inframammary crease distance, was 11 cm bilaterally with 
a bilateral sliding ptosis of the skin envelope.

Preoperative discussion primarily centered on the size 
of her breast and breast esthetics following explantation 
alone. She was informed that her breasts were likely to 
look very saggy if explantation alone was performed and 
if a simultaneous mastopexy was carried out, especially 
using a Wise Pattern markings, resultant tissue excision 
would reduce her breast to a small B cup at the most. 
Autologous breast remodeling was discussed either 
using fat transfer as a secondary procedure or using 
de‑epithelialized inferior dermoglandular flap as volume 
conservation and remodeling in the same setting. She 
showed her interest in the later procedure. The procedure 
was planned under general anesthetic and as a day case.

Markings and technique
Patient was marked in standing position. Neo nipple areolar 
complex (NAC) was marked at 21 cm using infra‑mammary 
crease as a reference [Figure 1]. Wise pattern markings 
were used for skin reduction with a medially based flap. 
A transversely oriented skin area, to be de‑zepithelialized, 
was marked and cross‑hatched below 7 cm vertical limbs 
of the markings [Figure 2]. Procedure was done under 

general anesthesia with the patient in supine position 
and arms abducted < 90°. Patient received a single 
dose of Cephalosporin intraoperatively. Cross‑hatched 
area and medially based flap was de‑epithelialized 
leaving 4.5 cm Neo NAC. Intervening tissue between 
the markings and de‑epithelialized area was excised 
(right 87 gm and left 119 gm) [Figure 3]. Both implants 
were removed, and both showed malorientation, fold 
flaw failures with a rupture on the right side [Figure 4]. 
De‑epithelialized inferior dermoglandular flap was pulled 
up and stitched to pectoralis major, without tension 
and using 2‑0 vicryl sutures [Figure 5]. Hemostasis was 
performed, and skin closure done using 3‑0 vicryl and 
4‑0 monocryl and 4‑0 monocryl was used suture to NAC. 
No drains were used, and patient was discharged on the 
same day. The patient was followed one and 3 weeks 
postoperatively, she had no neck or backache, her bra cup 
size was measured 34 C and was extremely pleased with 
the results [Figures 6‑8].

DISCUSSION

Augmentation mammoplasty is one of the most 

Figure 1: Patient showing preoperative wise pattern markings with 
medially based flap in standing position

Figure 2: Patient in supine position showing markings of left breast 
inferior dermoglandular flap as cross‑hatched lines. Right breast showing 
an on table completed procedure

Figure 3: Left breast showing inferior dermoglandular flap and medially 
based nipple areolar complex flap de‑epithelialized

Figure 4: Picture showing explanted form stable anatomical implants 
with fold flaw failure. Right implant showing rupture at its superior pole



Plast Aesthet Res || Vol 2 || Issue 2 || Mar 13, 2015  83

commonly performed procedure by plastic and aesthetic 
surgeons today. Implant related mammoplasties for both 
primary and revision mammoplasties is considered a 
safe procedure with a high satisfaction rate and is due 
to the information available on the product, premarket 
surveys, enhanced implant safety and regular quality 
checks in place.[1] It is not surprising that in 2012 
alone 330,631 implant related mammoplasties were 
performed in USA.[2] On the other hand, breast implant 
explantation without implant replacement following 
primary augmentation mammoplasty is very uncommon, 
the prevalence of the procedure or its incidence is 
lacking in the literature. In author’s own experience, 
only three patients have requested explantation without 
breast implant replacement after performing over 4,000 
implant related cosmetic mammoplasties. The rarity of 
the procedure makes it difficult to compile the effects 
on the patient or record the management of the loss 
of volume or resultant deformity. Explantation of breast 
prosthesis results in empty stretched and thinner skin 
envelope that is often accompanied with breast ptosis. 
The inferior de‑epithelialized dermoglandular flap has 
been described for breast reconstruction with an aim 
to cover the prosthesis in the lower part of the breast. 

The de‑epithelialized flap maximizes implant coverage 
adding an extra layer of autologous tissue to minimize 
its extrusion.[3‑4] The inferior dermoglandular flap has 
also been described when simultaneous augmentation 
mammoplasty is performed with mastopexy.[5] Volume 
enhancement using autologous fat transfer is safe 
and commonly performed today for cosmetic as well 
as reconstructive procedures since the publication of 
the article by Coleman.[6] However, in cases following 
explantation of prosthesis, the patients are left with 
quite large empty space with a thin breast skin envelope 
that can make the autologous fat transfer not an easy 
option. Volume restoration and aesthetic appearance 
following explantation can be even more challenging 
if there is an associated ptosis. However, if a patient 
presents with a markedly ptotic breast, the use of the 
excess skin can be materialized. In these cases, wise 
pattern mastopexy can be performed with the use of 
an inferior dermoglandular flap. This de‑epithelialize 
flap conserves breast volume and helps to remodel the 
breast in this group of selected cases. The procedure 
can also be staged where explantation can be performed 
initially followed by mastopexy at least 3 months later to 
adjust any recoil of the breast. Vertical scar mastopexy 
can be a possible option to conserve breast tissue, but 

Figure 5: Picture showing right de‑epithelialized inferior dermoglandular 
flap sutured to pectoralis major muscle

Figure 6: (a‑c) Preoperative pictures of the patient before explantation

c

ba

Figure 8: (a‑c) Postoperative pictures showing results after 6 weeks 
following explantation and inferior dermoglandular de‑epithelialized flap

c
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Figure 7: (a‑c) Postoperative pictures showing results after 2 weeks 
following explantation and inferior dermoglandular de‑epithelialized flap

c
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these markings for mastopexy may not be able to give 
adequate fullness or projection with a risk of bottoming 
down of the breast, especially when these patients 
presents with significant ptosis of breasts, excessive 
jugular notch to NAC or nipple to inframammary 
crease measurements.[7] In recently described Four 
Flaps augmentation mastopexy, limited use of the 
width of the transverse inferior dermoglandular flap is 
recommended to avoid boxy appearance.[5] In current 
case report, author has made use of the full transverse 
width for the de‑epithelialized flap in order to maximize 
the autologous volume conservation as well as better 
breast projection and without any compromise to the 
aesthetic outcome. Ladizinsky et al.[8] have modified the 
bostwick flap in their article suggesting full thickness 
incision in the medial and lateral inferior borders of 
the autoderm flap to optimize the implant coverage, 
limiting the medial and lateral transverse incisions 
and making vertical component short and narrow to 
minimize vascular compromise to breast envelope 
following subcutaneous mastectomy. No such measures 
are required in the use of inferior dermoglandular flap 
for autologous breast remodeling following explantation. 
The current case report is a useful technique that is 
aimed to conserve maximum possible autologous breast 
tissue and to minimize the physical and psychological 
morbidity associated following explantation in these 
patients.

In conclusion, wise pattern markings with a medially 
based NAC flap for mastopexy and its combination with 
inferior dermoglandular flap is a good option for breast 

remodeling and autologous breast volume conservation in 
patients requesting for explantation and presenting with 
breast ptosis.
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INTRODUCTION

The tibial nerve lies between the superficial and the deep 
muscles of the posterior compartment of the leg. It is 
well‑protected from direct trauma due to this thick cover 
of muscles. In the lowermost part of the leg and ankle, the 
nerve is relatively superficial but is guarded anteriorly by 
the posterior surface of the medial malleolus, superficially 
by the flexor retinaculum and posteriorly by the Achilles’s 
tendon. This protected location makes isolated injury to 
the tibial nerve is very uncommon. Even in cases of open 
fractures and associated vascular injuries of the lower 
extremity complete transaction of the tibial nerve is rare.[1] 
Injuries to the sciatic and common peroneal nerves are 
more common due to their vulnerable position.[2,3] Most 
of the available literature on peripheral nerve injuries in 
the lower extremity has documented the results and the 
treatment options for peroneal and sciatic nerve injuries.

Other common causes of lower limb neuropathy are 
diabetic neuropathy[4] and compression neuropathies.[5] 
Tibial nerve involvement is more common in these chronic 

conditions. The common end result of the tibial nerve 
injury or neuropathy around the ankle is loss of sensations 
of the plantar foot, vasomotor changes due to lack of 
auto‑regulation, subsequently leading to callosities and 
recurrent ulcerations and paralysis of the intrinsic muscles 
of foot leading to toe deformities.

We report a very unusual presentation of isolated posterior 
tibial nerve injury following a road traffic accident. Our 
search failed to reveal any similar case reported in the 
English literature.

CASE REPORT

A written consent was obtained from the patient and her 
attendants. A 15‑year‑old girl sustained injury to her left leg 
following road traffic accident. Though the exact mechanism 
of injury could not be elicited, she remembered falling 
down from her two‑wheeler after it collided with a car. She 
sustained a small puncture wound over the lower posterior 
leg and was referred to our hospital after the first aid at 
a local hospital. On examination, she had a penetrating 
wound over the Achilles tendon with some soft tissue mass 
avulsed through the tear in the Achilles tendon [Figure 1]. 
The avulsed soft tissue was tender on touch. She had a lack 
of sensation over the plantar foot, and the foot was warm. 
The skin texture and turgor were found to be normal. With 
a provisional diagnosis of tibial nerve injury, the wound was 
explored. The soft tissue avulsed and protruding through 
the tendon was the tibial nerve [Figure 2a]. While the 
posterior tibial vessels and the flexor tendons were intact.
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The leg was explored to find the proximal extent of injury. 
The nerve was found to be avulsed from the middle third 
as could be predicted from the length of avulsed segment 
[Figure 2b]. In view of the avulsion component and the force 
involved (site of rupture was around 8 cm from the site of 
a puncture wound), we decided to wait for 3 weeks before 
going in for definitive reconstruction. The nerve ends were 
tacked for future identification, and the wound was closed.

After 3 weeks, the wound was re‑explored. The tibial 
nerve was traced proximally into unscarred tissues. After 
sectioning the nerve at this level, it was observed under 
microscope for healthy fascicles. The same procedure 
was followed in the distal leg to secure a healthy distal 
end of the nerve. The final defect of around 9.5 cm was 
reconstructed with 3 sural nerve cable grafts of 10 cm 
each [Figure 3] harvested from the contra‑lateral lower 
extremity (the diameter of the tibial nerve at the proximal 
and distal end was suitable to accommodate 3 cables of 
a sural nerve graft). The patient was instructed regarding 
the care of the insensate foot, to avoid walking bare foot 
and perform regular inspection of the plantar foot.

She has completed 3 years of follow‑up and the recovery 
so far is satisfactory. Except mild hallowing of the instep 

area, there have been no deformities [Figure 4]. Patient 
has regained sensation over the heel and the instep area, 
and the progressive Hoffmann‑Tinnel signs had reached the 
forefoot area one and a half year after the surgery. Figure 5 
shows an easy way to monitor the progressive Tinnel signs 
in the patient’s record. The patient has been using her limb 
during all her daily activities and was actively participating 
in sports. She has been following the instructions and did 
not have any pressure related complication over the plantar 
foot. For the past 3 years of follow‑up, she has normal 
movements of the foot and the toes, no deformities and 
has recovered good protective plantar sensations.

DISCUSSION

Well recognized and documented examples of nerve 
injuries in the lower limb are the sciatic nerve injury at 
the hip during posterior fracture dislocations, iatrogenic 
injuries during injections and peroneal nerve injury 
following fracture of the neck of the fibula.[2,3,6] Injury to 
the posterior tibial nerve is, fortunately, very rare.[1,7,8]

Though the mechanism of injury is not exactly known in 
the presented case, some sharp object must have pierced 
the Achilles tendon to reach the nerve and due to change 
of the direction as the patient fell down it must have got 
entangled around the nerve, ultimately avulsing it.

The actual site of nerve injury was much higher than 
perceived site of injury, possibly a relatively fixed point 
like a muscular branch and is difficult to predict.[9] This 

Figure 1: Patient presenting with a small wound over the posterior 
aspect of the heel with soft tissue protruding through tendoachillis

Figure 2: (a) On exploration, the soft tissue structure was found to be 
the posterior tibial nerve; (b) the nerve was explored in the leg and the 
nerve was found to have got avulsed from the middle third of the leg

Figure 3: Photograph taken during secondary reconstruction. The nerve 
being reconstructed with sural nerve cable grafts from the same leg

Figure 4: Picture taken after 3 weeks. The mark indicated the level of 
tunnels at that time. The wound has healed well
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can be considered analogues to brachial plexus injuries 
where the forces involved usually avulse the nerves from 
a relatively fixed point. This may also help in explaining 
the fact that the upper roots are either avulsed or 
ruptured (as they have few branches in the neck), but the 
lower roots are almost always avulsed in a global brachial 
plexus injury. Nerves are much tougher structures and 
coniderable force is required to avulse a nerve completely. 
In the presented case the nerve was completely avulsed, 
indicating the force involved.

Nerve repair or reconstruction should be carried out as 
early as possible after the injury. Children have better 
potential for nerve recovery and primary repair should be 
attempted as and when possible. For grossly contaminated 
wounds, injuries with extensive crushing and cases where 
it is difficult to know the exact extent of injury, delayed 
primary repair is recommended.[10] Radical debridement 
up to vital axons and nerve grafting was the only chance 
for recovery. In our case the avulsion of the nerve and 
the amount of damage observed on table warranted the 
waiting period of 3 weeks before definitive reconstruction.

After diagnosing the injury, there were two possible ways 
of reconstruction of the defect/loss. One option was a 
primary nerve transfer[11,12] and the other was that of nerve 
reconstruction with nerve grafts.[13] The number of axons 
in the donors locally available (superficial peroneal and 
sural) are limited, and also they have only sensory fibers. 
On the contrary, the tibial nerve has sensory and motor 
fibers for the intrinsic muscles of the foot. Nerve grafting 
in children has better success rate than in adults.[14] We 
harvested nerve grafts from contra‑lateral sural nerve to 
keep the option of nerve transfer open if required in the 
future. She recovered sensations completely in around 
one and half years after the reconstruction, and her age 
was the most important factor in her recovery.

Injury to the tibial nerve in the lower leg leads to the loss 
of sensation at the plantar foot. Though the function of 

the leg muscles was preserved in this case, the insensate 
foot can be equally disabling due to loss of position 
sense and predisposition to injuries to the plantar foot. 
Atrophy and vasomotor changes complicate the injury. 
Furthermore, the paralysis of the intrinsic muscles of the 
foot leads to deformities over a period.

These patients need to protect their feet from injuries 
till they regain the protective sensations. Importance of 
the care of the insensate part has to be stressed during 
each follow‑up visit. At the initial visit, the exploration 
of the wound for debridement and assessment of injury 
and the middle third of the leg for assessing the status 
of the proximal stump were necessary. We feel that these 
could have been possible through two separate incisions 
to decrease scarring. The nerve reconstruction also would 
have been possible at a later date through the same scars 
by tunneling the nerve grafts subcutaneously. In this case 
as the initial scar was present we went through the same 
scar for reconstruction.

In a selected and cooperative patient, nerve grafting in 
lower extremity can result in rewarding results.
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INTRODUCTION

Squamous cell carcinoma (SCC) is a nonmelanoma skin 
cancer and the second most common type of skin 
cancer.[1] These cases most commonly arise in sun‑exposed 
skin areas in middle‑aged or elderly patients.[2] The 
classic presentation for a cutaneous SCC is a shallow 
ulcer with heaped‑up edges, often covered by plaque, 
usually in a sun‑exposed area. Typical surface changes 
may include a smooth or hyperkeratotic enlarged 
plaque, nodule, ulceration, crusting, or cutaneous 
horn.[1] Histologically, there is a characteristic proliferation 
of atypical keratinocytes that invade the dermis, with 
areas of detachment from the overlying epidermis. These 
anastomosing growths of cords and nests are composed 

of cells that have a glassy eosinophilic cytoplasm 
and enlarged nuclei. Mitotic figures, keratin pearls, 
and dyskeratotic keratinocytes are variably present.[3] 
Pseudo‑angiosarcomatous or pseudovascular SCC of the 
skin is an unusual and highly aggressive variant form of 
SCC.[4]

CASE REPORT

A 77‑year‑old lady was referred to plastic surgery from 
dermatology with a biopsy that confirmed the presence of 
a poorly differentiated acantholytic SCC. On examination, 
she had an exophytic growth on the anterior aspect of 
the lower third of her left leg, with multiple satellite 
lesions and associated edema. There was no palpable 
lymphadenopathy or organomegaly present. An X‑ray 
assessment of her left leg was performed, showing no 
bony involvement. A wide local excision of the lesion 
with a 1 cm peripheral margin down to the fascia was 
performed, and the wound was resurfaced with a 
split‑thickness skin graft. Although histology confirmed 
that the tumor had been completely excised with an 
adequate margin and the wound had healed nicely 
within 3 weeks, the patient presented at 6 weeks with 
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exophytic lesions at the edge of the skin grafted area 
[Figure 1]. The clinical appearance was consistent with 
an early recurrence. The patient underwent an urgent 
re‑excision with 1 cm margins followed by split‑thickness 
skin grafting. Histology confirmed a poorly differentiated 
SCC with marked acantholysis and pseudovascular 
spaces lined with atypical cells [Figures 2 and 3]. The 
differential diagnosis was that of a poorly differentiated 
pseudo‑angiosarcomatous SCC or true angiosarcoma 
with prominent epithelioid cell morphology. 
Immunohistochemistry showed the tumor cells to be 
negative for the endothelial/vascularmarkers, erythroblast 
transformation specific related gene and cluster of 
differentiation 31, and for desmin and carcinoembryonic 
antigen. It was concluded that the tumor was a poorly 
differentiated acantholytic pseudo‑angiosarcomatous 
SCC. Due to the narrow deep excision margin and the 
aggressiveness of the tumor, further excision was offered 
to the patient but this was refused. Less than 4 weeks 
from the second wide/local excision, the patient presented 
with a new erythematous lesion at the site of the original 
excision, which on histologic assessment indicated a 
further recurrence. Complete resection of the tumor 
was achieved. Several weeks postsurgery, the patient 
underwent radiotherapy to target any residual tumor 
cells and prevent further recurrence. A staging computed 
tomography evaluation did not reveal evidence of distant 
metastasis. After completion of the radiotherapy course 
and 6 months after her last operation she was evaluated 
by plastic surgery and found to be well with no local or 
regional recurrence and no lymphadenopathy.

DISCUSSION

Pseudo‑angiosarcomatous or pseudovascular SCC of 
the skin is an unusual variant form of acantholytic 
(adenoid, pseudoglandular) SCC that mimics the 
histopathologic appearance of angiosarcoma.[5] It 
is a relatively rare malignancy with only 19 cases 
described in the English literature.[4] It is characterized 
by a pseudoglandular pattern in the histological 
study, and although the tumor has the clinical 
characteristics of SCC, histologically it may mimic 
an angiosarcoma.[4,5] However, careful histological 
examination and immunohistochemical study can usually 
lead to the correct diagnosis. Acantholytic foci in these 
tumors may demonstrate changes in keratinocyte 
differentiation markers, and this may explain more 
aggressive biological behavior in the pseudovascular 
variant of SCC.[6] Pseudovascular SCC share a poorer 
prognosis as they demonstrate a higher degree of 
recurrence and metastasis than other variants of SCC.
[7] Due to the possibility of early recurrence in these 
patients, plastic surgeons should consider evaluating 
patients with pseudovascular SCC more frequently than 
patients with other clinical subtypes of SCC.

Although there have not been specific studies regarding 
the role of adjuvant treatment in the management of 

psudovascular SCC, adjuvant radiotherapy has been 
recommended for cases of SCC with a high risk of 
recurrence, particularly perineurally invasive disease.[8] The 
role of systemic chemotherapy and isolated limb perfusion 
in cutaneous SCC remains uncertain.[9,10]

Figure 1: Recurrence of squamous cell carcinoma presenting as exophytic  
lesions (arrows) at the edge of the skin grafted area

Figure 2: Histopathological specimen showing acantholysis with 
overlying epidermis (arrows)

Figure 3: Histopathological specimen showing a pseudovascular space 
lined by tumor cells (arrows) and adjacent normal blood vessels
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INTRODUCTION

Ameloblastoma is a rare, benign, slowly growing and 
locally invasive neoplasm that accounts for about 1% of 
all cysts and tumors of the jaws and 18% of the various 
odontogenic neoplasms.[1] In the recent histological 
classification of odontogenic tumors from the World 
Health Organization (WHO), ameloblastoma is defined as 
a benign, locally invasive epithelial odontogenic neoplasm 
of putative enamel organ origin.[2] Various clinical 
types of ameloblastoma are solid‑multicystic, unicystic, 
malignant and rare peripheral type. Histopathologically 
classified as follicular, acanthomatous, granular, 
basal, desmoplastic and plexiform ameloblastoma.[3] 
Desmoplastic ameloblastoma (DA) was first described 
in detail by Eversole et al.[4] In 1984 and in recent WHO 
classification of odontogenic tumors, it is defined as 

“a variant of ameloblastoma with specific clinical, imaging 
and histological features”.[5] Follicular and plexiform are 
the commonly encountered variants accounting for 32.5% 
and 28.2% respectively, followed by the acanthomatous 
subtype with 12.1% while desmoplastic is extremely 
uncommon with incidence rates ranging from 4‑13% in 
various reports.[5]

According to Shafer,[6] the follicular type of ameloblastom 
had the highest rate of recurrence (29.5%), plexiform 
subtype showed a 16.7% recurrence rate and acathomatous 
type of ameloblastoma showed only 4.5% recurrence rate. 
DA requires special attention as it exhibits important 
differences in the anatomical distribution, radiographic 
and histomorphological compared with the classic type of 
ameloblastoma.[2]

The purpose of this article is to present a case of DA in 
the anterior left maxilla and to describe a simple method 
of reconstruction with the use of buccal fat pad (BFP).

CASE REPORT

A 25‑year‑old male patient reported to the Department 
of Oral and Maxillofacial Surgery, A.C.P.M. Dental College, 
Dhule, Maharastra, India with the complaint of swelling in 
the left anterior region of the upper jaw since 3 months. 
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He revealed a history of insidious onset as a small nodule, 
gradually reaching the present size. The patient had no 
history of trauma to this region. Extraoral examination 
showed facial swelling with obliteration of left nasolabial 
fold. Swelling was oval, smooth, approximately 
3 cm × 3 cm in size, extending antero‑posteriorly from 
left ala of nose to canine fossa and superoinferiorly from 
left infraorbital foramen region to the left corner of upper 
lip. The skin over the swelling appeared normal without 
pain, pus discharge, or paresthesia. No lymphadenopathy 
was noted.

Intraorally, obliteration of upper buccal vestibule was seen 
on the left side [Figure 1]. The swelling extended from 
the upper left lateral incisor to the left second premolar 
buccally and palataly, superoinferiorly from the vestibular 
mucosa to the marginal gingiva of the teeth on buccal 
side and on the palatal side about 2 cm from the midline 
to marginal gingiva. The swelling was approximately 
2.5 cm × 3 cm in size, well defined with intact mucosa 
causing bicortical expansion. On palpation, the swelling 
was nontender, bony hard, nonfluctuant, noncompressible, 
nonreducible and nonpulsatile, fixed to the underlying 
structure. No dental abnormality was seen in the region. 
An orthopantogram of the region revealed a triangular 
radiolucency with ill‑defined margins, causing mesial 
displacement of root of left lateral incisor and canine and 
proximity with distal displacement of root of the first and 
second premolar. Water’s view showed haziness over the 
left maxillary sinus [Figure 2].

The overall clinical features were suggestive of an 
odontogenic tumor, probably an ameloblastoma, with 
differential diagnosis of a cyst, abscess, canine space 
infection, monostotic fibrous dysplasia, adenomatoid 
odontogenic tumor, central or peripheral giant cell 
granuloma, aneurysmal bone cyst. The radiographical 
differential diagnosis includes unilocular ameloblastoma, 
tumor of maxillary sinus, odontogenic keratocyst, radicular 
cyst, adenomatoid odontogenic tumor, ossifying fibroma, 
and odontogenic myxoma. To confirm the diagnosis, 
fine needle aspiration cytology was performed, but it 
was inconclusive, so incisional biopsy was performed, 
and histopathologic evaluation diagnosis of DA was 
established [Figure 3].

After confirmation of diagnosis as DA from the clinical, 
histological, and radiological examination, planning for 
surgical resection and reconstruction was done. Under 
general anesthesia and using a maxillary vestibular 
approach, incision was placed in the left buccal 
vestibule extending from the left central incisor to left 
second molar region, exposure of the lesion was done. 
Extraction of left upper central incisor and left second 
molar was done and osteotomy cut was performed on 
the buccal side from the extraction socket and connected 
to each other with a horizontal osteotomy cut just 
beneath the infraorbital foramen protecting infraorbital 
neurovascular bundle. On palatal side, incision was 
given from the socket of left upper central incisor to 
left second molar with an electrocautery, and a vertical 
osteotomy cut was performed. Partial maxillectomy with 

Figure 1: Intraorally, swelling of 3 cm × 3 cm in size in the left anterior 
maxilla with intact mucosa causing bicortical expansion

Figure 2: Water’s view showed haziness over the left maxillary sinus

Figure 3: H and E stained section showed irregularly proliferating tumor 
island surrounded by dense fibrous stroma and extensive desmoplasia 
compressing the odontogenic epithelial island from the periphery

resection of the complete lesion (4 cm × 4 cm) was 
done [Figure 4]. After resection of the lesion, margins 
were examined, and immediate reconstruction with BFP 
was planned. BFP was harvested by exposing the left 
buccal mucosa and bluntly dissecting the area until BFP 
was visible and nontoothed forcep was used to grasp 
the BFP. It was gently teased and pulled to the wound. 
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The BFP was expanded and sutured with 4‑0 vicryl to 
the underlying wound. A saframycin based oral pack 
was secured over the palate with 3‑0 vicryl suture for 
primary protection for 1 week till the epithelization 
begins, and strict soft diet was followed [Figure 5]. 
The patient was kept on periodic recall every 2 months 
during the 1 year follow‑up [Figure 6].

DISCUSSION

The use of BFP as a grafting source was first described 
in 1977 by Egyedi.[7] Anatomically BFP is a fatty mass 
in the buccal space of the cheek. It comprises 3 
lobes: anterior, intermediate and posterior with 4 
extensions, that is, buccal, pterygoid, pterygopalatine 
and temporal (superficial and profound). It is fixated by 
ligaments to the maxilla, posterior zygomatic bone, inner 
and outer rim of the orbital fissure, temporalis tendon 
and buccinators membrane.[8] It is intimately associated 
with muscles of mastication, facial nerve and parotid 
duct. The use of the BFP as a grafting source in closure 
of intra‑oral defects has gained popularity, because 
of the ease of harvesting, simplicity, versatility, rich 
blood supply, low complication rate and quick surgical 
techniques.[5] Tideman et al.[9] showed that the BFP is 
epithelialized within 3‑4 weeks and therefore further 
skin graft are not required [Figure 5]. According to Alkan 
et al.,[10] the success rate of the use of BFP is relatively 
high in all comparative studies.

In our case, we performed a partial maxillectomy 
procedure and complete resection of the lesion was 
done, after which a postsurgical defect was present in left 
anterior maxillary region. An immediate reconstruction 
with BFP was planned, and BFP was harvested from 
the left buccal mucosa. Intra‑oral postsurgical defects 
reconstruction is always challenging one due to 
anatomical constraints and the specialized nature of 
intra oral tissues. The principal arterial supply to BFP is 
from buccal and deep branches of maxillary artery, from 
transverse facial branch of superficial temporal artery and 
from few branches of the facial artery.[11] There should 
remain a reasonable size pedicle attached to the BFP to 
provide it with the crucial blood supply in the 1st week 
of its life. It is essential to stop bleeding from BFP during 
surgery with the help of electrocautery or small ligatures 
as a failure to do so leads to the formation of buccal 
haematoma and could compromise the viability of the 
flap. It is also important to be meticulous in dissecting 
out the flap, protecting the small branches of the facial 
nerve and parotid duct.

Buccal fat pad is morphologically different from 
subcutaneous fat but similar to orbital fat. The mean 
volume of BFP is about 10 mL and its mean thickness is 
6 mm while the approximate weight is of 9.3 g. It can 
successfully be used for covering small to medium defects 
of about 4 cm in diameter.[12] BFP has also been employed 
in the closure of surgical defects following tumor excision, 
excision of leukoplakia and submucous fibrosis, as well as 
closure of primary and secondary palatal clefts.[13] Flap 
should be sutured gently to the borders of the defects and 
ideally there should not be any stretch within the tissue. 
Overstretching the tissue can lead to fragmentation of the 
flap and in the long term can lead to ischemic necrosis at 
the edges. Disadvantage with the use of the BFP flap is 
hematoma formation, partial necrosis, excessive scarring, 
infection or facial nerve injury. None of these changes 
was noted in our case. The use of BFP in patients with 

Figure 4: Partial maxillectomy was carried out and resection of the 
complete lesion was done

Figure 5: Reconstruction with buccal pad of fat. Immediate 
intra‑operative picture

Figure 6: Postoperative picture after 1 year
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prior local radiotherapy, malar hypoplasia, thin cheeks or 
Down’s syndrome is contraindicated.[14]

Approximately half of the desmoplastic lesions are 
located in the maxilla, and the vast majority of them 
occur in the anterior or premolar portion of the jaws. 
Maxillary lesions are more insidious than mandibular 
tumors owing to the proximity of vital structures and 
the maxillary sinus.[15] Studies verify that DA shows a 
tendency to recur and the rate of recurrence is reported 
within the range of other histological subtypes.[1,6] Since 
DA tends to infiltrate the surround bone trabeculae, 
curettage is considered an inappropriate treatment 
for DA. Therefore, block excision is the most widely 
accepted form of treatment for such lesions of the 
maxilla, particularly because recurrence is almost 
inevitable and difficult to treat.[11,16] The majority of DA 
cases reported in the literature have been treated by 
resection, most likely due to ill‑defined borders and an 
aggressive biological behavior.[17]

Various surgical techniques have been suggested for 
the closure of oral defects such as primary closure, 
split‑thickness skin graft, allogenic graft, with local flaps 
such as buccal advancement flap, palatal pedicled flap 
or double layered closure flaps using buccal and palatal 
tissues. However, the aforementioned procedures produce 
large denuded areas, result in decrease of vestibular sulcus 
and cannot be used to close large defects. Regional flaps 
including tongue flap, temporalis muscle or nasolabial 
flaps, etc., have also been successfully used for intra‑oral 
reconstruction but generally preferred for defects of larger 
dimensions.[14,18]

In conclusion, BFP is one of the reliable methods which 
can be used for the replacement and reconstruction of the 
oral mucosa due to postsurgical defect. BFP is an excellent 
choice for reconstruction of small to medium size defects. 
It should be manipulated gently and hemostasis should be 
achieved meticulously during this surgery. It should not 
be sutured under tension. Easy mobilization of the BFP 
and its excellent blood supply leading to rapid healing 
of wound and minimal donor site morbidity makes it a 
method of choice.
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INTRODUCTION
Transverse facial cleft is a rare congenital anomaly 
with only 21 cases reported in the world literature.[1‑3]

 Many procedures have been developed for correction 
of this malformation,[4] including the vermilion square 
flap technique described by Eguchi et al.,[5] the Z‑plasty 
technique described by Longacre et al.,[6] the two 
triangular flaps method described by Ono and Tateshita,[7]

 and another correction presented by Schwarz and Sharma 
et al.[8] All techniques described highlight the importance 
and challenge of achieving a properly positioned 
symmetrical neocommissure. In this report, the straight 
line repair of isolated bilateral congenital macrostomia is 
presented for the first time. The father of the child involved 
in  this  article  agreed  to publish  the  child’s  pictures and 
signed the consent form.

CASE REPORT

A 3‑month‑old male child presented to us for definitive 
correction of congenital bilateral macrostomia [Figure 1]. 

The lateral extent of the cleft was located at the 
anterior border of the masseter muscle. After a thorough 
evaluation to rule out any associated anomalies, the child 
was scheduled for surgical correction.

Following nasal intubation, the neocommissure was 
determined by dropping a vertical line from the medial 
margin of both pupils and marking the well‑defined change 
in color from the normal vermilion to cleft mucosa.

Both these reference points coincided [Figure 2]. 
The orbicularis oris was dissected and repaired 
after overlapping the muscle [Figures 3 and 4]. The 
postoperative period was uneventful [Figure 5]. At 
12 months follow‑up, there was no lateral migration and 
the aesthetic appearance was satisfactory with good oral 
competence [Figures 6 and 7].

DISCUSSION

The cleft of macrostomia includes a three layered defects 
of the skin, muscle and mucosa.[9] Discontinuity in the 
muscle results in an incompetent oral sphincter.[9] The 
goals of surgery for macrostomia include symmetric 
placement of the neocommissure, restoration of oral 
competence by repair of the orbicularis oris muscle, and 
closure of the buccal mucosa to achieve a normal contour 
and prevent lateral migration of the commissure.[9] 
The point of the new commissure must be determined 
accurately to achieve the above goals. In the current 
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case, a perpendicular line was dropped from the medial 
margin of the pupil, and the point at which the color 
of vermilion changes from normal vermilion to cleft 
vermilion was marked. Both the points coincided, and 
the entire surgical correction was centered on these 
points. The stump of the superior orbicularis oris was 
closed in a double‑breasted fashion to the inferior 
orbicularis stump under adequate tension with reference 
to the overlying commissure. This maneuver is of vital 

importance in creating competence, shape and contour 
at the commissure.[9]

Vermilion square flap commissuroplasty is another 
technique, which has previously shown good results.[8] 
The Z‑plasty technique has fallen out of favor as the scar 
is more visible, particularly when smiling.[3] Yoshimura 
et al.[10] performed a study in which he compared five 
children with a Z‑plasty repair and seven with a simple 

Figure 1: Preoperative view Figure 2: Markings intraoperative

Figure 3: Muscle repair 1 Figure 4: Muscle repair 2

Figure 5: Immediate intraoperative photo Figure 6: Postoperative 6 months
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line repair, and found that Z‑plasty gives a less aesthetic 
result. Schwarz made a similar observation with regard 
to the Z‑plasty repair.[10] Younger patients are also at high 
risk of lateral migration of the commissure with advancing 
age with this technique.[4]

In conclusion, simple line closure is a technically simple 
procedure and provides an esthetically pleasing scar 
without lateral migration or contraction in patients 
operated on at a young age.

Figure 7: Postoperative 1 year follow‑up
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INTRODUCTION

Hemifacial microsomia is the second most common facial 
birth disorder, with a prevalence of one in 3,500-6,000 
live births.[1] In 70% of individuals, the condition is 
unilateral [Figure 1]. The “O.M.E.N.S.” acronym is the 
most commonly used way to categorize hemifacial 
microsomia. This acronym stands for orbital, mandibular, 
ear, facial nerve, and soft tissue deficiencies, which are 
rated on a scale of 0-3, according to their severity.[2] 
Most striking upon clinical examination are the external 
ear deformities [Figure 2] and the facial asymmetry. 
The latter is related to deficiencies in the vertical 
ramus compartment, originating from both skeletal 
tissues (mandible and skull base) and soft tissues 
(muscles of mastication and subcutaneous fat) [Figure 3]. 
The mandibular deformity, considered separately from 
the skull base (temporal bone and orbit) deformities, has 
been classified by Pruzansky and Kabanas Type I to III[3,4] 

[Figures 4-7].

From the mid-1970s to the mid-1990s, treatment 
modalities for Type I and Iia Pruzansky-Kaban mandibular 
deformities included orthognathic treatment during 
adolescence or “functional” orthodontic appliances[5] 
and early mandibular osteotomies to keep pace with the 
rate of vertical midfacial growth.[6] For Type IIb and III 
deformities in growing children, joint reconstruction with 
costochondral grafting was indicated. In the mid-1990s, 
early distraction osteogenesis, before skeletal maturation 
and/or permanent dentition, was believed to induce 
the formation of not only bone, but also of soft tissue. 
However, a study published in 2002[7] and a systematic 
review published in 2009[8] concluded that there are no 
long-term benefits to early osteodistraction in the vertical 
ramus.

The aim of this article was to explain the author’s protocol 
for the reconstruction of the vertical ramus compartment 
in hemifacial microsomia, highlighting the key issues of 
the technique. All patients involved in this article agreed to 
publish their facial pictures and signed the consent form.

KEY ASPECTS OF SURGERY
To illustrate the author’s treatment strategy for a 
deficiency of the vertical ramus compartment, 10 salient 
points are presented with illustrative photographs 
from a series of patients. The general approach for 
the different Pruzansky-Kaban types is presented in 
Table 1. Orbito-zygomatic and jaw angle reconstructions 
are performed in all types of hemifacial microsomia 
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following the facial rotation procedure. Hard and soft 
tissue volume deficiencies can be addressed by free 
gluteal fat transplantation, three-dimensional (3D) printed 
patient-specific titanium implants or a combination of 
both.

Point 1: Skeletal symmetrization increases left/
right soft tissue volume discrepancy
The facial rotation procedure,[9] consisting of rotation of 
the maxillary, mandibular, and chin segments around a 
sagittal axis, while translating the midlines of all segments 
to the predetermined facial midline and advancing the 
lower face to the ideal facial profile in a sagittal plane, 

results in displacement of hard and soft tissues to the 
normal side [Figures 8-10]. This results in additional 
asymmetry when the left and right sides are mirrored, 
necessitating the next procedure: compensating for the 
volume deficit.

Point 2: Early osteodistraction of the horizontal 
ramus
Prior to orthodontic decompensation, at the age of 
11-12, it is necessary to judge the retromolar bone 
stock. In view of the upcoming sagittal split osteotomy 
with the substantial advancement of the affected side, 
a decision must be made between removal of impacted 
second and/or third molars or osteodistraction of the 
horizontal ramus. Osteodistraction not only creates 
more bone to work with, but it can also partially 
correct the horizontal deficiency [Figure 11]. The 
fibrous tissues of the vertical ramus compartment can 

Figure 3: Three-dimensional (3D) reconstruction of a multi-slice 
computed tomography (CT) scan of the skull of an O1M2b, E1, N0, S1 
case of hemifacial microsomia. The skeletal asymmetry in this case is due 
to the absence of the right-sided ascending ramus, with compensating 
downward growth of the skull base and orbit at the affected side

Figure 1: An O0 M2a E2 N0 S2 case. (a) Frontal view; (b) left profile 
view; (c) frontal occlusion view
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Figure 4: Pruzansky-Kaban Type I. All mandibular and 
temporomandibular joint components are present and normal in 
shape, but they are hypoplastic to a variable degree, compared to 
the contralateral side. (a) Frontal facial view of an affected girl during 
childhood; (b) three-dimensional (3D) reconstruction of a multi-slice 
computed tomography (CT) scan of the skull of a Type I deformity, 
with deviation of the mandibular midline to the left; (c) submento-
vertical projection of the same 3D CT scan, demonstrating mandibular 
asymmetry; (d) frontal view of an affected girl during adolescence; 
(e) frontal view of the occlusion of the same girl in (d), demonstrating 
cross-bite on the right; (f) orthopantomogram of the girl in (d), 
showing the joint structures with a normal shape and location, but 
with a degree of hypoplasia. Note the downward growth of the skull 
base on the affected side
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Figure 2: Ear deformities from 0 to 3 dysmorphic severity, as indicated 
by the white arrow
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be stretched more easily when the process occurs 
gradually. After the latter procedure, vertical ramus 
lengthening is easier to perform, as more bony overlap 
allows for more stable osteosynthesis and improved 
healing.

Point 3: Choice of the pivot
Rotation of the maxilla around a sagittal axis determines 
the correction of the occlusal plane cant and helps to 
swing the mandible to the midline [Figure 12]. The 
dental midlines are translated toward the healthy side 
for alignment with the predetermined facial midline. 
Finally, the chin point is adjusted in a translational way 
to correct the skeletal mandibular midline. The chin point 
is often also rotated along a sagittal axis to deal with the 
symphyseal height difference.

Disimpacting the affected side necessitates a bone graft, 
obtained from the calvarium or iliac crest. Impacting the 
healthy side does not stretch the fibrous remains of the 
masticatory muscles on the other side and is possible only 
when a gummy smile exists on that side [Figure 13]. The 
decision for the pivot relates to aesthetic desiderata (normal 
tooth-to-incisor distance and limited gummy smile) and 
functional desiderata (anti-relapse biomechanics). Hence, 
the pivot can be located at one of three positions: at the 
zygomatic buttress of the healthy side, at the zygomatic 
buttress of the affected side, or at the nasal spine. Pivoting 
at the affected side (and hence impacting at the healthy 
side) provides the least risk of relapse.

Point 4: Skeletal suspension
Skeletal suspension is mandatory to control the 
correction of the occlusal plane cant and the dental 
midline during healing [Figure 14]. As most cases of 

Table 1: General treatment strategies based on 
the Pruzansky‑Kaban classification of mandibular 
abnormalities
Pruzansky-Kaban 
type

Treatment strategies

Type I Orthognathic surgical correction “facial 
rotation”[9] after orthodontic alignment, 
coordination and decompensation. Standard 
le Fort I, bilateral sagittal split osteotomies, 
and sliding genioplasty techniques are used

Type IIa Surgery is only performed early at the 
age of 4 and older, when there is a centric 
occlusion-centric relation shift of more 
than 5 mm. The surgery involves joint 
reconstruction with costochondral grafting
Osteodistraction in the horizontal (not 
vertical) ramus is performed when there is 
insufficient bone stock to perform a sagittal 
split osteotomy after puberty
Orthognathic surgical correction “facial 
rotation” after orthodontic alignment, 
coordination, and decompensation is 
performed at puberty and later

Type IIb and III Joint and ramus reconstruction at the age of 
4 and older. Orthognathic surgical correction 
“facial rotation” after orthodontic alignment, 
coordination and decompensation, at 
puberty and later

Figure 5: Pruzansky-Kaban Type IIa. The mandibular ramus, condyle, 
and temporomandibular joint are present but hypoplastic and abnormal 
in shape. The mouth can be symmetrically opened. (a) Profile view 
of the affected side in an adolescent girl; (b) three-dimensional (3D) 
reconstruction of a multi-slice computed tomography (CT) scan of the 
viscero-cranium of the patient in a, demonstrating the abnormal shape 
and hypoplasia of the vertical ramus of the mandible
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Figure 6: Pruzansky-Kaban Type IIb. The mandibular ramus is hypoplastic 
and markedly abnormal in form and location, being medial, anterior and 
inferior. There is no articulation with the temporal bone. (a) Frontal view 
of an affected adolescent; (b) profile view of the affected side of the girl 
in (a); (c) three-dimensional (3D) reconstruction of a multi-slice computed 
tomography (CT), submento-vertical view, demonstrating the abnormal 
structures in abnormal location (the same patient as in (a) and (b)); 
(d) orthopantomogram of the girl in (a), (b), and (c), showing downward 
growth of the skull base on the affected side and no articulation
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Figure 7: Pruzansky-Kaban Type III. The mandibular ramus, condyle, and 
temporomandibular joint are absent. The lateral pterygoid muscle and 
temporalis muscle, if present, are not attached to the mandibular remnant. 
(a) Three-fourths profile view of an affected girl; (b) three-dimensional (3D) 
reconstruction of a multi-slice computed tomography (CT) scan of the 
same girl as in a, showing the absence of the vertical ramus. The patient 
also had a unilateral cleft lip, alveolus, and palate
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hemifacial microsomia are unilateral, the rotational 
movement leads to different relapse vectors at both 
sides. Interarch elastics will safeguard the occlusal 
relationships, but not the skeletal relationships. The 
focus of interest is the occlusal plane and the lower 
dental midline. An orthodontic bone anchor or piriform 
aperture suspension wire(s) provide a means to suspend 
the rotated mandible with postoperative elastics to 
a stable osseous midface structure. Suspending the 
mandible to the repositioned maxilla is not sufficient, as 
it may give way and derotate.

Point 5: The reference plane
The oculo-auriculo-vertebral spectrum encompasses 
both hemifacial microsomia and Goldenhar syndrome. 
In addition to the aforementioned features of hemifacial 
microsomia, individuals with Goldenhar syndrome may 
exhibit ocular dermoid cysts, coloboma in the upper 
eyelids, delayed tooth eruption, speech and hearing 
disorders, and a cleft lip, alveolus, and palate. They may 
also have extracranial anomalies, including heart and 
kidney defects and fused or missing vertebrae (which 
occur in 30% of cases). The resulting scoliosis causes 
the cranium to be obliquely positioned on the thoracic 

spine [Figure 15]. In hemifacial microsomia, a missing, 
deformed, or dystopic orbit may already cause the normal 
reference frames (bipupillary plane, infraorbital plane, 
and brow plane) to be unreliable. When the patient 
is also scoliotic, the surgeon is challenged to find the 
best compromise for craniofacial symmetrization, as 
a completely symmetrical face may focus attention on 
an obliquely positioned head. In some instances, the 
orbital dystopia is striking and correctable with an orbital 
relocation osteotomy [Figure 16].

Figure 11: Pruzansky-Kaban Type IIa, illustrating the benefits of 
osteodistraction of the horizontal ramus. (a) Orthopantomogram prior to 
osteodistraction. Note the dental midlines are not aligned (blue arrows). 
The white arrow indicates the distance between the vertical ramus and 
the erupted last molar; (b) orthopantomogram immediately following 
osteodistraction. The dental midlines (blue arrows) are now aligned. 
The white arrow indicates the original and the red arrow represents the 
postdistraction distance (regenerate gain) between the ascending ramus 
and erupted last molar
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Figure 8: Pruzansky-Kaban Type IIa. (a-e) Situation prior to the facial 
rotation procedure; (f-j) situation after the primary skeletal and 
occlusal correction, demonstrating an increased left to right volume 
difference
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Figure 10: Pruzansky-Kaban Type IIa. (a) Frontal view after orthodontic 
preparation; (b) frontal view after facial rotation and free fat 
grafting; (c) frontal view six months after free fat grafting; (d) frontal 
view one year after free fat grafting; (e) gluteal fat tailored after 
facial requirements, ready to be inserted via a “short scar facelift” 
incision; (f) orthopantomogram after orthodontic preparation; 
(g) orthopantomogram immediately after the facial rotation procedure 
(note the massive chin osteotomy displacement)
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Figure 9: The same patient as in Figure 8 and one year after the facial 
rotation procedure. (a) Markings for free gluteal fat grafting, with access 
in front of the ear appendage; (b) immediate postoperative view, with 
buttons keeping the fat graft in position; (c) results one year after free 
fat grafting. Typically the fat graft has descended and requires tailoring 
via liposuction or lipofilling, which is marked on the skin
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Point 6: Two costochondral grafts from ribs six 
and seven
Two pieces of rib are required: one fully cartilaginous piece 
to reconstruct the fossa and one osseo-cartilaginous piece 
to reconstruct the missing condyle/ramus [Figure 17]. The 
zygomatic arch is reconstructed or reinforced by a cranial 

bone graft. The cartilaginous piece is inserted behind the 
arch onto the skull base and is retained by resorbable 
sutures placed around the de novo zygomatic arch. The 
condylar replacement is fixed onto the ramus, using the 
temporal approach alone or in combination with an intraoral 
approach for Pruzansky-Kaban Type III. The cartilaginous part 
of the condylar replacement may be 1 cm high, as growth 
is allowed.[10] Swinging the mandible to the healthy side is 
permitted during joint reconstruction, but it should not cause 
strain. The main objective is to create a functioning joint, 
normal range of mouth opening, and abutment allowing for a 
stable facial rotation procedure at a later age. When obtaining 
the rib grafts, it is important to remember that rib cartilage 
may be required for ear reconstruction as well.

Point 7: Pruzansky‑Kaban Type IIb reconstruction 
by a temporal approach
When only the upper part of the ascending ramus is 
absent, the craniofacial reconstruction (including calvarial 

Figure 12: Choice of rotation pivot. The orange circle indicates impaction 
at the healthy side. The red circle indicates disimpaction at the affected 
side. The white circle indicates the pivot at the nasal spine

Figure 14: Skeletal suspension. (a) Orthodontic bone anchor (white 
arrow) placed at the affected side; (b) orthodontic bone anchor, 
which has to be removed via a mucoperiosteal flap dissection later 
on; (c) skeletal suspension by means of a piriform aperture skeletal wire 
(0.5 mm diameter stainless steel wire, white arrow). The advantage of this 
technique is that the wire can be easily removed using local anesthesia, 
without flap preparation (http://www.scribd.com/doc/56442013/Inter-
Maxillary-Fixation-Techniques-Manual); (d) bilateral piriform suspension 
(white arrows) in a case of massive mandibular advancement
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Figure 13: Pruzansky-Kaban Type IIb. This shows an ideal case with the 
horizontal occlusal plane in the maxilla and symmetrical gummy smile. 
A pivot was not chosen since overall impaction was required, with the 
translation of the dental midline to the left. (a) Frontal view, with the 
tongue spatula indicating a horizontal occlusal plane; (b) gummy smile 
in the frontal view; (c) gummy smile in the profile view
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Figure 15: Pruzansky-Kaban Type IIb, after joint reconstruction with 
costochondral grafting. The patient has orbital facial nerve paresis, a 
small and displaced left orbit, cervical vertebral fusions and scoliosis, 
macrostomia and commissurala symmetry, microtia, and hearing and 
speech problems (Goldenhar syndrome). Because of the vertebral column 
problems, her neck is in an oblique position, and her head is off-center in 
relation to her body. Her head is positioned somewhat less obliquely than 
her neck. Her bipupillary plane is not horizontal. There is no drooping 
of the brow on the affected side, despite the facial nerve paresis. It is 
difficult to know which reference plane to choose for positioning the 
occlusal plane and maxillary dental midline. (a) Frontal view, natural head 
position; (b) frontal view, with normal mouth opening
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bone harvesting, donor defect reconstruction, zygomatic 
arch and glenoid fossa reconstruction, and condylar 
reconstruction) can be performed via a single, wave line 
incision in the temporal region, extending to the lowest 
part of the auricular appendage [Figure 18]. Adding a 
retromandibular incision will jeopardize the facial nerve, 
as its location is abnormal. Adding an intraoral incision 
increases the risk of infection of the bone graft.

Point 8: Antero‑medial reconstruction of the 
glenoid fossa versuspostero‑lateral relocation of 
the joint
The issue in Pruzansky-Kaban Type IIb and III deformities 
is the location for the reconstruction of the joint. 
Creating an abutting joint in a location that has been 
determined by the anomalous development is easier; 
however, it is doubtful whether medial reconstruction will 
allow symmetrization of the midface and lateral mandible 
at a later stage [Figure 19]. Relocation of the joint to 
a mirrored position is more difficult in terms of the 
healing of the reconstructed condyle being transplanted 
obliquely to the mandibular stump. The composition is 
mechanically unstable when it assumes a 30° angle in the 
frontal plane.

Point 9: Respect the limits of lower facial 
advancement in favor of masticatory efficiency
In extreme cases of sagittal deficiency such as that found 
in Pruzansky-Kaban Type III it is not necessarily desirable 
to advance the mandible into a position that will allow the 
soft tissue profile of the chin to be the ideal, as determined 
by Facewizz software (Orthoface R and D, Sint-Martens-
Latem, Belgium) (www.facewizz.com). Such advancement 
will be opposed by the sphenomandibular ligament 
and the geniohyoid muscles, thereby jeopardizing the 
maintenance of occlusal stability. Maxillary, mandibular, and 
chin advancements should be tailored to the encountered 
strain. In these instances, chin augmentation with calcium 
phosphate paste (Hydroset, Stryker, Kalamazoo, MI, USA) 
can be helpful in increasing chin projection [Figure 20].

Point 10: Reconstruction of the lateral and 
posterior ramus with added manufacturing 
technology
Several options exist for augmentation of the lateral aspect 
of the ramus, but few exist for augmentation of the posterior 
aspect. For lateral augmentation, sliced lyophilized cartilage 
grafting can be an option if this is still available. Bone 
grafting may lead to resorption, and alloplastic implants may 
lead to extrusion after infection, hydroxyapatite granules 
mixed with fibrin glue provide a better option.

Both lateral and posterior augmentation are possible 
using 3D printed titanium, designed according to the 
postoperative computed tomography scans. For this 
purpose, the authors use ProPlan CMF and 3-matic 

Figure 16: Goldenhar syndrome with scoliosis and orbital dystopia. The 
left orbit has been repositioned 1 cm higher. Free gluteal fat grafting, 
micro lipofilling, and a face-lift on the affected side were also performed 
after joint reconstruction and facial rotation. (a) Frontal view before the 
aforementioned procedures; (b) frontal view after the aforementioned 
procedures; (c) profile view before the aforementioned procedures; 
(d) profile view after the aforementioned procedures; (e) intraoperative 
view of the transcranial orbital repositioning (with the assistance of 
P. Staels, neurosurgeon)
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Figure 17: Pruzansky-Kaban Type IIb. Reconstruction of the 
temporomandibular joint. (a) Two harvested rib segments, one 
containing bony and cartilaginous components and the other containing 
only cartilage; (b) the zygomatic arch has been reconstructed using 
calvarial bone (two small arrows pointing at the micro osteosynthesis 
screws) and the fossa has been reconstructed using the cartilaginous 
segment (not visible). The condyle has been reconstructed using the 
costochondral segment, osteosynthetized via the temporal approach (big 
arrow pointing at oblique osteosynthesis screws)
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Figure 19: Pruzansky-Kaban Type III cases with joint reconstruction. 
(a) This patient underwent early joint reconstruction at the age of 
4 but did not comply with physiotherapy and was lost to follow-up 
during the next 16 years. He returned with temporomandibular joint 
ankylosis and severe tooth decay; (b) the ankylosis was removed and 
a new costochondral graft was directed to the original fossa location; 
(c) frontal view immediately postoperatively of a patient who underwent 
late joint reconstruction. She had undergone surgery for plagiocephaly 
at a younger age. The joint was relocated more posteriorly and 
laterally. As a consequence, the rib graft was inclined at a 30° angle to 
the ascending ramus. Healing and postoperative physiotherapy were 
uneventful. A mouth opening range of 37 mm was obtained with full 
graft union; (d) three-fourths right profile view of the case in (c)

Figure 21: Pruzansky-Kaban Type III, following joint reconstruction and 
facial rotation. (a) Frontal view showing mirroring with ProPlan CMF. The 
red colored volumes are those with “normal” anatomy on the other side. 
Substantial vault asymmetry exists as this patient was also treated for 
plagiocephaly in the 1st year of live; (b) three-fourths right profile view. 
The transparency shows the underlying original. Nonetheless, it is hoped 
that the comprehensive treatment planning described in this report may 
be used to promote optimal patient care ascending ramus; (c) frontal 
view. Implant design in pink; (d) three-fourths profile view. Transparent 
implant design indicates the fixation screws

software of Materialise (Heverlee, Belgium). Layerwise 
3D-Systems (Heverlee, Belgium) prints the implants 
with porous bone interfaces and sandblasted soft tissue 
interfaces [Figures 21 and 22]. Two important questions 
during the design process are: (1) is the “normal” jaw angle 
excessively prominent and in need of reduction, and (2) 
will the soft tissue (e.g. masseter muscle) deficiency 
already be compensated for by adding hardware?

DISCUSSION

The vertical ramus compartment in hemifacial 
microsomia can exhibit variable degrees of hard or soft 
tissue deficiencies. Growth and development result in 
distorted proportions in both the transverse and sagittal 
dimensions. Surgical correction is challenging with respect 
to decision-making and execution, but is nonetheless 
highly rewarding. Older strategies have been tackled by 
newer technologies. The author has witnessed the rise in 

Figure 18: Pruzansky-Kaban Type IIb cases. A Temporal approach 
provides access to both the calvarial bone donor region and to the joint. 
Additional submandibular access is not required to osteosynthetize the 
costochondral graft to the ascending ramus. (a) The calvarial donor 
defect is reconstructed using calcium phosphate paste (Hydroset, 
Stryker); (b) the joint can be exposed and reconstructed in “open sky” 
mode; (c) two osteosynthesis screws have fixed the new condyle to the 
ascending ramus (arrows)
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Figure 20: Pruzansky-Kaban Type III case undergoing a facial rotation 
procedure. The ideal profile line according to www.facewizz.com is 
coloured blue (g). The targeted profile is colored green. (a) Frontal view, 
relaxed, before facial rotation; (b) left profile view, relaxed, before facial 
rotation; (c) three-fourths profile view of the dental occlusion, before 
facial rotation; (d) three-fourths profile view of the dental occlusion, 
after facial rotation. Proper prosthetic rehabilitation can be undertaken 
secondary to occlusal stability; (e) frontal view, smiling, after facial 
rotation; (f) profile view, relaxed, after facial rotation; (g) planning of 
the advancement. A three-dimensional (3D) computed tomography (CT) 
reconstruction is layered over the profile cephalogram, which was used 
to predict the ideal advancement (blue profile line) and the targeted 
advancement (green profile line), based on the risk of postoperative 
relapse and the consequences related to dental occlusion
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printed condyle/fossa reconstruction in adults with 
ankylosis[18] [Figure 24] with consideration for integration 
in the facial rotation procedure for hemifacial microsomia 
following rib graft failure.

This article represents level 5 evidence, and therefore 
simply provides an expert opinion. The variability of 
pathology, lack of a gold standard, different surgical 
experiences, duration of the phased treatment, desiderata, 
compliance and economic situation of the patients, and 
use of new technologies prohibit valid sampling and 
prospective analyses. Nonetheless, it is hoped that the 
comprehensive treatment planning described in this 
report may be used to promote optimal patient care.
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Figure 24: Bilateral three-dimensional printed temporomandibular joint (TMJ) 
prostheses. (a) TMJ ankylosis present; (b) fossa/condyle prosthesis in place

popularity of 3D early osteodistraction,[11,12] and then its 
subsequent fall in use.[13] Microvascular fibula transfer in a 
young patient[14] [Figure 23] has been used, but the author 
has returned to nonvascularized rib transplantation.[15] 
Microvascular parascapular dermofat transfer[16] has been 
abandoned by the author in favor of nonvascularized 
gluteal fat transfer.[17] The author has also used 3D 
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Figure 23: Pruzansky-Kaban Type III. Microvascular fibula transfer in 
a 10-year-old patient. (a) Harvesting of the fibula; (b) microvascular 
anastomosis; (c) three-dimensional (3D) computed tomography (CT) 
reconstruction after fibula transplantation to the left mandible; (d) 3D 
CT reconstruction, profile view
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Figure 22: The same patient as in Figure 20. (a and b) Before joint 
reconstruction; (c and d) after joint reconstruction; (e and f) before facial 
rotation, after orthodontic preparation; (g and h) after facial rotation; 
(i and j) after three-dimensional (3D) titanium print implantation of the 
right mandible
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INTRODUCTION

The concept of the “escape pain phenomenon” (EPP) 
was described first by Carter and Keen[1] in 4-5% of 
patients following an inferior alveolar nerve block. This 
phenomenon was observed during the entire course of 
the extraction procedure.[1] Recently, a concern was raised 
regarding the incidence of pain upon the elevation of an 
impacted third molar.[2,3] The pain typically manifested 

during elevation of the tooth and even during curettage 
of the extraction socket at the apical region. This pain was 
thought to be an alert for the proximity of root apices to 
the inferior alveolar canal.[2] However, the pain was absent 
during soft tissue retraction, bone guttering, and tooth 
section procedures.[3]

The purpose of the present article was to postulate a 
theory which explains the EPP while elevation or curettage 
steps of third molar surgery based on a systematic 
literature search.

A literature search was conducted through the MEDLINE 
database using PubMed Central, Science Direct Search, 
Scopus, and Google. The keywords “neurovascular 
plexus” (NVP),  “lower third molar”, “inferior dental 
artery”, “inferior alveolar nerve”, “variation”, “impaction 
and neurovascular complications” were used in all 
combinations. All papers are scrutinized for relevancy by a 
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ABSTRACT
Pain during extraction of impacted mandibular third molars which can occur despite adequate local 
anesthesia is termed as “escape pain phenomenon”. Recently, it was described during elevation of 
a mesioangular impacted mandibular third molar and also while curetting an extracted third molar 
socket. This phenomenon has been overlooked, as it was previously considered secondary to pressure 
effect on the inferior alveolar neurovascular bundle (IANB). However, it is unlikely that the pain 
impulses originate from direct pressure on the IANB, as the nerve is blocked more proximally at 
its entry into the mandible. The authors speculated that the occasional presence of a neurovascular 
plexus (NVP) independent of the IANB causes the escape of a pain impulse upon stimulation by 
root pressure or instrumentation. To validate the presence of such a plexus, a meticulous literature 
search and review were performed. The search revealed evidence of the occasional presence of a NVP 
consisting of auriculotemporal and/or retromolar neural filaments. The plexus may be present around 
the inferior alveolar artery or embedded within the IANB, and does not innervate the tooth. This 
plexus likely propagates pain impulses only upon stimulation by compression or instrumentation in 
the apical area of the tooth socket. This theory explains the absence of pain during tooth sectioning and 
bone guttering in the presence of a complete inferior alveolar nerve block.
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panel involving three staffs from the Anatomy, Physiology 
and Oral and Maxillofacial Departments. Content from the 
relevant papers was tabulated for analysis.

A total of six relevant papers (cadaveric studies on third 
molar innervations) were selected, and findings from the 
papers were recorded. The relevant information from each 
of these cadaveric studies is summarized below.

Carter and Keen[1] noted a fine network of neurovascular 
bundles in the area lateral to the roots of the mandibular 
molar teeth and extending up into the ramus. This 
network was traced backward to one or more foramina 
in the areas of insertion of the muscles of mastication. 
The most common connection occurred with bundles 
leaving the lateral pterygoid and temporal muscles. The 
neurovascular bundles leaving the temporalis muscle 
were traced to foramina in the retromolar fossa, where 
the lowest fibers of the temporalis gain their insertion. 
This part of the network ramified through the cancellous 
bone, and eventually established one or more obvious 
junctions with the main trunk of the inferior alveolar 
nerve, or with branches sent by the latter to the 
molar roots. Microscopically, several bundles of this 
posterior plexus and nerve fibers and blood vessels were 
consistently demonstrated. The largest of supplementary 
foramina (internal diameter 0-4 mm or greater) was 
most commonly seen in the retromolar fossa (one-third 
of the mandibles) and near the condyle (one-fifth of the 
mandibles). The foramina were commonly in or near the 
areas of insertion of the muscles of mastication, and 
probably transmitted the neurovascular bundles found on 
dissection.[1] These “accessory” nerves formed a plexus 
in the cancellous bone of the ramus and the body of 
the mandible lateral to the molar roots and the inferior 
alveolar nerve. Branches of this plexus seemed to join 
either the inferior alveolar nerve or its molar branches.[1] 
The links described are believed to offer an alternative 
escape route for pain impulses even after the effective 
blockade of inferior alveolar nerve at its entry into 
mandible. 

Variations in the branching pattern or topographical 
relationships of the mandibular nerve often accounted 
for failure to obtain adequate local anesthesia for 
routine oral and dental procedures, and for unexpected 
injury to branches of the nerve during operation.[4] In 
2/20 dissections, Anil et al.[4] noted the emergence of the 
auriculotemporal nerve from the posterior root of the 
mandibular nerve. They also observed a nerve originating 
from the auriculotemporal nerve and joining the inferior 
alveolar nerve on both sides just posterior to the maxillary 
artery. These two nerve branches and the mandibular 
nerve formed a loop reminiscent of the brachial plexus.[4]

In a study by Zoud and Doran,[5] the main trunk of the 
inferior alveolar nerve exhibited a branching structure 
reminiscent of the brachial plexus of the upper 
limb. This plexus-like structure was compounded by 
delicate interweaving of the inferior alveolar artery. 
There were numerous communications between the 
individual components, including fine filaments to the 

auriculotemporal nerve both proximal and distal to its 
origin. In one of the specimens, a number of nerve fibers 
were observed entering the mandible via the retromolar 
fossa. A second “plexus” was located between the 
mandibular canal and the roots of the mandibular teeth, 
and was composed of small fine filaments which arose 
from the intramandibular plexus. These fine filaments 
appeared to enter the roots of the teeth on their lateral 
surfaces as well as at the apices. The relationship of the 
inferior alveolar artery to the nerve plexus was notable. 
Instead of the artery lying below the nerve in the main 
part of the bony canal, and then passing superior to the 
nerve in the distal part of the channel as is most often 
described, the nerve and artery formed an intertwined 
plexus throughout the canal. The NVP thus lay in a distinct 
bony canal which was observed as far as the mental 
foramen, but which disappeared distal to this point.[5]

Blanton and Jeske[6] found branches of the mandibular 
division of the inferior alveolar nerve originating high 
in the infratemporal fossa and travelling to the base 
of the coronoid process (high and anterior to the 
mandibular foramen) to enter the mandible. These 
branches carried sensory innervations to the second and 
third molars. Branches of the mandibular division or of its 
inferior alveolar or buccal branches also noted to enter the 
mandible in the retromolar fossa area and to carry sensory 
fibers to the first and third molars. The better-documented 
of the accessory nerves includes the mylohyoid nerve, as 
well as branches of the mandibular division (V3) of the 
trigeminal nerve, all of which arise high in the cranium 
and enter the mandible each according to its own route. 
The incidence of mylohyoid innervation to the mandibular 
teeth is approximately 60%. The mylohyoid nerve can 
arise from the inferior alveolar nerve anywhere from 
5 mm to 23 mm proximal to the level of the mandibular 
foramen, and it enters the mandible at a point distal to 
the mandibular foramen. Therefore, deposition of local 
anesthetic in the vicinity of the mandibular foramen 
during the administration of an inferior nerve block 
often does not block the mylohyoid nerve. The authors[6] 
recommended performing the mylohyoid nerve block in 
the vicinity of the retromental foramina.

Studies have reported the incidence of the retromolar 
foramen as 1.7%,[7,8] 7.7%,[9] and 19.5% in the general 
population,[10] 23% in native populations of North 
America[11] and 21.9% in the Indian population.[12] However, 
Bilecenoglu and Tuncer[12] found an incidence of 25% 
which is the second highest rate in the literature after 
Schejtman et al.[13] study (72%). The histopathologic 
investigation found the contents of the neurovascular 
bundle to be striated muscle fibers, thin myelinated nerve 
fibers, numerous venules, and a muscular artery having a 
lumen of 120-130 µm. This is similar to the results found in 
Schejtman’s studies.[13] Compared to the nutrient foramina 
and canals, the retromolar foramen and canal were found 
to have vascular and neural contents. The presence of 
this type of canal may explain anesthetic insufficiency 
and/or bleeding at this location during routine surgery.[7] 
The distal end of the retromolar canal advanced to the 
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distal root of the third molar and retromolar area, and 
this distribution showed that the contents of this canal 
innervate and supplied the third molar and mucosa of the 
retromolar area.

Coleman and Smith[14] speculated that aberrant nerve 
branches to the mandibular teeth and periodontium 
arising from major branches of the mandibular trunk high 
within the pterygomandibular space could also be bathed 
by anesthetic deposited at the mandibular neck. These 
branches would probably escape the drug when it is 
deposited at the mandibular foramen. The authors[14] also 
cited Sutton’s[15] and Rood’s[16] papers which suggested 
that there may be accessory innervation of the mandibular 
teeth from branches of the lingual, buccal, facial, and 
upper cervical nerves from their clinical experience. With 
the exception of the buccal nerve, there is little anatomic 
evidence to support these opinions.

Neurovascular plexus theory
The above authors have demonstrated “accessory” nerves 
from the lateral pterygoid muscle, the temporal muscle, 
the auriculotemporal nerve, and the mylohyoid nerve. 
In most instances, these accessory nerves pass through 
foramina of the condylar neck, retromolar fossa, or within 
the infratemporal fossa to form a neural plexus which 
communicates with the inferior alveolar neurovascular 
bundle. However, all of the authors note that this accessory 
nerve or the plexus innervates the third molar. Conceptually, 
if this nerve plexus does, in fact, supply the third molar, 
then the pain would be expected from the commencement 
of tooth removal procedure, and not specifically during 
elevation of the tooth or socket curettage.

Based on the current literature search, the authors 
hypothesize that the EPP in lower third molar surgery 
can be attributed to the occasional presence of a NVP 
lying deep to the roots of the third molar which does 
not provide innervation. This plexus may be formed by 
various nerves including the auriculotemporal, mylohyoid, 
and retromolar plexus from the pterygoid and masseter 

muscles. The pain impulses may be generated upon 
compression or stimulation of the plexus and be carried 
away causing pain escape in the presence of a complete 
nerve block [Figure 1].

DISCUSSION

Since the early 1970s, dentistry has experienced a 
resurgence of interest in the neuro-anatomical basis of 
local anesthesia, resulting in many scientific reports on 
the subject.[6,17] Numerous studies have provided a detailed 
knowledge of the anatomy of the trigeminal nerve, which 
is important in obtaining profound local anesthesia.[18-21] 
To explain the incidence of inadequate anesthesia in the 
mandibular region despite an efficient inferior alveolar 
nerve block, an EPP was first described by Carter and 
Keen.[1] It was suggested to deposit local anesthetic 
solution in the vicinity of the retromandibular foramen 
to prevent the pain escape.[6] However, the persistence of 
pain escape noted even after infiltrating the retromolar 
area with lidocaine solution in 5 of our cases. Recently, 
Ngeow[2] noted the incidence of EPP while the elevation 
of an impacted tooth and assumed it as a result of 
compression of inferior alveolar nerve. It was postulated 
that the release of sodium and potassium ions from the 
compressed nerve may be responsible for propagating the 
pain impulses.[2] This hypothesis was criticized because 
the pressure would result in paresthesia which sustains 
long even after the procedure.

The theory based on present literature validated the 
presence of a plexus at the apical region of the tooth 
which may be stimulated by inadvertent tooth elevation 
or postextraction curettage.

The incidence of pain escape seems to occur only 
during third molar surgery because of the inclination 
impacted tooth, as well as the curvature of the angle of 
the mandible. This brings the neurovascular bundle in 
proximity to the tooth root. It is not seen in the first 
and second molar regions as there is no possibility of 
compression of the neurovascular bundle.

There was also a significant incidence of bleeding 
following the EPP, which usually noted immediately 
following the elevation of the tooth fragment. This may 
be secondary to damage inferior alveolar vessels or 
vessels from the NVP.

A large-scale cadaveric study would confirm the presence 
of these independent NVP and their third molar 
innervations.

REFERENCES

1.	 Carter	RB,	Keen	EN.	The	intramandibular	course	of	the	inferior	alveolar	
nerve.	J Anat 1971;108:433‑40.

2.	 Ngeow	WC.	Tooth	section	technique	for	wisdom	teeth.	Int J Oral Maxillofac Surg 
2009;38:908.

3.	 Arakeri	G,	Arali	V.	Tooth	section	technique	and	pain	upon	elevation	in	third	
molar	removal.	Int J Oral Maxillofac Surg 2010;39:98‑9.

4.	 Anil	A,	Peker	T,	Turgut	HB,	Gülekon	IN,	Liman	F.	Variations	in	the	anatomy	
of	the	inferior	alveolar	nerve.	Br J Oral Maxillofac Surg 2003;41:236‑9.

Figure 1: Diagrammatic illustration of escape pain phenomenon (EPP) 
and neurovascular plexus (NVP) theory during the two section technique 
of third molar removal (inner figure: mesioangular mandibular third 
molar impaction). (a) Conduction block; (b) neurovascular/nerve plexus 
entering into the bony canal; (c) compression of the neurovascular 
bundle; (d) escape of pain away from conduction blockade through 
neurovascular/nerve plexus

d c

b

a



 Plast Aesthet Res || Vol 2 || Issue 3 || May 15, 2015110

5.	 Zoud	 K,	 Doran	 GA.	 Microsurgical	 anatomy	 of	 the	 inferior	 alveolar	
neurovascular	plexus.	Surg Radiol Anat 1993;15:175‑9.

6.	 Blanton	PL,	Jeske	AH,	ADA	Council	on	Scientific	Affairs,	ADA	Division	of	
Science.	The	key	to	profound	 local	anesthesia:	neuroanatomy.	 J Am Dent 
Assoc 2003;134:753‑60.

7.	 Ossenberg	NS.	Temporal	crest	canal:	case	report	and	statistics	on	a	rare	
mandibular	variant.	Oral Surg Oral Med Oral Pathol 1986;62:10‑2.

8.	 Ossenberg	 NS.	 Retromolar	 foramen	 of	 the	 human	 mandible.	 Am 
J Phys Anthropol 1987;73:119‑28.

9.	 Sawyer	DR,	Kiely	ML.	Retromolar	foramen:	a	mandibular	variant	important	
to	dentistry.	Ann Dent 1991;50:16‑8.

10.	 Kodera	H,	Hashimoto	I.	A	case	of	mandibular	retromolar	canal:	elements	
of	nerves	and	arteries	in	this	canal.	Kaibogaku Zasshi 1995;70:23‑30.

11.	 Narayana	K,	Nayak	UA,	Ahmed	WN,	Bhat	JG,	Devaiah	BA.	The	retromolar	
foramen	and	canal	in	South	Indian	dry	mandibles.	Eur J Anat 2002;6:141‑6.

12.	 Bilecenoglu	B,	Tuncer	N.	Clinical	and	anatomical	study	of	retromolar	foramen	
and	canal.	J Oral Maxillofac Surg 2006;64:1493‑7.

13.	 Schejtman	 R,	 Devoto	 FC,	 Arias	 NH.	 The	 origin	 and	 distribution	 of	
the	 elements	 of	 the	 human	mandibular	 retromolar	 canal.	Arch Oral Biol 
1967;12:1261‑8.

14.	 Coleman	RD,	Smith	RA.	The	anatomy	of	mandibular	anesthesia:	review	and	
analysis.	Oral Surg Oral Med Oral Pathol 1982;54:148‑53.

15.	 Sutton	RN.	The	 practical	 significance	 of	mandibular	 accessory	 foramina.	
Aust Dent J 1974;19:167‑73.

16.	 Rood	 JP.	 The	 analgesia	 and	 innervation	 of	mandibular	 teeth.	Br Dent J 
1976;140:237‑9.

17.	 Zaytsev	AY,	Nazaryan	DN,	Kim	SY,	Dubrovin	KV,	Svetlov	VA,	Khovrin	VV.	
Features	of	maxillary	and	mandibular	nerves	imaging	during	stem	regional	
blockades.	Anesteziol Reanimatol 2014;2:44‑6.

18.	 Sinha	P,	Tamang	BK,	Sarda	RK.	Communication	between	Mylohyoid	and	
Lingual	Nerve:	an	anatomical	variation.	J Clin Diagn Res	2014;8:AD01‑2.

19.	 Jing	Q,	Wan	K,	Wang	XJ,	Ma	L.	Effectiveness	and	safety	of	computer‑controlled	
periodontal	ligament	injection	system	in	endodontic	access	to	the	mandibular	
posterior	teeth.	Chin Med Sci J 2014;29:23‑7.

20.	 Tan	VL,	Andrawos	A,	Ghabriel	MN,	Townsend	GC.	Applied	anatomy	of	the	
lingual	nerve:	relevance	to	dental	anaesthesia. Arch Oral Biol 2014;59:324‑35.

21.	 Chiono	J,	Raux	O,	Bringuier	S,	Sola	C,	Bigorre	M,	Capdevila	X,	Dadure	C.	
Bilateral	 suprazygomatic	maxillary	 nerve	 block	 for	 cleft	 palate	 repair	 in	
children:	 a	 prospective,	 randomized,	 double‑blind	 study	 versus	 placebo.	
Anesthesiology 2014;120:1362‑9.

How to cite this article:	Arakeri	 G,	 Sagoo	MG,	 Brennan	 PA.	
Neurovascular	plexus	theory	for	"escape	pain	phenomenon"	in	lower	
third	molar	surgery.	Plast	Aesthet	Res	2015;2:107-10.
Source of Support:	Nil,	Conflict of Interest:	None	declared.
Received: 10-11-2014;	Accepted: 10-04-2015



Plastic and Aesthetic Research

Plast Aesthet Res || Vol 2 || Issue 3 || May 15, 2015  111

Role of topical heparin in the management 
of burns: experience in a district 
government hospital of Karnataka in South 
India

Ashish Gupta1, Thangam J. Verghese2, Priyanka Gupta3, Ashok K. Gupta4

1Department of Plastic and Microvascular Surgery, SPS Apollo Hospitals, Ludhiana 141003, Punjab, India. 
2Department of Surgery, Kasturba Medical College, Mangalore 575001, Karnataka, India. 
3Department of Pediatric Hematology and Oncology, SPS Apollo Hospitals, Ludhiana 141003, Punjab, India.
4Department of Plastic Surgery and Burns, DMCH, Ludhiana 141001, Punjab, India.

Address for correspondence: Dr. Ashish Gupta, Department of Plastic and Microvascular Surgery, SPS Apollo Hospitals, Sherpur Chowk,  
GT Road, Ludhiana 141003, Punjab, India. E-mail: docashish2001@gmail.com

ABSTRACT
Aim: Heparin is a multifaceted compound with uses not only as an anticoagulant, but also as an 
anti-inflammatory, anti-allergenic, anti-histaminic, anti-serotonin, anti-proteolytic and neoangiogenic 
agent. The aim of the study was to study the effect of topical heparin in the management of second-degree 
burns. Methods: Between December 2005 and January 2007, 60 consecutive patients, aged 10-60 years, 
with first-and second-degree thermal injuries ranging from 10% to 60%, were randomly enrolled in the 
study divided into a control group (C) and a heparin group (H) of 30 patients each. Results: Patients 
treated with topical heparin experienced statistically significant improved pain relief, faster healing, fewer 
complications and shorter hospital stays. The majority of the patients admitted were in an economically 
productive age group and were predominantly female. The distribution between the two groups according 
to age, type of burns and extent of burns was not statistically different. Conclusion: The current study 
demonstrates the efficacy of topical heparin in the treatment of first- and second-degree burns.
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INTRODUCTION

The earliest account of the treatment of burns dates back to 
the Egyptian period and the Ebers Papyrus. Rhazes (850-923 
AD) prescribed rosewater cooled by snow for burn wounds, 
and Avicenna (980-1037 AD) described the importance of 
using cold water in the management of burn injuries.[1]

Surgeons have advanced considerably from the use 
of oil-soaked cloth applications to the use of primary 

tangential excisions and skin grafts with recombinant 
skin. With the advent of dedicated burn critical care units, 
there has been a concomitant improvement in the survival 
rates of critically injured burns patients and their return to 
society as economically productive members.

Heparin is a multifaceted compound with anti-inflammatory, 
anti-allergenic, anti-histaminic, anti-serotonin and anti- 
proteolytic enzyme properties. It has been used in both 
parenteral and topical forms in the management of thermal 
injuries to prevent burn extension, limit cutaneous tissue 
loss, promote faster healing with fewer contractures, 
relieve of pain, reduce tissue edema and weeping, prevent 
infection, and to promote revascularization, granulation 
and reepithelialization of deeply burned tissue. This 
study was conducted to study the role of topical heparin 
in the management of thermal burns and to validate its 
efficacy and safety in a District Government Hospital in 
South India.
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METHODS

A total of 326 patients with burns injuries were admitted 
to Government Wenlock Hospital, Mangalore, between 
December 2005 and January 2007. The first consecutive 
60 patients with 10-60% second degree burns between 
the ages of 10 and 60 were enrolled in the study. Patients 
with liver disease, renal disorders, a blood-coagulating 
diathesis, an allergy to heparin, an active peptic ulcer, 
thrombocytopenia, active bleeding or potential bleeding 
from trauma were excluded. Patients who met the 
inclusion criteria were randomly assigned a control 
group (Group C) or heparin group (Group H). Thirty 
patients were started on topical heparin (Group H), while 
the other 30 patients in the control group (Group C) 
were treated with conventional dressings with silver 
sulfadiazine, intravenous antibiotics, analgesics and 
intravenous fluids.

The dose of heparin required for topical application was 
calculated to be 100,000 IU/15% burn surface area (BSA) 
per day in 3-4 divided doses. The medication was applied 
to the burnt surface drop by drop with a 50 mL syringe, 
until the pain was relieved, repeated for 2-4 times until 
blanching occurred. Beginning on the 2nd day, heparin 
was applied twice a day, using a diminishing quantity for 
1 week.

Blisters were rinsed with heparin solution via hypodermic 
syringe and were not de-roofed. Blood was drawn to 
test for bleeding time, clotting time, and activated 
partial thromboplastin time, in addition to routine blood 
investigations.

Relief of pain as recorded by a visual analog scale, healing 
of wounds, dose of heparin, complications, mortality and 
duration of hospital stay were reported and analyzed. 
This was a single-blinded study that was approved by 
the Ethics Committee of the Institute. Written informed 
consent was obtained from the patients or guardians.

RESULTS

Among the 60 patients enrolled in the study, the age 
distribution between the two groups was not significantly 
different [Table 1]. The majority of the patients admitted 
were in the economically productive age group of 
31-40 years old (19 patients, 31%).

There were equal numbers of male and female patients in 
Group H. The gender distribution among the two groups 
was not statistically significant [Table 2].

The study showed a statistically significant (P = 0.017) 
difference in the cause of burns between males and 
females. Accidental burns were seen in 33 patients 
as compared to 21 patients with homicidal intent, 
and 6 patients with suicidal aim. Males (18 patients) 
figured predominantly in the accidental group, 
whereas females were significantly more represented 
in the homicidal (17 patients) and suicidal (5 patients) 
subgroups [Table 3].

The distribution of the patients in the Group H and 
Group C cohorts as per the cause of burns was statistically 
not significant (P = 0.176) and is depicted in Figure 1.

The stratification of patients according to the extent of 
the thermal injury has been depicted in Table 4.

The division of burn patients in Groups H and C with 
respect to their duration of stay in the hospital revealed 
an earlier discharge from the hospital in Group H, 
except in cases of extensive burns of more than 50% 
BSA [Table 5]. The mean duration of hospital stay was 
significantly less in the Group H compared the Group C, 
in 10-20% burns (13 vs. 26 days), 20-30% burns (23 vs. 
41 days), and 30-40% burns (26 vs. 67 days). A shorter 
hospital stay has many positive ramifications in an Indian 
family, in addition to the reduced economic burden of 
treatment.

Patients in Group C were prone to numerous complications 
as compared to Group H. The occurrence of these 
complications as depicted in Table 6 was highly statistically 

Table 1: Age distribution of the patients under evaluation
Age group (years) Number of patients

Group H Group C
10-20 6 6
21-30 6 8
31-40 11 8
41-50 4 3
51-60 3 5
Total 30 30

Table 2: Distribution of patients according to gender
Gender Number of patients

Group H Group C
Male 15 8
Female 15 22

Table 3: Cause of burns
Cause of burns Number of patients

Male Female
Accidental 18 15
Homicidal 4 17
Suicidal 1 5
Total 23 37

Table 4: Number of patients according to extent of 
thermal injury
Percentage of burns 
(%)

Number of patients

Group H Group C
10-20 8 10
21-30 10 5
31-40 9 7
41-50 0 4
51-60 3 4
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significant (P = 0.008). The majority of Group C patients 
(24 patients) had wound contamination by the 5th postburn 
day, whereas in Group H only 4 patients developed 
wound infection, a highly statistically significant 
difference (P < 0.001) [Figure 2]. None of the patients in 
Group H had weeping wounds, as compared to Group C 
in which 76.7% of the patients developed weeping wounds 
(P < 0.001).

A reduction in infections was observed in nonweeping 
wounds in Group H as compared to Group C.

Fisher’s exact test was used to calculate the significance of 
the lower analgesic requirement in Group H as compared 
to Group C [Table 7]. The lower requirement for opioids 

in Group H had a positive effect on care, as patients were 
significantly more alert (P < 0.001).

There were fewer mortalities in Group H (1 patient) as 
compared to Group C (5 patients), but this difference was 
not statistically significant (P = 0.197). The decreased 
mortality rate could not statistically be attributed to the 
effect of heparin alone.

DISCUSSION

Sushruta, considered to be the father of Indian surgery, 
described the clinical symptoms of burnt patients in 
800 BC. In 1607, Fabricus Hildnus[1] of Switzerland 
provided the first printed extensive description of 
burns, their classification and treatment in his book 
“De Combustionibus.”

Heparin has been shown to be very effective in the 
treatment of burns[2] in a number of studies conducted in 
different centers across the globe.[3] The use of heparin 
in burns has been shown to maintain blood circulation, 
inhibit blood clotting and infarctions, relieve pain, limit 
inflammation, revascularize ischemic tissue, enhance 
granulation, regulate collagen, and reduce scarring and 
contractures.[4]

The addition of heparin affordably improved burn care 
in the current study. A majority of the burns were 
accidental (46.7% of Group C and 63.3% of Group H), 
while an appreciable number were homicidal in 
intent (36.7% of Group C and 33.3% of Group H).

The pain, erythema, and edema were reduced in patients 
who received treatment with heparin. The relief of pain 
with the use of heparin was remarkable as assessed on 
the visual analog scale as compared to the level of pain 
experienced in Group C. There was a direct relationship 
between the size of burns and the amount of heparin 
required to produce healing. The reduced use of pain 
medication and associated reduced side effects permitted 
Group H patients, who were more alert and cheerful, to 
ambulate sooner and participate in their burn treatment.[2]

Irrigation of blisters in Group H removed the inflammatory 
exudates, and the skin functioned as an autologous 
biological dressing. Smooth new skin was evident 
beneath the dried thin blister when it usually flaked off 
in 10-14 days.

Table 5: Duration of hospitalization was significantly 
less than patients on conventional therapy
Percentage of burns 
(%)

Mean duration of 
hospitalization

P

Group H Group C
10-20 13.6 26.2 0.018
21-30 23.2 41 0.003
31-40 26.4 67.9 0.001
41-50 0 45
51-60 47.7 38 0.289

Table 6: Complications
Complications Number of patients

Group H Group C
Aspiration pneumonia 0 3
Atelectasis 0 1
Deep venous thrombosis 0 5
Pulmonary embolism 0 1
Septicemia 1 3
Urinary tract infection 3 6
No complications 26 11

Table 7: Use of opioid analgesic
Number of doses per day Number of patients

Group H Group C
1-2 6 2
3-4 0 28

Figure 1: Distribution of patients according etiology among heparin and 
control groups Figure 2: Wound culture and growths 
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The revascularization of ischemic tissue was the key 
feature preventing extension of burns and hence a 
better outcome in patients treated with heparin. These 
improvements were presumed to be a function of 
heparin’s neoangiogenic effects.[5-7]

Prior studies have suggested that orally administered 
antibiotics can reach burns secondary to an 
increase in blood flow mediated by the enhanced 
neoangiogenic-revascularization of the ischemic tissue.[8-10] 
A reduction in intestinal bacterial translocation and sepsis 
found in another study may be another partial explanation 
for the reduction of infection seen in the current study.[11]

The safety of large doses of topical heparin was 
demonstrated by laboratory determinations of blood 
clotting times, which were not altered. No bleeding 
problems or other serious complications occurred.[12]

There were fewer skin grafting procedures required in 
Group H as compared to Group C, but this finding was 
not statistically significant. Mortality rates in Group H 
were lower than in Group C, with all of the deaths in 
the latter group occurring in 45-60% BSA injuries. Notably, 
there were more suicide patients in Group C (16.7%) as 
compared to Group H (3.3%), and suicide burns tend 
to be more severe. Early tangential excision and skin 
grafting are not practiced at our institute due to issues of 
nonavailability of blood products and lack of consent for 
surgery. Additional variables contributing to a prolonged 
hospital stay include the availability of free treatment in 
a government-aided hospital in conjunction with poor 
familial support.

In 1967, Dr. Saliba MJ Jr, originally published a report 
of the beneficial effects of intravenous heparin in large 
doses as a topical spray used to treat extensive burns 
in 28 patients.[13] Another study conducted in 2007 
showed the utility of the use of topical heparin in treating 
100 patients with thermal injuries.[14] Since that time, 
numerous studies have confirmed these results.[15]

In conclusion, even as research for newer modalities in 
burn wound management continues, the authors find that 
some traditional modalities still have clinical relevance. 
Although there are numerous studies supporting the use 
of heparin in the treatment of burn wound management, 

many of these are uncontrolled and inadequately define 
the appropriate treatment and outcomes. Further research 
is needed to assess the clinical utility of using heparin in 
the treatment of burn injuries.[15]
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INTRODUCTION

Fat injection is a useful surgical modality to correct 
anatomic contour deformities.[1-3] In 1987, the American 
Society of Plastic Surgeons published a report discouraging 
the use of autologous fat injections in the breast due 
to potential complications related to calcifications and 
detection of breast cancer.[4] Improvements and technique 
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ABSTRACT
Aim: Autologous fat grafting has gained acceptance as a technique to improve aesthetic outcomes in 
breast reconstruction. The purpose of this study was to share our clinical experience using autologous 
fat injection to correct contour deformities during breast reconstruction. Methods: A single 
surgeon, prospectively maintained database of patients who underwent autologous fat injection 
during breast reconstruction from January 2008 to November 2013 at McGill University Health 
Center was reviewed. Patient characteristics, breast history, type of breast reconstruction, volume 
of fat injected, and complications were analyzed. Results: One hundred and twenty-four patients 
benefited from autologous fat injection from January 2008 to November 2013, for a total of 187 
treated breasts. The patients were on average 49.3 years old (± 8.9 years). Fat was harvested from 
the medial thighs (20.5%), flanks (39.1%), medial thighs and flanks (2.9%), trochanters (13.3%), 
medial knees (2.7%), and abdomen (21.9%). An average of 49.25 mL of fat was injected into 
each reconstructed breast. A total of 187 breasts in 124 patients were lipo-infiltrated during the 
second stage of breast reconstruction. Thirteen breasts (in 12 separate patients) were injected several 
years after having undergone lumpectomy and radiotherapy. Of the 187 treated breasts, 118 
were reconstructed with expanders to implants, 45 with deep inferior epigastric perforator flaps, 
9 with latissimus dorsi flaps with implants, 4 with transverse rectus abdominis myocutaneous flaps, 
and 13 had previously undergone lumpectomy and radiotherapy. Six complications were noted in 
the entire series, for a rate of 3.2%. All were in previously radiated breasts. Average follow-up time 
was 12 months (range: 2-36 months). Conclusion: Fat injection continues to grow in popularity 
as an adjunct to breast reconstruction. Our experience demonstrates a low complication rate as 
compared to most surgical interventions of the breast and further supports its safety in breast 
reconstruction. However, caution should be used when treating previously radiated breasts.
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have since enhanced the clinical utility of fat grafting, and 
autologous fat injection is now commonly used to correct 
breast defects.[5,6]

To date, retrospective studies have shown that complications 
associated with fat injection markedly decreased with the 
evolution of fat grafting protocols.[7,8] Calcification and fat 
necrosis have been shown to correlate with the volume, 
as well as the technique of fat injection.[9-11] There is also 
evidence that the volume injected correlates with survival 
of the grafted fat.[12] The minimally invasive nature of the 
procedure allows patients to benefit from autologous 
tissue rather than foreign materials. As such, fat grafting 
has evolved into a safe procedure to correct contour 
deformities in the reconstructed breast.[7]

Although some controversy remains with regards to the 
benefits and risks of autologous fat injections, it is widely 
used by reconstructive plastic surgeons to correct contour 
deformities in breast reconstruction.[6] Our experience 
suggests this is a safe procedure that provides significant 
improvement to breast contour following reconstruction. 
This study describes a Karl Schwarz (KS) experience with 
fat injection to correct contour deformities during breast 
reconstruction.

METHODS

Patient population
The present study was approved by the McGill University 
Health Centre Ethics Board. A Karl Schwarz (KS), prospectively 
maintained database of patients who underwent autologous 
fat injection during breast reconstruction from January 2008 
to November 2013 at McGill University Health Center was 
reviewed. Patient characteristics, breast history, type of breast 
reconstruction, volume of fat injected, and complications 
were analyzed retrospectively.

Technique
Autologous fat was harvested using previously described 
techniques.[13] Donor sites included medial thighs, 
flanks, trochanters, arms, or abdominal subcutaneous 
fat. Under sterile conditions, fat was harvested using 
the Tulip liposuction system (Tulip Medical Products, 
San Diego, CA) with a 3 mm cannula. No donor site 
morbidity was observed in any of the patients enrolled 
in this study. The fat was then purified on large Telfa 
Pads (Covidien, Mansfield, MA) as previously described 
by Kanchwala et al.[13] Once the fat reached a custard-like 
consistency, it was loaded into 10-mL syringes [Figure 1]. 
Based on preoperative topographic markings, fat was then 
injected into the breasts in 1 mL aliquots, distributing it 
evenly in multiple tissue planes, using multiple passes, to 
visibly correct the previously present contour deformity 
[Figure 2].

Review of the literature
As a measure of comparison with previously published 
studies, we conducted a literature search of the PubMed 
database using the keywords “fat graft breast” in PubMed. 
Our search yielded 149 articles, of which 12 met our 
inclusion criteria requiring that the studies enroll at least 

10 patients, measure fat grafting in a clinical context, and 
include outcomes and complications [Table 1].

RESULTS

One hundred and twenty-four patients benefited from 
autologous fat injection from January 2008 to November 
2013, for a total of 187 treated breasts. The patients were 
on average 49.3 years old (± 8.9 years). Fat was most often 
harvested from the medial thighs (20.5%), flanks (39.1%), 
medial thighs and flanks (2.9%), trochanters (13.3%), 
medial knees (2.7%), and abdomen (21.9%). An average of 
49.25 mL (ranging from 8 to 210 mL) of fat was injected 
into each reconstructed breast [Table 2].

A total of 174 breasts in 112 patients were injected 
with autologous fat during the second stage of breast 
reconstruction. Thirteen breasts (in 12 separate patients) 
were injected after having undergone lumpectomy 
and radiotherapy. Eight breasts (in 5 separate patients) 
underwent a second round of fat injection 6 months after 
the initial lipoinjection. Of the 187 treated breasts, 118 
were reconstructed with expanders to implants, 45 with 
deep inferior epigastric perforator (DIEP) flaps, 9 with 
latissimus dorsi flaps with implants, 4 with transverse 
rectus abdominis myocutaneous flaps [Table 3]. Thirteen 
of the breasts had previously undergone lumpectomy and 
radiotherapy. Representative images of patients treated 
with autologous fat grafting are shown in Figures 3 and 4.

Six complications in 3 separate patients were noted in 
the entire series, for a rate of 3.2%. All were in previously 
radiated breasts. One patient developed an isolated 
area of fat necrosis but also an occult pneumothorax 
treated conservatively. One patient developed a cellulitis 
treated successfully with antibiotics, and another patient 
developed an infection that was drained with a pig-tail 
catheter. Oil cysts were noted in 3 breasts.

DISCUSSION

Our experience suggests that autologous fat injection 
is a safe and effective procedure for correcting contour 
deformities following breast reconstruction. Of the 187 
treated breasts in our study, we identified complications 
in only 6 patients for a complication rate of 3.2%. It 
should be noted that each of these complications 
occurred in previously irradiated breasts, which have 
been associated with impaired healing secondary due to 
radiation damage.[5] Although our reported rates of fat 
necrosis and oil cysts are low in nonradiated breasts, it 
must be noted that they only represent those discovered 
on physical exam. It is likely that radiographic evaluation 
would yield higher rates.

Assessment of the literature and the data presented 
in this article suggest that fat injection can be a safe 
procedure. Although the studies reviewed demonstrate 
significant variability among complication rates, our 6 
complications in 187 treated breasts lies on the lower end 
of the spectrum.
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Figure 1: Fat is allowed to separate by gravity and then refined on a 
Tefla Pad until it reached a custard-like consistency. The refined fat was 
then transferred in 10-mL syringes

Figure 2: Relying on preoperative topographic markings, fat was injected 
on the breast in multiple tissue planes, through multiple passes

Figure 3: A 52-year-old female who had a left lumpectomy and radiation 
3 years ago. She was treated with lipoinjection of the lateral contour 
deformity

Figure 4: A 62-year-old female with a history of bilateral mastectomy 
and radiation therapy on the left breast; followed bilateral deep inferior 
epigastric perforator flap reconstruction. She benefited from 2 rounds of 
fat injection of the left upper breast contracture and serial excision of 
breast skin paddle

Table 1: Review of the literature
Authors Year Number of 

patients (n)
Average volume of 
fat injection (mL)

Complications

Pérez-Cano et al.[20] 2012 71 140 14.1% of patients developed cysts
Khouri et al.[21] 2012 81 277 16% of patients report fat necrosis after 1-year
Rubin et al.[22] 2012 27 526.5 25.5% of patients developed oil cysts

17.1% of patients developed fat necrosis
De Blacam et al.[23] 2011 49 67 3.6% of patients developed fat necrosis

1.8% of patients developed oil cysts
0.9% of patients developed infections

Kijima et al.[24] 2012 21 123 4.7% of patients developed fat necrosis
4.7% of patients developed infection

Kamakura and Ito[25] 2011 20 240 11% of patients developed oil cysts
Losken et al.[26] 2011 107 40 11% of patients reported fat necrosis, erythema, keloid scarring, and pain
Serra-Renom et al.[27] 2011 28 39.36 0% fat stable in all patients
Sinna et al.[28] 2010 244 176 2% of patients developed fat necrosis

1.2% of patients developed infection
Yoshimura et al.[29] 2010 15 264 0% no reported complications
Illouz and 
Sterodimas[30]

2009 820 145 9.2% of patients developed bruising
4.3% of patients developed striae
1.4% of patients developed hematomas
0.6% of patients developed infections

Panettiere et al.[31] 2009 61 24.5 0% no reported complications
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Despite having experienced few complications, all 
patients with a suspicious lesion or nodule were 
encouraged to follow-up with their breast surgeon and 
oncologist.[8,11] Fortunately, radiographic evaluation can 
reliably distinguish calcifications, fat necrosis and oil cysts 
from malignant lesions.[4]

The complications identified in our patients occurred only 
in radiated breasts. Despite the paucity of data regarding 
fat injection in radiated breasts, there is evidence 
demonstrating the success of fat injection into radiated 
tissue.[14] While prior radiation may be a risk factor for 
fat necrosis, it appears that lipoinjection alleviates the 
damage associated with radiation.[15,16] Clearly, further 
studies are needed to elucidate the advantages and 
pitfalls of fat injection in radiated breasts.

It is important to point out that familiarity with the 
technical aspects of fat injection affects the incidence 
of complications.[7,8] While the incidence of fat necrosis 
and graft resorption is reduced when small aliquots are 
injected in multiple tissue planes, there is evidence that 
the long-term viability is increased with greater overall 
injection volumes.[10,12,17]

A discussion on the safety of fat injection would not 
be complete without addressing the potential effects of 
lipoinjection on local breast cancer recurrence. The increase 
in vascularity promoted by injected adipose tissue may 
present a theoretical risk for recurrence.[17] A study by Petit 
et al.[18,19] describes early follow-up data suggesting that 
fat grafting does not present an increased risk for cancer 
recurrence, however, a follow-up cohort study by the same 
author suggests that the risk for recurrence could increase 
in women with high-grade intraepithelial neoplasia under 
the age of 50. An additional study funded by The Plastic 
Surgery Foundation is ongoing to further evaluate the 
oncologic safety of fat grafting in breast cancer patients.

In conclusion, contour irregularities are common 
problems associated with breast reconstruction and 

can lead to suboptimal cosmetic results. Fat injection 
is a powerful tool that provides surgeons the ability to 
achieve esthetically superior results. Meticulous technique 
and proper planning, particularly assessing the recipient 
site and limiting injection volumes, allows surgeons to 
deliver results with low complication rates.
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INTRODUCTION

Primary and revision-augmentation mammoplasty is 
a commonly performed procedure. The incidence of 

implant related mammoplasties for both primary and 
revision mammoplasties is on the rise and is due to the 
information available on the product, premarket surveys, 
enhanced implant safety, and regular quality checks.[1] 
It is not surprising that augmentation mammoplasty is 
one of the most commonly performed procedure and 
in 2012 alone 330,631 implant related mammoplasties 
were performed in USA.[2] However, the data represent 
implant-related surgeries performed both for primary and 
secondary surgery making it difficult to obtain number of 
secondary or revision mammoplasties performed during 
the same period of time.[3] Secondary procedures following 
mammoplasties can be divided into early or late. Early 
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reasons for redo are uncommon and include infection 
and bleeding, but both may necessitate urgent attention 
or an emergency surgery.[3] The late complications 
are more common and do not generally constitutes 
emergency procedures.[1] These late complications include 
capsular contracture, change for implant size and shape, 
implant rippling, asymmetry of shape, implant rupture or 
ptosis. Revision surgery for these complications is either 
performed alone or in combination, depending on the 
presentation. Revision surgery in these complications 
often requires a change of implant. These complications 
and their corrective surgery can often be challenging for 
a surgeon and requires a detailed history of previous 
surgery, thorough examination, patient’s wishes for a 
desired results and a well thought, clear and meticulous 
plan. Patients presenting with these complications may 
have an associated ptosis that may require simultaneous 
mastopexy using either periareolar, vertical scar, wise 
pattern markings or their modifications.[4] The pocket 
for implant replacement can be subglandular, partial 
submuscular, subfascial or muscle splitting.[5] Multiplane 
internal mastopexy (MIM) or use of more than one pocket 
for augmentation and the internal mastopexy using an 
inframammary crease has been described and was used 
in selected patients. The technique allows avoidance of 
scar in the border line ptosis and especially suits those 
patients who are not interested in obvious scarring 
associated with conventional nipple mobilization. The 
technique was used for primary cases with a limited 
experience in revision mammoplasties.[6] The current 
article describes a larger experience in selected patients 
who had their initial augmentation mammoplasty in 
subglandular pocket. The technique allows an addition to 
the armamentarium of surgeons for patients who present 
for revision surgery with minor to moderate ptosis 
following augmentation in subglandular pocket.

METHODS

A retrospectively collected data were analyzed in the 
Excel Spread Sheet (Microsoft). Between January 2008 
and October 2013, 25 patients had MIM following their 
augmentation mammoplasty in subglandular pocket. 
Relevant data of 25 patients who had their revision 
surgery in multiplane pocket was further analyzed. Six 
months postoperatively, patients were asked whether 
they were very satisfied, satisfied or dissatisfied with the 
outcome of the surgery.

Examination
All patients are examined in standing and supine position. 
Supine position allows any excess pocket extension in 
lateral dimension. Breast ptosis with or without upper 
and medial quadrant rippling is an indication for the 
conversion technique. Lower and lower lateral skin 
envelope rippling is unlikely to be improved by muscle 
splitting conversion or any other submuscular technique. 
Degree of capsular contracture is noted, and information 
is gathered about the size and profile of the existing 
implants.

Technique
All procedures are performed under general anesthetic 
with full muscle relaxation and as a day case. Patients 
were placed in the supine position with arms abducted 
in less than 90°. Inframammary crease was used for the 
pocket access.

After explantation of the device, pocket was examined 
for its dimensions and extent and nature of the capsule. 
In grade 1 or 2 capsular contractures, only lower pole 
capsulotomies were performed. Breast presenting with 
advanced capsules, partial or complete capsulectomy 
was performed. The next step was to identify Pectoralis 
Major and marked by light scoring on the posterior layer 
of capsule, starting from the junction of the middle 
and lower third of sternum medially and going up and 
laterally to the anterior axillary fold. This line of the 
muscle split was transposed and marked anteriorly by 
scoring the anterior layer of the capsule, this scoring 
should ideally be at or just below the nipple level in the 
midline.

Pectoralis split was commenced medially at the junction 
of the middle and lower third of the sternum. Pectoralis 
muscle is pinched and lifted off the sternal margin using 
Gillis toothed forceps, and a small incision is made using 
cutting diathermy. The incision should be large enough 
to allow index finger, and once the finger is inserted, 
submuscular dissection was performed using index 
finger extending up to the 2nd intercostal space and to 
the anterior axillary line laterally. Once the submuscular 
dissection is completed, incision is usually large enough 
allowing the breast retractor to be inserted with its distal 
end pointing towards anterior axillary fold. Muscle split 
begins medially using cutting diathermy, and once the 
split gets closer to the anterior axillary fold, the dissection 
is slowed down. Here, coagulation of the muscle is 
performed before splitting or cutting it up further. The 
maneuver avoids inadvertent bleeding resulting from 
damage to thoracoacromial axis branches.

Once pectoralis split is completed, the lateral 
capsulotomy is extended upward to join the lateral 
extent of muscle split. The lower border of the upper 
split pectoralis is now stitched to the breast envelope 
below the marked and scored anterior capsule using 2-0 
Vicryl interrupted stitches vicryl (Ethicon) [Figure 1a-c]. The 
level at which the anterior capsule is stitched to the lower 
border of upper split pectoralis depends on the degree 
of ptosis but should not be less than 2 cm [Figure 1a]. 
Hemostasis is achieved, and a preoperatively selected 
implant is placed in its new pocket. Before wound closure 
and once the new implant is in place, the flat of the hand 
is run over the skin envelope sliding the skin inferiorly 
over the mound of the implant. Creation of a crease or 
fold, due to an internal stitch placed too low inside the 
skin envelope, is an indication of replacing the stitch 
to a little higher position. The head end of the table 
can also be raised to confirm the fold, which depends 
from the anchoring suture inside and can also be felt 
by doing a bimanual digital examination using index 
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finger and thumb through inframammary incision. The 
incorrect positioning of the stitch is not visible without 
this maneuver when patient is lying in a supine position. 
More commonly, the sliding or tilting of the table may 
show minor puckering or dimpling of the skin envelope 
that can be left alone. Once suture incorrect position 
is established, implant is removed, and sutures are 
repositioned at a slightly higher level, using previously 
scored anterior capsule as a reference point and implant 
is replaced. The procedure can be repeated to assess the 
position of the newly position stitch.

Wound closure is done using continuous 2-0 Vicryl to 
deep fascial layer, subcutaneous 3-0 Vicryl interrupted and 
intradermal 4-0 continuous Monocryl stitch (Mononcryl 
(Ethicon). Once the wound closed and dressed, external 
support to breast envelope is provided using adhesive 
dressings. The external supportive dressings are applied 
starting from the lower pole and pulling, supporting, and 
stabilizing the breast envelope at a higher and desirable 
position. Support garments are applied, and patients are 
discharged on the same day.

Postoperatively, there is often some puckering of the 
skin envelope due to internal stitches. This puckering 
almost always disappears within 4-6 weeks after surgery 
[Figure 2a-d].

Patients are reviewed 2 and 4 weeks later to check for 
wound healing. Patients are generally allowed to drive 
and return to work 10 days following surgery. Patients 
involved in physically demanding work are advised to take 
3 weeks off work.

RESULTS

The group included 25 patients with an average age 
36.6 years (range: 25-54 years) with mean implant 
duration 6.4 years (range: 1.5-13 years), 23 of the 

patients were nonsmokers, 1 smoker and 1 patient’s 
smoking status was not mentioned. Eighteen patients 
presented with grade I capsular contracture, 3 patients 
with grade II ptosis and 4 patients had a combination 
of grade I and II capsular contracture. Pseudoptosis was 
present in 6, class B ptosis in 6, A/B ptosis in 3, sliding 
ptosis or water-down deformity in 5 and rippling in 
5 patients. Average size implant from the initial surgery 
was 334.4 mL (range: 250-340 mL) and the mean implant 
size selected for revision surgery was 416 mL (range: 
260-525 mL). Of 25 patients, 21 patients had a bilateral 
procedure whereas the technique was used unilaterally 
in 4 patients for the correction of asymmetry. Mean 
follow-up time was 18 months (range: 6-48 months). All 
patients had a single intravenous dose of predominantly 
Augmentin and followed by an oral course for 5 days, 
there was no infection noted in the series. In the current 
series, no patient required revision surgery following 
MIM. Patient satisfaction data were retrieved from the 
spreadsheet, 20 patients (80%) were very satisfied with the 
outcome and 5 patients were satisfied with the results, no 
patients showed dissatisfaction with the procedure.

DISCUSSION

Augmentation mammoplasty is primarily done either in 
front or behind the muscles.[7,8] All modifications are the 
extensions of these 2 primary pockets. The existence of 
these 2 planes in each subject has the potential of these 2 
pockets being used at the same time. Breast ptosis is the 
slackening and downward descent of the nipple areolar 
complex (NAC) and breast envelope in relation to the 
inframammary crease as defined by Regnault.[9] The ptosis 
correction is commonly performed by using periareolar, 
vertical scar or wise pattern markings, depending on the 
presentation of the breast, wishes of the patient and the 

Figure 1: (a) Intraoperative picture showing scored anterior skin 
envelope marked with a Vicryl suture held at its loose end. Below and 
to the right in the picture, lower edge of the upper split muscle is also 
marked with Vicryl suture; (b) anterior capsule/wall of the pocket on 
the left and lower free edge of upper split muscle on the right, held 
separately in forceps before suturing; (c) tied suture knot between the 
marked anterior capsule/wall of envelope and lower edge of the upper 
split pectoralis major in place

c
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Figure 2: (a) Illustration showing side profile of an implant in 
subglandular pocket; (b) illustration showing dissected muscle splitting 
pocket with anchoring stitch placed between lower border of upper 
split muscle and breast envelope at a level just under the nipple areolar 
complex (NAC). Note the relative position of the sixth rib and the nipple 
areolar complex; (c) illustration showing the implant placed in muscle 
splitting pocket with a tied anchoring stitch between muscle and breast 
envelope. Note the puckering of the skin below NAC, gathered skin 
above NAC and relative position of the sixth rib; (d) implant in its new 
muscle splitting position with puckering and skin gathering settled
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experience of the surgeon.[4,10] Markings for mastopexy 
used are independent of the pocket, and choice of the 
pocket can be independent of markings.[4,5] Even though 
breast lies in front of the muscle, most of the patients 
can have satisfactory breast volume restoration or further 
enhancement in partial submuscular pocket. Muscle 
splitting augmentation is a pocket that can be used 
primarily where an implant is placed behind the muscle 
in its upper part and front of the muscle in lower part 
of the breast pocket. The advantage of this technique is 
that the results have a more natural appearance with the 
advantage of muscle support in the ever-changing upper 
breast envelope.[11-14] The use of muscle splitting pocket 
is also described for secondary procedures where partial 
submuscular and subglandular pockets are converted 
into muscle splitting pocket.[15-18] Muscle splitting 
augmentation allows an immediate natural outcome, 
and the longevity of the results has been reported with 
a satisfactory outcome and reduced revision rate when 
compared with other commonly used techniques.[19] 
The Multiplane technique is a procedure where muscle 
splitting procedure is used for submuscular implant 
placement and subglandular pocket is used for breast 
lift or mastopexy. In a previously published article, 
postoperative suprasternal notch to NACs distance was 
reported to be reduced when augmentation mammoplasty 
with multiplane technique distances was compared with 
its preoperative measurements.[6] On the other hand, 
suprasternal notch to NAC distances was increased 
postoperatively following mammoplasty in subglandular 
and partial submuscular augmentation, with their 
respective preoperative measurements.[6] The changes and 
distances are measured more following sub glandular than 
sub muscular mammoplasty and are primarily due to the 
support of an extra muscle layer added to the breast skin 
envelope when sub muscular pocket is used.[20] In current 
series, average size of the implants used for the initial 
procedure was 334 mL as compared to 416 mL selected 
for the revision cases, a trend normally seen in revision 
mammoplasties.[3,21] In revisionary aesthetic mammoplasty, 
patients almost always request for a larger implant size. 
The larger size of implant used in MIM acts as an internal 
splint and put an even pressure on the skin envelope 
that helps to stabilize the draped skin in this form of 
mastopexy. This internal splinting is supported by external 
supportive dressings while envelope is settling down in its 
relocated position. Since this form of mastopexy does not 
involve skin reduction, necessary tightening of the skin 
envelope is achieved when a larger implant is used. When 
subglandular to muscle splitting submuscular site change 
or pocket changed was performed for rippling alone 
without an internal mastopexy, and in a patient without 
ptosis or skin excess, moderate reduction in implant 
sizes did not show any untoward skin laxity or puckering, 
when skin envelope finally settled down. However, when 
a patient presents with breast ptosis and skin envelope 
excess and wishes to choose a smaller implant for 
replacement or go down in breast cup size, conventional 
skin reduction mastopexy with NAC mobilization is the 
recommended procedure of choice.

The multilane technique was initially described for 
primary cases with a limited experience for ptosis and 
rippling correction in patients following augmentation 
mammoplasty in subglandular pocket.[6] The concept of 
the use of the two planes is not new and submuscular 
pocket for implant placement, and subglandular pocket 
dissection for breast envelope draping has been described 
in the past. However, the draping of mobilized breast 
envelope in Multiplane pocket is secured internally while 
the technique described by Hilton Becker relied on 
external support using dressings and adhesives bandages 
alone. Becker[22] also used an expander prosthesis with 
an occasional combination of periareolar mastopexy in 
certain cases. Similarly, implant site change or pocket 
change from subglandular to submuscular, submuscular 
to neopectoral or subfascial is not new, and the idea has 
been frequently used and documented.[17] Subglandular, 
dual plane and partial submuscular to muscle splitting 
biplane has also been reported for revisionary surgery 
with acceptable long-term results in various forms 
of aesthetic breast revisionary surgery.[23-25] With the 
high number of aesthetic revisionary performed today, 
preexisting pockets conversion to muscle splitting biplane 
submuscular pocket, a combination of submuscular and 
subglandular pocket, remains a suitable option. The use 
of acellular dermal matrix (ADM) in revisionary aesthetic 
breast surgery has introduced another horizon to deal 
with various problems encountered in secondary aesthetic 
breast procedures.[26] In small case series of three patients, 
the preemptive use of ADM in lower pole of poor quality 
breast tissue has been described for internal mastopexy 
in order to minimize the risk of ptosis in primary cases 
and in one patient ADM was used for internal mastopexy 
to correct an established ptosis following augmentation 
mammoplasty with mastopexy.[27] The report is promising, 
however, a larger series with longer follow-up will be 
required to evaluate the efficacy of the technique. In 
a review article regarding the use of biological and 
synthetic meshes used in implants surgery, the use of 
these materials was predominantly limited to breast 
reconstruction following mastectomy. Even though the use 
of ADM has gained some popularity following the safety 
of skin or nipple sparing mastectomies, a high number of 
seroma, higher infection rate and the cost of the product 
has restricted its use in aesthetic secondary augmentation 
mammoplasties.[28] The use of long-term synthetic mesh 
has shown more promising results in breast reconstructive 
and cosmetic surgery, however, the available data of its use 
in primary or secondary augmentation mammoplasties and 
augmentation mastopexies are limited.[29] Breast implant 
capsule flaps are reported quite frequently, and various 
techniques have been described for its use in primary 
and secondary cosmetic and reconstructive surgeries with 
very good results.[30] However, the use of these implants 
flaps, biological matrices and synthetic meshes is limited 
to support breast envelope, following mastectomies. These 
alternatives are also aimed to correct implant malposition, 
redefine or reconstruct inframammary crease both in 
cosmetic, as well as reconstructive surgery.[28-30] The author 
also has described the use of existing capsules to recreate 
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new pockets for the correction of bottoming out, double 
bubble deformity and animation deformities.[15-16] The use 
of these materials or techniques as supplementary breast 
supporting products are limited to reinforce or reconstruct 
breast dimensions, to support weak breast envelope or 
to prevent explant exposures but without the ability of 
reversing the NAC-inframammary crease (IMC) relationship 
seen following breast ptosis and as defined by Regnault.[9] 
On the other hand, MIM has a unique ability to restore 
or improve the altered NAC-IMC relationship and without 
extra scarring in selected cases.

The augmentation mammoplasty with the internal 
mastopexy in prepectoral or subglandular pocket 
in revisionary cases has a marked advantage over 
simultaneous augmentation mammoplasty with the 
internal mastopexy in primary cases. In primary cases, 
especially those presenting with large size breasts, initial 
acceptable results may later show sliding ptosis of the 
NAC over the mound of the implant. However, when MIM 
is performed in secondary cases, initial mammoplasty 
in sub glandular pocket has generally compressed the 
breast tissue over a period of time. This comparatively 
thinner layer of the breast envelope is far easier to be 
elevated, anchored, and secured at a higher position 
on the muscle, in a predictable way and with longevity 
of results. The current series has a mean follow-up of 
18 months (range: 6-48 months) with high satisfactory 
results. Despite the much desired scar-less MIM in 
selected cases, a longer follow-up will be desirable 
for a comparison with other conventional mastopexy 
techniques used today. The obvious disadvantage of 
MIM is the indirect measurements for a nipple areolar 
repositioning as compared to precise markings used 
in conventional skin reducing and nipple areolar 
mobilizing techniques. Minor asymmetry, if present, 
is well-tolerated and accepted by patients due to the 
normally occurring asymmetries in breast and NAC.[31-33] 
The other disadvantage with MIM is that the technique 

does not allow areolar reduction that may overshadow 
the true lift achieved in such cases presenting with 
large size NAC [Figure 3a and b]. In some cases, breast 
envelope puckering along the lower edge of the upper 
split muscle can be obvious in the early period of 
healing but resolves in time [Figure 4]. The added use 
of external supportive dressings stabilizes the mobilized 
skin envelope and conceals the temporary puckering 
that can be worrying for the patients in the early stage 
of healing. Removal of the dressings in 2 weeks’ time 
almost always leaves behind a smoother skin envelope 
and muscle expansion and relaxation allows the implant 
to settle with more natural three-dimensional results 
[Figures 5 and 6].

Even though the study did not include a very large number 
of patients, the outcome showed a very high satisfaction 

Figure 3: (a) Preoperative anterior view of a 39-year-old patient 9 years 
following her mammoplasty in subglandular pocket. Patient had 260 mL 
high profile Perouse Plastie (540T3) cohesive gel silicone implants with 
preoperative sternal notch to nipple areolar complex (NAC) of 
24.5 cm; (b) three months following augmentation mammoplasty using 
multiplane technique. Patient had 380 g MHP CUI Allergan Prosthesis. 
The improvement of ptosis is masked by a large size NAC even after 
postoperative reduction in the sternal notch to NAC distance to 23.5 cm

b

a

Figure 4: (a-c) Preoperative views of a 29-year-old patient who had 380 mL cohesive gel silicone implants placed in subglandular pocket with 
preoperative suprasternal notch to nipple areolar complex (NAC) distance of 23 cm right and 24 cm on left side. Patient presented with marked ptosis, 
rippling and asymmetry of breasts; (d-e) two months following the corrective surgery using 460 mL cohesive gel silicone. There is marked puckering of 
the right breast during early postoperative period; (f-h) postoperative pictures taken 5 months following surgery with good breast lift and symmetry. 
Her postoperative suprasternal notch to NAC distance was measured 20.5 cm both sides
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rate. A larger series with a longer follow-up, comparison 
of breast morphometrics with other conventional skin 
reducing and nipple mobilizing mastopexies will be 
desirable.

The technique allows avoidance of external scars in selected 
patients and can be a good choice especially in those who 
are not keen on conventional external scarring. With a mean 
follow-up of 18 months (range: 6-48 months) all patients 
had an acceptable results, and no further corrective surgery 
has been performed in the series analyzed.
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rejuvenated breasts appearance
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INTRODUCTION

Sagittal split osteotomy of the ramus may be the procedure 
which defined the evolution of the art and science of oral 
surgery. Although the basic design of the sagittal split 
ramus procedure evolved very quickly, the elimination of 
complications has taken longer.[1] The procedure has been 
modified many times since its introduction by Trauner 
and Obwegeser.[2] One modification frequently used is a 
shortened medial horizontal osteotomy, which, instead 
of extending the cut to the posterior border, is carried 
only to the lingual fossa posterior to the lingula.[3] In 
the majority of cases, this technique allows for adequate 
splitting of the mandible.[3] However, this modification 
is not devoid of complications, as the medial cut can be 
misdirected due to anatomic variability of the ramus, or 
an improperly directed osteotomy cut, resulting in a bad 
lingual split.

Various studies have reported an incidence of bad splits 
ranging from 1.7% to 9.1%.[4] Although the most common 
unfavorable splits involve a buccal plate fracture, these 
bad lingual splits may result in serious complications 
including fracture of the lingual cortical plate, condylar 
neck and coronoid process.[4]

The purpose of this article is to suggest a modification of 
the medial osteotomy cut which will prevent misdirection 
while overcoming anatomical variations and technical 
problems.

METHODS

Surgical access for the sagittal split osteotomy is 
performed in the standard fashion. Following fine 
dissection over the anterior border of mandible, the 
insertion of the temporalis muscle is detached and 
elevated to the level of the sigmoid notch. The anterior 
ramus is then isolated with retraction of the soft tissues. 
The medial ramus is accessed by subperiosteal insertion of 
a malleable retractor above the foramen, and the inferior 
alveolar nerve is identified at the level of the lingula.

The medial osteotomy cut is directed parallel[3] to the 
occlusal plane [Figure 1] at the level of superior aspect 
of lingula in the standard fashion, but ends at a point 
midway between the lingula and the ascending ramus. 
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This completes the anterior half of the traditional medial 
cut. The posterior half of the osteotomy cut is completed 
by directing the bur obliquely downwards at an angle of 
15°-20° to the anterior half of the osteotomy cut which is 
parallel to occlusal plane. Care is taken to avoid damage 
to the inferior alveolar neurovascular bundle.

After completing the guiding oblique (GO) osteotomy 
cut, rest of the procedure is continued following routine 
standard technique.[3]

RESULTS

The GO cut extends downwards 3 mm posterior to the 
lingula from the point where the anterior half of the 
osteotomy cut was concluded. This creates an oblique 
angle between anterior and posterior osteotomy cuts and 
thus completes the modified medial ramus osteotomy. As 
the GO cut directs the splitting forces downwards, there is 
no possibility of the split propagating upwards to cause a 
coronoid or condylar fracture.

DISCUSSION

A major disadvantage of the traditional medial osteotomy 
cut is the effect that the anterior orientation of the bur has 
on the direction of the posterior cut. Another shortcoming 
of the cut is its abrupt termination at the posterior end. 
This produces a sharp angle at the junction of the buccal 
and lingual cortical plates of ramus of mandible. The 
forces applied in the sagittal split may concentrate at this 
angle, and the stress may be propagated in any direction 
to create bad splits. This is especially true in cases in 
which the posterior cut terminates in the monocortical 
area of the medial ramus rather in the bicortical region.

In contrast to the conventional medial cut, a simple 
modification which incorporates a GO cut in its posterior 
half minimizes the stress concentrated at this angle, and 

directs the cut downward to give a favorable lingual split. 
The surgical design also provides flexibility in placing the 
anterior half of the cut downwards in favorable bicortical 
region in cases of anatomical variation this avoids the 
possibility of coronoid fracture.

Advantages of a GO osteotomy cut in specific situations to 
prevent bad splits are as follows: (1) in regular situations 
a GO cut provides flexibility in adjusting the direction 
of the posterior medial cut if the anterior cut has been 
placed in an unfavorable direction; (2) in cases in which 
the ramal occlusal plane angle[3] is < 70°, a parallel 
osteotomy would be directed superiorly, cutting the 
inferior portion of the neck of the condyloid process.[1] 
To prevent this from occurring, it is advised to place the 
horizontal osteotomy cut at an altered angle of 10°-15° 
inferiorly.[3] As the suggested modification already includes 
a 15° bur angulation for the anterior cut, it is not necessary 
to adjust the osteotomy cut further; (3) in cases with a 
high lingula, there is an increased incidence of unfavorable 
fractures.[3] A high lingula will place the medial osteotomy 
in a region of the mandibular ramus that has little or no 
cancellous bone.[5] In this situation it is suggested that the 
medial osteotomy be angled from its typical location in 
the mid-ascending ramus up to the lingula of the medial 
ramus.[5] If cancellous bone is not encountered, the medial 
cut is widened at the expense of cortex along the inferior 
aspect of the medial osteotomy until cancellous bone is 
seen.[5] However, the widening creates an oblique medial 
cut directed upwards which increase the possibility of 
bad split. This complication is successfully avoided by the 
proposed modification which allows to place the anterior 
half of the cut in the favorable (bicortex) cancellous part 
of anterior ramus which is independent of the direction 
of posterior cut. A similar modification can be applied in 
cases of a thin mandible in which there is little cancellous 
bone; and (4) several investigators have demonstrated 
an increased risk of unfavorable fractures associated 
with the presence of third molars at the osteotomy site 
during sagittal split ramus osteotomy.[5-8] The authors have 
observed a concentration of stress at the angle created 
by the buccal and lingual cortex of impacted third molar 
during the sagittal split which may result in a lingual plate 
fracture. For the same reason a lingual back cut[5] posterior 
to the lingula is suggested. The addition of a lingual back 
cut helps direct the lingual fracture to a more favorable split 
at the inferior border of the osteotomy.[5] The present GO 
cut acts as a back cut when directed 3-4 mm downwards 
with the same angulation which directs the lingual split 
laterally and inferiorly to the impacted molar providing a 
favorable split at the inferior border of the osteotomy.

In conclusion, splitting the straight medial cut into two 
components with angulation in the midpoint makes the 
anterior and posterior cuts independent of each other. 
Although there are many advantages and applications, a 
larger study is required to compare its versatility to that 
of the traditional medial cut. Nonetheless, the current 
modification has proven to be successful to date in the 
author’s hands while avoiding the complications of a bad 
split or nerve damage.

Figure 1: (a) Anterior half cut running parallel to occlusal plane (colored 
line); (b) posterior half cut (guiding oblique (GO) cut) with an angulation of 
“θ” running obliquely downwards and ending in lingual fossa; (c) favorable 
lingual split directed towards inferior body osteotomy by GO cut
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INTRODUCTION

Although numerous techniques ranging from skin 
grafting to free-tissue transfer have been utilized for 
reconstruction of soft tissue defects of the foot, and 
lower third of the leg regions, very few have yielded 
entirely satisfactory results. A safe, easy and reliable 
reconstructive option is required for reconstruction of 

the lower third of the leg and foot regions. The lateral 
supramalleolar flap[1,2] from the lateral aspect of the lower 
leg, and the flap supplied by a perforating branch of the 
dorsal peroneal artery are commonly used for coverage of 
the dorsum of the foot, the medial and lateral arches, and 
all regions of the heel. The reverse sural flap[3,4] is raised 
from the posterior aspect of the calf and is commonly 
used for coverage of the hind foot, dorsum, and the 
lateral malleolus. Distally-based flaps based on the 
posterior tibial artery or the peroneal artery perforator 
plus flap[5] also assist in the soft tissue coverage of 
defects of the distal third of the leg. In this prospective 
study, 23 patients were treated with distally-based pedicle 
flap coverage in which 12 patients underwent flap delay 
with hyperbaric oxygen (HBO) therapy, and 11 patients 
underwent immediate flap transfer without HBO therapy. 
The study was undertaken prospectively over a period of 
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13 months in a tertiary care unit. The purpose of this 
study was to present a management protocol for various 
types of soft tissue defects of the distal third of the leg 
and foot with pedicle flaps, by including HBO therapy in 
the treatment regimen with the flap delay.  The study was
approved  by  the review board of  Jubilee Mission Medical  
College and Research Institute. 

METHODS
A total of 23 patients with soft tissue defects of lower 
third of the leg and foot were treated over a period of 
13 months (December 2012 to December 2013). On the 
basis of the defects, lateral supramalleolar, reverse sural 
and distally-based posterior tibial artery perforator plus 
flaps were utilized for soft tissue coverage. Of 23 patients, 
12 patients were managed by flap delay with HBO therapy 
as an adjunct, and 11 patients were managed by direct 
flap transfer without HBO therapy. Outcomes following 
the different types of management and secondary 
procedures performed  were noted.  All  involved  patients 
gave their consent forms. 

RESULTS
The mechanism of injury for 20 patients was a road 
traffic accident, 1 patient presented with an open wound 
secondary to a diabetic ulcer, 1 defect was due to 
osteomyelitis and 1 was due to a snake bite injury. Of 
23 patients, there were 6 females (26.1%) and 17 males 
patients (73.9%). The mean age was 42 years (range: 
13-68 years).

In 12 patients, the flap delay was performed, and HBO 
therapy was used as an adjunct. Of these 12 patients, 
2 patients had sustained the defect due to an infectious 
source, and 10 cases occurred secondary to a road 
traffic accident. Among these 12 patients, 5 patients had 
diabetes mellitus, and 1 patient had soft tissue loss due 
to a snake bite injury. Two patients were scheduled for 
extended sural artery flap, and 1 patient had varicose 
veins as a comorbid condition. Five flaps were lateral 
supramalleolar flaps, 1 was a distally-based posterior 
tibial artery perforator flap, and 6 were reverse sural 
artery flaps. Among the 6 reverse sural flaps, 2 were 
extended reverse sural flaps. The severity of injury, time 
of referral, comorbid conditions, age of the patients, and 
the extent of the flap were considered to be qualifying 
conditions for flap delay with associated HBO therapy. 
One patient developed a recurrent abscess at the ankle 
joint, which required incision and drainage, and 1 patient 
had discoloration of the flap tip which resolved without 
intervention.
For 11 patients, direct transfer of the flap was performed. 
Of these 11 patients, 1 child had suffered soft tissue loss 
secondary to osteomyelitis, and the rest of the defects 
were due to road traffic accidents. Four flaps were lateral 
supramalleolar flaps and 7 were reverse sural artery flaps. 
Six patients developed postoperative complications. Five 
patients suffered tip necrosis, which required debridement 
and skin grafting, and 1 patient sustained partial loss of 
a reverse sural flap, which subsequently required skin 
grafting [Tables 1-3].

Case 1
A 34-year-old male with a crush injury to the right heel 
pad and ankle region was referred to our center 3 weeks 
following injury. The patient presented with necrosis of the 
heel pad with multiple lacerations over the ankle on both 
the medial and lateral aspects [Figure 1a-c]. The wound 
was debrided, and HBO therapy sessions were started. 
On postdebridement day 2, an extended reverse sural 
flap was elevated with flap delay [Figure 1d], continuing 
the hyperbaric sessions. On postdebridement day 4, flap 
inset was completed [Figure 1e]. The donor area was 
covered with a split-thickness skin graft. HBO therapy 
was administered for an additional 12 sessions. The 
postoperative period was uneventful [Figure 1f and g].

Case 2
A 68-year-old male developed an ulceration on the lateral 
malleolus with exposure of the ankle joint [Figure 2a]. HBO 
therapy sessions were started. The wound was debrided, 
and lateral supramalleolar flap coverage was planned 
[Figure 2b]. The lateral supramalleolar flap was elevated, 
and flap delay was performed, with continuation of the 
hyperbaric sessions [Figure 2c]. On postdebridement 
day 4, flap inset was completed, and the donor area was 
covered with a split-thickness skin graft [Figure 2d]. HBO 
therapy was administered for 12 additional sessions. The 
postoperative period was uneventful [Figure 2e].

Case 3
A 21-year-old male sustained injury to the lower third of 
the right leg with soft tissue loss and exposure of the tibial 
bone [Figure 3a]. Following debridement, a distally-based 
posterior tibial artery perforator plus flap was planned. 
A distally-based posterior tibial artery perforator plus 
flap was elevated, and flap delay was performed with 
continuation of the hyperbaric sessions [Figure 3b and c]. 
On postdebridement day 4, flap inset was completed, 
and the donor area was covered with a split-thickness 
skin graft [Figure 3d]. HBO therapy was administered for 
an additional 6 sessions. The postoperative period was 
uneventful [Figure 3e].

Case 4
A 39-year-old male sustained injury to the right foot 
secondary to a road traffic accident and presented with soft 
tissue loss over the medial malleolar and calcaneal regions 
[Figure 4a]. The wound was debrided, and a reverse sural 
artery flap was performed [Figure 4b and c]. The patient 
developed flap tip necrosis and required a skin graft for 
coverage [Figure 4d].

DISCUSSION

Soft tissue defects of the lower third of the leg and foot 
may be covered with skin grafts, local flaps, distally or 
proximally-based island flaps, and distant tissue transfer or 
cross leg flaps. In 1983, distally-based fasciocutaneous flaps 
were introduced, providing flaps with a reliable vascular 
supply regardless of their length to width ratio. The 
reverse sural artery flap, lateral supramalleolar flap, and 
inferiorly-based medial and lateral fasciocutaneous flaps 
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based on the peroneal or posterior tibial artery perforators 
are frequently used for reconstruction of defects in this 
region.[1-3] These flaps may be harvested as fasciocutaneous, 
islanded fasciocutaneous, adipofascial, or propeller flaps, or 
may be harvested as delayed extended flaps.

One common complication encountered during the 
utilization of distally-based flaps for such defects is 

venous congestion, which may result in failure at the 
distal aspect of the flap, which may be covering a critical 
region of the defect. Causes for venous congestion include 
compression of the pedicle due to poor elasticity of the 
skin over the roof of the tunnel in island flaps, valvular 
incompetence, edema at the pedicle region, compartment 
syndrome, and compression of the pedicle by hematoma. 

Figure 3: (a) Posttraumatic soft tissue defect exposing the lower third of the tibia; (b) distally-based posterior tibial artery perforator plus flap elevated; 
(c) distally-based posterior tibial artery perforator plus flap delay performed; (d) flap inset was completed on day 4 following debridement; (e) late 
postoperative picture of flap
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Figure 2: (a) Ulceration on the lateral malleolus with exposure of the ankle joint; (b) picture following wound debridement and planning of a lateral 
supramalleolar flap; (c) lateral supramalleolar flap was elevated on day 2 following debridement; (d) lateral supramalleolar flap delay performed; (e) flap 
inset was completed on day 4 following debridement
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Figure 1: (a) Crush injury to the right heel pad and ankle regions with multiple lacerations on the medial aspect of the foot; (b) crush injury to the 
right heel pad and ankle regions with multiple lacerations on the lateral aspect of the foot; (c) picture showing necrotic heel pad tissue; (d) extended 
reverse sural artery flap was elevated on day 2 following debridement; (e) extended reverse sural artery flap delay performed; (f) flap inset was 
completed on day 4 following debridement; (g) postoperative day 21 following surgery-posterior view
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Almeida et al.[3] experienced partial flap necrosis (22.1%), 
total flap necrosis (4.2%), infection (8.5%) and venous 
congestion (4.1%) in a total of 71 cases of transferred 
reverse sural flaps. Zayed et al.[6] experienced venous 
congestion in five out of 25 cases of lateral supramalleolar 
flap coverage. Voche et al.[2] reported venous congestion 
and partial flap necrosis (5-30%) in 41 cases of a lateral 
supramalleolar flap used for ankle and foot defects. 
Kneser et al.[4] suggested a delayed neurofasicocutaneous 
sural flap, which is initially completely elevated and 
then fixed again at the donor site using running sutures 
for 7-15 days. After confirming the flap’s survival, the 
flap is raised again and transposed into the soft tissue 
defect. This delay procedure could be an alternative to 
increase the reliability and viability of the distally-based 
fasciocutaneous flap. However, delay procedures are not 
feasible in every patient as they require a significant 
time delay for coverage of vital structures. Ulkür et al.[7] 
demonstrated the usefulness of HBO treatment during the 
delay period of the flap which can lessen the time period 
required for delay, and which can also increase the effect 
of flap delay. This technique of reducing the delay period 
could well be utilized in the reduction of the duration of 
flap transfer in flap delay procedures. In addition, HBO 
therapy helps to prepare the recipient and donor areas, 
and the flap to be transferred during the delay period. 
There appears to be no harm in administrating HBO 
therapy during the delay period, as it reduces the edema 
of the delayed tissue and provides an optimal outcome 
following transfer.

In our center, HBO is administered in a monoplace 
chamber in which a single patient is placed in a 
chamber, which is then pressurized with 100% oxygen. 
Vasoconstriction reduces edema and tissue swelling while 
ensuring adequate oxygen delivery and is thus useful 
in acute trauma wounds as well as in delayed flaps. 
Hyperoxygenation causes immune stimulation by restoring 
white blood cell function and enhancing their phagocytic 
capabilities and neo-vascularization in hypoxic areas by 
augmenting fibroblastic activity and capillary growth.[8] 
Adequate shock management, debridement and repair of 
soft tissues, and stabilization of bony elements are of 
paramount importance. HBO therapy as an adjunct should 
be administered as early as possible to minimize the 

frequency and extent of tissue necrosis, reduce edema, 
control infection, support healing and prevent reperfusion 
injury.[9]

A recent retrospective analysis of 70 consecutive sural 
flaps reported a complication rate of 59% (41 of 70 
flaps), with complete necrosis in 19% flaps and partial 
necrosis in 17%.[10] In a series of lateral supramalleolar 
flaps by Ehab et al.,[6] a total of 5 patients (20%) suffered 
complications out of 25 patients. Two cases were managed 
conservatively, 2 cases required revision with suturing, 
and 1 case required alternative flap coverage. Kang et al.[11] 
experienced 4 patients with partial necrosis (30%) among 
13 patients where distally-based sural artery and lateral 
supramalleolar flaps had been utilized for soft tissue 
defects of the leg and foot. We noted complete flap 
survival in patients who received HBO with flap delay in 
spite of their associated co-morbidities. In the transfer 
group without HBO treatments, 5 patients of 11 (45.4%) 
experienced flap tip necrosis, and 1 patient had partial 
flap loss.

At our institution, we have developed a strategy to 
successfully manage patients with defects of the lower 
third of the leg and foot using a combined approach that 
maximizes tissue perfusion and oxygenation, allowing for 
optimal surgical correction of such injuries. Our treatment 
algorithm begins with early surgical debridement and 
initiation of HBO therapy. Combination of the modalities 
allows preservation of marginal tissue, prevention of 
extension of ischemia, reduction of tissue edema and 
congestion, and maximum preservation of the transferred 
distally-based flap. In our series, no complications were 
noted in patients treated with this approach. However, 
several cases of the flap tip or partial necrosis were 
noted in patients who received direct flap transfer. In this 
series, flap delay procedures were scheduled based on 
various factors including severity of injury, time of referral, 
co-morbid conditions, patient age, reach of the flap, 
patient toleration of use of the chamber, and affordability 
of treatment. However, additional studies are required to 
determine any additional indications, as well as the optimal 
timing and dosage of HBO therapy for such procedures. 
The patients in the current series did not experience the 
common side effects of HBO therapy such as aural or 
pulmonary barotrauma or a transient reversible myopia. 
Optimal usage of HBO therapy may reduce the duration of 
flap delay and increase the effect of flap delay procedure, 
helping to an optimal outcome for the transferred tissue.

In conclusion, distally-based flaps provide effective 
coverage of variable sized soft tissue defects of the lower 
third of leg, ankle and foot following trauma. Adjunctive 
HBO therapy should be considered when possible for 
improved flap survival and optimal surgical outcomes.
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INTRODUCTION

Closed rupture of the long flexors of the finger is well 
described, especially in association with rheumatoid 
hands. However, rupture of the flexor carpi radialis (FCR) 
is rare with only 11 cases reported in the literature. 
Many of the described cases were associated with 
scaphotrapezial-trapezoidal (STT) osteoarthritis. We describe 
1 case of complete FCR rupture secondary to trauma.

CASE REPORT

A 24-year-old right-hand dominant, professional male 
boxer suffered a traumatic blow to the left forearm during 
a sparring match. Four weeks after injury he presented 
to the clinic with a complaint of pain in his left wrist 

and a notable swelling in the region of the left FCR. On 
examination, there was tenderness along the course of 
the FCR as well as a palpable mass at the FCR origin. 
There was minimal loss of function on range of motion. 
Ultrasound/X-ray examination confirmed complete rupture 
of the FCR at its distal insertion. The FCR tendon and 
muscle belly retracted to approximately the proximal 
third of the forearm. In addition to the tendinous injury, 
radiograph revealed an osseous fragment attached to the 
distal end of the torn tendon.

Conservative treatment was decided to be the best 
management of this patient given the 4-week delay from 
onset of injury to presentation in the clinic. Furthermore, 
given the patient’s profession as an athlete and minimal 
functional impairment, the decision was made to avoid 
operative intervention and proceed to aggressive 
physiotherapy. He was followed at 3 months, 6 months, 
and 1 year, and was able to return to boxing 2 months 
after injury as deemed appropriate by the physical 
therapist, occupational therapist, and surgeon.

DISCUSSION

The FCR tendon runs through a synovial fibro-osseous 
tunnel in the forearm to its insertion at the base of the 

Rupture of the flexor carpi radialis tendon 
secondary to trauma: case report and 
literature review

Jonathan Kanevsky1, Dino Zammit2, Jean-Paul Brutus3

1Department of Plastic and Reconstructive Surgery, Montreal General Hospital, Montreal, QC H3G 1A4, Canada. 
2Faculty of Medicine, McGill Univeristy, Montreal,  QC H3G 1Y6, Canada. 
3Centre Médical L’enjeu, Ville Mont-Royal, QC H3P 3E5, Canada.

Address for correspondence: Dr. Jonathan Kanevsky, Montreal General Hospital, 1650 Avenue Cedar, Montreal, QC H3G 1A4, Canada. 
E-mail: jonkanevsky@gmail.com

ABSTRACT
The flexor carpi radialis (FCR) is one of the long flexors, which is important in flexing and abducting 
the hand at the wrist. It originates at the medial epicondyle of the humerus and attaches at the base 
of the second metacarpal. Closed rupture of the long flexors of the finger is well-described, especially 
in association with rheumatoid hands. However, rupture of the FCR is rare; only 11 cases reported in 
the literature, most of them associated with scaphotrapezial-trapezoidal osteoarthritis. We describe 
1 case of complete FCR rupture secondary to trauma, showing that long-term disability following FCR 
rupture is minimal.

Key words:
Flexor carpi radialis, rupture, trauma

Access this article online
Quick Response Code:

Website: 
www.parjournal.net

DOI:  
10.4103/2347-9264.157108

Case Report



Plast Aesthet Res || Vol 2 || Issue 3 || May 15, 2015  139

second metacarpal. As the tendon traverses the carpal 
bones, it passes over the ulnar aspect of the scaphoid 
tubercle and along a groove in the medial surface of 
the trapezium. Two laminae (superficial and deep) of the 
transverse carpal ligament enclose the FCR tendon. The 
superficial lamina inserts on tubercle of the scaphoid 
and trapezium while the deep inserts on the medial lip 
of the groove of the trapezium.[1] The tendon passes 
through the scaphotrapezial joint line to insert at the 
base of the second metacarpal. The course of the tendon 
over the scaphotrapezial joint is of importance because 
of the increased incidence of rupture associated with 
scaphotrapezial osteoarthritis.[1]

In the English and French literature, 11 cases of closed 
spontaneous ruptures of the FCR tendon are described. 
Five cases of rupture were associated with a severe 
rheumatoid collapse.[2] These cases were treated 
operatively with debridement and synovectomy, but no 
tendon repair. In 5 cases, STT osteoarthritis was the cause 
of the tendon rupture. In STT, osteoarthritis osteophytes 
extend from the joint and during extension can damage 
the FCR tendon sheath. In these cases, no tendon repair 
was done as there was minimal functional impairment.[2] 
One case of FCR rupture secondary to fracture of the distal 
radius was described.[3]

In the majority of cases, FCR rupture is a clinical 
diagnosis. Patients present with pain at the ruptured 
ends of the tendon. Palpation may reveal a gap 
along the course of the FCR.[4] X-ray or computed 
tomography (CT) may be useful in determining the 
etiology of the rupture if bony spurs associated with 
osteoarthritis are suspected.

Complete rupture of the FCR tendon is generally 
conservative, as the deficit is relatively minor.[2] Good 
functional results have been reposted from simple 
splinting.[5] Occupational therapy is considered the 
standard of treatment and consists of active and passive 
range of motion exercises after 3 weeks of splinting. 
Functional problems after tendon rupture are minimal, 
and retraction of the tendon stump often makes 
reattachment difficult.[5] In fact, the FCR is a useful 

donor for arthroplasty tendon can be safely used in the 
reconstruction.[6]

In the case of partial ruptures, management with 
immobilization has been reported to successfully 
treat pain.[7] Given the association of FCR rupture and 
osteoarthritis, severe and localized pain has been 
described to be worse than rupture of other tendons of 
the wrist.[8]

Rupture of the tendon of the FCR is rare. Our case as 
well as the literature review demonstrates that long-term 
disability following FCR rupture is minimal. Although, 
commonly associated with scaphotrapezial osteoarthritis, 
our case demonstrates that rupture secondary to trauma 
is possible and should be considered in the differential 
diagnosis of pain and swelling on the flexor surface of the 
wrist and forearm.
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INTRODUCTION

A conventional surgical excision is the most common 
method for treatment of a maxillary oral squamous cell 
carcinoma (SCC). The resulting surgical defect often 
includes part of the hard palate which results in oro-antral 
communication.[1] Patients undergoing surgery alone 
without closure or obturation of the surgical defect 
face numerous problems in phonetics and mastication 
secondary to the passage of air, food and liquids into the 
nasal and maxillary sinus. In addition to the functional 

deficit, there is a marked effect on aesthetics without the 
presence of an obturator.

An obturator is that component of a prosthesis, which 
fits into and closes a defect within the oral cavity or 
another body defect.[2] In the past, various methods have 
been used to restore the maxillary defect using silicon 
bulb obturators, implant-supported obturators, and cast 
metal obturators. This clinical report describes a method 
for aesthetic rehabilitation of a patient with a partial 
maxillectomy defect, using a light-weight, single-unit, 
closed hollow obturator fabricated by an innovative 
single-step flasking technique using the lost salt method. 
The technique assists in fabrication of an obturator, 
which restores aesthetics, function, speech, and dental 
appearance.

CASE REPORT

A 47-year-old man, diagnosed with SCC of the palate 
extending into the maxillary sinus, underwent a partial 
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ABSTRACT
What could be better than improving the comfort and quality of life of a patient with a life-threatening 
disease? Maxillectomy, the partial or total removal of the maxilla in patients suffering from benign or 
malignant neoplasms, creates a challenging defect for the maxillofacial prosthodontist when attempting 
to provide an effective obturator. Although previous methods have been described for rehabilitation 
of such patients, our goal should be to devise one stage techniques that will allow the patient an 
improved quality of life as soon as possible. The present report describes the aesthetic rehabilitation of 
a maxillectomy patient by use of a hollow obturator. The obturator is fabricated through a processing 
technique which is a variation of other well-known techniques, consisting of the use of a single-step 
flasking procedure to fabricate a single-unit hollow obturator using the lost salt technique. As our aim 
is to aesthetically and functionally rehabilitate the patient as soon as possible, the present method of 
restoring the maxillectomy defect is cost-effective, time-saving and beneficial for the patient.
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maxillectomy and was subsequently referred to the 
Department of Prosthodontics and Implantology, Eklavya 
Dental College and Hospital, Rajasthan, India. Immediate 
surgical reconstruction was not recommended given the 
need for further treatment with radiation therapy. External 
beam postoperative radiotherapy was administered over 
a period of 6 weeks. The patient tolerated the radiation 
well and was subsequently referred to possible prosthetic 
restoration of the oral defect after radiation therapy. 
Examination revealed a partial maxillectomy defect on the 
left side crossing the midline. The left side naso-maxillary 
region was depressed due to bone loss, and this was 
also evident in extra oral examination. The defect was 
a Class IV according to the Aramany Classification of 
Defects[3] [Figure 1]. The patient agreed to have his pictures 
published and signed the consent form. 

Aesthetic rehabilitation can be accomplished either 
surgically or prosthetically.[4] The choice of rehabilitation 
depends on the site, size, severity, patient age, and patient 
preference. Contraindications to surgical reconstruction 
include advanced age, poor general medical condition, a 
history of radiation therapy, a complex anatomical defect 
and the patient’s refusal to undergo further surgery.[5]

Various modalities for prosthetic reconstruction were 
discussed with the patient, and he requested an 
economical solution. The treatment plan therefore was 
to provide a plastic-based, light-weight obturator to meet 
the aesthetic demands by replacing bone and teeth while 
assisting phonetics and mastication.

Procedure
An irreversible hydrocolloid was used to make an 
impression of the maxillary defect area after blocking all 
undercuts with wet gauge. The impression was poured, 
and the final cast was obtained, on which a custom tray 
was made using a self-curing autopolymerising resin.

Border molding for recording the soft tissue borders of 
the defect was carried out using a low-fusing impression 
compound. Additional silicone was used to make a 
wash impression, and the final master cast was poured. 
All undercuts on the cast were blocked out with plaster 
and wax [Figure 2]. The final denture base and occlusal 
wax rims were prepared to record maxillomandibular 
relations. After the maxillomandibular jaw relations 
had been obtained, the record was articulated, and 
teeth arrangement was performed. On completion, 
the wax prosthesis was verified at the trial insertion 
appointment. The wax prosthesis was invested, and 
the wax was eliminated [Figure 3]. A sheet of plastic 
based heat cure acrylic polymer in the dough stage 
was placed over the defect and the palatal area on the 
master cast. Pressure then applied to the base of the 
defect resulted in a cup-shaped depression of acrylic 
polymer over the defect [Figure 4]. Salt was then used 
to fill the depression [Figure 5]. Another thin sheet of 
acrylic polymer was placed, and packing was performed 
with conventional prosthodontic protocols. Finally, three 
to four holes were drilled on the palatal surface of the 
prosthesis covering the bulb [Figure 6]. Warm water was 
injected through the holes to dissolve and eliminate the 

Figure 1: Intraoral view of the maxillectomy defect

Figure 2: Blocking of undercuts on master cast by plaster and wax

Figure 3: Master cast after elimination of wax

salt present in the bulb [Figure 7], resulting in a hollow 
space inside the bulb. The holes were sealed with a layer 
of self-curing acrylic, and final finishing and polishing of 
the prosthesis was done [Figure 8].

The plastic-based hollow obturator was inserted into the 
defect, and the patient was instructed on home care and 
the prosthesis maintenance. To sanitize the wound, the 
patient was instructed to gently remove any exudates 
with a wet cotton tip soaked with a 5% Betadine solution 
and to clean the intaglio surface of the prosthesis once 



 Plast Aesthet Res || Vol 2 || Issue 3 || May 15, 2015142

Figure 4: Plastic based polymethylmethacrylate heat cure placed and 
pressed into the defect

Figure 5: Salt filled into the defect

Figure 6: Second layer of plastic-based acrylic placed over the defect Figure 7: Elimination of salt through the holes

Figure 8: Finished and polished single unit hollow obturator closing the 
defect

a day. Post treatment photographs of the patient showed 
a marked improvement in aesthetics by replacement of 
missing teeth and restoration of the previously depressed 
nasomaxillary region [Figure 9a and b]. The patient 
was scheduled for his first adjustment 3 days following 
insertion. At the appointment, the surgical wound 
was examined to ensure health of the tissues and any 
part of prosthesis exerting pressure on the wound was 
smoothened. Hygiene and home care were emphasized, 
and the patient was advised to return in 3 months.

DISCUSSION

Orofacial rehabilitation of patients with use of an 
obturator is an appropriate treatment modality for 
maxillofacial defects.[6] Oromaxillary defects are associated 
with inflow and outflow of oral and nasal microflora, 
regurgitation of oral fluids, voice changes secondary to 
asynchrony in resonance, and difficulty in speech and 
swallowing. In addition, acquired maxillary defects have 

Figure 9: (a) Pretreatment photograph showing depressed left 
nasomaxillary region; (b) posttreatment photograph showing replaced 
missing teeth and marked improvement in aesthetics

ba
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a marked effect on facial aesthetics. Hence, effective 
treatment modalities for these defects are mandatory.[7] 
Small defects can be managed by surgery, but large defects 
require prosthodontic rehabilitation by obturators. 
A multidisciplinary team consisting of an oncologist, an oral 
and maxillofacial surgeon, a maxillofacial prosthodontist, 
a specialist nurse, a dietician and a speech therapist is 
ideal for care of head and neck cancer patients. A high 
level of cooperation between the prosthodontist and the 
surgeon prior to surgery is critical to achieving adequate 
rehabilitation for patients with maxillary defects.[8]

This clinical report describes the rehabilitation of a 
Class IV maxillary defect with a plastic based light 
weight hollow obturator. Class IV defects represent 
the classic maxillary defect in which the hard palate, 
alveolar ridge, and dentition are removed beyond the 
midline.[3] Advantages of hollow bulb obturators include 
decreased weight of the obturator, decreased pressure 
on surrounding tissues, and ease of deglutition. In 
addition, the light weight of the obturator minimizes 
excessive atrophy and physiological changes in muscle 
balance.[9] The hollow bulb adds resonance, thus 
improving the clarity of speech.[10]

Although prior techniques described in the literature 
fabricate obturators with the use of wax, sponge, 
polyurethane, foam and gas injection,[11-13] the present 
technique uses a single-step flasking procedure, resulting 
in a comfortable, light-weight prosthesis with reduced 
fabrication time.

In conclusion, the goal of rehabilitation is creation of a 
prosthesis, which can restore aesthetics and function, 
while being easy to use, easy to clean to prevent recurrent 
infections, and which can be readily fabricated by simple 
time saving techniques. In order to achieve these goals, 
a single unit plastic based polymethylmethacrylate closed 
hollow obturator was fabricated by the lost salt method 
using single-step flasking. The prosthesis rehabilitated the 
patient aesthetically by replacing lost teeth and adding 
bulk to the depressed facial region, and functionally by 
providing better masticatory efficiency and phonetics. The 
present obturator is an additional alternative for plastic 
surgeons, oncologists and prosthodontists when planning 
treatment of such cases. In addition to being used 
following tissue healing, it can be used as an immediate 
surgical obturator by fabricating it on a presurgical model 
and trimming the affected area on the cast.

Educating and motivating the patient about the type 
of prosthesis and its limitations are the first steps in 
successful treatment.[14] As this obturator is economical, 

time-saving and light in weight, the surgeon can 
recommend it to patients who require an economical 
alternative or who are not willing or able to undergo 
surgical reconstruction of their defect.

The light-weight plastic-based hollow bulb obturator 
fabricated in the present case rehabilitated the 
patient aesthetically and functionally, providing him 
an opportunity to live his life as close to normal as 
possible.
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INTRODUCTION

Tensor fascia lata (TFL) flap is a myofasciocutaneous flap. 
In 1934, Wangensteen,[1] first described it for abdominal 
wall reconstruction. It is a versatile flap with many uses 
in reconstructive plastic surgery like in management of 
pressure sores, facial reanimation and as a free flap in 
head and neck reconstruction.[2] As a pedicled flap, its 
strong fascial layer has the advantage of reaching the 
lower abdomen and the groin. Thus, it is a good option 
for reconstructing soft tissue defects after tumor ablation. 

The problem with TFL is distal necrosis in both pedicled 
and free form. The flap’s safe dimensions and adequacy 
to minimize distal tip necrosis for a sound abdominal wall 
reconstruction remains controversial.[2-5]

The aim of the present case report was to share our 
experience and clinical observations with TFL flap used 
in the reconstruction of a challenging defect following 
inguinal block dissection in a case of the carcinoma penis.

CASE REPORT

A 63-year-old male patient who was a diagnosed case of the 
carcinoma penis with bilateral inguinal lymphadenopathy 
underwent partial penectomy 6 months back. Left inguinal 
lymph node dissection was also planned after 2 weeks, 
and he was discharged on antibiotic cover. The patient 
defaulted for 3 months and presented with a fungating left 
inguinal lymph nodal mass. He was treated with external 
radiotherapy with 60 Gy in 30 fractions over 6 weeks.

Use of tensor fascia lata flap for 
reconstruction of the defect created 
following inguinal block dissection in a 
case of carcinoma penis: a case report and 
brief review of literature
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ABSTRACT
Tensor fascia lata (TFL) flap is a versatile myofasciocutaneous flap. It has varied usages as both free 
and pedicled flap. As a pedicled flap, it is a good option for reconstructing soft tissue defects after 
tumor ablation. The TFL perforator flap is a good alternative for anterolateral thigh (ALT) flap. The 
advantages of TFL flap are that dissection can be made through the same incision, without impairment 
of other donor sites. The reconstructive plan remains same as that of ALT flap. TFL flap offers a good 
volume of skin and can be made thin removing variable portions of muscle. The present case is a 
63-year-old patient with a carcinoma penis who underwent left ilioinguinal block dissection resulting 
in a defect of 8 cm × 8 cm in the left inguinal region. TFL flap was raised with U-shaped incision and 
used for closure of the defect with good result.
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Later, the patient presented with a residual mass over left 
inguinal region. There was a hard swelling of 4 cm × 3 cm 
with restricted mobility in left inguinal region [Figure 1]. 
Also, multiple small lymph nodes were palpable on the 
right side, the largest measuring 1 cm × 1 cm.

Magnetic resonance image of the left inguinal region 
showed enlarged necrotic lymph node, anterior to femoral 
vessels in the subcutaneous plane. There was a loss of fat 
planes with left femoral vein. Left femoral artery and right 
inguinal region were normal. Fine needle aspiration cytology 
was done from bilateral inguinal lymph nodes. The left 
inguinal lymph node showed squamous cell carcinomatous 
deposit. The right inguinal lymph nodes were reactive 
in nature without any tumor deposit. Chest X-ray was 
reported as normal. Routine hematological and biochemical 
investigations like complete hemogram, serum urea and 
creatine were within normal limit. Viral markers like human 
retroviral antigen, hepatitis B and C were also negative.

He underwent left ilioinguinal block dissection. 
Perioperatively, there were necrotic lymph nodes of 
4 cm × 4 cm in size, abutting the femoral vein. Multiple 
lymph nodes were present in iliac region, largest 
measuring 3 cm × 1 cm. The Cloquet lymph node was 
also present. Three cm skin margin was taken beyond the 
indurated area thereby creating a defect of 8 cm × 8 cm 
in the left inguinal region [Figure 2].

It was decided to cover the defect with TFL pedicle flap. 
We followed the same technique of harvesting of TFL as 
described by various authors.[2,4] The donor flap outlining 
was done with U-shaped incision on the thigh. The elevation 
was carried out in a subfascial plane from distal to proximal. 
The lateral circumflex femoral artery was then easily 
identified high up as it passes between the rectus femoris 
and the vastus lateralis, where it gives the transverse 
branch, which pierces the TFL muscle accompanied by venae 
comitantes. Then dissection was performed to sufficiently 
mobilize the flap for proper defect coverage [Figure 3]. The 
medial end of the incision was joined to the lateral aspect 
of the inguinal defect. The free end of the flap was then 
rotated upward and medially [Figure 4] and sutured to the 
defect created by the inguinal dissection. Donor site could 
be approximated without any tension [Figure 5]. Drain was 
placed, and wound was closed in layers.

Postoperative period was uneventful. Flap was healthy 
on the seventh postoperative day, and the patient was 
discharged. He was advised to undergo regular follow-up. 
Suture and skin stapler was removed on the 14th day. 
There was no necrosis or dehiscence, and the cosmesis 
was acceptable.

Other options for alternative flaps in this case would 
have been perforator based anterolateral thigh (ALT) 

Figure 1: Residual left inguinal lymph nodal mass (postradiotherapy)

Figure 3: Flap after dissecting all around

Figure 2: Defect created after inguinal block dissection

Figure 4: The free end of the flap was rotated upward and medially to 
the defect
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flap. We preferred TFL particularly in this case. The 
dissection could be done through the incision joining 
inguinal block dissection. The defect created was closed 
without any tension and with acceptable cosmetic result. 
A simple upper and medial or rotation of the flap helped 
us to approximate the donor site and close it primarily 
[Figures 4 and 5].

DISCUSSION

The soft tissue tumors in the groin area need adequate 
resection to achieve optimal local treatment and to 
minimize recurrence. The resultant wounds are slow 
healing in nature and are frequently exposed to vital 
structures like femoral vessels, thereby increasing the 
complication rate.[6-9]

Several flaps have been described to cover established 
groin defects, namely, inferiorly based rectus abdominis 
muscle or myocutaneous flap, rectus femoris, sartorius 
with abdominal skin flap, internal oblique muscle flap, and 
vastus lateralis flaps.[2-5] These flaps have their advantages 
and disadvantages. Abdominal weakness, bulging or 
hernia, and knee weakness are some of the complications 
associated with these flaps.[2]

ALT flap is considered as the gold standard in head and 
neck reconstructions as free flaps and as pedicle flaps in 
abdominal wall reconstruction.[10,11] The advantage of this 
flap is that it offers a good volume of pliable tissues and 
a pedicle characterized by good caliber and adequate 
length. Its main disadvantage is its anatomical variability in 
number and location of perforator vessels. The absence of 
perforators is rare, but can occur. In these instances, TFL 
perforator flap can be a good alternative to ALT flap.[10,11]

TFL flap is a myocutaneous flap that can either be used 
as a free flap or as a pedicled flap depending on the 
site. It can be used as a free flap in the head and neck 
reconstruction, and as a pedicled flap in abdominal wall 
reconstructions. The advantage of TFL flap is that it 
allows the usage of the same donor site thereby avoiding 

another surgical incision. Its anatomy is more constant. 
Perforators are almost always present, and their pedicles 
are of sufficient length (average of 8 cm). As a perforator 
flap, a thinner and more pliable flap can be obtained, 
removing a variable portion of muscular tissue and leaving 
only a cuff around the pedicle. Therefore, it can be used 
for almost the same indications of ALT flap.[2-5]

The published reports of TFL flap in groin reconstruction 
following inguinal node dissection have enumerated 
partial flap necrosis, distal tip necrosis, flap infection and 
lymphedema as various complications.[2,3,5]

In our case, we found TFL perforator flap to be the 
best choice because it allowed maintaining the same 
reconstructive plan made with the ALT flap.

In conclusion, the TFL flap is a reliable flap for inguinal 
area defect reconstruction, without any donor site 
morbidity. Because we could close the defect primarily 
without skin graft, it was cosmetically very well accepted 
by the patient.
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Peripheral nerve surgery has achieved a great improvement 
in the last century. The introduction of microsurgery and 
the technical advances in reparative and reconstructive 
techniques has been instrumental in advancing nerve 
surgery techniques. Yet, in the last few decades, the 
scientific progress has slowed down significantly, and 
surgery is still far from reaching an optimal functional 
recovery in most cases.

New surgical approaches are increasingly used for various 
indications, but current research mainly focuses on the 
mechanisms of nerve damage and nerve regeneration. 
It is now clear that nerve regeneration not only relies 
on surgical reconstruction but also on understanding 
underlying biomolecular processes that could turn out to 
be the key for developing novel treatment strategies.

With the present special issue on “nerve regeneration 
and repair”, we wish to summarize the state of the art of 
translational and clinical research and present the current 
trends and future prospects in peripheral nerve surgery. 
For this purpose, most of the twelve papers in this issue 
are review papers.

This issue begins with an overview of the current 
neurophysiologic and imaging tests: preoperative 
diagnostic work‑up and postoperative monitoring, to 
provide a clinical guide on the assessment of nerve 
injuries.

Then, we discuss nerve pain and dysfunction following 
surgery (e.g. in scar neuropathy or in recalcitrant 
compression neuropathy) and the treatment approaches. 
Using current literature, we summarize the analysis of 
reasons for treatment and the current clinical and surgical 

recommendations. Three papers of this issue focus on 
different aspects of nerve pain, and suggest promising 
directions for research on the mechanism of nerve 
regeneration and nerve guidance (e.g. investigation of 
genetics and biochemical signaling) and novel therapeutic 
approaches (e.g. neurostimulation).

We also reviewed modern advances in surgical techniques 
for complex nerve injuries, such as vascularized nerve 
grafts, which are indicated for long nerve gaps and 
scarred beds, and nerve transfers, which are indicated for 
proximal nerve injuries.

Free vascularized nerve grafts were first described in the 
1970s. After initial enthusiasm, their popularity decreased 
partly due to their technical difficulty, and only few 
surgeons used the technique. Yet, they perform better 
than nonvascularized nerve grafts and provide advantage 
in recovery in selected cases. Their potential could find 
a greater expression in the next future, as discussed in a 
review article.

Nerve transfers have opened new horizons in nerve 
repair strategies: first described in the 19th century, they 
have revolutionized the 21th century approach to nerve 
injuries, particularly proximal injuries. They are a valuable 
tool for otherwise unrepairable nerve lesions candidates 
to palliative treatment (e.g. tendon transfer) and are 
finding increasing indications for repair of both motor 
and sensory nerves. Current indications in the upper limb 
nerve injuries are reviewed. Also, two of the papers in this 
issue are focused on “sensory protection” and “babysitting 
procedures”: local nerves can be redirected to a distal 
target to prevent the muscle atrophy and the functional 
loss that follows prolonged denervation.

To complete the tableau of future prospects in nerve 
regeneration, two papers of this special issue are focused 
on two novel fields of research: tissue‑engineered conduits 
and robotic‑assisted microsurgery.

Ongoing research holds the potential of revolutionizing 
our approach to nerve repair and regeneration. 
Tissue‑engineering investigates the potential of different 
biomimetic materials as peripheral nerve scaffold, and  
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modifies and directs interactions between cells, growth 
factors and signaling molecules, and biomaterials, to 
guide nerve regeneration. Robotic‑assisted microsurgery 
represents a great technological advance, which can be 
further developed for specific applications in peripheral 
nerve surgery. It allows a minimally invasive approach, 
reducing morbidity and perineural adherences and 
favoring a better nerve regeneration.

Lastly, we looked at composite tissue allotransplantation, 
where nerve regeneration holds specific features, as 
the host interaction with allogenic tissues and the need 
for immunosuppression; the last paper of this issue 
discusses the role of cortical reorganization, drugs (such 
as tacrolimus) and adipose‑derived stem cells for axonal 
regeneration and myelination.

I hope that the papers presented in this special issue 
will serve as a reference and inspiration for students, 
researchers, and clinicians who have interest in nerve 
surgery.

Thanks to all the authors and the reviewers for their 
contributions and to the editorial staff of PAR, for working 
on this special issue and for their precious and continuous 
support.

I hope you enjoy reading this special issue.

How to cite this article:	Toia	F.	Preface	to	special	issue	on	"Peripheral	
Nerve	Repair	and	Regeneration".	Plast	Aesthet	Res	2015;2:147-8.
Source of Support:	Nil,	Conflict of Interest:	None	declared.
Received: 07-04-2015;	Accepted: 20-05-2015



Plast Aesthet Res || Vol 2 || Issue 4 || Jul 15, 2015  149

Topic: Peripheral Nerve Repair and Regeneration

INTRODUCTION

Every year more than 5% of patients admitted to a 
level one trauma center have a concurrent traumatic 
peripheral nerve injury.[1] These patients are often young 

adults at the peak of their employment productivity, and 
therefore, functional decline associated with nerve lesions 
is particularly significant.[2] Thus, there is a great interest 
in optimizing both the diagnostic accuracy and early 
treatment of peripheral nerve injuries.

The purpose of this review is to discuss peripheral 
nerve injuries and their diagnostic management and 
outcomes evaluation with regard to clinical findings and 
neurodiagnostic studies and imaging.

The goal is to provide a practical guide for general 
management that is, applicable to all types of nerve 
injuries. The main classifications and basic principles 
of a correct clinical approach will be summarized. Next, 
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ABSTRACT
Peripheral nerve injuries are a heterogeneous group of lesions that may occurs secondary to 
various causes. Several different classifications have been used to describe the pathophysiological 
mechanisms leading to the clinical deficit, from simple and reversible compression-induced 
demyelination, to complete transection of nerve axons. Neurophysiological data localize, quantify, 
and qualify (demyelination vs. axonal loss) the clinical and subclinical deficits. High-resolution 
ultrasound can demonstrate the morphological extent of nerve damage, fascicular echotexture 
(epineurium vs. perineurium, focal alteration of the cross-section of the nerve, any neuromas, etc.), 
and the surrounding tissues. High field magnetic resonance imaging provides high contrast 
neurography by fat suppression sequences and shows structural connectivity through the use 
of diffusion-weighted sequences. The aim of this review is to provide clinical guidelines for the 
diagnosis of nerve injuries, and the rationale for instrumental evaluation in the preoperative and 
postoperative periods. While history and clinical approach guide neurophysiological examination, 
nerve conduction and electromyography studies provide functional information on conduction 
slowing and denervation to assist in monitoring the onset of re-innervation. High-resolution nerve 
imaging complements neurophysiological data and allows direct visualization of the nerve injury 
while providing insight into its cause and facilitating surgical treatment planning. Indications and 
limits of each instrumental examination are discussed.
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the indications and correct timing for each instrumental 
examination will be reviewed, with a specific focus on 
innovative methods and future prospects.

CLASSIFICATION OF PERIPHERAL 
NERVE INJURIES

The most commonly used classification for peripheral 
nerve injuries is that by Seddon,[3] and Sunderland.[4] The 
Seddon classification places injuries into three basic types: 
neurapraxia, axonotmesis, and neurotmesis.

Neurapraxia (praxis: to do, to perform): the nerve axons 
are intact but cannot transmit impulses. This occurs 
secondary to ischemic damage with temporary myelin 
sheath damage. Without myelin, there is an alteration 
of “saltatory conduction” across the nodes of Ranvier 
with subsequent slowed or blocked nerve conduction. 
Neuropraxia is the mildest form of nerve injury; “Saturday 
night” radial palsy and entrapment neuropathies like 
carpal tunnel syndrome is good example for this 
condition.[5,6] Nerve recovery occurs after remyelination 
and sensory‑motor functions can usually completely 
restored within days to weeks.[7]

Axonotmesis (tmesis: to cut): the axons are damaged 
or destroyed, but most of the connective scaffold 
(endoneurium, perineurium, and epineurium) remains 
intact. Axonotmesis is commonly seen in crush and stretch 
injuries.[8] After injury, anterograde Wallerian degeneration 
of the distal axonal fibers is completed within a few days.

Neurotmesis: the nerve trunk is disrupted and loses 
anatomical continuity. Neurotmesis represents the most 
severe form of injury with disruption of the axons, myelin 
sheath, and connective tissues. It may occur following sharp 
injuries, massive trauma, or severe traction that partially 
or completely interrupts nerve continuity.[9] In order to 
enhance the chances for reinnervation after neurotmesis, 
surgical nerve repair is mandatory.[10] Without surgery, 
uncontrolled axonal re‑growth will generate a neuroma.

The Sunderland classification includes five stages 
and identifies three types of neurotmesis: (1) stage I 

corresponds to neuropraxia; (2) stage II corresponds 
to axonotmesis; and (3) stages III, IV, and V correspond 
to neurotmesis [Table 1], with impairment of the 
endoneurium, perineurium, and epineurium.

The distinction between the different types of injury 
is not always precise. Clinical evaluation benefits from 
instrumental approaches to discriminate severity at an 
earlier stage, thus allowing for appropriate and timely 
treatment.

CLINICAL APPROACH

Patient age, mechanism of injury and associated vascular 
and soft tissue injuries strongly influence the extent 
of recovery of the injured nerve. These elements are of 
great importance and are the primary details collected 
in the clinical history. A detailed examination includes 
evaluation of pain and muscular strength and sensory 
testing in the territory of the injured nerve. The 
homologous contralateral and other ipsilateral preserved 
nerves are used for comparison, particularly in polytrauma 
patients.[11] Appropriate motor and sensory evaluation 
is mandatory to identify injuries to sensitive, motor, 
and mixed nerves; early and late signs of autonomic 
disorders should also be evaluated, including vasomotor 
disorders and trophic alteration of the skin, nails, and 
subcutaneous tissue.[11,12] Both negative (e.g. hypoesthesia, 
muscle weakness, and atrophy) and positive symptoms 
(e.g. dysesthesia, pain, fasciculations) due to loss of 
nerve function or inappropriate spontaneous activity, 
respectively, should be noted.

The simplest standardized clinical evaluation of a 
cutaneous somatic sensitivity is the test of the pain 
pathway (the patient’s ability to perceive the touch of a 
sharp object).[13] Clinicians and surgeons generally refer to 
cutaneous nociception because of less lower overlap of 
innervating territories when compared to tactile sensation.

Hypoesthesia generally involves all superficial and deep 
somatosensory systems (tactile, thermal, pain, and 
proprioception); anatomical charts and diagrams help to 

Table 1: Classification of peripheral nerve injuries according to Seddon and Sunderland
Type of injury 
Seddon classification

Type of Injury 
Sunderland 
classification

Major structure 
involved

Prognosis Neurodiagnostic findings Requirement 
for surgical 
intervention

Neuropraxia I Myelin Good Slower conduction velocity 
or conduction block; EMG 
with no fibrillation, reduced 
recruitment and fast firing

None

Axonotmesis II Myelin, 
Axons 

Fair 
(depending on how many 
fibers are involved)

Reduced CMAP and 
SNAP amplitudes; EMG 
with fibrillation, reduced 
recruitment and fast firing

Depends on 
extension of 
the lesion 

Neurotmesis III, 
IV, 
V

Myelin, 
Axons, 
Endoneurium 
Perineurium 
Epineurium

Poor 
(depending on how many 
fibers are involved)

Reduced or absent CMAP 
and SNAP; EMG with 
fibrillation and motor units 
loss

Often requires 
surgical repair 

EMG: Electromyography, CMAP: Compound muscle action potential, SNAP: Sensory nerve action potential
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identify areas that correspond to specific nerves or to 
dermatomes (useful for root or spinal level injuries).

Sensory disorders may also include positive 
(irritative) symptoms which that should be explored: 
(1) paresthesia (spontaneous feeling of needles, tingling, 
numbness, and electric shock); (2) dysesthesia and 
hyperalgesia (inaccurate interpretation of a sensory 
stimulus which is perceived as different and with an 
affective unpleasant sensation); and (3) neuropathic 
pain (spontaneous pain consequent to a lesion in the 
afferent somatosensory fibers coming from the cutaneous 
territory of a nerve).

Motor signs and symptoms as a consequence of a reduced 
number of functional motor units include: (1) hyposthenia: 
reduced muscle strength as described by the use of the 
British Medical Research Council scale that recognizes 
five grades of muscle strength: 0, neither contraction 
nor movement are visible; 1, minimal contraction visible 
or flickering (residual functioning motor units) without 
movement; 2, active movement possible only without 
gravity (i.e. in a horizontal plane); 3, active movement 
obtained against gravity; 4, active movement against 
mild resistance (4‑), moderate resistance (4) or strong 
resistance (4+); and 5, normal strength;[14] (2) muscular 
hypotrophy or atrophy: reduced volume of the muscle 
belly for both axonal damage and disuse; it will reach its 
maximum state in 3‑4 months with a potential strength 
reduction of 80%. If denervation persists, a proliferation 
of fibroblasts characterizes the histological picture, 
as new collagen is deposited in both the endo‑ and 
perimysium, and atrophied muscle fibers are replaced 
by thickened connective tissue; (3) absence or reduction 
of osteotendinous (phasic) reflexes and of muscular 
tone (tonic reflex) due to involvement of both afferent 
sensory fibers from muscular spindles and efferent motor 
neuron axons of the somatic arc reflex; (4) hyposthenia, 
hypotrophy, and hypotonia configure the picture of 
partial or total flaccid paralysis of the group of muscles 
innervated by the affected nervous structures (roots, 
plexus, nerves); (5) positive symptoms (fasciculations 
and cramps) are rare in peripheral nerve injuries, but 
are often seen in radiculopathies; and (6) deformities: in 
chronic and severe cases, muscle paresis reduced joint 
movement in conjunction with healthy muscles may lead 
to deformities (cavus foot, claw‑hand) and ankylosis.

No clinical evaluation can distinguish neurapraxia from 
axonotmesis, and no clinical or neurophysiological 
examination can distinguish axonotmesis from neurotmesis. 
To obtain the correct diagnosis and a plan appropriate to 
treatment, both neurophysiological and imaging studies 
and clinical re‑evaluation over time are often required.

CLINICAL NEUROPHYSIOLOGICAL 
STUDIES

The neurophysiological or neurodiagnostic study represents 
an extension of the clinical examination; accordingly, 
neurodiagnostic tests should always be combined with a 

directed neurologic examination, in order to identify the 
clinical abnormalities and establish a differential diagnosis. 
For this reason, the evaluation is commonly referred as the 
clinical neurophysiological examination.

Clinical neurophysiological examination is currently the 
gold standard for diagnosis and determination of prognosis 
in peripheral nerve injuries,[15,16] in order to localize and 
quantify clinical and subclinical preoperative damage and 
postoperative recovery. As such, it yields key information 
on the type of involved fibers (sensory vs. motor), on 
the underlying pathophysiology (demyelination vs. axonal 
loss), on axonal loss quantification, and consequently on 
prognosis.

The core neurodiagnostic studies are nerve conduction 
studies and electromyography (EMG). These tools test the 
integrity and physiological function of peripheral sensory 
and motor fibers and the muscles.

In order to reveal axonal loss (presence of denervation 
potentials), the optimal timing of a neurodiagnostic study 
is 2‑3 weeks after injury.[17,18] Neurodiagnostic studies 
should be repeated 3 months or more following trauma 
or surgical repair to assess the ratio of denervation to 
reinnervation.[19]

Nerve conduction studies
Nerve conduction studies are the first line studies in 
instrumental evaluation of nerve injuries. They are the 
most basic and easily performed types of neurodiagnostic 
studies, and also used for screening prior to any additional 
testing.[20]

Nerves and muscles are excitable structures and their 
potentials can be induced and recorded by external 
electrodes. When the nerve is stimulated, a compound 
muscle action potential (CMAP) can be recorded from 
the muscle, and a nerve action potential (NAP) can be 
recorded from the nerve. Amplitude and latency of the 
evoked response and conduction velocity are analyzed.[21]

The amplitude of the evoked response estimates the 
quantity of depolarized motor or sensory fibers, while 
conduction velocity measures the speed of the fastest (and 
large caliber) motor or sensory myelinated axons.

Sensory NAPs (SNAPs) are also helpful in differentiating 
between preganglionic (radiculopathies) and postganglionic 
lesions; postganglionic lesions produce abnormal SNAP 
due to Wallerian degeneration of the axons distal to 
the peripheral injury, whereas in preganglionic lesions 
axon degeneration occurs in the dorsal root and in the 
ascending central pathway, leaving peripheral fibers intact 
and SNAP unmodified, despite anesthesia in the examined 
cutaneous territory.[21]

Caution should be paid to interpretation of pure or 
prevalent motor diseases. Although changes in the CMAP 
are frequently used to preliminarily diagnose peripheral 
nerve injuries, they are not specific and may reveal, 
spinal disease of the anterior horn cells (myelopathy, 
amyotrophic lateral sclerosis, etc.), myopathy (muscular 
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dystrophy, myositis, etc.), a myelin‑related acquired or 
congenital disorders (chronic inflammatory demyelinating 
polyneuropathy, Charcot‑Marie‑tooth disease)[22] or presynaptic 
neuromuscular junction disorders (Eaton‑Lambert syndrome, 
botulism).

In neurapraxia, nerve conduction is either slowed or 
blocked secondary to demyelination. With stimulation 
proximal to the lesion, the conduction velocity will be 
reduced (conduction slowing), or the evoked potential 
amplitude will drop with respect to the normal potential 
obtained by distal stimulation (conduction block). When 
nerve remyelination completes, these abnormalities 
progressively disappear, with eventual complete recovery.

In the case of axonotmesis and neurotmesis, after distal 
axonal degeneration (which completes in 3‑5 days for 
motor fibers and in 6‑10 days for sensory fibers), CMAP 
and SNAP are reduced in amplitude when stimulating 
distally to the injury; the ratio between CMAP/SNAP 
amplitudes on the injured side to the CMAP/SNAP of the 
normal side is a good estimate of the degree of axonal 
loss. The higher the axonal loss, the lower the odds of 
recovery.

For technical reasons, exploration of the proximal 
peripheral nervous system is more complex; late responses 
such as F waves and the H reflex can be obtained for 
further information and somatosensory or motor evoked 
potentials can be explored.[23,24]

Electromyography
This examination requires the active participation of the 
patient. Needle EMG provides information on the function 
of the muscles function and their minimal functional 
units. It explores both the quantity and quality of motor 
unit action potentials (MUAP), their spatial‑temporal 
recruitment in order to generate adequate movements, 
the presence of denervation, and the onset of 
re‑innervation.[18] In partial or gradual denervation, 
reinnervation occurs early through collateral sprouting by 
adjacent surviving axons. In nerve transection, the only 
mechanism available for re‑innervation is axonal regrowth 
from the proximal stump of the injury site. This regrowth 
is slow (1 mm/day) and may take months to years to 
reach the target muscles, depends on the distance to be 
covered.

The first step in EMG of nerve injuries is the evaluation of 
pathological potentials at rest. Fibrillation potentials and 
positive sharp waves are the most common potentials and 
appear 10‑21 days after injury, while complex repetitive 
discharges indicate chronic and ongoing denervation. 
Although all these potentials are a sign of muscle fiber 
denervation, they can also be found in myopathies and 
myositis, which also induce hyposthenia. Fasciculation 
potentials occur from the spontaneous activation of 
motor units (all muscle fibers innervated by one neuron), 
which can be visualized directly as minor muscle 
twitches. Cramps are a painful involuntary contraction of 
the muscle which tend to occur when a muscle is in the 
shortened position and contracting, and can be recorded 
as a firing of motor unit potentials at high frequency. 

Many other spontaneous potential can be recorded from 
muscles, but their discussion is beyond the intent of this 
review.

The following step in the neurophysiological examination 
is the analysis of MUAP and their activation and 
recruitment patterns during voluntary contraction.

In acute axonal loss and pure demyelinating nerve 
injuries with conduction block, not all motor units can be 
recruited; the remaining MUAPs have normal morphology 
but fire with high frequency in order to obtain sufficient 
contraction, and the recruitment pattern results in 
incomplete interference. Note that denervation potentials 
will appear only in case of axonal damage.

In chronic axonal loss and denervation, early collateral 
sprouting from re‑innervation of orphan muscle fibers 
by surviving axons is recorded on EMG as small satellite 
potentials of the MUAP’s. Later, as the number of muscle 
fibers per motor unit increases with re‑innervation, 
MUAP’s become higher in amplitude, prolonged in 
duration, and polyphasic; these are the typical neurogenic 
MUAP’s representing the pattern of denervation and 
reinnervation.

Incomplete nerve transection and in late stages of partial 
axonal loss, if regrowing axons from the site of injury 
eventually reach the target, very small low‑voltage nascent 
MUAP potentials will be recorded. As reinnervation occurs, 
denervation potentials will gradually disappear.

NERVE IMAGING TECHNIQUES

Neurophysiological investigation offers information on the 
pathophysiology of the nerve deficit, the grade of severity, 
and prognosis. Although it is a fundamental tool in clinical 
evaluation, it does not provide precise information on the 
morphology, etiology or the extent of focal peripheral 
nerve injuries versus the focal involvement of only few 
fascicles.

In severe cases with unexcitable nerves and in 
postoperative patients who do not shows signs of 
improvement, EMG and conduction velocities cannot 
provide conclusive information on the presence of 
neurotmesis, nerve transection, the distance between 
nerve stumps, and the presence of multiple sites of 
injury.[25] Imaging assessment, in particular high‑resolution 
ultrasound (HRU) and magnetic resonance imaging (MRI), 
may overcome these problems by providing information 
on nerve morphology and its surrounding tissues; these 
are becoming popular instruments for planning nerve 
reconstruction and the surgical approach.

High‑resolution ultrasound
Although MRI is still more commonly used, based on 
our experience and on a review of the recent literature, 
the authors believe that HRU currently represents the 
most easily available and practical imaging technique for 
investigation of peripheral nerve pathology [Figures 1 and 2]. 
These machines are widely available and, when associated 
with high frequency transducers (7‑18 MHz), reach up 
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to 400 μm in axial resolution, which is higher than that 
achieved by a common MRI.[26] There is increasing evidence 
in the literature on the helpfulness of HRU, in particular in 
cases with equivocal clinical and neurophysiological data;[27] 
HRU may be diagnostic in a significant percentage of such 
patients.[28] Its advantages include a bedside, painless study 
of the nerve along the entire limb, with color‑Doppler 
analysis integration and dynamic scans. In addition, it 
can be utilized in the presence of metal implants and 
orthopedic screws, and therefore is preferable to a 
high‑cost, single segment MRI study.

Sonographic criteria for nerve identification are based on fascicular 
echotexture detection.[26] The cross‑sectional area (CSA) of 
the nerve is one of the most studied parameters and is 
examined in each nerve along the length of the limb in an 
axial scan. CSA measurements are performed at the inner 
border of the thin hyperechoic rim of the nerve,[29] across the 
site of entrapment or trauma to calculate the distal‑proximal 
CSA ratio. The nerve CSA is significantly related to the 
neurodiagnostic data and, when performed side by side 
with a comprehensive neurodiagnostic exam, it increases its 
diagnostic sensitivity.[30,31]

Echogenicity of the nerve should be reported; an 
increased CSA of the entire nerve or of a few fascicles, 
proximal to the site of entrapment or trauma, can be 
associated with fibrosis of the fascicles or epineurium. 
A few nerve pathologies, such as Schwannomas, will 
initially spare the nerve’s conduction and sensory‑motor 
functions, manifesting only with inconstant signs of 
irritation. Fiber sparing and dislocation can be recognized 
by an experienced HRU examiner.

Finally, nerve continuity can be assessed based on the 
analysis of the epi‑perineurium and on the presence of a 
partial neuroma or transection.[32]

Imaging will also uncover any predisposing anatomic 
abnormalities (i.e. bifid median nerve or persistent 
median artery) or other concurrent diseases in the 
surrounding tissues which may require a different 
therapeutic approach. Examples include space‑occupying 
lesions, tumors, tenosynovitis, osteophytes, neurovascular 

conflicts, abnormal muscles or muscle insertions, synovial 
cysts, nerve subluxation, postfracture fibrosis, and bone 
formation.

Neurophysiological and clinical parameters are good 
predictors of postsurgical recovery, but HRU has also 
demonstrated its usefulness when correlated with clinical 
neurophysiology in several nerve pathologies: (1) in 
patients with a history of trauma, it can reveal neuromas 
and neurotmesis; (2) in cases of postsurgical neuropathy 
of an iatrogenic origin, uncommon sites of injury can 
be localized; (3) in severe diseases with unevocable 
nerve potentials on neurophysiological examination, 
the site of injury can be easily showed by ultrasound; 
(4) in patients with diffuse preexisting (and confounding) 
neurophysiological alterations and clinical signs of a 
new neuropathy, the nerve lesions can be delineated; 
(5) in entrapment neuropathies, for screening purposes 
(e.g. concomitant tenosynovitis is seen in 21.7% of carpal 
tunnel syndromes, and dynamic ulnar nerve subluxation 
is seen at the elbow in 28.5% of cubital grooves); (6) in 
all brachial plexus pathologies, to identify multiple sites 
of injury are common; (7) for early selection of surgical 
candidates;[33,34] and (8) for detection of postsurgical 
improvement or complications.[35]

HRU does have some limitations, high frequency probes 
provide optimal spatial resolution for superficial nerve 
imaging while the deeper nerve course may remain 
unexplored.[36] The sciatic nerve trunk cannot be 
investigated over the horizontal gluteal fold, and the tibial 
and common peroneal nerves cannot be easily examined 
in the mid leg behind the calf. Both the deep nerve 
segments and nerve roots emerging from the spine should 
be explored by MRI. Expert HRU investigation can be used 
to visualize the cervical roots of the brachial plexus (the 
anterior branches of the spinal nerves as they emerge 
from the intervertebral foramen) as well as the trunks in 
the interscalene area and the cords in the supraclavicular 
and infraclavicular and axillary regions. A similar guide 
is helpful in interventional procedures to reach target 
nerves, such as in regional anesthesia or during steroid 
infiltrations, thus minimizing the risk of complications.

Figure 1: Axial scan of median nerve (arrow) at mid forearm; note the 
fascicular texture of the nerve and the homogeneous echogenicity of the 
surrounding muscles

Figure 2: Axial scan of ulnar nerve (arrow) and ulnar artery (*) at forearm; 
in live scans pulsating arteries are a good landmark to be recognized
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Ultrasound is already in use for a number of indications 
in the evaluation of nerves and is likely to find increasing 
indications in the future.[37‑39] However, further clinical 
and biomedical research is required to further validate its 
application in preoperative and postoperative monitoring.

Magnetic resonance imaging
MRI is appreciated mainly for its wide overview of the limb 
with the option of selective volume reconstruction. Direct 
nerve visualization by MRI has also been optimized;[40,41] 
“MR neurography” combines fat suppression T2‑weighted 
sequences and diffusion weighting in high magnetic field 
gradients (1.5T or higher). The nerve’s signal increases 
significantly following traumatic nerve injury, resulting 
in high contrast of the bright nerve (hyperintense) 
against the surrounding muscle or fat. The increased 
nerve signal due to axonal degeneration can be observed 
both at the site of the injury and distally, and is the 
single most searched MRI sign for localization of nerve 
injuries. However, it is not a specific sign, reflecting only 
endoneurial or perineural edema and slower axoplasmic 
transport secondary to axonal degeneration.

Diffusion‑weighting imaging has the potential to 
detect structural anisotropy by determination of the 
main orientation of the axons within the nerves; 
this method is called diffusion tensor imaging (DTI). 
From DTI data, a three‑dimensional reconstruction 
of major fascicles can be rendered and is referred to 
as “tractography”.[42] Tractography provides structural 
information on the nerves, but has low spatial resolution 
and a low signal‑to‑noise ratio, adding no additional 
information to neurophysiological data.

Many techniques including MRI myelography, MR 
neurography, and DTI can be combined for additional data, 
for example in root avulsions in patients with brachial 
plexus injuries,[43] but in order for the higher sequences to 
be carried out, greater acquisition times are required.

To overcome current limitations of MRI and enable 
investigation of nerves along a limb with faster image 
acquisition, widespread upgrade to 3T scanners combined 
with parallel imaging will be required.

Future application of new technologies for nerve imaging 
such as very high field magnetic fields (9.4T) MRI,[44] 
or very high frequency ultrasound probes (55 MHz)[45] 

will also increase spatial resolution up to a theoretical 
histological precision of 30 μm.

At this time, HRU provides the highest spatial resolution 
of direct nerve imaging along the limbs, while MRI 
provides a high contrast delineation of preselected single 
segments of the body. Both can assist in the resolution 
of pitfalls in injury localization, which may arise if only 
certain proximal nerve fascicles are injured, and others 
are spared, simulating a distal neuropathy.

CONCLUSION

Evaluation of peripheral nerve injuries remains a challenge 
for both clinicians and surgeons. A comprehensive clinical 

and physical examination approach permits formulation 
of a differential diagnosis to guide the neurophysiological 
exam and estimate prognosis. Nerve imaging evaluation 
completes the work‑up by visualizing fascicles and 
continuity of the nerve and its surrounding tissue.

Clinical and instrumental data should be integrated 
to plan adequate treatment and promote functional 
recovery. High‑resolution nerve imaging, when 
correlated with neurophysiological data, provides the 
missing link to clinicians and surgeons, closing the 
gap between diagnostic and therapeutic approaches. 
To optimize prognosis, this comprehensive evaluation 
is mandatory not only during the preoperative stage, 
but also during follow‑up in order to recognize late or 
non‑recovery, thus preventing permanent neurological 
disability.
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ABSTRACT
Nerve-tissue interactions are critical. Peripheral nerve injuries may involve intraneural and 
extraneural scar formation and affect nerve gliding planes, sometimes leading to complex clinical 
presentations. All of these pathological entities involve pain as the main clinical symptom and 
can be subsumed under the term “painful scar neuropathy”. The authors review the literature on 
treatment approaches to peripheral nerve scar neuropathy and the outcomes of neurolysis-associated 
procedures and propose a simple classification and a therapeutic approach to scar neuropathy. The 
search retrieved twenty-one papers, twenty of which reported pain reduction or resolution with 
various techniques. There is no consensus on the best therapeutic approach to neuropathic pain 
due to scar tethering. Most authors report good or excellent results with different techniques, from 
nerve wrapping with anti-adhesion devices to nerve coverage or wrapping with vascularized tissue. 
The authors’ classification of and therapeutic approach to peripheral nerve scar lesions aims at 
promoting a logical approach based on the analysis of lesion type (perineural, or endoneural and 
perineural), pain type (due to traction or external trauma, pain at rest), and number of previous 
operations. Patients need to be informed that multiple procedures may be required, that outcomes 
may be partial, and that surgery can potentially worsen preoperative conditions. The review found 
no evidence for the best therapeutic approach to scar neuropathy, but there is consensus on a 
multidisciplinary approach.

Key words:
Complex regional pain syndrome type II, painful neuropathy, painful scar neuropathy, scar neuritis, 
traction neuropathy

INTRODUCTION

Peripheral nerves have the ability to adapt to different 
positions during limb and joint movements. Such 
flexibility is enabled by a gliding apparatus around the 

nerve that provides for elongation during movement. 
Small nutritional vessels entering the epineurium from 
surrounding muscles are among the principal connections 
between nerves and soft tissue.

A peripheral nerve subjected to elongation stress can 
extend a few millimeters compared to its length at rest. 
Elongation is enabled by a conjunctiva‑like structure[1] 
constituting the outermost layer of the nerve trunk 
that Millesi et al.[2] designated paraneurium. The inner 
nerve structure can also undergo elongation, and gliding 
planes have been detected between deep epineurium 
and perineurium[3] as well as between individual fascicles. 
Joint excursion, therefore, involves complete epineurial 
and intraneural movement, where nerve elongation 
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compensates for the tension generated by movement and 
requires an intact gliding surface between the nerve and 
its surrounding tissue.

Clearly, the movement also stretches perineural and 
intraneural vascular structures, inducing vessel strain and 
reducing blood flow. A healthy gliding system prevents 
excessive stress from being exerted on vessel walls and 
ensures a sufficient blood supply to axons and Schwann cells. 
Preclinical studies have demonstrated that an 8% increase in 
nerve tension induces a 50% reduction in intraneural blood 
flow, whereas tension exceeding 15% of the baseline value 
induces an 80% reduction.[4] In a study of rat sciatic nerves 
subjected to crush lesions, Boyd et al.[5] documented nerve 
tension exceeding the intraneural microvessel compression 
threshold due to physiological movements, and found 
that it resulted in perineural scar formation and reduced 
intraneural vascularization.

Similarly, in the clinical settings formation of a perineural 
scar for any reason increases the tension on the nerve 
and may lead to prolonged ischemia. Wilgis and Murphy[6] 
described an association between reduced longitudinal 
gliding of the peripheral nerve and symptom recurrence 
following surgical decompression. In 1979, McLellan and 
Swash[7] reported that impaired linear gliding can induce 
a nerve lesion at a distance from the compression area, 
thus introducing the notion of traction neuropathy. The 
term indicates a condition related to impaired nerve 
gliding, whereas in Hunter 1991 description,[8] it designates 
neurological symptoms due predominantly to the movement 
of the affected nerve. However, traction neuropathy may 
be too narrow a definition, given that some patients with 
extensive perineural fibrotic reactions experience constant 
pain both at rest and in the absence of movement. The 
condition is likely due to a fibrotic response that is, 
initially perineural and eventually becomes intraneural due 
to compression secondary to chronic scarring. Perineural 
fibrosis can induce ischemic stress in the involved fascicles, 
followed by degeneration of distressed axons, the repair 
process may subsequently lead to formation of an 
in‑continuity neuroma with residual nerve function whose 
symptoms also involve pain at rest.[9] Pain at rest may also 
be related to a perineural scar associated with intraneural 
scarring due to a traumatic Grade III or IV injury or to a 
Grade V lesion (nerve transection) according to Sunderland’s 
classification.[10] A painful neuroma at the suture site has 
been described in nearly 5% of repaired nerves.[11] We, 
therefore, agree with Elliot[9] that “traction neuropathy” is 
a somewhat limited definition, whereas “scarring neuritis” 
or “scar neuropathy” encompass all the conditions related 
to formation of perineural and intraneural fibrotic tissue 
involving neurological symptoms and induced by a nerve 
injury (intraoperative lesion, cut injury, stretching, or 
extrinsic compression due to fracture or hematoma).[12]

Based on our experience and the pathophysiology of nerve 
injuries, both fibrosis around a nerve (traction neuropathy) 
and inside/outside it (as in neuroma‑in‑continuity) can 
be classified as scarring neuritis/scar neuropathy, whose 
distinctive symptom is pain due to the pathological 
condition affecting the nerve.

End‑neuromas, which are associated with similar 
symptoms, and neuromas‑in‑continuity without residual 
function, are not addressed in the present review, because 
their management is fairly well established: the former 
may benefit from relocation to deep, protected areas, 
whereas for the latter the initial treatment of choice is 
reconstruction with nerve grafts or conduits.

This review describes and discusses the main diagnostic 
and therapeutic approaches to neuropathic pain due to 
neuroma‑in‑continuity and peripheral nerve compression 
in scar tissue based on the literature and the authors’ 
personal experience. The condition is complex and 
difficult to treat, and there is no consensus on the most 
appropriate surgical approach.

Different surgical procedures and products that limit 
scar formation and reduce pain are also reviewed, and 
a treatment algorithm based on the type of pain, lesion 
type, number of previous operations, and imaging data is 
proposed. Finally a review of the literature for treatment 
outcomes, with emphasis on the resolution of pain 
symptoms, is presented.

EPIDEMIOLOGY

Perineural scarring and consequently traction neuropathy 
have traditionally been considered to be complications 
of nerve decompression surgery. Nerve tethering in the 
surgical scar is still the main cause of symptoms related 
to perineural scarring. For instance, 7‑20% of patients 
subjected to primary median nerve release report pain 
and symptom recurrence.[13] The condition is difficult to 
manage, so much so that according to different reports 
compression symptoms persist after 40‑90% of revision 
procedures,[14] and 20% of patients actually require a 
third operation.[14] Clinical failure rates of 25% have been 
reported after ulnar nerve release at the cubital tunnel,[15] 
and a review of 50 studies found symptom recurrence in 
approximately 75% of treated patients.[16] As noted above, 
5% of nerve sutures have been estimated to induce a pain 
syndrome.[11]

However, the problem is not confined to peripheral 
nerves. Indeed, one of the most common complications 
of microdiscectomy and laminectomy, found in 15‑20% 
of patients, is failed back syndrome, which seems to be 
related to the formation of scars entrapping the released 
nerve roots.[17] These patients often undergo additional 
procedures for the new symptoms.

Besides compression syndrome recurrence, neurogenic 
pain may be related to the formation of a neuroma‑in‑
continuity associated with a partial lesion or severance of 
the peripheral nerve. This condition is found in 60‑70% of 
traumatic injuries involving a peripheral nerve.[18]

CLASSIFICATION OF SCARRING  
NEURITIS

Millesi et al.[19] have extensively investigated peripheral 
nerve gliding and devoted considerable effort to describing 
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the role of the nerve‑muscle tissue interface in normal 
nerve function.

Millesi et al.[19] vast surgical experience with peripheral 
neurolysis led to the publication of a seminal paper 

describing a new anatomo‑surgical classification of 
perineural and intraneural scar lesions. The classification 
is a useful approach to perineural and intraneural scar 
injury because it couples each subgroup of fibrotic 
lesions to specific types of surgical neurolysis based 
on scar severity. However, although intraneural lesions 
are described in excessive detail, the clinical outcomes 
do not seem to correlate with preoperative pain 
measurement.

Here we describe a simplification of Millesi et al.[19] original 
classification and propose an approach that, by correlating 
the pathological findings to clinical and imaging data, has 
the potential to improve surgical treatment. The revised 
classification encompasses two injury types, extraneural 
and intraneural/extraneural scar lesions, based on the 
perineural tissue changes that impair nerve gliding 
and the intraneural problems that give rise to pain and 
hypersensitivity. Type I injuries are related to compression 
due to causes such as prior surgery, hematoma, and 
bone fragments, with involvement of the gliding 
surface (conjunctiva‑nervorum) and formation of extensive 
scar tissue around the nerve, as depicted in Figure 1. 
These lesions are generally amenable to simple external 
neurolysis, with additional surgical procedures as required 
to avoid recurrence of perineural fibrosis (i.e. restoration 
of the gliding plane by anti‑adhesion gel, vein conduit or 
other wrapping material). Pain is often related to joint 
movement and is less frequent at rest. On ultrasound (US) 
examination, the nerve has a normal fascicle structure. 
Type II injuries affect the entire nerve structure, from 
the epineurium to the endoneurium, and are usually 
secondary to significant nerve trauma such as a partial 
lesion or a transection of the nerve trunk treated by 
neurorrhaphy (neuroma‑in‑continuity). These injuries 
require procedures that may involve nerve fascicles and 
the epineurium, from epineurectomy and epineurotomy 
up to partial resection and grafting as described by 
Millesi et al.[19] In type II lesions additional surgical 
procedures are directed not only at avoiding recurrence 
of perineural fibrosis, but also at protecting the nerve 

against external mechanical insults. Outcomes are less 
predictable than in type I lesions. Pain at rest is common 
and is exacerbated by external trauma. US examination 
provides useful information on the intraneural pathology.

Type II lesions, with the exception of partial lesions 
due to a laceration or the sequelae of a nerve suture, 
correspond to Sunderland’s third‑degree lesions, which 
from the pathological standpoint include painful neuroma‑ 
in‑continuity with residual function, one of the most 
challenging therapeutic problems. Fourth‑ and fifth‑degree 
lesions are outside the scope of this review, as they lack 
residual nerve function and are managed by resection and 
reconstruction.

CLINICAL SYMPTOMS AND SIGNS

Patients typically report pain of four types, as described 
by Elliot[9]: spontaneous pain, pressure pain, movement 
pain, and hypersensitivity or unpleasant skin sensation 
to light touch, including hyperesthesia, hyperpathia, and 
allodynia.

The causal association is most obvious for pressure pain 
and movement pain elicited by the motion of adjacent 
tendons and joints. At present, hypersensitivity usually 
involves the skin overlying the affected nerve portion. 
The most poorly understood and unpleasant of these pain 
types is spontaneous pain, which is found in the majority 
of patients; it is most often a continuous or basal pain 
with spikes of increased intensity, or spiking pain that 
is often severe, has a variable frequency, and may be 
associated with reflex motor activity, example, jerking of 
the entire upper limb.[9]

These symptoms, presenting singly or combined, are 
compounded by complex regional pain syndrome 
type II (CRPS II) or causalgia,[20,21] due to fiber 
disorganization within the neuroma‑in‑continuity. Typical 
CRPS II features are onset after a nerve injury and 
continuous pain or allodynia‑hyperalgesia that is usually, 
but not invariably confined to the territory of the injured 
nerve. Edema, skin blood flow abnormalities, or abnormal 
sudomotor activity may be detected in the area affected 
by pain since the time of injury. Timely management 
appears to be critical.[22]

DIAGNOSIS

History is crucial to establish the cause of symptoms, be 
it related to simple nerve decompression, reconstruction, 
direct trauma, or posttraumatic scarring.

Physical examination and pain type, at rest or elicited by 
movement or mechanical stimuli, may provide information 
on the lesion type. Pain at rest commonly entails that the 
scar involves the deep nerve structure. Perineural scarring 
usually induces nerve tethering, which is exacerbated 
by movement, that is, a loss of peripheral nerve gliding. 
Tinel’s sign is invariably positive, and the patient often 
has hyperalgesia and/or allodynia in the territory of the 
involved nerve.[9,23]Figure 1: Median nerve entrapped in scar tissue
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As regards diagnostic imaging, US provides reliable 
information on the actual extent of the nerve injury (due 
for instance to a previous procedure), the amount of 
scarring, and the state of the outer and inner connective 
tissue layers of the nerve trunk. It thus provides an 
indication for surgery by demonstrating, before the 
operation, the various degrees of scarring described by 
Millesi et al.[19]

Moreover, according to a paper of the European Society 
of Musculoskeletal Radiology, musculoskeletal US seems 
to be the imaging technique of choice for peripheral 
nerve structure evaluation.[24]

Most studies use US to investigate the intraneural 
structures and changes due to chronic compression or 
trauma.[25] In these patients, US has proven to be even 
more effective than electrophysiological tests in depicting 
intraneural distress.[25] Some studies compare US findings, 
including signs of edema, loss of echogenicity, and 
fascicular echostructure before and after tunnel syndrome 
surgery.[26]

Padua et al.[27] group has advanced an interesting proposal 
that agrees with our classification of scar lesions, 
highlighting that valuable US features include depiction 
of very small nerves and dynamic imaging, which can 
document how the nerve interacts with surrounding 
tissue. Indeed, key diagnostic features of scarring 
neuropathy are an assessment of the nerve’s relationships 
with surrounding tissue and depiction of any gliding 
impairment.

A critical advantage of US is that it affords direct 
visualization of the nerve injury, thus providing information 
on its cause and enabling treatment selection.[27] We 
thus feel that US scanning of the nerve and surrounding 
tissue entails a dual benefit for both patient and surgeon: 
it identifies the site of the nerve injury and depicts its 
relationships with scar tissue, documenting any obstacles 
to gliding. Combining anatomo‑sonographic findings, 
electromyography data, and clinical information can 
help the surgeon select the most appropriate treatment 
approach.

Magnetic resonance imaging (MRI) enhances diagnosis 
and surgical planning; conventional MRI may depict 
indirect signs of nerve damage such as edema whereas 
high‑resolution MRI provides direct visualization of injured 
and scar‑tethered nerves, including the smaller peripheral 
branches.[28,29]

In experienced hands, MRI and US can provide crucial 
information in preoperative planning of revision nerve 
release surgery by documenting residual or recurrent 
pathology or the sequelae of previous surgery.

Electromyography examination is also important because 
it documents the degree of peripheral nerve distress, 
and findings can be compared over time (preoperative, 
postoperative, follow‑up examination).

However, it is still unclear why similar pathological 
conditions induce pain in some patients but are painless 

in others, including patients with in‑continuity neuromas 
and end‑neuromas.

SURGICAL OPTIONS

Surgical exploration, neurolysis under magnification, and 
procedures aimed at preventing new scar formation such 
as flap coverage and application of anti‑adhesion devices 
must be preceded by appropriate medical treatment and 
pharmacological and physical therapy with dedicated 
operators for at least six months. Although there is no 
consensus on surgery timing,[30] surgery is generally 
indicated when medical and physical therapy have failed 
to bring benefit.

Some authors have achieved pain reduction in a large 
number of patients using pulsed radiofrequency before 
surgery or following a recurrence.[31]

Surgical treatment of these conditions begins with 
neurolysis. External neurolysis is performed in cases with 
external compression, to free the nerve from the extrinsic 
compression. This may involve either accessing only the 
epineurium (epineurotomy) or removing part or all of it 
(partial or total epineurectomy) as shown in Figure 2a. Only 
in very selected cases is internal neurolysis performed, to 
treat an intraoperative iatrogenic injury or postoperative 
scar recurrence between fascicles. The procedure begins 
with identification of the normal proximal and distal 
nerve portions; the nerve is then mobilized above and 
below the injury site and its course toward the injury site 
is carefully dissected free of external scarring, points of 
tethering, or abnormalities.

The second step involves the relocation of the nerve 
tract involved by neurolysis to a “soft” vascularized bed 
enabling gliding.[30] Other procedures use vascularized or 
nonvascularized autologous tissue or an anti‑adhesion gel. 
However, anti‑adhesion devices, flaps, or other autologous 
tissues are not unequivocally recommended.

Here we propose a management strategy of posttraumatic 
scar lesions based on two mainstays, including 
(1) lesion categorization into extraneural and intraneural 
as described above, and (2) clinical information in terms 
of pain symptoms.

A combination of history data and US findings, which 
document the intraneural injury in a very early phase, 
supplies critical work‑up information and provides an 
indication for external neurolysis versus a more extensive 

Figure 2: (a) External neurolysis and epineurectomy on median 
nerve at the elbow; (b) application of carboxy‑methylcellulose/
phosphatidylethanolamine gel on median nerve after neurolysis

ba
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neurolysis involving the epineurium and if necessary the 
perineurium.

Another key factor is the number of previous operations, 
simple external neurolysis is indicated after the first 
recurrence while a vascularized flap with a more extensive 
neurolysis is indicated following multiple failed surgical 
treatments.

Type I injuries, where scar tissue hampers gliding, should 
be managed by external neurolysis if the intraneural 
echostructure is normal, anti‑adhesion gel, vein‑wrapping, 
or thin flap coverage may be sufficient.

In type II lesions (neuromas‑in‑continuity), where US 
depicts a lack of structural homogeneity inside the 
nerve, more extensive neurolysis may be required, with 
epineurectomy and rarely, internal neurolysis under 
magnification. These patients also require deep nerve 
transposition, coverage with thick vascularized flaps, and 
restoration of a suitable gliding bed.

Patients with continuous pain due to an earlier traumatic 
injury to superficial nerves triggered by external stimuli, 
and those undergoing revision of a failed prior revision 
procedure, require deep nerve transposition and coverage 
with thick vascularized flaps providing both biological and 
mass effects.[32]

Relevant clinical data, including pain type (due to external 
compression, continuous, or movement‑related) and 
cause of the lesion, can indicate the most appropriate 
management strategy. Patients with pain due to direct 
trauma may benefit from the bulk effect of a flap or 
from nerve relocation to a deep, protected area, whereas 
simple neurolysis with application of anti‑adhesion devices 
is preferable in simple traction neuropathy, where pain is 
more often secondary to external traction.

Early active movement after surgery is indicated to 
prevent adhesion recurrence.

The next section describes the main techniques used 
in the treatment of scarring neuropathy and painful 
neuroma‑in‑continuity with residual nerve function after 
neurolysis.

SURGICAL MANAGEMENT AFTER  
NEUROLYSIS

Commercial gels and anti‑adhesion devices
These devices are used to restore the lost gliding surface. 
Since 1970, when intraperitoneal anti‑adhesion devices 
were first introduced, a number of products characterized 
by different shapes and chemical compositions have 
been developed to limit perineural scar formation. Gels 
developed specifically for peripheral nerve‑tissue began to 
be produced in 2000. Early anti‑adhesion gels were based 
on collagen‑dextran (ADCON‑T/N) and were initially used 
in spinal surgery. Preclinical application to rat peripheral 
nerve achieved a satisfactory reduction of perineural 
scarring. These gels were, however, abandoned after 
reports of wound dehiscence and dural fistula formation.[33]

Products based on hyaluronic acid (HA) have proved 
to be more effective. Initial preclinical studies have 
documented their anti‑adhesion properties and safety.[34] 
HA is marketed alone as Hyaloglide(R)[35] or associated to 
carboxy‑methylcellulose (CMC, Seprafilm(R)).[36]

However, there is no consensus on the actual effect of 
anti‑adhesion devices. According to some researchers they 
reduce collagen deposition by interfering with granulocyte 
diapedesis and blocking the synthesis of interleukin‑1, 
which is crucial for fibroblast activation,[37] whereas others 
deny an effect on cytokines and admit only to a physical 
barrier action.[38]

CMC has subsequently been associated with other 
molecules, including phosphatidylethanolamine a nonionic 
molecule whose tensioactive properties provide 
tissue lubrication and a mechanical barrier to restore 
gliding.[39] CMC‑PE has also been shown to reduce 
perineural adhesions; it is already available on the market 
and has proven to be highly effective in preventing the 
formation of abdominal, spinal and tendon adhesions.[40]

In 2005, another macromolecule, polyethylene glycol oxyde (PEO), 
was associated with CMC to enhance its anti‑adhesion 
effect. Preclinical studies have documented its ability 
to reduce protein, hence collagen, deposition on 
tissue.[40,41] However, there is no conclusive evidence for 
its effectiveness in the peripheral nervous system. A single 
paper has demonstrated its safety and effectiveness 
in an animal model (Tos et al., paper submitted). 
A representative image of gel application after neurolysis 
is shown in Figure 2b.

Collagen‑based products have recently been developed 
for wrapping around injured nerves.[42,43] These products 
are theorized to form a microenvironment within the 
compressed nerve, which keeps nerve growth factors 
within the epineurium to enhance nerve gliding, and 
which are subsequently slowly absorbed.

A recent study of a small sample with a short follow‑up 
describes a novel nerve‑wrapping technique for the 
upper extremities using a type I collagen conduit wrap. 
Its effectiveness is similar to that of other anti‑adhesion 
devices, but it entails a lower fewer risk of complications 
compared to wrapping the nerve in autologous tissue 
such as vein (Neura Wrap; Integra LifeSciences, Plainsboro, 
NJ, USA).[43]

There are therefore several different types of anti‑adhesion 
devices, but scant information as to which is the most 
effective at the clinical and preclinical level, even though 
all seem to limit perineural scarring formation without 
any particular side effects. A major advantage is their 
fast application and less invasive surgical dissection, 
without the need for further procedures (and possible 
attendant injury), which considerably reduces operating 
time compared to the surgical approaches described 
above.[34] Notably, there are no clinical trials comparing the 
effectiveness of the two approaches. A recent case review 
has advanced the proposal to apply anti‑adhesion devices 
in cases where the nerve, released from the scar, appears 
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healthy or only moderately injured, and to use local or 
free flaps for clearly distressed nerves in the presence of a 
strong inflammatory reaction.[44]

Vein conduits
Masaer et al.[45] was the first to describe nerve‑wrapping 
in an “opened” vein segment, which provided satisfactory 
results both in terms of sensitivity improvement and 
of reduction of recurrences.[46] Elliot[9] reported poor 
outcomes in neuromas‑in‑continuity of the palm and the 
fingers, describing pain recurrence at the site of treatment 
due especially to repeated trauma, because the thin 
vein wall does not adequately protect the nerve against 
external insults.

Some authors suggest covering sutures with a vein, as 
earlier for collagen‑gel, to prevent end‑neuroma formation 
at direct suture sites.[47]

Flaps
A variety of flaps, pedicled (local) or free, are used for 
coverage after neurolysis: synovial, fascial, adipofascial, 
muscle and skin with subcutaneous tissue flaps.

Compared to vein wraps, gels, and other anti‑adhesion 
devices, flaps have a dual function: to envelop the 
injured nerve in a highly vascularized tissue to maximize 
nutrient supply, and to provide a bulk effect, for example, 
protection against external mechanical insults. This 
approach is often used in patients in whom revision 
surgery has had poor outcomes or when the quality of 
local tissue does not allow a simpler procedure.

Typical local flaps raised in patients with recurrences or 
sequelae of carpal tunnel syndrome (CTS) include the 
hypothenar fat pad flap first described by Cramer[48] and 
improved by Strickland, and the palmaris brevis flap 
described by Rose et al.[49] Their main advantage is that 
they provide a buffer of highly vascularized adipofascial or 
muscle tissue above the treated nerve. The synovial flap 
from the flexor tendons described by Wulle is still a very 
good option for recalcitrant CTS.[50]

Thicker flaps can be raised from the volar forearm: the 
dorsal ulnar artery adipofascial flap described by Becker 
and Gilbert[51] can be used as an adipofascial flap to wrap 
the nerve [Figure 3a and b] or as a fasciocutaneous flap 
to provide greater protection, the adipofascial radial 
artery perforator flap[32] and the adipofascial variant of the 
posterior interosseous flap raised from the dorsal portion 
of the forearm[52] can be employed in the same way; and 
the pronator quadratus muscle flap[53] may be a useful 
solution when the injury is proximal to the wrist.

Numerous free vascularized flaps, described for coverage 
of freed nerves, are however, rarely used. The free 
omental flap,[54] lateral arm flap, scapular flap, and groin 
flap[44] seem to be more effective than local flaps, yet the 
approach is recommended only for use in patients with 
severe conditions who have already been treated and in 
those with hand and forearm lesions where a local flap 
would impair hand use. Yamamoto et al.[20] have gone 
further, and they raised an anterolateral vascularized thigh 
flap that included the lateral cutaneous nerve of the thigh 

to reconstruct the median nerve, and described early pain 
resolution and full recovery of wrist and hand mobility 
five months from the procedure. We recommend such 
complex procedures only in patients with severe nerve 
injury and failure of multiple surgical procedures, where 
another local flap could result in local tissue damage.

Pain neuromodulation
Multiple surgical failures may provide an indication for 
direct peripheral nerve stimulation, to relieve chronic 
pain through preferential activation of myelinated fibers, 
inducing long‑term depression of synaptic efficacy.[55,56]

Spinal cord stimulation, which is applied more often to 
treat CRPS I, may also be beneficial.[57]

SCAR NEURITIS AND OUTCOMES:  
LITERATURE REVIEW

PubMed was reviewed for papers reporting treatment 
approaches and patient outcomes of scar neuritis and 
neuropathic pain, in particular studies of recurrent 
median and ulnar nerve compression, postsurgical fibrosis 
of lower and upper limb nerves, CRPS II, and application 
of HA acid and gels that also described pre‑ and 
post‑operative pain assessment by the visual analogue 
scale (VAS) or numerical rating scale. Case reports and 
animal studies were excluded. Papers were sorted by the 
treatment approach to neurolysis.

Overall, 21 papers were retrieved; the majority described 
the treatment of median and ulnar nerve entrapment 
recurrence. The method most frequently associated with 
neurolysis was flap coverage (15 articles); the remaining 
papers described the use of anti‑adhesion devices 
(3 articles) to reduce pain and prevent recurrences, and 
vein wraps (3 articles).

All approaches provided good outcomes, although 
most studies involved small samples, from 4 patients 
to 65 patients. All methods achieved a postoperative 
reduction of at least four VAS points. All but one study 
described complete or satisfactory pain reduction. These 

Figure 3: (a) Adipofascial dorsoulnar Becker flap covering and wrapping 
a median nerve; (b) the bulk effect of the flap protects the nerve from 
external trauma
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data are summarized in Table 1. No alternative options 
are mentioned for patients reporting no improvement.

Despite published reports of highly satisfactory outcomes 
and success rates close to 100% with a range of techniques, 
clinical practice demonstrates that such conditions are 
difficult to treat and at times are only partially solved.

There is scant published evidence regarding the diagnostic 
work‑up and treatment of scar neuropathy. Patients should 
be warned that their condition is not easy to address and 
that surgical treatment may have to be followed by a 
more aggressive approach if symptoms persist.

Patients with pain due to nerve entrapment in scar tissue 
require careful evaluation through history, assessment 
of pain type, and accurate US scanning, to establish 
the site of the scar tissue injury and whether the nerve 
contains internal damage. In patients for whom surgery 
will be straightforward local tissues provide a suitable 
bed, barrier devices may be applied first to attempt to 
treat the problem by a less invasive approach. Patients 
subjected to multiple procedures due to recurrences and 
those with a severely injured gliding bed require more 
extensive neurolysis and coverage with a local or free 
vascularized flap.

If symptoms are due exclusively to external trauma and 
the patient has pain at rest, wraps or thick adipofascial 
flaps are the treatment of choice to avoid external trauma 
and protect the nerve. If the lesion is external to the nerve 
and pain is due to scar tethering the prognosis is more 
favorable and the risk of recurrence lower, whereas pain 
due to intraneural injury is more difficult to treat because 
the outcome of internal neurolysis is unpredictable and 
may itself induce formation of even worse scarring.

Data on the timing of a recurrence varies widely, from 
twenty days to thirty days to months, the mechanism of 
recurrence is also unclear.

Helping patients with these conditions requires a 
multidisciplinary approach and close collaboration of the 
surgeon, pain clinician, physiotherapist, and psychologist, 
because for reasons that are still unclear the patient is 
often the very cause of the problem. The risk of persistent 
or even worsening pain symptoms should be clearly stated 
prior to surgery, as any intervention may induce symptom 
worsening in patients with complex pain syndromes.

If the pain is not alleviated following the initial procedure, 
subsequent operations are unlikely to be successful, and 
further attempts may involve diminishing returns.[30,76]

Table 1: List of the 21 papers describing peripheral nerve neurolysis, associated procedures, and pain outcomes 
retrieved by the PubMed search, sorted by the technique used for neurolysis
Author Surgical approach Nerve Pain alleviation. Number of patients and 

percentage (%) of pain reduction
Reisman and Dellon[58] Abductor digiti minimi Median Pain reduction in 11/12 patients (91)
Strickland et al.[59] Hypothenar fat pad flap Median Excellent results in alleviating recalcitrant idiopathic 

CTS (95 satisfaction in 62 patients)
Rose[60] Palmaris brevis muscle flap Median Complete pain relief in all patients (13 hands) (100)
Jones[61] Pedicled or free flaps Median/ulnar Pain reduction in 7/9 patients (78)
Giunta et al.[62] Hypothenar fat pad flap Median Pain reduction in 8/9 patients (89)
Frank et al.[63] Hypothenar fat pad flap Median Pain reduction in 8/9 patients (89)
Guillemot et al.[64] Fat graft Median No pain reduction in 4 patients
Mathoulin et al.[65] Hypothenar fat pad flap Median Pain resolution in 41/45 patients (98)
De Smet and 
Vandeputte[66]

Hypothenar/ulnar fat pad flap Median Pain reduction in 9/14 patients (64)

Dahlin et al.[67] Pedicled ulnar, dorsal forearm flaps
Free groin, scapular, lateral arm flaps

Median Pain reduction in 10/14 patients (71)

Goitz and Steichen[54] Free omental flaps Median Pain reduction in 7/11 patients (63)
Luchetti et al.[68] Fascial and fasciocutaneous island 

flaps (hypothenar fat pad, forearm radial 
artery, forearm ulnar artery, ulnar fascial 
fat, and posterior interosseous)

Median Four point VAS score reduction in 
23/25 patients (92)

Craft et al.[69] Hypothenar fat pad flap Median Pain resolution in 83% of 28 patients
Fusetti et al.[70] Hypothenar fat pad flap Median Pain reduction in 18/20 patients (90)
Elliot et al.[71] Vascularized forearm fascial flap Median/ulnar Pain resolution in 8/14 patients (57)
Soltani et al.[43] Collagen: neurolysis + collagen wrap Median/ulnar Resolution/improvement in 4 patients (median)

Resolution in 3/4 patients (cubital tunnel syndrome)
Espinoza et al.[72] Microneurolysis alone versus ADCON/TN Median/ulnar Pain reduction in 80% of 54 patients
Atzei et al.[35] Neurolysis or nerve repair with 

Hyaloglide(R)
Hand nerves Pain reduction quicker with Hyaloglide(R)

14 patients treated with HA versus 16 treated 
without gel

Varitimidis et al.[73] Autologous vein Median Pain reduction in 14/15 patients (93)
Masear[74] Vein: autologous+allograft Median 

and various 
peripheral nerves

Good/excellent results in 94/119 patients (79); no 
pain relief in 9/119 patients

Kokkalis et al.[75] Vein wrap Ulnar Pain reduction in 100% of 17 patients

CTS: Carpal tunnel syndrome, VAS: Visual analogue scale
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FUTURE DIRECTIONS

Overall, the diagnosis and treatment of scar neuritis 
and neuropathic pain still present significant problem 
areas. A clear lesion classification correlating injury with 
the clinical problem and convincing evidence of the 
effectiveness of one treatment above the others would 
improve both diagnosis and clinical outcomes.

Despite active clinical research, no gold standard treatment 
has been established, as no medical or surgical treatment 
has shown superiority over the others with regards to 
the rate and extent of clinical response. No treatment 
among the myriad that have been described assures an 
effective and/or reliable outcome, and the same treatment 
can lead to very different outcomes in different patients, 
from complete resolution to a worsening of symptoms. 
Currently, neither surgeons nor pain therapists are able to 
predict, which patient will respond to treatment and for 
what duration that response may last.

All these data suggest that the key for improving our 
approach to neuropathic pain lies in gaining better insight 
into its underlying mechanisms. A genetic predisposition 
is likely to exist, and individual differences in biochemical 
signals involved in nerve pain and their possible modulation 
for therapeutic purposes deserves further study.

Then, we foresee genetic and biomolecular research as 
promising fields of future investigation, which could 
ultimately lead to a better understanding and management 
of painful scar neuropathy.
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INTRODUCTION

The international association for the study of pain defines 
neuropathic pain as pain resulting from a lesion or disease 
in the central or peripheral nervous system.[1‑3] This 
categorization is broad and includes a range of etiologies 
such as trauma, lesions of the central nervous system, 
diabetic peripheral neuropathy, multiple sclerosis, and 
herpetic nerve lesions. When the upper limb is involved, 
it also includes chronic nerve compression, neuritis and 
complex regional pain syndrome. A significant proportion 
of pain in the upper limb results from neuroma formation. 
Currently, our knowledge of the underlying mechanisms 
is limited for pain resulting from complex regional pain 
syndrome and diabetic peripheral neuropathy. However, 

due to the wealth of research pain secondary to peripheral 
neuromas is reasonably well‑understood.

PATHOPHYSIOLOGY OF THE  
PERIPHERAL NEUROMA

A neuroma is formed with when a nerve is transected and 
is not surgically repaired successfully. The word neuroma 
means “nerve tumor” and accurately describes the bulbous 
mass of regenerating axons that grow in an uncoordinated 
fashion from the proximal nerve end. This tissue consists of 
Schwann cells, fibroblasts, blood vessels, and regenerating 
axons. Neuromas may be further defined by the integrity 
of the nerve components. An end neuroma occurs 
following complete nerve transection or neurotmesis by 
Sunderland’s classification. The term partial neuroma or 
neuroma‑in‑continuity (Sunderland grade 4‑6 injury) is used 
to describe nerves that are partly intact.

Persisting pain arising from a terminal neuroma is 
relatively uncommon, estimated to occur in 3‑5% of 
peripheral nerve injuries.[4] In general, complete nerve 
transections do not result in major pain. Two main 
processes are believed to be responsible that of persistent 
abnormal peripheral nerve stimulation and central 
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changes in cortical processing of pain. The first is that of 
persistent stimulation of free nerve endings at the site 
of injury with pain transmitted via the small diameter A 
delta and C fibers to the central somatosensory cortex.[5] 
Following nerve injury, the proximal free nerve endings 
are unmyelinated, and these small diameter fibers have 
increased electrical activity and are stimulated at lower 
thresholds. Spontaneous, mechanical and chemical activity 
has also been demonstrated within the neuroma. This is 
accompanied by spontaneous activity in neurons of the 
dorsal root ganglion, dorsal horn and more proximally 
within the central nervous system. In addition, it is 
believed that changes in the central processing of the 
somatosensory cortex result in amplification of the pain 
response and perpetuation of the pain process even after 
the injury is treated successfully by surgery.[6]

The most severe pain occurs after partial injuries to the 
nerve trunks or injury to the terminal branches of the 
smaller cutaneous nerves such as the superficial radial 
nerve, medial and lateral cutaneous nerves of the 
forearm, palmar branch of the median nerve and the sural 
and saphenous nerves of lower limbs. However, surgical 
removal of these nerves for use as grafts for nerve 
reconstruction rarely leads to neuropathic pain.

Presentation
The patient describes sensory symptoms in the distribution 
of the affected nerve. This is usually accompanied by a 
history of previous injury or surgery in the vicinity of the 
nerve. Other pathologies causing neuropathic pain such as 
nerve compression and complex regional pain syndrome 
must be ruled out as these conditions can co‑exist with a 
neuroma.

Our unit previously described a simple assessment tool 
for grading pain from neuromas using characteristic 
symptoms: (1) baseline pain, (2) spontaneous spikes of 
pain, (3) pain exerted by pressure over the nerve, (4) pain 
on movement of the adjacent joints, and (5) cutaneous 
“hyperesthesia”.

Other clinical terms used to describe the pain 
are: (1) dysesthesia: any abnormal unpleasant sensation; 
(2) allodynia: pain from a stimulus that is, not normally 
painful; (3) hyperpathia: exaggerated pain from a normally 
painful stimulus; (4) hyperesthesia‑an abnormal increase 
in sensitivity to stimuli; and (5) paresthesia: an abnormal 
sensation typically tingling or prickling “pins and needles”. 
Localization of the symptoms guides the clinician to identify 
the injured nerve. The range of symptoms varies from 
complete anesthesia distally (indicating nerve transection) 
to hyperesthesia or hyperpathia. Palpation of the neuroma 
bulb results in tenderness and light percussion over the 
nerve elicits paresthesias in the distribution of the nerve.

Neuropathic pain is intractable, severely debilitating, 
and disproportionately intense in relation to the 
initiating injury. Alongside sensory disturbances, there 
may be motor disturbance and abnormal sympathetic 
responses. In these cases, the distinction between 
neuroma pain and chronic regional pain syndrome or 
a severe compressive neuropathy may be difficult and 

often there are overlapping features. In these situations, 
electrophysiologic studies and local anesthetic blocks 
are useful as diagnostic adjuncts. Electromyography and 
nerve conduction studies will usually establish if there 
is a compressive element. Neuroma pain is significantly 
reduced or diminished with infiltration of a small amount 
of local anesthetic around the nerve proximal to the 
suspected lesion.

Prevention
Given the challenges of treating neuroma pain, the 
importance of prevention must be stressed. Avoidance 
of nerve injury seems obvious yet cannot be emphasized 
enough given that iatrogenic injuries are cited as a major 
etiological source, especially with procedures such as 
ganglion resection, surgery for De Quervain’s syndrome 
or procedures on ulnar head.[7] It is imperative that once 
an injury is diagnosed an attempt at primary repair be 
undertaken as soon as possible. The precise microsurgical 
coaptation of the epineurium has been shown to reduce 
the incidence of neuroma formation.[8] Providing the 
advancing axons are directed appropriately they may 
reestablish connections with their end‑organs thereby 
restoring function in terms of muscle innervation and 
sensibility. If a nerve is found to be in‑continuity, it is 
advised to perform an external neurolysis and to initiate 
early mobilization after surgery.

TREATMENT STRATEGIES

Nonsurgical therapies
It is difficult to treat pain from neuroma, and a wide range 
of surgical and nonsurgical therapies have been described. 
Analgesia with or without supplementary neuropathic 
agents should be introduced early and prescribed to be 
taken regularly following any traumatic nerve injury. Early 
aggressive medical treatment and preemptive analgesia 
have both been shown to improve prognosis and reduce 
pain in upper limb pain conditions.[9,10]

Medical management consists of four main classes of oral 
medication: (1) antidepressants with reuptake blocking 
effect, (2) anticonvulsants with sodium‑blocking action, (3) 
anticonvulsants with calcium‑modulating actions, and (4) 
opioids.

Topical treatments for patients experiencing cutaneous 
hyperalgesia and allodynia include capsaicin and local 
anesthetics administered as slow release patches. In many 
situations, an early combination of medications working 
at different levels of the pain pathway by different 
mechanisms is useful. Current randomized controlled trials 
provide general pain relief values for specific medications, 
which may explain the failure to obtain complete pain 
relief in neuropathic pain. A detailed review of medical 
therapies for upper limb neuropathic pain is beyond the 
scope of this article but we would refer readers to the 
articles in the references.[11‑14]

Neuromodulation
Our preferred next step in management is a trial of 
peripheral external electrical stimulation, also known as 
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neuromodulation [Figure 1]. This involves the application 
of an external stimulating probe to the affected nerve 
proximal to the site of the painful neuroma or over the 
nerve supplying the area of hypersensitivity for a period 
of 5‑10 min. A low voltage current passes from the 
generator to the nerve through the skin. There is a paucity 
of literature relating to the use of neuromodulation in the 
upper limb. In our series of 102 patients with upper limb 
pain, greater than 30% patients experienced complete 
resolution of pain and 21.5% patients experienced pain 
relief lasting from days to weeks and elected for further 
treatment.[15]

This still leaves a proportion of patients whose symptoms 
persist and who are considered candidates for surgery.

SURGERY FOR END‑NEUROMAS

The surgical options described for management of the 
terminal neuroma can be broadly classified into the following 
categories: (a) neuroma resection and reconstruction, 
(b) simple neuroma resection, (c) containment of the 
neuroma, and (d) relocation of the nerve into different 
environments (denervated skin, muscle, bone).

Neuroma resection and reconstruction
When there is a delay in diagnosis of nerve transection 
by a few weeks or months, the nerve ends are often 
retracted, and primary repair of the nerve is not 
possible. The decision to reconstruct the nerve or nor 
depends on two main factors: the functional importance 
of restoring some of the nerve’s action and the 
likelihood of achieving a successful result. The former 
will be dictated by the nerve involved, the handedness 
and occupation of the patient; the latter by the patient’s 
age, the time since the initial insult and the level of 
injury. The decision is made jointly with the patient. 
Avein, nerve, muscle or synthetic substance can be used 
for reconstruction. It is our preference to reconstruct 
small distal digital nerve gaps of less than 2 cm with 
posterior interosseous nerve grafts and any larger gaps 
with sural nerve grafts.

Simple neuroma resection
Resection of the neuroma alone is the least successful 
surgical method to treat neuromas of the hand and 
forearm.[16] However, laboratory studies have revealed 
that the type of nerve transection can affect neuroma 
formation. Neuromas developed more often after 
electrocautery than simple scissors cut or suture 
ligation and division.[17] Decreased neuroma formation 
and improved nerve regeneration have been noted 
with oblique transection in comparison with transverse 
sectioning for grafting.[18,19] It is suggested that the longer 
fibers provide a growth pathway for the shorter ones with 
oblique transection.

Containment
A number of methods of containment have been described 
in the literature, but poor results have led this technique 
to be largely abandoned. The aim of this method is to 
contain regenerating fascicles within the nerve trunk 
thereby preventing the proliferation of axonal tissue into 
the surrounding structures. Although few studies report 
success with a technique of fascicle resection and ligation 
of the epineural sleeve, there have been no studies 
published on the technique since 1989.[8,20]

Other materials have been used in attempts to seal or 
cap the nerve following neuroma resection. Dahlin and 
Lundborg[21] and determined a potential role for the use 
of silicone tubes in peripheral nerve repair, observing 
in experimental studies a reduced tendency to neuroma 
formation. However, in the management of end neuromas 
other clinical studies showed no advantage of silicone 
capping over simple excisional neurectomy.[8]

Other reported methods of containing end neuromas 
include the formation of end‑to‑side anastomoses or 
nerve loops. Experimental studies have demonstrated that 
by attaching the proximal nerve end‑to‑side to an adjacent 
nerve, the neuromas that form are smaller when compared 
to transection and epineural ligation.[22] However, only 
preliminary clinical studies using this technique have been 
reported with small patient numbers.[23,24]

The “nerve‑loop” procedure, also referred to as 
“centrocentral nerve union” consists of sequestration 
of regenerating axons and inhibition of regeneration by 
suturing one free nerve ending end to end to another. 
Although there are limited reports of success with this 
technique, we have no successful experience of its use.[25]

Neuroma resection and nerve relocation
The method of nerve translocation into local muscle or 
bone was first introduced by Herndon et al.[26] in 1967. 
Our unit and others have reported favorable results 
using this technique.[27‑30] Therefore, we recommend this 
procedure when the distal portion of the severed nerve 
is absent or irreparable. The neuroma and proximal nerve 
are carefully dissected free of the surrounding tissues for 
a distance that will allow relocation into a local muscle or 
bone without tension [Figure 2]. The neuroma is resected 
and the site for relocation determined in an area free of 
scar tissue or any potential compressive forces. A small 

Figure 1: External neuromodulation requires minimal, inexpensive 
equipment which includes an external neuromodulator, electrocardiogram 
electrode and stimulating probe
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tunnel is dissected in the muscle, and the nerve is buried 
without tension. A single absorbable suture between the 
epineurium and epimysium holds the nerve in place. For 
placement into bone, a cortical hole is drilled obliquely to 
a size slightly larger than the nerve diameter. The nerve 
is relocated into this hole, and a single suture holds the 
epineurium to the adjacent periosteum [Figure 3]. It is 
important not to choose a site just distal to a joint where 
mobilization is likely to put strain on the nerve. It is also 
crucial to ensure there are no kinks or tension on the 
nerve and that it does not angle acutely on entering the 
bone. Our primary preferences for nerve relocation are 
as follows: (1) superficial radial nerve to the undersurface 
of brachioradialis or into radius; (2) palmar cutaneous 
branch of median nerve to pronator quadrates; (3) dorsal 
branch of ulnar nerve to pronator quadrates; (4) lateral 
cutaneous nerve of the forearm to pronator quadrates; 
(5) digital nerves at or distal to distal interphalangeal joint 
to the proximal phalanx; and (6) digital nerves proximal 
the distal interphalangeal joint to the metacarpal shaft.

SURGERY FOR NEUROMAS‑IN‑ 
CONTINUITY

There is an even greater debate in the management of 
in‑continuity neuromas. The treatment options fall into the 
following broad categories: (a) neurolysis alone, (b) nerve 
wrapping, (c) neuroma resection and reconstruction, 
and (d) neuroma resection and relocation.

Neurolysis alone
Preservation of functional sensitivity is vital for nerves 
such as the median and ulnar nerves. In these situations, 
neurolysis alone or nerve wrapping usually maintains the 
integrity of the intact axonal tissue. External neurolysis 
theoretically restores movement, thereby, preventing further 
scar adherence to the nerve, a suggested trigger for pain.[31,32] 
A study of neurolysis alone in upper trunk brachial plexus 
neuroma‑in‑continuity revealed a functional improvement 
following neurolysis alone in cases where there was more 

than 50% conduction demonstrated intraoperatively across 
the nerve.[33] Opponents of neurolysis alone, however, warn 
of the risks of segmental revascularization and significant 
scar formation.[34] This has led to the development of 
techniques designed to prevent recurrent scarring such as 
wrapping the nerve in a variety of protective substances.

Nerve wrapping
First described by Masear et al.,[35] vein wrapping[36] has 
been reported as a successful technique in the management 
of both refractory cubital and carpal tunnel syndromes. 
Initially, glutaraldehyde‑preserved allograft was used but 
has since been shown to cause increased scarring and 
adherence compared to autograft vein.[37] Our unit has 
not had success with either technique and our limited 
experience of re‑exploration in these cases the nerve was 
found to be tethered at both the proximal and distal sites 
on entry and exit of the vein graft. In general, we prefer to 
use vascularized fascia to wrap nerves. The largest series of 
vein wrapping to date has been reported by Kokkalis et al.[38] 
who performed the procedure on seventeen patients for 
recalcitrant ulnar nerve compression at the elbow. Although 
they reported a significant reduction in symptoms in most of 
the patients, pain was not abolished in any single case.

For neuromas involving the critical ulnar and median 
nerves at the wrist or forearm, it has been our practice 
to use local fascial flaps to wrap the nerve, occasionally 
incorporating overlying skin and fat. Our unit has 
previously presented results of the analysis of 14 cases 
of neurolysis and fascial wrapping for nerves‑in‑continuity 
of the distal forearm or wrist.[39] There was a complete 
resolution of pain in 8 of the 14 patients, and 2 more 
patients had only mild pain at 6 month follow‑up. This 
technique was also used for the branches of the median 
and ulnar nerves to the palm and digits in an effort to 
preserve distal sensation, using division and relocation 
as a secondary procedure in the case of failure. We 
have found that there is little functional loss with the 
relocation of these nerves and have had greater success in 
abolishing pain with this technique.

Figure 2: Technique of palmar cutaneous nerve relocation to pronator 
quadratus. (a) Preoperative skin marking shows neuroma of the palmar 
cutaneous branch of the median nerve; (b) dissection of palmar 
cutaneous nerve to origin from median nerve; (c) nerve relocated into 
muscle; (d) suture securing epineurium to epimysium
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Figure 3: Technique of relocation of dorsal branch of ulnar nerve 
into ulna. (a) End neuroma of dorsal branch of ulnar nerve; (b) nerve 
dissected proximally; (c) nerve end can be placed in the ostium in distal 
ulna without tension; (d) epineurium is sutured to the periosteum to 
prevent displacement of nerve end
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Neuroma resection and reconstruction
With a neuroma‑in‑continuity, there is an option to resect 
the neuroma and reconstruct the nerve. Again the same 
factors as mentioned previously will be considered (the 
functional importance of the nerve, the patient’s desires, 
occupation, age). For noncritical nerves, we prefer to 
relocate the nerve as any loss of the remaining function is 
well‑compensated for by relief of pain.

Neuroma resection and relocation
As discussed above, we now routinely relocate painful 
nerves as a primary procedure. Although yet to be 
published, our unit recently reviewed outcomes for 
relocation in this subset of patients who nerves were 
determined clinically or intraoperatively to be intact, that 
is, neuromas‑in‑continuity or tethered in surrounding scar 
tissue. Pain completely resolved in 21 of 23 patients. In 
the others pain reduced significantly in severity. Just 
2 patients experienced mild pain at the site of relocation. 
The technique of relocation is the same as that for 
terminal neuromas as described previously.

FUTURE DIRECTIONS

Our treatment of choice in cases of neuromas involving 
the median and ulnar nerves refractory to nonsurgical 
means is neurolysis and wrapping the critical nerve in local 
vascularized fascia. It is usually easy to raise an adequate 
sized flap for this purpose based on the ulnar or radial 
arteries in the previously unscarred forearm. However, 
following multiple procedures the local tissue may be 
of substandard quality. Del Pinal et al.[40] have reported 
the use of free vascularized adipofascial flaps in scarred 
beds in the forearm and hand to improve tendon gliding. 
The technique of free tissue transfer has been described 
previously to address scarred nerve beds of the brachial 
plexus.[41,42] We are not aware of its application at more 
distal sites, and it is an avenue for future development.

Free fat grafting is one of the new ways to treat 
neuromas.[43] This technique is minimally invasive and can 
be repeated. It has been shown to be valuable in treating 
Dupuytren’s contracture and Raynaud’s disease. Currently, 
we have no experience of this technique. We believe that 
there is a greater benefit from transferring vascularized 
fat attached to a fascial flap as it avoids the risk of fat 
necrosis seen with transferring aspirated fat.

Recently, there has been an introduction of biological and 
synthetic polymers to the field of nerve reconstruction. 
Excellent outcomes in terms of sensory recovery have 
been demonstrated using some of these materials 
as alternatives to autologous nerve grafts.[44,45] The 
limitations include the length of the defect that can be 
treated (which is not longer than 2 cm). The importance of 
the alignment in nerve guide conduits has been recently 
revealed, and the designers of the conduits are taking 
this into account.[46] Furthermore studies of Schwann 
cell‑seeded biodegradable poly(d, l‑lactic acid) conduits 
demonstrated additional trophic and physical support, 
improving recovery.[47]

CONCLUSION

Pain following traumatic peripheral nerve injury falls into 
the category of neuropathic pain as defined by the 
international association for the study of pain yet these 
injuries are not frequently included in the neuropathic 
pain literature. Although there are several epidemiological 
and quality of life studies relating to neuropathic pain, 
very few of these studies include peripheral nerve 
injuries.[48‑51] This lack of knowledge was highlighted 
in a review by Novak and Katz.[52] They concluded that 
there is very little information on incidence and severity 
of neuropathic pain, the associated disability, impact on 
quality of life or health status of patients with traumatic 
peripheral nerve injuries. Most studies report only on 
the physical impairment related to motor and/or sensory 
recovery. There are, however, a large number of reports 
detailing intervention outcomes that shows the enormity 
of the problem and the lack of a single reliable solution.

Determining the cause of postinjury pain is the key to 
success in treatment and can often be achieved by a 
thorough clinical evaluation alone. Injury of a sensory 
nerve may result in altered sensation or anesthesia in 
the distribution of the nerve. Unless accurate coaptation 
of the epineurium is achieved, neuroma formation is 
inevitable but is not in the majority of cases painful. 
The two main processes believed to be responsible for 
neuroma‑mediated pain are local persistent mechanical 
or chemical stimulation of the nerve ending and 
central stimulation of dorsal ganglion, spinal cord and 
central nervous system pathways. This understanding has 
led to the development of techniques to wrap the nerve 
or move the nerve to a site where it is less irritated.

A multitude of surgical techniques has been described in 
cases that fail conservative measures. Indeed, such a wide 
array of treatments suggests that there is no single way of 
completely and effectively managing peripheral neuromas 
with surgery. There are some general principles, which 
guide the surgical choice. If the nerve injury is recent, 
we explore immediately with the aim to primarily repair 
the nerve if possible or resect the injury and reconstruct 
with autologous nerve grafts. In the case of established 
neuromas‑in continuity, where the nerve provides a distal 
critical function such as in the case of the median or ulnar 
nerves, every effort is made to preserve the functional 
elements. Our procedure of choice is neurolysis and 
wrapping the nerve in a local vascularized fascial flap. 
When the smaller cutaneous nerves or digital nerves 
are involved, we generally opt for relocation to a site 
determined by the nerve injured and the level of injury. 
End‑neuromas of these smaller cutaneous nerves are 
managed similarly with relocation to local muscle or bone.
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INTRODUCTION

Neuropathic pain is a complex, chronic pain state caused 
by a lesion of the somatosensory nervous system.[1] It 
usually results from tissue injury and excludes pain from a 
condition preceding surgery.[2] Neuropathic pain can arise 
from damage to the nerve pathways at any point from 
the terminals of the peripheral nociceptors to the cortical 
neurons in the brain. In this type of pain, nerve fibers 
may be damaged, dysfunctional, or injured, resulting in a 
change in nerve function at both the site of injury and 

adjacent tissue. These damaged nerve fibers in turn send 
incorrect signals to other pain centers.[3]

Neuropathic pain is characterized by spontaneous and 
provoked pain mostly of a burning character, by positive 
symptoms such as paresthesias and dysesthesias, and by 
negative signs (sensory deficits) reflecting neural damage. 
Sensory disturbances in the area of surgery show a 
strikingly strong association with persistent postsurgical 
pain, suggesting nerve damage as a contributing factor in 
a significant portion of cases.[2,3] Many investigations have 
confirmed the relevance of surgery as the initiating event 
for the development of persistent pain, even after a minor 
operation, such as tooth extraction.[1]

Bilateral sagittal split osteotomy (BSSO) is a common 
procedure used to treat mandibular deformity. Because 
mandibular osteotomies are performed in close proximity 
to the neurovascular bundle in the mandibular canal, there 
is a high risk of injury to the inferior alveolar nerve (IAN).[4‑6] 
IAN injury during surgery largely results from manipulation 
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of the nerve, its vascular supply, or structures surrounding 
the nerve during surgery.[7‑9] The placement of semi‑rigid 
fixation plates and screws may also cause nerve damage 
either directly or via compression of the nerve between 
bony segments after screw fixation.

Inferior alveolar nerve‑related neuropathic pain following 
iatrogenic damage to the nerve is a disabling condition 
that severely affects the quality of daily life.[10‑12] This review 
covers the current knowledge regarding neuropathic pain 
after BSSO and its incidence, pathophysiology, risk factors, 
management, and steps for prevention.

NEUROPATHIC PAIN AFTER BILATERAL 
SAGITTAL SPLIT OSTEOTOMY

Incidence
No single accurate value appears to be available for the 
overall prevalence of neuropathic pain. The development 
of chronic pain after surgery is fairly common, with 
estimates ranging from 10% to 50% after many common 
operations.[13] The pain may be severe in 2‑10% of these 
patients and is usually considered to be neuropathic.[14,15]

Information about neuropathic pain following orthognathic 
surgery is sparse.[16,17] Borstlap et al.[18] prospectively 
followed 222 patients after BSSO surgery and reported 
no incidence of neuropathic pain. The reported incidence 
of neuropathic pain in the literature after mandibular 
osteotomies is less than 1% while the reported incidence 
in patients with iatrogenic IAN injuries during BSSO can 
be as high as 45%. Marchiori et al.[19] reported seven cases 
of neuropathic pain among 1671 patients after BSSO, 
for an incidence of 0.42%, while Politis et al.[20] reported 
6 cases of neuropathic pain from 900 BSSOs with an 
incidence of 0.67%.

Other reports[16,21] describe an incidence as high as 5% 
of neuropathic pain among patients who sustained 
peripheral trigeminal nerve injuries after sagittal split 
ramus osteotomy. Teerijoki‑Oksa et al.[22] prospectively 
followed 19 patients after BSSO surgery and found a 5% 
overall occurrence of neuropathic pain at 1‑year follow‑up, 
which is similar to the overall estimated incidence of 
neuropathic pain after traumatic and iatrogenic nerve 
injuries.[23] Jääskeläinen et al.,[21] on the other hand, 
found a 45% incidence of neuropathic pain in 58 patients 
with iatrogenic sensory deficits of the IAN and lingual 
nerve (LN).

Microsurgical repair of a damaged IAN after orthognathic 
surgery does not alleviate neuropathic pain if the latter 
was present before the repair. Furthermore, it does 
not cause neuropathic pain if the pain was not present 
beforehand.[17]

Mechanism of nerve damage
The IAN is at significant risk in all stages of 
surgery [Table 1], and nerve manipulation during BSSO 
is a known risk factor for nerve injury.[24] This nerve can 
be damaged at the following points: the spyx during the 
placement of a retractor posterior to or above the lingual, 

the ascending ramus during a horizontal osteotomy cut, 
the bone cut at the lower border of the mandible, the 
connecting bone cut between the lower border and the 
buccal osteotomy of the mandibular body, with chiseling 
during the sagittal split, between bone fragments after the 
bony movement, during placement of the osteosynthesis 
material and during insertion of an osteosynthesis screw.

Grades of nerve injury are categorized into neuropraxia, 
axonotmesis, or neurotmesis, depending on the extent of 
the damage.[25] In clinical settings, various combinations 
of nerve damage can coexist, giving rise to a variety of 
sensory dysfunctions. After a peripheral nerve lesion, 
aberrant regeneration may occur.[26] In some patients, 
neurons become unusually sensitive and develop a 
spontaneous pathological activity, abnormal excitability, 
and heightened sensitivity to chemical, thermal, and 
mechanical stimuli. Persistent pain or neuropathic 
pain such as allodynia, and pain and discomfort with 
occlusion[27,28] can occur.

CLINICAL CHARACTERISTICS OF  
NEUROPATHIC PAIN

The main features of neuropathic pain include constant 
pain, which can be superficial or deep, sharp or aching, 
lancinating pain (i.e. sudden and sharp, severe bursts of 
pain), and allodynia (i.e. pain experienced after normally 
nonpainful stimuli, like light touch). The discomfort 
is usually of a chronic nature and may be described by 
the patient as a burning sensation, a sharp, stabbing, or 
shooting pain, or “like an electric shock”.[20]

The complaints often seem to be out of proportion to the 
pain that would be expected to accompany the original 
injury.[3,19] Neuropathic pain resulting from axonal nerve 
injury is often associated with crushing or stretching 
nerve injuries rather than total nerve transaction.[20] 
Other characteristics of neuropathic pain include a lack 
of response to anti‑inflammatory pain killers (nonsteroidal 
anti‑inflammatories, paracetamol), improved symptoms in 
the mornings, minimal sleep disturbance, and worsening 
during the day or with stress, fatigue, and illness.

RISK FACTORS FOR NERVE DAMAGE 
AND NEUROPATHIC PAIN

The proximity of the mandibular canal to the lower border 
of the mandible is an important factor in self‑reported 
hypoesthesia of the lower lip.[27] The exposure and 

Table 1: Location, cause, and type of nerve damage 
during BSSO
Location Cause Type of lesion
Spyx Retractors Compression
Osteotomy 
area

Chisels, compression bony 
surfaces, freeing nerve, 
screws, piezo, drill, saw

Compression, 
crushing, 
transection

Lower border Partial or total transection Drill, saw, piezo

BSSO: Bilateral sagittal split osteotomy
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dissection of the IAN from the mandibular canal during 
surgery has been shown to significantly increase the 
risk of neurosensory disturbance, while patients with a 
laceration of the IAN have higher chance of developing 
neuropathic pain.[29]

Genioplasty and age at the time of surgery are significant 
predictors of hypoesthesia after BSSO, a 1‑year increase in 
age may increase the odds of hypoesthesia of the lower 
lip by 5%, and the odds of hypoesthesia for patients with 
concurrent genioplasty are 4.5‑fold greater than the odds 
for patients without concurrent genioplasty. Other factors 
include smoking and gender (women are at higher risk for 
hypoesthesia).[27,29]

Patients most likely to develop neuropathic pain after 
BSSO are older than fourty‑five years and have undergone 
a procedure involving compression or partial severance 
of the IAN or complete discontinuity of the LN with a 
proximal stump neuroma. Others at risk include those 
with nerve injury repair delayed past twelve months, 
patients with chronic illnesses that compromise healing 
or enhance the risk for developing peripheral neuropathy 
(e.g. diabetes mellitus) and patients with preexisting 
chronic pain from any cause (e.g. lower back pain, 
postthoracotomy syndrome). Furthermore, potentially at 
risk are patients with certain psychological features such 
as depression, anger issues, posttraumatic stress disorder, 
and victims of abuse who have lost the ability to trust.
[19,26,30,31] Patients undergoing orthognathic surgery are 
usually young and healthy, which may explain the low 
incidence of neuropathic pain after BSSO surgery.

THE PATHOPHYSIOLOGY OF  
NEUROPATHIC PAIN

Chronic neuropathic pain represents a heterogeneous 
group of diseases in which pain is caused by nerve damage 
owing to various etiologies. Before pain is perceived in the 
central nervous system, different descending mechanisms 
must modulate the initial nociceptive stimulus. The 
imbalance between the amount of stimuli and the efficacy 
of modulation mechanisms is processed as the sensation 
of pain. High‑magnitude or repetitive nociceptive 
impulses cause peripheral and central neuronal changes, 
leading to the maintenance and exacerbation of the pain 
sensation.[26] These alterations are often irreversible and 
responsible for patient reports of long‑term pain, even 
after many unsuccessful treatments. Most of the current 
ideas regarding the pathophysiology of neuropathic pain 
originated from experimental work in animal models. The 
underlying mechanisms are described below.[26]

Peripheral sensitization
Pain sensations are normally elicited by activity in 
unmyelinated (C‑) and thinly myelinated (Aδ‑) primary 
afferent neurons. These nociceptors are usually silent 
in the absence of stimulation and respond best to 
potentially noxious stimuli. Neurons become abnormally 
sensitive after damage to peripheral nerves and develop 
pathological spontaneous activity.[32] These pathological 

changes result from molecular and cellular changes at the 
level of the primary afferent nociceptor that are triggered 
by the nerve lesion. They are expressed as increased 
spontaneous firing, lowered activation threshold, and 
expanded receptive fields.[33]

Central sensitization
Hyperactivity of the peripheral nociceptor results in 
secondary changes in the dorsal horn of the spinal cord 
with an associated increase in general excitability of 
multi‑receptive spinal cord neurons. This hyper‑excitability 
is manifested by increased neuronal activity in response 
to noxious stimuli, expansion of neuronal receptive fields, 
and spread of spinal hyper‑excitability to other segments. 
Central sensitization is initiated and maintained by 
activity in pathologically sensitized C‑fibers. Importantly, 
the activation of both descending facilitatory and 
inhibitory supraspinal pain control systems requires 
intense noxious stimulation, resulting in activation of 
these brainstem centers to finally activate the descending 
arm of thespino‑bulbo‑spinal circuit.[26] An imbalance 
between facilitatory and inhibitory systems, with higher 
activity in the former and lower in the latter, contributes 
to central neuronal sensitization and to the development 
and maintenance of pain.[26]

Deafferentation: hyperactivity of central pain 
transmission neurons
Some patients experience a profound cutaneous 
deafferentation of the painful area without significant 
allodynia. In BSSO and orofacial neuropathic pain, 
the simultaneous occurrence of an exposed nerve or 
partial axonal IAN injury together with disruption of 
the bony environment of the IAN is a risk factor.[34] The 
formation of a neuroma from a severed nerve ending 
has been associated with neuropathic pain, which is 
attributed to altered sensory processing in either the 
trigeminal ganglion or the central trigeminal nerve 
center.[35] Politis et al.[20] found no visible nerve damage 
on panoramic radiographs or magnetic resonance 
imaging (MRI) or computerized tomography (CT) scans in 
their case series of neuropathic pain after BSSO surgery, 
except in one patient in whom neuropathic pain started 
after loss of fixation and pathological movement of the 
bone segments due to pseudarthrosis. In this patient, 
the neuropathic pain disappeared after bone grafting and 
stabilization of the segments with adequate fixation.

Compression or crush lesions cannot be routinely 
visualized after orthognathic surgery by either CT or 
MRI secondary to artifacts from orthodontic appliances. 
Pathologic elongation of the nerve in BSSO surgery is 
certainly possible when the mandible has been surgically 
widened after a BSSO advancement with a midline split. 
Here too, cone beam CT, CT, and MRI cannot be used to 
directly visualize the nerve damage.

DIAGNOSIS

The diagnosis of neuropathic pain should be made only 
when the history and signs are indicative of neuropathy 
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in conjunction with a neuro‑anatomically correlated pain 
distribution and sensory abnormalities within the area of 
pain. There should be partial or complete sensory loss 
in all or part of the painful area, and confirmation of a 
lesion or disease by quantitative sensory testing, surgical 
evidence, imaging, clinical neurophysiology, and/or 
biopsy.[23]

Neuropathic pain should also be differentiated from 
other similar orofacial pain. The differential diagnosis of 
neuropathic pain includes inflammatory pain, traumatic 
trigeminal neuropathy, persistent idiopathic facial pain 
(atypical facial pain), atypical odontalgia, complex regional 
pain syndrome, and trigeminal neuralgia.[23]

MANAGEMENT

Neuropathic pain tends to be long‑lasting, although 
some patients recover completely, and others may find 
relief with pharmacotherapy and learn to cope with 
their symptoms. Neuropathic pain is treated mainly with 
anti‑depressants and anti‑epileptics, whereas simple 
analgesics are not efficacious. Management of pain 
should be tailored to the individual patient on the basis 
of pain type(s), the causative disease(s), and psychosocial 
aspects.

Psychological management
The assessment of neuropathic pain needs to include the 
measurement of multiple aspects of the quality of life. 
Mood, physical and social functioning, and pain‑coping 
strategies such as catastrophizing and social support 
are all important domains. As with other chronically 
painful conditions, cognitive‑behavioral interventions 
may improve the quality of life in neuropathic pain 
conditions.[31] Reassurance and counseling of patients with 
neuropathic pain will go a long way toward alleviating 
their condition.

Medication
Neuropathic pain treatment remains unsatisfactory despite 
a substantial increase in the number of trials.[36] The use 
of low‑dose anti‑depressants (amitriptyline, nortriptyline) 
is effective for symptomatic relief.[37] carbamazepine, 
phenytoin, and valproic acid are effective in ameliorating 
diabetic neuropathy‑related pain. Other anti‑epileptic 
agents, including lamotrigine, oxcarbazepine, and 
topiramate, show some benefit for the treatment of 
neuropathic pain, although some studies have found them 
to be ineffective.[37,38]

Topical 5% lidocaine patches offer a new therapeutic 
alternative for patients suffering from neuropathic 
pain. These patches have been shown to be useful in a 
subgroup of patients.[39]

In BSSO patients, an accurate preoperative patient 
history, as well as early identification of the patient with 
severe or prolonged pain with the aim of initiating pain 
treatment as early as possible, is the key to success.[29,34] 
Kuhlefelt et al.[29] suggest that patients with IAN damage 
after BSSO be put on neuropathic pain medication 

immediately postoperatively before pain is well established. 
Psychological support and the volunteer of information by 
the surgeon are also important at this time.

Surgical management
Early repair of nerve injury has been deemed to be the 
most critical factor in the surgical management and 
prevention of neuropathic pain. For example, once the 
neuropathic pain has set in, late surgical trigeminal nerve 
repair will not improve the patient’s symptoms.[20] When 
an iatrogenic nerve injury is suspected, regular follow‑up 
is advised. If there is no improvement during 10‑12 weeks 
of follow‑up or there are complaints of dysesthesia, 
surgical exploration, localization, and immediate repair or 
repair within days is advised. Repair should be carried out 
with a tension‑free approximation.

PREVENTION

Patient profiling should be done and identification of 
risk factors for developing neuropathic pain made in 
all patients scheduled for orthognathic surgery. Proper 
localization of the IAN before BSSO is also an essential 
preventive step. The advent of cone beam CT has made 
IAN canal assessment in three‑dimensions possible.

Furthermore, the development and modification of 
surgical techniques to reduce nerve injury during BSSO, 
such as safe surgical access to the mandibular nerve at 
the infratemporal fossa,[40] and a modified technique to 
control the lower mandibular border cut,[41] have been 
critical in reducing the incidence of damage to the IAN. 
Also useful is assessment of the IAN during BSSO, as by 
continuous monitoring of the status of the mandibular 
nerve through observation of changes in the sensory 
action potentials of the nerve during surgery.

Severe nerve injuries often result from drilling too 
deep past the bone into the nerve, or from placing 
the osteosynthesis screw on the nerve during fixation. 
The use of intraoperative CT during BSSO allows for 
the intraoperative evaluation of osteosynthesis screw 
penetration and depth. Intraoperative CT also allows for 
immediate assessment of treatment and provides the 
option to modify treatment if necessary. These preventive 
measures will help reduce the incidence of neuropathic 
pain and improve the quality of life of BSSO patients.

CURRENT TRENDS AND FUTURE  
PROSPECTS

Because neuropathic pain after BSSO involves an injured 
peripheral nerve which sends incorrect signals to neurons 
located in Meckel’s cave, a temporary inhibition of 
such signals might be beneficial. Affordable long‑acting 
liposomal local anesthetics, navigation guided procedures 
targeted at the exit of the mandibular nerve in the oval 
foramen, and miniaturized intra‑oral neurostimulators 
applied proximal to the site of the nerve damage are 
possible treatment options that are currently under 
investigation.
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CONCLUSION

Neuropathic pain after BSSO surgery is rare in spite of 
the frequent hypoesthesia that accompanies this surgical 
procedure. Contributing factors include patient factors 
(age, gender, patient profile), nerve‑related factors 
(elongation, crushing, compression, transection), and local 
factors around the nerve (ischemia, bone infection). Once 
neuropathic pain has been established for more than 
three months, microsurgical nerve repair is unlikely to be 
successful in relieving the pain.
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INTRODUCTION

Ulnar nerve neuropathy at the elbow represents the second 
most frequent compression neuropathy of the upper 
extremity.[1] The ulnar nerve may be compressed at the 
elbow region in the following five different anatomical areas,[2] 
listed from proximal to distal: (1) arcade of Struthers, (2) the 
proximal epitrochlear region, (3) the epitrochlear‑olecranon 
channel, (4) the fibrous arch between the humeral and 
ulnar portions of the flexor carpi ulnaris (FCU), better 

known as Osborne’s arcade, and (5) the vertical fibrous 
septum that originates from the ulna and separates 
the ulnar nerve and the ulnar part of the FCU from 
the pronator‑flexor muscles innervated by the median 
nerve[3] [Figure 1a and b]. The epitrochlear‑olecranon 
channel and Osborne’s arcade or ligament are the most 
frequent areas of compression. An additional cause of 
nerve damage at the epitrochlear‑olecranon level is 
nerve instability. This is a dynamic process in which the 
ulnar nerve dislocates anteriorly during elbow flexion, 
reaching the epicondylar crest (subluxation) or passing 
over it completely (luxation). Ligamentous laxity or 
the absence of stabilization mechanisms[4,5] causes a 
continuous snapping of the nerve over the epitrochlea, 
and in the case of complete anterior dislocation, the 
nerve kinks at the Osborne arcade, causing nerve friction 
and constriction leading to chronic neuropathic pain.[6] 
Various surgical procedures have been described for the 
treatment of cubital tunnel syndrome, including in situ 
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decompressions,[7] medial epicondylectomy,[8] subcutaneous 
transposition,[9] intramuscular transposition,[10] and 
submuscular transposition.[11] However, as reported in the 
first description of this neuropathy by Panas[12] in 1878, 
surgical treatment frequently yields poor results and may 
worsen the initial clinical condition. In a recent study 
conducted by the American Association of Hand Surgery,[13] 
61% of surgeons reported inferior results following surgical 
ulnar nerve decompression at the elbow compared with 
the results obtained following decompression after 
carpal tunnel release (44% satisfactory results vs. 88%, 
respectively).

According to the literature, no surgical technique may be 
defined as superior to the others.[14‑16] The persistence 
of preoperative symptoms after surgery is defined as 
failure, whereas the reappearance of symptoms after 
a period of relief is defined as recurrence, and surgical 
revision is indicated in both cases.[15] Preoperative 
factors that may be associated with poor results after 
surgery depend on multiple elements, including an 
incorrect diagnosis,[17] advanced neuropathy with a 
neurological lesion and muscular atrophy,[18] coexisting 
pathologies such as double crush syndrome,[16] cervical 
spine radiculopathies,[19] thoracic outlet syndrome,[20] 
ulnar compression syndromes at the wrist, endocrine 
disorders such as diabetes mellitus or thyroid disease, 
and polyneuropathies, particularly if they are associated 
with muscular atrophy or decreased sensation.[13] Some of 

these conditions may mimic ulnar nerve syndrome at the 
wrist, which, in addition to the different symptoms noted 
by patients, may render recognition of ulnar neuropathy 
at the elbow difficult.

CAUSES OF FAILURE AFTER PRIMARY 
SURGERY

Failure after surgery is mainly due to procedural errors or 
technical omissions, frequently represented by incomplete 
nerve decompression, failure to recognize nerve instability 
after the nerve has been decompressed, loosening of 
the nerve anchor after superficial nerve transposition 
with consequent spontaneous nerve relocation in the 
epitrochlear‑olecranon channel, perineural fibrosis and 
neurodesis that creates a new site of nerve compression 
in areas different from those affected by the original 
compression, unintended injury to one or more sensory 
regional nerves or to the ulnar nerve itself, articular elbow 
instability due to unintended injury to the ulnar collateral 
ligament, or elbow stiffening in the flexed position.

It is widely accepted that when primary nerve 
decompression is performed, only one of the five possible 
sites of compression is generally found to actually be 
responsible for the nerve impingement,[2] and these sites 
are usually the epitrochlear‑olecranon channel or the 
Osborne fibrous arcade. The surgeon’s experience will 
generally determine the decision to proceed with a wide 
nerve decompression or to perform a limited procedure.[15]

The creation of a new nerve compression site may be 
realized when the anteriorly transposed nerve has not 
been widely released before the transposition. In fact, 
regardless of the method employed, when the nerve is 
anteriorly transposed, a new and nonanatomical path is 
created. It is therefore mandatory that the nerve lies in 
a soft and loose tissue bed such that no compression 
is endured by the nerve, which can occur when the 
medial intramuscular septum is not released or when 
the nerve kinks between the ulnar part of the FCU and 
the flexor and pronator muscle groups.[13,14,16,21] To avoid 
such compression, when transposition is performed, 
it is advisable to widely release the nerve by opening 
the cubital channel and Osborne’s arcade, removing the 
medial muscular septum, and opening both the arcade 
of Struthers and the septum between the ulnar stump of 
the FCU and the flexor‑pronators.[13] When in situ nerve 
decompression is completed, dynamic nerve instability 
during elbow flexion may occur (nerve subluxation or 
luxation), and the omission of nerve stability evaluation 
is considered to be a technical error. According to the 
literature,[22] more than 50% of failures after simple 
decompression are due to the misdiagnosis of nerve 
instability. In cases of nerve instability, anterior nerve 
transposition, either deep or superficial, should be 
considered. Notably, nontraumatic nerve debridement and 
release, including that for a long tract (10‑15 cm), does 
not damage the nerve or cause its devascularization, as 
was previously believed.[13,15,23]

Figure 1: (a) There are five possible areas of ulnar nerve compression 
at the elbow level. (1): Arcade of Struthers;  (2): proximal epitrochlear 
region; (3): epitrochlear‑olecranon channel; and (4): fibrous arch 
between the humeral and ulnar parts of the flexor carpi ulnaris (FCU), 
better known as Osborne’s arcade; (b) the figure shows the opening of 
Osborne’s arcade (4) with the release of the septum between the ulnar 
part of the FCU and the flexor‑pronator group (5). (1), (2) and (3) indicate 
the release of the other areas of decompression

b

a
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Perineural fibrosis prevents the nerve from gliding during 
elbow excursion and may be related to patient predisposition 
or to improper intraoperative manipulation of the 
nerve.[14] Fibrosis following simple decompression can 
cause adherence of the nerve to the epitrochlear‑olecranon 
channel and can additionally cause the channel’s closure 
due to the scarring at Osborne’s ligament. Fibrosis after 
anterior transposition may occur independently of the 
technique employed and usually occurs at the site of a 
technical error or omission. Following superficial nerve 
transpositions, in particular, fibrosis preferentially localizes 
to the anterior soft tissue area and the epitrochlear region. 
According to the literature, superficial transposition 
presents the highest percentage of failure, suggesting that 
this technique has some intrinsic limitations represented 
by the position of the nerve under the skin, in a 
relatively hypovascular tissue susceptible to trauma.[13,15] 
During anterior transposition, unintended injury to the 
subcutaneous antebrachial nerves may occur, leading to the 
formation of painful neuromas. During harvest of the ulnar 
nerve, in 61% of cases, 1 to 3 sensory nerves can be found 
proximal to the epicondyle (at a mean level of 1.8 cm from 
the epicondyle) or distally in 100% of cases (at a mean 
level of 3.1 cm from the epicondyle).[24,13] An unintended 
nerve lesion may produce one or more painful neuromas, 
creating a hyperalgesic or hyperesthetic area in the medial 
part of the elbow, jeopardizing achieving satisfactory 
results from the decompression. Clinical studies have 
reported a nerve lesion rate of up to 90%, which is thought 
to occur secondary to the difficulty in locating and 
protecting these nerves during dissection.[25,26] In contrast, 
lesions of the main trunk of the ulnar nerve are rare. To 
allow anterior nerve transposition, it is generally necessary 
to sacrifice the first motor fascicle to the FCU, which does 
not impair muscular function.[27] Medial elbow instability 
is quite uncommon but may occur following damage to 
the collateral ulnar ligament, particularly during medial 
epicondylectomy, or as a consequence of an excessively 
aggressive anterior submuscular transposition.[28] The ulnar 
collateral ligament is located just below the flexor‑pronator 
group and originates, according to O’Driscoll et al.,[28] 
from the medial epicondyle. Elbow stiffness presents as 
a flexion contracture due to prolonged immobilization, 
inappropriate postoperative rehabilitation, or excessive 
fibrosis formation in the soft tissues. The extension lag is 
generally from 5° to 30°.[1,29,30] Stiffness occurs after deep 
transposition in 5‑10% of cases[14,15,31] and is generally due 
to prolonged immobilization. Following primary deep 
transposition, the authors permit the patient to remove 
the orthesis from the 3rd to 7th day postoperatively, 
for 1‑2 h/day to perform active motion. The orthesis is 
definitively removed 20 days after surgery. In cases of 
persistent stiffness, adequate rehabilitation, and medical 
therapy are typically required.

CLINICAL EVALUATION

After obtaining a thorough clinical history, it is 
mandatory to verify the absence of neurological disorders 
originating from the upper extremities and cervical spine. 

The evaluation may then proceed to the elbow with the 
evaluation of the position and extent of the surgical scar, 
as well as palpation of the ulnar nerve along its course, 
which may be inside the epitrochlear‑olecranon channel 
or medial to the epicondyle if nerve transposition was 
performed. Areas of tenderness and nerve instability 
during elbow articular motion are carefully investigated. 
In cases of ulnar neuropathy at the elbow, palpation 
along the course of the nerve may trigger a Tinel’s sign 
with the characteristic spread of paresthesias along 
the area innervated by the nerve up to the 4th and 
5th fingers or, in the case of antebrachial sensory nerve 
neuropathies, to the medial part of the elbow and the 
medial proximal third of the forearm. An important 
provocative test is the “pressure‑flexion test”[32] in which 
pressure is exerted on the ulnar nerve for 1 min while 
the elbow is flexed. Sensitivity testing of the cutaneous 
territories of the ulnar and median nerves of the hand 
should be performed.[14] The clinical evaluation is 
completed by motor testing. Advanced neuropathy is 
indicated by muscular hypotrophy or atrophy of the 
intrinsic muscles innervated by the ulnar nerve. Typically, 
atrophy initially involves the first dorsal interosseous 
muscle and then extends to the hypothenar muscles. 
Assessment for the griffe deformity at the 4th and 
5th fingers (hyperextension of the metacarpophalangeal 
joint and flexion of the interphalangeal joint), 
the Froment and Wartenberg signs (abduction of 
the 5th finger) and the inability to cross the long 
fingers (crossed finger test) complete the motor testing. 
When present, muscle impairment represents a negative 
prognostic factor. In general, the neurological signs are 
less severe, with no alterations in muscle tone, and 
identification is based solely on the clinical evaluation 
of asthenia and/or diminished strength of the intrinsic 
muscles innervated by the ulnar nerve.

INSTRUMENTAL EVALUATION

Electromyography (EMG) is useful in the differential 
diagnosis to exclude radiculopathies, thoracic outlet 
syndrome, and median or ulnar nerve compression at the 
wrist. However, it fails to reveal neuropathies of the small 
sensory nerves in the elbow area. When preoperative 
EMG is performed, the results are particularly useful 
when assessing postoperative symptoms. In cases of 
recurrence, the neurological symptoms worsen, which 
correlates well with the conduction values, confirming 
the indication for surgical revision. Conversely, when 
worsening of the clinical condition is not confirmed by 
conduction studies, the indication for revision surgery 
should be dictated by the severity and persistence of 
symptoms. Notably, in cases of chronic axonal lesions, 
the conduction study results may be unchanged from the 
preoperative values while there is a slight improvement 
in the clinical condition.[14] Therefore, when faced with 
worsening symptoms and unchanged conduction studies, 
it is difficult to determine whether it is more useful to 
base the treatment decision on the symptoms, which 
would suggest surgery, or on the conduction studies, 
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which would suggest a watchful waiting approach in the 
hopes of an eventual late recovery. Among 30 surgical 
revisions for the recalcitrant cubical tunnel, Gabel 
and Amadio[15] performed surgery in 9 patients who 
had normal EMGs, concluding that normal conduction 
values were not sufficient to exclude surgical revision. 
Ultrasound (US) examination may also aid surgeons in the 
decision‑making process. In fact, the dynamic and static 
evaluation of the ulnar nerve may reveal morphological 
alterations to the nerve trunk and to the surrounding 
soft tissues. In the authors’ experience, magnetic 
resonance imaging (MRI) offers less information than 
a well‑performed US. In association with the clinical 
evaluation, these 2 diagnostic tools may assist in the 
decision‑making process. When surgery is postponed, 
and symptoms do not improve in a short period, revision 
surgery should be reconsidered. In conclusion, in some 
cases, particularly in those of primary nerve instability, 
the pre‑ and postoperative conduction studies may be 
negative even in the presence of severe neuropathic 
symptoms. In these cases, US examination and MRI may 
aid in identifying areas of mechanical nerve injury that 
may indicate the need for surgery.

Indications for revision surgery
The persistence or worsening of neuropathic pain, a 
decrease in cutaneous sensitivity with paresthesias along the 
territory of the ulnar nerve in the hand, and muscle deficits 
despite conservative medical treatment are indications for 
revision surgery,[14,33] especially if they are associated with 
significant worsening of the conduction study results.

Techniques in revision surgery
The literature[14‑16] regarding surgical revision of failed 
ulnar nerve decompression at the elbow is limited to a few 
retrospective studies and case reports.[26,29,34] According 
to these reports, superficial anterior transposition is the 
most commonly employed technique for primary surgery 
and presents a failure rate of 60‑80%.[35,36]

The goal of revision surgery is essentially to debride 
the nerve of its surrounding fibrosis that is causing the 
compression and kinking. Neurolysis has an important 
role in the revision of failed surgery of the ulnar nerve 
at the elbow. However, neurolysis cannot be used as an 
isolated technique because simple scar excision activates 
a fibrotic reaction that, within a brief time interval, will 
compress the nerve again, leading to failure.[15] The removal 
of external perineural fibrosis is the primary indication 
for neurolysis.[37‑39] When the fibrosis extends within the 
nerve, among the fascicles, internal neurolysis should be 
considered. However, in such cases, damage to the vascular 
supply of the internal nerve may occur, and severe nerve 
scarring may develop, jeopardizing the attainment of a 
good result even in cases of anterior nerve transposition.[15]

Medial epicondylectomy is not considered a satisfactory 
choice for revision surgery, as demonstrated by poor 
results in all of the cases treated by Goldberg et al.[40] These 
results may be due to the fibrotic and hypovascular tissue 
in which the nerve remains following the procedure.[19]

Anterior nerve transposition (subcutaneous, intramuscular, 
and submuscular) is the most commonly used revision 
technique after a failed nerve decompression,[14,19] in cases 
of nerve instability (nerve subluxation or luxation), after 
medial epicondylectomy, and following a failed anterior 
transposition.

Among nerve transpositions, subcutaneous transposition 
yields unpredictable results when used in revision surgery, 
and, for this reason, it is rarely used by surgeons. If 
the nerve is moved from the cubital channel to reduce 
mechanical stress, it is transposed to a relatively 
hypovascular area[13,15] where it is more exposed to direct 
trauma.[19] Gabel and Amadio[15] noted 12 poor results in 
17 cases, whereas Caputo and Watson[34] reported a 50% 
rate of poor results using this technique.

Intramuscular transposition is rarely used in revision 
surgery, with only two cases described in the literature, 
both of which yielded unsatisfactory results.[15,18]

Submuscular transposition is widely used in revision 
surgery.[41‑43] With this technique, good results may be 
achieved following failed simple decompressions, medial 
epicondylectomy, and failed superficial transpositions.[14‑16] 
If performed using the proper technique, the results 
of anterior submuscular transposition are superior to 
those obtained with other techniques. In contrast, 
if this technique is employed for the treatment of 
failed submuscular transposition, the results are not 
satisfactory.[15] In such cases, division of the epitrochlear 
muscular bridge and superficial transposition of the 
nerve with associated external neurolysis yields good 
results.[34,44]

The following techniques are not effective and are 
rarely used: (1) the relocation of the nerve in the cubital 
tunnel has rarely been used by surgeons, as it is an 
ineffective method of treating recalcitrant ulnar nerve 
compression;[14,22,33] (2) the results of nerve isolation 
with synthetic material, such as silicon or polymeric 
substances, are unsatisfactory;[32,41] and (3) wrapping the 
ulnar nerve with autologous saphenous vein has been 
described with good results.[45,46] Additional studies 
are needed prior to declaring this technique as an 
effective method for the treatment of failed ulnar nerve 
decompression.

The authors prefer nerve isolation by means of 
muscle flaps or fat tissue[16,47] integrated with anterior 
submuscular transposition in cases of extensive perineural 
and soft tissue fibrotic reactions.

Technique preferred by the authors
Anterior deep transposition is the method of choice 
for many surgeons when revision ulnar nerve surgery 
is necessary. When approaching a revision surgery for 
recalcitrant ulnar nerve compression, it can be difficult 
to locate the area of nerve compromise. For this reason, 
a thorough exploration of all of the possible areas of 
compression is necessary, starting from the proximal arcade 
of Struthers to the deep septum between the FCU and the 
flexor‑pronator group.[3,14,15] The skin incision in revision 
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cases is generally longer than the initial incision, both in 
the proximal and distal directions. In the subcutaneous 
tissue, the identification of small regional sensory nerves 
may be difficult because they are frequently incorporated 
in the scar tissue from previous surgeries. It is not 
uncommon to find that one or more of these nerves have 
been severed. Possible neuromas must be removed,[3,14,19] 
and proximal nerve stumps must be cauterized and 
positioned in good‑quality soft tissue, such as the triceps 
muscle.[3,14,19] In cases in which the ulnar nerve is entrapped 
in firm, fibrous scar tissue, it is advisable to begin the 
exploration proximal to the region of the previous incision 
to identify the nerve in a healthy area. Progressing distally, 
the nerve is then released from the scar. Depending 
on the technique used during the first surgery, the 
following three different situations may be encountered: 
(1) the nerve has been decompressed and is still in the 
epitrochlear‑olecranon channel; (2) the nerve is outside of 
the epitrochlear‑olecranon channel because dynamic nerve 
instability has occurred with recurrent anterior subluxation 
during elbow flexion, or because it has been transposed 
anteriorly in the subcutaneous tissue; or (3) the nerve is 
outside of the epitrochlear‑olecranon channel because it 
has been transposed anteriorly under the flexor‑pronator 
muscles. Regardless of where the nerve is located, the 
presence of scar tissue is a consistent pattern, which 
increases both the difficulty of the dissection and the risk 
of nerve damage. In these cases, identification of the nerve 
distal to the cubital channel at the FCU muscle entrance 
is recommended. From there, dissection proceeds in a 
distal to proximal direction. Once the nerve and potential 
compression areas have been released, the following 
different anatomical situations may be encountered: 
(1) the ulnar nerve was previously decompressed only 
and is still located in the epitrochlear‑olecranon channel. 
Proceed with anterior submuscular transposition 

with myotomy of the epitrochlear muscles using the 
Z‑lengthening technique.[16] It is of paramount importance 
that excision of the medial intermuscular septum and a 
complete opening of the distal septum between the FCU 
and the flexor‑pronator muscle group are performed. 
If the transposition has been accomplished properly, 
the nerve will lie in its new location without areas of 
compression or kinking; (2) the ulnar nerve was previously 
transposed anteriorly and superficially, but there is 
currently severe fibrosis that renders nerve debridement 
difficult. If the intermuscular septum was not released 
during the previous surgery, the nerve passes over the 
septum, which dislocates the nerve from beneath, creating 
compression. In other cases, the nerve may be found atop 
the epitrochlear bone as a consequence of an erroneous 
transposition or of a failure of the soft tissue anchorage. 
This situation creates tension along the nerve, resulting 
in acute angulation and kinking of the nerve at Osborne’s 
arcade or at the deep distal septum at the level of the 
FCU. External neurolysis and submuscular transposition 
are performed as described in section A [Figures 2‑5]; and 
(3) the ulnar nerve was previously already transposed. 
Surgery then commences with identification of the nerve 
proximal and distal to the scarred area, isolation of the 
nerve from the point of fibrosis up to the entrance in the 
epitrochlear muscles, and decompression of the arcade 
of Struthers, the intermuscular septum proximally, and 
the deep flexor‑pronator septum distally. Release of the 
nerve at the entrance, exits, and beneath the muscular 
channel is then performed. The nerve is generally found 

Figure 2: When decompression is insufficient, the nerve kinks at 
Osborne’s arcade and is compressed by the intermuscular septum 
when transposed anteriorly. (a) The patient underwent two surgeries 
for simple nerve decompression. The nerve is dislocated anterior to 
the epitrochlear bone, presenting with a pseudoneuroma bulging (*) 
proximal to the compression area at Osborne’s arcade level (>) which 
had not been previously released (<); (b) following decompression at 
zones 4 and 5 (refer to Figure 1) (<) and external neurolysis (*), nerve 
transposition may be performed; (c) anterior submuscular transposition 
using a muscle Z‑lengthening procedure
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Figure 3: Failed nerve decompression treated with superficial anterior 
transposition. (a) The ulnar nerve (*) is fibrotic (<>), swollen, and hard 
to palpation; (b) the intermuscular septum (white arrows) and the distal 
deep septum in zone 5 (black arrows) were not released during the 
initial surgery
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to be entrapped by fibrotic tissue[44] in the new muscular 
channel and neurolysis in necessary. When neurolysis 
alone is insufficient for the release of the nerve or when 
the muscular channel has become fibrotic and does 
not provide adequate vascularization of the nerve, the 
muscular bridge is opened, and the nerve is transferred 
superficially.[34]

POSTOPERATIVE TREATMENT

A brachial‑metacarpal plaster cast is applied for 20 days, 
with the elbow at 100°‑120° of extension. By the 
3rd postoperative day, the patient is allowed to temporarily 
remove the plaster to perform careful active elbow flexion 
and extension movements. From the 7th day, the patient 
begins active careful supination with the elbow at 60°‑90° 
of flexion. From the 15th day, supination with the elbow 
extended is permitted. The plaster is definitively removed 
20 days postoperatively, and the patient is then placed 
under the care of a therapist.

FUTURE DIRECTIONS

Ulnar nerve anatomy at the elbow region and 
pathophysiology of the compression syndrome are 
well‑recognized. Nonetheless, failure following nerve 
decompression alone or with associated anterior nerve 
transposition still occurs. The failure to recognize dynamic 
ulnar nerve instability, idiopathic or induced after in situ 
nerve decompression, represents the most frequent 
procedural error leading to surgical failure. A thorough 
understanding of the mechanisms causing ulnar nerve 
compression and injury would reduce the rate of recurrence.

CONCLUSION

The results of revision surgery following recalcitrant ulnar 
nerve compression at the elbow are inferior to those 

obtained after primary surgery, particularly in patients 
over the age of 50 years, when conduction studies show 
muscle denervation, or when there is a history of multiple 
surgeries.[15] To avoid the misinterpretation that the 
partial resolution of preoperative symptoms is a failure of 
treatment, it is mandatory that the patient be completely 
informed prior to surgery.[16] Chronic axonal degeneration 
is frequently associated with marginal improvement 
of neuropathic pain, tenderness in the compression 
area, and hand dysesthesias,[14,16] without a high rate of 
complete restoration of sensitivity and muscle strength. 
Nonetheless, the clinical advantages remain relevant 
provided that an expert surgeon performs the revision 
surgery.
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INTRODUCTION

The first nerve graft was performed by Phillipeaux and 
Vulpian in 1870.[1] In 1939, Bunnel and Boyes[2] reported 
their experience with thin autogenous nerve grafts, 
which were transplanted with encouraging results. Soon 
thereafter, the clinical outcomes of free autologous nerve 
grafting were improved by the application of cable grafts 
to improve graft revascularization and avoid the central 
necrosis observed in large grafts.[3‑5]

To overcome the problems caused by central necrosis 
due to insufficient vascularization observed with 
nonvascularized nerve grafts (NVNGs),[5] VNGs were 
introduced as a solution to improve nerve graft outcomes.

The first VNG in the upper extremity was a pedicled nerve 
graft, described in 1945 by St. Clair Strange.[6]

In 1976, Taylor and Ham[7] reported the first free VNG: a 
24 cm segment of the superficial radial nerve, based on 
the radial artery, was used to reconstruct a median nerve 
in a case of Volkmann’s ischemic contracture. Since then, 
several experimental and clinical studies have investigated 
the role and effectiveness of VNGs although conclusive 
findings have not been reported. The fact itself that VNGs 
are still named “grafts” instead of “flaps” testifies the 
doubts surrounding the benefits of a vascularized nerve 
repairing a nerve gap.

Although it is generally believed that VNGs perform better 
for longer gaps and larger nerves or in scarred beds, 
evidence is lacking. Whether a more complicated VNG 
procedure is justified or not, and when, is still unclear.

We have performed a review of the literature of both 
experimental and clinical studies on VNGs to find answers 
to the following questions:
•	 What	is	the	theoretical	advantage	of	a	VNG?
•	 Do	VNGs	have	an	efficient	vascularization?
•	 Is	vascularization	of	a	VNG	superior	to	that	of	a	NVNG?
•	 Regeneration	in	VNGs	vs. NVNG
•	 What	are	the	indications	for	a	VNG?
•	 Comparison	of	donor	sites	in	the	upper	and	lower	limbs
•	 How	should	we	consider	 the	nerve	 incorporated	 in	a	
flap?

Vascularized nerve “grafts”: just a graft or a 
worthwhile procedure?
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ABSTRACT
The aim of this review is to extrapolate evidence regarding the use of vascularized nerve grafts (VNGs) 
in peripheral nerve reconstruction and summarize available data on their indications, if any, and 
clinical applications. A review of the literature via the PubMed database was performed with analysis 
of ninety-five articles on the experimental and clinical studies of VNGs. Eight relevant questions were 
selected to be answered about VNGs. VNGs allow faster nerve regeneration and convey a functional 
advantage under certain clinical conditions such as large nerves, proximal lesions, and nonvascularized 
recipient beds. Several donor sites are available which have been being divided by body region in 
this manuscript. VNGs perform better than non-VNGs and provide an advantage in selected cases. 
However, limited availability and donor site morbidity still limit their application. We foresee a wider 
application of vascularized nerve allografts to overcome these problems.
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WHAT IS THE THEORETICAL 
ADVANTAGE OF A VASCULARIZED 
NERVE GRAFT?

A VNG should be theoretically result in a more 
functional nerve for several reasons: (1) vascularization 
is maintained: revascularization of the nerve graft 
restores the extrinsic neural blood vessels; (2) reduction 
of intraneural fibrosis secondary to ischemia facilitates 
axonal regeneration; (3) faster reinnervation reduces 
denervation muscle atrophy; and (4) maintenance of 
vascularization promotes faster Wallerian degeneration 
and clearance of myelin debris, reducing obstruction to 
axonal growth into the graft with faster remyelination of 
regenerated axons.

Nerves have both an extrinsic and intrinsic blood supply. 
The extrinsic system consists of arteries and veins that 
accompany a nerve outside of its epineurium for a 
variable distance along its length. The intrinsic system 
consists of epineural, perineural and endoneural vessels 
running longitudinally within the nerve. The two systems 
freely interface through the vasa nervorum, which pass 
through the mesoneurium.

Conventionally, interpositional nerve grafting interrupts 
both the extrinsic and intrinsic systems, which can be 
restored only by peripheral neovascularization. Lind and 
Wood[8] suggested that early ischemia of conventional 
nerve grafts may be associated with sufficient graft 
necrosis to hinder the stromal function of the graft as a 
conduit for advancing axons.

Revascularization of a nerve graft is carried out in two 
ways: vessels from the surrounding tissue bed grow 
into the graft tissue (centripetal revascularization) and 
vessels from the end of the graft sprout into the existing 
vascular tree (inosculation). Vascular ingrowth from the 
surrounding tissues is the most important.[8,9] As donor 
nerve caliber increases, the ability for neovascularization 
to reach the center of the nerve decreases.[2,5] 
Experimental and clinical evidence have confirmed that a 
critical diameter is reached beyond which central necrosis 
will result.[10‑12]

DO VNGs HAVE AN EFFICIENT 
VASCULARIZATION?

Several clinical and experimental studies have demonstrated 
that free and pedicled VNGs do have an efficient 
vascularization, that their extremities bleed well after 
isolation and transfer, that they are well‑perfused and that 
their anastomoses stay patent.[13]

It has been postulated that VNGs can be performed 
without the need for venous anastomosis because they 
drain through their cut ends. El‑Barrany et al.[14] have 
described five types of nerve vascularization patterns 
in relation to their feasibility for harvest as VNGs: 
(1) no dominant arterial pedicle; (2) one dominant 
arterial pedicle; (3) one dominant arterial pedicle that 

divides into two branches which course along the nerve; 
(4) multiple dominant arterial pedicles; and (5) multiple 
dominant arterial pedicles which form a continuous artery 
accompanying the nerve.

According to the authors, the best nerves for use as VNGs 
are the superficial radial nerve and the deep peroneal 
nerve (type 2 grafts), the saphenous nerve (type 4 graft) 
and the ulnar nerve (type 5 graft).[14]

Taylor and Ham[7] also classified peripheral nerves according 
to their blood supply with special reference to their 
suitability for microvascular free transfer:
(1) Type A: considered to be the ideal nerve for free 
transfer, as the neurovascular bundle contains a long 
unbranched nerve that receives a segmental blood 
supply from a single parallel arteriovenous (AV) system. 
The superficial radial and ulnar neurovascular bundles, 
the posterior and anterior tibial neurovascular bundles 
and the median nerve with the brachial artery belong 
to this type; (2) Type B: similar to Type A, but the nerve 
branches early and must be reversed to avoid axonal 
loss, provided that the unidirectional flow of the veins 
is taken into account. The intercostal neurovascular 
bundle or the radial nerve with the profunda brachii 
artery belong to this type; (3) Type C: long unbranched 
nerve supplied by a single large nutrient vessel; the 
median nerve when supplied by a large median artery 
or the sciatic nerve when its arteria comitans is the 
dominant supply belong to this type; (4) Type D: long 
unbranched nerve which receives nutrient branches 
from different “parent” vessels of various diameters. 
The sciatic nerve in the thigh belongs to this type. 
Conversely, the sural nerve and the meodial cutaneous 
nerve of the forearm are usually unsuitable, as the 
“parent” vessels which give rise to the nutrient branches 
are small and diverse; and (5) Type E: branching nerve 
with a fragmented blood supply; a most unsatisfactory 
situation for free transfer. The posterior cutaneous 
nerve of the forearm, the cutaneous nerves of the 
thigh, and the saphenous nerve in the calf belong to 
this type.

IS VASCULARIZATION OF A VNG 
SUPERIOR TO THAT OF A NVNG?

Yes, vascularization of a VNG is considered to be superior 
as it possesses an independent blood supply that avoids 
ischemia eliminating the need for revascularization from 
the surrounding wound bed. It is speculated that this 
avoids core necrosis and eventual scarring within the 
graft and maintains Schwann cells viability.[7]

Although it has been shown that VNGs are efficiently 
vascularized, it can be postulated that revascularization 
of a NVNG can, under certain conditions, be as efficient 
as a well‑vascularized bed. NVNG remain nonvascularized 
for 3 days in a well‑vascularized bed[15] and for up to 
14 days in a nonvascularized bed.[16] The flow across 
NVNG then catches up and is even superior to that of 
VNG.[17] This difference can be explained by the flow 
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modifications observed in a pedicled flap[18] such as 
sympathetic stimulation that reduces blood flow to 
93% of normal through production of noradrenaline, 
vasoactive intestinal polypeptide, 5‑hydroxytryptamine 
and substance P. Most experimental models assessed 
pedicled VNG affected by these factors, rather than 
free ones.[19,20] Settergren and Wood.[17] showed in their 
canine model a better blood flow after 4‑6 days for 
NVNG compared to a VNG. A free VNG, not affected 
by sympathetic stimulation, would likely eliminate this 
difference.

While NVNGs, when placed in a well‑vascularized 
bed, undergo a 72 h period of warm ischemia prior to 
neovascularization, VNGs do not.[16,17] When placed in 
a nonvascularized bed, the ischemic period last up to 
14 days for a short NVNG (30 mm nerve graft in rats),[16] 
while VNGs have no ischemia time. Despite remaining 
avascular for 14 days, NVNGs eventually regained their 
vascularity and performed better than VNGs on nerve 
conduction velocity studies.[16,17] Still it is unclear if this 
has any clinical relevance.

The above findings were observed in thin small animal 
nerves. It is likely that a larger nerve, such as a human 
mixed nerve of a limb, is not as efficiently revascularized 
from the surrounding bed as the small nerves investigated 
in animal models. Clinical experience has shown that small 
cable grafts are required to make a large caliber nerve that 
will be efficiently revascularized.[10‑12] Revascularization 
might not reach the core in a NVNG while a VNG stays 
well‑perfused.

REGENERATION IN VASCULARIZED 
NERVE GRAFTS VERSUS 
NONVASCU‑LARIZED NERVE GRAFT

Although the mechanism is not clear, VNGs appear to 
provide more effective regeneration than NVNGs. This 
difference becomes more evident and functionally relevant 
as length and caliber of the graft increase and as wound 
vascularization decreases. No comparison has been made  
in the clinical setting, but clinical reports generally agree 
that VNGs provide faster regeneration.

Studies of VNGs in animal models have reported 
conflicting results. For the purpose of clarity, we have 
divided the following discussion into studies performed 
on a vascularized bed and studies performed on a 
nonvascularized bed.

Normal (vascularized) bed
McCullough et al.[21] found no difference between 
vascularized and nonvascularized grafts when studied 
by electrophysiological examination and the degree 
of axonal regeneration. In a similar rat sciatic nerve 
model, Seckel et al.[22] found no differences in number 
of regenerated axonal fibers, amount of intraneural 
scarring, or thickness of regenerated myelin sheaths. 
Pho et al.[23] performed histological studies in eighteen 
rat femoral nerves. Their experiment showed no 

difference in the degree of vascularization, reticulin 
framework collapse, rate and extent of axonal 
regeneration and remyelination between non‑vascularized 
and conventional nerve grafts.

In contrast, using a large sciatic nerve gap in the rabbit, 
Restepo et al.[24] found that VNGs in all time periods 
studied (from 5 weeks to 15 weeks) did better in terms 
of remyelination and number of axonal fibers than did 
conventional nerve grafts. Shibata et al.[25] reported  results 
on 40 rabbits median nerve grafts (20 vascularized and 
20 nonvascularized). Although there were no significant 
differences in nerve conduction, action potential, and axon 
diameters, there were statistically significant differences 
in muscle contraction force (20% greater in VNGs than 
NVNGs and comparable to the healthy control side) and 
axon counts. Kanaya et al.[26] reported that the vascularized 
sciatic nerve graft group showed a better mean sciatic 
function index (SFI)[27] (n = 30, SFI = ‑64 ± 11) than 
the nonvascularized sciatic nerve graft group (n = 27, 
SF = 99 ± 7) (P < 0.01). A SFI of ‑100 represents a 
complete loss of function of the nerve. There was also a 
significantly higher nerve conduction velocity in the VNG 
group. This was the only study to evaluate the resulting 
function instead of morphologic parameters. In a normally 
vascularized bed, VNGs appear to perform better. Kärcher 
and Kleinert[28] evaluated recovery following a 1.5 cm 
sciatic nerve defect in rats repaired with a pedicled 
femoral nerve graft with the creation of an AV fistula 
of the femoral vessels. He reported better and faster 
regeneration of a VNG that was complete at 5 months, but 
which was incomplete in the NVNG.

Scarred (nonvascularized) wound bed
Koshima and Harii[29] tried to replicate a scarred 
wound bed using a rat burn wound model with nerves 
transplanted into silicone tubes. They demonstrated an 
increased size and density of myelinated axons and earlier 
regeneration of nerve fibers in VNGs as compared to 
conventional nerve grafting.

Mani et al.[16] did not find any significant difference in 
nerve conduction velocity studies between vascularized 
and non‑VNGs in avascular graft beds, even following 
a prolonged initial period of revascularization for 
non‑VNGs.

Functional results
Prior studies have produced conflicting results secondary 
to a lack of homogeneity in evaluation methods. As 
previously noted, Kanaya et al.[26] reported in their work 
that the vascularized sciatic nerve graft group showed a 
significantly better mean SFI[27] than the nonvascularized 
sciatic nerve graft group.

Several authors had reported superior results when placing 
VNGs where previous conventional nerve grafts had 
already failed. Rose and Kowalski[30] reported good results 
with the dorsalis pedis artery‑peroneal nerve complex in 
five cases with a digital sensory nerve reconstruction in 
the setting of prior failed non‑VNGs.
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Other clinical studies have suggested that VNGs perform 
better in poorly vascularized,[7,31] scarred beds.[32‑35]

WHAT ARE THE INDICATIONS FOR A 
VNG?

It is impossible to establish clear‑cut indications for 
VNGs, as experimental settings fail to replicate actual 
clinical situations. Having established that VNGs perform 
better than NVNGs under specific conditions, the clinical 
papers available were reviewed. The currently available 
literature provides only case reports or case series 
where the indication is based on the surgeon’s judgment 
and experience, rather than on experimental findings. 
However, the surgeon’s judgment and experience are also 
worthy. The current indications for VNG are presented, 
divided into zone of injury.

Vascularized nerve grafts are not indicated in all 
nerve reconstruction procedures. When a NVNG 
works well, the additional complexity, and sometimes 
morbidity, of the procedure is not justified by superior 
results. A VNG must be considered in the following 
scenarios [Table 1]: (1) nerve gaps longer than 6 cm. 
This is an arbitrary and linear measure that does 
not take into the account the diameter of the nerve 
to be reconstructed. However, the diameter can be 
increased with cable grafting; (2) nonvascularized beds; 
(3) composite defects requiring a free flap. In these 
cases, the nerve can be included in the free flap with 
little complexity and no morbidity using the same donor 
site and the nerves directed to the flap; (4) proximal 
lesions (brachial plexus); (5) long denervation times. 
The faster reinnervation provided by a VNG might be an 
advantage in cases that have been referred late and in 
which muscle atrophy has ensued; (6) cases that have to 
undergo radiation therapy which could compromise or 
retard the rate of revascularization; and (7) presence of 
an available donor nerve in the same surgical field which 
can be harvested without additional morbidity, such as 
the pedicled great auricular nerve in facial nerve defects 
during parotidectomies.

Age is a controversial issue as regeneration is worse with 
aging, but a more complex procedure might also be less 
desirable in the elderly. Because recovery is slower with 
age, it might be a relative indication for a VNG. However, 
age alone is not a contraindication to a microsurgical 
procedure, and aged people in good general condition 
can be considered candidates for a VNG. This applies 
especially to motor nerves reconstruction and to late 
referrals.

In the following sections, clinical indications will be 
reviewed divided by anatomical region in order to provide 
a quick reference to those who approach VNG nerve 
reconstruction.

Facial nerve injuries
Since Balance and Duel[36] first introduced nerve grafting 
for the bridging of facial nerve defects, the sural nerve, 

the ansa cervicalis, and the great auricular nerve have 
been the most commonly used NVNGs.[37] In scarred, 
irradiated, or to be irradiated fields, functional recovery 
of the facial nerve can be less satisfactory and VNGs 
have been used for cases with these risk factors.[38‑41] 
Although these reports are anecdotal without comparison 
to NVNGs, there appears to be a consensus for this 
indication[42] [Table 2].

The VNGs used are:

Vascularized great auricular nerve graft
Koshima et al.[41] used a pedicled 4 cm vascularized 
ipsilateral great auricular nerve graft for the buccal branch 
and a nonvascularized sural nerve graft for the zygomatic 
branch to provide an intrapatient control. They reported 
faster and better recovery for the VNG.

Vascularized lateral femoral cutaneous nerve graft
The lateral femoral cutaneous nerve (LFCN) can be 
harvested with an anterolateral thigh (ALT) flap, with a 
superficial circumflex iliac artery perforator (SCIP) flap 
or alone.[40] Lida et al.[43] reported the first successful 
use of a free vascularized LFCN graft combined with 
an ALT flap to repair the facial nerve and a soft tissue 
defect, and provided objective measurements of 
functional recovery at 14 months (House‑Brackmann[44] 
grade III/VI, 40‑point grading system:[45] 28/40). Kashiwa 
and colleagues described an inferolateral extension 
of the groin flap based on the vessels accompanying 
the LFCN[46] for reconstruction of a facial skin and soft 
tissue defect including all branches of the facial nerve 
following tumor ablation with nerve gaps of up to 
10 cm. The authors did not report any objective data but 
noted that facial animation began to return 6 months 
postoperatively, even in the setting of postoperative 
chemotherapy and radiotherapy. They observed that a 
relatively “comfortable” result was obtained, aside from 
some degree of synkinesis due to misdirection of the 
regenerated nerve.

Table 1: Indications for VNGs
Nerve gaps longer than 6 cm
Nonvascularized beds
Composite defects requiring a free flap
Proximal lesions (brachial plexus)
Long denervation times
Planned radiation therapy
Pedicled VNG available in the same field
Advanced age

VNG: Vascularized nerve graft

Table 2: Indications for a VNG in facial nerve injuries
Vascularized great auricular nerve
Vascularized LFCN
Vascularized deep peroneal nerve
Vascularized sural nerve
Vascularized motor nerve of the vastus lateralis muscle
Fascicular turnover method

VNG: Vascularized nerve grafts, LFCN: Lateral femoral cutaneous nerve
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There are three shortcomings of this method. First, the 
location and direction of the nerve graft are restricted 
because the nerve graft is attached to the ALT flap. 
Therefore, a sufficient length of the nerve graft is 
required, theoretically increasing time to reinnervation. 
Second, the number of branches of the LFCN varies 
greatly among patients. In cases in which the number 
of branches is fewer than that required for facial nerve 
reconstruction, an additional free nerve graft is needed. 
Finally, if the recipient nerve is larger than the lateral 
femoral nerve branches and the nerve has to be cable 
grafted, vascularization will be interrupted, resulting in a 
mixed VNG/NVNG reconstruction.

Vascularized deep peroneal nerve graft
Koshima et al.[39] reported a case in which a combined 
anteroposterior tibial perforator‑based flap was used 
for the repair of a large facial defect involving the facial 
nerve (10 cm nerve gap). The deep peroneal nerve of the 
flap was interposed between the proximal stump and the 
transected zygomatic and buccal branches of the facial 
nerve. The authors reported the subjective judgment of a 
“considerable degree of facial animation” on the affected 
side eighteen months postoperatively. The disadvantages 
of this VNG are temporary postoperative edema, 
hypoesthesia of the donor foot and a poor donor site scar 
where skin has been harvested.

Deep peroneal, sural and vastus nerves
Kimata et al.[38] reported 10 cases of facial nerve 
reconstruction in which several types of VNGs were used 
for reconstruction of multiple branches of the facial 
nerve. The nerves used were: (1) the free vascularized 
sural nerve graft, attached to a small peroneal monitoring 
flap and nourished by the peroneal vessels; (2) the free 
vascularized deep peroneal nerve graft attached to a small 
dorsalis pedis monitoring flap and nourished by anterior 
tibial vessels; (3) the free vascularized motor nerve of 
the vastus lateralis muscle nourished by the descending 
branch of the lateral circumflex femoral vessels; and 
(4) the free vascularized lateral femoral nerve of the thigh 
combined with an ALT flap.

In 4 patients, the functional recovery of the facial nerve 
could not be assessed because of local tumor recurrence 
soon after surgery. Results with the House‑Brackmann 
system[44] were grade II in 1 patient (vascularized sural 
nerve), grade III in 4 patients (three vascularized deep 
peroneal nerves and one vascularized motor nerve of the 
vastus lateralis), and grade IV in 1 patient (vascularized 
sural nerve). Results with the 40‑point system[45] ranged 
from 20 to 28 points (mean score, 23 points). No control 
was provided.

Fascicular turnover method
Koshima et al.[47] described the  “fascicular  turnover 
method”, in which a vascularized fascicular flap was 
used for repairing nerve gaps. A 3 cm facial nerve gap 
was repaired with this technique with preservation of 
the zygomatic and marginal mandibular branches. The 
distal portion of the main buccal branch had three 

fascicles. Therefore, a fascicular turnover flap from 
the distal buccal branch was elevated to reconnect 
the nerve gap without tension. The paralyzed major 
zygomatic muscle became active three months later. No 
control was provided.

When a single branch is compromised, the pedicled great 
auricular nerve is an option that causes no additional 
morbidity and which can be used with minimal additional 
effort.

The best method for repair of multiple branches of the 
facial nerve appears to be the LFCN graft without an 
ALT component that restricts motion. Should the skin 
or adipose tissue component of the ALT be needed 
together with the nerve to replace soft tissues, the best 
solution is harvest as a chimera, based on a different 
perforator than that nourishing the nerve, thus avoiding 
restrictions in nerve movement and allowing better 
inset. The branching of the nerve allows repair of up 
to three branches with adequate length and similar 
caliber. Using it with the ALT or SCIP requires an 
exceedingly long graft and limits motion. An alternative 
for the reconstruction of all five branches, which to 
our knowledge has not yet been utilized, is the long 
thoracic nerve.[48]

Upper limb
Injuries to the ulnar nerve are the most frequent, 
occurring either in isolation or in association with the 
median nerve.[49,50] These injuries, when compared to 
radial and median nerve injuries, are believed to have 
the least favorable outcome among nerve injuries in the 
upper extremity.[51‑54] Ulnar nerve injuries are the most 
common at the wrist, forearm, or elbow, secondary to 
trauma or entrapment.

Recovery of intrinsic muscles function is more important 
than sensory restoration.[10] In their meta‑analysis, 
Ruijs et al.[52] reported that the chance of motor recovery 
in ulnar nerve injuries was 71% lower than in median 
nerve injuries. Multivariate logistic regression analysis 
showed that age, site (intermediate and high showed 
better results than low lesions), and delay between injury 
and repair were significant predictors of successful motor 
recovery. No significant difference was found between 
median and ulnar nerve injuries regarding sensory 
recovery. This is supported by other large studies.[53,55] Age 
and delay between injury and repair were found to be 
significant predictors for sensory recovery.[52]

Vascularized lateral femoral cutaneous nerve graft
Koshima et al.[40] described a case of a 28‑year‑old woman 
with a wide massive tumor resection of the upper arm, 
which resulted in a soft tissue defect that included 12 cm 
long segments of the brachial artery and median nerve. 
A flow‑through ALT flap and vascularized LFCN graft 
were harvested with separate vascular pedicles. Tinel’s 
sign reached the wrist joint 6 months after surgery. 
Two and a half years postoperatively, moving 2‑point 
discrimination (PD) on the fingers controlled by the 
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median nerve was 10 mm. No information is available 
about motor recovery.

Vascularized sural nerve graft
The sural nerve was reported initially as a vascularized 
graft by Gilbert and Fachinelli et al.[56,57] although the 
dominant vascular pedicle was absent in a high percentage 
of cases.[58] Fachinelli et al.[57] reported that it receives 
its extrinsic vascular supply from two distinct sources. 
Proximally, the cutaneous nerve receives contributions 
from the superficial sural artery and distally from the 
musculocutaneous and fasciocutaneous perforators of 
the posterior tibial and peroneal (fibular) arteries. The 
medial sural nerve is a good donor for VNGs due to its 
long length, superficial accessibility, and minimal donor 
morbidity.

Vascularized sural nerve graft supplied by the superficial 
sural artery, Riordan et al.[59] reported that the mean 
percentage of neural tissue within the sural nerve in the 
region where it is supplied by the superficial sural artery 
was 62% compared to 34% distally, where it was supplied 
by the posterior tibial and fibular (peroneal) arteries. 
They reported two clinical cases (right and left arm in the 
same patient) using the vascularized sural nerve with the 
superficial sural artery as folded cable grafts for repairing 
20 cm and 12 cm median nerve defects, respectively. 
A subjectively evaluated good recovery was reported. No 
control was provided.

Vascularized sural nerve graft supplied by a muscular 
branch of the posterior tibial artery: in contrast to 
Riordan et al.,[59] Doi et al.[31,32] stated that the superficial 
sural artery is unreliable as a nutrient vessel for the sural 
nerve. They used a vascularized sural nerve graft containing 
a muscular branch of the posterior tibial artery in 27 cases 
and compared them to 22 conventional sural nerves.

In 8 axillary nerve repairs (5 free vascularized sural 
nerve grafts and 3 conventional grafts), there was no 
statistically significant difference between the mean time 
to electromyographic reinnervation of the deltoid muscle 
or the strength of the deltoid muscle 24 months after 
surgery.

In 7 median nerve defects (4 vascularized sural nerve 
grafts and 3 conventional nerve grafts), there was 
a statistically significant difference between the 
vascularized and the nonvascularized sural nerve grafts 
in terms of mean speed of advancement of Tinel’s sign 
(1.8 mm/day in the vascularized group vs. 0.5 mm/day 
in the conventional group, P < 0.05), mean time to S2 
sensory reinnervation in the fingertip distal to the distal 
finger crease (16.8 weeks in the vascularized group 
vs. 30.7 weeks in the conventional group, P < 0.05) 
and  time to electromyographic reinnervation of the 
abductor pollicis brevis muscle (6‑8.5 months, mean: 
7.4 months) in the vascularized group vs. 11‑14 months 
(mean: 12.5 months) in the conventional group, 
P < 0.05).

In 7 lower ulnar nerve lesions (4 vascularized and 
3 nonvascularized sural nerve grafts), the mean 

advancement of Tinel’s sign 2 months postoperatively 
(1.6 mm/day in the vascularized group vs. 0.6 mm/day 
in the conventional group, P < 0.05), the mean time 
to S2 sensory recovery in the tip of the small finger 
(4.3 months in the vascularized group vs. 6.7 months in 
the conventional group, P < 0.05), and mean time to 
electromyographic reinnervation of the abductor digiti 
minimi muscle (6.25 months in the vascularized group vs. 
8.5 months in the conventional group, P < 0.05) were 
significantly shorter in the vascularized sural nerve graft 
group. Functional evaluation 2 years postoperatively was 
M3.3,[60] S3 and M2, S2 for successful vascularized and 
conventional grafts, respectively. These differences in 
function were also statistically significant (P < 0.05).

Nine radial nerves (5 high and 4 low lesions) were repaired 
with 4 vascularized sural nerve grafts and 5 conventional 
sural nerve grafts. Two high radial nerve injuries were 
repaired with vascularized grafts, with significantly 
more rapid mean advancement of Tinel’s sign 2 months 
postoperatively. The mean time to electromyographic 
reinnervation of the extensor digiti communis muscle in 
the vascularized group was also significantly faster For 
low lesions, there was no significant difference in mean 
time to electromyographic reinnervation to the extensor 
digiti communis muscle and in final motor evaluation 
between VNG and NVNG groups.

Thirteen digital nerve defects in the palm were repaired 
with seven vascularized sural nerve grafts and six 
conventional sural nerve grafts. The mean advancement 
of Tinel’s sign in the vascularized group was 1.7 mm/day, 
whereas the speed in the conventional graft group was 
0.5 mm/day (P < 0.05). The final sensory recovery in the 
two groups was not statistically different.

Vascularized sural nerve graft supplied by the peroneal 
artery: although the peroneal artery does not directly 
supply the sural nerve, Hasegawa et al.[42] used the 
fasciocutaneous perforators of the peroneal artery 
for sural nerve grafts. When a large nerve gap is 
accompanied by extensive scarring following severe 
trauma, soft tissue rich in blood vessels needs to be 
grafted along with the skin and nerve. Therefore, the 
authors conserved the blood flow to the sural nerve by 
harvesting the peroneal artery and vein as a vascular 
pedicle, along with the fascia and the subcutaneous fat 
tissue, which has a rich vascular plexus. They reported 
6 patients who underwent vascularized sural nerve 
grafting (five to the median nerve and one to the ulnar 
nerve) with a monitoring skin flap, one of which failed.[42] 
The length of the vascularized sural nerve grafts ranged 
from 20 to 30 cm, with a mean length of 23.3 cm. In 
the five successful cases, the mean static‑2‑PD at the 
corresponding fingertip was 14.2 mm (range: 10‑20 mm). 
Semmes‑Weinstein test findings were filament 6 in 
2 patients and filament 10 in 3 patients. The authors 
concluded that vascularized sural nerve grafting 
should be considered as a clinical alternative for nerve 
reconstruction in patients with nerve defects longer than 
20 cm. No controls were provided.
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Vascularized sural nerve graft supplied by an arterialized 
saphenous vein: Townsend and Taylor[33] presented five 
upper extremity cases in which a composite saphenous 
vein‑sural nerve graft was used for median (n = 3) or 
ulnar nerve (n = 2) defect of 6‑21 cm in length. The 
denervation time was 5 months to 2 years. Their results 
showed a Tinel’s advancement comparable with a primary 
repair (1 mm/day in 2 cases). In 1 case with reconstruction 
of the median nerve with a 17 cm vascularized sural nerve 
graft, the advancement was 3 times faster.

Gu et al.[61] presented the same model of a sural nerve 
graft based on an arterialized saphenous vein for the 
repair of median, ulnar, or radial nerves in 14 patients. As 
expected, the denervation time had a profound influence 
on final results: 2 patients (1 radial nerve injury of 13 cm 
and 1 ulnar nerve injury of 10 cm) with denervation 
time of less than 8 months had full restoration of 
motor function. In contrast, patients operated on after 
18 months showed no motor recovery.

Vascularized nerve grafts with vascularized fascia
Terzis and Kostopoulos[62] reported the results of twenty‑one 
VNGs used for reconstruction of nerve injuries in the 
upper extremity. Vascularized fascia was used to improve 
the blood supply of the underlying bed by enveloping the 
nerve reconstruction. The authors reported satisfactory 
results although the study lacked a control group.

In case of a nerve injury of the upper limb associated 
with a soft tissue defect, the surgeon can use a 
flow‑through ALT flap and a vascularized lateral femoral 
nerve graft. However, inset is difficult, and the nerve 
should be harvested as proximally as possible in order 
to obtain a larger caliber. To match the recipient nerve 
caliber, using cables from the donor as a NVNG may be 
necessary [Table 3].

When there is only a nerve injury for which a VNG is 
indicated, we advise using a vascularized sural nerve graft 
as there will be less caliber mismatch.

Brachial plexus injuries
Vascularized ulnar nerve graft
The vascularized ulnar nerve trunk graft can be used as 
a free microsurgical transfer or pedicled on the superior 
collateral ulnar artery.[63]

Chuang et al.[64] reported results of 167 patients who were 
treated for impaired elbow flexion caused by brachial 
plexus injury. Ruptured plexus injuries recovered better 
than root avulsions and infraclavicular plexus injuries 
performed better than supraclavicular injuries. Functional 
results revealed that nerve reconstruction produced 
results superior to muscle tendon transfers. The authors 
also found that vascularized ulnar nerve grafts were 

superior to conventional long nerve grafts (12/15 patients 
or 80% success rate vs. 18/27 patients or 66% success 
rate). A pedicled VNG was more reliable than a free VNG 
for the reconstruction of elbow flexion; of the 9 patients 
who had a pedicled vascularized ulnar nerve graft, eight 
achieved a muscle grade greater than M3. However, of 
6 patients with free vascularized ulnar nerve graft, only 
four achieved a grade greater than M3.

Terzis and Kostopoulos[65] reported 151 reconstructions 
with ulnar nerves performed in 67 patients for brachial 
plexus injuries. Patients were divided into 4 groups: 
(1) pedicled vascularized ulnar nerve graft from 
ipsilateral donors, (2) free vascularized ulnar nerve 
graft from ipsilateral donors, (3) vascularized ulnar 
nerve graft from contralateral donors to the median 
nerve, and (4) vascularized ulnar nerve graft from 
contralateral donors to single motor targets (e.g. axillary, 
musculocutaneous and triceps) (n = 25, 21, 13, and 8 
respectively). Postoperative muscle strength for patients 
who were operated on late (denervation time > 12 months) 
was significantly decreased compared with the early 
group (< 6 months) (P = 0.049). The vascularized ulnar 
nerve grafts for median nerve neurotization also yielded 
protective sensation in the hand in 91.6% of the patients 
and produced better outcomes when compared to 
conventional nerve grafts (51% protective sensation).[66] 
The authors concluded that, although VNGs can enhance 
the speed of regeneration, factors such as patient 
age (better results for younger patients), denervation 
time (poor results for late patient presentation), and graft 
length (better results for ipsilateral grafting) do influence 
the results.

Birch et al.[67] reported 42 brachial plexus lesions that 
were reconstructed with a vascularized ulnar nerve graft 
(33 based on the ulnar vessel and 9 based on collateral 
vessels in the arm). Of the 42 patients, 33 patients 
regained functional elbow flexion after connecting the 
C5 root to the lateral cord or to the musculocutaneous 
nerve, using a free ulnar nerve graft shorter than 18 cm. 
Significant functional recovery of the hand occurred in 
only 1 patient. In 10 patients, recovery into the flexors 
of the wrist and/or the digits reached grade 3 power, but 
function was restricted to only a hook grasp. Sensory 
return sufficient for recognition of harmful stimuli and 
temperature change occurred in 10 patients. Delay from 
injury to operation had a significant bearing on the 
outcome: 4 patients with grafts performed more than 
6 months following injury and 6 of 23 patients operated 
upon between 2 and 6 months did not achieve any 
functional recovery. These positive results match those 
of Oberlin et al.,[68] who also used free vascularized ulnar 
nerve grafts. The grafts had a length between 8 and 
25 cm (mean: 13.5 cm). In 83% of the 18 cases, there was 
a functional return of elbow flexion.

Bertelli and Ghizoni[69] reported on results obtained with 
the reconstruction of elbow flexion. They used pedicled 
ulnar nerve grafts, averaging 30 cm of length, with which 
they connected the C5 root to the musculocutaneous 
nerve. None of the patients recovered useful function 

Table 3: Indications for the upper limb nerve injury
Vascularized LFCN
Vascularized sural nerve
VNG with vascularized fascia

LFCN: Lateral femoral cutaneous nerve, VNG: Vascularized nerve grafts
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mediated by the vascularized ulnar nerve, and none 
scored higher than M2 for either elbow flexion or wrist 
extension. These results may have been influenced by the 
delay to surgery, which occurred between 3 and 7 months 
after the injury.

Vascularized intercostal nerve transfers
Okinaga and Nagano[70] compared nonvascularized 
(n = 6) with vascularized (n = 5) intercostal nerve 
transfers in patients with brachial plexus injuries. There 
were no statistically significant differences in (1) the 
time to appearance of a Tinel’s sign, which radiated 
to the chest wall on the upper arm after surgery; (2) 
the rate of advancement of a Tinel’s sign between the 
upper arm and the wrist; (3) the time interval between 
surgery and  initiation of reinnervation as demonstrated 
by needle electromyography; (4) the strength of elbow 
flexion at the final examination according to the Medical 
Research Council’s grading system; and (5) the strength 
of  elbow flexion at the final examination as measured 
by a potentiometer held on the wrist at an angle of 100° 
of flexion. It is likely that statistical significance was not 
reached due to the small sample size.

Because most clinical evidence is in favor of the ipsilateral 
vascularized ulnar nerve trunk graft, we advise its use for 
reconstruction of a brachial plexus injury. We could not 
find evidence in favor of either the pedicled nerve graft 
or the free VNG [Table 4].

Hand
Vascularized deep peroneal nerve
Vascularized deep peroneal nerve supplied by a dorsalis 
pedis artery: Rose and Kowalski[30] reported five cases 
with good results when reconstructing digital nerves in 
scarred tissue without a concomitant soft tissue defect 
by means of vascularized deep peroneal nerve segments. 
They concluded that the deep peroneal nerve‑dorsalis 
pedis artery complex on the dorsum of the foot is an 
ideal donor site for segmental VNGs in digital sensory 
nerve reconstruction. Donor morbidity was negligible 
except for a neuroma in one case and slight superficial 
skin loss in another.

Koshima et al.[71] reported one case of a deep peroneal 
VNG with skin from the first web space for reconstruction 
of a neurocutaneous defect in the finger. This technique 
has several drawbacks: the skin‑grafted web can be a 
source of major morbidity,[72,73] the skin flap does not 
adhere to the bone, and during grasping and gripping it 
will be unstable. Anatomic variations are quite common 
at the level of the first web space, and the nerve can 
travel far from the nutrient vessels,[74,75] rendering the flap 
unusable.[76]

Reversed venous arterialized deep peroneal nerve graft: 
influenced by the works of Townsend and Taylor[33] and 
Gu et al.[61] on reversed venous arterialized nerve grafts, 
Rose et al.[34] investigated the deep peroneal nerve‑dorsalis 
pedis venae comitantes system. Ten adult patients received 
a total of 14 VNGs. Mean moving 2‑PD was 5.8 mm, and 
static 2‑PD was 8.3 mm. The median of Semmes‑Weinstein 

monofilament measurements was 2.83 mm. In 3 digits, a 
vascularized and a nonvascularized nerve were used for 
adjacent digital nerve replacement in the same finger. The 
3 “reversed venous” grafted nerves recovered with a mean 
moving 2‑PD of 6.7 mm and a static 2‑PD of 9.3 mm. By 
contrast, the conventional grafts returned moving 2‑PD of 
10.3 mm and static 2‑PD of 14.3 mm.

Fascicular turnover method
Koshima et al.[47] believe that, in cases with a digital nerve 
gap of less than 20 mm in length, a fascicular turnover 
flap from either the distal or proximal stump is the best 
option. However, in cases with nerve gaps measuring 
over 20 mm, fascicular turnover flaps from bilateral distal 
and proximal stumps are preferred to connect to the 
middle portion of the nerve gap, as excellent blood flow 
of bilateral short flaps can be expected rather than from 
an ipsilateral longer nerve flap.

Nerve reconstructions in the hand, when a VNG is 
indicated, appear to be better served by a deep peroneal 
nerve graft. However, a vascularized lateral femoral nerve 
graft may also be a useful tool, especially in multiple 
nerve injuries [Table 5].

Lower limb
Lower extremity nerve injuries are relatively less common 
than those of the upper extremities.[10,77] The peroneal nerve 
is more susceptible to injury than the posterior tibial nerve 
given its superficial course over the neck of the fibula, 
where it is relatively fixed with less interfascicular connective 
tissue.[78,79] Initial outcomes of peroneal nerve reconstruction 
were poor[77] and the value of attempted repair of the 
peroneal nerve has been questioned.[80] Although recent 
studies are more encouraging, the functional recovery of 
the peroneal nerve (muscle grade more than three) is still 
low, between 14% for grafts and 75% for neurolysis. Results 
are dependent upon the timing of surgical repair, the graft 
length, and the level of the injury.

Taylor’s group reexamined the blood supply of each lower 
limb nerve and assessed the potential of each segment of 
each nerve for vascularized transfer.[81] VNG and vascularized 
posterior calf fascia (VPCF) have been used to improve 
vascularization of the recipient bed and to minimize 
postoperative scar formation. When a VNG was required 
for reconstruction of a lower extremity nerve injury, the 
sural nerve was used, harvested as a pedicled nerve graft 
based on the superficial sural artery, or as an arterialized 
venous nerve graft based on the lesser saphenous vein. 
A concomitant VPCF can be used to improve vascularization.

Table 4: Indications for brachial plexus injuries
Vascularized ulnar nerve
Vascularized intercostal nerve

Table 5: Indications for a nerve injury in the hand
Vascularized deep peroneal nerve supplied by a dorsalis pedis artery
Reversed venous arterialized deep peroneal nerve graft
Fascicular turnover method
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Terzis and Kostopoulos[82] reported 14 lower extremity 
nerve injuries in 12 patients that had been reconstructed 
with VNGs. The common peroneal nerve (CPN) was injured 
in 12 patients and the posterior tibial nerve in 5 patients. 
The repair of CPN lesions was not recommended given 
the poor prognosis following nerve reconstruction.[77,83] 
The vascularized sural nerve graft was used as a pedicled 
nerve graft based on the superficial sural artery or 
as an arterialized‑venous nerve graft based on the 
lesser saphenous vein. Kim and Kline found that good 
functional recovery could not be expected with a graft 
length greater than 12 cm.[84] It has been reported that in 
the lower extremity all patients with nerve grafts greater 
than 6 cm in length had fair or poor results.[79] Grade 3 
function was recovered in 38% of patients with grafts 
6‑12 cm and in only 16% of patients with graft lengths 
of 13‑24 cm.[85] In contrast, with VNGs of 13 cm or more, 
grade 3 function was recovered in 66.67% of patients. 
Terzis and Kostopoulos[82] showed statistically significant 
differences (P = 0.008) for CPN injuries between patients 
who underwent surgery within 6 months from the time of 
injury and patients who presented later than 6 months. 
Preoperative and postoperative differences in dorsiflexor 
muscle strength were statistically significant (P < 0.001). 
A correlation between outcome and type of injury and 
between outcome and age was not found.

In lower extremity nerve injuries, when a VNG is 
indicated, the best choice is the sural nerve, either as a 
pedicled nerve graft based on the superficial sural artery 
and or as an arterialized venous nerve graft based on the 
lesser saphenous vein [Table 6].

Vascularized nerve allografting
The use of nerve autografts is limited by the availability 
of suitable donor sites. Allografting in reconstructive 
surgery has became more promising with advances in 
immunosuppression therapy.[86] Mackinnon et al.[87] have 
pioneered the technique of nerve allografting with 
encouraging results. Vascularized nerve allografts offer 
several theoretical advantages: (1) they allow en bloc 
reconstruction of nerve plexi; (2) they enhance the rate of 
nerve regeneration; and (3) they permit the use of larger 
“trunk” grafts without central necrosis.[88]

Mackinnon et al.[89,90] described 7 cases of traumatic 
extremity injuries with massive peripheral nerve deficits 
that could not be reconstructed by conventional 
means. Four upper extremities and 3 lower extremities 
were reconstructed. Nerve allografts were either used 
exclusively for the reconstruction (2/7) or in combination 
with autografts (5/7). Total allograft lengths varied from 
72 cm in a 3‑year‑old patient to 350 cm for a three‑nerve 
reconstruction in a 16‑year‑old patient. Initially, the 
allografts were harvested fresh and used immediately. In 
subsequent cases, the allografts were temporarily stored 

in University of Wisconsin solution before engraftment. 
The immunosuppressive regimen in the first 3 patients 
consisted of triple therapy with cyclosporin A (CsA), 
Imuran, and prednisone. The subsequent 4 patients 
were treated with FK506, Imuran, and prednisone. 
Immunosuppression was withdrawn sequentially, 
beginning with prednisone. After the Tinel’s sign had 
progressed into the distal segment of the reconstructed 
nerve, CsA or FK506 was withdrawn. No significant 
complications secondary to systemic immunosuppression 
have occurred. Six of the 7 allografts were clinically 
successful based on the recovery of sensory and/or motor 
function in the reconstructed distribution. One patient 
rejected his allograft.

Although some patients have recovered motor function, 
sensory recovery has been more consistently observed. 
Similarly, the predominance of superior sensory (temperature 
and pain) over motor (intrinsic) recovery has been 
described in hand transplant recipients. It is yet to 
be determined if this occurs secondary to differential 
sensory (particularly sympathetic) nerve regeneration, 
sensory‑motor mismatch, or end organ (muscle) lack of 
receptivity to reinnervation.[88]

COMPARISON OF DONOR SITES IN THE 
UPPER AND LOWER LIMBS

Ideally, donor nerves for free vascularized nerve transfer 
should exhibit a type A, B, or C pattern.[7] Type A represents 
a nerve supplied segmentally by a long unbranching artery. 
Type B is similar to type A except that the nerve divides 
early. Type C is similar to type A, but the artery courses 
on the surface of the nerve instead of in parallel and gives 
several branches to the nerve that can subsequently be 
divided into multiple vascularized segments.

Upper limb
The study of Hong et al.[91] examined all nerves of 
the upper limb. They identified the following nerves 
as suitable for microsurgical transfer, being of type A 
or C: (1) the ulnar nerve in the upper arm and in the 
forearm; (2) the median nerve in the upper arm and in 
the forearm; (3) the segment of the anterior interosseous 
nerve distal to the flexor pollicis longus branch; (4) the 
upper lateral brachial nerve; (5) the lower lateral brachial 
nerve; (6) the superficial radial nerve; (7) the terminal 
branch of the posterior interosseous nerve; and (8) a 
branch to the extensor indicis following the posterior 
interosseous artery (when present). In normal clinical 
situations, nerves 1 and 2 cannot be used because of 
their functional importance. Harvest of nerve 3 results in 
loss of function of the pronator quadratus, which may be 
acceptable. This leaves nerves 4 through 8 as donor nerves 
for vascularized nerve transfer, and potentially nerve 3 in 
normal situations, with the superficial radial nerve being 
the longest with the most acceptable morbidity.

Lower limb
The study of Suami et al.[81] examined all nerves of the 
lower limb. They identified the following nerves: (1) the 

Table 6: Indications for a lower limb nerve injury
Vascularized sural nerve based on a pedicled superficial sural artery
Vascularized sural nerve supplied by an arterialized lesser 
saphenous vein
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terminal cutaneous portion of the saphenous nerve; 
(2) the vastus lateralis branch of the femoral nerve; (3) the 
deep peroneal nerve distal to the extensor hallucis longus 
branch; (4) the posterior cutaneous nerve of the thigh; 
(5) the pudendal nerve; (6) the tibial nerve; (7) the lateral 
plantar nerve; (8) the medial plantar nerve; and (9) the 
sciatic nerve, with one of the profunda artery perforators. 
However, nerves 5‑9 are not suitable for VNGs because 
of their short length or functional importance, unless 
an amputated limb or limb stump becomes available for 
harvesting of donor nerves. Consequently, nerves 1‑4 are 
regarded as possible donor nerves. The deep peroneal 
nerve is the longest available with the least morbidity 
together with the sural nerve. The other versatile donor 
is the LFCN.

Nonvascularized to vascularized wound bed
Experimental studies have shown that in a normally 
vascularized bed, VNGs and NVNGs are equivalent for 
the treatment of short gaps of thin nerves. As suggested 
by Breidenbach and Terzis,[92] a poorly vascularized bed 
can be transformed into a well‑vascularized bed by flap 
transfer and a NVNG placed into it with similar results. 
This is a practice that resembles well‑established flap 
transfers in heavily scarred beds for tendon gliding[93] or 
scar‑tethered nerves.[94] Many free or local options exist, 
and an NVNG can then be used to bridge the gap. This 
technique can replace a VNG only when its sole indication 
is a poorly vascularized bed.

HOW SHOULD WE CONSIDER THE 
NERVE INCORPORATED IN A FLAP?

Sensate or innervated flaps may provide a model for 
studying VNGs in the clinical setting. Innervated muscles 
show very efficient reinnervation even when radiated or 
placed in poorly vascularized beds.[95] This is likely due 
to fact that a nerve included in a flap is in fact a VNG. 
Innervated flaps may be used to investigate the extent 
and speed of recovery of vascularized nerves transferred 
with flaps, either for reinnervation of the flap or to bridge 
composite defects that include nerves and soft tissues.

CONCLUSION

Whether it is worthwhile to perform a nerve graft and 
when remains controversial: VNGs do not have a real place 
in our reconstructive algorithm, resting in a limbo between 
‘grafts’ and flaps. They are referred to as ‘grafts’ despite 
being vascularized, although by definition they possess a 
vascular pedicle and should be called ‘flaps’.

Following this review, the authors conclude that VNGs 
do perform better than conventional nerve grafts by 
providing faster and better regeneration. However, this 
improvement in regeneration becomes relevant only in 
certain situation such as those shown in Table 1. The 
failure of several experimental studies to demonstrate an 
advantage may be due to lack of an appropriate model. 
No model to date has reproduced a long gap in a thick 

nerve which would mimic those likely to benefit from a 
VNG in humans.

Although VNGs can potentially significantly improve 
results, the major limitation is the lack of donor sites. 
VNGs perform best in long proximal gaps of large nerves, 
but harvesting such a large donor nerve is associated 
with significant morbidity. Although this may be partially 
be solved by the use of cable grafting, the donor nerves 
available still may not be sufficient, require multiple donor 
sites, complex procedures, and high morbidity.

FUTURE DIRECTIONS

Vascularized nerve allografts, which are associated with 
immunosuppression, a well‑known facilitator of nerve 
regeneration, will likely become a useful tool in nerve 
reconstruction with VNGs. Coupling VNGs with NVNGs 
which surround them may be an option for larger nerves. 
Prefabricated nerve grafts may also play a role, as the 
delay in reconstruction caused by prefabrication may be 
compensated by improved regeneration.
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INTRODUCTION

The concept of nerve transfer developed almost two 
hundred years ago when Flourens[1] reported his first 
experiments with the brachial plexus of a rooster. He 
demonstrated that proximal nerve stumps could be 
coupled to different target nerves, obtaining not only 
re‑innervation, but also a function that was dependent on 
the new motor nerve.[2] This report stimulated a number 
of animal studies under the label of “nerve crossing”,[3] 
followed by a series of clinical cases in the early twentieth 
century showing the feasibility of suturing a proximal nerve 
stump to a distal one with a different target organ.[4‑7]

Using this concept, several options have been developed 
over the years, in which expendable donor nerves or 
their fascicles are re‑directed to recipient nerves in close 

proximity to their target muscle or skin territory. The 
technique was initially used in brachial plexus injuries 
and has slowly become a routine procedure for peripheral 
nerve lesions where poor functional results are expected 
due to the distance between the site of injury and the 
innervated muscles.

GENERAL CONCEPTS IN NERVE 
TRANSFERS

Brachial plexus injuries and peripheral nerve lesions 
at or proximal to the elbow result in denervation and 
loss of sensation and may not recover due to the long 
distance between the lesion and the target organ. Even 
when treated early, the axon regeneration process does 
not always have the capacity to reach the proper muscle 
before irreversible changes have taken place. The primary 
aim of nerve transfers is to promote re‑innervation in 
proximity to a certain target organ (whether a muscle or a 
skin territory) following a proximal nerve injury.[8‑11]

Axonal regeneration progresses at a rate of 1‑2 mm/day.[12] 
Because muscle fibers undergo irreversible changes after 
12‑18 months of denervation,[13] it is imperative that 
treatment be undertaken promptly for functional recovery.[14] 
Very proximal lesions in the arm or brachial plexus, even 
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when treated within 3 months following injury, carry a 
high risk of incurring irreversible muscle atrophy before 
the regenerating axons can reach the motor end plates. 
Transferring a motor nerve that is close to the motor end 
plate shortens the distance for axon regeneration and 
consequently the time for muscle re‑innervation. In this 
respect, nerve transfer promotes a functional rather than 
an anatomical reconstruction.[15] This is the main concept 
in nerve transfer surgery. Other equally important concepts 
include the use of tension‑free sutures directly between the 
donor and recipient nerves without the use of nerve grafts 
to ensure that the maximal number of regenerating axons 
is directed toward the end organ. By working at a location 
distal to the zone of injury, a pristine, vascular field can be 
used, which will not interfere with nerve regeneration.[9‑11]

Although sensory receptors have a wider margin for 
recovery even many months after the injury, earlier 
repairs clearly lead to better outcomes.[14,16]

Postoperative rehabilitation is facilitated when a nerve 
with synergistic function is chosen for re‑innervation.[8,17‑19] 
To ensure a tension‑free transfer, it is essential to dissect 
the donor nerve as distal as possible and the recipient as 
proximal as possible. When antagonistic nerves have been 
used, the learning process is more difficult and the patient 
may require additional time to understand how to activate 
the injured muscles.[20] The process of re‑adaptation is still 
unclear, but a certain grade of brain plasticity is involved 
in learning how to utilize a muscle that is now supplied 
by a different motor nerve.[21‑24]

INDICATIONS

Nerve transfer surgery has evolved greatly over the last 
two decades due to a better knowledge of intraneural 
anatomy and a better understanding of functional 
re‑innervation rather than anatomical reconstruction. As 
a result, in select cases with high‑level nerve lesions, it 
is advisable to address the injury in terms of functional 
recovery rather than pure anatomic restoration.

In the absence of a proximal nerve stump, nerve transfer 
provides an alternative for re‑innervation of the target 
muscle. This is often the case in brachial plexus injuries 
with root avulsion. Another indication is a very proximal 
nerve lesion or delayed presentation, where muscle 
atrophy most likely will have occurred prior to functional 
re‑innervation. In cases in which surgical exploration is 
difficult secondary to a previous extensive injury, distal 
nerve transfer, will shorten the time to re‑innervation and 
avoid nerve repair in a highly fibrotic bed.[9,15,8,25]

The presence of a nerve defect itself represents a good 
indication for nerve transfer, first because there is no 
need to harvest a nerve graft from another site, and 
second because comparable if not better results with 
nerve transfer rather than long nerve grafts have been 
reported.[14,26‑28]

As a general rule, instead of focusing on anatomic 
reconstitution of the damaged nerve(s), the goal becomes 
functional reconstruction with re‑innervation of specific 

muscle(s) and skin territory. A specific movement will still 
be performed by the original muscle, without the need to 
re‑route different tendons or muscles, which might in turn 
lose some of their original power.

RADIAL NERVE DEFICITS

Indications
The radial nerve can suffer from a multitude of injuries, 
with humeral fracture being the most common.[29‑31] Other 
causes include brachial plexus injuries, neuritis, direct 
trauma and compression. Radial nerve paralysis has been 
commonly treated by either neurolysis, nerve graft or 
tendon transfers with successful results.[32] Nevertheless, 
some authors have reported the potential impairment of 
pronation following the transfer of the pronator teres (PT), 
and unnatural coordination after tendon transfer, especially 
while performing a full hand grip.[33,34] In 2002, Lowe et al.[34] 
described the possibility of transferring branches of the 
median nerve to recover wrist and finger extension in 
radial nerve palsy, alone or in conjunction with tendon 
transfers. Since then several reports have elucidated the 
technical feasibility and the possible advantages.[35‑38]

Nerve transfers
Motor
Currently, priority is given to re‑innervation of the extensor 
carpi radialis brevis (ECRB) for wrist extension and the 
posterior interosseous nerve (PIN) for finger and thumb 
extension. The branch to the flexor digitorum superficialis 
(FDS) muscle (median nerve) is rotated to the ECRB and 
branches to the palmaris longus (PL) and flexor carpi radialis 
(FCR) (median nerve) are coaptated to the PIN [Figure 1].

Schematic description
A lazy “S” incision is made on the volar surface from 
the cubital fossa down to the mid‑forearm. The lacertus 

Figure 1: Radial nerve deficit. Transfer of the motor branch to flexor 
digitorum superficialis muscle to the extensor carpi radialis brevis, and 
the motor branches to flexor carpi radialis muscle and palmaris longus 
muscle, to the PIN. PIN: Posterior interosseous nerve, ECRB: Extensor 
carpi radialis brevis, FCR: Flexor carpi radialis, FDS: Flexor digitorum 
superficialis, PL: Palmaris longus
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fibrosus is divided, and the radial vascular bundle, and 
the median nerve are identified. Distally, step lengthening 
of the superficial part of the PT allows better medial 
retraction of the muscle so as to visualize the branches of 
the median nerve to the FDS and FCR. Lateral retraction 
of the brachioradialis exposes the superficial radial nerve, 
the PIN, and the ECRB branches. Once both the donor 
branches to the FDS and FCR and the recipient branches 
are identified, they are isolated as needed in order to 
divide them following the rule of “donor distal/recipient 
proximal” described by Brown and Mackinnon,[15] without 
tension on the nerve coaptation.

Sensory
The lateral antebrachial cutaneous nerve (LACN) runs close 
to the sensory radial branch in the distal forearm and 
matches it very well in size. It is expendable, and its use 
does not create any significant morbidity along its territory.

MEDIAN NERVE DEFICITS

Indications
In high‑level injuries of the median nerve both extrinsic 
and intrinsic muscles of the forearm and hand, as well 
as the sensation on the volar‑radial part of the hand, are 
affected and need restoration. In low‑level injuries thumb, 
opposition and sensation in the 1st, 2nd, 3rd, and radial 
half of the 4th fingers are addressed for reconstruction. 
The most common donor is the radial nerve and its 
branches to the supinator and ECRB. In case of isolated 
injuries to the anterior interosseous nerve (AIN), 
intra‑median nerve transfers have been described using 
intact branches of the median nerve which are redirected.

Motor nerve transfers
Thumb opposition
When available the AIN (branch to the pronator quadratus) 
is isolated and transferred to the motor branch of the 
thenar muscles [Figure 2]. The donor and recipient match 
well in size, but transfer requires a nerve graft which leads 
to the inevitable loss of some of the regenerating axons. In 
high‑level injuries, ulnar nerve to median (third lumbrical 
motor branch)[39] or radial nerve to median (motor branch 

to the extensor digiti minimi and extensor carpi ulnaris) 
via interposition graft have been described, but results 
are uncertain and thus common tendon transfers might 
be considered instead.[15]

Schematic description
A carpal tunnel incision is made to expose the median 
nerve and its motor branch at the level of the wrist. The 
latter is gently isolated proximally as far as its fibers can 
be distinguished. The AIN and its branch to the pronator 
quadratus are then isolated with intramuscular dissection 
in order to obtain the maximal possible length. A nerve 
graft is usually necessary for a tension‑free closure. 
Although the number of axons matches well, the need 
for a nerve graft downgrades the level of outgrowth and, 
therefore, the actual potential for re‑innervation.

Pronator function
The pronator teres function can be impaired in high median 
nerve injuries or secondary to an isolated deficit.[40] In the 
first case the radial nerve, and specifically the motor branch 
to the ECRB is isolated and re‑oriented to the branch, 
which innervates the PT.[41] The surgical approach is similar 
to that described for radial nerve palsy when the opposite 
transfer is planned. In case of isolated PT deficiency, an 
intra‑median nerve transfer is planned using one of the 
branches to the FDS[40] sutured to the PT motor branch.

Extrinsic muscle function
In high‑level median nerve injury several extrinsic muscles 
such as PT, FCR, FDS, flexor pollicis longus, the radial 
component of the FDP, and PQ are denervated. Two 
main problems are faced: first, the lack of flexion in the 
thumb, index and the long fingers, and second, the loss 
of pronation.[15] The first option is to re‑direct the motor 
branch to the ECRB towards the AIN, in a similar fashion 
described above for radial nerve palsy, but in a reverse 
direction [Figure 3]. If there is a significant discrepancy 
in size, the branch to the supinator can also be included. 

Figure 2: Distal median nerve deficit. Transfer of the terminal branch 
of the anterior interosseous nerve to the motor branch to the thenar 
muscles, using an interpositional graft. AIN: Anterior interosseous nerve

Figure 3: High median nerve deficit. Transfer of the motor branch 
to extensor carpi radialis brevis to the anterior interosseous nerve.  
ECRB: Extensor carpi radialis brevis, PIN: Posterior interosseous nerve, 
AIN: Anterior interosseous nerve, FCR: Flexor carpi radialis, FDS: Flexor 
digitorum superficialis, PL: Palmaris longus
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In this case the AIN needs to be traced proximally in 
order to reach comfortably the motor branch to the 
supinator.[15,41,42]

Schematic description: the AIN is identified in the 
forearm. A lazy‑S incision is made over the volar aspect of 
the mid‑forearm, and the lacertus fibrosus is divided. The 
tendon of the superficial part of the PT is lengthened to 
allow the muscle to be retracted, and the median nerve 
exposed. The AIN lies on the radial side of the median 
nerve and does not always course as a distinct fascicle. 
A longitudinal vessel often demarcates it from the rest 
of the median nerve. Once isolated, it should be traced 
proximally to obtain enough length for a tension‑free 
suture. The motor branch to the ECRB is then identified 
under the brachioradialis muscle, coursing close to the 
sensory branch of the radial nerve. This is followed as 
distal as possible and then rotated toward the AIN. In case 
of a size mismatch, the radial nerve is isolated proximally 
in order to include the motor branch to the supinator, 
which in turn will reach the AIN if appropriate proximal 
dissection is completed.

In the event of isolated AIN palsy, an intra‑median nerve 
transfer can be considered with redirection of branches to 
the FDS or PL/FCR to the AIN.

In lower brachial plexus injuries where both the median 
and ulnar nerve have been compromised, the AIN can be 
reinnervated by using the branch to brachialis muscle[43] 
or the branch to the brachioradialis muscle,[44] after both 
the donor and recipient are isolated for the necessary 
length at the elbow or a slightly proximal level.

Sensory nerve transfers
Priority is given to the ulnar side of the thumb and the 
radial side of the index finger in order to re‑establish 
functional pinch and grip. Several donors can be 
considered depending upon their availability. The first 
choice includes the digital nerves to the fourth web space, 
innervated by the ulnar nerve[15] [Figure 4]. An alternative 
is the dorsal sensory branch from the radial nerve to the 
thumb.[45,46] Finally, as illustrated by Ross et al.[47] in upper 
plexus lesions, the sensory components to the third web 
space come from a distinct fascicle, which can be isolated 
proximally in the median nerve and utilized as a donor to 
the thumb and index finger.

Schematic description
A carpal tunnel incision is made and prolonged distally 
in a zig‑zag fashion toward both the first and the fourth 
interdigital spaces. Deep to the superficial arterial arch 
and the digital arteries, the common digital nerves to 
the ulnar side of the ring finger and the radial side of the 
little finger are isolated, traced proximally, and divided 
as distally as possible. The digital nerves to the first 
web space are then identified and isolated proximally in 
order to obtain enough length to be sutured to the donor 
nerves. The remainder of the sensory median nerve can 
then be divided proximally and coupled in an end‑to‑side 
fashion to the ulnar digital nerve of the 5th finger in 
order to restore protective sensation.

ULNAR NERVE DEFICITS

Indications
High‑level nerve injuries lead to the loss of both grip and 
pinch strength in the hand, and sensation in the little 
finger and the ulnar side of the ring finger. Even following 
an early repair it is difficult to obtain a functional 
re‑innervation of the intrinsic musculature, a fact which 
caused some authors to question the utility of surgical 
intervention at the site of lesion.[48‑51] Tendon transfers 
can avoid chronic deformities, but do not always allow 
fluid motion and adequate strength. Alternatively, the 
median nerve can provide motor and sensory branches 
in the forearm and hand that compensate for the ulnar 
nerve deficiency.[52‑55] In the event of a combined ulnar 
and median nerve injury, motor branches from the radial 
nerve are selected as donor axons.

Motor
If the median nerve is intact, the distal part of the AIN 
can re‑innervate the distal motor component of the 
ulnar nerve [Figures 5‑7]. Brown et al.[56] performed the 
first case in 1991 and since then several authors have 
described successful results. Recently, Sukegawa et al.[57] 
provided technical clarification regarding identification and 
separation of the motor branch of the ulnar nerve, the 
number of fascicles in the AIN and the motor ulnar nerve, 
and the shortest path required for the AIN to reach its 
recipient target. The motor component of the ulnar nerve 
can be reached through a Taleisnik incision[58] which extends 
from the interthenar region proximal to the distal forearm. 
First, the ulnar nerve is isolated at the Guyon’s canal and 
the motor branch is identified during its course toward 

Figure 4: Sensory median nerve deficit. Transfer of the sensory branches 
from the ulnar nerve to the fourth web space to the sensory branches 
of the first web space
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Figure 5: Ulnar nerve deficit. Transfer of the terminal branch of the 
anterior interosseous nerve to the motor branch of the ulnar nerve. 
AIN: anterior interosseous nerve

Figure 7: Terminal branch of the anterior interosseous nerve in the 
pronator quadratus muscle

Figure 6: Ulnar nerve deficit. (a) Preoperative drawing showing the 
course of the motor branch of the ulnar nerve, and the terminal branch 
of the anterior interosseous nerve into the pronator quadrates; (b) the 
ulnar nerve and its motor branch after extensive neurolysis

b

a

the hook of the hamate. Once the point of divergence 
is identified, the motor nerve is followed proximally by 
blunt dissection. As reported by Sukegawa et al.,[57] this is 
usually possible for about 33 mm. Sharp dissection is then 
required for an average of 19 mm. A longitudinal vascular 

bundle usually separates the motor from the sensory part 
of the ulnar nerve. Through the forearm incision, the AIN 
is identified while entering the pronator quadratus. The 
dissection is carried as distal as possible into the muscle, 
and the AIN is then passed dorsal to the FDP in order to 
reach the motor branch of the ulnar nerve.[56] The AIN has 
at this level approximately 506 axons, whereas the ulnar 
motor nerve 1523 axons.[56] The transfer is not synergistic 
and recovery is generally suboptimal, but it is sufficient to 
prevent clawing of the ulnar digits.

In combined ulnar and median nerve injuries, motor 
branches from the radial nerve to the extensor digiti minimi 
and extensor carpi ulnaris originating from the PIN can be 
used to re‑innervate the motor ulnar nerve. Coaptation is 
achieved by the use of an interpositional nerve graft from 
the mid‑proximal forearm to the wrist. Although intrinsic 
muscle recover is not complete, it may be sufficient to 
prevent claw deformity of the fingers.[59] As an alternative, 
branches to abductor pollicis longus, extensor pollicis 
brevis, and extensor indicis proprius can be re‑oriented 
without the need for an interpositional nerve graft.[60]

Sensory
In cases of ulnar nerve palsy, the functioning median nerve 
has been used by several authors with various methods to 
provide sensation to the ulnar nerve territory. Battiston 
and Lanzetta[53] described the use of the palmar sensory 
branch of the median nerve to the sensory component 
of the ulnar nerve. Brown et al.[56] used the sensory 
component to the third web space as a donor to the 
fourth web space, coupled in an end‑to‑end fashion, while 
the dorsal sensory branch of the ulnar nerve was sutured 
to the sensory part of the median nerve in an end‑to‑side 
manner after performing an epineural window.

In 2011, Flores[61] described a similar technique but instead 
of an end‑to‑end anastomosis, he sutured the sensory 
component of the ulnar nerve in an end‑to‑side manner 
to the sensory nerve of the third web space without an 
epineural window. The author noted that at this level the 
epineural layer is thin and that the microsurgical sutures 
represent a sufficient trauma to stimulate the necessary 
sprouting into the donor’s nerve. Oberlin et al.[62] used 
the LACN as a donor in the forearm, coapted to the dorsal 
branch of the ulnar nerve by an interpositional nerve 
graft harvested from the sural nerve. In his two cases, he 
was able to avoid donor site morbidity when using donor 
sensory nerves from the median nerve territory in the hand. 
Ruchelsman et al.[63] revised this technique by use of a 
longer dissection of the LACN in the forearm and suturing it 
without an inter positional graft in an end‑to‑side fashion to 
the ulnar nerve before the take‑off of the sensory branch.

CONCLUSION

The numerous advantages offered by transposing a 
functional nerve stump in proximity to a target muscle or 
skin territory have created new and exciting alternatives 
for the management of nerve injuries, particularly 
those occurring far proximal in the arm or the brachial 
plexus. Some of these options have been described only 
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recently, and some only as case reports. In order to have 
a better understanding and use of such promising field, 
blinded randomized studies comparing traditional tendon 
transfers to nerve transfers are required.
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INTRODUCTION

Approximately, 65% of peripheral nerve injuries occur in 
the upper extremity. Healthy males between the ages of 18 
and 35 are most commonly affected and the majority of 
peripheral nerve injuries are caused by trauma or malignant 
disease.[1] Axonal regeneration is slow, and there is a critical 
window for muscle reinnervation before the denervated 
muscle becomes permanently impaired.[2] Two months after 
injury, the denervated muscle exhibits reduced motor units 
but does not demonstrate changes in muscle fiber.[3,4] After 
6 months, however, the muscle experiences irreversible 
muscle atrophy and weakness.[4,5] If primary repair cannot 
reestablish motor endplate connections within this critical 

window, one should consider alternative approaches 
to protect the muscle before irreversible structural or 
functional impairments occur.

When nerve transection is not amenable to primary 
tensionless neurorrhaphy, the gold standard for repair 
is early nerve reconstruction using autologous nerve 
grafting.[6] This method is not always feasible, however, 
due to delays in operative management, limitations of the 
donor nerve, including insufficient graft length or diameter, 
or morbidity to the donor site. Alternative approaches to 
early autologous nerve repair include use of decellular 
xenografts, synthetic grafts, or sensory protection.

Sensory protection is used to prevent denervated muscle 
from atrophy and subsequent functional loss. Temporarily 
protecting denervated muscle or “babysitting” it with a 
nearby branch of a motor nerve successfully maintains the 
muscle viability.[7] At a second surgery, the babysitter nerve 
is replaced with a nerve with the needed control once 
that residual end has elongated, and neurorrhaphy can be 
performed.[2,8] Similar babysitting with a sensory nerve is 
also a way to maintain muscle viability.[9] A sensory nerve 
is coapted to the motor nerve stump in close proximity 
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to the muscle for maintenance of muscle health while 
the proximal motor nerve is regenerating.[9‑11] A donor 
sensory nerve is thought to provide trophic support to the 
denervated muscle until the native motor axon is able to 
regenerate and reinnervate its target.[12] In essence, sensory 
protection provides an interim protective effect on the 
denervated muscle prior to surgical nerve reconstruction.

We performed an extensive literature search using 
PubMed, Ovid, and Embase databases using keywords 
“sensory”, “nerve”, “protection”, “regeneration”, and 
“denervation” to find primary articles reporting on the 
treatment and outcomes of the sensory protection either 
in humans or animal models. This paper discusses the 
three main approaches to sensory protection and reviews 
the literature for each. We set the framework for future 
studies and advocate for further investigation of sensory 
protection in the upper extremities.

MUSCLE DENERVATION AND  
REINNERVATION

Nerve injury and muscle denervation
The peripheral nervous system has a remarkable capacity 
for regeneration following nerve injury. When a peripheral 
nerve is severed, it undergoes Wallerian degeneration and 
triggers a cascade of biochemical changes allowing future 
regrowth. Muscle fibers maintain viability immediately 
following denervation, however, atrophic changes such 
as reabsorption of myofibrils, shrinkage of muscle cells, 
and expansion of the extracellular matrix with collagen 
rapidly commence following denervation.[13] Proteases play 
a role by promoting axonal degeneration, macrophage 
infiltration, and myelin degradation in damaged nerves.[14]

Without prompt reinnervation, myofibril disorganization, 
and later mosaic disappearance marks imminent muscle 
fiber cell death.[15] Prolonged denervation leads to muscle 
fiber necrosis, connective tissue hyperplasia, decreased 
vascularity, and depletion of satellite cells needed for 
regeneration.[4,9,16] Further, denervated muscles become 
less receptive to regenerating motor axons due to the 
loss of neurotransmitters, neurotrophic factors, and viable 
muscle cells.[2,17] These structural changes significantly 
impact the muscle’s contractile properties. The decrease 
in cross‑sectional area of muscle fibers translates to a 
reduction in maximum tension generated by tetanic muscle 
contractions. Later on, myofibril disorganization and 
collagenization diminishes specific force capacity (force 
per physiological cross sectional unit of muscle). From a 
functional perspective, maximum tension, specific force, 
and power all progressively decrease with time.[13]

Nerve regeneration and muscle recovery
Regenerative processes occur synchronously with 
degradative mechanisms to ensure maximal recovery. 
Axonal regeneration occurs at a rate of 1 mm/day and 
is affected by age, nerve type, and grade of injury.[18] 
Recovery involves axonal growth, synapse formation, and 
restoration of contractile properties. Schwann cells play 
an essential role in regrowth by increasing regenerative 

proteins, including growth factors and adhesion 
molecules, to create a growth‑rich milieu.[19] In addition, 
native endoneurial conduits guide the reestablishment 
of neuromuscular connections. Research shows that 
preservation of the original motor endplates is essential 
for precise contact, synaptic differentiation, and 
maintenance of reestablished neural connections.[20,21] This 
growth‑supportive environment is significantly diminished 
if reinnervation does not occur in a timely manner.[2] 
Although the exact timeframe is debatable, Sulaiman and 
Gordon[22] proposed a 4‑week window for nerve repair, 
after which the motor neuron has diminished ability to 
regenerate axons into the distal nerve stump.

Both time and distance limit spontaneous reinnervation 
of muscles. When immediate nerve reconstruction is 
not possible, sensory protection is the most effective 
means of providing temporary trophic support to 
prevent muscle degeneration. The three surgical 
techniques for sensory protection include: (1) end‑to‑end 
neurorrhaphy, (2) end‑to‑side neurorrhaphy, and (3) direct 
muscle neurotization. Nerve transfers with end‑to‑end 
neurorrhaphy or end‑to‑side neurorrhaphy are the most 
commonly used approaches for sensory protection. 
End‑to‑end neurorrhaphy joins the ends of a transected 
motor nerve and sensory nerve while end‑to‑side 
neurorrhaphy connects the end of a transected donor 
sensory nerve to the side of the injured motor nerve 
stump. Neurotization, the third and least favored 
approach, is the direct implantation of a divided sensory 
nerve into the belly of a denervated muscle. Figure 1 
illustrates each technique.

SENSORY PROTECTION ‑ THREE  
APPROACHES

End‑to‑end neurorrhaphy
End‑to‑end neurorrhaphy is the classic approach for 
sensory protection. Bain et al.[9] demonstrated the positive 
effects of sensory protection on the architecture and 

Figure 1: Schematic representation of surgical methods for sensory 
protection. (a) Transected nerve, denervated muscle without sensory 
protection; (b) sensory protection by end‑to‑end neurorrhaphy; 
(c) sensory protection by end‑to‑side neurorrhaphy; (d) sensory 
protection by direct muscle neurotization

a b

c d
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function of the gastrocnemius and soleus muscles following 
denervation. The sensory‑protected group underwent 
saphenous‑to‑tibial nerve transfer using end‑to‑end repair. 
Compared to the unprotected group, gross and histological 
examination showed the sensory‑protected group had 
higher muscle weight and greater preservation of muscle 
structure, including less fiber atrophy and connective 
tissue hyperplasia. More importantly, the sensory‑protected 
rats demonstrated larger maximum compound action 
potentials and relative preservation of isometric force 
overtime.[9] Follow‑up studies showed sensory protection 
also prevented muscle spindle deterioration.[23] Nonetheless, 
rats that underwent immediate nerve repair had the best 
structural and functional outcomes.

The benefits of sensory protection have been 
substantiated by other groups.[24‑26] Common outcomes 
of end‑to‑end sensory nerve grafting in the lower limbs 
include preservation of fiber distribution, maintenance 
of motor endplates, and less muscle atrophy, fibrosis, 
collagenization, and fat deposition.[16,25] Consistent with 
lower extremity studies, Beck‑Broichsitter et al.[11] found 
that sensory‑protection in the upper extremity resulted 
in higher muscle weight, larger axon diameter, and 
larger nerve fiber surface area. However, there was no 
definitive difference in grasping strength between the 
sensory‑protected and unprotected groups.[11]

The protective effect by a purely sensory nerve can be 
explained by a number of factors. First, the trophic effect 
of the sensory nerve provides a supportive milieu for the 
maintenance of skeletal muscles. More specifically, sensory 
protection modulates the expression of both glial cell 
line‑derived neurotrophic factor (GDNF) and brain‑derived 
neurotrophic factor (BDNF), thereby optimizing the 
environment for muscle preservation and reinnervation.[12,27] 
Second, the sensory nerve helps maintain the architecture 
of the residual nerve stump and basal lamina of endoneurial 
tubes, thus facilitating later access by regenerating motor 
axons.[4,28] Third, Schwann cells of the distal stump switch 
from a myelinating phenotype to a growth‑supporting 
phenotype by upregulating specific genes associated with 
regeneration.[19] These trophic effects help maintain a 
growth‑supportive environment, which would otherwise 
deteriorate with time.

Although the research overwhelmingly supports the 
benefits of sensory protection, it is important to 
recognize points of contention. Sulaiman et al.[29] 
proposed that the presence of sensory nerves instead 
create an unfavorable environment that reduces motor 
axonal regeneration and myelination of regenerated 
axons. The authors advocated that sensory nerves actively 
inhibit motor axonal regeneration by not only physically 
occupying the endoneurial pathways, but by altering 
Schwann cells in the distal nerve stump. Specifically, 
sensory nerves shift Schwann cells toward a phenotype 
that is less receptive to regenerating motor axons, in 
part by down‑regulating the expression of L2/HNK‑1 
required for interaction between Schwann cells and motor 
axons.[29,30] Furthermore, the investigators argue that the 
functional outcome of chronic denervation is primarily 

determined by its effect on the injured nerve stump and 
secondarily by its effect on the muscle.[29] Other studies 
have not largely substantiated these claims.

End‑to‑side neurorrhaphy
End‑to‑side neurorrhaphy provides trophic support from 
the donor nerve and enables the regenerated motor axons 
to reach their target, thus bypassing the need for a second 
operation to replace the motor nerve supply. In contrast, 
end‑to‑end neurorrhaphy requires cutting the donor 
sensory nerve and suturing it to its native stump once 
the motor nerve has regenerated, essentially denervating 
the muscle twice. Studies have shown that two cycles 
of denervation and reinnervation lead to suboptimal 
functional recovery, as demonstrated by reduced muscle 
power and force.[31]

End‑to‑side coaptation is a compelling alternative 
when conventional end‑to‑end coaptation is not 
practical. Such cases occur when the transected end 
of the motor nerve stump is far from its muscle 
target or when there are multiple denervated muscles. 
Zuijdendorp et al.[32] recently investigated the efficacy 
of sensory protection using end‑to‑side neurorrhaphy. 
The investigators sutured the divided end of the sural 
nerve to the lateral aspect of the tibial nerve stump 
and examined the gastrocnemius muscle at 5 weeks 
and 10 weeks postoperatively. Compared to primary 
end‑to‑end neurorrhaphy, the sensory‑protected group 
demonstrated a statistically significant increase in muscle 
weight and decrease in muscle atrophy compared to the 
unprotected group.[32] Despite the ongoing debate over 
the efficacy, end‑to‑side neurorrhaphy remains a viable 
approach that requires further investigation.

Researchers have also used the end‑to‑side neurorrhaphy 
model to study the protective effects of mixed nerve 
containing both motor and sensory axons. The use of 
mixed nerve is supported by a recent study by Li et al.[33] 
who compared muscle protection following denervation 
using the peroneal nerve (mixed protection) or sural 
nerve (sensory protection). They showed that both the 
mixed‑ and sensory‑protected groups demonstrated 
preservation of muscle architecture and better functional 
recovery following reinnervation compared to the 
unprotected group. Further, the investigators showed 
that mixed protection was superior to sensory protection 
in terms of axon structure (more regenerated myelinated 
axons, larger axonal diameter, thicker myelin sheath) and 
function (greater contraction force).[33] They controlled 
for stump reinnervation by the motor component of 
the mixed nerve by performing end‑to‑side coaptation 
and capping the end of the transected motor nerve. In 
contrast, another study by Michalski et al.[27] reported 
no difference between mixed‑ and sensory‑protected 
groups in terms of number of regenerating axons, axon 
diameter, and myelin cross‑sectional area in the distal 
stump. However, there was a difference in the expression 
of denervation‑induced GDNF, and BDNF expression 
between the two groups, which suggests that the main 
benefit of mixed protection is more rapid normalization 
of trophic factors.
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More researches are needed to elucidate the exact 
mechanism of sensory protection and compare its 
functional outcomes with mixed protection. Goals for 
future studies include comparing differences in Schwann 
cell phenotype and neurotrophic expression between 
sensory protection and mixed protection. While mixed 
protection appears more advantageous compared to 
sensory protection, the need to sacrifice innervation to 
a donor muscle to harvest mixed nerve may preclude its 
use clinically.

Side‑to‑side neurorrhaphy
As an extension of end‑to‑side neurorrhaphy, researchers 
have also examined the efficacy of performing side‑to‑side 
neurorrhaphy. The technique involves joining the side of 
an intact donor nerve with the side of an injured nerve 
using a nerve “bridge” composed of either synthetic 
conduit or autologous graft. The few basic science 
and clinical studies investigating this technique have 
yielded mixed results. Experimentally, Shea et al.[34] 
demonstrated the benefits of side‑to‑side neurorrhaphy 
using a synthetic collagen bridge to connect a healthy 
peroneal nerve with a transected tibial nerve in a 
rodent model. The investigators noted superior muscle 
preservation (higher muscle weight and less histologic 
evidence of muscle damage) and improved functional 
outcome (gait assessment) in their side‑to‑side nerve 
bridge group compared to denervated controls. However, 
no rats in the experimental group showed axonal 
regeneration along the length of the entire conduit. 
Clinically, Magdi Sherif and Amr[35] showed the potential 
effectiveness of using autologous nerve graft bridges 
between median and ulnar nerve fascicles at the wrist 
in patients with high median or ulnar nerve injuries. 
However, this was a small case series without rigorous 
outcome measures making it difficult to definitively state 
that this technique is clinically efficacious.

Although the process of axonal repopulation and 
end‑organ reinnervation is similar between end‑to‑side 
and side‑to‑side neurorrhaphy, the efficacy of side‑to‑side 
neurorrhaphy is less. Without donor axon, disruption 
and injury to the recipient nerve, the neurotrophic 
signals stimulating Schwann cell proliferation and 
axonal sprouting through nerve bridges are substantially 
diminished.[33,36,37] As a result, few axons are available 
downstream for reinnervation or to provide trophic 
factors. Thus, compared to other techniques, side‑to‑side 
neurorrhaphy is a relatively inefficient technique for 
nerve reconstruction, and it does not result in clinically 
significant functional recovery or offer sufficient 
“protection” from muscle atrophy.

Direct muscle neurotization
Neurotization showed limited success in early human 
studies.[38,39] Poor outcomes are in part due to the failure 
to form new neuromuscular junctions.[40] Specifically, 
directly implanting a sensory nerve into muscle forces 
axonal regeneration to occur outside of native endoneurial 
conduits. The endoneurial conduit is important in 
regeneration because Schwann cells and basal lamina of 

the endoneurial sheath produce key components that 
promote growth (e.g. collagen, fibronectins, and laminin) 
and provide a substrate for reinnervation.[16,41‑43] Impaired 
reinnervation translates into reduced capacity to generate 
force.[44]

Recent neurotization experiments using animal models 
have been more promising. Wang et al.[24] demonstrated 
that implantation of either a sensory nerve or 
preganglionically avulsed sensory nerve could slow 
muscle atrophy. Compared to unprotected controls, the 
implantation groups demonstrated higher fibrillation 
potential, muscle weight, cross sectional area, and protein 
content at one and three months after neurotization. 
In parallel experiments, Ochi et al.[45,46] showed that 
joining the isografted dorsal root ganglia to the common 
peroneal nerve stump also mitigated muscle atrophy. 
Microscopy demonstrated sensory neuron survival and 
growth of fine axonal branches into the muscle. Although 
the sensory axons did not reinnervate motor endplates, 
the neurotized group showed functional advantages 
over unprotected controls with higher twitch tension 
and tetanic contraction. Similar to other techniques, the 
protective effect of neurotization is attributed to trophic 
factors derived from or stimulated by the sensory nerve. 
Compared to neurorrhaphy, however, the structural and 
functional results of direct muscle neurotization remain 
inferior.

Clinically, neurotization has limited applicability for 
patients with multiple denervated muscles, including 
those with proximal median or ulnar nerve injuries. For 
example, with proximal median nerve transection, over 
ten muscles in the arm may be affected. Each denervated 
muscle would require implantation with a separate 
sensory nerve, rendering this approach impractical. Thus, 
direct muscle neurotization is only appropriate for a 
selective group of patients.

FUTURE DIRECTIONS

To date, the outcomes of peripheral nerve manipulations 
such as end‑to‑end and end‑to‑side neurorrhaphy have 
primarily been assessed using histomorphometric analysis. 
Inferences about functional recovery have been made 
using anatomic measurements such as axonal density and 
myelin thickness. However, anatomic proxies for nerve 
regeneration offer little information about functional 
recovery.[47] For years, muscle contractile properties, 
such as twitch force, tetanic force, peak‑to‑peak tension, 
and contractile velocity have been used to evaluate the 
degree to which motor axons reestablish their functional 
connections with muscle. Further studies measuring 
contractile properties as they relate to sensory protection 
would provide a more direct measure of muscle integrity 
and nerve regeneration. In addition, when compared with 
supra‑physiological measures like tetanic force, functional 
outcomes such as grip strength, ambulation biomechanics, 
and upper extremity performance tests provide clinically 
relevant information about the extent and quality of 
muscle reinnervation.
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Bain et al.[10] set the stage for future clinical trials when 
they reported the first significant clinical application of 
sensory protection in a patient with complete sciatic nerve 
palsy and profound distal denervation following a total hip 
arthroplasty. The patient underwent end‑to‑side grafting 
of fascicles of the saphenous nerve to the motor nerve to 
the gastrocnemius and the deep branch of the peroneal 
nerve, thereby protecting the gastrocnemius and tibialis 
anterior muscles, respectively. One year after surgery, 
the patient demonstrated notable functional recovery 
of the gastrocnemius and anterior tibialis muscles based 
on electrophysiological testing and showed improved 
performance with activities of daily living. In comparison, 
none of the unprotected muscles below the knee showed 
electrophysiological or clinical improvement. Given the 
degree of sciatic nerve injury, the timing and extent of 
his improvements could not have been attributed to 
spontaneous recovery alone. Thus, this sentinel case offers 
a convincing argument for further clinical trials.

CONCLUSION

Based on its consistently favorable results in animal 
models, we advocate for the clinical application of sensory 
protection in upper limb injuries. Although end‑to‑end 
neurorrhaphy has produced the most favorable results, 
end‑to‑side coaptation may circumvent the need for a 
second neurorrhaphy procedure and it avoids multiple 
episodes of denervation. This effect becomes especially 
important in proximal injuries with diffuse muscle 
denervation. Neurotization can be a salvage technique 
in select patients when the proximal nerve stump is 
completely avulsed, and nerve transfer is not feasible. 
Together, these techniques offer hope for patients with 
peripheral nerve injuries in whom primary repair cannot 
reestablish motor endplate connections in sufficient time, 
thus bypassing the need for a second operation.
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INTRODUCTION

Proximal nerve injuries are well‑known to produce 
atrophy of the distal effectors. This is evident in injuries 
of major nerve trunks in the upper limb. The ulnar nerve 
has shown to have the lowest regenerative rate.[1,2] Distal 
neurotization through end‑to‑side coaptation has been 

employed[3] to bring new axons into distal effectors in 
case of proximal nerve trunk injury to avoid distal effector 
degeneration. End‑to‑side nerve repair is a microsurgical 
technique in which nerve fibers are transferred from 
an intact donor nerve to a denervated recipient nerve 
directly or through a bridge graft.[4‑7] Although the value of 
end‑to‑side coaptation is debated in the literature, good 
functional results can be achieved when this technique is 
applied with special care to the donor nerve.[6]

The “babysitter” procedure combines[5] cross‑facial nerve 
grafting with the segmental transfer of the hypoglossal 
nerve to the affected facial nerve. This technique has 
shown satisfactory to excellent results. In long‑lasting 
paralysis, nonetheless, the babysitter procedure may 
need to be combined with muscle(s) flap(s) for enhanced 
outcomes.[5,8]

ABSTRACT
One of the most important goals in treating proximal nerve injuries is to maintain the function of distal 
effectors during axonal regeneration.  “Babysitting”, that is, connecting the injured nerve to a healthy 
trunk provides a bypass for distal neural regeneration or reactivation. It avoids degeneration of sensory 
and motor terminations, with minimal donor nerve damage. We present a technique where a nerve 
graft is used between ulnar and median nerve through two end-to-side sutures in the distal third of 
the forearm, in two different cases of proximal ulnar nerve injury. Both patients were young manual 
workers, the former suffered a total nerve disruption proximal to the elbow following a car accident 
and the latter suffered a perineurial scar from a high voltage injury at the proximal third of the forearm. 
The proximal injury was grafted with a sural nerve in the former and treated by neurolysis in the latter. 
Results were graded by the Highet-Zachary scale for both sensory and motor recovery. The outcomes 
of our series were compared to six other case reports in the literature (including median nerves) treated 
with this technique. Both clinical and experimental data show that babysitting effectively protects 
distal effectors.
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The authors report two cases of ulnar nerve injury 
proximal to the elbow: a double end‑to‑side coaptation 
through a nerve graft allowed axons from the donor 
median nerve to rehabilitate the recipient ulnar nerve 
(a surgically induced Martin Gruber anastomosis). This 
model was recently proposed by Kayikcioglu et al.[9] and 
Magdi Sherif and Amr.[10] In our cases, proximal ulnar 
nerve repair was performed through a long traditional 
nerve graft by end‑to‑end coaptation in the former, and 
by neurolysis in the latter. In both cases, a Zancolli lasso 
procedure was added distally. Our results are compared to 
six cases that were previously published and the effects 
of injury type, time from the initial trauma, surgical 
techniques, and future perspectives are discussed.

CASE REPORT

Case 1
A 22‑year‑old man, a hand worker, presented with 
proximal left ulnar nerve injury. He was found to have 
head trauma and an open contaminated wound of the left 
elbow with more than 12 cm of missing ulnar nerve. The 
wound was found to be contaminated with Actinobacter 
baumanii. Extensive debridement of the wound was carried 
out, and a cable graft from the sural nerve was performed 
1 month after. A small remnant of the cutaneous medialis 
antebrachii nerve was found during scar removal, and it 
was used for the babysitting procedure.

At the distal third of the volar aspect of the forearm, 
5 cm proximal to the distal palmar wrist crease, almost 
4 cm of both the median and the ulnar nerve were 
exposed [Figure 1]. On both trunks, an epiperineural 
window was created on both the sides containing 
motor fascicles, the palmar ulnar side of the median 
nerve and the palmar radial side of the ulnar nerve, 
respectively (no stimulation was used). The 2 windows 
were connected through the graft obtained from the 
cutaneous antebrachii, which was sutured to the main 
trunks with 2 11‑0 nylon sutures on each side [Figure 2]. 
Furthermore, the “lasso” procedure described by Zancolli 

was performed on the 4th and 5th digits. The hand was 
casted for immobilization, and the elbow was maintained 
in semi‑extended position for 20 days, followed by 
progressive elbow mobilization.

The Highet‑Zachary scheme was applied for motor 
evaluation, and a modification of Mackinnon et al.[1]

Sensory recovery scale was used with static and moving 
2‑point discrimination test. Early (20 days) protective 
sensation recovery was registered, but the 36‑month 
and 6‑year follow‑up showed poor outcomes both for 
sensation (S1) and motion (M0).

Case 2
A 46‑year‑old man presented with proximal ulnar nerve 
injuries following a high voltage injury to the upper 
third of his left forearm. Three months after trauma, an 
electrophysiological study was performed which showed 
the absent motor and sensory potentials. An extensive 
surgical exposure and external neurolysis were performed 
together with distal babysitting technique. The terminal 
branch of the cutaneous medialis antebrachii was taken 
during ulnar exposure, and it was used as bridge graft 
without nerve stimulation; a Zancolli lasso procedure was 
also performed on the fourth and fifth digits. After two 
weeks, sensory and motor rehabilitation began following 
the same protocol applied to the first patient.

Outcome evaluation was performed as in case 1. Also in 
this case, early protective sensation recovery (24 days) 
was registered at 12‑month follow‑up. This high‑voltage 
injury showed good results (S5 and M4) at 12‑month 
follow‑up.

DISCUSSION AND REVIEW

Denervation after nerve injury is known to cause 
important structural and functional changes within skeletal 
muscle, and long‑term denervation with improper axonal 
recruitment has shown to produce atrophy of the end 

Figure 1: Planning of the procedure: at the distal third of the volar 
aspect of the forearm, 5 cm proximal to the distal palmar wrist crease, 
almost 4 cm of both the median (red arrow) and the ulnar (black arrow) 
nerve are exposed (label median and ulnar nerve)

Figure 2: On both trunks, an epiperineural window has been opened, on 
both the sides containing motor fascicles, the palmar ulnar side of the 
median nerve and the palmar radial side of the ulnar nerve, respectively. 
The two windows have been connected through a cross graft of the 
cutaneous antebrachii, which was sutured (arrows) to the main trunks 
with two 11‑0 nylon sutures on each side (label)
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organs (both motor and sensory).[1,2] Nerve babysitting[3‑5] 
provides distal effector organs (muscle, skin) reinnervation 
through end‑to‑side and side‑to‑side neurotization coming 
from healthy donor nerves when a proximal nerve 
trunk repair has been done. The rationale of using this 
technique are: (a) distal sensory corpuscles (Pacinian and 
Meissner) as well as motor plates undergo atrophy after 
denervation;[1] (b) creating a connection distal to the injury, 
in a safe territory with the least damage to the donor 
nerve is a desirable goal when repairing a proximal nerve 
injury.[3‑5,8] However, experimental studies reported that 
mixing sensory and motor axons allows gain of sensation 
but fails in motor reinnervation.[11] Moreover, Wallerian 
degeneration with time produces a poorer turnover and 
attraction of Schwann cells as well as a lower production 
of specific neurite growth factors;[12‑14] and (c) both clinical 
and experimental evidences have showed that donor 
axons can be induced into a recipient trunk through an 
opening of the epiperineurial connective tissue,[3,6] and 
the capability of axonal attraction through a nerve graft 
used as a bridge through two different nerve trunks has 
also been demonstrated.[4] This could also be achieved 

using epineurial windows bridged with autologous vein as 
shown in a previous study.[15]

Six cases have been published in the literature. First, 
Kayikcioglu et al.[9] reported 2 cases of neural graft 
bridging the median and ulnar nerve (creating a Martin 
Gruber connection distal to the injury) just proximal to 
the wrist in a case of a median nerve cut at the elbow and 
of ulnar injury 5 cm proximal to the medial epicondyle. 
They reported poor motor sand sensate results. Afterward 
Magdi Sherif and Amr[10] reported 4 patients with ulnar 
or median nerve proximal lesions, which were treated 
with a modified Kayikcioglu’s technique for comparison 
of main features of injuries and repair [Table 1]. In this 
paper, we report our experience with the application of 
a modified Kayikcioglu’s technique to 2 patients. To date, 
a total of 8 proximal nerve injuries have been treated by 
this method (includes two cases from this report): 5 ulnar 
and 3 median nerves.

Magdi Sherif and Amr[10] reported their best results in 
median nerve effector protection; dealing with ulnar 
nerve, they report a good result in a proximal (arm) 

Table 1: Comparing main features of nerve injuries in the published series
Study Patient 

number
Gender/

age 
(years)

Nerve Level of 
injury

Trauma Repair and 
time from 
trauma

Protection Follow-up 
(months)

Outcome 
M and S

Kayikcioglu 
et al.[9]

1 Male/35 Median Mid left arm Window pane 
laceration 
during 
a seizure

Sural graft 6 cm 
two cables; 
16 months after

Cross nerve graft 
above the wrist; 
donor of axons: 
ulnar

18 S and M 
poor

2 Male/58 Ulnar Mid right 
arm

Aggression Direct 
immediate 
exploration and 
repair

Cross nerve graft 
above the wrist 
(four cables from 
sural); donor of 
axons: median

21 S and M 
poor

Magdi Sherif 
and Amr[10]

1 Male/34 Median Left forearm 
elbow

Tangential 
trauma 
disruption

Sural graft four 
cables; third 
intervention 
after trauma

Cross nerve graft 
in palm between 
motor branches 
(one cable); donor 
of axons: ulnar

12 Complete 
S and M 
recovery

2 Male/23 Ulnar Mid left 
forearm

Broken glass Sural graft 
three cables; 6 
months after

Cross nerve graft 
above the wrist 
(one cable); donor 
of axons: median

9 M3 S3

3 Female/49 Ulnar Medial 
aspect arm

Broken glass No mention 
(direct?); 
2 months after

Cross nerve graft 
above the wrist 
(one cable); donor 
of axons: median

9 M4; no 
mention of S

4 Female/8 Median Left cubital 
fossa

Broken glass Direct; 
immediate 
exploration and 
repair

Cross nerve graft 
above the wrist 
(one cable); donor 
of axons: ulnar

4 M3; no 
mention of S

Colonna et al. 
(in this series)

1 Male/26 Ulnar Left lower 
third arm

Tangential 
trauma nerve 
disruption

Sural graft 
six cables; 
1-month after 
trauma

Cross nerve graft 
above the wrist 
(one cable from 
medial cutaneous 
antebrachii); donor 
of axons: median

18 M and S 
poor

2 Male/47 Ulnar Left middle 
forearm

High-voltage 
injury

Neurolysis; 
3 months after

Cross nerve graft 
above the wrist 
(one cable from 
cutaneous medialis 
antebrachii); donor 
of axons: median

18 Complete 
recovery

M: Motor, S: Sensate
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injury as well as an incomplete outcome (partial sensate 
recovery, up to hypothenar region, and M3 only for finger 
abduction‑adduction) in a lower (forearm) ulnar nerve 
injury.

The patients were 6 adult men (4 ulnar nerve and 2 median 
nerve injuries), one woman (ulnar) and an 8‑year‑old girl 
(median). With the exception of the child (patient number 
4), they all underwent surgical repair 1 month after initial 
trauma. Optimal results were achieved in median nerves 
and in the pediatric patient. Interestingly, among the five 
ulnar nerves treated: (1) two showed good results (the 
former, unexpected, from the Magdi Sherif and Amr.[10] 
series, a more proximal injury at arm level, and the latter 
our case of high voltage injury, but it was more distal 
and required only a neurolysis); (2) another produced a 
mediocre recovery (even if the injury was located more 
distally at forearm level); and (3) the remaining 2 achieving 
poor results.

Time may also be affecting against both proximal repair 
and distal babysitting; experimental evidences claim 
the role of decreasing the recruitment of Schwann cells 
together with lower production of growth factors when 
Wallerian degeneration is in process.[12‑14] Patient number 
three has the best outcome for the most proximal injury 
as an earlier combined treatment possibly led to better 
results than the same treatment in a more distal injury 
repaired later.

From a clinical point of view, it can be said that proximal 
ulnar injuries maintain their black legend of poor recovery 
prognosis while median nerve injuries have a better 
chance. This occurs especially in case of old (more than 
two months) injuries.

Cross nerve grafts above the wrist have proven ineffective 
in bringing axons distally to protect effectors in both 
Kayikcioglu’s et al.[9] and one case from our series. In 
Magdi Sherif and Amr.[10] series, three cases treated by 
nerve bridging above the wrist showed good results 
in one median nerve (a child, see below for further 
considerations) and an ulnar nerve (M4), as well as 
mediocre results in another ulnar nerve. This could 
be explained by worse prognosis dealing with a ulnar 
nerve; time from injury could also have had a negative 
influence, whereas the good result (M4) in the other case 
remains surprising.

These considerations could also apply to our series: two 
ulnar nerves, the former showing poor outcome, the latter 
a complete recovery. Some other recommendations must 
be taken into consideration, too, such as selecting pure 
motor donor fibers through electrostimulation following 
Jabaley’s et al.[16] topographical anatomy.

However, another consideration is that there is no 
consensus about the negative influence of sensate fibers. 
Some authors’[17,18] experience agrees with this last 
opinion, but several other and more recent experimental 
experiences[19‑22] do not. In these studies, sensate fibers 
produce end‑to‑side regeneration and reinnervation of 
distal muscle.[23,24] Thus, we believe that sensate fibers’ 

negative role should be reconsidered. In pediatric patients, 
special regenerative and brain adaptive properties should 
be considered. The pediatric patient in Magdi Sherif and 
Amr[10] stimulates further comments. Even ulnar nerve 
lesions that have the worst outcome in adults, seem 
to produce better outcomes in children. In their series, 
Magdi Sherif and Amr.[10] showed electrical conduction in 
both grafts due to child’s regenerative capability. They 
also reported “minimal intrinsic muscle wasting” as an 
effect of possible damage to the donor nerve produced 
by end‑to‑side surgical coaptation (the so‑called “escape 
effect”). Interestingly, this is the only clinical report of this 
fearful complication of axonal escape from the donor ulnar 
in that series. Finally, the last technical concern could be 
risen regarding the number of bridge grafts (“cables”) 
needed to produce the best result; even, in this case, 
Magdi Sherif and Amr.[10] make the correct comment: the 
treated cases suggest that higher quantity should not be 
a valid concern to attract more axons and one cable is 
enough.

Cross nerve grafts in the palm, such as in patient 
number one by Magdi Sherif and Amr.,[10] as connecting 
pure motor branches, produce better results. We agree 
that this could due to a pure motor axonal component 
as well as due to decreased distance for regenerating 
fibers from the donor nerve. We add that the higher 
number of axons in the motor branch of the ulnar 
nerve could also be claimed as a cause. However, the 
authors[10] noted a difficult dissection of the deep 
ulnar motor branch, owing to the presence of closer 
important anatomical structures. Moreover, there is 
a lack of description of the surgical technique: the 
authors do not explain where the cable between the 
median thenar and ulnar motor branch is positioned 
whether subcutaneous or deep.

We believe that Magdi  Sherif  and  Amr.[10] have refined 
the original technique, and their recommendations 
should be followed when applying this technique of 
babysitting. We recommend one cable grafting, use 
of stimulator, and most distal grafting to avoid fiber 
escape and muscle wasting in the territory of the 
donor nerve. Another negative factor to be struggled 
is time, which produces a decrease in neurite growth 
factors and Schwann cells migration. This could be 
achieved through a microsurgical approach coupled 
with basic sciences applications, such as gene therapy 
and tissue engineering with scaffolds and regenerating 
cells.[25] Moreover, early exploration of nerve injuries 
could also help in struggle against time and Wallerian 
degeneration,[26] its rationale is based on both 
experimental evidences of early neuronal death as far 
as in motor ventral horn and in dorsal root ganglia[27] 
and more recent clinical data from early brachial plexus 
exploration and repair.[28] Regardless of final outcomes, 
coupling of (a) both neurons (neuroprotection)[27] and 
effectors (babysitting in wrist or palm)[9,10] is preferred 
to (b) traditional repair through grafts[2] or distal 
neurotization[29‑31] could be regarded as the future in 
management of proximal nerve injuries.
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INTRODUCTION

The success of repair after peripheral nerve injury 
depends on the type and the extension of the trauma. 
In the event of nerve compression or sheath loss, the 
structural elements in the nerve tissue are preserved, 

and injury recovery can occur without surgery. However, 
severe trauma can cause the complete disruption of the 
nerve (neurotmesis), resulting in the complete loss of 
continuity and function.[1]

The two segments generated after nerve transection 
retract, and edema occurs at the distal stump. The latter 
starts to swell and degenerates within hours in a process 
known as “Wallerian degeneration”.[2] The regeneration 
process takes place at the proximal stump, where the 
axon soma is still included, forming the growth cone that 
expands toward the distal stump to bridge the gap.

When nerves are severed, and denervation occurs, the 
longer the lag time reinnervation, the worse the functional 
recovery.[3] Long denervation time, as clinically seen in 
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brachial plexus injuries, causes complete atrophy of target 
tissues, followed by fibrosis and fragmentation of motor 
fibers.

The current “gold standard” in peripheral nerve surgeries 
is an autograft, which is defined as the interposition of 
autologous nerve segments (typically from the leg or the 
forearm). Despite the ideal core structure provided by 
the autologous tissue transferred, autografts allow only 
partial functional recovery, involve double surgery and 
cause donor tissue morbidity, calling for tissue engineered 
solutions to overcome these inconveniences.

A nerve guidance conduit (NGC) is a valid alternative to 
autograft, providing a confined environment for the entire 
regenerative process. NGC can be made of both natural 
and artificial materials. Its chemical and physical properties 
can be optimized to achieve the best performance in 
terms of tissue regeneration and inflammatory response, 
as illustrated by several reviews.[4‑6] However, despite the 
number of proposed engineered materials, the functional 
recovery after conduit repair of peripheral nerve injuries 
still fails where long (> 3 cm) gaps are created.

In the last decade, researchers have focused on different 
approaches to control and guide the regeneration of 
the injured tissue. The most promising options will be 
discussed below, including modification of the inner lumen 
architecture, transplantation of glial/stem cells (SCs), 
inclusion of extracellular matrix (ECM) components and 
neurotrophic factors [Figure 1].

INTRALUMINAL ARCHITECTURE

The importance of designing new NGC has been raised 
in the last decade. Topography of the inner lumen 
can dramatically affect the ability of both the nerve to 
regenerate across the gap and the endogenous cells to 
migrate and proliferate along the structure to modulate 
production and release of neurotrophic factors. Using 

features from micro‑ to nanoscale, several surface 
modifications have been performed in order to simulate 
the organized native structure of the neuronal tissue, 
including micro‑ or nanogrooves to direct SC and neurite 
alignments in a mechanism also known as “conduct 
guidance”, micro‑pits and pillars.[7,8] Microgrooves 
triggered SC alignment and migration along the pattern 
direction,[9‑11] simulating the organized structure of the 
glial cells when forming the bands of Büngner. Another 
technique commonly used to recreate longitudinal 
patterns in the conduit lumen is electrospinning, which 
allows the fabrication of micro‑ or nanofibrous conduits. 
Nerve conduits fabricated with electrospun aligned 
fibers influence cell migration and nerve fiber alignment 
after regeneration.[7] Aligned micro‑[12] and submicro‑[13] 
electrospun fibers were compared to a random fiber 
configuration in an in vivo study, with the oriented 
topography stimulating axon outgrowth and glial cell 
migration along the direction of the fibers. Moreover, 
variations in fiber diameter and distribution have been 
shown to affect both the permeability and the porosity of 
the neural tube, finally influencing cell response.[4]

A different approach to alter the architecture of nerve 
conduit guidance is to fill the empty tube with oriented 
intraluminal frameworks or filaments, characterized by 
a larger total surface area compared to a bare conduit. 
However, these fillers may hinder the regenerative process, 
and it is necessary to accurately control their “packing 
density” and distribution, which may have a large impact 
on the final ability of the nerve to regenerate.

Thin films of polyacrylonitrile‑co‑methyl acrylate composed 
of aligned fibers were inserted into the lumen of 
polysulfone conduits and compared to randomly aligned 
fibers and smooth films in a short‑term in vivo study using 
a rat model.[14] Nerve regeneration was accelerated in 
conduits containing the aligned fibrous film, resulting in 
higher levels of myelination and muscle reinnervation when 
compared to the other groups. This could be due to a 
high directionality and alignment of endogenous SC, which 
are involved in the formation of the new tissue and the 
myelination of the regenerated axons.

Microchannel elongating across the length of the tube 
is an alternative lumen modification to guide axonal 
growth in a confined environment. Agarose multi‑channel 
conduits were shown to allow axonal growth after injury, 
and vascularization occurred after 10 weeks in vivo.[15] 
In a recent study, a silicon‑based conduit containing 24 
micro‑fabricated parallel channels with a diameter of 
130 μm allowed the regeneration of the nerve across 
the injury gap in a rat model, resulting in 85% axon 
myelination.[16] It was demonstrated that innervation 
was unsuccessful at the external ring of the concentric 
microchannels while all the remaining channels were filled 
with neuronal tissue and blood vessels. When cells were 
preloaded in microchannel conduits, the internal guides 
also helped the seeding and increased the availability of 
the cells, with enhanced outcomes.[17] Interestingly, when 
similar multichannel structures were created with fibrin, 

Figure 1: Different tissue engineering approaches to improve nerve 
conduits for peripheral nerve regeneration. MSC: Mesenchymal 
adult stem cells, ASC: Adipose‑derived adult stem cells, LM: Laminin, 
FN: Fibronectin, ECM: Extra cellular matrix, NGF: Nerve growth 
factor, BDNF: Brain‑derived neurotrophic factor, NTs: Neurotrophins, 
GDNF: Glial‑derived neurotrophic factor, FGF: Fibroblast growth factor, 
NRG‑1: Neuregulin 1
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no differences in terms of regeneration between numbers 
and diameters of the channels were observed.[18]

In addition to providing a physical path for the regenerative 
process, microchannels also act as “axonal signal amplifiers” 
when applied in nerve stimulating‑recording devices. The 
electrical resistance of the intracellular medium is increased 
by the constricted environment, and the recorded signal 
of the extracellular potential is therefore amplified 
when specific electrodes are embedded in the structure, 
according to Fitzgerald et al.,[19] Microelectrodes arrays are 
in fact commonly used to record neural activity during the 
regeneration process at the injury site. New technological 
frontiers have allowed researchers to fabricate stretchable 
electrodes to better conform and deform along the tubular 
nerve conduit, responding more anatomically to the 
physical stress which conduits undergo in vivo and reducing 
the inflammatory response.[16,20]

INFLUENCE OF EXTRACELLULAR 
MATRIX MOLECULES AND FILLERS

Peripheral nerves have the potential to regenerate after 
injury, as opposed to the central nervous system. This 
is mainly attributed to the presence of SC basement 
membranes rich in ECM components, such as laminin (LM) 
and fibronectin (FN), which promote axonal regeneration 
in the peripheral nervous system. The ECM milieu of the 
regenerating nerve is not simply a passive scaffold for 
regrowth, as its molecules can synergistically signal with 
growth factors and growth cone molecules to influence 
regrowth.[21] LM, fibrin, FN and collagen are the main ECM 
proteins used as coatings for peripheral nerve repair. ECM 
molecules such as LM,[22] FN[23,24] and collagen[25] have been 
shown to enhance axonal regeneration when incorporated 
into nerve guidance channels.[26]

Alternatively, FN‑ and LM‑derived peptide moieties, such 
as RGD (Arg‑Gly‑Asp),[27,28] IKVAV (Ile‑Lys‑Val‑Ala‑Val),[29,30] 
and YIGSR (Tyr‑Ile‑Gly‑Ser‑Arg),[31] have been recognized to 
trigger specific interactions between neural cells and the 
accordingly modified substrate.

Different from coatings, ECM proteins have been used for 
the formation of gels or matrices as intraluminal fillers of 
NGCs, such as fibrin gels, shown interesting results in terms 
of regeneration.[32] However, this ECM protein maintains SC 
in a nonmyelinating state[33] and therefore, the degradation 
time of the gel should be optimized in order to trigger 
axon myelination in due time during regeneration.

Another composite hydrogel containing collagen and 
hyaluronan, with or without growth factors, was used in 
combination with poly(L‑lactide‑co‑caprolactone).[34] Both 
the compound muscle action potential and the muscle 
recovery were improved when compared to the empty 
control, while no differences were observed in presence 
or absence of nerve growth factor (NGF).

For a detailed review on the effect of ECM components 
on peripheral nerve regeneration, readers are advised to 
consult a recent publication.[35]

CELL TRANSPLANTATION

Cell‑based therapy is considered a valid approach to 
stimulate and enhance the regeneration of the injured 
nerve, overcoming the delayed recruitment and response 
of endogenous SC at the injury site, and therefore 
reducing their progressive atrophy in vivo. SC have 
been either injected at the injury site or preseeded in 
the nerve conduit,[36,37] with high rates of successful 
axon regeneration and myelination. In addition, various 
growth factors expression in SC can be induced as 
needed for the specific purpose. Prior studies have 
presented successful transfections of SC with either 
fibroblast growth factor (FGF)[38] or NGF,[39] both 
stimulating nerve repair in an injury rat model. Recently, 
SCs were transplanted ex vivo before implantation in 
order to investigate the impact of brain‑derived nerve 
factor (BDNF), ciliary neurotrophic factor (CNTF), and 
neurotrophin 3 (NT‑3) on nerve regeneration and 
recovery. The result was a significant improvement of 
axon outgrowth and myelination,[40] with cells remaining 
viable for up to 8 weeks in vivo. However, the harvest 
of autologous SC involves a significantly debilitating 
biopsy from the patient. In addition, SC adhesion and 
proliferation are considerably slower when compared 
to cells cultured in vitro (requiring for instance the 
precoating of each culture substrate), resulting in long 
culture time in order to achieve a suitable number for 
therapeutic uses.

Stem cells have become very attractive in tissue 
engineering and regenerative medicine due to their 
ability to self‑renew and differentiate into most cell 
phenotypes.[41] Mesenchymal SCs (MSCs) are derived 
from bone marrow stromal progenitors and have been 
demonstrated to be able to trans‑differentiate into 
several cell lineages, including osteoblasts, chondrocytes, 
endothelial cells, myocytes, neurons, and glial cells. 
In particular, when MSC are differentiated into SC‑like 
cells, they are able to express the characteristic glial 
markers and enhance peripheral nerve regeneration 
in vivo by improving myelination of axons and increasing 
regeneration distances.[42]

Undifferentiated MSC was preseeded in a chitosan 
conduit in an in vivo study for 6 weeks using a rat model, 
with successful regeneration similar to autografting.[17] 
In addition, these cells were used in a monkey model 
to repair a 50‑mm median nerve defect in a long‑term 
in vivo experiment.[43] Cells were injected directly after 
implantation at the proximal stump to overcome the 
deficit of local SC, resulting in enhanced regenerative 
properties compared to the nonseeded conduits. 
Similar outcomes comparable to autografts were then 
assessed in a dog model, bridging a 50‑mm sciatic 
nerve gap with successful muscle reinnervation.[44] Signs 
of local transdifferentiation into an SC‑like phenotype 
were observed after 8 weeks postimplantation by 
Oliveira et al.,[45] resulting in higher formation of 
myelinated and unmyelinated axons, as well as blood 
vessels, when compared to empty conduits.
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Alternatively, SCs can be isolated from white adipose tissue 
using liposuction to avoid invasive procedures.[46,47] Like 
MSC, adipose‑derived SCs (ASCs) are able to differentiate 
into a SC phenotype, and their characteristic elongated 
spindle‑shaped morphology has been confirmed 
through microscopy.[47‑49] Their ability to express specific 
glial‑markers, that is, S‑100, p75 and glial fibrillary acidic 
protein,[50,51] as well as the protein P0 responsible for 
the myelin formation,[51] has also been demonstrated. 
Finally, differentiated ASC (dASC) are able to express the 
neuronal‑associated protein nestin,[48,50,51] as well as the 
neuron‑specific enolase and the neuron‑specific protein.[48]

When undifferentiated ASC were preloaded in 
polycaprolactone conduits to investigate their effect 
on axonal outgrowth, it was observed that they were 
able to prevent neuron apoptosis by up‑regulating the 
expression of anti‑apoptotic BCL‑2 and down‑regulating 
the expression of caspase and BAX.[52] These results 
were comparable to N‑acetylcysteine treatments, which 
guarantee the preservation of cell signaling and survival 
as previously demonstrated.[53‑55] Both ASC and dASC 
have been frequently used for transplantation in NGC 
to repair injury gaps, although different and sometimes 
conflicting results have been observed due to the 
various experimental conditions.[56‑59] Signs of in vivo 
transdifferentiation of undifferentiated SCs into an SC‑like 
phenotype have been also observed, further stimulating 
interest in using ASC for peripheral nerve repair.[59] 
However, depending on the scaffold used, the viability of 
the preloaded cells can be strongly affected, reducing the 
initial beneficial effect of the cell therapy.[56] All of these 
results suggest the potential use of ASC (or dASC) in 
peripheral nerve repair, substituting SC.

The ultimate strategy in cell therapy is the formation of 
tissue engineered nerve grafts with the application of a 
intraluminal “cellular coating” composed of co‑cultured 
SC and dorsal root ganglia, which are able to release and 
up‑regulate the production of neurotrophic factors in the 
lumen over time. Long‑term results of up to 12 weeks 
have shown a significant ability to regenerate the nerve 
comparable to nerve grafts.[60] An even more advanced 
development would be the fabrication of scaffoldless 
neural conduits providing a confined environment without 
using polymeric structures, as proposed by Adams et al.,[61] 
In their study, their group attempted to construct a 
nerve guide using a monolayer of ASC differentiated into 
fibroblasts co‑cultured with neurospheres. This system 
supported the in vivo expression of growth factors, 
such as FGF, ascorbic acid, epidermal growth factor, and 
transforming growth factor (TGF)‑β1, which induced the 
transdifferentiation of the SCs into SC‑like cells.[61]

GROWTH FACTORS AND THEIR RELEASE 
IN NERVE GUIDANCE CONDUIT

Neurotrophic factors belong to the family of growth 
factors, and they are produced by SCs during Wallerian 
degeneration after injury.[62] Acting through their 
receptors, neurotrophic factors are involved in the 

neuronal activity, promoting nerve regeneration.[63,64] In 
addition, their expression is strictly dependent on time 
after axotomy, which biases the regenerative capacity of 
axons, as well as the supporting activity of SCs.[3]

Neurotrophins constitute one of the most important 
family of factors, including NGF, BDNF, NT‑3, and 
NT‑4/5.[65] After release, a density gradient of factors is 
formed around regenerating axons.[62] NGF is the one of 
the most important NTs involved in nerve regeneration 
and is up‑regulated rapidly in the distal stump after 
injury.[66] It is able to promote the survival and outgrowth 
of sensory neurons, although NGFs are not involved in 
the motor neuron response.[65] BDNF is up‑regulated in 
denervated SCs in order to allow myelination and nerve 
regeneration.[66] It is involved in the outgrowth of both 
sensory and motor neurons.[62,65] Finally, NT‑3 and NT‑4/5 
promote survival of both motor and sensory neurons.

Besides NTs, other neurotrophic factors are involved in 
the regenerative process of nerves. CNTF is a neurokine 
protein down‑regulated after injury,[65] implicated in motor 
neuron survival,[63] outgrowth and sprouting.[65] Moreover, 
glial cell line‑derived neurotrophic factor (GDNF),[64,66] 
FGF,[62,65] neuregulin‑1,[64,66] and leukemia inhibitory 
factor[63,64] also play an important role in peripheral 
nerve regeneration. Finally, TGF‑β is necessary for the 
nonmyelinating status of SCs during the proliferation 
process.[64] Nevertheless, all neurotrophic factors described 
above co‑operate in order to enable neuron survival and 
axonal outgrowth.[63]

Following injury, axotomy conditions and chronic 
denervation cause a reduced availability of neurotrophic 
factors and their supplement at the injury site is needed 
to stimulate and support regeneration.[3,67] As reviewed 
by Pfister et al.,[68] growth factors can be released 
into the lumen through different mechanisms of drug 
delivery from an empty conduit (i.e. dissolution in a 
solution, encapsulation in the conduit wall, diffusion 
through microspheres) or by use of an intraluminal filler 
(i.e. microfiber impregnation, binding and release in 
a matrix). However, results reported in the literature 
are sometimes contradictory, and optimization of their 
concentration and the release mechanism is, therefore, 
necessary. In addition, due to their low stability in 
solution, growth factors need to be protected when 
encapsulated or bond to a substrate in order to prevent 
their degradation and prolong their activity in situ. In fact, 
some ECM molecules can form specific bonds with growth 
factors, preserving their functionality. For example, it 
was found that binding to heparin or heparin sulfate can 
specifically stabilize FGF, GDNF, and NGF, which are then 
gradually released in the delivery system.[68] Furthermore, 
polymer coatings of the surface of the loaded biomaterial 
or microsphere with polylactide‑co‑glycolide[12,69‑71] can 
protect and gradually control the neurotrophic factor 
delivery over time.

Gordon’s group has extensively investigated the role of 
neurotrophic factors in nerve regeneration, particularly 
focusing on the effect of BDNF and GDNF in the system. 



Plast Aesthet Res || Vol 2 || Issue 4 || Jul 15, 2015  217

Neurotrophic factors were supplemented at the injury site 
using a mini‑osmotic pump and no effect was observed 
at low doses.[3] Conversely, very high concentrations 
of BDNF inhibited the axonal regeneration, with a 
mechanism that seemed to be dose‑dependent. In 
addition, a combination of BDNF and GDNF resulted in 
better nerve repair.[3] Madduri et al.[70,71] tested instead the 
efficiency of cross‑linked NGF and GDNF as single growth 
factors or in combination to repair peripheral nerve 
injuries, resulting in enhanced early regeneration after 
two weeks postimplantation and higher SC migration. 
Since neurotrophic factors are gradually released in the 
regenerative environment by cells as a response to the 
natural events occurring during Wallerian degeneration and 
axon regeneration and myelination, it may be beneficial 
to recreate a molecular gradient along the inner surface 
of the NGC, guaranteeing the necessary supply of factors 
to support the regeneration process. An in vitro study 
demonstrated that a patterned gradient of immobilized 
NGF on chitosan substrates would increase axon 
sprouting and branching in the direction of the gradient 
itself.[13] Tang et al.[72] were also able to control the gradient 
distribution of NGF along a poly(ε‑caprolactone)‑block‑p
oly(L‑lactic acid‑co‑ε‑caprolactone) conduit and observed 
a higher sciatic function index (SFI) when compared to 
uniform distribution of the neurotrophic factor.

The ECM‑matrix inclusion of growth factors that are 
gradually released in the inner lumen of the NGCs 
have also been considered to be a valuable alternative 
for the optimization of the bioengineered construct. 
A successful study was presented by Cao et al.,[73] during 
which collagen scaffolds were loaded with an LM filler 
containing CNTF, promoting high levels of myelination 
after twelve weeks postimplantation and enhancing both 
SFI and nerve conduction velocity.

Cell transduction can also be thought of as an alternative 
approach to release specific growth factors at the site 
of regeneration. Godinho et al.[40] implanted peripheral 
nerve grafts containing SC expressing BDNF, CTNF, and 
NT‑3, respectively, resulting in different outcomes as 
a function of the growth factor. Following accurate 
locomotor investigation by using the gait analysis system 
Catwalk®,[74‑76] they showed a significant improvement of 
functional recovery under CTNF and NT‑3 conditions while 
NT‑3 stimulated a higher degree of myelination.[40]

CONCLUSION AND FUTURE 
DIRECTIONS

Despite advancements in microsurgical techniques, 
nerve repair clinically provides suboptimal results, and 
autologous nerve grafts are the primary choice for nerve 
reconstruction, especially over long gaps. This opens 
the field for research and the development of tissue 
engineered nerve guides [Figure 1]. The transplant of 
regenerative cells into biodegradable conduits could be 
a clinical tool translating into improved regeneration. 
In our experience,[47,49,58] ASCs contribute to axonal 
regeneration and myelination with the improvement of 

functional outcomes in long‑term experiments. Given their 
abundance and plasticity, we personally consider these 
cells to be one of the main options in future nerve repair 
studies. In this review, we have attempted to present a 
complete tableau of the different components which 
we believe are relevant for successful regeneration. To 
perform at their best, transplanted cells need a favorable 
environment, with proper attachment to biomaterials and 
directionality driven through conduits. If present, the 
external delivery of growth factors should be controlled 
to avoid inhibitory effects on regeneration. This would 
support both transplanted and native Schwann cell 
performance, improving nerve regeneration. The stronger 
mechanical stability shown by cells seeded on an ECM 
such as FN and LM may be essential for cell migration and 
control of local signaling environment.[36] The influence 
of cell behavior on material coatings is an interesting 
question, as this effect is not dependent upon an 
external delivery source (as in the case of growth factors). 
Similarly, interactions between cells and biomaterials may 
influence cell performance and directionality, making it an 
interesting field for future research.
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Topic: Peripheral Nerve Repair and Regeneration

INTRODUCTION

Microsurgery is the surgical technique that uses both optical 
magnification and fine instruments in order to perform 
inframillimetric vascular and nerve anastomoses. The 

optical magnification allows a better visualization of tissue 
structures than with the naked eye. The term “microsurgery”, 
is sometimes abused because the optical magnification of 
surgical microscopes and surgical magnifying glasses does 
not exceed forty times, at best fifty times better with some 
supermicrosurgical microscopes. A surgical microscope must 
therefore be considered as binocular magnifying glass, that 
can visualize structures invisible to the naked eye and is not, 
strictly speaking, a microscope.

Microsurgical instruments provide a better repair of tissue 
damage than conventional instruments. Their design 
comes from the craft of watchmaking, whose forceps 
are identical. Microsurgery approaches watchmaking in 
which one uses a monocular magnifying glass placed over 
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one eye and a fine forceps held in one hand. It differs 
by the use of binocular loupes and fine instruments held 
in both hands. The three‑dimensional (3D) vision is made 
possible by the treatment of a shifted image for each eye, 
which is essential in microsurgery where the smallness 
of the depth of the operating field requires very precise 
movements.

FROM MICROSURGERY TO 
ENDOSCOPIC TELEMICROSURGERY

Since its inception in the 1960s, microsurgery has 
experienced a paradoxical development. Countless surgical 
techniques have been described starting from digit 
replantation to hand transplant, through nerve repair by 
direct and indirect nerve grafts and neurotizations, free, 
and pedicled flaps, and finally to the recent applications 
of perforator flaps and the use of supermicrosurgery 
applied to less than 0.5 mm diameter vessels. Meanwhile, 
the technology itself (i.e. microscopes and instruments) 
has not changed in over fifty years. Microscopes have 
indeed evolved toward voice control screens with 3D 
glasses, digital image recording, and intraoperative videos, 
but the optical magnification has not evolved since the 
beginning of microsurgery. Microsurgical instruments are 
now made in titanium, but have remained exactly the 
same since their conception. Any technology experiences 
a revolution every half a century: it is an invariable law 
of industry. Hence, why has microsurgery not registered 
a	 technological	 leap	 since	 the	 1960s?	 Is	 this	 due	 to	 its	
compartmentalization, its ignorance on the progress of 
other	 surgical	 disciplines?	 In	 other	 words,	 what	 is	 the	
future	of	microsurgery?

Surgery has undergone two major technological 
advances since the second half of the twentieth century: 
endoscopic surgery in the 1980s and telesurgery in the 
2000s. Endoscopic surgery is the surgical technique 
that uses both a miniature two‑dimensional (2D) camera 
and appropriate instruments to perform procedures by 
mini‑invasive approaches. The operator instinctively gets 
an impression of 3D vision thanks to the micro motion 
of the cameras, which allows the surgeon to scan the 
operative field, but it is not a true 3D vision. Telesurgery 
is a surgical technique that uses a robotic remote 
manipulator to perform procedures without direct 
contact between the operator and the patient. The term 
robotic is an abuse of language, since the movements of 
the remote manipulator are performed under the direct 
control of the operator. Telesurgery, which suppresses 
the physiological tremor of the operator can combine 
the advantages of conventional open microsurgery with 
a 10 times optical magnification (up to 25 times with 
a digital zoom) and a 3D vision to those of endoscopic 
surgery thanks to instrumental and optical arms whose 
length allows to penetrate the surgical field by minimally 
invasive incisions. Telesurgery, which has many other 
properties, is most likely the next technological leap 
for the advancement of microsurgery, thanks to a new 
concept: telemicrosurgery.

Endoscopic telemicrosurgery and minimally invasive 
robotically‑assisted microsurgery, which is still in its 
infancy, could experience a significant development in the 
2020s, when a specialized robot will have been devised. 
The market potential is huge, especially if we think of the 
replacement of all conventional surgical microscopes with 
robotically‑assisted microscopes.

PROPERTIES OF ENDOSCOPIC 
TELEMICROSURGERY

Only robots will cross the limits of human capabilities. 
Some surgical robots have already disappeared from 
the market (Aesope®, Zeus®), and others are under 
development (Amadeus®, Newton®, Gumby®, etc.) including 
some prototypes specific to microsurgery (MSR, RAMS®). In 
fact, only the DaVinci® robot is currently available on the 
market.

The prospect of microsurgery is to develop systems 
in order to enhance human capabilities of vision and 
to enhance manipulation of tissue repair. Ultimately, 
conventional microsurgery only increases two human 
capabilities: the 3D optical magnification thanks to 
binocular magnification glasses, and the manipulation 
of inframillimetric tissue structures by fine instruments. 
Endoscopic telemicrosurgery enhances other visual and 
manual abilities that cannot be done by conventional 
microsurgery [Figures 1 and 2].

Magnified vision
Optical magnification, a constitutive property of 
microsurgery, is possible in both conventional 
microsurgery and telemicrosurgery. Conventional 
surgery allows magnification of vision in general up to 
25 times. Some supermicro surgical microscopes allow 
magnification up to 50 times, but the handling of tissues 
with ultra‑fine instruments and nylon up to 14/0, at the 
extreme limit of human capabilities, represent a barrier 
to the common use of supermicrosurgery. The DaVinci® 
robot is the only surgical robot currently available, and 

Figure 1: Installation of an endoscopic telemicrosurgical intervention 
in pigs. In the foreground, the operator manipulates the instruments 
remotely from the surgical field using the surgical console of the 
DaVinci® robot
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it allows magnification of vision up to 25 times thanks 
to a digital zoom. Although the current magnification of 
the DaVinci® robot is lower than that of conventional 
microscopes, it is not a limiting factor to its use in 
conventional microsurgery, but it is not feasible in 
supermicrosurgery. Considering the prospects, a specific 
robot to telemicrosurgery shall improve its optical 
magnification capacity.

Three‑dimensional vision
3D vision is required in microsurgery because the depth of 
the operating field is less than 1 cm. 2D vision does not 
allow to assess acutely the position of anatomical structures 
and instruments into space, and can lead to tissue damage. 
Conventional microsurgery and telemicrosurgery allow 3D 
vision, a shifted image arriving to each eye in both cases, 
by an optical lens or CCD camera. Considering perspectives, 
one can mention the extreme miniaturization of cameras 
and obtaining a 3D vision with a single camera with 
methods of real‑time image processing.

Functionalized vision
Vision through a conventional microscope is an external 
magnified vision. Various tools make it possible to see 
beyond the mere external appearance, revealing functional 
properties.[1] Some systems enable to form an additional 
image that reveals microcirculation and therefore make 
it easier to distinguish cancerous tissue from healthy 
tissue by the injection of a small amount of indocyanine 
green, a dye tracer visualized by an infrared system. This 
noninvasive technique also verifies the effectiveness of a 
vascular anastomosis. The micro‑Doppler allows to study 
the permeability of a vascular suture by transforming 
visual information of arterial or venous flow into 
an audible sound to the naked ear. Considering the 
prospects, some micro‑ultrasound systems could allow 
to study microvascularization, but also the internal 
structure of peripheral nerves. This could be very useful 
to determine precisely the exact level of nerve transaction 
before performing a nerve graft of the brachial plexus 
for example, with respect to the method currently 
used (simple manual palpation of the nerve in order to 
perceive an internal loss of substance).

Endoscopic vision
Endoscopic surgery consists in using an endoscope 
within a natural or artificial body cavity. Conventional 
microsurgery, which uses an exoscope, does not allow 
endoscopic vision. The 3D camera of the DaVinci® robot 
can be used either as an exoscope or as an endoscope in 
order to practice open or endoscopic telemicrosurgery.

Augmented vision
Augmented reality consists in representing virtual data 
on a real image. Since the invention of this concept by 
Thomas Caudell in the early 1990s, augmented reality 
has been applied to many areas. In medicine, it naturally 
found technical applications using an optical devices 
and/or a camera: laparoscopy,[2] arthroscopy, endoscopy, 
and microsurgery. Among all fields of use, the purpose 
of augmented reality is to simplify and to accelerate 
access to complex data by combining the elements of 
the operating field of the surgeon. Augmented reality can 
be applied to conventional microsurgery, but indications 
remain limited due to the impossibility to use endoscopy 
because a conventional microscope remains an exoscope 
and does not allow internal vision. Considering the 
prospects, endoscopic telemicrosurgery of the brachial 
plexus could evolve. From an internal view of a cavity, 
the anatomical structures of the brachial plexus and 
their relationship with other structures including vascular 
tissues can be difficult to identify. The registration in real 
time by magnetic resonance angiography images with 
direct intraoperative vision could act as a true anatomical 
global positioning system.

Manual tremor filtration
Physiological tremor in microsurgery is detrimental and 
unfavorable in supermicrosurgery. Telemicrosurgery makes 
it vanish through an interface filter, which not only 
improves the comfort of the surgeon, but it can also be 
suggestive of facilitating supermicrosurgery.

Magnification of the manual movement
The scaling of hand movement is a fundamental property 
in microsurgery because it increases the precision of 
the operator’s movement. It will become indispensable 
in supermicrosurgery, as for example in lymphatic 
vessels. In the old S version of DaVinci® robot, the scale 
reached 1/5. On the newer SI versions of the DaVinci® 
robot, the scale is reduced to 1/3. The reason is that the 
current market is focused on telesurgery and urological 
laparoscopic surgery, which do not require a greater 
scaling. Considering the prospects, the development 
of a specific robot to telemicrosurgery should increase 
the scale of the movement up to 1/10 or even more for 
supermicrosurgery.

Magnification of manual movement amplitudes
Movements of the upper extremity and hand have limited 
average amplitudes due to their anatomy. For example, 
the normal range of motion of supination averages 180°. 
It is therefore not possible in microsurgery to make 
a movement of more than 180° without dropping the 
instrument. The DaVinci® robot allows pronosupination up 

Figure 2: Intrathoracic view of three intercostal nerves in a pig harvested 
with the DaVinci® robot during a telemicrosurgical intervention
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to 540°, repeating several times the position of the hands 
in the handles of the surgeon’s console. The recovery 
of the hand position could be avoided by magnifying 
pronosupination in the way of a power steering system 
in cars. Assuming a magnification of 1/3, an operator 
performing a pronosupination of 180°, could perform 
a pronosupination of 540° in 1 time. Considering the 
prospects, the completion time of a vascular anastomosis 
could be easily decreased by performing one unique 
movement with the needle going from one vessel wall 
to the other without having to repeat the movement, 
especially in deep surgical fields or hard to access as in 
the repair of the collateral ulnar artery during thumb 
replantation.

Magnification of the manual force feedback 
sensation
The absence of force feedback or haptic sensation is often 
criticized in robotic surgery practiced with the DaVinci® 
robot. In reality, the force feedback does not exist in 
conventional microsurgery. Some authors have shown that 
the tightening sensation of a node with a 10/0 nylon is 
perceived by a minority of individuals.[3] In practice, the 
haptic sensation in conventional microsurgery is obtained 
indirectly by visualization of the deformity of the soft 
tissues in which it has acquired experience in conventional 
procedures where the operator directly manipulates the 
instruments. Unlike the DaVinci® robot, the Amadeus® 
robot is equipped with a device for haptic sensation, but 
its marketing is still confidential. The Mimic® simulator 
solely dedicated to training in robotic surgery is also 
equipped with a device for haptic sensation. Considering 
the prospects, if the force feedback is not currently used 
in conventional microsurgery and telemicrosurgery, it is 
not inconceivable that its magnification becomes a capital 
property, especially in supermicrosurgery in order to 
perform vascular, lymphatic, and nerve anastomoses that 
are currently inaccessible because of their small size.

Multi‑manual work
A surgeon uses both hands to work, but an organist also 
uses his feet. If the DaVinci® robot has 3 instrumental 
arms, the same operator can only handle 2 simultaneously, 
even in the latest versions of the robot. The third arm 
is like the hand of an assistant, the operator places for 
example to place a retractor. In microsurgery, certain 
delicate gestures are performed. The advantage of 
the DaVinci® robot is that the third arm, unlike that of 
an assistant, does not tremble nor changes position. 
Considering the prospects, the theoretical possibility to 
use more than 2 instrumental arms simultaneously and 
by the same operator is not to be immediately eliminated 
on the pretext that surgeons have only used 2 of their 
hands till now. In fact, unconsciously, surgeons are already 
using their feet to activate an electrocoagulation pedal, 
an arthroscopic shaver or a fluoroscope. Admittedly the 
foot is only to activate an instrument used by hand, but 
it is not impossible to imagine that the order of 1 or 2 
instrumental arms could be confided independently to 
one or two feet of a same operator. The acquisition of the 
independence of feet will require an equivalent learning 

curve to that of an organist. The assistant operational 
function remains to be defined.

Endoscopic manual work
Endoscopic microsurgery requires not only the 
introduction of a camera into a natural or artificial 
biological cavity, but also requires the introduction 
of appropriate instruments to repair damaged tissue. 
Conventional microsurgical instruments are not suitable 
for endoscopy. However, the instrumental arms of the 
DaVinci® robot, having a length of 50 cm, are equipped 
at their termination with a miniature wrist or EndoWrist® 
that allows the introduction of instruments by a minimally 
invasive approach and which goes straight to the surgical 
target, as if a miniaturized operator’s wrist could directly 
penetrate inside the body. The disadvantage remains 
of having performed four converging approaches. 
Considering the prospects, the “single port” with a 
miniaturized 3D endoscope equipped with instruments 
passing through the same flexible tube, seems to be an 
interesting research pathway.

Augmented ergonomics
Microsurgery is time‑consuming. Interventions are long 
and the fatigue of the surgeon is a deleterious factor. Any 
factor that can improve the comfort of the surgeon can 
improve the quality of the intervention. In conventional 
microsurgery, the gaze direction of the operator does 
not follow a direct line between the surgeon’s eye 
and his target. The image undergoes deflections. The 
consequence is that the hand‑eye‑head coordination 
is disrupted. The position of the head corresponds to 
a target distant to the actual target. To maintain this 
position, the contraction of the muscles of the neck 
does not match that of the actual target and can cause 
eyestrain and muscle fatigue. In telemicrosurgery, the 
gaze direction of the operator follows a direct line to 
his hands and the target. Paradoxically, although the 
surgical console is not in contact with the patient, 
the position of the operator’s head and hand is more 
ergonomic than in conventional microsurgical where the 
operator’s hands are in direct contact with the patient. In 
conventional microsurgery, the operative field is cluttered 
by the hands of the operator and his assistant. This can 
increase fatigue as the surgeon may have to operate in 
uncomfortable positions. In contrast, the operating field 
in telemicrosurgery is cleared, thanks to the instrumental 
arm length, the fineness of the EndoWrist®, and especially 
the absence of the operator’s hands.

Remote working
Conventional microsurgery requires direct contact between 
the patient and the surgeon. This proximity seems logical, 
but it is not always possible, especially when a highly 
specialized technical gesture is required, and no specialist 
surgeon is available. It is clear that at present the use of 
a remote expert is not current practice, but considering 
the prospects, in the future in the middle of a procedure 
requiring a very specific gesture, it may be interesting to 
call on a remote expert who could take control of the 
robot and perform a very specific task.
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CLINICAL APPLICATIONS

All properties mentioned above are not available with 
the DaVinci® robot. However, some of them already allow 
telemicrosurgical clinical applications. Among the many 
clinical applications, we describe its use in peripheral 
nerve surgery.

What has been done until now?
Our first experimental study using telemicrosurgery 
technique assessed the feasibility of peripheral nerve 
repair.[2] Regardless of the different type of anatomical 
materials used (rat, pig, and human cadaver), the 
telemanipulator removed the physiological tremor 
factor during anatomical epiperineural repairs. From 
this experimental result, we moved to our first 
clinical trial to test the feasibility of the restoration of 
elbow flexion by Oberlin procedure using the DaVinci 
robot.[4] All patients recovered elbow flexion and good 
functional results despite a slight difficulty in visualizing 
the operative field by an endoscopic approach. The 
development of specific retractors and instruments will 
probably ease these challenges. In a second clinical 
trial, we presented a new approach to brachial plexus 
surgery using mini‑invasive robot‑assisted surgery to 
perform a biopsy of an intraneural perineurioma in a 
12‑year‑old girl.[5] Tigan et al.[6] also studied the surgical 
dissection of chronic peripheral nerve tumors using the 
telemicrosurgical technique to improve their results. Most 
recently, robot‑assisted neurotization of deltoid muscle 
using the nerve to the long head of the triceps was 
described as a feasible application for the restoration of 
shoulder abduction after brachial plexus or axillary nerve 
injury.[7] These results demonstrate that telemicrosurgery 
allows very safe and precise peripheral nerve repairs by 
counteracting physiological tremor and by improving the 
view of the surgical field.

What are the clinical indications?
From an anatomic positional point of view, brachial 
plexus injuries are the most ideal indications for 
telemicrosurgery. Brachial plexus injuries are caused 
by stretching and excessive traction on the shoulder, 
usually during motorcycle accidents or childbirth. We 
can distinguish total paralysis of the brachial plexus 
(most frequent lesions), paralysis of the upper C5‑C6 
and C5‑C6‑C7 roots, and paralysis of the lower C8‑T1 
roots, which are rarer than total paralysis of the 
brachial plexus. Telemicrosurgery can also be helpful 
to distinguish supraclavicular and infraclavicular plexus 
lesions. Regardless on the type of plexus lesion, large 
incisions are needed either to explore the plexus or to 
perform neurotizations from a healthy nerve in order to 
reinnervate a paralyzed nerve. Apart from the unsightly 
appearance of these large incisions, and the lengthening of 
hospitalization time, these large incisions involve risks of 
infection and perineural adherence that interfere with the 
quality of nerve regrowth. Endoscopic telemicrosurgery 
allows interventions on peripheral nerves with minimally 
invasive incisions.[8] Mantovani et al.[9,10] developed an 
effective minimally invasive approach to brachial plexus 

injury and showed the feasibility of using telerobotic 
manipulation to perform microsurgical root‑to‑root 
nerve repair of the brachial plexus with an endoscopic 
approach. In a cadaveric and experimental study, we 
already accomplished neurotization of the spinal accessory 
nerve to the motor branch of the musculocutaneous 
nerve, neurotization of the long portion of the triceps to 
the anterior branch of the axillary nerve,[11] neurotization 
of the motor nerve fascicle of the ulnar nerve on the 
musculocutaneous nerve,[4] neurolysis of the long thoracic 
nerve, and neurolysis of the intercostal nerve.[12] A series 
of eight clinical cases of nerve damage around the 
shoulder girdle were operated on using the DaVinci® 
robot. Successful microneural repair was confirmed in 
all clinical studies. However, an open incision was still 
required. Robotic‑assisted surgery of the shoulder girdle 
and brachial plexus is still in its early stages.[13]

What are the future fields of application in nerve 
surgery?
In a recent experimental study, we reported on the 
feasibility of robotic phrenic nerve harvest in a pig 
model.[11] The advantages of using an endoscopic technique 
to harvest the phrenic nerve include a magnified, clear, 
and illuminated visualization, a better remote access 
incision site and an atraumatic technique. Robot‑assisted 
neurolysis may be clinically useful for harvesting the 
phrenic nerve for brachial plexus reconstruction by the 
thoracoscopic approach.

CONCLUSION

Microsurgical techniques, magnification, and micro‑ 
instruments, have not evolved since their first use in 
the 1960s. Endoscopic telemicrosurgery, through the 
amplification of human capabilities, may be the expected 
technological leap to introduce microsurgery in the 
21st century.
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ABSTRACT
Vascularized composite allotransplantation (VCA) has emerged as a viable treatment option for limb 
and face reconstruction of severe tissue defects. Functional recovery after VCA requires not only 
effective immunosuppression, but also consideration of peripheral nerve regeneration to facilitate 
motor and sensory reinnervation of donor tissue. At the time of transplantation, the donor and 
recipient nerves are typically coapted in an end-to-end fashion. Following transplantation, there are 
no therapies available to enhance nerve regeneration and graft reinnervation, and functional outcomes 
are dependent on the recipients’ innate regenerative capacities. Functional outcomes to date have been 
promising, but there is still much room for improvement, studies have demonstrated reliable return of 
protective sensation (pain, thermal, gross tactile), while discriminative sensation and motor function 
show more inconsistent results. In order to maximize the benefit afforded to the by VCA, we must 
develop consistent and reliable procedures and therapies to ensure effective nerve regeneration and 
functional outcomes. New technologies, such as nerve guidance conduits and fibrin glues, and the use 
of stem cells to facilitate nerve regeneration remain untested in VCA but are proving worthwhile in 
the context of peripheral nerve repair. VCA presents a unique set of challenges with regards to surgical 
techniques, postoperative regimen, and health of donor tissue. In this review, we discuss current 
challenges underlying achievement of nerve regeneration in VCA and discuss novel technologies and 
approaches to translate nerve regeneration into functional restoration.

Key words: 
Adipose-derived stem cells, allograft, fibrin glue, nerve regeneration, tacrolimus, vascularized 
composite allotransplantation

INTRODUCTION

The field of vascularized composite allotransplantation (VCA) 
has rapidly developed over the past few decades, propelled 
by major advancements in surgical technique and 
posttransplant immunosuppression. VCA differs from 
solid organ transplantation (SOT) in the composition of 

the transplanted tissue, whereas SOT generally involves 
one or a few organs and associated cell types, VCA 
tissues are composed of skin, vascular structures, nerves, 
muscles, bone, and connective tissue.[1] The enhanced 
immunogenicity of such composite tissues proved to be 
a major roadblock in the success of these transplants in 
the long‑term, but the development and use of multiple 
immunosuppressive drugs, such as tacrolimus (FK506), 
have significantly reduced incidence of rejection.[2] VCA can 
currently be performed in various body regions, including, 
but not limited to, the hand, the proximal upper extremity, 
and the face.[1]

A major challenge of VCA over SOT is that reperfusion 
of tissues is not sufficient to restore function, instead, 
functional recovery in VCA is dependent on the recipient’s 
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axons regenerating into the graft and reinnervating the 
transplanted muscle and skin, so as to establish motor 
control and receive sensory input.[1] Nerve damage 
is inevitable in the process of transplantation, from 
peripheral axonal degeneration occurring from the 
time of organ harvest to surgical reconnection of the 
donor tissue to the host. Host cortical reorganization 
plays a paramountrole in the restoration of function, as 
the lack of sensory input from the injured or missing 
body region results in aberrant cortical response to 
restoration of sensory input from, and motor output to, 
the newly innervated tissue following prolonged periods 
of denervation.[3] Peripheral nerve regeneration is a slow 
process, occurring at 1‑3 mm/day, partly depending on 
the microenvironment surrounding axonal sprouts and the 
caliber of the nerve.[4]

Thus, there exists a need for more effective and consistent 
strategies for nerve regeneration in VCA. This area is 
a popular field of study in the context of peripheral 
neuropathy repair, but the VCA context provides unique 
challenges in the necessity for immunosuppression 
and the circumstances in which the transplantation is 
performed.

PATHOPHYSIOLOGY OF NERVE 
DAMAGE AND REGENERATION

Following transplantation, axons within the graft undergo 
Wallerian degeneration. Originally thought to be mediated 
by impaired transport of nutrients to distal axonal 
segments and subsequent death, Wallerian degeneration 
is now considered a product of a self‑destruct program 
distinct from that of apoptosis.[5]

Although Wallerian degeneration ultimately claims axons 
distal to the site of organ harvest, the reorganization of 
Schwann cells and macrophages around the dying axons 
fosters an environment that favors axonal regeneration. 
However, in the context of VCA, this process is affected 
by the presence of widespread axonal damage and by 
the need for a balance between immunosuppression and 
tissue rejection.

Due to the transplantation process, all cellular nerve 
components distal to the transection point are derived 
from donor populations. Regeneration of host peripheral 
nerves requires host‑derived Schwann cells to populate 
the distal stump, which in turn requires proliferative and 
migration signals. Induction of these signals seems to 
require partial rejection of the VCA to eliminate donor 
Schwann cells. Thus, immunosuppression regimens 
should be carefully determined to provide optimal 
nerve regeneration through optimal host Schwann 
cell proliferation and migration while avoiding greater 
tissue injury during the controlled rejection process. 
The complete lack of a rejection period may potentially 
block host Schwann cell migration, leading to impaired 
peripheral nerve growth. If rejection leads to rapid donor 
Schwann cell death, unsupported endoneurium may 
degenerate, blocking further regeneration.[6]

CURRENT SURGICAL STRATEGIES FOR 
NERVE REPAIR AND REGENERATION

Surgical coaptation (tension‑free repair)
Because additional nerve length can usually be 
harvested from the donor, tension‑free direct 
end‑to‑end neurrorraphy of recipient and donor nerve 
stumps can typically be achieved. Nerve coaptations 
have been and are still widely used for various 
procedures in reconstruction, peripheral nerve injury 
repair, and in VCA. Opening of the donor nerve 
perineurium and induction of deliberate nerve injury 
during end‑to‑side coaptation has been shown to 
increase the regeneration of axons from the host into 
donor axons.[7] In the context of facial transplants, 
tension‑free nerve coaptations have been shown to 
have the most predictable and reliable results in 
nerve reconstruction.[8] Performing the neurotomy in 
the epineurial vs. perineurial layer has not yielded a 
definitive determination of which procedure yields the 
best postoperative functional results.[9]

Nerve transfers are another method by which healthy 
axons that traditionally serve one area can be rerouted 
and coapted to provide sensory and motor function 
to another. However, the clinical applicability of this 
procedure is untested in VCAs, in the context of the 
cortical somatosensory reorganization of these redirected 
sensory and motor domains.[10]

Nerve autograft
Nerve autografting is a surgical procedure that allows 
for repair of relatively long lesion gaps with the patient’s 
own tissues when nerve coaptation cannot be performed 
without excess tension on the nerve stumps. Although 
the graft can provide the scaffold for regrowth with 
Schwann cells and neurotrophic factors, there is obvious 
secondary morbidity associated with graft harvest. Nerve 
autografting has primarily been used in a variety of 
clinical scenarios requiring nerve repair.[11] Since allografts 
from donor nerve tissue can be supplemented to the 
existing composite transplantation without any additional 
immunosuppressive burden, nerve autografts have limited 
use in the context of VCA. In addition, challenges in 
large‑caliber nerve revascularization and limited capacity 
for diffusion‑mediated perfusion of such nerves must be 
taken into consideration.[12]

Nerve allograft
While autografts are considered ideal in the case of 
peripheral nerve damage since these grafts do not face 
any immunological mismatch, such is not the case in 
nerve allografts. However, the primary benefit of this 
latter method is that the secondary morbidity associated 
with autograft harvesting, such as sensory loss and 
scarring, is avoided.[13] When performed in the context 
of VCA, where immunosuppression is already used to 
avoid rejection of the primary tissue, use of additional 
nerve allografts from the cadaveric source of the VCA 
tissue to ensure tension‑free nerve coaptation does not 
add new immunological consequences. Furthermore, 
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immunosuppression following allografts may be 
discontinued after a period of treatment after nerve 
regeneration becomes present.[14] Allografts can also be 
processed in such a way as to reduce their antigenicity 
by means of decellularization, although nerve growth 
can suffer from lack of extracellular signaling cues.[12]

It has been shown that the cessation of immunosuppression 
is necessary for replacement of donor Schwann cells in the 
allograft with those of the host. In a mouse model of sciatic 
nerve allografts, a continuous postgrafting treatment 
with cyclosporin A maintained allograft association with 
donor Schwann cells until a “chronic rejection process” 
prevailed. This led to clearance of donor Schwann cells 
and subsequent replacement by host Schwann cells. 
However, to most efficiently facilitate replacement 
of donor Schwann cells with those of the host, a 
temporary immunosuppressive regimen to gradually allow 
for rejection, is recommended.[15] This controlled rejection 
process allows for a gradual replacement of Schwann cells 
such that the growing axons maintain associations with 
endoneurial Schwann cells. If the replacement does not 
occur and an acute rejection process suddenly destroys 
donor Schwann cells supporting host axonal growth, then 
the entire regenerative process may be compromised.

Outcomes following repair of mid‑level brachial plexus 
injuries with cadaveric/living‑related donor nerve 
allografts in eight patients revealed no complications 
during or immediately after the operation. Postprocedure 
immunosuppression included basiliximab, tacrolimus, 
azathioprine, and co‑trimoxazole. Seven of these 
patients displayed return of motor and sensory function. 
The eighth was noncompliant with the posttransplant 
immunosuppressive regimen, leading to impaired motor 
and sensory regeneration.[16]

Tacrolimus (FK506)
Tacrolimus represents the current backbone of conventional 
immunosuppressive regimen in SOT. Surprisingly, its use 
was also shown to have an enhanced effect on nerve 
regeneration in a dose‑dependent, calcineurin‑independent 
mechanism.[17] This combination of effects makes this drug 
very appealing in the context of VCA. Tacrolimus sustains 
this effect with both systemic and local administrations.[18]

Specific to applications in VCA, administration of tacrolimus 
in a swine model of ulnar nerve grafting demonstrated 
doubling of nerve growth parameters (nerve density, mean 
fiber count) postautograft. In allografts, tacrolimus was 
necessary for posttransplant neuroregeneration, as the 
absence of the drug abolished regeneration altogether.[19] 
Early studies of reinnervation of hemifacial VCAs in rats 
revealed that immunosuppression provided by tacrolimus 
coupled with nerve repair in the form of epineurial 
neurorraphies was successful in developing and maintaining 
sensory reinnervation of the graft tissues.[20] Tacrolimus 
used in an orthotopic rat hind limb transplant model was 
shown to enhance neural regeneration, further enhanced 
when a bone marrow‑derived stem cell (BMSC) suspension 
was injected into the distal end of the injured nerve.[21] 
Low dose tacrolimus (0.1 mg/kg/day) in peripheral nerve 

regeneration in rat sciatic nerve transplantation model 
demonstrated significant re‑myelination and regeneration 
of the transected and transplanted nerve.[22] Tacrolimus 
was also shown to enhance nerve repair following nerve 
crush injury in sciatic nerves in rats as compared to 
cyclosporin A, which had no effect on the rate of axonal 
regeneration.[23]

With respect to Schwann cell migration, tacrolimus 
administration after sciatic nerve allografts in mice 
demonstrated rapid host cell migration followed by a 
slow replacement phase after 15 weeks (replacement of 
donor Schwann cells by those of the host). Controlled 
withdrawal of tacrolimus in this period can accelerate 
the replacement process.[24] Temporally controlling the 
onset of an acute rejection process either early (5 days 
posttransplant) or late (8 weeks posttransplant) in the 
regenerative timeframe demonstrated differing degrees 
of repair. The group undergoing early rejection had a 
significantly better functional recovery in innervated 
muscles than those undergoing late rejection. Interestingly, 
immunohistochemical staining for Schwann cells revealed 
no difference in staining intensity between late and 
early rejection groups, although neural fiber width was 
decreased in late rejection rats, potentially due to impaired 
myelination production from damaged Schwann cells.[25]

The use of tacrolimus in posttransplant immunosuppressive 
regimens can enhance nerve regeneration and growth of 
axon sprouts into donor tissue. Further work remains to 
be done regarding elucidation of the exact mechanism 
by which tacrolimus affects nerve regeneration, but 
outcomes data, so far, has been promising. A 3‑year 
follow‑up examination of motor recovery after hand 
transplant in a 47‑year‑old patient revealed a 
“remarkable speed” of regeneration. The investigators 
attribute this to the neurotrophic effects of tacrolimus 
and note that regeneration is possible even after the 
patient’s median and ulnar nerves had been severed for 
14 years prior to the operation and immunosuppressive 
regimen.[26] However, studies comparing tacrolimus to 
other immunosuppressive modalities and their resulting 
effects on nerve regeneration have not been conducted. 
Promising results from animal models, applications 
in crushed nerve injury models, Schwann cell studies, 
and preliminary data from VCA point to tacrolimus 
being a key neurotrophic candidate along with its 
well‑characterized immunosuppressive capacity.

A summary of recent and pertinent publications can be 
found in Table 1.

Outcomes studies
Due to the limited number of hand and face transplants, 
and the diversity of such patients, large sample size 
analyses of sensory and motor regeneration are 
challenging, and few have been performed (requiring the 
establishment of a patient database for longitudinal and 
cross‑sectional outcomes monitoring). Many outcomes 
studies look into specific or small sets of patients. For 
example, patient JM, who underwent a partial face 
transplant at Brigham and Women’s Hospital in Boston 
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Table 1: Summary of recent publications pertaining to tacrolimus in nerve regeneration
Authors Year Title Summary
Liu et al.[27] 2014 Rapamycin promotes Schwann cell 

migration and nerve growth factor secretion
With a similar mechanism of action as tacrolimus, rapamycin 
was demonstrated to enhance nerve regeneration at lower 
concentrations than tacrolimus, although Schwann cell 
proliferation was not affected

Mekaj et al.[28] 2014 Application of topical pharmacological 
agents at the site of peripheral nerve 
injury and methods used for evaluating the 
success of the regenerative process

While topical administration of tacrolimus over the site of 
peripheral nerve injury enhances nerve regeneration and 
functional recovery, the repair process remains sub-optimal

Yan et al.[25] 2013 Nerve regeneration in rat limb allografts: 
evaluation of acute rejection rescue

In limb transplant, early rejection led to prompt rescue of the 
regenerating axons, while late rejection affected motor function 
the most

Song et al.[21] 2012 Use of FK506 and bone marrow 
mesenchymal stem cells for rat hind limb 
allografts

In hindlimb allograft, treatment with tacrolimus and local BMSC 
injection enhanced sciatic nerve regrowth with increased 
presence of Schwann cells

Que et al.[29] 2012 Tacrolimus reduces scar formation and 
promotes sciatic nerve regeneration

Treatment of sciatic nerve transection with tacrolimus gavage 
in rats demonstrated enhanced regeneration with thicker and 
myelinated fibers and reduced collagen fiber content and scar 
area in the area of nerve anastomosis

Azizi et al.[30] 2012 Effects of topically administered FK506 on 
sciatic nerve regeneration and reinnervation 
after vein graft repair of short nerve gaps

Loading of an inside-out-vein graft with tacrolimus demonstrated 
an increase in the number and diameter of myelinated 
regenerating fibers in the repair of a rat sciatic nerve injury model

Yan et al.[31] 2012 Efficacy of short-term FK506 administration 
on accelerating nerve regeneration

Short-term administration of tacrolimus in a posttransection injury 
model yielded significant benefits in functional motor recovery

Toll et al.[18] 2011 The role of immunophilin ligands in nerve 
regeneration

Systemic tacrolimus administration, as well as other 
nonimmunosuppressive immunophilins, enhances nerve 
regeneration

Whitlock et al.[24] 2010 Dynamic quantification of host Schwann cell 
migration into peripheral nerve allografts

GFP-tagged host Schwann cells followed after nerve allograft 
procedure and tacrolimus administration revealed definitive 
migration patterns into the donor tissue

Li et al.[32] 2010 ImmunophilinFK506 loaded in chitosan 
guide promotes peripheral nerve 
regeneration

Repair of rat sciatic nerve injury model with a chitosan guide 
loaded with tacrolimus demonstrated enhanced electrophysiology 
following nerve repair as well as increased maturity of myelinated 
axons

Rustemeyer et al.[33] 2010 Administration of low-dose FK506 
accelerates histomorphometric regeneration 
and functional outcomes after allograft 
nerve repair in a rat model

Repair of rat sciatic nerve injury model with isograft transplant 
and tacrolimus demonstrated enhanced functional recovery in 
walking-track analysis at low doses of drug

Rustemeyer et al.[22] 2009 Histomorphological and functional impacts 
of postoperative motor training in rats after 
allograft sciatic nerve transplantation under 
low-dose FK506

Tacrolimus was shown to demonstrate significant effects on 
regeneration following allograft transplantation, although benefits 
of motor training in addition to tacrolimus were not observed

Landin et al.[20] 2008 Functional outcome after facial allograft 
transplantation in rats

In hemifacial transplant, direct nerve repair of facial and 
trigeminal nerves yielded the best clinical and neurophysiological 
recovery of the graft

Jensen et al.[19] 2005 Effect of FK506 on peripheral nerve 
regeneration through long grafts in inbred 
swine

Treatment with systemic tacrolimus demonstrated enhanced 
axonal regeneration in nerve autografts and allografts in swine

Owen et al.[26] 2001 Peripheral nerve regeneration in human 
hand transplantation

Inclusion of tacrolimus in the postoperative immunosuppression 
of a 1998 hand transplantation in France was hypothesized to 
contribute significantly to peripheral nerve regeneration, as well 
as surgical technique/skill and neurotrophic factors secreted by 
the patient’s own nerves

Wang et al.[23] 1997 Comparative dose-dependence study of 
FK506 and cyclosporin A on the rate of 
axonal regeneration in the rat sciatic nerve

Tacrolimus administered at 5 mg/kg to rats in a sciatic nerve 
crush injury model demonstrated significant increase in the rate 
of nerve regeneration as compared to that with cyclosporin A 
administration

BMSC:	Bone	marrow‑derived	stem	cell,	FK506:	Tacrolimus,	GFP:	Green	fluorescent	protein

with coaptation of “all identifiable motor and sensory 
nerves as distally as recipient anatomy allows” achieved, 
after three years posttransplant, return of pressure 
sensation to 92% of the allograft surface with poorer 
pressure threshold over the nose. Return of discriminatory 
sensation and muscle strength was more variable.[34]

To aggregate data on functional outcomes following hand 
transplantation, the International Registry on Hand and 
Composite Tissue Transplantation was developed. A 2004 
publication following 18 male patients who underwent 
upper extremity transplantations between 1998 and 2004 
at various levels reported 100% patient and graft survival 
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and universal return of protective sensation (pain, thermal, 
and gross tactile sensation) in all grafted hands. Results 
in discriminative sensation and motor recovery were 
more variable across these patients.[35] A 2010 publication 
following 49 hands transplanted between 1998 and 
2010 across 33 patients revealed universal recovery 
of protective sensation and more variable recovery of 
discriminatory sensation and motor function in grafts 
at least 1 year posttransplant.[36] While these results 
look promising, it appears that success can be further 
optimized in the realm of motor regeneration.

Pomahac et al.[37] reported 1 year postoperative functional 
outcomes of a partial face transplant of a 59‑year‑old 
male following an electrical burn injury. “Meticulous 
neurorrhaphy” was used to bring together the buccal, 
infraorbital, and branches of facial nerves. Protective and 
discriminatory sensations returned to the entire graft by 
6 months, and symmetrical smiling was achieved by 1 year.

A 2009 study compared functional recovery in a patient 
who received a dominant mid‑forearm transplantation 
to that of four patients who underwent mid‑forearm 
replantations following traumatic amputation. The 
two procedures vary in certain regards, including 
longer ischemic times in transplantation as compared 
to replantation, excess allograft tissue requirements 
for transplants, and the unique need for cortical 
somatosensory reorganization following a transplant. 
While the transplant demonstrated increased innervation 
of intrinsic hand muscles (hypothesized to be due to the 
effects of tacrolimus), grip strength remained greater 
in replantations, potentially due to muscle fibrosis and 
atrophy in the recipient’s proximal forearm stump.[38]

Post‑VCA cortical reorganization has been studied 
closely, since recovery of motor and sensory function 
requires not only peripheral nerve regeneration, but 
the reestablishment of cortical areas representing those 
regions. Since VCAs are often performed many years after 
the loss of the limb, underlying cortical plasticity leads to 
loss of that limb’s representation in primary motor (M1) 
cortex and primary somatosensory (S1) cortex. Relatively 
acute reestablishment of afferent and efferent pathways 
in VCA has been shown to result in significant cortical 
reorganization.[39,40] A functional magnetic resonance 
imaging (fMRI) study of hand and elbow representations in 
M1 in the months following abilateral hand transplantation 
revealed a reversal of the cortical reorganization induced 
by that amputation in a patient who underwent traumatic 
bilateral amputation 4 years in advance.[41] Similar results 
were demonstrated with transcranial magnetic stimulation 
in a patient who underwent bilateral hand transplantation 
3 years following traumatic amputation.[42] fMRI evaluation 
of S1 reorganization in a unilateral hand transplant patient 
35 years following traumatic amputation demonstrated 
the significant return of cortical activity despite such a 
prolonged absence of a limb.[43]

A study comparing cortical reorganization in 2 patients, 
one of whom underwent bilateral hand transplantation 
6 years following traumatic amputation, and another 

who underwent hand replantation 2 h after traumatic 
amputation, revealed several observations in the 
reorganization process. The authors observe that 
supplementary motor area activation is resistant to 
reorganizing effects in long‑term amputation, and this is 
more prominently seen in M1. Activation patterns in M1 
increased over 2 years following the bilateral transplantation. 
In the patient undergoing hand replantation, structural 
differences in cortical representation were not observed, 
suggesting a functional cortical reorganization instead.[44] 
Magnetoencephalographic study of cortical representation 
in 13 patients following limb replantation found a negative 
correlation between the extent of reorganization and 
patient‑reported pain following replantation.[45]

Ultimately, forming comparisons between patients, grafts, 
and outcomes studies are complicated by varying degrees 
of existing transplant‑area injury in recipients, differences 
in the circumstances under which donor VCA tissue is 
procured, and surgical protocols and challenges unique 
to each procedure. However, aggregation of outcomes 
is necessary to determine overarching trends since the 
number of patients undergoing VCA transplantation 
remains relatively low.

A summary of recent and pertinent publications regarding 
functional outcomes in VCA can be found in Table 2, and 
regarding cortical reorganization in VCA in Table 3.

FUTURE DIRECTIONS

Nerve guidance conduits
The use of nerve guidance conduits (NGCs) to appose 
nerve stumps protects against scar infiltration and the 
development of neuromas, thereby enhancing the fidelity 
of regeneration.[48] A NGC is a doubly open‑ended tube 
that requires separated nerve ends to be attached to 
either end of the structure, and the internal composition 
provides a protected environment for nerve sprouts to 
extend longitudinally towards the opposing end.[49] Early 
versions of NGCs only demonstrated the limited extent of 
repair over a few centimeters.[50]

With respect to VCA, however, the benefit of NGCs has 
not been studied in humans, as the gold standard remains 
surgical coaptation with or without the use of nerve 
allografts. This technology has primarily been used in the 
repair of peripheral nerve damage, and a review of studies 
published through 2006 evaluating close to  three hundred 
patients reported “satisfactory” results in some patients 
experiencing suboptimal results. At this point, NGCs are 
primarily limited to the repair of short lesion gaps, but 
advances in this technology seek to increase the feasibility 
and consistent success of its use.[51] Currently, the theoretical 
benefits of using NGC over nerve allograft in VCA are 
limited since donor allografts can be utilized to fill large 
gaps without additional immunosuppression or without 
concerns for donor‑site morbidity in the cadaveric donor.

Chondroitinase
Chondroitin sulfate proteoglycans (CSPGs) are found in 
the extracellular matrix and are known to inhibit axonal 
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regeneration. Treatment with chondroitinase, to cleave 
glycosaminoglycans from and inactivate CSPGs, has been 
shown to improve nerve regeneration following nerve 
injury and repair.[52,53] Chondroitinase treatment is part 
of the processing used in an off‑the‑shelf decellularized 
nerve allograft that has been gaining popularity for 
nerve repair.[54,55] Our group performed a translational 
study assessing the use of chondroitinase in VCA and 
found that a single intraneural injection at the time of 
transplantation resulted in significantly improved axonal 
regeneration.[56] As such, this may represent a promising 
therapeutic option to enhance functional outcomes in 
clinical VCA.

Fibrin glue
Traditional nerve coaptation requires the suturing 
of nerves, which leads to traumatic damage to the 
stumps. Thus, a more optimal ligation technique is 
needed to avoid this procedurally‑induced impairment. 
Fibrin glue was demonstrated to quickly and efficiently 
reattach transected ends of nerves. However, Original 

studies comparing the effectiveness of fibrin glue and 
suture‑based repair demonstrated differing observations 
on the preservation of electrophysiology across the 
transected region.[57,58] Decreased regenerative capacity of 
the glued stumps may be, in part, due to the enhancement 
of nerve regeneration following traumatic injury to distal 
nerve segments, as explained earlier.

Recent histological studies of fibrin glue ligations have 
demonstrated decreased inflammatory response and 
fibrosis as compared to sutured reattachments. The use 
of Quixil, a human fibrin glue sealant, also led to better 
axonal regeneration and alignment of nerve fibers in a 
rat model of median nerve transection. Additional of 
nerve growth factor to the fibrin glue led to enhanced 
nerve regeneration.[59] Incorporation of microspheres 
that slowly release glial cell‑derived neurotrophic factor 
into fibrin gels encasing the site of transection was also 
shown to facilitate regeneration.[60] Although research has 
demonstrated the benefits of fibrin glue, microsuturing 
remains the mainstay procedure for nerve segment 

Table 2: Summary of recent publications pertaining to functional outcomes in VCA
Authors Year Title Summary
Diaz-Siso et al.[34] 2013 Facial allotransplantation: a 3-year 

follow-up report
Face transplant of a 2009 patient demonstrated near-normal 
sensation after 3-year, along with improving motor function

Unadkat et al.[46] 2013 Functional outcomes following multiple 
acute rejections in experimental VCA

Multiple acute rejection episodes in rat orthotopichindlimb transplants 
led to decreased motor function due to muscle atrophy and fibrosis, 
although axon density and electrophysiology remained intact

Pomahac et al.[37] 2011 Restoration of facial form and function 
after severe disfigurement from burn 
injury by a composite facial allograft

1-year follow-up of a 59-year-old patient with face transplant 
demonstrated recovery of sensation and basic motor function in 
emotional display, speech, and feeding

Petruzzo et al.[36] 2010 The IRHCTT. Transplantation Analysis of 49 transplanted hands revealed universal recovery of 
protective sensation and return of tactile and discriminative sensation 
in most grafts

Jablecki et al.[38] 2009 A detailed comparison of the functional 
outcome after mid-forearm replantations 
versus midforearm transplantation

Comparison of forearm transplant to replantation in human patients 
revealed greater grip strength in replantation but better recovery of 
sensation in transplantation

Breidenbach et al.[47] 2008 Outcomes of the first two American 
hand transplants at 8 and 6 years 
posttransplant

Long-term posthand transplant follow-up of 2 patients revealed 
improvements in motor strength comparable to postreplant results 
with significant increases in patient quality of life

Lanzetta et al.[35] 2005 The IRHCTT. Transplantation Analysis of 18 hand/forearm/thumb transplants revealed universal 
graft survival, achievment of protective sensation, and recovery of 
enough motor activity for most daily activities

VCA: Vascularized composite allotransplantation, IRHCTT: International Registry on Hand and Composite Tissue Transplantation

Table 3: Summary of recent publications pertaining to cortical reorganization in VCA
Authors Year Title Summary
Blume et al.[45] 2014 Cortical reorganization after 

macroreplantation at the upper extremity: 
a magnetoencephalographic study

Patient-reported pain was found to be negatively correlated with extent 
of cortical reorganization following limb transplantation in a study of 
13 patients

Vargas et al.[42] 2008 Re-emergence of hand-muscle 
representations in human motor cortex 
after hand allograft

TMS of patient LB, who underwent bilateral hand transplantation 3-year 
after traumatic amputation demonstrated M1 representation reestablished 
to the newly attached muscles within 10 months posttransplant

Frey et al.[43] 2008 Chronically deafferented sensory cortex 
recovers a grossly typical organization 
after allogenic hand transplantation

Hand transplant of a patient 35 years postamputation revealed S1 
reorganization within 4 months, re-establishing gross hand cortical 
representation

Brenneis et al.[44] 2005 Cortical motor activation patterns 
following hand transplantation and 
replantation

M1 reorganization was most pronounced in hand transplantation and 
compared to replantation, while SMA was resistant to reorganization in 
long-term amputation

Giraux et al.[41] 2001 Cortical reorganization in motor cortex 
after graft of both hands

Reversal of M1 reorganization following a traumatic bilateral amputation 
was reported in the months after a bilateral hand transplantation

VCA: Vascularized composite allotransplantation, TMS: Transcranial magnetic stimulation, SMA: Supplementary motor area
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ligation and further development of technologies must 
be performed.[61] To date, due to the high inflammatory 
response and fibrosis ensuing during their use, fibrin glues 
offer limited applicability in VCA, particularly given the 
enhanced regeneration observed following trauma when 
nerve segments are re‑anastomosed with microsurgical 
techniques. The future development of bioactive fibrin 
glues that may artificially provide the neurotrophic factors 
normally present following nerve trauma, may offer a 

more efficient and consistent alternative for end‑to‑end 
ligation of nerve stumps.

Adipose‑derived stem cells
In addition to demonstrating tolerogenic effects in 
transplanted tissues,[62,63] both BMSCs and adipose‑derived 
stem cells (ASCs) have also been shown to exert positive 
effects on peripheral nerve regeneration.[64] The relative 
ease of isolating ASCs and developing Schwann cell 
populations from this cell type makes them more 

Table 4: Summary of recent publications pertaining to ASCs in peripheral nerve gap repair
Authors Year Title Summary
Kuo et al.[62] 2014 Proteomic analysis in serum of rat hind-

limb allograft tolerance induced by 
immunosuppressive therapy with ASCs

Analysis of serum proteome revealed significant differences 
after inclusion of ASC in the immunosuppressive regimen with 
increased levels of markers for tolerance

Cheng et al.[75] 2014 Syngeneic ASCs with short-term 
immunosuppression induce VCA tolerance in 
rats

Addition of ASCs to post-VCA immunosuppressive regimen 
results in enhanced tolerance of the VCA graft with elevated 
levels of circulating regulatory T cells

Wu et al.[76] 2014 Donor age negatively affects the 
immunoregulatory properties of both adipose and 
bone marrow derived mesenchymal stem cells

As the age of the stem cell donor increases, the quality of 
collected bone marrow and ASCs decreases

Hsueh et al.[67] 2014 Functional recoveries of sciatic nerve 
regeneration by combining chitosan-coated 
conduit and neurosphere cells induced from 
ASCs

Seeding of a chitosan-coated conduit with neurosphere cells 
differentiated from ASCs leads to “substantial improvements in 
nerve regeneration” in a 10 mm sciatic nerve lesion in rats

Watanabe et al.[68] 2014 Undifferentiated and differentiated ASCs 
improve nerve regeneration in a rat model of 
facial nerve defect

Seeding of silicone conduits with ASCs (both differentiated 
and undifferentiated) or Schwann cells to repair a 7 mm facial 
nerve lesion in rats demonstrated similar therapeutic results in 
nerve regeneration across cell types

Hundepool et al.[73] 2014 The effect of stem cells in bridging peripheral 
nerve defects: a meta-analysis

Meta analysis of in vivo experimentation of nerve conduits 
stem cell seeding for nerve gap repair revealed systematically 
that use of stem cells results in the most beneficial effects for 
reconstruction

Qureshi et al.[77] 2014 Human adipose-derived stromal/stem cell 
isolation, culture, and osteogenic differentiation

Provides methods for the lipoaspiration of ASCs, culture and 
preservation of that cell population, synthesis of scaffolds, and 
techniques for loading those scaffolds with isolated cells

Leto Barone et al.[63] 2013 Immunomodulatory effects of ASCs: fact or 
fiction

ASCs demonstrate beneficial tolerogenic qualities in 
preliminary studies, but further clinical work must be done to 
understand this effect

Ying et al.[78] 2013 Effects of intracavernous injection of ASCs on 
cavernous nerve regeneration in a rat model

In a model of cavernous nerve crush injury, injection of 
ASCs to the site of injury demonstrated enhanced nerve 
regeneration and restoration of erectile function

Mohammadi et al.[69] 2013 Effects of undifferentiated cultured omental 
ASCs on peripheral nerve regeneration

Repair of a 10 mm sciatic nerve lesion with a silicone conduit 
seeded with uASCs demonstrated increased numbers and 
sizes of regenerating fibers

Zaminy et al.[79] 2013 Transplantation of schwann cells differentiated 
from adipose stem cells improves functional 
recovery in rat spinal cord injury

Collagen scaffolds loaded with Schwann cells differentiated 
from ASCs effectively support axon regeneration and 
functional recovery in 3 mm spinal cord lesions in rats

Marconi et al.[70] 2012 Human adipose-derived mesenchymal stem cells 
systemically injected promote peripheral nerve 
regeneration in the mouse model of sciatic crush

Intravenous administration of ASCs after sciatic nerve crush 
injury in mice demonstrated ‘clear therapeutic potential’ by 
secreting neuroprotective factors

Shen et al.[80] 2012 Peripheral nerve repair of transplanted 
undifferentiated adipose tissue-derived stem 
cells in a biodegradable reinforced nerve conduit

Repair of 10 mm sciatic nerve gap with a genipin-gelatin-
tricalcium phosphate conduit seeded with ASCs demonstrated 
similar results in regeneration to autologous nerve grafts

Orbay et al.[72] 2012 Differentiated and uASCs improve function in 
rats with peripheral nerve gaps

In a model of 10 mm sciatic nerve gap, repair with various 
modalities, including nerve grafts, conduits, and ASC-seeded 
conduits, the seeding of the conduit with stem cells yielded 
best outcomes in regeneration and nerve conduction velocity

Faroni et al.[64] 2011 Schwann-like adult stem cells derived from bone 
marrow and adipose tissue express GABA type 
B receptors

Schwann cells derived from bone marrow and ASCs express 
functional GABA-B receptors, which can modulate cellular 
function

Mohammadi et al.[65] 2011 Comparison of beneficial effects of 
undifferentiated cultured bone marrow stromal 
cells and omental adipose-derived nucleated 
cell fractions on sciatic nerve regeneration

In the repair of a 10 mm sciatic nerve lesion with a vein 
graft infused with stem cells, ASCs demonstrated enhanced 
regenerative effects as compared to those from bone marrow

VCA: Vascularized composite allotransplantation, ASC: Adipose‑derived stem cells, GABA: Gamma‑aminobutyric acid, uASC: Undifferentiated 
adipose‑derived stem cell
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efficient to use than BMSCs. These characteristics, 
coupled with the observation that there is no significant 
difference between ASCs and BMSCs in facilitating 
nerve regeneration, points to ASCs as being a more 
efficient option in stem cell‑based enhancement of nerve 
regeneration.[65]

While the transplantation of Schwann cells into nerve 
conduits has demonstrated increased regenerative 
potential,[66] ASCs have also been demonstrated to have 
a pro‑regenerative effect on growing axons.[67‑70] The 
mechanism for this effect is in the differentiation of ASCs 
into Schwann cell‑like phenotypes in the context of nerve 
injury and regeneration. Interestingly, undifferentiated 
ASCs (uASCs) can also promote nerve growth.[71] 
In vitro differentiation of uASCs into Schwann cells prior 
to seeding demonstrated no significant difference as 
compared to uASCs in the graft‑guided regeneration 
of a ten millimeter injury of rat sciatic nerve.[72] Similar 
findings were demonstrated in facial nerve repair with 
uASC/differentiated ASC seeding of the graft.[68] A large 
meta‑analysis published in July 2014 examining data from 
forty‑four animal studies revealed that the use of ASCs 
in nerve grafts offers significant benefits toward nerve 
regeneration in sciatic, median, ulnar, and radial nerve 
lesion models in rats, dogs, monkeys, and mice.[73]

The regenerative benefits of ASCs require their seeding 
along the path of the growing axon sprouts, as well as 
being in an environment that maintains the population 
for the weeks to months required for axonal regrowth. 
Existing Food and Drug Administration‑approved nerve 
conduits with specialized matrices for ASC maintenance 
adequately meets these requirements, thereby creating 
a microenvironment in which such stem cells can 
readily affect pro‑regenerative signals on growing axons 
in a spatially constrained path. ASCs are capable of 
secreting nerve growth factors, vascular endothelial 
growth factor, and brain‑derived neurotrophic factor, 
among a wider set of cytokines and other cell signaling 
molecules.[71] The strength of a cellular graft over one that 
merely elutes neurotrophic factors is that the molecular 
microenvironment can be regulated by ASCs in response 
to the penetrating sprouts.[74]

ASCs prove to be a promising area of research for the 
facilitation of nerve regeneration in VCA. Early in vivo 
research demonstrating seeding of these cells into 
artificial conduits and grafts has provided promising 
results. However, these remain restricted to animal 
models of the peripheral nerve lesion. The combined 
promise of beneficial immunomodulatory effects and 
enhanced nerve regeneration makes these cells a 
tantalizing therapeutic supplementation in VCA. The 
extent of these benefits as a clinical application in VCA 
remains to be studied.

A summary of recent and pertinent publications 
regarding ASCs in VCA/nerve regeneration can be found 
in Table 4.

CONCLUSION

Sensory and motor regeneration are major hurdles that 
must be addressed to realize the fullest potential of VCA. 
Advances continue to be made in peripheral nerve repair, and 
these results must be explored in the context of transplant 
surgery. Results in post‑VCA functional outcomes continue to 
improve, and soon, we can expect more consistent, reliable, 
and faster recovery of sensation and motor control to donor 
tissues. Exciting advancements in the area of ASC‑enhanced 
nerve regeneration may offer a promising frontier towards 
addressing this challenging question.
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Topic: Current Concepts in Wound Healing

Acute and chronic wound infection poses a major problem 
to wound care physicians (also known as woundologists). 
Emergence of multidrug‑resistant (MDR) bacteria and 
biofilm is a real challenge to physicians. Failure to use 
antimicrobials judiciously leads to toxic damage to 
host cells with a wide spectrum of problems and super 
infections. Newer methods of dissolving biofilms and 
interrupting cell‑to‑cell communication are yet to be 
established and included into routine practice.

Intermittent negative pressure regimen of limited access 
dressing (LAD)[1] could be effectively used for most issues 
related to wound infection and its spread (wound to 
environment and vice versa) in the following manner:

Wound isolation and safe disposal of drainage: occlusive 
dressing in LAD isolates the wound from the environment 
and the safe disposal of wound drainage in a closed 
system with prefilled disinfectants (for viruses, spores 
and resistant strains) may prove vital in reducing cross 
infections and hospital‑acquired infections.

Prevention of wound invasion: invasive bacteria actively 
induce their own uptake by phagocytosis of normally 
non‑phagocytic cells, and then either establish a protected 
niche within which they survive and replicate or 
disseminate from cell‑to‑cell by means of an actin‑based 
motility process.[2] Alternatively, intermittent negative 
pressure channel effectively to divert bacteria to the 
drainage system, which mechanically prevents wound 
invasion[1] and hence prevents them from establishing a 
protected niche required for dissemination.

Mechanical disruption of quorum sensing by negative 
pressure: bacteria communicate with one another using 
chemical signal molecules. Chemical communication in 
bacteria involves producing, releasing, detecting and 
responding to small hormone‑like molecules, termed 

autoinducers. This process, termed “quorum sensing”, 
allows bacteria to monitor the environment for other 
bacteria and to alter the behavior on a population‑wide 
scale in response to changes in the number and/or species 
of bacteria present in a community (wound environment).[3] 
Quorum sensing signals are the essential components of 
the communication system. These signals regulate virulence 
gene expression in a variety of plant and animal 
(including human) bacterial pathogens.[4] The detection 
of a minimum stimulatory concentration threshold of an 
autoinducer leads to an alteration in gene expression. In 
general, Gram‑negative bacteria use acylated homoserine 
lactones as autoinducers and Gram‑positive bacteria 
use processed oligopeptides for communication. 
Recent advances in the field indicate that cell‑to‑cell 
communication via autoinducers occurs both within and 
between bacterial species.[5] Community cooperation 
probably enhances the effectiveness of processes like 
virulence factor expression (invasion) and biofilm development 
(resistance to treatment).[6] Various chemicals are identified 
for chemical quenching of quorum sensing (quorum 
quenching).[4,7] LAD may be used to mechanically remove 
the chemical signal molecules intermittently by negative 
pressure before it reaches a concentration level to produce 
effective quorum sensing for virulence factor expression, 
thereby preventing the invasion of host tissues.

Mechanical disruption of biofilm: in general, bacteria have 
two life forms during growth and proliferation. In one form, 
bacteria exist as single, independent cells (planktonic) 
assumed to produce acute infections. In the other 
form, bacteria are organized into sessile aggregates, 
commonly referred to as biofilm growth phenotype. 
In cases, where bacteria form a biofilm within the 
human host, the infection becomes chronic with extreme 
resistance to antibiotics and conventional antimicrobial 
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agents, and an extreme capacity for evading the host’s 
defenses.[8] An established biofilm structure comprises 
microbial cells and an extracellular polymeric substance 
matrix; it has a defined architecture and it provides an 
optimal environment for the exchange of genetic material 
between cells. Cells may also communicate via quorum 
sensing.[9] The extracellular digestion of biofilms by 
multiple bacteriolytic and proteolytic enzymes is being 
exploited for biofilm control.[10] LAD may be used to 
mechanically disrupt the biofilm by intermittent negative 
pressure.[1]

Furthermore, wound infection by MDR organisms can be 
effectively treated by applying negative pressure as they 
are resistant to drugs but not to the negative pressure.
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INTRODUCTION

The dynamics of wound healing are complex. A thorough 
understanding of the normal healing process is a 
prerequisite for unveiling the pathology. Wound healing 
begins with homeostasis at the site of injury, progresses 
to an inflammatory phase followed by proliferation of 
the epithelial and matrix components, and ends with the 
formation of scar tissue marked by laying down of a highly 
organized collagen matrix.[1] Various factors, extrinsic 
and intrinsic to the injured tissue, affect the healing 
process.[2] These are broadly categorized into local and 
systemic factors. Factors directly influencing the immediate 
wound environment are considered to be local factors, 
while the overall health of the individual affecting his 
ability to heal constitutes the systemic factors[3] [Table 1].

Impaired wound healing is not an uncommon occurrence 
in clinical practice. Both local and systemic factors 
are responsible for impaired healing and weak scar 
tissue formation.[2] Acute wounds heal following the 
normal sequence of the healing process. Acute wounds 
that fail to progress in a timely and orderly fashion 
through the normal stages of healing are described as 
chronic wounds.[1] Because of associated early and late 
complications, chronic wounds remain an intractable 
clinical problem and a frequent cause of morbidity and 
mortality.[1]

Various interventions are available for amelioration of 
impaired healing. Hence, it is important to evaluate 
wound healing in order to compare the efficacy of 
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different interventions. Wound healing is evaluated by 
both clinical features and biochemical and histological 
parameters. Nuclear medicine can assist in assessing the 
vascularity of healing tissue, and hence plays a role in 
recording inflammation. However, study of the histological 
features appears to be more reliable as the findings can 
be recorded photographically for evaluation by different 
experts.

A literature search was performed on histological scoring 
of wound from 1993 to 2014. A total of 30 available 
relevant literatures on wound healing and histological 
scoring based on various parameters from different stages 
of wound healing were selected for review.

NORMAL PROCESS OF WOUND  
HEALING

The sequence of events in normal wound healing has 
been widely studied and described in literature.[4] Wound 
healing is a complex biological process that takes place 
in all tissues in all organs of the body. Various cell 
types, including keratinocytes, neutrophils, macrophages, 
lymphocytes, fibroblasts and endothelial cells, are involved 
in this process.[3] The necrotic tissue is either removed 
by scavenger cells or separated from living tissue by the 
process of phagocytosis.

The wound healing process consists of four phases: 
hemostasis, inflammation, proliferation and remodeling.[1]

Coagulation and hemostasis
The initial step assists in the protection of the vascular 
system to maintain the functionality of the organ. The clot 
formed as a result of coagulation provides a matrix for 
the cells involved in subsequent steps of hemostasis and 
inflammation.[1] Various pro‑inflammatory cytokines and 
growth factors are released by the clot and wound tissue. 
Inflammatory cells then migrate to the wound site by the 
process of chemotaxis and promote the inflammatory 
phase.[4‑6]

Inflammation
The goal of the inflammatory phase is to fight potential 
bacterial contamination of the wound and to activate 
cytokine secretion.[1,7] Uncontrolled inflammation can destroy 
the early migratory effect, leading to an arrest of the healing 
process.[8]

Proliferation
The proliferation phase overlaps with the preceding 
inflammatory phase. It represents a proliferation of 

both epithelial and dermal elements which results in 
reepithelialization of the wound and laying down of the 
primary extracellular matrix.[3] Epidermal stem cells and 
bone marrow derived stem cells also play a role during 
this phase. Angiogenesis occurs secondary to endothelial 
progenitor cells, a derivative of hematopoietic stem cells.[9,10]

Wound remodeling leading to scar formation
This phase marks the final step in tissue remodeling 
and differentiation leading to recovery of the skin 
and its aesthetic restoration.[8,11] Reconstruction of the 
dermis occurs by reorganization of the matrix collagen.[7] 
Fibroblasts differentiation into myofibroblasts, leading to 
wound contraction and closure.[12]

ASSESSMENT OF THE WOUND

Impaired wound healing occurs secondary to disordered 
collagen formation[13] and underlying predisposing 
conditions.[14] In order to effectively manage chronic 
wounds, periodic assessment of the healing process 
is necessary.[15] The insights gained from this type of 
assessment are expected to facilitate the development of 
novel therapies by stratifying their specific contributions 
to the wound healing process in time and stage‑specific 
manner.[7] Hence, a standardized and reproducible model 
is required to obtain information about the wound healing 
process as well as to better understand the pathology and 
improve medical technologies.[16] Instruments to assess 
wound healing can help to enhance communication 
among clinicians by defining a common language and 
standardizing assessment of wound characteristics.[15]

Because healing is a dynamic process, it is difficult 
to evaluate and requires consistent measurements.[17] 
A complete assessment of the wound must include the 
size, associated attributes, host factors and environmental 
factors, all of which impact optimal wound management.[17] 
In addition, demographics and quality of care also provided 
aid in assessing the repair process.[17]

Various tools for assessing wound healing clinically have 
been described, including the Pressure Ulcer Score for 
Healing (PUSH), the Sussman Wound Healing Tool (SWHT), 
the Wound Healing Scale, the Leg Ulcer Measurement 
Tool (LUMT) and the granulometer.[18] However, these 
instruments can only measure changes in wound 
healing and do not predict healing or measure wound 
characteristics.[18] Additional tools to assess the status of 
the healing wound include Laser‑Doppler Flowmetry (LDF) 
to evaluate cutaneous blow flow and planimetry.[19]

The assessment of the histological state of the healing wound 
is important in clinical practice for postoperative patient 
management.[20] Histological evaluation should include 
the basic components of the healing process including 
angiogenesis, inflammation, fibroplasia and restoration 
of the connective tissue matrix, wound contraction and 
remodeling, epithelialization and differentiation.[17]

Comparison of histologic patterns with the known 
physiologic variation in tissue morphology assists in 

Table 1: Factors influencing the wound healing
Local factors Systemic factors
Oxygenation Age, gender
Foreign body Disease: diabetes, keloids, fibrosis, jaundice, uremia
Blood supply Medications: NSAIDs, glucocorticoids, chemotherapy

Stress, nutrition, alcoholism
Immunocompromised status, AIDS, cancer, radiation

NSAIDs: Nonsteroidal anti‑inflammatory medications, AIDS: Acquired 
immune deficiency syndrome
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qualitative derivation of the diagnosis. The degree 
of changes observed when scored on an ordinal 
scale, namely, low, medium or high grade, provides a 
semi‑quantitative score. On the other hand, the exact 
quantitative measurement in terms of the absolute 
number of cells and areas of tissue gives a quantitative 
score.[21] A quantitative scoring system, while being highly 
specific and standardized, is difficult to score because in 
most cases it is difficult to objectify the exact interval 
between two values.[21] Hence, semi‑quantitative scoring 
systems remain in wide use in the world of the biomedical 
research.

Various studies have been conducted, and wound healing 
models have been proposed to understand the normal 
healing process and to standardize the semi‑quantitative 
and quantitative evaluation of selected parameters of 
wound healing. In a study assessing wound healing in the 
maxillofacial region, Sultana et al.[20] utilized scoring of 6 
histological parameters to give a healing score [Table 2]. 
The total healing score in each case was calculated by 
adding the scores of individual criteria, with lower scores 
indicating poorer wound healing. Healing status was 
graded as good (16‑19), fair (12‑15) and poor (8‑11). Using 
this healing score, Sultana et al.[20] concluded that risk 
factors in the study group were correlated with delayed 
wound healing in comparison to the control group.

While studying the overall process of wound healing, 
Braiman‑Wiksman et al.[7] evaluated the role of multiple 
processes involving the skin components including 
the epidermis, dermis, hypodermic, blood vessel and 
connective tissue [Table 3]. They stressed an objective 
assessment and quantification of wound healing. Using 
a quantitative assessment method, the authors provide 
insight into the specific defects found at various stages, 
which involve a variety of cells and pathways in the 
process of wound healing.

In their experimental model of open‑skin wound healing 
in corticosteroid‑treated and diabetic rats, Gal et al.[22] 
used both semi‑quantitative and quantitative methods in a 
time‑ and stage‑bound assessment of wound healing [Table 4]. 
Consistent with previous studies,[22,23] they concluded that 
there is only a quantitative difference between primary and 
secondary wound healing. In contrast to the quantitative 
method, the semi‑quantitative scoring system can evaluate 
keratinization, suggesting that keratinocyte differentiation 
is important in wound healing. Hence, a quantitative 
assessment alone is not sufficient to demonstrate 
significant differences in skin wound healing.

Lemo et al.[21] provided a mathematical model for healing 
and a remodeling index in experimental skin wounds. The 
mathematical model involves measurement of five specific 
parameters [Table 5], based on which three indices can be 
determined: the superficial contraction index (SCI), the 
deep contraction index (DCI) and the wound contraction 
index (WCI). These indices, however, measure only the 
contraction of the wound, which represents the initial stage 
of healing. To assess the mid‑ and long‑term healing process, 
Lemo et al.[21] provide the global healing index (GHI), given 

by the formula GHI = SCI + DCI − WCI. This index 
allows scoring of the healing process and follow‑up of its 
progress.

Tascilar et al.[24] used Abramov’s histologic scoring system 
to demonstrate the effectiveness of N‑acetyl cysteine 
administration in alleviation of the negative effects of 
radiotherapy on incisional wound healing. Abramov’s 
histologic scoring system encompasses a semi‑quantitative 

Table 2: Parameters assessed to calculate healing score
Number Histological Parameter
1 Amount of granulation tissue (profound-1, moderate-2, 

scanty-3, absent-4)
2 Inflammatory infiltrate (plenty‑1, moderate‑2, a few‑3)
3 Collagen fiber orientation (vertical‑1, mixed‑2, horizontal‑3)
4 Pattern of collagen (reticular-1, mixed-2, fascicle-3)
5 Amount of early collagen (profound-1, moderate-2, 

minimal-3, absent-4)
6 Amount of mature collagen (profound-1, moderate-2, minimal-3)

Number 1‑4: H and E, Number 5‑6: Masson’s trichrome stain, old collagen 
fibers take deep blue color and the new collagen fibers stain light blue

Table 3: Histological skin cell parameters for the 
assessment of wound healing
Healing parameter Assessment parameter
Epidermal closure Basal layer of the epidermis to assess 

the newly formed epidermis
Epidermal differentiation Spinous epidermal differentiation (early)

Granular epidermal differentiation (late)
Epidermal migration Migrating cells
Granulation tissue formation 
and Epidermal hyperplasia

Proliferating cells

Granulation tissue and 
matrix formation

Collagen fiber deposition

Inflammation dermal 
closure

White blood cells abscesses matrix 
remodeling

Late stage of matrix 
remodeling

Elastin fiber deposition

Table 4: Parameters of histologic assessment of wound
Semi‑quantitative method Quantitative method
Wound reepithelialization: 
migration of keratinocytes, 
bridging of cells, keratinization

Polymorphonuclear leucocytes/
tissue macrophages ratio

Inflammatory cells: absence/
presence (mild/moderate/marked)

Percentage of reepithelialization

Fibroblasts: absence/presence 
(mild/moderate/marked)

Area of the granulation tissue

New vessels: absence/presence 
(mild/moderate/marked)

-

Collagen: absence/presence 
(mild/moderate/marked)

-

Table 5: Parameters measured in the mathematical model
Length of the reepithelialization zone (L)
Distance between the borders of the wound (S)
Depth of the wound (D)
Thickness of the connective tissue (T)
Thickness of the natural dermis on both sides of the wound (N)
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scoring of acute and chronic inflammation, the amount 
of granulation tissue, the level of fibroblast maturation, 
the amount of collagen deposition and the level of 
reepithelialization and neovascularization.[25]

Ancillary techniques such as special stains and 
immunohistochemistry in addition to light microscopic 
examination can help in the accurate assessment of the 
components of a healing wound. For instance, Masson’s 
trichrome staining is used to demonstrate the presence 
of collagen in the healing wound.[26,27] In addition, various 
immunohistochemical markers have been used to 
demonstrate the components of the healing wound, such 
as antiloricrin for epithelial differentiation,[26] CD31 for 
angiogenesis[28] and antibodies against cytokine ligands 
and receptors.[29] Some authors have studied apoptosis 
using Annexin V‑FITC binding assay[30] and TUNEL Assay.[26]

Histopathology has always been the gold standard in 
diagnosing certain infectious, degenerative or neoplastic 
diseases in humans and animals.[21] The number of 
studies performed to provide a standardized system for 
histological evaluation of the wound demonstrates the 
importance of histopathology. Careful assessment of 
chronic wounds can shed light on the exact pathology and 
assist in developing a strategy for further management. It 
can also be a powerful tool in the evaluation of the effect 
of novel drugs on wound healing.[19] Histopathology also 
provides information on the usefulness of combination 
therapy and determining effective drug dosage in order to 
minimize adverse effects.

There are numerous scoring systems provided by various 
pioneers in the field. However, the need for uniformity 
persists. Although the selection of parameters in most 
scoring systems is generally based on a basic knowledge 
of the wound healing, the parameters chosen in an 
experimental model should be defined by the scientific 
question, the underlying hypothesis and the pathogenesis 
of the disease.
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INTRODUCTION

Neovascularization or angiogenesis is important for 
wound healing as it involves the growth of new capillaries 
to form granulation tissue.[1‑4] Three to five days after 
tissue injury, new capillaries become visible in the wound 
bed as granulation tissue, which acts as a matrix for 
proliferating blood vessels, migrating fibroblasts and new 
collagen.[5] Impaired granulation is a hallmark of chronic 
wounds encountered with diabetes and venous or arterial 
insufficiency.

In 1960s, research began in the field of angiogenesis 
to determine how new blood vessels enhance solid 
tumor growth.[6] Physiologists later discovered that 
neovascularization occurs during tissue regeneration.[7] 
Proliferating capillaries bring oxygen and micronutrients 
to growing tissues and remove catabolic waste products. 
These vessels are present in the endothelium that secretes 
paracrine factors to promote survival of adjacent cells by 
preventing apoptosis or programmed cell death.[8] Because 
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angiogenesis is required for wound healing, its induction 
is beneficial in many clinical situations for achieving 
wound closure.

PHYSIOLOGICAL CONTROL OF  
ANGIOGENESIS

Angiogenesis plays a critical role in wound healing. By 
developing capillary sprouts, which digest endothelial 
cells and invade the extracellular matrix (ECM) stroma 
after penetrating through the underlying vascular 
basement membrane (VBM), and form tube‑like structures 
that continue to extend, branch, and form networks. 
During angiogenesis capillary advancement in ECM occurs 
by endothelial cell proliferation and direction of growth 
is guided by chemotaxis from the target region. The 
interaction among endothelial cells, angiogenesis factors 
and surrounding ECM proteins is temporally and spatially 
synchronized.[9,10]

Angiogenesis can be induced in response to injury via 
pro‑ and anti‑angiogenic factors present throughout the 
body. Pro‑angiogenic factors consist of thrombin, fibrinogen 
fragments, thymosin‑β4 and growth factors. Angiogenic 
growth factors are stored in platelets and inflammatory 
cells that circulate in the bloodstream, and are sequestered 
within the ECM. The production of these factors is 
regulated by genes expressed in response to hypoxia and 
inflammation, such as hypoxia‑inducible factors (HIF) and 
cyclooxygenase‑2 (COX‑2).[11‑13] In contrast, angiogenesis 
inhibitor factors suppress blood vessel growth.[14,15] Some 
inhibitors circulate in the blood stream at low physiological 
levels while others are stored in the ECM surrounding 
blood vessels. Vascular growth is suppressed when 
there is a physiological balance between angiogenesis 
stimulators and inhibitors.[15] Immediately following injury, 
however, angiogenic stimuli are released into the wound 
bed, and a shift occurs in regulators favoring vascular 
growth [Figure 1].

THE ANGIOGENESIS CASCADE

Angiogenesis occurs as an orderly cascade of molecular 
and cellular events in the wound bed:
1. Endothelial cell surface has receptors to which angiogenic 

growth factors bind in preexisting venules (parent vessels);
2. Growth factor‑receptor binding activates signaling 

pathways within endothelial cells;

3. Proteolytic enzymes released by activated endothelial cells 
dissolve the basement membrane of surrounding parent 
vessels;

4. Endothelial cells proliferate and sprout outward through 
the basement membrane;

5. Endothelial cells migrate into the wound bed using 
integrins (αvβ3, αvβ5 and αvβ1) which are cell surface 
adhesion molecules;

6. Matrix metalloproteinases (MMPs) dissolve the surrounding 
tissue matrix in the path of sprouting vessels;

7. Vascular sprouts form tubular channels that connect to 
form vascular loops;

8. Vascular loops differentiate into afferent (arterial) and 
efferent (venous) limbs;

9. New blood vessels mature by recruiting mural cells 
(smooth muscle cells and pericytes) to stabilize the 
vascular architecture;

10.  Blood flow begins in the mature stable vessel.

These complex growth factor‑receptor, cell‑cell and cell‑matrix 
interactions characterize the angiogenesis process, regardless 
of the stimuli or its location in the body.

THE ANGIOGENESIS MODEL OF 
WOUND HEALING

Wound healing occurs in four major overlapping stages: 
(1) hemostatic, (2) inflammatory stage, (3) proliferative 
stage, and (4) remodeling stage. Although granulation 
is assigned to the proliferative stage, angiogenesis is 
initiated immediately after tissue injury and is mediated 
throughout the wound healing process.

Step 1: Angiogenesis initiation
Basic fibroblast growth factor (bFGF) stored within intact cells 
and the ECM is released from damaged tissue.[16] Bleeding and 
hemostasis in a wound also initiate angiogenesis. Cellular 
receptors for vascular endothelial growth factor (VEGF) are 
upregulated by thrombin in the wound.[17] Endothelial cells 
exposed to thrombin also release gelatinase A (MMP‑2), which 
promotes the local dissolution of basement membrane, a 
necessary early step of angiogenesis.[18] Platelets release 
multiple growth factors, including platelet‑derived 
growth factor (PDGF), VEGF, transforming growth 
factor (TGF‑α, TGF‑β), bFGF, platelet‑derived endothelial 
cell growth factor and angiopoietin‑1 (Ang‑1). These factors 
stimulate endothelial proliferation, migration and tube 
formation.[19‑22]

Step 2: Angiogenesis amplification
Macrophages and monocytes release numerous angiogenic 
factors, including PDGF, VEGF, Ang‑1, TGF‑α, bFGF, 
interleukin‑8 (IL‑8) and tumor necrosis factor alpha into 
the wound bed during the inflammatory phase amplifying 
angiogenesis further.[23,24] Several growth factors (PDGF, VEGF 
and bFGF) synergize in their ability to vascularize tissues.[25] 
Proteases that break down damaged tissue matrix further 
release matrix‑bound angiogenic stimulators. Enzymatic 
cleavage of fibrin yields fibrin fragment E, which 
stimulates angiogenesis directly and also enhances the 

Figure 1: Angiogenesis is a balance between stimulators (growth factors) 
and inhibitors as shown in this model
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effects of VEGF and bFGF.[26] Expression of the inducible 
COX‑2 enzyme during the inflammatory stage of healing 
also leads to VEGF production and other promoters of 
angiogenesis.[27]

Step 3: Vascular proliferation
Hypoxia is an important driving force for wound 
angiogenesis. Expression of gene HIF‑1α, due to hypoxic 
gradient between injured and healthy tissue triggers 
VEGF production.[24,28] VEGF is present in both wound 
tissue and exudate.[28,29] VEGF is also known as vascular 
permeability factor since it increases permeability of 
capillaries.[30] Hypoxia also leads to endothelial cell 
production of nitric oxide (NO). NO promotes vasodilation 
and angiogenesis to improve local blood flow.[31]

Step 4: Vascular stabilization
Vascular stabilization is governed by Ang‑1, tyrosine kinase 
with immunoglobulin‑like and EGF‑like domains 2 (Tie‑2), 
smooth muscle cells and pericytes. Production of PDGF 
and recruitment of smooth muscle cells and pericytes to 
the newly forming vasculature are regulated by binding 
of Ang‑1 to its receptor Tie‑2 on activated endothelial 
cells.[32‑34] A PDGF deficiency leads to poorly‑formed 
immature blood vessels.[35]

Step 5: Angiogenesis suppression
Angiogenesis is suppressed at the terminal stages of 
healing.[36] As tissue hypoxia is restored, and inflammation 
subsides, the level of growth factors decline in the wound. 
Pericytes which stabilize endothelial cells secrete an 
inhibitory form of activated TGF‑β that impedes vascular 
proliferation.[34,37,38] A cleavage product of collagen XVIII, 
endostatin, is present surrounding the VBM, and it inhibits 
wound vascularity.[39,40]

WOUND ANGIOGENIC STIMULATORS 
AND INHIBITORS

A number of angiogenic stimulators have been identified 
in wound sand others are likely to exist that play an 
important role in the repair [Table 1]. The stimulators 
in wound fluids are growth factors known to increase 
endothelial cell migration and proliferation in vitro.[41]

The FGF comprises of 23 homologous structures that 
are small polypeptides with a central core containing 

140 amino acids. Acidic FGF and bFGF are the first few 
to be discovered and are now designated as FGF‑1 and 
FGF‑2, respectively.[42] Both are preferentially involved 
in the process of angiogenesis.[43,44] These compounds 
are polypeptides of about 18 kDa, single chained and 
nonglycosylated. They transmit their signals through 
FGF receptor‑4 (FGFR‑4) high‑affinity, protein family of 
transmembrane tyrosine kinases (FGFR‑1 to FGFR‑4), that 
bind to different FGFs with different affinities. The strong 
interactions of FGF‑1 and FGF‑2 with glycosaminoglycans, 
such as heparin sulfate present in the ECM,[45] makes the 
FGFs stable against thermal, proteolytic denaturation and 
limits its diffusibility. Thus, the ECM acts as a reservoir for 
pro‑angiogenic factors. Most members of the FGF family 
act as a broad spectrum mitogen that stimulates the 
proliferation of mesenchymal cells of mesodermal origin, 
as well as ectodermal and endodermal cells.

FGF‑1 and FGF‑2 are synthesized by a variety of cell types 
including inflammatory cells and dermal fibroblasts that 
are involved in angiogenesis and wound healing. When 
liberated from ECM, they act on the endothelial cells 
in a paracrine manner, or when released by endothelial 
cell they act in an autocrine manner promoting cell 
proliferation and differentiation. During the formation of 
granulation tissue, FGF‑2 promotes cell migration through 
surface receptors for integrins, which mediate the binding 
of endothelial cells to ECM.[44]

Vascular endothelial growth factor increase vaso‑permeability 
by increasing the fenestration and hydraulic conductivity. 
This allows leakage of fibrinogen and fibronectin, 
which are essential for the formation of the provisional 
ECM.[46‑48] The ECM is produced in large quantities by 
the epidermis during wound healing.[49] Low oxygen 
tension that occurs in tissue hypoxia is a major inducer 
of VEGF[50] and its receptors.[51] Thus, cell disruption and 
hypoxia appear to be strong initial inducers of potent 
angiogenesis factors at the wound site. VEGF family 
currently includes VEGF‑A, VEGF‑B, VEGF‑C, VEGF‑D, 
VEGF‑E and placental growth factor.[52] VEGF‑A is a 
homodimer glycoprotein whose subunits are linked by 
2 disulfide bonds. VEGF‑A is synthesized from internal 
rearrangements (“alternative splicing”) of mRNA. Thus, 
there is the production of 7 isoforms with 121 to 206 
amino acids.[53‑55] Among these, the VEGF121, VEGF165, 
VEGF189 and VEGF206 are the predominant isoforms.[56] 
These isoforms show similar biological activities, but differ 
in their binding properties to heparin and ECM.[57]

Vascular endothelial growth factor is a potent vascular 
endothelial cell‑specific mitogen that stimulates endothelial 
cell proliferation, microvascular permeability and regulates 
of several endothelial integrin receptors during sprouting 
of new blood vessels.[58] Furthermore, VEGF also acts 
as a survival factor for endothelial cells by inducing the 
expression of an anti‑apoptotic protein B‑cell lymphoma 2.[59]

TGF‑β stimulates the formation of granulation tissue by 
acting as a chemoattractant for neutrophils, macrophages 
and fibroblasts. Hence, TGF‑β is an important modulator 
of angiogenesis during wound healing by regulating cell 

Table 1: Angiogenic stimulators and inhibitors
Stimulators Inhibitors
aFGF (FGF-1) Thrombospondin-1
bFGF (FGF-2) Tissue inhibitors of matrix metalloproteinases
TGF‑α Interferon alpha/beta/gamma
TGF‑β Angiostatin
PGE2 Endostatin
TNF‑α
VEGF
EGF

FGF: Fibroblast growth factor, aFGF: Acidic fibroblast growth factor, 
bFGF: Basic fibroblast growth factor, TGF‑α: Transforming growth factor‑alpha, 
TGF‑β: Transforming growth factor‑beta, VEGF: Vascular endothelial growth 
factor, EGF: Endothelial growth factor, PGE2: Prostaglandin E2
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proliferation, migration, capillary tube formation and 
deposition of ECM.[60,61]

The angiopoietins are members of the VEGF family, which 
is largely specific for vascular endothelium. They include a 
naturally occurring agonist, Ang‑1, and antagonist, Ang‑2, 
both of which act by means of the Tie‑2 receptor. Two 
new angiopoietins, Ang‑3 in mice and Ang‑4 in humans, 
have been identified, but their function in angiogenesis is 
unknown.[62]

Mast cell tryptase, stored in granules of activated mast cells, 
is an additional angiogenesis factor that directly degrades 
the ECM components or release matrix‑bound growth 
factors by its proteolytic activity,[63,64] and acts indirectly 
by activating latent matrix metalloproteases. The addition 
of tryptase to microvascular endothelial cells cultured on 
a basement membrane matrix (matrigel) caused a marked 
increase in capillary growth. Furthermore, tryptase can 
induce endothelial cell proliferation in a dose‑dependent 
manner, whereas specific tryptase inhibitors suppress the 
capillary growth.[65]

IMPAIRED ANGIOGENESIS IN CHRONIC 
WOUNDS

Angiogenesis is impaired in all chronic wounds leading 
to further tissue damage results from chronic hypoxia 
and impaired micronutrient delivery. Specific defects have 
been identified in diabetic ulcers, venous insufficiency 
ulcers and ischemic ulcers.

Diabetic ulcers
Patients with diabetes show abnormal angiogenesis in 
various organs. Vasculopathies associated with diabetes 
include abnormal blood vessel formation (e.g. retinopathy, 
nephropathy) and accelerated atherosclerosis leading 
to coronary artery disease, peripheral vascular disease, 
and cerebrovascular disease.[65] However, in diabetics, 
angiogenesis is decreased[66] resulting in poor formation 
of new blood vessels and thus decreased entry of 
inflammatory cells and their growth factors. Growth factors 
such as FGF‑2 and PDGF, essential for wound healing 
have been found to be reduced in experimental diabetic 
wounds models.[67‑70] Furthermore, in rat models, topical 
administration of high glucose to wounds was shown to 
inhibit the normal angiogenic process,[71] suggesting a direct 
role for high glucose levels in diminished angiogenesis.

Vascular endothelial growth factor plays an important 
role in vascular growth and has been shown to be 
deficient in diabetic wounds in experimental and clinical 
models.[72] Studies have shown that modulation of 
oxidative damage[73] or inhibition of the receptors for 
advanced glycation end products[74] improve wound healing 
and were associated with the up‑regulation of endogenous 
VEGF. Moreover, VEGF administration improves wound 
healing in nondiabetic ischemic wounds[75] and blocking 
VEGF with neutralizing antibodies impedes tissue repair.[76] 
These studies support the notion that VEGF is critical for 
repair in impaired healing states and that the addition 
of VEGF could have a potential clinical use.[77] In fact, 

Galiano et al.[78] found that topical VEGF accelerates wound 
healing in a diabetic mouse model.

Weinheimer‑Haus et al.[79] found that low intensity 
vibration (LIV) applied vertically at 45 Hz with peak 
acceleration of 0.4 g for 30 min a day for 5 days a week 
starting on the day of injury in diabetic mice increases 
expression of pro‑healing growth factors and chemokines 
(insulin‑like growth factor‑1, VEGF and monocyte 
chemotactic protein‑1) in wound environment. Though 
there was no evidence of a change in the phenotype 
of CD11b+ macrophages, however, LIV resulted in 
trend toward a less inflammatory phenotype in the 
CD11b2 cells which comprised of fibroblasts, endothelial 
cells and/or keratinocytes. These findings indicate that 
LIV may exert beneficial effects on wound healing by 
enhancing angiogenesis and granulation tissue formation, 
and these changes are associated with an increase in 
pro‑angiogenic growth factors.[79]

Venous insufficiency ulcers
Venous insufficiency ulcers or venous stasis ulcers result 
from incompetent valves in lower extremity veins, leading 
to venous stasis and hypertension that makes the skin 
susceptible to ulceration. Pathological findings associated 
with venous stasis ulcers include microangiopathy, 
fibrin “cuffing” and trapping of leukocytes within the 
microvasculature.[80,81]

Chronic venous stasis ulcer patients have elevated levels 
of VEGF in their circulation.[82] This may explain the 
vascular permeability and increased transudation of serum 
fluid in their wounds. Biopsies of these ulcers reveal 
microvessels that are surrounded by fibrin cuffs composed 
of fibrin and plasma proteins, such as α‑macroglobulin, 
thought to compromise gas exchange.[83‑85] Clinical studies 
have shown that transcutaneous oxygen tension may be 
up to 85% lower in venous stasis ulcers compared with 
normal skin regions.[86] VEGF expression is up‑regulated by 
hypoxia, which further exacerbates vascular permeability, 
formation of pericapillary fibrin cuffs and compromised 
gas exchange, which ultimately reduces growth factor 
availability in the wound.[87,88] VEGF promotes the 
formation tortuous, aberrant glomeruloid‑like vascular 
structures found in granulation tissue.[89] Laboratory 
animals treated with VEGF form these glomeruloid 
vascular structures within 3 days and are characterized 
by poor perfusion.[90] In venous ulcers, the persistence of 
glomeruloid vessels may interfere with oxygen delivery 
and delay healing. In chronic venous stasis ulcers, 
high levels of proteases such as neutrophil elastase, 
MMPs and urokinase‑type plasminogen activator are 
present.[91] Concomitantly, there are decreased levels 
of protease inhibitors, such as plasminogen activator 
inhibitor‑2. Excessive protease activity may degrade the 
growth factors and destroy granulation tissue.

Ischemic ulcers
Peripheral arterial disease (PAD) may result in severe 
ischemia.[92] Reduce tissue perfusion due to ischemia 
results in progressive tissue hypoxia, ischemia, necrosis 
and skin breakdown. In theory, tissue hypoxia should 
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initiate angiogenesis via inducing an HIF‑1α and 
angiogenic growth factors. In patients with PAD, serum 
levels of hepatocyte growth factor are elevated than in 
normal subjects.[93] The tissue compromise caused by 
severe macrovascular disease, however, may over dominate 
the angiogenic response. Inter‑individual differences in the 
ability to mount angiogenesis under hypoxic conditions 
also exist among patients with atherosclerosis. Such 
variations may explain that patients with PAD are unable 
to generate adequate collateral circulation and unable to 
heal arterial ulcers despite surgical bypass. Therapeutic 
growth factors or other methods designed to stimulate 
angiogenesis might benefit patients with a defective 
angiogenic capacity. VEGF gene transfer[94] or autologous 
transplantation of bone marrow‑derived endothelial 
progenitor stem cells[95] improved healing of arterial ulcers 
in patients.

ANGIOMODULATORY STRATEGIES

Wound angiogenesis represents a realistic model to study 
molecular mechanisms involved in the formation and 
remodeling of vascular structures. In particular, the repair 
of skin defect offers an ideal model to analyze angiogenesis 
as it is easy to control and manipulate this process.[96] 
Vessel growth is controlled by the local actions of chemical 
mediators, the ECM, metabolic gradients and physical 
forces. Manipulation of some of these factors is being tried 
to improve healing in experimental wounds.[97] Scientists 
are working on mathematical models which describe 
the role of angiogenesis as observed during (soft tissue) 
wound healing. Through this model manipulation of the 
capillary tip, macrophage‑derived chemical attractant profile, 
extracellular matrix and fibroblast diffusion coefficient may 
be analyzed to enhance wound healing.[98]

CONCLUSION

Angiogenesis is a physiological process that is vital for 
normal wound healing. A number of factors regulate 
wound angiogenesis, including hypoxia, inflammation 
and growth factors. The molecular and cellular events in 
angiogenesis have been elucidated, and defects in this 
process are present in chronic wounds. Based on this 
knowledge, new wound healing strategies are emerging 
to deliver growth factors to the wound bed. Surgeons 
and other wound‑care specialists can use this knowledge 
to identify defects and select interventions that may 
promote improved wound granulation and healing.
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INTRODUCTION

Wound healing without complications is critical to the 
survival, as it restores the integrity of the skin and protects 
the individual from infection and dehydration. Adult wound 
healing involves a well‑orchestrated series of events leading 
to the repair of injured tissues, resulting in scar formation. 
Healing of acute wounds, triggered by tissue injury, 
consists of overlapping and highly coordinated phases of 
hemostasis, inflammation, proliferation and remodeling. 
When a breach of the skin’s integrity occurs, hemostasis 
is initiated by platelets through fibrin clot formation. 
Platelets also release various mediators of wound healing 
to attract macrophages and fibroblasts to the site of 
tissue injury.[1] The inflammatory phase begins with the 
arrival of neutrophils followed later by macrophages and 
lymphocytes at the wound site. The proliferative phase is 
characterized by new blood vessel formation (angiogenesis), 
synthesis of extracellular matrix (ECM) components and 
re‑epithelialization.[2] Following the proliferative phase, 

collagen remodeling begins, along with vascular maturity 
and regression; this process typically lasts 6‑24 months 
from the time of injury[1] [Figure 1].

The wound healing cascade may be arrested in 
any of these phases, leading to the formation of a 
chronic nonhealing wound. Many mediators including 
inflammatory cells, growth factors, proteases such as 
matrix metalloproteinases (MMPs) and cellular and 
extracellular elements play important roles in the process 
of wound healing. Alterations in one or more of these 
components may lead to the impaired healing.[2] Wound 
healing can also be negatively influenced by many 
exogenous factors, including concurrent diseases, such as 
diabetes, renal failure, malnutrition, smoking, radiation 
exposure, infection and an immunocompromised state. 
In the presence of these factors, wounds can fail to heal 
adequately, resulting in chronic wound formation.[3] The 
wound healing process can occasionally go into overdrive, 
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resulting in excessive healing and the formation of 
fibroproliferative scar‑like keloids and hypertrophic scars.[4] 
This review provides a general overview of the physiology 
of adult wound healing, focusing specifically on how 
recent advances could translate into improved clinical 
outcomes.

HEMOSTASIS

Acute wounds cause vascular injury and bleeding from 
the wound, and the immediate priority is to prevent 
blood loss by vasoconstriction and formation of a blood 
clot to seal the vessel. Hemostasis is initiated by the 
exposure of blood components to the subendothelial 
layers of the vessel wall. Platelets adhere, aggregate 
and form the initial hemostatic plug. The coagulation 
and complement cascades are then initiated. Within the 
tissue, prothrombin is activated to form thrombin, which 
then cleaves fibrinogen to generate fibrin. Along with 
platelets and the plasma fibronectin, fibrin forms the clot.

The blood clot is made up primarily of cross‑linked 
fibrin, cells such as erythrocytes and platelets, as well 
as other ECM proteins such as fibronectin, vitronectin 
and thrombospondin.[5] In addition to containment 
of blood loss, the blood clot serves as a first defense 
against microbial invasion and a provisional matrix for 
the homing of inflammatory cells.[5] The adhesiveness 
of platelets is mediated by activated integrin receptors 
on their surface.[6,7] The platelets in the clot undergo 
degranulation, releasing potent chemoattractants for 
inflammatory cells, activation factors for local fibroblasts and 
endothelial cells and vasoconstrictors, such as chemokine 
(C‑C motif) ligand 5 (CCL5), thrombin, transforming growth 
factor‑b (TGF‑b), platelet‑derived growth factor (PDGF) 
and vascular endothelial growth factor (VEGF).[5] CCL5 
is one of the most potent monocyte chemoattractants 

released by platelets after injury. Thrombin, released by 
platelets at the wound site, is an early mediator of clot 
development.[8] Thrombin also induces the release of 
pro‑inflammatory cytokines like CCL2, interleukin‑6 (IL‑6) 
and IL‑8 by endothelial cells. These cytokines induce 
monocyte chemotaxis.[9] Of the injury response chemokines, 
chemokine (C‑X‑C motif) ligand 4 (CXCL4) participates 
in the coagulation process and prevents the premature 
development of blood vessels.[10] The degradation of fibrin 
and subsequent activation of the complement system play 
a crucial role in mounting the inflammatory process, as 
well as in facilitating wound angiogenesis and stromal 
cell proliferation. Fibrin binds to integrin CD11b/CD18 
on infiltrating monocytes and neutrophils. It also binds 
to fibroblast growth factor‑2 (FGF‑2) and VEGF that help 
the wound tissue vascularize. In addition, fibrin binds to 
insulin‑like growth factor‑1 (IGF‑1) and promotes stromal 
cell proliferation.[5,11,12] Under thrombocytopenic conditions, 
macrophages and T cells at the wound site compensate 
for the lack of PDGFs and initiation of the inflammatory 
phase.[13]

INFLAMMATION

The inflammatory process involves the recruitment 
of neutrophils, macrophages, and lymphocytes. After 
hemostasis, local vessels dilate secondarily to the effects 
of the coagulation and complement cascades. Bradykinin 
(generated by the coagulation cascade) and C3a and C5a 
anaphylatoxins (generated by the complement cascade) 
increase blood vessel permeability and attract neutrophils 
and monocytes to the wound.[14] The C3a and C5a 
anaphylatoxins also stimulate the release of histamine and 
leukotrienes from mast cells. The local endothelial cells 
then break cell‑to‑cell contact and increase permeability, 
enhancing the margination of inflammatory cells at the 

Figure 1: Distinct and overlapping phases of wound healing
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wound site.[15] The initial population of white blood cells 
in the wound is composed of neutrophils. Thrombin 
and IL‑8 stimulate endothelial permeability through 
the modulations of adherens‑junction endothelial cell 
adhesion and cell contraction, thereby facilitating 
leukocyte exit from the circulation.[16,17] Within the 
wound, neutrophils employ various strategies to kill 
bacteria and decontaminate the wound, including the 
secretion of proteases and antimicrobial peptides, as well 
as the generation of reactive oxygen intermediates via 
the respiratory burst.[18] In the absence of inflammatory 
mediators, neutrophils will undergo spontaneous 
apoptosis. The apoptosis is mediated by cathepsin D 
release from neutrophil granules, which then facilitates 
the cleavage and activation of caspase 8, ultimately 
resulting in caspase 3 activation, DNA fragmentation and 
apoptosis.[19] In the absence of neutrophils, wound site 
macrophages lack guidance in conducting the healing 
process.[20] Although neutrophils play a role in decreasing 
infection during wound healing, their absence does not 
prevent the overall progress of wound healing.[21] However, 
their prolonged presence in the wound may be a factor in 
the conversion of acute wounds into nonhealing chronic 
wounds.

Within two to three days, monocytes become the 
predominant inflammatory cell population in the wound. 
Monocyte chemotaxis to the wound occurs via CC 
chemokines like CCL2. The chemokines can be released 
by neutrophils, by the monocytes themselves and by 
keratinocytes at different stages of healing.[22‑24] Circulating 
monocytes and mast cells are attracted to and infiltrate the 
wound site.[1,25] Within the wound, monocytes differentiate 
into macrophages. Macrophages in turn remove 
apoptotic neutrophils and other dead cells, function as 
antigen‑presenting cells, and secrete cytokines and multiple 
peptide growth factors.[10] Phagocytosis of the apoptotic 
neutrophils by macrophages then leads to removal of 
chemokines from the area of inflammation, preventing 
further leukocyte influx.[10] Several cytokines and growth 
factors are known to be secreted by macrophages.[26] Such 
growth factors include TGF‑b, TGF‑α, basic FGF (bFGF), 
VEGF and PDGF. These growth factors activate and attract 
local endothelial cells, fibroblasts and keratinocytes, and 
enable wound healing by causing cell proliferation and 
synthesis of ECM and inducing angiogenesis VEGF,[27‑30] 
which stimulates angiogenesis, also stimulates the 
macrophages to express LIGHT, a member of the tumor 
necrosis factor alpha (TNF‑α) family of cytokines, which 
binds to lymphotoxin‑b receptor and induces macrophage 
death.[31]

Macrophages play a crucial role in enabling wound healing. 
Macrophage depletion is known to markedly impair wound 
closure.[27,32] In a landmark study, Leibovich and Ross[33] 
demonstrated that the antimacrophage serum combined 
with hydrocortisone diminished the accumulation of 
macrophages in healing skin wounds of adult guinea pigs. 
Such depletion resulted in impaired disposal of damaged 
tissue and provisional matrix, compromised fibroblast 
count, and delayed healing. Inflammatory responses 

elicited by injury are only helpful to the healing process if 
they are timely and transient. However, the inflammation 
is not essential for skin wound healing. Martin et al.[34] has 
shown that the PU.1 null mouse, which is devoid of both 
macrophages and neutrophils, healed both incisional and 
excisional wounds at statistically similar rates to wild‑type 
littermates, but without scar formation. The cytokine and 
growth‑factor profiles at the wound site in the PU.1 null 
mouse differed from those of the wild‑type. As a result, cell 
death was reduced, and scar formation did not occur.[34] 
Studies have focused on platelets and mast cells as targets, 
and have shown that neither of these mediators is essential 
to effective wound repair. This further suggests that a 
dampened or modified inflammatory response could reduce 
scar formation.[13,35] Impairment of macrophage function 
at the wound site derails the resolution of inflammation. 
A persistent inflammatory state of diabetic wound 
macrophages is caused by impairment in the ability of these 
cells to phagocytose apoptotic cells at the wound site, in 
turn preventing the switch from M1 to M2 phenotype.[36] 
Prolonged inflammation may not only compromise wound 
closure but may also worsen scar outcomes.[37,38] Lipid 
mediators, such as the lipoxins, resolvins, protectins and 
maresins, have emerged as a novel genus of potent and 
stereoselective players that counter regulate excessive 
acute inflammation and stimulate molecular and cellular 
events that define resolution.[39] The production and 
activity of several proteases including metalloproteinase, 
serine proteases and neutrophil elastases which are tightly 
regulated in acute wound healing may be altered in 
chronic wounds.[1] For example, non‑healing human wound 
fluid and tissue have increased protease activity, which 
rapidly degrades exogenously applied peptide growth 
factors.[40,41] Products targeting excessive protease activity 
such as protease‑scavenging matrices (e.g. Promogran), 
selective inhibitors or specific antibodies may be useful in 
the treatment of chronic wounds refractory to conventional 
treatments.[42,43]

The lymphocytes are the last type of leukocytes to arrive 
at the wound site. The lymphocytes exert a specific 
response against microbes and other foreign material 
in the wound: B‑lymphocytes via antibodies and the 
T‑lymphocytes through production of cytokines and 
stimulation of cytolytic activity. Lymphocyte‑induced 
inflammation is then resolved by apoptosis when 
interferon (IFN)‑c and TNF‑α are produced at the wound 
site.[10] Mast cells also appear during the later part of the 
inflammatory phase, but their function remains unclear. 
Impaired wound healing has been reported in mast 
cell‑deficient mice.[44] Mast cells have also been implicated 
in skin wound fibrosis.[45,46] Recently, the role of mast cells 
in wound healing has become an area of intense research 
because of a correlation between mast cells and both 
keloids and hypertrophic scars.[45,46]

PROLIFERATION PHASE

The proliferative phase of wound healing is accepted to 
start around two days after injury and typically lasts up 
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to three weeks in a healing cutaneous wound. This phase 
overlaps with the inflammatory phase, beginning with 
the degradation of the initial fibrin‑platelet matrix and 
invasion of fibroblasts and endothelial cells. Proteases 
of the serine, cysteine and MMP families are secreted 
to facilitate cellular migration through the fibrin clot 
and provisional matrix.[47‑50] The major events of this 
phase include the influx of fibroblasts, ECM deposition, 
formation of new blood vessels and re‑epithelialization.

Fibroblasts are the key type of cells in this phase of 
healing and become the predominant cell type by three to 
five days after injury. Macrophages and mast cells release 
growth factors, including PDGF and TGF‑b, that stimulate 
fibroblast activation.[25] The fibroblasts proliferate and 
produce the matrix proteins fibronectin, hyaluronic 
acid, collagen and proteoglycans, all of which help to 
construct the new ECM and a platform for keratinocyte 
migration.[1,14] The provisional fibrin matrix is gradually 
replaced by granulation tissue.

Granulation tissue is a dense conglomeration of blood 
vessels, macrophages and fibroblasts embedded within a 
loose matrix of fibronectin, hyaluronic acid and collagen. 
Granulation tissue begins to appear in human wounds 
by about four days after injury. During granulation 
tissue formation, new blood vessels develop from 
preexisting vessels (angiogenesis). Angiogenic factors are 
secreted by fibroblasts and macrophages (e.g. VEGF, basic 
FGF, angiopoietin1 and thrombospondin), keratinocytes 
(e.g. CXCL8 and VEGF) and endothelial cells themselves 
(e.g. CXCL8 and VEGF).[51‑54] Integrin avb3 at the leading 
capillary tipis a prerequisite for endothelial growth, and 
is a promising therapeutic target for angiogenesis.[55] 
Blocking these processes with angiogenesis inhibitors 
impairs wound healing and can be corrected with growth 
factors such as VEGF.[51] Over time, the fibrin provisional 
matrix is replaced with type III collagen, which in turn 
is replaced by the type I collagen during the remodeling 
phase. At least twenty‑eight different types of collagen 
are currently known.[56] Most collagen types in the ECM 
are synthesized by fibroblasts, however, some types are 
synthesized by keratinocytes.[57]

Approximately four days after injury, myofibroblasts 
appear in the wound.[58] TGF‑b and CXCL8 promote the 
differentiation of fibroblasts in the granulation tissue into 
myofibroblasts.[48,59,60] Myofibroblast differentiation also 
requires an interaction with cellular fibronectin containing the 
extra domain‑A domain. Inhibition of either fibronectin or the 
corresponding integrin receptors prevents TGF‑b1‑mediated 
myofibroblast differentiation.[61,62] Myofibroblasts exert their 
contractile forces by focal adhesion contacts that link the 
intracellular cytoskeleton to the ECM. In vitro experiments 
have shown higher contractile forces of keratinocytes 
compared with fibroblasts.[63]

Re‑epithelialization is an important process during wound 
healing that starts in the early phase of healing. Platelets 
in the early wound release epidermal growth factor (EGF) 
and TGF‑b stimulate the keratinocytes at the wound edge 
to proliferate and migrate to cover the wound. Cytokines 

PDGF, TNF‑α, FGF, keratinocyte growth factor and CXCL8 
produced by neutrophils, macrophages, endothelial 
cells and fibroblasts, maintain the proliferation and 
migration of keratinocytes which in turn induces wound 
re‑epithelialization.[22,64‑66] During re‑epithelialization, the 
keratinocytes migrate beneath the provisional ECM. 
MMP release keratinocytes from their substratum and 
help in the migration through the matrix and promotion 
of re‑epithelialization.[67‑69] Wound treatment with a 
broad‑spectrum metalloproteinase inhibitor significantly 
delays re‑epithelialization in vitro and in vivo.[70,71] Wound 
re‑epithelialization also requires the activity of various 
proteases, including the serine protease plasmin. 
Re‑epithelialization is delayed in plasminogen‑deficient 
mice, due to the inability of keratinocytes to degrade and 
thus migrate through the fibrin matrix and the underlying 
dermal tissue, whereas mice deficient in both plasminogen 
and fibrinogen exhibit more normal healing.[72,73] After the 
re‑establishment of the epithelial layer, keratinocytes and 
fibroblasts secrete type IV collagen to form the basement 
membrane.[74] The keratinocytes undergo division and 
become columnar to restore the epidermal layer and 
reform a barrier to infection and moisture loss.

The dysregulation of the proliferative phase is believed 
to underlie the pathophysiology of chronic wound and 
fibrotic disorders such as hypertrophic scarring and 
keloids. A randomized controlled trial in patients with 
diabetic neuropathic foot ulcers showed topical PDGF to 
be superior to placebo in promoting healing.[75] VEGF gene 
transfer was effective in increasing vascularity in ischemic 
leg ulcers.[76] Among cytokines and growth factors, the 
possible targets for promotion of wound healing include 
TNF‑α, PDGF, FGF, VEGF, IGF‑1 and EGF.[77‑80] Understanding 
the signals for halting the proliferative phase will help 
developing new therapeutics for acute wound healing.[51]

REMODELING PHASE

The remodeling of wound tissue occurs over a prolonged 
time and may last up to 1 year.[51] It involves ECM 
turnover coupled with a significant decrease in cellularity. 
The decline in cellularity results from the apoptosis of 
residual inflammatory cells and myofibroblasts as well as 
regression of the neovasculature.[59] In humans, remodeling 
is characterized by both wound contraction and collagen 
remodeling. The balance of collagen metabolism is in 
part determined by the regulation of MMP activity.[81] 
The process of wound contraction is produced by wound 
myofibroblasts. While remodeling, wounds gradually 
become stronger with time. Wound tensile strength 
increases rapidly from 1 to 8 weeks after wounding and 
correlates with collagen cross‑linking by lysyl oxidase.[82] 
The tensile strength of wounded skin reaches at best only 
approximately 80% that of unwounded skin, but can be 
increased by synthetic MMP inhibitors.[83,84] Scar formation 
is the final outcome of wound repair in children and adults.

New therapeutic strategies can be tried to reduce an 
esthetically unacceptable scar appearance. Treatment 
with TGF‑b3 formulations and neutralizing antibodies 
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to TGF‑b as well as solutions that decrease the activity 
of connexin 43, a mediator of TGF‑b signaling, has been 
shown to reduce the inflammatory response and scar 
formation.[85,86] Evidence of success using TGF‑b‑related 
strategies was provided by a study showing that 
the exogenous addition to wounds of fibromodulin, 
a TGF‑b modulator, reduces scar.[87] Decorin is a small 
chondroitin/dermatan sulfate proteoglycan that limits the 
duration of TGF‑b influence on inflammation and tissue 
repair, promoting regenerative repair and limiting tissue 
fibrosis.[88] Other novel strategies include the application 
of antifibrotic human recombinant growth factors 
and cytokines, anti‑inflammatory substances, protease 
inhibitors and molecules that interfere with profibrotic 
cytokine function (e.g. TGF‑b) and collagen synthesis at 
the wound site.[89]

FETAL WOUND HEALING

Fetal wound healing is an area of great interest because it 
is characterized by scar‑less, regenerative wound healing. 
This process is age‑dependent, like postnatal healing, 
wounds in third‑trimester cause scarring.[90] The exact 
mechanism responsible for scar‑less healing in the first 
and second trimesters is not yet clearly understood. The 
proposed mechanisms include decreased inflammation, 
unique properties of fetal cells, altered cytokine milieu, 
variable gene expression and ECM deposition.[91] Recent 
fields of research revolve around the role of TGF, IL‑10 and 
mast cells. King et al.[92] described a major role for IL‑10 in 
scar‑less wound healing. The authors propose a “cytokine 
hypothesis” centered on the anti‑inflammatory properties 
of IL‑10. IL‑10 protects against excess deposition of 
collagen, maintains elevated hyaluronic levels, enhances 
fibroblast function, prevents differentiation of fibroblast 
to myofibroblasts and increases survival of endothelial 
progenitor cells and angiogenesis.[92] Research in a mouse 
model demonstrated the scarring potential of mast cells in 
fetal wounds. In early fetal life (day 15), scar‑less wounds 
were associated with a lesser number of mast cells with 
reduced degranulation as compared to later scarring 
wounds.[93] Another factor implicated in fetal wound 
healing is the growth factor TGF‑b. Of the three isoforms, 
TGF‑b1 is responsible for fibrosis. TGF‑b3 isoform is the 
predominant isotype in fetal wound healing, and altered 
profiling of the isoform may be a factor responsible for 
scarless healing. Other additional mechanisms include 
mediators of TGF pathway such as connective tissue 
growth factor, proteoglycan, decorin and P311.[94]

ROLE OF STEM CELLS IN WOUND 
HEALING

Stem cells are a specialized group of cells with the potential 
for self‑renewal, as well as the ability to differentiate into 
various cell lineages. Stem cells can be classified according 
to their origin (embryonic, fetal and adult) or based on 
the differentiation potential (totipotent, pluripotent, 
multipotent and unipotent).[95] Due to the ease of 

availability and fewer ethical issues, adult stem cells are 
the most commonly used type of stem cells in medical 
practice.

Mesenchymal stem cells are derived from bone marrow, 
adipose tissue, umbilical cord, periosteum, tendons, 
muscle and skin.[96] The most commonly used source 
is adipose tissue. Stem cells affect all stages of wound 
healing. They have significant anti‑inflammatory and 
immunomodulatory effects in the inflammation phase of 
healing.[97] In the proliferative phase, they also stimulate 
fibroblasts, keratinocytes and endothelial cells, thereby 
accelerating wound closure. Uysal et al.[98] demonstrated 
that wound healing time was reduced in rats treated 
by patchy skin grafts and mesenchymal stem cells. In 
addition, wound contraction was reduced, angiogenesis 
was increased, epithelialization progressed rapidly.[99]

Stem cell therapy can be administered either topically 
or systemically. Falanga et al.[100] demonstrated a topical 
application of mesenchymal stem cells with either 
fibrinogen or thrombin applied to chronic wounds in the 
form of a spray. This spray is converted into a gel form 
over the wound and helps in retaining the stem cells 
over the wound.[100] To improve the retention of stem 
cells in the wound, cells are now applied on an adequate 
support/scaffold‑like collagen, skin substitutes. This helps 
in maintaining the viability of the cells and facilitates 
migration in the wound bed.[101]

CONCLUSION

Cutaneous wound healing is a complex and dynamic 
biological process requiring the interaction and 
coordination of many different cell types and molecules, 
including growth factors and cytokines. Tremendous 
strides have been made in delineating the myriad of 
factors involved in normal and delayed/excessive healing. 
However, this increased understanding has not led to 
significant advances in patient care. Administration of 
exogenous growth factors and cytokines has shown 
promise in improving healing results in wounds. As wound 
healing involves multiple molecular mechanisms, no single 
agent therapy is likely to be successful in accelerating or 
modulating wound healing.
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INTRODUCTION

Chronic nonhealing wounds continues to pose a treatment 
challenge to the clinician.[1‑3] Several enzymatic reactions in 
the wound environment are governed by the wound pH. 
Chronic nonhealing wounds may occur secondary to an 
elevated alkaline pH.[4] Very few studies have investigated 
the relationship between wound pH and the healing of 
chronic wounds. A study by Leveen et al.[5] established 
that weakly acidic wound environments significantly 
inhibit protease activity and may potentially promote 
wound healing. A subsequent comprehensive review by 
Schneider et al.[6] and Percival et al.[7] showed that pH is 

an influential factor in the healing process, as an acidic 
environment favors wound healing. The pH of the wound 
surface may change due to various factors including 
infection, oxygenation and topical applications of various 
dressing materials. Modulation of the wound pH may 
therefore change the direction of wound healing. There 
were no studies in the literature evaluating the role of 
negative pressure wound therapy in modulating wound pH.

Limited access dressing (LAD), a relatively new technique 
that combines negative pressure and moist wound 
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dressings, has been shown to have a positive effect 
on wound healing.[8] The aim of the present study is to 
determine the effect of LAD on wound surface pH.

METHODS

Ethical issues
This randomized control trial was carried out in the Burns 
and Plastic Surgery Department of Kasturba Medical 
College and Hospital, Manipal, Keanataka, India. The study 
protocol was reviewed and approved by the Institutional 
Ethics Committee. The study was conducted as per 
approved protocol after obtaining informed consent from 
all patients.

Study design and randomization
Two hundred and fifteen patients with chronic wounds 
of more than 4 weeks duration were screened in the 
study. Patients were evaluated for inclusion criteria 
(nonhealing chronic wounds) and exclusion criteria 
(collagen disorders, diabetes, leprosy, cirrhosis, HIV and 
pregnancy), and 140 patients were enrolled in the study. 
Simple randomization was performed (www.random.org; 
random number table was prepared) with assigned numbers 
and treatment sealed in opaque envelopes.

One hundred and forty patients with a mean age of 
36.86 ± 12.4 years (range: 12‑65 years) were randomized 
and assigned to the LAD group (n = 64) or the conventional 
dressing group (n = 76) by simple randomization [Figure 1]. 

Of 140 patients, 56 participants (22 in the LAD group and 34 
in the conventional dressing group) were lost to follow‑up 
or withdrawn from the study. Of 42 patients in the LAD 
group, 22 (52%) were women, and 20 (48%) were men. In 
the conventional dressing group, of 42 patients, 18 (42.8%) 
were women, and 24 (57.1%) were men [Figure 1].

In the LAD group, the mean age was 38.3 ± 10.56 years 
(range: 12‑60 years), and the mean wound size at the 
time of admission was 28 cm2 (range: 19‑40 cm2). In 
the conventional dressing group, the mean age was 
35.3 ± 14.0 years (range: 17‑65 years), and the mean 
wound size at the time of admission was 26 cm2 
(range: 18‑39 cm2) [Table 1].

Patients in the LAD group were treated with intermittent 
negative pressure.[8] In the conventional closed dressing 
group, patients were dressed daily with 5% povidone‑iodine 
solution soaked gauze. The wounds of both groups were 
washed daily.

Assessment of wound surface pH
The surface pH was measured by a pH paper strip 
(Merck, Mumbai, India) placed on the surface of the 
wound with care taken to ensure accuracy.[9]

Statistical analysis
Data obtained from both groups were analyzed using the 
Student’s t‑test SPSS, 15th version, SPSS Inc., Chicago. 
The data (mean ± SD) were compared between the two 
groups. A P < 0.05 was taken as statistically significant.

Figure 1: Consort flowchart
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RESULTS

In total, 215 patients were screened, 140 patients were 
randomized, of whom 64 were assigned to the LAD 
group and 76 to the conventional group [Figure 1]. 
Of the 56 participants, 22 in the LAD group and 34 in 
the conventional dressing group were lost to follow‑up 
or withdrawn from the study. The results of wound 
surface pH in chronic ulcer patients of the LAD group 
as compared to that of the conventional dressing group 
shown in Table 2.

DISCUSSION

The acidity and alkalinity are measured by pH value, that 
is, pH is a measurement of the concentration of H+ in 
the body. It ranges from 1 to 14, with pure water at 
a pH of 7 to be considered neutral. Acidic solution has a 
pH of less than 7 and basic or alkaline solutions have a 
pH more than 7. Body pH can be tested using litmus paper 
immersed in saliva or urine. Even a minor variation in the 
concentration of H+ can alter the rate of many biochemical 
processes. Body pH can change secondary to diet, 
consumption of chemicals, exercise and various diseases 
altering the metabolism of body. Topical applications 
may change the body surface pH. Wound healing is 
regulated by complex chemical processes mediated by 
various enzymes and hormones. Hence, various intrinsic 
and extrinsic factors may influence the pH of the wound 
environment, leading to alterations in the healing process. 
Therefore, events in wound healing including vasodilation, 
inflammation, release of oxygen into the wound bed, 
protease activity and the release and effects of bacterial 
toxins may be significantly influenced by the pH of the 
wound. The pH of body fluids and tissues is stabilized by 
various protein buffering systems. Hydrogen ions bind to 
protein molecules or bound hydrogen ions are released, 
changing their concentration in the body’s tissues and 
fluids. Intracellular buffers such as hemoglobin in its 

reduced form act as good buffering agents of the body. 
Hemostasis, inflammation, proliferation and remodeling 
are the four overlapping phases of wound healing. Altered 
or impaired healing of chronic wounds is the result of an 
interruption in the various processes of these four phases 
of wound healing. Changes in the pH of the wound surface 
may be induced by application of topical preparations that 
influence the cellular events in wound healing. Subjective 
evaluation of the wound bed is performed by clinicians 
when making clinical decisions regarding management. 
A simple system for monitoring wound pH may provide 
an objective method for clinicians when deciding upon the 
course of treatment.[10]

The pH environment of chronic wounds has been recorded 
within the range of 7.15‑8.9.[11‑13] Both acute and chronic 
wounds with an elevated alkaline pH have demonstrated 
lower rates of healing than wounds in which the pH is 
closer to neutral.[5,10,14] Chronic wounds exhibit excessive 
breakdown of the extracellular matrix, and this occurs 
more readily when the wound has an alkaline pH[14,15] 
which may contribute to nonhealing ulcers. A study by 
Greener et al.[15] showed that every protease shows peak 
enzyme activity at certain pH levels, where the protein 
is broken down more rapidly than at other pH values. 
For example, cathepsins G has peak activity at pH 7.0, 
elastase at 8.0, matrix metalloproteinases 2 (MMP‑2) at 
8.0, and neutrophil elastase at 8.3. The shift of the pH in 
a wound environment from alkaline to acidic favors the 
production of healthy granulation tissue by decreasing 
the growth of bacteria and MMPs.[15] The alteration of 
surface pH of wounds by the use of topical preparations 
has been used to promote healing.[16,17] In the present 
study, the wound surface pH of LAD vs. conventional 
dressing on day 0 was (mean ± SD) 8.33 ± 0.35 vs. 
8.31 ± 0.38. On day 10, the mean wound surface 
pH (± SD) in the LAD vs. conventional dressing group 
was 7.5 ± 0.43 vs. 7.9 ± 0.47. The decrease in the mean 
wound surface pH (± SD) after 10 days of treatment in 
the LAD group was 0.83 ± 0.52 while in the conventional 
dressing group, it was 0.41 ± 0.26 (P = 0.048).

LAD is a newer method of dressing which combines the 
principles of both negative pressure and moist wound 
healing. It utilizes a definite intermittent negative 
pressure regimen of 30 min of negative pressure followed 
by a rest period of 3.5 h. During the period without 
negative pressure, the LAD acts as a moist wound 
dressing. The wound bed preparation period has been 
shown to be reduced in LAD as compared to conventional 
dressings.[8] Also, the percentage of graft take under LAD 
has been shown to be higher.[8] LADs have been shown to 

Table 1: Patient demographics and wound characterization 
at baseline

LAD group Conventional group
Number of patients 42 42
Age, years 
(mean±SD, range)

38.3 ± 10.56, 
12-60 years

35.3 ± 14.0, 
17-65 years

Mean wound size (cm2) 28 (range: 19-40) 26 (range: 18-39)
Female (%) 52 42.8
Male (%) 48 57.1

SD: Standard deviation, LAD: Limited access dressing

Table 2: Results of wound surface pH in the LAD (n = 42) and conventional dressing group (n = 42)
Parameters Mean ± SD P

LAD group (n = 42) Conventional dressing group (n = 42)

Day 0 Day 10 Day (0‑10) Day 0 Day 10 Day (0‑10)
Wound surface pH 8.33 ± 0.35 7.5 ± 0.43 0.83 ± 0.52 8.31 ± 0.38 7.9 ± 0.47 0.41 ± 0.26 0.048

SD: Standard deviation, LAD: Limited access dressing
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have a faster rate of healing for both chronic and acute 
wounds.[8] In the present study, a significant decrease in 
the wound surface pH of chronic wounds (P = 0.048) 
was noted in patients treated with the LAD as compared 
with the conventional group. The lower pH may be one 
of the factors responsible for improved wound healing 
with LAD as experienced clinically.[18‑21] Lower systemic 
toxic symptoms in patients treated by LAD may be due to 
reduced activity of bacteria and bacterial toxins under the 
influence of a lower pH.

In conclusion, the study showed a reduction in the wound 
pH in LAD treated patients as compared to those who 
received a conventional dressing treatment. Lowering the 
pH in chronic wounds may accelerate wound healing by 
reestablishing equilibrium in the wound bed.
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ABSTRACT
Aim: This paper addresses the assessment of the composition of a general wound, in terms of all 
identifiable categories of tissue and pigmentation in an attempt to improve accuracy in assessing and 
monitoring wound health. Materials and Methods: A knowledgebase of clusters was built into the hue, 
saturation and intensity (HSI) color space and then used for assessing wound composition. Based on the 
observation that the clusters are fairly distinct, two different algorithms, that is, Mahalanobis distance (MD) 
based and the rotated coordinate system (RCS) method, were used for classification. These methods 
exploit the shape, spread, and orientation of each cluster. Results: The clusters in the HSI color space, 
built from about 9,000 (calibrated) pixels from 48 images of various wound beds, showed 8 fairly 
distinct regions. The inter‑cluster distances were consistent with the visual appearance. The efficacy 
of the MD and RCS based methods in 120 experiments taken from a set of 15 test images (in terms of 
average percent‑match) was found to be 91.55 and 93.71, respectively. Conclusion: Our investigations 
established eight categories of tissue and pigmentation in wound beds. These findings help to determine 
the stage of wound healing more accurately and comprehensively than typically permitted through use 
of the 4‑color model reported in the literature for addressing specific wound types.

Key words:
Wound composition, color‑image processing, hue, saturation and intensity model, classification, 
Mahalanobis distance, rotated coordinate system method

INTRODUCTION

Accurate assessment of wound health is essential in the 
reduction of morbidity and mortality, which in turn reduces 
the cost of health care. Factors characterizing the health of 
a wound include its composition in terms of tissue type, 
pigmentation (with a one‑to‑one correspondence to distinct 
colors), size (area, depth, and volume), shape, regularity 
and texture. Traditionally, wound composition has been 
assessed by visual inspection, which is subjective, tedious 

and limited in precision and consistency. A computerized 
system for assessment and documentation of the evolution 
of a wound is useful in providing a better understanding of 
wounds, the healing process, and validation of treatment 
protocols, and wound care products.

Color composition is the most important factor in 
determining the status of a wound, and its computerized 
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assessment has been an active area of research. 
Arnqvist et al.[1] addressed segmenting secondary healing 
ulcers based on the 3‑color (RYK) model: red (R) 
granulation, yellow (Y) necroses and black (K) necrotic 
eschar. Herbin et al.,[2] in their study on the effect of a 
new drug on wound kinetics, used color information 
(red and green) to distinguish a wound from normal 
skin in estimating the area of the wound, and proposed 
a color index to quantify healing on uniformly colored, 
artificially created blisters. However, natural wounds are 
generally more complex with highly variegated coloring.[3] 
The use of color information, rather than size, to assess 
healing and guide clinicians in their choice of wound care 
products, was stressed by Mekkes and Westerhof.[4] The 
approach taken by Mekkes and Westerhof[4] in their study 
of wound debridement based on video images, uses the 
RYK model. Jones and Plassmann[5] used the same model 
along with an “unclassified” category in their description 
of skin ulcers. Hansen et al.[6] applied the hue, saturation 
and intensity (HSI) model to classify wound severity in 
an animal model within 30 min following injury. Wounds 
were classified as mild, moderate or severe, based on 
differences in color. Berris and Sangwine[7] used the 
RGB model, in a study of pressure ulcers, to assess the 
content in terms of the three tissue types (BYR model). 
Hoppe et al.[8] highlighted the inadequacy of the RGB 
model, and used the HSI model to grade leg ulcers in 
terms of the quantity of slough. They also investigated 
the variability of color attributes (only red was considered) 
due to differences in lighting conditions and found hue 
to be the least variant. Oduncu et al.[9] also used the 
HSI model to assess the amount of slough in leg ulcers. 
Varedas et al.[10] developed a method very specific to 
pressure ulcers for classifying healthy and nonhealthy 
skin, with four tissue types for the latter, their method 
involves several preprocessing steps for the extraction of 
color and texture parameters. Wannous et al.[11] studied 
the variability arising from image capture from different 
sources under different conditions, they too considered 
only three tissue types.  Dorileo et al.[12] added white 
(W, representing hyperkeratosis) to the RYK model, for 
analyzing dermatological ulcers. In the same context, the 
use of texture parameters was proposed by Pereira et al.[13] 
to improve the performance of classification. The authors 
previously presented initial results showing the presence 
of eight tissue types and pigmentation, with a one‑to‑one 
correspondence to distinct colors.[14] Subsequently, 
Veredas et al.,[15] in their elaborate work on pressure 
ulcers based on four tissue‑types (with the skin 
regarded as the fifth), have emphasized the necessity for 
precise evaluation. Recently, Mukherjee et al.[16] presented 
results using a three‑color model with textures.

Thus, while the importance of color in representing 
wound composition is well‑recognized, only three to 
four categories and colors have been used to date 
in the analysis of specific types of wounds. However, 
wounds evolve over time, with specific types of tissue 
and pigmentation with eight identifiable colors which 
represent healing, necrosis and/or infection.[14] This theory 
is also supported by observations in a recent paper by 

Veredas et al.[15] Finally, other authors have indicated that 
an unaccounted color may appear in a wound bed and 
affect classification.[17]

The current study proposes that an eight‑color model 
would more comprehensively represent wound 
composition, evolution and changes due to infection. 
This would assist in the development of a comprehensive 
algorithm for all wounds, rather than a specific wound 
type (e.g. pressure ulcers). Thus, in the interest of 
improving the accuracy of assessment for general 
wounds, the authors discuss a knowledge base of clusters 
associated with the eight categories in an appropriate 
color space. The results of a classification algorithm which 
take into account the information about the shape, spread 
and orientation of each cluster, through its covariance 
matrix, are presented.[18] In addition, the results of the 
“rotated coordinate system (RCS)” method, which also 
makes use of cluster shapes, are delineated.[19]

MATERIALS AND METHODS

The procedure for computer assessment of wound 
composition based on colors of tissue and pigmentation  
involves (a) choosing an appropriate color model, 
(b) building the knowledge base in the chosen space, and 
(c) classification of regions in the given wound.

The color model
Although R, G and B are the considered the “primary colors” 
of light, the RGB model is more useful in the generation 
of color rather than analysis.[18] An alternative is the HSI 
model, wherein hue (H) describes pure color, saturation (S) 
is the “degree of dilution from purity” by white light, 
and I is the intensity (decoupled from color information). 
Color in RGB‑format can be converted to the HSI version 
by suitable transformations.[18] Since hue is quantified in 
terms of the angle from the “red”‑axis in the HSI space, 
it suffers discontinuity at 0 (located at the mid‑point of 
the interval representing the red hue). To circumvent this 
problem, the hue range was shifted, as was suggested in 
the previous study.[20]

− ∈=  + ∈
[250, 360)
[0, 250)

360 H, H
H

H 110, H
      
      

 (1)

The choice of the origin at H = 250 is guided by the fact 
that minimal tissue was found in the range of 250 ± 60. 
We refer to this as the modified HSI space.

Procedure for assessing wound composition
The algorithm for determining the wound status in terms 
of tissue types and pigmentation consists of two phases, 
as described in the following.

Building the knowledge base
The eight categories of tissue and pigmentation of 
interest include: (1) healthy granulation tissue (HGT), 
(2) unhealthy granulation tissue (UGT), (3) whitish slough, 
(4) yellowish‑green pigmentation (G1), (5) bluish‑green 
pigmentation (G2), (6) fat (F), (7) brown necrotic tissue (BNT), 
and (8) black necrotic tissue or gangrene (Ga). A sample 
of each, pertaining to each of the eight categories, was 
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selected randomly from various wounds and is displayed 
in Figure 1 for the purpose of illustration.

The concept of identifying the tissue types based on 
pigmentation involves first building a reference base, that 
is, a labeled set of clusters in the HSI space, based on 
a large number of pixels per category from many wound 
images as judged by an experienced plastic surgeon. Prior 
to calculating the HSI parameters, the RGB components 
must be calibrated to account for variations due to 
“local” or “global” factors.[11] Local variations occur due 
to variations in the angle and the distance of the camera 
from the wound. Global variation arises due to factors 
like ambient light. All of the wound images were taken by 
the same camera under similar conditions. Ignoring local 
variations, the RGB components have been calibrated for 
global variations, as suggested by Wannous et al.[11] by 
exploiting the white patches available in the vicinity of 
the wound in some of the images. The corrected values 
were used to compute the values of H, S, and I. Each pixel 
within the wound is represented by a 3‑element vector 
(a point) in the HSI space. Points corresponding to a given 
tissue type or pigmentation, as decided by an expert 
based on its color, form a cluster.

Classification
Classification by distance‑based approaches is considered 
as the clusters were found to be fairly distinct.

The first approach is based on the Mahalanobis 
distance (MD).[21] This measure recognizes that some 
variables may suffer larger variance than the others 
due to differences in numerical values, variances and 
their inter‑relationships (if any). Indeed, MD takes into 
account the shape of each of the clusters, information 
about which  is embedded in the covariance matrix. The 
expression for MD between the observation vector x and 
a cluster “i” with mean µi and covariance matrix Ci, is 
given by:

2 -1
i i i i( , ) ( ) ( )d x = x C xµ µ µ− −  (2)

Note that the contours of constant density 
(three‑dimensional histogram) are hyperellipsoids of 
constant MD from µi.

[22]

Another method, the RCS method, is considered based on 
its philosophy, its success in machine vision applications,[19] 
and for the sake of comparison. It uses a metric derived 
by transforming the coordinates of the cluster space, 
such that the intra‑class samples are clustered closely, 
and inter‑class samples are separated. The transformation 
involves rotation and scaling of the axes, such that one 

axis lies along that of minimum variance and another 
along that of the maximum. The optimum rotated 
coordinate axes may be shown to lie in the directions 
of the orthogonal eigenvectors of Ci, and scaled by the 
inverse of the respective eigenvalues. The theoretical 
considerations outlined in the preceding result in the 
following distance metric between the observation‑vector 
x and a cluster “i” with mean µi:
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Where ek and γk are the kth eigenvectors and the 
eigenvalue of Ci. Note that γk happens to be the variance 
of the sample points in the direction of ek. Scaling 
the transformed axes by the inverse of the respective 
eigenvalues is, therefore, logical. The relation of this 
approach to statistical decision theory is seen when one 
notes that the minimum (Euclidean) distance classification 
in the new space amounts to maximum likelihood 
classification after fitting Gaussian density to the data.[19]

Classification of a color pixel specified by the vector x 
of HSI values is performed by assigning it to the cluster 
having the smallest value of d (x, µi)

RESULTS

The reference clusters were built by using 48 reference 
images of chronic wounds of various types, acquired 
under daylight, by a digital camera (Sony DSC P9) with 
flash. About 9,000 pixels (>1,000/category) were assigned 
to one of the eight categories. Samples of the eight types 
of tissue and pigmentation are displayed in Figure 1. The 
calibrated RGB values of each of the pixels were recorded 
against the category. The calibration factors were 
1.0162 (red), 1 (green) and 1.016 (blue). After rejecting 
the pixels (with I > 233) associated with reflections 
from flash, the values of H, S and I, associated with 
each pixel, were computed, and that of H was modified 
(as per Equation 1).

Views of the clusters in two different orientations are 
displayed in Figure 2. It is very important to observe the 
presence of eight clusters and that they are fairly distinct. 
HGT and UGT lie within a narrow hue (red) but spread 
only over saturation. Not surprisingly, they are close 
to each other. In fact, the appearance or disappearance 
of various colors over time allows one to assess the 
evolution of the wound toward a state of healing or 
otherwise. To assist in a quantitative understanding of the 
clusters, the values of inter‑cluster distance are displayed 
in Table 1. The inter‑cluster distance,[23] based on the MD 
measure, between clusters i and j, is given by:

−

− −
1

i j i j ij i j( , ) ( ) ( )2 T
ijd x x = x x C x x  (4)

where xi and xj are the means of the clusters i and j, 
respectively, and Cij is the pooled covariance matrix. The 
pooled covariance matrix was computed based on the data 
associated with both of the clusters i and j (considered as 
one group), rather than considering it to be a weighted 
average of the covariance matrices associated with the 

Figure 1: A sample each, of the eight categories of tissue 
types/pigmentation, selected randomly from various wound‑beds
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individual clusters, as suggested by Hertzog period.[24] The 
distances agree with the visual (geometric) separations. 
The distance between HGT and UGTs is the smallest. 
The cluster associated with UGT appears to consist of 
two lobes, though over a narrow range of hue, because 
the color associated with the unhealthy bed can vary 
slightly due to poor vascularity, infections, etc. Clinically, 
considering UGT to consist of two clusters is therefore 
unnecessary. Instead, this is addressed mathematically 
through an algorithm that exploits cluster shape.

To test the efficacy of the proposed algorithms, a set of 
15 test images were used to perform 120 experiments 
(15/category). Each experiment began with the selection 
of a relatively homogenous region of interest (ROI), 
selected randomly from the test images. A visual estimate 
of the composition (in terms of the percentage of the 
main tissue/pigmentation) was declared by one author 
who was blinded to the selection of the ROI. The ROI 
was subjected to estimation of its composition by the 
algorithms described in this paper. The performance of 
the algorithm in terms of accuracy of the estimates is 
defined by:

= − −∑
=

exp

1

1
%Match [ 1 | ] ×100v ci iexp

N
| E E

N i
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where EVi and ECi are the fractional estimates (visual 
and computer‑assisted) of the tissue and pigmentation 
composition, and Nexp is the number of experiments 

(15 in this case). The values of %Match were computed 
using both methods and Table 2 lists the values obtained. 
The relatively poor performance with respect to UGT and 
Ga may be attributed to the absence of a tight cluster in 
the first case, and a large spread in the second. Indeed, 
both are difficult to judge visually; UGT is close to HGT 
in color, and Ga is very dark to allow easy identification 
of its hue. To understand the behavior quantitatively, the 
inter‑cluster MDs were calculated as listed in Table 1. One 
may observe that the distances between HGT and UGT, Ga 
and BNT, are relatively small.

DISCUSSION

In this paper, there was no attempt to refine the cluster 
structure in the HSI space, by breaking apparently 
disjointed clusters or joining those close to each other, 
as reported by Nayak et al.[14] Modifying the clusters is 
not meaningful, as some color spread is natural.[2] Such 
variations are captured in the cluster shapes and are 
incorporated in the algorithms proposed in this paper. 
Although we experimented with the inter‑quartile range, 
retaining central tendencies, and the improvement in the 
accuracy of classification was not significant.[20]

There are some limitations in the presented study. 
As reported, a modified HSI space was used, which 
involves a shift of the origin. This approach suggested by 
Hoppe et al.[8] ensures a continuous value for hue, which 
is used as a parameter. The choice of the origin and the 
minimal range of hues was based on empirical observations 
of data involving nearly 9,000 pixels. While there could 
be some change in the precise values attributed to the 
camera and ambience, color calibration can account for 
such variations. Indeed, variation associated with the 
range of hues is minimal in comparison with the other 
parameters.[8] However, it would be interesting to find an 
approach to determine the values of the parameters to 
facilitate a shift of the origin. Further, simulated images 
and varying ambience could be used to test the efficacy 
of the values derived by such a method.

To validate the algorithms, randomly selected and 
blinded ROIs were used to mitigate bias. Nevertheless, 
the approach presented has limitations; specifically, it 

Table 1: Values of inter-cluster MD in the HSI space
HGT UGT WS G1 G2 F BNT Ga

HGT 0 2.69 3.73 3.7 3.95 3.43 3.54 3.88
UGT 2.69 0 3.26 3.71 3.95 3.03 3.67 3.94
WS 3.73 3.26 0 3.61 3.95 3.09 3.92 4.15
G1 3.7 3.71 3.61 0 3.3 3.69 3.84 3.93
G2 3.95 3.95 3.95 3.3 0 3.94 3.94 3.86
F 3.43 3.03 3.09 3.69 3.94 0 3.7 3.93
BNT 3.54 3.67 3.92 3.84 3.94 3.7 0 3.01
Ga 3.88 3.94 4.15 3.93 3.86 3.93 3.01 0

HIS: Hue, saturation, and intensity, MD: Mahalanobis distance,  
HGT: Healthy granulation tissue, UGT: Unhealthy granulation tissue, 
WS: Whitish slough, G1: Yellowish green pigmentation, G2: Bluish green 
pigmentation, F: Fat, BNT: Brown necrotic tissue, Ga: Gangrene

Figure 2: (a) A view of the three‑dimensional clusters in the hue, saturation, and intensity space, showing various tissue‑categories; (b) another view 
of the clusters in the hue, saturation, and intensity space from a different orientation. These two views show all the tissue categories, and that the 
clusters are fairly distinct

ba
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would be useful to take a consensus of multiple operators 
for segmenting clusters for training, and use different 
operators for selecting ROIs for a more robust validation 
of the algorithms.

In conclusion, this paper establishes eight categories of 
color due to tissue types and pigmentation, more than 
those based on the commonly used 4‑color model. The 
results were based on a knowledge base built using 
the one‑to‑one correspondence between tissue types  
pigmentation, and color. The (modified) HSI model 
was used because it better represents the physician’s 
perception of color, in addition, to resolving the 
information into eight useful categories. The resulting 
eight categories provide a better representation and 
assessment of wound health and minimize error in 
judgment due to misclassification of unidentified tissue 
types and pigmentation. Segmentation of wounds would 
be very useful for monitoring and objective recording of 
various phases of wound healing and the response to 
treatment protocols.
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Table 2: %Match of the visual and computer assessments, 
for various categories of tissue and pigmentation
Tissue/pigmentation category MD RCS
HGT 100 100
UGT 76.6 89.99
WS 80.5 94.60
G1 98.4 95.75
G2 89.3 92.26
F 96.1 98.11
BNT 98.2 100
Ga 93.3 78.94

MD:	The	method	based	on	Mahalanobis	distance,		RCS:	The	rotated	coordinate	
system method, HGT: Healthy granulation tissue, UGT: Unhealthy granulation 
tissue, WS: Whitish slough, G1: Yellowish green pigmentation, G2: Bluish green 
pigmentation, F: Fat, BNT: Brown necrotic tissue, Ga: Gangrene
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ABSTRACT
Aim: Emerging evidence favors the important role of antioxidants, matrix metalloproteinases (MMPs), 
and nitric oxide (NO) in the healing of diabetic wounds. There is a lack of substantial evidence 
regarding the effects of negative pressure on antioxidants, MMPs and NO in chronic wounds 
associated with diabetes. Methods: A total of 55 type 2 diabetic patients with leg ulcers were 
divided into 2 groups: a limited access dressing (LAD) group (n = 27) and a conventional dressing 
group (n = 28). Levels of hydroxyproline, total protein, MMP‑2 and MMP‑9, NO and antioxidants 
including reduced glutathione (GSH) and the oxidative biomarker malondialdehyde (MDA) 
were measured in the granulation tissue at days 0 and 10. Changes in levels between the LAD 
and conventional groups were determined by the Student’s t‑test. Results: After 10 days 
of treatment, the LAD vs. conventional dressing group showed increase in the levels of 
hydroxyproline (mean ± standard deviation = 55.2 ± 25.1 vs. 29.2 ± 1, P < 0.05), total protein 
(12.8 ± 6.5 vs. 8.34 ± 3.2, P < 0.05), NO (1.13 ± 0.52 vs. 0.66 ± 0.43, P < 0.05), GSH (7.0 ± 2.4 vs. 
6.6 ± 2.2, P < 0.05) and decrease in MMP‑2 (0.47 ± 0.33 vs. 0.62 ± 0.30, P < 0.05), MMP‑9 (0.32 ± 0.20 vs. 
0.53 ± 0.39, P < 0.05) and MDA (6.8 ± 2.3 vs. 10.4 ± 3.4, P < 0.05). Conclusion: When compared to 
conventional dressings, LAD induces biochemical changes by significantly increasing the levels 
of hydroxyproline, total protein, NO and antioxidants levels, and significantly reducing MMPs 
(MMP‑2 and MMP‑9) and an oxidative biomarker in diabetic wounds. These biochemical changes 
are thought to favor diabetic wound healing.
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Antioxidants, diabetic wounds, hydroxyproline, limited access dressing, matrix metalloproteinases, 
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INTRODUCTION

Wound healing is a self‑regulated physiological process 
of cell regeneration which occurs without any external 
stimuli. This is accomplished by the stages of fibroplasia, 
angiogenesis, and migration of fibroblasts, endothelial, 
and epithelial cells, finally leading to the wound 
contraction.[1] Inflammation is a vital and protective 
response instigated by injured cells at the wound site 
which begins the process of tissue repair.[2] In response to 
inflammation, reactive oxygen species (ROS) such as free 
radicals (superoxide anion radical: O2

−) and nonradical 
hydrogen peroxide (H2O2), are generated continuously 
until inflammation subsidies.[3] Free radicals and their 
scavenging systems play an important role in normal and 
delayed wound healing.[4,5]

Delayed healing of diabetic wounds is characterized by an 
increase in matrix metalloproteinases (MMPs), a decrease 
in the tissue inhibitors of metalloproteinases (TIMPs),[6] 
and an altered magnitude of free radical generation and 
disposal.[7] An imbalance between oxidant and antioxidant 
defense mechanisms leads to oxidative stress resulting 
in lipid peroxidation, DNA damage, and inactivation of 
free radical scavenger enzymes.[8] This leads to tissue 
damage and impairs the healing process in diabetic 
wounds with reduced angiogenesis, altered proliferation 
of fibroblasts, reduced fibroblast migration, inadequate 
collagen deposition, advanced glycation, and abnormal 
mitochondrial function.[9‑11]

Nitric oxide (NO) is a mediator which plays an important 
role in wound healing and has been implicated in 
diabetic wounds. Reduced levels can cause alterations 
in vascular permeability and a reduction of capillary 
flow causing oxidative stress.[12] Antioxidants such as 
reduced glutathione (GSH), glutathione peroxidase (GPx), 
catalase (CAT), and thiol (‑SH) prevent the generation and 
action of ROS. Hence, antioxidants that provide potential 
mechanisms for wound healing can ameliorate diabetic 
complications by both significantly preventing tissue 
damage and stimulating the wound healing process.[13,14]

Several studies have demonstrated the negative role of 
free radicals on wound healing; reduction of persistent 
inflammation; and elimination of free radicals may 
improve healing in diabetic wounds.[15] Although advanced 
technologies have been developed for the treatment of 
diabetic wounds, outcomes have been poor. Negative 
pressure wound therapy (NPWT) has emerged as a 
treatment for complex wounds. This is a noninvasive 
system which creates a localized and controlled sub 
atmospheric pressure environment. Wound healing by 
delayed primary or secondary intention is promoted 
by the creation of a moist wound environment which 
prepares the wound bed for closure, reduces edema, and 
promotes the formation and perfusion of granulation 
tissue.[16,17] The clinical evidence supporting the use of 
continuous NPWT on diabetic wounds has been based 
largely on clinician perception, case series, small cohort 
studies, and weakly powered randomized trials that 

constitute a substantial number of publications but an 
overall low amount of evidence. Evidence is lacking on the 
use of an intermittent negative pressure dressing which 
would be more economical and clinically acceptable[17] 
than the use of continuous NPWT.

The present study evaluates the role of intermittent negative 
pressure using limited access dressing (LAD) (a cycle of 
30 min of suction and 3.5 h of rest) on diabetic wounds 
by measuring and comparing the levels of hydroxyproline, 
total protein, NO, antioxidants (GSH), and an oxidative 
biomarker malondialdehyde (MDA) in the granulation tissue 
of type 2 diabetes mellitus ulcer patients.

METHODS

Ethical approval and informed consent
This prospective randomized controlled trial study was 
carried out in the Department of Plastic Surgery, Kasturba 
Hospital, Manipal. The Institutional Ethics Committee 
reviewed and approved the study protocol. Written 
informed consent was obtained from all patients or their 
next of kin prior to inclusion in the study.

Study design
Patients were diagnosed on the basis of history, physical 
examination, and biochemical investigation. Seventy‑five 
patients more than 40 years of age (mean age: 56 years) 
suffering from chronic diabetic wounds with insulin‑controlled 
diabetes were enrolled in the study. After evaluation for 
inclusion (diabetic leg ulcers) and exclusion criteria (collagen 
disorders, leprosy, pregnancy, cirrhosis, and HIV positive 
status), 55 patients were randomized of whom 27 were 
assigned to the LAD group and 28 were assigned to the 
conventional dressing group. Biopsies were taken from both 
groups on day 0 of the study. The LAD group patients were 
treated with intermittent negative pressure and a moist 
wound environment, and wounds were washed daily with 
a solution of povidone‑iodine. Conventional dressing group 
patients were dressed daily with 5% povidone‑iodine solution 
soaked gauze. On day 10, granulation tissue biopsies were 
taken from both groups and subjected to biochemical study 
by an investigator blinded to the clinical data.

Randomization
Patients were randomized by generating tables of random 
numbers through www.random.org. Numbers were 
assigned to a treatment group and sealed in opaque 
envelopes containing labeled paper with the treatment 
and the patient’s ID.

Chemicals
All chemical used were of analytical grade. Standard 
L‑hydroxyproline, bovine serum albumin (BSA), standard 
GSH, 1‑chloro‑2,4‑dinitrobenzene, and cumene H2O2 were 
purchased from Sigma‑Aldrich (St. Louis, MO, USA). 
Thiobarbituric acid (TBA), trichloroacetic acid (TCA), 
1,1,3,3‑tetramethoxypropane N‑ethylmaleimide (NEM), 
and orthophosphoric acid were purchased from S.D. 
Fine‑Chemicals Ltd. (Boisar, India).
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Tissue preparation for assays
Tissue preparation for hydroxyproline estimation
The granulation tissue specimens were dried at 60°C for 
24 h and then were weighed and kept in glass‑stoppered 
test tubes. 6N HCl was added to each tube for a total 
of 40 mg of dried granulation tissue per ml of acid. 
The tubes were kept in boiling water bath for a total 
of 24 h (12 h and each for 2 days) for hydrolysis. The 
hydrolysate was then cooled, and the excess acid was 
neutralized by 10N sodium hydroxide (NaOH) using 
phenolphthalein/methyl red as an indicator. The volume 
of neutral hydrolysate was diluted with distilled water to 
a concentration of 20 mg/mL of dried granulation tissue 
in the final hydrolysate. The hydrolysate was used to 
estimate the level of hydroxyproline.[18]

Tissue preparation for estimation of antioxidants and 
oxidative biomarkers
The wet weight of the granulation tissue samples was 
noted and homogenized by a Rotex homogenizer in 
ice‑cold 0.2 M phosphate buffer (pH 7.4). Homogenates 
were centrifuged at 15,000 rpm for 30 min in a 
cooling centrifuge, and the supernatant was then used 
to determine total protein, GSH, and an oxidative 
biomarker (MDA).

For the MMP‑2 assay, the granulation tissue was rinsed 
in ice‑old phosphate buffer saline (PBS) (0.1 mol/L, 
pH 7.0‑7.2) to remove all traces of excess blood and 
weighed prior to homogenization. The tissues were 
minced into small pieces and homogenized on ice in 
5 mL of PBS. The resulting suspension was sonicated 
with an ultrasonic cell disrupter or subjected to two 
freeze‑thaw cycles to further break the cell membranes. 
The homogenates were then centrifuged for 5 min at 
50 g, removing the supernatant and aliquot store at 
no more than ‑80°C.

For the NO assay, the tissue was homogenized in an 
isotonic solution of PBS containing 10 mM of NEM 
and 2.5 mmol ethylenediaminetetraacetic acid (EDTA). 
The addition of NEM/EDTA blocks the SH‑groups 
while inhibiting the transition of metal‑catalyzed 
trans‑nitrosation reactions, preventing artificial nitrosation 
and thiolate‑ and ascorbate‑mediated degradation of 
endogenous Nitrosothiols and nitrite (NO2

−). The protein 
concentration was determined according to Lowry et al.[19] 
using purified BSA as the standard.

Estimation of biochemical parameters
Hydroxyproline
The dried tissue was added to 10 mL of 6N HCl 
and stored at 110°C for 24 h. The neutralized acid 
hydrolysate of the dry tissue was used to determine 
the level of hydroxyproline. The reaction mixture 
contains 0.05 M copper sulfate, 2.5N NaOH, 6% H2O2, 
3N sulfuric acid, and 5% p‑dimethylaminobenzaldehyde 
using L‑hydroxyproline as the standard. Absorbance was 
measured at 540 nm and expressed as µg/mg of dry 
tissue weight.[18]

Total protein
The total protein content of the wound tissue 
homogenate was determined according to the method 
of Lowry et al.[19] Absorbance was measured at 540 nm 
and expressed in mg/g of tissue. Standards were treated 
similarly using BSA at concentrations of 0, 20, 40, 60, 80, 
and 100 µg/mL in 0.1 M phosphate buffer at pH 7.4.

Matrix metalloproteinase‑2 and ‑9
A total of 100 mg of tissue was homogenized in 1 mL 
of ice‑cold lysis buffer. Subsequently, homogenates were 
centrifuged at 3,000 g for 5 min at 4°C, and supernatants 
were stored at ‑80°C until use. MMP‑2 and MMP‑9 were 
measured using prefabricated ELISA kits, according to 
manufacturer protocol (R and D Systems, USCN Life Science 
Inc., USA). Plates were read at 450 nm and 540 nm, and 
concentrations were calculated using a 4‑point standard 
curve and expressed as ng/mg of protein.[20]

Nitric oxide estimation
The level of NO was estimated as NO2

−, an NO metabolite 
in tissue samples. NO is a highly reactive free radical gas 
which is a ready oxidizer and remains stored in tissues as 
nitrates (NO3

−) or NO2
−. Thus, NO concentration can be 

estimated by measuring concentrations of NO3
− and NO2

− 
in combination. The simplest technique is to monitor 
the reduction of NO3

− to NO2
− by nitrate reductase or 

a metallic catalyst, followed by the colorimetric Griess 
reaction to measure NO2

− levels (nitrite levels).

Sample NO2
− levels were estimated by a colorimetric assay 

which is based on the Griess reaction. Using a two‑step 
diazotization reaction, acidified NO2

− produces a nitrosating 
agent which reacts with sulfa nitric acid to produce the 
diazonium ion. This ion is then coupled to N‑(1‑naphthyl) 
ethylenediamine dihydrochloride to form a red azo derivative 
which is measured at 550 nm using a spectrophotometer. 
The concentrations of NO2

− are calculated from a standard 
curve established with serial dilutions of sodium NO2

−.[21]

Glutathione estimation
The reaction mixture was prepared by adding 80 µL of 
tissue supernatant to 0.9 mL of 0.2 M sodium phosphate 
buffer of pH 7.00 and 20 µL of 10 mM 5.5’‑dithiobis 
(2‑nitrobenzoic acid) (DTNB) solution. The yellow‑colored 
substance formed by the reaction of GSH and DTNB 
was measured at 412 nm. The results were expressed as 
GSH µmol/mg protein.[22]

Malondialdehyde
The MDA levels of wound tissue homogenate were 
measured according to the method of Ohkawa et al.[23] To 
0.1 mL of the test sample, 1 mL of 10% TCA and 1 mL of 
0.67% TBA were added and then heated in a boiling water 
bath at 100°C for 30 min. The mixture was cooled under 
tap water and centrifuged at 12,000 rpm for 10 min. Clear 
supernatant was determined by the absorbance at 535 nm 
and expressed as nmol/mg protein.

Statistical analysis
Statistical analysis for biochemical parameters was 
performed by Student’s t‑test, and data were expressed as 



Plast Aesthet Res || Vol 2 || Issue 5 || Sep 15, 2015  269

mean ± standard deviation (SD). P < 0.05 was considered 
to be significant, when appropriate, statistical uncertainty 
was expressed by 95% confidence levels.

RESULTS

A total of 75 patients were enrolled of which 55 patients 
were randomized; with 27 patients assigned to the LAD 
group and 28 patients assigned to the conventional group 
[Figure 1]. Five participants were lost to follow‑up (two in 
the LAD and three in the conventional group) before the 
biopsies could be taken. The results of hydroxyproline, 
total protein, MMP‑2 and MMP‑9, GSH, NO, and MDA 
levels in diabetic ulcers are shown [Table 1].

Hydroxyproline
After 10 days of treatment, the LAD group had 
significantly higher hydroxyproline level (mean ± SD = 
55.2 ± 25.1 µg/mg dry tissue weight) than the conventional 
group (29.2 ± 13.5 µg/mg dry tissue weight), P = 0.000.

Total protein
After 10 days of treatment, the LAD group 
had significantly higher total protein levels 
(mean ± SD = 12.8 ± 6.5 mg/g wet tissue weight) than 

the conventional group (8.34 ± 3.2 mg/g wet tissue 
weight), P = 0.011.

Matrix metalloproteinases‑2 and matrix 
metalloproteinases‑9
After 10 days of treatment, MMP‑2 (0.47 ± 0.33 ng/mg tissue 
protein, P = 0.041) and MMP‑9 levels (0.32 ± 0.20 ng/mg tissue 
protein, P = 0.037) in LAD group were significantly lower 
than the conventional group MMP‑2 (0.62 ± 0.30 ng/mg 
tissue protein) and MMP‑9 (0.53 ± 0.39 ng/mg tissue 
protein).

Nitric oxide
After 10 days of treatment, the LAD group had a 
significantly high total protein level (mean ± SD = 
1.13 ± 0.52 nmol/mg protein) than the conventional 
group (0.66 ± 0.43 nmol/mg protein), P = 0.019.

Reduced glutathione
After 10 days of treatment, antioxidant (reduced GSH) 
levels in the LAD group were significantly higher 
(mean ± SD = 7.0 ± 2.4 µmol/mg protein) as compared to 
those in the conventional dressing group (6.6 ± 2.2 µmol/mg 
protein), P = 0.044.

Malondialdehyde
After 10 days of treatment, MDA levels were 
significantly higher in the conventional dressing group 
(mean ± SD = 10.4 ± 3.4 nmol/mg protein) as compared 
to the LAD group (6.8 ± 2.3 nmol/mg protein), P = 0.024.

DISCUSSION

Diabetes is a multisystem disorder which induces 
physiological changes in tissues and cells that impair 
the normal healing process. Diabetic wounds can have 
prolonged periods in the inflammatory phase of healing, 
with a continuous influx of neutrophils that release 
cytotoxic enzymes, free radicals, and inflammatory 
mediators, causing extensive collateral damage to the 
surrounding tissue.[24‑26]

In the treatment of diabetic ulcers, the NPWT wound 
dressing provides faster wound resolution as compared 
to gauze dressings. NPWT may be beneficial in the 
treatment of nonhealing diabetic wounds of the lower Figure 1: Consort flow chart

Table 1: Results of hydroxyproline, total protein, MMP-2 and MMP-9, NO, GSH, and MDA levels in granulation 
tissue of diabetic ulcer in LAD group and conventional dressing group
Parameters Mean ± SD P

LAD group Conventional dressing group

Day 0 Day 10 Day (0-10) Day 0 Day 10 Day (0-10)
Hydroxyproline (µg/mg of dry weight of tissue) 46.9 ± 16.0 100 ± 6.6 55.2 ± 25.1 51.5 ± 10.9 80.7 ± 15.6 29.2 ± 13.5 0.000
Total protein (mg/g of wet weight tissue) 11.7 ± 3.2 24.3 ± 5.9 12.8 ± 6.5 12.0 ± 2.6 20.6 ± 4.8 8.34 ± 3.2 0.011
MMP-2 (ng/mg tissue protein) 0.95 ± 0.20 0.48 ± 0.42 0.47 ± 0.33 0.97 ± 0.52 0.35 ± 0.49 0.62 ± 0.30 0.041
MMP-9 (ng/mg tissue protein) 0.87 ± 0.54 0.55 ± 0.25 0.32 ± 0.20 0.93 ± 0.22 0.40 ± 0.32 0.53 ± 0.39 0.037
NO (nmol/mg protein) 2.0 ± 1.42 3.13 ± 1.3 1.13 ± 0.52 2.74 ± 1.4 3.4 ± 1.44 0.66 ± 0.43 0.019
GSH (µmol/mg protein) 16.1 ± 4.3 23.1 ± 3.3 7.0 ± 2.4 14.9 ± 3.5 21.5 ± 3.79 6.6 ± 2.2 0.044
MDA (nmol/mg protein) 19.3 ± 3.8 12.5 ± 4.8 6.8 ± 2.3 19.9 ± 4.5 9.5 ± 4.5 10.4 ± 3.4 0.024

MMP: Matrix metalloproteinase, NO: Nitric oxide, GSH: Glutathione, MDA: Malondialdehyde, LAD: Limited access dressing, SD: Standard deviation
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extremity.[27] The intermittent negative pressure regimen 
used in LAD has been shown to be an economical and 
effective alternative in treating traumatic wounds.[28,29]

Evidence shows that increased oxidative stress causes 
delayed wound healing in diabetics with altered 
antioxidant enzyme activities.[30] Various studies[31,32] have 
shown a significant reduction in collagen content in the 
granulation tissue of diabetic animals. The authors of 
these studies have proposed that the decreased collagen 
levels seen in diabetic wounds are likely in response to 
an altered extracellular environment (i.e. hyperglycemia, 
persistent inflammation, excess H2O2 and free radical 
production, and low levels of antioxidants). Collagen 
is the major component of extracellular tissue which 
provides support and strength. It is measured by 
monitoring the concentration of hydroxyproline, that 
is, synthesized by fibroblasts[33] and is vulnerable to the 
effects of free radicals. In the present study, after 10 days 
of therapy, the mean level of hydroxyproline (± SD) 
was significantly higher in the LAD group as compared 
to that of the conventional dressing group (LAD vs. 
conventional = 55.2 ± 25.1 vs. 29.2 ± 13.5 µg/mg of dry 
weight of tissue, P = 0.000). The concentration of protein 
found in the wound’s granulation tissue was higher in 
the LAD group (12.8 ± 6.5 mg/g wet tissue weight) than 
in the conventional group (8.34 ± 3.2 mg/g wet tissue 
weight), P = 0.011.

In a study by Lobmann et al.,[34] higher concentrations 
of the MMP‑2 and MMP‑9, in conjunction with lower 
concentrations of TIMP‑2, were found in tissue biopsies 
of diabetic wounds as compared to healthy controls.[34] 
Another study by Liu et al.[35] showed that high MMP‑9 
levels were indicative of poor wound healing in 
diabetics. In the present study, significant decreases in 
the concentrations of MMP‑2 (0.47 ± 0.33 ng/mg tissue 
protein, P = 0.041) and MMP‑9 (0.32 ± 0.20 ng/mg tissue 
protein, P = 0.037) were observed in the LAD group versus 
the conventional group after 10 days of treatment.

Normal physiological amounts of NO act as a mediator for 
moderate vasodilatation and are required to increase blood 
flow and vascular permeability. Endothelial dysfunction 
and decreased NO production are observed in diabetic 
patients with a consequent delay in wound healing due 
to decreased tissue perfusion.[36] After 10 days of therapy, 
the mean level of NO (± SD) was significantly higher in 
the LAD group as compared to that in the conventional 
dressing group (LAD vs. conventional = 1.13 ± 0.52 vs. 
0.66 ± 0.43 nmol/mg protein; P = 0.019).

Decreased levels of the enzymatic antioxidants, GPx, 
CAT, and GSH may contribute to diminished defense 
mechanisms against free radical overload in diabetic 
wounds.[37] Antioxidants hasten the process of wound 
healing by destroying free radicals.[38] In the present study, 
after 10 days of treatment, the levels of antioxidants in 
granulation tissue were significantly higher in the LAD 
group as compared to the conventional dressing group 
(LAD vs. conventional = 7.0 ± 2.4 vs. 6.6 ± 2.2 µmol/mg 
protein, P = 0.044). Lipid peroxidation is an important 

pathophysiological event in diabetes.[39] It is well 
known that MDA from lipid peroxidation reacts with 
DNA bases and induces mutagenic lesions.[40] In the 
present study, after 10 days of therapy, the mean 
level of MDA (± SD) was significantly less in the LAD 
group than in the conventional dressing group (LAD 
vs. conventional = 6.8 ± 2.3 vs. 10.4 ± 3.4 nmol/mg 
protein, P = 0.024).

In conclusion, LAD (intermittent NPWT and moist wound 
dressing) exerts a beneficial effect on diabetic wound 
healing as seen by a significant increase in the levels 
hydroxyproline, total protein, NO, antioxidants, a decrease 
in MMP‑2 and MMP‑9, and oxidative biomarkers (MDA) as 
compared to conventional dressings.

The use of intermittent NPWT using LAD may be an 
effective alternative therapy used to achieve faster 
granulation of the wound bed in diabetic ulcers.
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ABSTRACT
Aim: Negative pressure wound therapy (NPWT) has achieved widespread success in the treatment of 
chronic wounds. However, its effects have been only partially explored, and investigations have generally 
concentrated on the wound‑dressing interface; a detailed histopathological description of the evolution 
of wounds under NPWT is still lacking. The present study was performed to investigate the effect of 
a limited access dressing (LAD) which exerts intermittent NPWT in a moist environment on chronic 
wounds. Methods: A total of 140 patients were randomized into 2 groups: LAD group (n = 64) and 
conventional dressing group (n = 76). By histopathological analysis of the granulation tissue, the amount 
of inflammatory infiltrate, necrotic tissue, angiogenesis, and extracellular matrix (ECM) deposition was 
studied and compared to determine healing between the 2 groups. Results: After 10 days of treatment, 
histopathological analysis showed a significant decrease in necrotic tissue with LAD compared to the 
conventional dressing group (mean ± standard error, 11.5 ± 0.48 vs. 10.1 ± 0.30, P = 0.007), the number 
of inflammatory cells (12.6 ± 0.60 vs. 8.63 ± 0.35, P = 0.018), a significant increase in new blood vessels 
(12.8 ± 0.58 vs. 9.3 ± 0.29, P = 0.005) and ECM deposit (13.3 ± 0.50 vs. 9.6 ± 0.24, P = 0.001). Conclusion: 
LAD exerts its beneficial effects on chronic wound healing by decreasing the amount of necrotic tissue 
and inflammatory cells while increasing the amount of ECM deposition and angiogenesis.
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Angiogenesis, chronic wounds, extracellular matrix, granulation tissue, inflammatory cell, limited 
access dressing, necrotic tissue, negative pressure wound therapy
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INTRODUCTION

Negative pressure wound therapy (NPWT) is a bio‑stimulating 
treatment for chronic wounds. In recent years, it has 
become one of the most frequently adopted treatments for 
complex wounds worldwide. While it is generally believed 
that NPWT improves wound healing and is cost‑effective, 
there is a persistent demand for scientific evidence.

Several recent studies support the use of NPWT to 
enhance wound healing by removing excess extracellular 
fluid and decreasing tissue edema, which leads to 
increased blood flow[1] and stabilization of the wound 
environment. A reduction in systemic (e.g. interleukins, 
monocytes) and local mediators of inflammation has been 
demonstrated in experimental models,[2] while decreased 
matrix metalloproteinase activity[3] and bacterial burden 
have been documented clinically.[4] In vivo, NPWT has been 
shown to increase fibroblast proliferation and migration, 
collagen organization, and to increase the expression of 
vascular endothelial growth factor and fibroblast growth 
factor‑2, thereby enhancing wound healing.[5]

Limited access dressings (LADs) have been shown to be 
more effective in the treatment of chronic wounds.[6] The 
present study evaluates the role of intermittent negative 
pressure in a moist environment using LAD (cycle of 
30‑min suction and 3.5‑h rest) on chronic wounds by 
quantitative and comparative analysis of histopathological 
parameters including the amount of necrotic tissue, the 
number of inflammatory cells, extent of angiogenesis, and 
the level of extracellular matrix (ECM) deposit.

Figure 1: Consort flow chart

METHODS

Ethical approval and informed consent
This prospective randomized study was carried out in 
the Department of Plastic Surgery and Burns, Kasturba 
Medical College and Hospital, Manipal, India. The 
Institutional Ethics Committee reviewed and approved 
the study protocol. Informed consent was obtained from 
all patients or their next of kin (as applicable) before 
inclusion into the study.

Clinical study design
Two hundred and fifteen patients with chronic wounds of 
more than 4 weeks duration were enrolled and assessed for 
eligibility. After examination of inclusion criteria (nonhealing 
chronic wounds, 12‑65 years of age) and exclusion criteria 
(collagen disorders, diabetes, leprosy, liver cirrhosis, HIV 
positive status, and pregnant women), 140 patients were 
randomized into the LAD group (n = 64) or conventional 
dressing group (n = 76) [Figure 1]. In the LAD group, the 
mean age was 38.3 ± 10.56 years (range: 12‑60 years), 
with a mean wound size at the time of admission of 19 cm2 
(range: 28‑40 cm2). In the conventional dressing group, the 
mean age was 35.3 ± 14.0 years (range: 17‑65 years) with 
a mean wound size at the time of admission of 18 cm2 
(range: 26‑39 cm2) [Table 1].

The LAD group was treated with intermittent negative 
pressure in a moist environment. The conventional closed 
dressing group was treated with daily dressing changes 
using a squeezed 5% povidone‑iodine gauze which is a 
routine protocol in our burn unit.[7]
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Wounds were washed daily both the LAD group 
and the conventional group prior to dressing with 
5% povidone‑iodine solution. Of these 140 patients, 
56 participants (22 in the LAD group and 34 in the 
conventional dressing group) were lost to follow‑up. Of 
42 patients in the LAD group, 22 (52%) were women, 
and 20 (48%) were men. In the conventional dressing 
group, 18 (42.8%) were women, and 24 (57.1%) were 
men. Biopsies were taken on days 0 and 10 and were 
analyzed for the histopathologic parameters under 
study.

Randomization
Patients were randomized by generating tables of random 
numbers through www.random.org. Numbers were 
assigned to a treatment group and sealed in opaque 
envelopes containing labeled paper with the treatment 
and patient ID.

Tissue preparation for histopathologic study
Wound biopsies performed on days 0 and 10 were 
collected, fixed in 10% formalin, dehydrated through 
an increasing alcohol series (50%, 70%, 90%, and 100%), 
cleared in xylene and embedded (Leica EG1150 H) in 
paraffin wax (melting point 56°C). Serial sections of 5 µm 
thickness were cut using a microtome (Leica RM2255) 
and were stained with hematoxylin‑eosin (Sigma‑Aldrich, 
MO, USA). Each section was evaluated in 8 microscopic 
fields (×100) under light microscopy (Olympus PM20). 
Histopathology slides were graded using a modified 
0‑4 Ehrlich and Hunt numerical scale, and modified and 
internally validated in our laboratory on a scale of 1‑3, 
with 1 representing necrosis, 2 representing inflammatory 
cell infiltration (white blood cell and fibroblast count), and 
3 representing ECM deposition. We used a 5‑point scale 
to evaluate the presence of necrosis and inflammatory 
cell infiltration (0, no evidence; 1, occasional evidence; 
2, light scattering; 3, abundant evidence; 4, confluent cell) 
as previously described,[8] and used a 4‑point scale to 
evaluate the presence of ECM deposition (0, no evidence; 
1, little ECM deposition; 2, moderate ECM deposition; 
3, confluent ECM deposition) as previously described.[8] 
In determining the degree of angiogenesis, only mature 
vessels were counted and identified by the presence of 
erythrocytes in their lumen.[9] The score was assigned by 2 
investigators. The code describing the specific treatment 
received by the patient was broken after scoring had been 
completed by the investigators.

Table 1: Patient demographics and baseline wound 
characterization
Details LAD group Conventional 

group
Number of patients 42 42
Age, years (mean ± SD, 
range) 

(38.3 ± 10.56, 12-60) (35.3 ± 14.0, 17-65) 

Mean wound size (cm2) 28 (range: 19-40) 26 (range: 18-39)
Female (%) 52 42.8
Male (%) 48 57.1

LAD: Limited access dressing, SD: Standard deviation

Statistical analysis
Statistical analysis was performed using the student’s t‑test 
for comparisons between groups (SPSS, 15th version (233 
South Wacker Drive, 11th Floor, Chicago)). The data were 
expressed as mean ± standard error (SE). P < 0.05 was 
considered to be significant. When appropriate, statistical 
uncertainty was expressed with 95% confidence levels.

RESULTS

On day 0, both the LAD and conventional groups showed 
necrotic tissue with increased inflammatory infiltrates 
[Figures 2A and 3A]. On day 10, the LAD group [Figure 2B] 
showed an increase in ECM deposition and angiogenesis 
with a decrease in inflammatory infiltrate when 
compared to the conventional group [Figure 3B]. The 
results of the histopathologic scoring are shown in 
Table 2. Histopathology revealed that in LAD group 
after 10 days of treatment, the scores of necrotic tissue 
(P = 0.007) and inflammatory cell infiltrate (P = 0.018) 
were significantly lower than those of the conventional 
treatment group. The score of ECM deposits and number 
of blood vessels on day 0 were not well‑defined in either 
group, but on day 10 ECM deposits (P = 0.001) and 
number of blood vessel (P = 0.005) were significantly 
higher in the LAD group than in the conventional group 
[Table 2, Figure 4].

DISCUSSION

Wound healing is a complex and dynamic process which 
involves cell‑cell interactions and cell‑matrix interaction. 
The proliferative phase of wound healing is marked by 
angiogenesis, collagen deposition, granulation tissue 
formation, epithelialization, and wound contraction 
resulting in less scar tissue.[10]

A study by Nain et al.[11] showed a decrease in the 
amount of necrotic tissue in chronic wounds treated with 
NPWT. Histopathological analysis showed significantly 
less necrotic tissue in the LAD group compared to a 
conventional dressing group after 10 days of treatment 
(mean ± SE, 11.5 ± 0.48 vs. 10.1 ± 0.30, P = 0.007). The 
ECM is made up of collagen fibers and glycosaminoglycans, 

Figure 2: Histopathology of granulation tissue on days 0 and 10 in the 
limited access dressing (LAD) group. A: (a) LAD group ‑ day 0 ‑ (arrow) 
abundant inflammatory cells, (b) poorly developed matrix, (c) minimal blood 
capillaries. (photographed with an Olympus PM20 photomicroscope ×20); 
B: (a) LAD group ‑ day 10 ‑ (arrow) increased number of fibroblast cells, 
(b) fewer inflammatory cells, (c) increased proliferating blood capillaries, 
(d) collagen bundles organized well between the cells (photographed with 
an Olympus PM20 photomicroscope ×20)

BA
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which form the principal component of connective tissue 
and play a central role in wound healing by providing a 
structural framework for regenerating tissue.[12]

Borgquist et al.[13] showed that chronic wounds treated 
with NPWT promote the formation of granulation tissue 
with an increase in ECM. After 10 days of treatment, there 
was a significant increase in the ECM deposit of a LAD 
group compared to a conventional group (mean ± SE, 
13.3 ± 0.50 vs. 9.6 ± 0.24, P = 0.001).

Angiogenesis improves circulation to the wound bed by 
providing oxygen and essential nutrients for the healing 
process.[14] Xia et al.[15] conducted a study on chronic 
wounds treated with NPWT, and showed that NPWT‑treated 
wounds had increased angiogenesis and blood flow, with 
the number of new blood vessels significantly higher in 
a LAD group when compared to a conventional dressing 
group (mean ± SE, 12.8 ± 0.58 vs. 9.3 ± 0.29, P = 0.005).

Huang et al.[16] showed that NPWT promotes healing by 
modulating inflammation and cell migration. There were 
significantly fewer inflammatory cells in a LAD group as 
compared to a conventional dressing group (mean ± SE, 
12.6 ± 0.60 vs. 8.63 ± 0.35, P = 0.018).

In conclusion, the present study demonstrates that 
intermittent NPWT in a moist environment with a 
LAD to chronic wounds accelerates the rate of wound 
healing by significantly increasing ECM deposits and 
the formation of new blood vessels while decreasing 
the number of inflammatory cells and the amount of 
necrotic tissue.
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4, confluent cells or fibers. LAD: Limited access dressing, SE: Standard error, ECM: Extracellular matrix

Figure 3: Histopathology of granulation tissue on days 0 and 10 in 
the conventional group. A: (a) Conventional group ‑ day 0 ‑ (arrow) 
abundant inflammatory cells, (b) minimal blood capillaries, (c) poor 
matrix (photographed with an Olympus PM20 photomicroscope ×20); 
B: (a) Conventional group ‑ day 10 ‑ (arrow) More number of fibroblast 
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(c) minimal blood capillaries. (photographed with an Olympus PM20 
photomicroscope ×20)
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Figure 4: Histopathologic scores of necrotic tissue, inflammatory cells, 
new blood vessels, and extracellular matrix deposit in limited access 
dressing versus conventional groups (mean ± SE, P < 0.05)
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Topic: Current Concepts in Wound Healing

INTRODUCTION

Normal wound healing is a complex array of multiple 
processes which is characterized by three overlapping 
phases: inflammatory, proliferative and remodeling.[1] 
Infection and debris are one of the important and common 
impediments to wound healing. Wound healing is 
possible only when bacterial counts are maintained at a 
concentration of 100,000 organisms per gram or less.[2] 
The presence of eschar, scab or foreign bodies also act as 
impediments to wound healing.[3] Irrigating the wounds 

under pressure (hydrotherapy) removes debris and reduces 
the bacterial content (bioburden), assisting in wound 
healing.[3]

Jet force technology (JFT) is a type of continuous 
hydrotherapy, which transforms saline and oxygen into 
microdroplets, which are accelerated to supersonic 
speeds to remove dead or poorly healing tissue from 
a wound surface. On a review of the current literature, 
no articles on JFT were found. This article presents the 
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Aim: The aim was to study the role of jet force technology (JFT) in wound management. 
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In Group 2 (12 patients), the wounds completely healed in 3‑4 weeks with JFT and skin graft/flap. 
Conclusion: Hydrotherapy with JFT helps in the removal of contaminants, debris, and microbial 
colonization of the wound leading to spontaneous wound healing and facilitating wound bed 
preparation for wound coverage by a skin graft or flap.
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authors’ experience of JFT in the management of chronic 
wounds.

SUBJECTS AND METHODS

This is a retrospective study of patients with chronic 
nonhealing wounds in whom JFT was used in the 
Department of Plastic Surgery, Jawaharlal Institute 
of Postgraduate Medical Education and Research, 
Pondicherry, India from November 2013 to October 2014. 
Patients of all age groups and both genders with chronic 
nonhealing wounds (> 3 months duration) of different 
etiologies which had undergone surgical debridement 
but were not ready for reconstruction due to debris and 
infection were included in the study. Eighteen patients 
matched the inclusion criteria. Informed consent was 
obtained. Details including age, gender, etiology, 
duration of wound, site, size, co‑morbid factors, type of 
organism grown in tissue culture prior to JFT, duration 
to negative cultures following JFT, and duration until 
wound healing were recorded in the study proforma. 
The wound score was documented using the Bates 
Jansen Wound Assessment Tool.[4] Wound measurements 
were recorded by  Digital  Planimetry  using  Image‑J 
Software (National Institutes of Health).[5] Wound score 
and measurements were recorded at each dressing 
changes. Patients were evaluated for medical clearance 
for anesthesia. Wound tissue cultures were sent prior to 
beginning JFT and weekly thereafter. JFT hydrotherapy 
and dressing changes were performed when the wound 
dressings were noted to be soaked. No systemic 
antibiotic therapy was required in any of the cases. Only 
saline moist dressings were used. JFT hydrotherapy was 
performed using a disposable JFT cannula (Tav Tech Ltd., 
Israel) which costs INR 2880/‑ [Figures 1 and 2]. All JFT 
procedures were done at the bedside without the need 
for anesthesia. The JFT cannula has two ports, one for 
the oxygen line and the other for connection to a saline 
bag. The pressure generated depends upon the flow rate 
of oxygen (9 L/min‑4 PSI, 11 L/min‑6 PSI, 13 L/min‑9 PSI, 
15 L/min‑12 PSI). All patients tolerated the JFT procedure 
well. When the dressing became soaked, JFT with a 
moist saline dressing was done. In Group 1, only JFT 

was used. In Group 2, once the tissue cultures became 
negative, the wound was covered with a skin graft or 
flap.

RESULTS

In our study cohort (n = 18 patients), the age 
of the patients ranged from 23 years to 75 years 
(mean: 49.32 years). In Group 1, the mean age was 
55.2 years and 46.5 years in Group 2. There were more 
men than women with a ratio of 2.4:1. The most common 
site for chronic wounds was the lower extremity. The 
most common etiology was a diabetic ulcer, followed 
by a posttraumatic region of excoriation. The size of the 
wounds varied from 3 cm × 2 cm to 20 cm × 10 cm. The 
mean Bates‑Jansen wound score was 33 ± 1 in Group 1 
and 36 ± 1 in Group 2. The mean wound area in Group 1 
was 42.6 cm2 and 55.4 cm2 in Group 2. In both groups, all 
wounds were culture positive for polymicrobial growth. 
In both groups, the most common organism cultured was 
Pseudomonas aeruginosa followed by Staphylococcus aureus. 
In Group 1, tissue cultures became negative after a mean 
duration of 2.17 weeks, whereas in Group 2, tissue cultures 
became negative after a mean duration of 2.34 weeks. 
On combining of both groups (18 patients), the wounds 
required 2.25 weeks to become culture negative. The 
mean number of JFT sessions in Group 1 was 3.67, while 
the mean number of JFT sessions in Group 2 was 4.58. 
In Group 1 (6 patients) managed by JFT alone, the mean 
duration to complete healing was 4 weeks. In Group 2 
(12 patients) managed by JFT and split skin graft/flap, the 
mean duration to complete healing was 3.25 weeks [Tables 
1 and 2, Figures 3‑5]. Only group 2 received flap or graft. 
So graft loss or flap necrosis applies only to Group 2.

Figure 2: Demonstration of parts of JET cannula. JFT: jet force technologyFigure 1: JET cannula. JFT: jet force technology
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DISCUSSION

The healing of any wound proceeds through the following 
phases: hemostasis, inflammation, proliferation, and tissue 
remodeling or resolution. The end result of wound healing 
is determined by the interplay of these functions in a 
proper sequence at an appropriate intensity for a specified 

duration of time.[6] Local wound infection and foreign 
bodies affect healing by prolonging the inflammatory 
phase. If the bacterial count in the wound exceeds 
105 organisms per gram of tissue or if beta‑hemolytic 
Streptococcus is present, the wound will not heal by any 
means, including flap coverage, skin grafting, or primary 
suturing.[7] The common terms used to describe the 
processes used to remove factors detrimental to wound 
healing are “cleansing” and “debridement”. Cleansing 
describes the process in which fluid is utilized to remove 
cellular debris and residue from the wound surface or 
exudate or wound care products.[8] Debridement refers 
to the application of mechanical force or chemicals to 
remove any adherent particles from a wound.[9]

Wound cleansing is an integral part of the management 
of acute traumatic wounds as well as chronic wounds. 
Hydrotherapy is one of the oldest adjuvant therapies still 
in use today. Hydrotherapy is the use of water or saline 
under pressure to mechanically remove microscopic 
debris and bacteria. There are two types of hydrotherapy 
commonly practiced, whirlpool and pulsed lavage 
therapy. Whirlpool therapy supports wound healing by 
debriding the wound, warming the injured extremity, 

Table 1: Summary of Group 1 patients
Age 
(years)

Gender Etiology and site Size 
(cm2)

Total duration for 
tissue culture to 
become negative 

after JFT

Total 
number of 
sessions 

of JFT

Method 
of healing

Total duration 
of wound 

healing (in 
weeks)

70 Male Postinfective (cellulitis) raw area left ankle 7 × 6.5 2 4 JFT only 4
42 Male Posttraumatic ulcer right heel 7 × 6 2 2 JFT only 4
75 Female Sacral pressure sore (grade 3) 5 × 7 2 3 JFT only 5
61 Male Diabetic foot ulcer 4 × 4 2 4 JFT only 3
60 Male Posttraumatic raw area right leg 4 × 4 2 4 JFT only 2
23 Male Sacral pressure sore (grade 4) 15 × 10 3 5 JFT only 6

JFT: Jet force technology

Table 2: Summary of Group 2 patients
Age 
(years)

Gender Etiology and site Size 
(cm2)

Total duration for 
tissue culture to 
become negative 

after JFT

Total 
number of 
sessions 

of JFT

Method of 
healing (JFT + 
SSG/flap)

Total duration 
of wound 
healing 

(in weeks)
36 Male Posttraumatic raw area left foot 

with osteomyelitis
15 × 10 3 8 JFT + SSG 3

52 Female Diabetic foot ulcer 3 × 3 1 2 JFT + flap 2
65 Male Post pacemaker implant infected 

nonhealing ulcer left chest wall
4 × 3 2 4 JFT + flap 3

47 Female Diabetic foot ulcer 5 × 4 3 7 JFT + flap 4
45 Male Posttraumatic raw area left forearm 12 × 5 3 4 JFT + SSG 2
32 Male Postelectric burn raw area 8 × 7 3 6 JFT + SSG 3
72 Male Trophic ulcer right heel 3 × 2 1 2 JFT + SSG 2
31 Female Nonhealing varicose ulcer left ankle 15 × 7 3 5 JFT + SSG 5
54 Male Nonhealing diabetic ulcer left leg 3 × 2 2 3 JFT + SSG 2
24 Male Ischial pressure sore Grade 4 5 × 5 2 3 JFT + flap 4
48 Female Carcinoma left buccal mucosa 

postfailed free alt and PMMC flap 
with orocutaneous fistula

20 × 10 3 6 JFT + flap 5

52 Male Sacral pressure sore Grade 4 10 × 8 2 5 JFT + SSG 4

JFT: Jet force technology, SSG: Split skin graft, PMMC: Pectoralis major myocutaneous

Figure 3: At admission
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and providing buoyancy and gentle limb resistance for 
physical therapy.[10] However, whirlpool treatments have 
fallen out of favor secondary to the risk of nosocomial 
contamination and transmission of virulent infections.[11,12] 
Wound cleansing involves the process of selection of both 
a wound cleansing solution and a mechanical means for 
delivering that solution to the wound. The methods for 
wound irrigation can be broadly classified into two types, 
including continuous and pulsed irrigation. The delivery 
of an uninterrupted stream of irrigant to the wound’s 
surface is termed “continuous irrigation”. The system 
of intermittent or interrupted delivery of irrigant to the 
wound’s surface is referred to as the “pulsed irrigation” 
technique. Recently, the use of pulsed lavage has 
begun to replace whirlpool therapy. Mechanical forces are 
used to rid the wound of bacteria and other particulate 
matter retained on the wound surface by adhesive forces. 
Under most circumstances, debridement alone will reduce 
bacterial load with the added benefit of removing necrotic 
tissue which would otherwise increase inflammation and 
delay healing.[13] If cleansing is required, an appropriate 
solution should be selected to optimize the healing 
process and minimize the risk of damage to viable 
tissue.[14] The recommendation for irrigation pressure 
ranges from 4 to 15 PSI. When pressures < 4 PSI are used 
there is insufficient pressure to remove surface pathogens 
and debris. Irrigation pressures > 15 PSI have been 
noted to cause wound trauma and drive bacteria into 
wounds.[15] It is thought that pulsed lavage encourages 
the growth of healthy, granulating tissue.[16] The goal is to 
remove unwanted tissue without disturbing the healthy 
tissue. The forces holding bacterial particles on the 
wound’s surface are capillary, molecular and electrostatic. 
Madden et al.[17] proposed three types of forces that 
could be used to remove bacteria from the wound’s 
surface: direct mechanical contact (e.g. scrubbing), 
inertial forces and fluid dynamic forces. Fluid dynamic 
forces are the effective forces in wound irrigation using 
pulsed lavage. The high‑powered water jet is a unique 
device when compared to the pulse irrigator, which is 
a low‑energy water jet. The advantage is the ability to 
focus a high‑powered stream of water into a high‑energy 
cutting implement. The mechanism of action of this 

Figure 4: JFT procedure. JFT: jet force technology
Figure 5: After complete healing with JFT and split skin graft. JFT: jet 
force technology

hydro jet is the Venturi effect. A jet of saline, propelled 
by a power console, travels across the operating window 
of a hand‑held piece, and then into a suction collector. 
This pressurized saline stream functions like a knife. The 
saline beam is aimed parallel to the wound, allowing the 
cutting mechanism to perform a highly controlled form of 
tangential excision.[18] It is also used as pulsed lavage in 
wound cleansing.[19]

JFT is a type of hydrotherapy which uses a disposable 
cannula (Israel), saline, and oxygen under pressure to 
mechanically remove mechanically debris and bacteria. 
Utilizing a unique triple nozzle, JFT is one of the simplest, 
most efficient, and effective methods of achieving fast 
and virtually painless debridement when compared 
to other mechanical debridement methods. JFT is the 
comprehensive innovation for cleansing and debridement. 
By using compressed oxygen combined with a minimal 
amount of saline solution, JFT quickly and effectively 
debrides wounds without the mess of traditional 
methods. JFT supersedes other equipment which is more 
complicated to operate and replaces more expensive 
methods of debridement. It is ideal for use at the bedside 
without the need for anesthesia in patients who are 
not medically stable for anesthesia or who have refused 
surgery. In our study, it was useful in both groups of 
patients. The current study’s limitations include its small 
sample size, the lack of statistical analysis, the absence 
of controls, and the lack of testing utility against other 
infectious organisms including like fungi, anaerobes and 
biofilms.

In conclusion, hydrotherapy with JFT helps to remove 
contaminants, debris, and microbial colonization of 
the wound leading to spontaneous wound healing or 
facilitating wound bed preparation for wound coverage by 
a skin graft or flap.
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Sir,

Fingertip amputation injuries compromise the sensation, 
function, and appearance of the hand. They are often 
exquisitely painful and take a substantial amount of 
time to heal, causing significant functional disability. 
Conservative management of these injuries may result in 
decreased range of motion, hypo‑ or hyperesthesia, loss 
of pulp contour, scarring, and other long‑term sequelae.[1,2] 
In addition, they may prolong patient discomfort with 
dressing changes, hindering adherence with wound 
therapy regimens, especially in the presence of multiple 
finger injuries.

Both acellular and cellular bioscaffolds have been 
employed in conjunction with wound dressing techniques. 
These biologically active materials supply extracellular 
matrix proteins, deliver growth factors, and recruit 
differentiated cells to the wound site.[3,4] Furthermore, they 
aim to address the issue of pain associated with debriding 
dressings. The efficacy of cellular materials is limited by 
their reduced shelf life, risk of the immune response, 
increased regulation and high cost. Acellular materials, 
however, do not face these limitations.

We present a series of 8 patients (6 males and 2 females, 
average age: 40.8 ± 18.8 years) with fingertip amputations 
treated with Particulate Extracellular Matrix, or 
P‑ECM (ACell Inc., Columbia, MD), an acellular, sterile, 
porcine‑derived, naturally occurring, lyophilized and 
extracellular matrix material. There were 11 fingers 
treated. Injuries in these patients involved fingertip pulp 

only, pulp and nail bed, or pulp, nail bed, and distal 
phalanx. All patients in the series were followed until 
complete wound healing, which occurred within an 
average of 7 weeks.

The wound care regimen for all patients involved removal 
of dressings, gentle sterile saline rinse, application 
of additional P‑ECM powder, and redressing with 
nonadherent petrolatum gauze and cotton gauze fingertip 
bandage. The P‑ECM was not completely removed with 
each dressing change but allowed to form a crystallized 
layer over the wound.

All patients rated the comfort of P‑ECM treatment as 
5 on a 5‑point scale, citing a soothing effect upon 
changing dressings. Ease of use was rated as 4.2 out 
of 5 for patients who had another individual apply the 
treatment, while patients commented on the difficulty of 
independently treating and dressing their own fingertip 
wounds. Moreover, patients reported satisfaction with the 
appearance and function of their fingertips in comparison 
with normal digits. All patients noted a subjective recovery 
of pressure sensation, the light touch, and temperature 
sensation, comparable to their uninjured digits. There 
were no complications associated with the use of P‑ECM 
in our series.

The P‑ECM powder has an advantage of being 
applied every other day. Furthermore, application and 
maintenance are simple and comfortable for patients. 
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This is especially true for patients with multiple fingertip 
amputations in which dressing changes may be a painful 
ordeal. Like all treatments that allow for wound healing 
by secondary intention, the P‑ECM technique requires 
that a patient adequately understand the treatment 
protocol and correctly apply the powder every other day. 
Therefore, it is important to consider patient adherence 
and availability of an individual who can aid in treatment 
application, patient’s access to sterile saline and wound 
dressing materials, and motivation to adhere to treatment 
regimen.

This series demonstrates that the use of P‑ECM is 
comparable to other treatment options for fingertip 
amputations. Its use was not compared to healing by 
secondary intention or any surgical procedures. At this 
time, there is no clear justification for its use in fingertip 
amputations, but perhaps it should be kept in our toolbox 
for the treatment of fingertip injuries, especially when 
there are multiple fingers involved. Study is necessary to 

examine the advantages, disadvantages and to define the 
indications for its use.
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Sir,

The purpose of this letter is to review the literature 
and bring the facts related to ambiguity in the use of 
corticosteroid in the management of sepsis.

Sepsis is defined as systemic response to infection and 
is diagnosed as per ACCS/SCCP consensus conference 
committee, 1992 guidelines.[1] Progression of sepsis to 
septic shock is caused by series of immune responses.[2] 
For many decades in the past steroids have been used in 
the management of sepsis but there has been an ambiguity 
in their use in septic shock, doses, duration of therapy 
effectiveness. However, recent studies have shown it to be 
effective in septic shock associated with “relative adrenal 
insufficiency”.[3] Cortisol increases at times of physiological 
stresses (e.g. sepsis, major injury, surgery, burns) due to 
activation of the hypothalamus pituitary axis. Suboptimal 
cortisol production during the septic shock has been 
termed as relative adrenal insufficiency and has been 
related to increased mortality in patients with sepsis but 
its actual existence remains controversial. The biochemical 
diagnosis of adrenal insufficiency by adrenocorticotropic 
hormone (ACTH) tests were thought to be unreliable in 
critically ill patients. Also, measuring total cortisol may 
not be accurate in severely ill patients due to fluctuating 
levels of cortisol binding globulins.[4,5]

Several studies are available that provides clinical evidences 
related to the use of corticosteroids in sepsis. The French 
trial,[6] in a randomized control trial on 229 patients, 
revealed that there was reduction in 28‑day mortality on 
treatment with low dose corticosteroids (LDCs). Those 
who responded to ACTH stimulation test (maximum 
increase in serum cortisol of > 9 µg/L) did not show 

any significant difference in 28‑day mortality. The median 
time to vasopressor withdrawal and shock reversal was 
9 days in the placebo group and was 7 days in treatment 
group (P = 0.01).[3,4] The strength of the study was the 
big sample size and the randomization, however, the use of 
both glucocorticoid and a mineralocorticoid was a marked 
weakness making distinctions between the effects of each 
drug difficult.[1]

Keh et al.[7] performed a randomized double blinded 
placebo controlled crossover trial on 40 patients with 
septic shock to investigate the effects of LDC (100 mg 
bolus followed by 10 mg/h for the rest of 3 days) on 
immunologic parameters and hemodynamic parameters. 
It was seen that plasma cortisol levels increased 
to 5 folds in each group and were associated with 
stabilization of hemodynamic parameters. After 24 h of 
administration of corticosteroid the plasma concentration 
of interleukin‑6 (IL‑6), IL‑8, IL‑10 and tumor necrosis 
factor (TNF‑1) and TNF‑2 were significantly lower in the 
first group (received hydrocortisone) compared to the 
second one (did not receive hydrocortisone) (P = 0.01).

The strength of the study was that each patient 
received the intervention and served as his or her own 
control. However, the study was limited by the fact that 
hypothalamic‑pituitary‑adrenal axis was not addressed in 
this study.[1]

CORTICUS[8] has evaluated the efficacy of LDC in a broad 
population of patients (regardless of adrenal function) 
within 72 h of onset of shock. A total of 499 patients were 
randomized to treatment (50 mg hydrocortisone bolus 
every 6 h for 5 days, then 50 mg hydrocortisone every 
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12 h for 3 days and finally 50 mg hydrocortisone every 
24 h for 3 days)[9] or placebo groups. The results indicated 
no significant difference in mortality between treatment 
and the placebo group. But shock reversal was achieved 
more quickly in treatment group compared to the placebo 
group, regardless of the adrenal function (P = 0.001). 
However, the proportion of patients, in whom shock 
reversal was achieved, was similar between the 2 groups. 
There was also evidence of increased risk of superinfection 
in treatment group (combined odds ratio: 1.37; 95% 
confidence interval: 1.05‑1.79). The strength of the study 
was its large sample size, randomization and power of 
study was 80%. The limitation of this study is that the 
treatment group received steroids as late as 72 h. Earlier 
studies have shown that steroids have been beneficial only 
if given early (< 8 h).[9]

All meta‑analysis confirmed improved shock reversal with 
LDC use.[3] Subsequent analysis found that severely ill 
patients were more likely to benefit from corticosteroid 
therapy. One analysis suggested that it may be harmful in 
less ill patients.[3]

While on steroids, according to a previous study done,[10] 
there was a certain increase in side effects of secondary 
infections, gastrointestinal bleeding and increased blood 
glucose. However, these problems could be due to 
terminal illness. This probably indicates the need for a 
larger clinical trial.[2]

Current recommendations[3,11,12] suggest:
•	 Administering	 intravenous	 corticosteroid	 therapy	

(200‑300 mg/day) to adult patients with severe septic 
shock (defined as a systolic blood pressure less than 
90 mmHg for more than 1 h despite both adequate fluid 
resuscitation and vasopressor administration);

•	 Not	administering	the	corticosteroid	to	patients	without	
shock or patients with less severe shock (defined as those 
in whom fluid resuscitation and vasopressor therapy have 
restored hemodynamic instability);

•	 ACTH	test	prior	to	administering	steroids	in	sepsis	is	not	
recommended;

•	 Typically	administer	hydrocortisone	for	57	days	and	taper	
the dose as guided by the clinical response.

The impairment of hypothalamic‑pituitary‑adrenal axis in 
sepsis has not been resolved yet.

The most uniform finding by almost all trials is that 
corticosteroid may accelerate shock reversal. At this 
time, the most supported view is LDC should be 
administered to those patients who are in septic 

shock and unresponsive to fluids and vasopressor 
administration.

Review of the literature indicates the need to conduct 
carefully planned clinical trials to resolve controversies 
and to provide a more reliable result.[13]
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ABSTRACT
Aim: The subcutaneous fat in the lower abdomen (LA) is more resistant to resorption as compared to 
the upper abdomen (UA). Males and females have variability in fat deposition and resorption in the 
abdominal region. Hence, there could be a difference in morphology of fat cells of these regions. The 
present study aims to identify the differences in morphology of subcutaneous fat lobules of upper and 
LA. Methods: Subcutaneous fat samples were collected from upper and LA of 40 cadavers (33 males 
and 7 females). The shape, the arrangement, and the color of superficial and deep subcutaneous fat 
lobules were observed. The height and width were recorded for larger fat lobules. Results: There was 
a difference in the color, shape, size, and arrangement of the fat lobules between the two locations. 
Height (P = 0.042) and width (P = 0.008) of deep subcutaneous fat of LA were significantly larger than 
the UA in males while the height of superficial fat (P = 0.016) was significantly larger in LA than the 
UA in females. Height of the deep fat of UA (P = 0.018) and width of deep fat of the LA (P = 0.020) were 
significantly larger in females as compared to males. Conclusion: There was a significant difference 
in the morphology of the superficial and deep subcutaneous fat based on location and gender of the 
patient.

Key words:
Abdomen, morphometry, obesity, resorption, subcutaneous fat

INTRODUCTION

The development of liposuction and lipectomy in 
reconstructive surgery has enhanced interest in the study 
of superficial fascia and subcutaneous fat deposits of the 
abdomen.[1‑3] Furthermore, a strong relationship exists 
between obesity, insulin resistance, and cardiometabolic 
risk factors.[4‑7]

Subcutaneous tissue constitutes 85% of total adipose 
tissue mass and visceral fat constitutes the remaining 
15%.[8] Subcutaneous fat in adults is called white fat and its 
quantitative distribution is variable in different sexes.[9,10]

There are two distinct types of subcutaneous fat: superficial 
and deep.[8] The superficial fat exists between the skin 
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and the superficial fascia whereas the deep fat occupies 
the area between the superficial fascia and the muscles. 
Superficial layer is richly vascularized and results in cellulite 
formation when it is hypertrophied. The deep layer of fat is 
called localized fat deposit (LFD) when it is hypertrophied. 
LFD is excessive bulge producing contour deformity of 
the region.[11] The subcutaneous fat deposits in the lower 
abdomen (LA) do not get absorbed easily by dieting and 
exercise, compared to the upper abdomen (UA).

The present study was carried to find the difference in 
morphology of subcutaneous fat lobules, as an initial step 
to explore the different re‑absorption pattern of deposited 
fat different location of abdomen and different gender.

METHODS

This study included 40 fresh (within 6‑10 h after death) 
adult cadavers (33 males and 7 females) of age varied 
between 18 and 70 years collected from the Department 
of Forensic Medicine, Kasturba Medical College, Manipal. 
All cadavers (<10 h after death) of body mass index more 
than 19.5 were included in this study. None of the cases 
had lipodistrophies or any kind of hormonal imbalance 
that causes abnormal fat accumulation.

This study was approved by the Institutional Human 
Ethics Committee (IEC 111/2009).

Data collection
Samples of the subcutaneous fat lobules were collected 
from UA (3 cm above the umbilicus) and LA (3 cm below 
the umbilicus) at the mid‑clavicular line. The shape, 
arrangement, and color of the superficial and deep 
subcutaneous fat lobules were observed and recorded. The 
larger fat lobules (in width and height) in the region under 
study were identified, and their height and width were 
noted. The maximum distance between the upper and lower 
end of the fat lobule was considered as the height while 
the maximum distance between the anterior and posterior 
part of the lobule was considered as the width [Figure 1]. 
The readings of maximum height and width  were taken at 
the accuracy of 10 μm using metal casing Electronic Digital 

Calipers (series‑sc02, Guilin Gunglv measuring instrument 
Co. Ltd., Guilin, China); and the average readings of 3 larger 
lobules was calculated for further analysis.

Statistical analysis was performed using the SPSS 15 
package (SPSS, IBM Company). Data were expressed 
as mean ± standard deviation (SD) and 95% confidence 
interval. Paired sample t‑test was applied for comparing 
UA and LA parameters in each sex. Independent sample 
t‑test was applied for comparing the parameters between 
males and females. In addition, Pearson’s correlation test 
was applied to correlate the parameters of the upper and 
LA. P < 0.05 was considered as statistically significant.

RESULTS

There was a difference in the color, shape, size, and 
arrangement of the fat lobules at different locations. 
Subcutaneous fat of the UA was dark yellowish in color 
whereas LA subcutaneous fat was yellowish in color, and 
deeper fat lobules were pale yellow [Figure 2].

The fat lobules from the superficial layer were elongated 
and arranged perpendicular to the skin. The fat lobules 
from deeper layers of UA were rounded in shape whereas 
the fat lobules from LA were elongated and arranged 
perpendicular to the skin. Most dependent (lowest in 
standing position) lobules were larger in size (both in 
height and width).

Height (P = 0.042) and width (P = 0.008) of deep fat of LA 
were significantly more than UA in males [Table 1] while 
the height of superficial fat (P = 0.016) was significantly 
more in LA than the UA in females [Table 2].

Independent sample t‑test was applied to compare the 
means of width and height of fat lobules‑in males and 
females. The height of deep fat of UA (P = 0.018) and 
width of deep fat of LA (P = 0.020) were significantly 
larger in females than males.

Pearson correlation between height (r = 0.403, P = 0.010) 
and width (r = 0.585, P < 0.01) of the superficial fat of 

Figure 1: The schematic representation of the measurements of a fat 
lobule. Height (Ht): the maximum distance between the upper and lower 
end of the fat lobule; Width (Wt): the maximum distance between the 
anterior and posterior part of the lobule

Figure 2: The subcutaneous fat of upper and lower abdomen. 
Subcutaneous fat of the UA was dark yellowish in color whereas in 
the LA, subcutaneous fat was yellowish in color. UA: Upper abdomen, 
LA: Lower abdomen
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the upper and LA revealed significant (2‑tailed) positive 
correlation. The height (r = 0.491, P = 0.001) of the deep 
fat of the upper and LA showed a positive correlation 
while the width (r = 0.301, P = 0.059) of the deep fat of 
the upper and LA did not show positive correlation.

DISCUSSION

Superficial fat layer is richly vascularized, and when 
hypertrophied, it is responsible for cellulite. Embryologically 
it arises from the hypodermis of the integument. 
Hypertrophy of the deep layer of fat is unsightly and 
called LFD. LFDs are often difficult to lose‑by exercise and 
diet.[11]

The superficial layer comprises of tightly packed 
adipocytes supported by dense fibrous network 
whereas the deep layer constitutes of loosely arranged 
adipocytes. Varied blood supply of the two layers 
was also reported.[12,13] The superficial epigastric 
arteries (a branch of the femoral artery) supply to the 
superficial layers, veins drain into the femoral veins 
via the saphenous hiatus. Inferior epigastric and deep 
circumflex iliac arteries (branches of the external iliac 
artery) and the superior epigastric artery (a branch of the 
internal thoracic artery) supplies to the deep layer.[14]

In the present study, the color, shape, size and 
arrangement of fat lobules were different at different 
regions of the abdomen and these were in agreement 
with those reported by Yves.[11] Although authors have 
mentioned the variability in the measurement (height or 
width) of the fat lobules, an extensive attempt was not 
made to study the differences in the superficial and deep 
fat of the upper and LA.

Current study revealed that the height (0.824 ± 0.225 vs. 
0.730 ± 0.227, P = 0.042) and width (0.782 ± 0.222 vs. 

0.639 ± 0.2449, P = 0.008) of the deep subcutaneous fat 
of the LA was significantly more than that in the UA in 
males. Whereas in females, the height of the superficial 
fat (0.743 ± 0.229 vs. 0.600 ± 0.216, P = 0.016) 
was significantly larger in the LA than in the UA 
[Tables 1 and 2].

The height of deep fat of UA (0.971 ± 0.269 vs. 
0.730 ± 0.227, P = 0.018) and width of deep fat of 
LA (1.00 ± 0.173 vs. 0.782 ± 0.222, P = 0.020) were 
significantly more in females than males. This may be the 
reason for an increase in lower abdominal girth with weight 
gain in females. Our findings thus support observations 
concluded by Champe and Harvey.[15] He Q et al.[16] suggested 
that superficial and deep subcutaneous compartments may 
differ in the rate of fat deposition, lipolysis or both.

Even though in vivo signals and the pathways regulating 
lipid metabolism are more complex than those in a 
controlled in vitro study, the metabolic difference in the 
superficial and deep compartments may lead to varied 
rates of gain and loss. This may be due to changes in 
energy intake or other factors.

Accumulation of subcutaneous fat depicts the normal 
physiological buffer for high caloric diet with limited 
physical activity. This acts as a metabolic sink to store 
excess free fatty acids and glycerol as triglycerides in 
adipocytes.[17]

Illouz[1] defined the resistant nature (to absorption) of 
the abdominal LFD and showed that the anatomy of fat 
lobules and its arrangement differ in different areas of the 
abdomen. The LFD in the central region of the abdomen 
is less resistant to resorption of fat and is strongly 
correlated with cardiovascular diseases.[5] The present 
study on the morphometry of the superficial and deep 
subcutaneous fat in the upper and lower regions of the 
abdomen and in males and females reveals a significant 

Table 1: Morphometry of subcutaneous fat lobules in males
Parameters (cm) Mean ± SD Paired t P 95% CI of 

difference
Lower abdomen Upper abdomen

Lower Upper
Height of superficial subcutaneous fat 0.706 ± 0.213 0.648 ± 0.187 1.394 0.173 -0.026 0.141
Width of superficial subcutaneous fat 0.570 ± 0.168 0.509 ± 0.186 1.991 0.055 -0.001 0.122
Height of deep subcutaneous fat 0.824 ± 0.225 0.730 ± 0.227 2.117 0.042 0.003 0.184
Width of deep subcutaneous fat 0.782 ± 0.222 0.639 ± 0.2449 2.848 0.008 0.040 0.244

SD: Standard deviation, CI: Confidence interval

Table 2: Morphometry of subcutaneous fat lobules in females
Parameters (cm) Mean ± SD Paired t P 95% CI of 

difference
Lower abdomen Upper abdomen

Lower Upper
Height of superficial subcutaneous fat 0.743 ± 0.229 0.600 ± 0.216 3.333 0.016 0.038 0.247
Width of superficial subcutaneous fat 0.657 ± 0.171 0.629 ± 0.205 0.603 0.569 -0.087 0.144
Height of deep subcutaneous fat 1.014 ± 0.261 0.971 ± 0.269 0.528 0.617 -0.155 0.241
Width of deep subcutaneous fat 1.00 ± 0.173 0.771 ± 0.236 2.359 0.056 -0.008 0.465

SD: Standard deviation, CI: Confidence interval
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difference in morphology of fat cells between the two 
regions and genders. Further studies are required to 
correlate anatomical variations with varied behavior of fat 
in different locations of body and gender types.
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ABSTRACT
Ectrodactyly‑ectodermic dysplasia‑cleft lip/palate (EEC) syndrome is a rare congenital anomaly of 
inherited origin and varying clinical features. This syndrome has three main symptoms, which display 
variable expression and penetrance. The management of this syndrome is challenging, with few reports 
in the medical literature. We present a case of a 22‑year‑old boy with EEC syndrome and offer insight 
into current knowledge about this syndrome.
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INTRODUCTION

Ectrodactyly‑ectodermic dysplasia‑cleft lip/palate (EEC) 
syndrome applies to a triad of inherited congenital 
anomalies including ectrodactyly (lobster claw deformities 
of the hands/feet), ectodermic dysplasia (ED) (fine, 
short hair, absent eyebrows and eyelashes, dystrophic 
nails, diffuse scaling and palmoplantar keratoderma) 
and cleft lip with or without cleft palate.[1] The 
syndrome was first documented in a tribe from German 
Guyana in South America, in 1770 while Eckholdt and 
Martens described the syndrome for the 1st time in 
1804.[2] In 1936, Cockayne described a pedigree of 
two generations with split hands and feet, cleft lip 
and palate and dacryocystitis. Subsequently, Walker 
and Clodius described three pedigrees with complete 
unilateral or bilateral clefts of the primary and 
secondary palate associated with lobster claw hands and 
feet and malfunction of the lacrimal system.[3] In 1970, 
Rudiger and associates described the rare combination 
of ectrodactyly (lobster claw deformity), ED 

(with atresia of the nasolacrimal duct) and cleft lip with 
or without cleft palate, terming it EEC syndrome.[4]

It is a rare syndrome, with the frequency of ectrodactyly 
at 1.5/100,000 live births and 1/100,000 live births for 
cleft palate with or without a cleft lip.[5] The occurrence 
of all three disorders in one, that is, ectrodactyly, 
ectodermal dysplasia, and cleft lip/palate, is reported to be 
approximately 1.5/100 million.[6]

EEC syndrome shows an autosomal dominant inheritance 
pattern with variable expressivity and incomplete 
penetrance, although autosomal recessive inheritance has 
also been reported.[7]

The responsible gene has been identified as the p63 
gene, which is essential for limb formation and epidermal 
morphogenesis including adnexa (teeth, hair, mammary 
and prostate glands.)[8] The mutation of this gene accounts 
for most, if not all, cases of the classic EEC syndrome.[6]
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There are a wide array of features noted in association 
with the syndrome, including genitourinary defects, 
mental retardation, midface hypoplasia, auricular 
anomalies, hypopigmentation of the skin, an increased 
number of nevocellular nevi,[4] conductive hearing loss,[3] 
nipple abnormalities, lumbar lordosis, short stature,[9] 
glaucoma, and blindness.[10]

The cosmetic aspects of EEC can have a tremendous 
impact on quality of life. The facial and limb differences 
can be socially isolating and physically challenging for 
both children and adults.

There are a few cases of EEC syndrome reported in the 
literature, with variable presentation. Here, we offer 
an insight into the diagnosis and management of EEC 
syndrome through the presentation of a case.

CASE REPORT

A 22‑year‑old man presented to our unit with a chief 
complaint of cleft lip and cleft palate. There was no family 
history of any such deformity.

On physical examination, the patient had a wide left 
unilateral complete cleft lip and palate [Figure 1]. Clinical 
features show shortening of the philtral height, shortened 
columella, the flattened alar dome on the cleft side and 
alar rim distortion, which reduced the apparent height of 
the columella.

The examination of the upper extremities was remarkable 
for ectrodactyly. The right hand showed clefting between 
the second and fourth digits with the absence of the 
third digit. The left hand showed clefting in the same 
region with a deformity between the second and fourth 
digits and absence of the third digit [Figure 2]. The lower 
extremities were remarkable for ectrodactyly of the right 
foot with clefting present between the great toe and 
third digit of the right foot and absence of the second 
digit [Figure 3].

The scalp, hair and eyebrows were light, short, thin, 
brittle and kinky. There was no dermatitis of the scalp. 
The eyebrows were especially sparse in their lateral 
halves. The patient’s skin was significantly thickened 
and dry, especially on the extremities, with ridged and 
brittle toenails. The parents reported that he seldom 
sweated. The evaluation of the patient’s psychomotor 
development showed moderate retardation. The speech 
disorder was attributed to both his anatomical lip and 
palate impairment and psychomotor retardation. The 
ophthalmological examination revealed no abnormality 
and no epiphora. Audiometric analysis showed no 
conduction blockade.

The intraoral examination was notable for a complete cleft 
palate. There were multiple carious and missing teeth. An 
orthopantomograph revealed a wide alveolar cleft in the 
left maxilla in the region of the left incisor and canine. 
Radiographic examination of the hands revealed a fusion 
of the metacarpals and phalanges of the first and second 
digits and a deformity of the third metacarpal of the right 

hand. The left hand revealed a deformity of the phalanges 
of the second digit, with fusion and deformity of the 
third and fourth digits [Figure 4]. The right foot shows 
a deformity of the second metatarsal and the absence of 
phalanges of the second digit [Figure 5].

The patient was taken to the operating room for repair 
of the cleft lip and palate under general anesthesia. The 
cleft lip was repaired with use of the Millard incision, 
and the palate was repaired using the Bardach two flap 

Figure 1: Wide left unilateral complete cleft lip and palate

Figure 2: Upper extremities showing ectrodactyly

Figure 3: Clefting present in between the great toe and the third digit 
of the right foot
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palatoplasty technique. The patient reported for follow‑up 
on a regular basis for a period of six months [Figure 6]. 
The hypernasal quality of the voice did not improve 
following palatoplasty. Although speech therapy was 
prescribed, the patient did not return for treatment.

DISCUSSION

EEC syndrome is a rare autosomal dominant multiple 
congenital anomaly syndromes with variable expression. 
Disease‑causing mutations have been identified in the p63 

gene, a homolog of the p53 tumor suppressor gene. The 
p63 produces a protein, which is essential for ectodermal 
development. The mutation is thought to affect p63 binding 
to DNA, resulting in abnormal ectodermal development.[11,12] 
The p63 is expressed in the ectodermal surfaces of the limb 
buds. Limb truncations are due to a failure to maintain the 
apical ectodermal ridge, a stratified epithelium essential 
for limb development. The p63 is critical for maintaining 
the progenitor‑cell populations necessary for epithelial 
development and morphogenesis.[13]

There are three types of EEC syndrome, with gene loci 
identified as follows:
•	 EEC	syndrome	type	1	(Mendelian	Inheritance	in	Man	(MIM)	

129900)‑7q11.2‑q21.3;
•	 EEC	syndrome	type	2	(MIM	602077)‑chromosome	19;
•	 EEC	syndrome	type	3	(MIM	604292)‑3q27.

Different combinations of ectodermal dysplasia, orofacial 
clefting and limb malformation are seen in five different 
syndromes: EEC syndrome (most common, OMIM 604292), 
ankyloblepharon‑ectodermal defect‑cleft lip/palate 
syndrome (AEC, OMIM 106260), limb mammary syndrome 
(LMS, OMIM 603543), acro‑dermato‑ungual‑lacrimal‑tooth 
syndrome (adult, OMIM 103285), and Rapp‑Hodgkin 
syndrome (RHS, OMIM 129400).[14] The term ectrodactyly 
originates from the Greek “ektroma” (abortion) and 
“daktylos” (finger). In 1829, von Walter described the 
characteristic crab foot, which Cruveilhier later coined 
the “lobster foot”.[1] Ectrodactyly, cleft foot, lobster foot 
and crab‑claw foot are synonyms expressing the absence 
of, to a greater or lesser degree, the central digits 
and metacarpals or metatarsals of the feet and hands, 
respectively. The first and fifth rays are generally present, 
although sometimes the first is hypertrophied. The usual 
presentation involves the hands and feet bilaterally.[1] Our 
case demonstrated ectrodactyly of both hands and the 
right foot. According to Blauth and Borisch[15] six level 
radiographic classification of cleft feet, the right foot is 
Grade II, as there are five metatarsals, which are partially 
hypoplastic or synostotic with other metatarsals or 
phalanges. The second or third ray is always affected, and 
at least one toe is absent.

ED syndrome requires involvement from the birth of hair, 
skin, teeth or nails without progression of the condition. 
The signs of ED were seen in the present case as the 
hair was brittle but not sparse. The anodontia noted in 
the maxillary arch may have been secondary to the cleft 
palate, however, the anodontia of the mandibular arch 
could be attributed to ED. The toenails were ridged, thick 
and brittle. The patient’s skin was pigmented and prone 
to rashes.

Making a diagnosis of ED is challenging as any ectodermal 
derivative may be involved in varying degrees, and other 
systems may also be affected. To circumvent this problem, 
Freire‑Maia and Pinheiro designed a classification system, 
which contains over 100 clinically distinct conditions.[9,15,16] 
Freire‑Maia and Pinheiro based their definition on four 
“classical signs” associated with ED: trichodysplasia, 

Figure 4: Radiograph of upper extremities showing ectrodactyly

Figure 5: Radiograph of lower extremity showing deformity of the 
second metatarsal and the absence of phalanges of the second digit

Figure 6: Six months postoperative
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dental defects, onychodysplasia and dyshidrosis. Group A 
includes those disorders with signs affecting at least two 
of the classical structures: (1) hair, (2) teeth, (3) nails, and 
(4) sweat glands. Group B includes disorders involving one 
of the classical signs associated with another ectodermal 
sign. “Pure” ED is characterized by only ectodermal signs 
while ED syndrome combines ectodermal signs and other 
malformations.[17]

Several clinical syndromes are characterized by ED in 
association with clefting of the lip and/or palate. The 
three most commonly recognized are (1) EEC syndrome 
(ED, ectrodactyly, cleft lip/palate); (2) Rapp‑Hodgkin 
syndrome with ED, cleft lip/palate, and midfacial 
hypoplasia; and (3) Hay‑Wells or AEC syndrome.[18]

Clinical expression of the components of this syndrome is 
very diverse. The cases of EEC syndrome without cleft lip 
or cleft palate have been reported.[19] The patient presented 
in the above report showed unilateral complete cleft lip 
and palate, which was the primary motivation for seeking 
treatment. The frequency of presentation of the different 
manifestations is as follows: ectodermal dysplasia (10‑100%), 
lacrimal duct alterations (70‑96.5%), ectrodactyly (78‑88%), 
cleft lip/palate (58‑88%), urogenital alterations (15‑55%),  
deafness (8‑28%) and mental retardation (1‑16%).[20‑22]

EEC syndrome can be diagnosed prenatally by ultrasound, 
which detects the structural abnormalities associated 
with the syndrome including cleft lip, cleft palate, 
kidney abnormalities and limb abnormalities. Prenatal 
DNA testing can be done by chorionic villi sampling or 
amniocentesis. Mutation of the p63 gene is diagnostic for 
EEC syndrome.

Although there is no specific cure for EEC syndrome, 
there are many treatments available for the various 
symptoms. Our patient’s main concern was his wide cleft 
lip and palate for which he underwent surgical repair. 
In most patients, the cleft lip and palate are surgically 
repaired early in life to address the issues with nutrition 
and speech. However, many patients appear to adapt well 
to the limb deformities of EEC syndrome. From a dental 
viewpoint, the dentition should be preserved as long as 
possible by restoring the teeth. Saliva[23] substitutes can 
be used in cases of severe xerostomia.

The above patient was not extremely concerned about 
the malformation of his hands or feet. The Grade II 
ectrodactyly of his feet did not affect his gait or the fit 
of his shoes, but gait problems are seen in Grades III or 
greater. Treatment of the foot malformation brings the size 
of the foot into the normal range, fills the cleft, corrects 
the secondary deformities and maintains good function.[1]

In conclusion, the ideal treatment plan includes early 
diagnosis and a multidisciplinary approach. An endeavor 
should be made to establish a protocol for the treatment 
of EEC syndrome to minimize progression of the 
deformities.
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INTRODUCTION

In general, cysts of the jaw commonly present as 
swellings of the jaws and the midface. A sine qua non 
for the development of a dentigerous cyst is usually 
an unerupted tooth. The frequency of dentigerous cyst 
formation has been calculated as 1.44 in every 100 
unerupted teeth.[1‑3]

Dentigerous cysts occur over a wide age range with a peak 
frequency in the second to fourth decades and are the 
second most common odontogenic cysts after radicular 

cysts, accounting for approximately 24% of all true cysts in 
the jaws.[4‑6]

Clinically, it is often asymptomatic; it is discovered 
as an incidental radiographic finding or when acute 
inflammation, infection or swelling develops[7‑9] where 
it appears as a well circumscribed, unilocular, usually 
symmetric radiolucency around the crown of an 
impacted tooth. As normal follicular space is 3‑4 mm, 
a dentigerous cyst can be suspected when the space 
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swelling. We present a challenging case of massive dentigerous cyst in a 13‑year‑old female child 
involving half of the mandible, which was successfully treated with conservative therapy. This case 
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is more than 5 mm.[1] These cysts may also convert 
into ameloblastomas, mucoepidermoid carcinoma and 
squamous cell carcinoma.[10]

The growth rate may be quite rapid, with lesions growing 
up to 5 cm in diameter in 3‑4 years. It can, however, 
become extremely large and is sometimes associated 
with cortical expansion and erosion.[3] The expansion 
of these cysts is usually related to an increase in the 
osmolality resulting from passage of inflammatory cells 
and desquamated epithelial cells into the cystic lumen.[11]

We report a challenging case of massive dentigerous 
cyst involving the whole half of the mandible, which was 
successfully treated with conservative therapy. This report 
also illustrates a simplified surgical treatment for a large 
dentigerous cyst in the mixed dentition period.

CASE REPORT

A 13‑year‑old female child reported to the Department of 
Oral, Maxillofacial Surgery of Bapuji Dental College and 
Hospital, Davangere with a chief complaint of swelling 
over the left lower third of the face. The swelling was 
gradual and progressive as noted by the patient till the 
time of presentation [Figure 1]. There was no history of 
trauma. No episode of pain or discharge from the site was 
reported by the patient.

Patient was subjected to routine general systemic 
examination. She had no relevant past and present 
medical history. There was no history of cachexia or 
weight loss. Patient reported no contributory significant 
dental history. Local examination revealed an extraoral 
solitary swelling, which was oval in shape measuring 
about 5 cm × 4.5 cm. Swelling extended superiorly from 
the zygomatic arch region to 1 cm below the inferior 
border of the mandible inferiorly. Anteroposteriorly, 
it was extended about 3 cm from the tragus of the ear 
to the oral commissure. On palpation, the swelling was 
bony hard in consistency with a smooth surface. It was 
nontender with no pulsations; no egg‑shell crackling was 
evident. Overlying skin was pinchable with no rise in local 
temperature and no secondary changes were evident. The 
patient had normal functioning cranial nerves V and VII. 
Lymph node examination ruled out the presence of any 
pathology with the nodes.

The patient had a maximal interincisal opening of 35 mm. 
Teeth present were the second molar to second molar in 
the maxilla, and she had clinically missing both of the third 
molars. In the mandible, both the third molars as well as 
the second molar on the left side were absent. Lingual and 
buccal cortical expansion on the left side was evident.

Routine hematological investigations revealed normal 
values. The swelling was aspirated using a large bore 
needle and the straw‑colored fluid revealed a high protein 
content of 5.1 g/100 mL.

Orthopantomogram [Figure 2] showed an expansile 
radiolucent lesion involving the left body, the ramus, 
condyle and coronoid processes measuring approximately 

3.0 cm × 4.5 cm in size. The erupting left lower third 
molar was displaced and lying in close proximity to that 
of the sigmoid notch and the crown of the tooth was 
involved in the lesion. Second molar on the same side 
was also impacted wherein the lesion had encompassed 
the entire tooth. Gross thinning of both the cortices was 
noted in relation to the lesion and no definitive resorption 
of the root of any tooth was seen. Lesion was extending 
anteriorly to the root of left canine. Coronal and axial 
computed tomography (CT) scans [Figure 3] revealed 
almost symmetrical expansion of the medial and lateral 
cortices of the left condyle and also that of the ramus. No 
temporal bone involvement was seen.

Considering the factors such as age, site, as well as the 
high regenerative capacity of the musculo‑periosteal 

Figure 1: Preoperative profile

Figure 3: Preoperative CT scan

 Figure 2: Preoperative orthopantomogram
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capsule of the growing child, it was planned to treat the 
lesion with simple enucleation procedure.

Under general anesthesia, an intraoral incision was 
placed along the anterior border of the ramus and the 
coronoid process and lateral surface of the mandible were 
denuded [Figure 4]. The lesion was enucleated in total 
[Figures 5 and 6] along with the third molar. Extraction of 
the impacted second molar was carried out, and Carnoy’s 
solution was applied along the entire bed of the lesion. 
Inferior alveolar nerve was preserved by applying Vaseline 
jelly [Figure 5]. Wire eyelets were placed on both sides 
and watertight wound closure was achieved using layered 
suturing. Intermaxillary fixation (IMF) was done on the first 
postoperative day (for 8 weeks) to maintain intercondylar 
distance. Her postoperative course was uneventful.

Histopathologic examination revealed the presence 
of a cystic lining and connective tissue capsule. The 
epithelial lining consisted of nonkeratinized 2‑4 layers of 
flattened epithelial cells. The epithelial and connective 
tissue interface was flattened. The fibrous connective 
tissue wall was composed of dense collagen fibers and 
revealed islands of odontogenic epithelial rests, chronic 
inflammatory cells, chiefly plasma cells, and lymphocytes. 
All the features suggested a dentigerous cyst.

Patient was discharged on the 10th postoperative day with 
IMF and advised regular follow‑up (2 weeks interval). On 

8th week, IMF was released. As per our protocol, CT scans 
(both axial and coronal view) and radiographs were taken 
at regular intervals and evaluated. Radiographic follow‑up 
revealed sufficient bone filling with increased bone density 
from the margin to the center of the defect when compared 
with the preoperative scans and radiographs [Figures 7‑10].

DISCUSSION

Therapy for a cyst is determined by its etiology and 
localization, which, on the one hand, means that the 
causal tooth must be treated or removed and on the 
other that the cystic lining, which secretes the cystic 
content, must be excised.[12] This statement fits well with 
the treatment characteristics of a dentigerous cyst.

Among various surgical treatment modalities to treat 
a dentigerous cyst, enucleation of the cyst is the most 
widely accepted procedure. Marsupialization is another 
treatment modality, which is usually employed for large 
dentigerous cysts due to its significant size, possibility of 
destruction of the surrounding tissue and concern for the 
potential of a pathologic fracture.[13]

Dentigerous cyst is more common in the third and fourth 
decades[14] and most of the surgical modality can be justified 

Figure 4: Intra oral exposure of cystic lesion

Figure 6: Enucleated specimen

Figure 5: After enucleation inferior alveolar neurovascular bundle preserved

Figure 7: Three months post operative profile
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in those instances where jaws have completed the growth. 
But, choosing a treatment modality becomes critical when 
young growing jaws suffer a massive lesion. In the present 
case, the patient was only 13 years old at the time of 
presentation. Any radical approach may result in sever 
mutilation of the jaw along with the loss of its function.

In such situations proper decision making in selecting the 
appropriate treatment modality plays a crucial role in the 
prognosis of the overall therapy. For the present case, 
we had considered all possible modalities by taking into 
account the factors such as age, gender, location, size as 
well as the patient’s socioeconomic status.

Although the well‑considered modality, marsupialization 
satisfies certain therapeutic requirements in such 
large lesions, it has significant drawbacks such as slow 
healing and cicatrization.[12] Moreover, this procedure 
is hard to rely on when treating a dentigerous cyst 
because it is difficult to maintain patency in a bony 
lesion. Also, a lateral window could drive the developing 
permanent dentition toward ectopic eruption, resulting 
in malocclusion and creating a potential need for further 
interceptive orthodontics.[7‑9]

However, the treatment, prognosis and cure rates in 
such large dentigerous cysts are all dependent upon the 
various factors such as growth characteristics, anatomic 
site, clinical extent size, age, gender, etc.

Various studies have shown predictable spontaneous bone 
regeneration in young patients after enucleation of such 
large cysts. Many authors believe that bone grafting in 
young patients should be considered carefully and in most 
of the instances it is unnecessary.[11]

In view of the aforementioned, we preferred cystectomy 
rather a radical procedure, which may otherwise usually 
recommended in such large cysts. In our opinion, a 
radical treatment in a growing child might result in severe 
mutilation. Therefore, we would opine that it is always 
advisable to be conservative in such scenarios.

But, many authors differ in their opinion with regard 
to enucleation of large dentigerous cysts. This is 
largely due to the fact that larger cystic cavities lack 
organization of a blood clot and formation of new bone 
is questionable.[12] A blood clot in a devitalized area is a 
great risk, as it can easily become infected and may lead 
to the unwanted consequences of local inflammation. 
There is also possibility of nerve damage and incomplete 
removal of cystic lining due to the encompassment of 
the roots of the posterior teeth by the cyst.[12]

However, in a large case series study[15] [Figure 11] a 
decision tree for treating large unilocular cysts of the 
jaws has been suggested. The authors recommended 
enucleation for all the unilocular cysts irrespective of 
its size followed by chemical cauterization. They also 
deferred biopsy prior to a definitive surgical procedure 
as a valid practice. This is because the wound created by 
biopsy may impede clean first‑hand surgical procedure 
with regards to tissue planes and wound infection.[15,16]

We strongly agree with the tenet and further believe that 
watertight primary closures followed by unstressed jaw 
movements are crucial for uneventful bone regeneration 
after enucleation therapy.

In our case, there was an intact lower basal bone, which 
favored the enucleation therapy. Postoperative maintenance 
such as sustaining intercondylar distance, avoiding jaw 
stress by IMF for eight weeks, and using liquid diet 
subsequently contributed equally for the success of this 
therapy. However, this type of cases demands a long‑term 
follow‑up to monitor for any recurrence.

The above‑described approach will certainly prevent 
the aggressive radical treatment protocol, which would 

Figure 8: Three months post operative occlusal view (intact)

Figure 9: Three months CT scan showing bone filling in the defect

Figure 10: Three months post operative orthopantomogram showing 
successful bone regeneration
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be taxing both to the patient as well as surgical team. 
Therefore, in such cases conservative treatment does 
have a far better advantage to minimize the postoperative 
morbidity. In our opinion, this method of treatment would 
stand us a chance of a radical option if need arises in the 
course of patient follow‑up.

We have observed in our present case, the therapy 
enucleation alone may holds well in such young aged 
patients provided the proper preoperative diagnosis 
and meticulous surgery is carried out. Conversely, the 
technique chosen largely depends on the surgeon, as even 
the best technique will not be satisfactory if incorrectly 
carried out and our case is not an exception.
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Letter to Editor

Sir,

Oral submucous fibrosis is a chronic inflammatory disease, 
which results in progressive juxta‑epithelial fibrosis of 
the oral soft tissues and can cause increasing difficulty 
in chewing, swallowing, speaking and mouth opening.[1] 
Management of the disease, being medical or surgical, 
poses a great challenge because of the tendency to recur 
or undergo malignant transformation.

For the management of oral submucous fibrosis, our 
institution follows a protocol. This includes bilateral 
surgical release of fibrous bands, bilateral coronoidectomy, 
extraction of all third molars and reconstruction of 
intraoral defects using the buccal pad of fat and vigorous 
postoperative oral physiotherapy with mouth gags.

Application of interocclusal forces to achieve adequate 
mouth opening forms an integral part of the treatment 
of oral submucous fibrosis.[2] The oral physiotherapy aids 
that are currently in use, range from wooden spatulas 
to mouth gags (such as Heister or Ferguson). Patients 
with good dentition are amenable to the application of 
such forces but in edentulous patients, the forces get 
directly transmitted to the atrophic ridges rendering them 
vulnerable to fracture and soft tissue injury.[2]

Custom made occlusal splints with grooves (for seating of 
a mouth gag) have already been described as an adjunct 
to oral submucous fibrosis surgery.[1‑3] In this letter, we 
describe oral stents with occlusal rims without grooves, 

aimed for oral physiotherapy in patients without the use 
of a mouth gag.

This technique involves taking impressions of the maxillary 
and mandibular edentulous areas using perforated trays. 
Customized special trays are then fabricated and border 
molding is performed. Next, these trays are used to make 
impressions to create heat cure denture bases with occlusal 
rims on the mandibular denture base [Figure 1]. These 
denture bases are seated in the patient’s mouth [Figure 2] 
and vertical height of the occlusal rim can be adjusted chair 
side. If more vertical height is required, then acrylic can be 
added on the maxillary base plate. The purpose of adding 
the occlusal rims on denture bases is to maintain mouth 
opening without having to rely on patient’s compliance to 
actively open the mouth. The patients are supposed to wear 
these dentures when they want to perform physiotherapy. 
These dentures are economical, easy to maneuver by the 
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Figure 1: Heat cure acrylic resin denture bases with occlusal rims
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patient himself/herself, comfortable and maintenance free. 
After the tissues heal, procedures for permanent dentures 
(with teeth) can be performed.

To conclude, this letter described a simple postoperative 
oral physiotherapy aid for edentulous patients undergoing 
oral submucous fibrosis surgery. It is the authors hope 
that it could be beneficial to the surgical community and 
patients suffering from this condition.
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INTRODUCTION

Because alternatives exist for the full facelift (rhytidectomy), 
this procedure has become less popular overtime. In the 
past, forehead wrinkles were addressed with coronal[1,2] and 
endoscopically assisted forehead lift[3] procedures. Today, 
botulinum toxin and hyaluronic acid fillers are used for this 
purpose because they are more effective and result in less 
downtime. Lateral brow sag can be corrected by using the 
Fogli[4] and Knize[5] browlift techniques, Endotine® browlift[6] 
or sub‑brow fat augmentation.[7] The pretrichial incision 
is occasionally chosen, typically in facial feminization 
surgery, which includes supraorbital rim contouring and 
scalp advancement.[8] Although indications for facelift 
surgery remain, they are limited. A more recent approach 
to restoring a youthful appearance to the midface involves 
volume augmentation, although this is questionable.[9] Facial 
aging is thought to be primarily due to gravitational sagging 
because of the loss of collagenous support [Figure 1]; 
however, fillers provide more predictable results than lifting 
in this area. Furthermore, hyaluronic acid fillers are more 
predictable than micro fat grafting[10] and are safer to use 
around the eyes.[11] The lifting of tissues is more useful in 
the lower face (caudal extension of nasolabial folds and 
grooves, labiomental folds and grooves and jowls disrupting 
the jaw line) and neck (platysmal bands, skin excess). Hence, 
“cheek and neck lift” or “buccocervical lift” may be more 
appropriate terms for this type of procedure.

This article describes important features of facelift surgery 
as performed by the author. All patients involved in this 
article agreed to have their facial pictures published and 
signed the consent form. The proper sequence of steps is 
explained in the last section.

MINIMAL SEDATION

For all patients, reduction of anxiety and mild hypnosis are 
achieved with the oral administration of 1 mg lorazepam, 
along with the 100 mg of diclofenac, 1 g of paracetamol, 
2 g of penicillin and 32 mg of methylprednisolone given 
1 h prior to the procedure. Lorazepam has a half‑life 
of 9‑16 h,[12] which helps the patient to remain calm 
and normotensive postoperatively. Because pain occurs 
only with injection of the local anesthetic intravenously 
solution along the skin incision line, midazolam is given 
2 min prior to the administration of local anesthetic for 
those patients who are anxious IV or agitated; oriented 
and calm patients may not require sedation. Midazolam 
is given by slow intravenous injection, starting with a 
test dose of 0.1 mg and slowly delivering a total dose of 
2‑6 mg (depending on body weight) over 2 min. During 
this time the skin is marked for the incision and prepping 
and draping are performed. The half‑life of midazolam is 
2‑6 h.[13] The goal is to achieve a co‑operative, oriented 
and calm state (level 2 on the Ramsey Scale of Sedation).[14] 
The patient should still be able to respond normally to 
verbal stimuli (i.e. minimal sedation on the American 
Society of Anesthesiologists scale of sedation); however, if 
moderate or conscious sedation is reached (i.e. purposeful 
response to verbal/tactile stimulation), this state will not 
last longer than 20 min.

INFILTRATION ANESTHESIA USING THE 
WHITACRE SPINAL NEEDLE

The aim is to numb the area and provide a bloodless 
surgical field, defined by the marked dissection area, 
including the skin and superficial muscular aponeurotic 
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system (SMAS). The first step is to achieve a superficial, 
cephalad cervical plexus block, aiming for the lesser 
occipital nerve, great auricular nerve and transverse 
cervical nerve rather than the inferiorly running nerves 
of the punctum nervosum. An aliquot of 3% lidocaine 
(one 1.8 mL carpule) with norepinephrine (1:100,000) 
is placed at the punctum nervosum, which is located at 
the posterior aspect of the sternocleidomastoid (SCM) 
muscle, midway between the mastoid process and the 
transverse process of C6 [Figure 2]. The second step is to 
infiltrate the periauricular incision line using 2 carpules 
of lidocaine and a serial puncture technique. The third 
step involves the infiltration of the dissection area using 
a Whitacre epidural cannula and the super wet technique 
with a modified Klein solution consisting of one 20 mL 
vial of lidocaine (2%) with epinephrine (1:100,000) and 
two vials of 0.9% sodium chloride (normal saline).[15] 
The 25‑gauge 3.5 inch Whitacre spinal needle (Becton, 
Dickinson and Company, NJ, USA) has a pencil tip and 
lateral opening, which spreads the subcutaneous tissues 
without cutting nerves and vessels. With a little pressure, 
it is inserted into the area infiltrated in step 2. The area 
can then be anesthetized painlessly by slowly sliding 
the cannula in the subcutaneous fat plane, continuously 
delivering the small amounts of the anesthetic 
solution [Video 1].

Whereas the tumescent technique uses a large volume 
of dilute solution to stretch the skin taut, the super wet 
technique injects less than half the volume required for 
the tumescent technique, 40 mL suffices to infiltrate both 
sides.

MICRO‑LIPOSUCTION

As we age, the loss of fibrous support, endocrine changes, 
a sedentary life style and excess caloric intake result in fat 
pockets in the cheek and the anterior neck becoming more 
voluminous and delineated. Disruption of the jaw line by 
jowling is often the first sign that leads patients to consider 
a cosmetic procedure, and submental lipodystrophy is 
hereditary in some individuals. Because a skin‑only facelift 
cannot alter these signs of aging, submental liposuction 
is carried out prior to the lateral work, requiring another 
20 mL of simplified Klein solution. Central lipodystrophy 
is accessed by a 2‑mm incision with a number 11 blade 
anterior to the submental crease. A Becker grater round 
cannula (2.7 mm diameter, Wells Johnson Company, Tucson, 
AZ, USA) [Figure 3] is connected to a 10 mL disposable 
syringe with a luer lock and introduced without suction 
to dissect the subcutaneous plane at the supraplatysmal 
level. It is easy to inadvertently enter the subplatysmal 
plane, leading to disruption of the capsule of the 
submandibular gland with subsequent ptosis or injury to 
the marginal branch of the facial nerve. After determining 
the appropriate plane, the syringe plunger is withdrawn 
to create a 2‑mL space. Just posterior to the central stab 
incision, a cannula with an open tip is used to maintain 
negative pressure in the syringe, with the tip close to the 
exit site. Rapid movements are required [Video 2].

Surgical removal of the jowl fat is essential for the lifting 
procedure. This may be performed by Metzenbaum 
scissors or by open liposuction with a Becker grater 
cannula, after elevating the skin flap [Figure 4]. However, 
closed liposuction through a 2‑mm stab incision anterior 
to the earlobe can be used to avoid irregularities, 
hematomas and damage to the marginal branch of cranial 
nerve VII. Counter pressure is important, but also leaving 
a layer of fat on the undersurface of the dermis [Video 3].

BAKER SMASECTOMY

Traction on low suspension sutures provides a strong 

Figure 2: Punctum nervosum with the branches. A: lesser occipital nerve; 
B: great auricular nerve; and C: transverse cervical nerve

Figure 3: A 2.7 mm Becker grater round cannula with multiple 
perforations (1 mm diameter)

Figure 1: Effect of gravity (position) on the facial soft tissues of an 
86‑year‑old man in upright (a) and prone (b) positions; the photo in 
(b) was rotated 90° for comparison with the photo in (a) to shows the 
effects of gravity on the midface, revealing that the aged appearance 
results not only from fat atrophy but also from gravity
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lifting effect to the neck compared to the high suspension 
of the SMAS flap used in a classic facelift. The disadvantage 
is that the purse string formed by plication of the SMAS 
can result in preauricular fullness in heavier patients. The 
lateral SMAS ectomy[16] offers a solution [Figure 5]. Excision 
of a portion of the SMAS overlying the anterior section 
of the parotid gland secures the mobile anterior SMAS to 
the fixed portion of the superficial fascia. The long axis 
of the lentoid incision is oriented such that the vectors 
of elevation following SMAS closure lie perpendicular to 
the nasolabial fold. This procedure avoids extensive SMAS 
flap dissection and elevation, which risks damage to the 
buccal branches of cranial nerve VII and tearing of the 
flap. In addition, lateral bulkiness is addressed.

DANGER ZONES

Because the SMAS and platysma muscle are not elevated, 
and liposuction is preferred to lipectomy, there is no 
risk of injury to branches of the facial nerve. However, 
injury to the great auricular nerve can lead to a painful 
neuroma. Dissection of the skin flap overlying the mastoid 
fascia and under the earlobe should be confined to the 
reticular layer of the dermis. Sensation in the earlobe 
should return to normal or near normal by one week. In 
case of neuralgia, repeated injections with ropivacaine or 
betamethasone may be helpful.

Laceration of the facial vein [Figure 6] leads to bleeding, 
ecchymosis and sometimes hematoma. Coagula can 
lead to oozing because of fibrinolysis. They are difficult 
to remove because dissection of the tissue planes is 
required; following evacuation the epidermis appears lax 
and pigmented for a prolonged period. Vein laceration can 
be prevented by using Metzenbaum scissors, keeping the 
tips parallel to the skin surface and remaining in contact 
with the reticular dermis. Retrieving the vein stump after 
complete resection can be difficult as it retracts, and for 
this reason, bipolar coagulation is used. The vein may 
also be punctured by a suture needle when weaving 
the loops (the weaving is done with a sertix suture: 
suture and needle).

ALPHA AND OMEGA OF THE INCISION, 
CURVES, DOG‑EARS

Scalp extension to create sideburns, which are beveled 
as described by Frechet[17] and scalloped as described by 
Camirand and Doucet,[18] opens the superior tunnel in 
a manner that allows for suspension of the SMAS to the 
temporalis fascia [Figure 7a].[19] However, the result is a 
visible scar that cannot be erased [Figure 7b]. Attempts at 
correction will thin the sideburn hair and make the area 
less attractive. As mentioned in section one, the approach 
to the midface involves volume augmentation rather than 
lifting. The temporal extension does not improve the result.

The author recommends that the incision begins where 
the anterior helix separates from the preauricular skin 
and becomes the superior helix of the pinna. Depending 

upon the vector, the amount of lift and skin elasticity, the 
dog‑ear may be small or substantial. Cephalad undermining 
is attempted first and is generally effective. Otherwise, an 
infra‑sideburn incision, as described by Knize [Figure 8],[5,20] 
or a 1‑cm hockey stick extension can be used while 
keeping the scar hidden behind the sideburn.

The incision descends in front of the inferior crus and 
at the inner aspect of the tragus [Video 4]. The cartilage 
should not be notched as this will be visible after healing. 
The incision runs just anterior to the earlobe and curves 
around its attachment. After bipolar coagulation, the 

Figure 4: Open‑sky liposuction of the jowls

Figure 6: The facial vein (darker blue) at the edge of the dissection area 
(red oval) is difficult to visualize and may, therefore, be accidentally 
nicked, resulting in bleeding

Figure 5: Lateral SMAS ectomy, as described by Baker (2,000). 
(a) Schematic diagram; (b) intraoperative photograph. Resorbable 4‑0 
Vicryl placed after resection
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superior subcutaneous tunnel is prepared. The incision 
then runs behind the pinna in the cephalad direction to 
the conchal cartilage; the scar will contract and be pulled 
down into the groove. If the incision is inadvertently 
placed in the auriculomastoid groove, the scar will be 
pulled into the visible mastoid area. The incision becomes 
horizontal at the level of the external auditory canal and 
then is scalloped, curving cephalad [Figure 9]. It should 
generally not extend into the occipital hairline, but if it 
does, it curves caudally again. The scalloped incision is 
beveled according to the method of Frechet, in the area 
of hair‑bearing skin. The scalloped incision developed 
by Camirand and Doucet[18] aids tremendously in dealing 
with the retroauricular dog‑ear. After removing excess 
skin, the straight long excision edge of the flap is sutured 
into the scalloped edge, from back to the front, keeping 
the hairline intact.

LOW SUSPENSION VERSUS HIGH 
SUSPENSION

Patients often simulate the effects they wish to obtain in 
front of the bathroom mirror by manually pressing up the 
droopy skin, fat compartments and SMAS [Figure 10].

The 3 (sometimes 2 or 4) low suture suspension loops 
and 3 high suspension sutures are made of the resorbable 
material. The loops are woven in the SMAS layer and 
provide a mild purse string action that should be taken 
into clinical consideration [Video 5].

The inferior low reaching suspension suture picks up 
the posterior edge of the platysma at a point 1.5 cm 
anterior to the SCM muscle and 3 cm below the 
mandibular border, where the sliding plane between 
the platysma and deep cervical structures[21] allows 
lifting without dissection [Figure 11].[22] Labbé et al.[22] 
suspend the platysma and SMAS to the temporoparotid 
fascia described by Lore,[23] which is located immediately 
in the front of the intertragal incisura and at least 
2 cm from the facial nerve trunk.[24] The fascia is 
a highly resistant point of anchorage for the 2‑0 
polydioxanone (PDS) suspension suture. In heavy 
patients, the purse string plication of the platysma and 
SMAS obliterates the interval between the posterior 
mandibular border and SCM muscle, an aesthetically 
important zone [Figure 12]. The author proposes that 
a suspension suture be placed under the SCM muscle 

Figure 8: The infra‑sideburn technique described by Knize involves a 
downward extension of the hockey stick design

Figure 10: The position of the loops and hence the extension of the 
subcutaneous dissection is guided by manually simulating correction 
at the melolabial and mentolabial folds. The platysma is lifted after 
pinching it through the skin. (a) The face is lifted to undo the melolabial 
fold. A indicates marking around the thumb; B indicates marking at 
the mentolabial fold; C indicates where the platysma requires elevation 
(marked with an “X”). Dissection extends around the markings; (b) A and 
B indicate placement of the loops that lift the melolabial and mentolabial 
folds. In this case, the dissection could be minimal; C indicates micro‑
liposuction; D indicates platysma elevation; E indicates the punctum 
nervosum
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Figure 9: The scalloped incision described by Camirand and Doucet deals 
with the retroauricular dog‑ear in an efficient way. Suturing is performed 
from back to the front to prevent hairline displacement, avoiding folds 
in the lower part of the retroauricular skin flap. (a) Scalloped design; 
(b) straight excision; (c) the longer straight lower margin now fits into 
the scallops of the upper margin

c

ba

Figure 7: (a) Revision of a previous minimal access cranial suspension 
lift prompted scar revision. An extension in the sideburn area was of 
particular concern to the patient. This long incision provides ample 
exposure and is certainly more comfortable for the surgeon; (b) the 
presideburn extension of the “short scar” minimal access cranial 
suspension lift incision can produce a visible scar. The incisions are 
altogether as long as those of the classic approach with retroauricular 
(invisible) extensions

ba



Plast Aesthet Res || Vol 2 || Issue 6 || Nov 12, 2015 305

to suspend the platysma to the mastoid fascia. This can 
be achieved by lifting the SCM muscle with one hand 
and sliding a mandibular awl beneath it in an anterior 
direction [Video 6]. The PDS suture is picked up by 
the awl, pulled posteriorly and knotted to the mastoid 
fascia using a widow needle [Figure 13]. The PDS suture 
requires many knots to hold. The volume and ends of 
the suture may cause pain when they press on the skin, 
such as during sleep. In addition, the ends may pierce 
the skin and cause painful inflammation. Suturing the 
surrounding tissues on the top of the knots with a 
4‑0 Vicryl suture can prevent this problem.

The 2‑0 PDS purse string suture that is woven into the 
SMAS and picks up the remaining fat in the jowl area 
is suspended to the temporoparotid fascia described 
by Lore. The same procedure is used for the 2‑0 PDS 
suture loops picking up the lower side of the nasolabial 
fold, which smooth the nasolabial groove and provide 
a moderate lift to the malar prominence. However, this 
effect does not appear to be maintained over time.

The high suspension is achieved by suturing the dermis 
in the pretragal area down to the parotid fascia using 
4‑0 Vicryl, with one stitch above and one stitch below 
the level of the tragus. Another useful high suspension 
maneuver was demonstrated by Dr. Heinz Bull at during 
the 2006 meeting of the German Association for Aesthetic 
Surgery in Düsseldorf. Using this technique, the skin 
flap is fixed to the conchal cartilage under the earlobe 
to prevent a pixie ear deformity. The 4‑0 Vicryl includes 
tissue from both the dermis and the cartilage [Figure 14].

In regard to low suspension sutures, Hoefflin[25] observed 
that “pulling on the SMAS is like repositioning a living 
room sofa by pulling on the carpet. It’s easier to just 
pick up the sofa and position it where you want it”. The 

procedure described herein can therefore, be considered 
to be a repositioning of both the SMAS and fat.

The so‑called “short scar” SMAS lift,[19] with a strictly 
vertical vector, is not so short. The scar is quite long 
because it requires an extra skin excision in the lower 
eyelid [Figure 15a and c] and vertical pleating in the 
neck [Figure 15b] with difficult undermining in the 
retroauricular area and an extra posterior hairline incision. 
The total length of these “short scar” incisions averages 
13 cm, whereas the currently proposed procedure uses an 
incision with an average length of 11 cm.

MAINTAINING TRAGUS AND EARLOBE 
POSITION

Trimming of the preauricular skin should be conservative 
because the pretragal high suture suspension creates 
tension on the tragal cartilage via the SMAS. Visibility of 
the external auditory canal is not aesthetically pleasing. 
The dermis overlying the tragal cartilage is trimmed 
over 1.5 cm to recreate the pretragal groove [Figure 16]. 
Otherwise, the flat appearance of the surface in front of 

Figure 12: When sutured at the temporoparotid fascia as described 
by Lore, the platysma and subcutaneous fat bulge in the superolateral 
esthetic zone

Figure 14: Suspension of the skin flap to the ear. (a) High suspension of 
dermis to the conchal cartilage using a 4‑0 Vicryl suture; (b) the earlobe 
is pushed upward and backward

ba

Figure 13: Platysma suspension. (a) A mandibular awl is used to lift the 
platysma under the sternocleidomastoid muscle; (b) suspension at the 
mastoid periosteum

ba

Figure 11: The platysma is more mobile a few centimeters in front of 
the sternocleidomastoid muscle than directly on top of it.[21] (a) Prior 
to elevating the platysma with the suture loop; (b) after sliding the 
platysma along the superficial layer of the deep cervical fascia. Courtesy 
of Dr. Daniel Labbé, Caen, France

ba
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the tragus can indicate that a facelift has been performed. 
In men, the hair follicles should be meticulously trimmed, 
taking into consideration the desired sideburn shape and 
the fact that shaving the tragus (and under the earlobe) 
is a nuisance and may lead to repeated bleeding. Two 
4‑0 Vicryl sutures in this location will support lifting and 
shaping of the pretragal fovea.

Trimming under the earlobe should also be conservative. 
The anterior skin flap created during the resection of 
excess skin can usually be pulled behind the earlobe to 
determine how much needs to be resected. Because the 
earlobe will be pulled forward and downward by gravity 
and collagen contraction during the first few weeks 
following surgery, the shape of the skin flap should push 
the earlobe upward and backward [Figure 14].

Skin closure with 5‑0 nylon starts at the superior end of 
the incision and continues down to the earlobe, stopping 
behind the earlobe and repositioning it upward and 
backward.

FIBRIN GLUE

The use of vacuum drains and extensive bandaging is not 
recommended. Fibrin glue spray is preferred to prevent 
hematomas, ecchymosis, seromas and discharge [Video 7]. 
The sealant should be applied while the wound is still 
open (0.5 mL each side) to allow air to escape and prevent 
venous air embolism. The wound bed is dried by 
introducing a suction drain connected to the central 
vacuum system under the skin flap before skin suturing.

LIP AND EARLOBE REDUCTION

Whereas a turkey gobbler neck and lower eyelid bags 
are spotted quickly and addressed with blepharoplasty 
and liposuction, long upper lips and earlobes are often 
overlooked.[26] A long upper lip (and low lower lip) expose 
the lower teeth when smiling, a typical sign of aging. 
Pendulous earlobes can result from wearing heavy jewelry 
over many decades.

Upper lip reduction and nasal tip lift are accomplished 
by a modification[27] of the “double duck” procedure,[28] 
which is a modification of Austin[26] sub‑nasal buffalo 
horn excision. This procedure involves a sub‑alar 

crescent‑shaped skin excision which continues into the 
membranous septum and which may be reduced in height 
if the nasolabial angle requires sharpening and a hanging 
columella is present. Otherwise, a full transfixion incision 
divides the medial crural footplates and the caudal 
septum. The dermis of the central lip is then suspended 
to it with a 4‑0 PDS suture. The columella can then slide 
upward slightly with the footplates for the elevation of 
the nasal tip [Figure 17].

Earlobe reduction can be performed with marginal excision 
and fine sutures, although removal of a full‑thickness 
medially based wedge produces better results. The 
facial skin flap is pulled up behind the newly formed 
earlobe to allow for proper cephalad repositioning 
[Figures 18 and 19].

Recommended sequence
•	 Premedicate
•	 Mark	 locations	of	 the	 suspension	 loops	 and	 extent	 of	

dissection
•	 Secure	intravenous	access
•	 Prep	and	drape
•	 Mark	incision	lines
•	 Intravenous	sedation
•	 Infiltrate	 of	 local	 anesthetic	 in	 the	 anterior	 neck	 for	

submental liposuction
•	 Perform	submental	liposuction
•	 Perform	nerve	 block	 anesthesia	 and	 infiltrate	 local	 an	

esthetic
•	 Perform	liposuction	of	jowl
•	 Incise	and	elevate	pre‑and	post‑auricular	flaps	and	connect	

pockets
•	 Perform	lateral	SMAS	ectomy
•	 Weave	suspension	sutures	into	the	nasolabial	fold,	jowl	

area and platysma
•	 Fixate	platysma	to	the	substernomastoid	region	with	a	

2‑0 PDS suture, followed by over‑suturing with 4‑0 Vicryl 
suture

•	 Knot	 the	 remaining	 suspension	 sutures	 onto	 the	
temporoparotid fascia, as described by Lore[23]

•	 Mark	and	excise	of	excess	skin	in	the	preauricular	region
•	 Trim	 pretragal	 subcutaneous	 sutures,	 and	 place	 high	

suspension suture to shape the pretragal fovea and drape 
the skin

Figure 16: Creating the pretragal fovea. Trimming the flap to the dermis

Figure 15: Complications of the vertical vector lift.[19] (a) Vertical pleating 
(large arrow) and lower eyelid skin excess (small arrow). The latter is 
corrected by pinch blepharoplasty, which requires a 2‑cm incision; 
(b) patient treated alio loco, presenting with vertical pleating in the 
neck; (c) patient treated alio loco presenting with excess skin in the 
lower eyelid

cba
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•	 Suspend	the	dermis	to	the	conchal	cartilage
•	 Place	a	Redon	drain	under	the	skin	flap
•	 Suture	the	preauricular	skin
•	 Excise	excess	postauricular	skin
•	 Place	high	suspension	suture	to	drape	the	postauricular	

flap provisionally

•	 Remove	the	Redon	drain	and	apply	fibrin	glue	spray
•	 Suture	the	postauricular	skin
•	 Apply	a	pressure	dressing	with	gauze	behind	the	earlobes.

Products required
Xylonor (30 mg/mL) + 0.04 mg/mL noradrenaline 1.8 mL 
(Septodont, Saint‑Maur‑des‑Fossés, France).
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Nerve injuries caused by medical interventions 
(iatrogenic lesions) can complicate procedures and affect 
any part of the peripheral nervous system. Available data 
are fragmentary and little information is accessible on the 
overall incidence of iatrogenic nerve lesions that ranges 
from 1.5% to 15%.[1,2] Major drawbacks are the limited 
number of patients studied and the incomplete and 
subjective assessment of nerve function. The potential for 
iatrogenic injuries in the course of any surgical procedure 
should be thoroughly appreciated by all surgeons and 
they should be familiar with early diagnostic steps for 
detecting these lesions. The importance of prompt diagnosis 
and adequate treatment of iatrogenic nerve injuries for 
optimal functional recovery should be stressed. Excellent 
results can be obtained if certain diagnostic and surgical 
principles are followed.

Iatrogenic injuries during surgery are becoming more 
widely documented as we begin to see surges in insurance 
claims. A review of insurance claims filed by patients 
who had undergone otorhinolaryngological procedures in 
Finland found a total of 422 claims over a  4‑year‑period. 
Iatrogenic nerve injury accounted for 30 patients; 10 patients 
suffered facial nerve damage (secondary to ear and parotid 
gland surgery) and 10 suffered trigeminal nerve injury 
(secondary to maxilary sinus surgery).[1] A series by 
Kretschmer et al.[2] looking at 722 patients with peripheral 
nerve trauma found that approximately 17.4% were iatrogenic 
injuries with the majority (94%) being secondary to a surgical 
procedure. Seventeen percent of injuries occurred to the 
median nerve, 16% to the accessory, 13% to the radial and 
common peroneal, 8.5% to the ulnar and 5% to the femoral 
nerves, respectively.[3] Spinal accessory nerve injuries 
resulting from medical intervention have been quoted as 
high as 94%[4] and figures of 60% and 25.2% for femoral 

and sciatic nerve injuries, respectively.[5,6] Topuz et al.[7] 
attributed sciatic nerve damage to intragluteal injections 
in approximately 40% of their patients. The high risk 
procedures that often result in peripheral nerve damage 
include: osteosynthesis, arthrodesis, posterior triangle 
lymph node biopsies, carpal tunnel release, surgery 
for varicose veins, baker cyst excision and inguinal 
herniorrhaphy.[8]

The use of pneumatic surgical tourniquets is a key in 
providing a bloodless environment in distal extremities. 
They also have a crucial role in the application of regional 
anesthesia. However, they can result in complications 
including: skin damage, nerve and vascular injury and also 
postoperative swelling. Nerve injury related to tourniquets 
results from two pathological processes: mechanical 
compression and neural ischemia. Horlocker et al.[9] found 
there to be a three‑fold increase in risk of nerve damage 
for every 30 min increase in tourniquet inflation time. 
Tourniquet related nerve injury is widely documented 
in the literature,[10] however, permanent femoral nerve 
injury secondary to tourniquet use is sparsely reported. 
Mingo‑Robinet reported a permanent femoral nerve palsy 
secondary to tourniquet use in patella fracture surgery.[11]

It has been documented in the literature that iatrogenic 
nerve injury can arise from enucleation of peripheral 
schwannomas by both an extra and intracapsular 
approach. The reported incidence of iatrogenic injury has 
been found to range from 13% of cases for motor deficit[12] 
up to 50% for sensory deficit.[13] Park et al.[14] reported 
values as high as 73% of new neurological deficit after 
enucleation. A review of nerves injured and the length 
of neurological deficit was carried out by Date et al.[15] 
Upper limb nerves were affected and included: the radial 
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nerve in 2 patients, median nerve in 3, ulnar nerve in 
5 and musculocutaneous in 1. Lower limb nerves were 
also affected: tibial in 13 patients, peroneal in 8, and 
the femoral, obturator and sciatic nerve in 3 individual 
patients. The degree of neurological deficit was graded 
according to persistence of symptoms. The review found 
that 22 patients developed sensory changes resolving within 
6 months (Medical Research Council [MRC] motor grading 
system Grade 1)[16] and 10 patients where the deficit took 
in excess of 6 months to recover (MRC Grade 2). After 
a total of 48 months follow‑up there were 4 patients in 
which the motor deficit or paresthesia had not recovered 
(MRC Grade 3). The nerves affected in these 4 patients 
included the median, ulnar and tibial. Of the 11 patients 
with schwannomas arising from the upper extremity nerve 
three had not recovered function by the end of follow‑up. 
Five patients with ulnar nerve damage showed Grade 3 
motor palsy with reduced abduction of the little finger. 
Of the 24 patients with lower limb schwannomas only 3 
developed a Grade 3 motor deficit. Knight et al.[17] found 
28 patients to have neurological deficit and/or pain after 
excision of schwannomas. Factors to try to reduce the 
neurological deficit include; avoiding unnecessary biopsy, 
air tourniquet use for good vision under microscope, 
intracapsular approach, limited incision of the epineurium, 
atraumatic dissection, no en bloc resection if traumatic, 
adequate drainage to prevent hematoma formation and to 
raise the affected limb. Simon et al.[18] in a case series of 
2 patients reported the benefit of using high resolution 
ultrasonography prior to nerve sheath tumor resection to 
identify normal nerve tissue.

In summary, iatrogenic nerve lesions require early clinical 
and electrophysiological testing and prompt referral to 
specialized centers for timely treatment. In cases of nerve 
discontinuity and acute nerve compression, surgical 
intervention is indicated immediately. In all other cases, 
6‑12 weeks after the iatrogenic lesion, primary surgery 
should be considered if no significant spontaneous 
recovery is observed. Neurapraxia carries a good 
prognosis, but if diagnosis is in doubt, delay may cause 
continuing compression or ischemia, which will result in 
worsening of the nerve lesion to axonotmesis or even 
neurotmesis. Furthermore, when dealing with traumatic 
neuropathies, adequate pain management is likely to 
have a strong positive influence in the prognosis of 
these patients, both in terms of improving their quality 
of life and functional recovery. The role of aggressive 
physiotherapy with motor and sensory re‑education will 
facilitate rehabilitation and useful functional restoration. It 
seems imperative to know more about long‑term function 
and quality of life, since these injuries may lead to severe 
psychological distress.

In conclusion, iatrogenic nerve injuries constitute a complex, 
multifactorial problem, which cannot be resolved by surgery 
alone. The management should embrace prevention, early 
diagnosis and appropriate treatment with rehabilitation, 
psychological support and control of pain. This warrants 
the highest quality of care in nerve reconstruction. 

Complications should be referred and dealt with promptly 
by experienced surgeons with adequate microsurgical 
training, to ensure best chances for successful outcome. 
In addition, when nerve damage is caused by medical 
intervention, legal issues may ensue. The importance of 
preoperative counseling about the potential injury and 
precise documentation of intraoperative and postoperative 
findings cannot be overemphasized. This will facilitate 
postoperative discussion of any surgical complication.
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INTRODUCTION

Over the past decade, there has been an increase in 
breast reconstruction among women who have previously 
had liposuction.[1] Raising a perforator flap is generally 
contraindicated after abdominal liposuction due to 
possible damage of the perforators that supply the 
flap’s vascularity.[2] Numerous articles have already 

demonstrated successful breast reconstruction with a 
transverse rectus abdominis myocutaneous flap after 
liposuction; however, there is a paucity of data on 
breast reconstruction using a deep inferior epigastric 
perforator (DIEP) flap after liposuction.[3‑6] Our experience 
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ABSTRACT
Autologous breast reconstruction with perforators has been previously avoided in tissues that have 
undergone liposuction. We present a case series and literature review of breast reconstruction with deep 
inferior epigastric perforator (DIEP) flaps after abdominal wall liposuction. An MEDLINE search was 
performed for all relevant articles describing breast reconstruction with DIEP flap technique following 
the abdominal wall liposuction. Key search words used included “DIEP”, “DIEAP”, “deep inferior 
epigastric perforator”, “liposuction” and “free flap”. All published data on the topic from 1965 to 
December 2014 were reviewed. Articles were assessed for reports of clinical cases, complications, age, 
liposuction amount, time since liposuction and number of perforators for comparison. We have also 
presented 2 patients who underwent a DIEP procedure with a previous history of liposuction. Eight 
cases of autologous breast reconstruction using a DIEP flap after liposuction were identified in the 
literature in addition to the presented cases. The preoperative and postoperative course was uneventful 
in all cases except one patient who had a mild cellulitis managed with antibiotics and a second patient 
with a drainable hematoma. The average age was 52 years ± 6.4 years old, one perforator was used in 
all cases except one where 2 were used, and the average amount of total liposuction was 1,084 mL. No 
major complications were reported. Previous liposuction is not an absolute contraindication for free-flap 
breast reconstruction. Preoperative management should include evaluation of suitable perforators by 
duplex ultrasound or computed tomography angiography. Larger case series are needed to better 
understand the safety of perforator flaps after liposuction.
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of breast reconstruction with DIEP flap after abdominal 
wall liposuction will be demonstrated in addition to a 
literature review.

METHODS

An MEDLINE search was performed for all relevant 
articles describing the breast reconstruction with DIEP 
flap technique following abdominal wall liposuction. This 
study includes all published data on the topic from 1965 
to December 2014. The PubMed database of the National 
Center for Biotechnology Information, National Library of 
Medicine (Bethesda, Maryland, USA), was used to collect 
reports using the keywords “DIEP”, “DIEAP”, “deep inferior 
epigastric perforator”, “liposuction” and “free flap”. All 
articles were reviewed for reports of clinical cases including 
complications, age, liposuction amount, time since 
liposuction and the number of perforators for comparison.

RESULTS

A total of 8 cases of autologous breast reconstruction 
using a DIEP flap after liposuction were identified in 
the literature review in addition to the 2 cases we 
present here. A study by De Frene et al.[7] describes five 
consecutive cases, and Jandali et al.[1] reports one case. 
In addition, Farid et al.[8] reported 2 cases involving DIEP 
flap breast reconstruction after multiple liposuction 
procedures. The results of these studies including our 
cases are summarized in Table 1. The preoperative and 
postoperative course for all prior liposuction cases was 
uneventful except for our 2 patients: one who had a mild 
cellulitis that resolved with appropriate therapy without 
any compromise of the flap and another who experienced 
a hematoma which was subsequently drained. The 
average patient age was 52.2 years ± 6.4 years old, and 
one perforator was used in all cases except one report 
where two were used. Of the reported cases, the average 
amount of liposuction collected was 1,084 mL. Two minor 
complications out of the total 10 cases were a mild 
cellulitis and a postoperative stable hematoma. No major 
complications were reported.

Case 1
A 50‑year‑old, nonsmoker, female underwent a left sided 
mastectomy for invasive ductal carcinoma. Conventional 

abdominal liposuction was performed 5 years before 
the original diagnosis of breast cancer. Three years after 
the mastectomy, the patient underwent autologous breast 
reconstruction with a DIEP flap. The patient was 
evaluated preoperatively for suitable perforators by 
computed tomography (CT) angiography and duplex 
ultrasound. Examination revealed appropriate perforator 
vessels and extensive fibrosis throughout the subcutaneous 
tissue caused by the previous liposuction. The patient 
underwent delayed unilateral breast reconstruction with a 
free DIEP flap. The postoperative course was complicated 
by a mild cellulitis that was successfully treated with 
antibiotics and no damage resulted to the flap [Figure 1].

Case 2
A 59‑year‑old, smoker, female with breast cancer 
underwent a right mastectomy in 1998 followed by 
implant‑based reconstruction the same year. She later 
underwent radiation therapy and subsequently developed 
severe capsular contracture [Figure 2]. In 2012, she 
underwent right breast capsulectomy and reconstruction 
with DIEP flap. Eighteen years earlier, the patient had 
undergone conventional abdominal liposuction. The 
patient was evaluated preoperatively for suitable 
perforators by CT angiography and duplex ultrasound. 
Examination revealed appropriate perforator vessels. 
Three days following the DIEP flap procedure the patient 
developed a hematoma that was evacuated and the 
patient had a stable postoperative course without any 
flap compromise.

DISCUSSION

Previous literature suggests that harvesting perforator 
flaps from liposuctioned donor sites may not necessarily be 
a contraindication to free‑flap breast reconstruction.[5,7] The 
largest reported series of DIEP flaps after liposuction was 
published by De Frene et al.[7] with five successful cases 
of breast reconstruction. The DIEP flap, introduced by 
Itoh and Arai[9] and Koshima and Soeda[10] and popularized 
by Allen and Treece,[11] Blondeel and Boeckx,[12] and 
Blondeel[13] has been described as the most appropriate 
way to reconstruct a breast to minimize donor 
morbidity.[6,14,15] The effect of liposuction on a free flap 
donor site months or years before flap transfer remains 
to be clarified.

Table 1: Summary of studies performing DIEP reconstruction in patients who have had previous liposuction
Study Age Number of perforators Liposuction (mL) Years after liposuction Complications
Jandali et al.[1] 42 2 Not reported 9 None
Farid et al.[8] 57 1 240 + 300 + 300 1.33 None

54 1 100 to 160 × 5 0.5 None
De Frene et al.[7] 52 1 1,300 4 None

58 1 1,000 11 None
41 1 1,100 9 None
52 1 1,500 6.5 None
57 1 1,200 4 None

Our study 50 1 Not reported 5 Mild cellulitis
59 2 Not reported 18 Hematoma

DIEP: Deep inferior epigastric perforator
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Previous literature has shown conflicting evidence regarding 
the effect of liposuction on donor tissue, specifically, 
perforator vessels. Teimourian and Kroll[16] reported that 
neurovascular bundles remain intact following conventional 
liposuction on examination with subcutaneous endoscopy. 
However, a study by Ozcan et al.[17] demonstrated that flap 
necrosis is directly related to the number of suction passes 
of	 a	 cannula	 accompanied	 by	 a	 vacuum.	 İnceoğlu	 et al.[18] 
reported a 57.8% decrease in the number of perforators in 
abdominal subcutaneous tissue 3 months after liposuction 
using duplex ultrasound. Despite the reported decrease in 
the number of perforators, Ribuffo et al.[5] demonstrated 
that perforator arteries regenerate up to 40% of their 
original diameter after liposuction. This evidence suggests 
that the liposuction technique may influence the degree 
to which perforator vessels are damaged and the outcome 
of the flap.

It should be possible to minimize patient complications 
associated with free‑flap breast reconstruction after 
liposuction through modification of the initial liposuction 
procedure and decreasing trauma to perforators during 
liposuction. The variability in a number of perforators 
after liposuction is likely related to factors such as the 
cannula used, the number of passes, strength of suction 
and operator force and technique. An ultrasound‑assisted 
liposuction technique described by Zocchi[19] showed less 
damage to neurovascular structures. However, these findings 
were later opposed by a study which compared conventional 
versus ultrasonic liposuction.[2] Salgarello et al.[20] suggest 
employing a superficial subdermal liposuction technique to 
maintain perforator viability. Overall, a refined technique 
or protocol for liposuction in future free flap donor areas 
may improve patient outcome.

There are inherent difficulties in choosing when to use a 
technique to maximize perforator viability. For example, 
it is not possible to predict which patients will require 
autologous breast reconstruction with a free flap at the 
time of abdominal liposuction. Furthermore, patients 
may have breast reconstruction with a different surgeon 
than the one who performed the liposuction, creating 

a challenge for the surgeon to predict the adequacy 
of perforators in the future donor site. As noted by 
Wes et al.,[21] breast reconstructive in the context of 
previous abdominal surgery therefore requires a thorough 
preoperative evaluation to prevent flap morbidity. 
Specifically in the context of liposuction, duplex ultrasound 
and CT angiography will help identify perforator viability to 
reduce procedural complications. The use of color duplex 
examination as a preoperative guide is reported to have a 
true‑positive rate of 96.2% and a positive predictive value 
of 100% in the hands of an experienced sonographer.[22] 
The use of CT angiography as a preoperative methodology 
was reinforced by both Bank et al.[23] and Rozen et al.[24] 
to confirm perforator presence and communication for 
facilitating DIEP flap paddle design in postabdominal 
procedure patients. Rozen et al.[24] highlighted the 
benefit of preoperative CT flap design as a method for 
identifying perforators resulted from neovascularization 
offering additional possibilities for DIEP harvesting. Other 
techniques such as flap perfusion mapping may be useful 
when the surgeon needs to know the integrity of vessels 
that are too small to image with standard angiographic 
techniques preoperatively.[25] In addition, Masia et al.[26] 
described multidetector‑row CT, an imaging modality that 
allows for interpretation of a virtual anatomic dissection 
in three dimensions with very high spatial resolution. 
Intraoperative laser angiography using the SPY system 
has been shown to be beneficial for assessing tissue 
perfusion during flap elevation.[27] Application of SPY laser 
angiography decreases the incidence skip necrosis in 
postmastectomy reconstruction and the rate of reoperation 
due to of perfusion related complications.[28] Finally, 
Farid et al.[8] prefer MR angiography to CT angiography 
to avoid reliance on intravenous contrast and to reduce 
patient exposure to radiation. Appropriate application 
of these techniques for perforator evaluation including 
CT, ultrasound, or perfusion mapping may improve the 
outcome of patients undergoing DIEP after abdominal 
liposuction

CONCLUSION

We have demonstrated two cases, in addition to the previously 
reported literature that suggest previous conventional 
liposuction is not an absolute contraindication for free‑flap 
breast reconstruction. Preoperative management of the 
patient should include thorough evaluation of suitable 

Figure 1: Case 1, patient before (a) and after (b), deep inferior epigastric 
perforator procedure with evidence of mild cellulitis surrounding the 
flap; (c) patient at 2 years follow‑up after additional nipple reconstructive 
produces and extensive weight loss

ba

c

Figure 2: Case 2, (a) Patient prior to breast reconstruction with severe 
capsular contracture; (b) after DIEP flap procedure. DIEP: Deep inferior 
epigastric perforator
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perforators by duplex ultrasound or CT angiography. In 
patients with history of liposuction to the lower abdomen, 
a classification system would be of clinical utility in 
guiding the selection of the ideal technique for breast 
reconstruction. Larger case series are needed to better 
understand the safety of perforator flaps after liposuction.
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INTRODUCTION

The greatest challenge in primary aesthetic rhinoplasty 
is the application of advanced anatomical, aesthetic and 
ethnic principles to an individual case, thereby customizing 
the procedure to achieve the most natural result for the 
patient‑individualized treatment plan.[1,2] Specific factors 
to be noted during the preoperative assessment for the 
optimization of aesthetic results include the patient’s 
ethnicity, gender, nasofacial aesthetic and any specific 
requests. The endonasal (closed) and external (open) 
techniques are the two main techniques used in both 
primary and secondary rhinoplasty.[3,4] With both approaches, 
the goals are to preserve or achieve normal airflow while 
delivering an aesthetically pleasing and natural permanent 
long‑term result. Multiple studies have reported that nasal 
obstruction is a relatively common problem in patients 

presenting for aesthetic rhinoplasty, with a high prevalence 
of nasal deviation.[5] The functions of the nose, specifically 
respiration, humidification, filtration, temperature regulation 
and protection, are regulated by the septum, turbinates and 
nasal valves (internal and external).[5,6]

Therefore, every rhinoplasty surgeon should cultivate a full 
understanding of intranasal and external nasal anatomy,[7] 
the differential diagnosis for nasal obstruction, and the 
elements of a complete nasal examination, including nasal 
endoscopy. In addition, a comprehensive analysis of the 
face and a broad understanding of the long‑term effects 
of healing forces on the ultimate nasal aesthetic and 
function are required.[5] Knowledge of rhinoplasty medical 
and surgical treatment options and side effects anatomical 
correlates can assist in anticipating them intraoperatively 
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in certain surgical maneuvers. Patient safety is optimized 
with the use of specific surgical procedures, protocols, 
specialized instruments and staff training. Endotracheal 
monitored anesthesia care is preferable and a 
nasopharyngeal pack can be a useful preventative measure 
by helping to keep the larynx clear.

THE AESTHETIC ANATOMY OF THE 
NOSE: DORSAL AESTHETIC LINES

The bony cartilaginous pyramid of the external nose is 
three‑dimensional structure composed of three basic 
regions: the upper rigid bony third, the middle semi‑rigid 
cartilaginous third and the lower mobile cartilaginous 
third. Nasal deformities result from the loss of support to 
this tripod [Figure 1].[4]

The soft tissue components of the nose include skin, 
muscles, nerves and vascular tissues. The tissue layers and 
fibrovascular membranous structures of the skin envelope 
in the inferior part of the external nose are divided into 
five layers, which are similar to the structure of the face: 
epidermis, dermis, superficial fascia, fibromuscular layer 
and perichondrium. The thin, dynamic musculoaponeurotic 
layer of the nose is a critical structure of the nose. 
Preservation of this layer is vital in restoring and retaining 
nasal function and appearance.[8‑10]

The nasal dorsum connects the radix to the lateral 
projections of the crura of the lower lateral cartilages (LLCs) 
by means of two diverging concave lines. These are the 
nasal dorsal aesthetic lines, which are unbroken extensions 
of the superciliary ridges [Figure 2]. The radix and supratip 
regions have thicker soft tissue coverage, while the 
midvault area contains thinner tissue. The supratip break 
occurs cephalad to the nasal tip where the contour lines 
of the nasal dorsum rise toward the tip‑defining points. 
The tip‑defining points are composed of two equilateral 
triangles which extend from the supratip region to the 
apex of the domes to the columellar lobule angle.[8,11,12] To 
achieve a balanced dorsal profile with a supratip break, 
it is necessary to create a frame with a slightly deeper 
nasion and tip projection beyond the dorsum.[10‑13] From 
an aesthetic standpoint, the area from the nasal bridge 

to nasal tip should be aligned and straight.[14,15] Over 
reduction of the dorsum can change the orbito‑nasal 
relationship with subsequent flattening of the midface.

COMPLICATIONS OF RHINOPLASTY

Clinical manifestations of complications of rhinoplasty 
and side effects may be classified as functional, 
aesthetic, or both. A number of technical solutions 
have been presented.[4,5,12,16] After a review of these 
potential complications, specific attention was directed 
to the surgical technique for reconstruction of nasal tip 
projection and the dorsal aesthetic lines in the patient 
with a prominent dorsal hump. Functional insufficiency 
of the internal nasal valve occurs in conjunction with 
the inverted V deformity (with disruption of the dorsal 
aesthetic lines) caused by collapse of the upper lateral 
cartilages following removal of the dorsal hump. 
This combined complication can be prevented during 
component reduction of the dorsal hump by avoiding 
excessive resection of the upper lateral cartilage as 
compared with the septum (midvault area) and by 
placement of spreader grafts.[17]

The nasal tip presents an exceptional challenge because 
of its mobility.[12‑15] During dorsal hump reduction when 
the K‑area is disrupted and not aligned with the nasal 
bridge, it may act as a pivot point; downward and inward 
rotation of the septal cartilage then becomes possible, 
disproportionally widen the nasal dorsum and result 
unnatural look of dorsal aesthetic lines. Protrusion of 
the anterior septal cartilage can create a polly beak 
deformity. The polly beak deformity is remarkable for 
protuberance with a rounded downward pointing tip 
and fullness of the supratip region. Excess scar tissue 
in the region of the dorsal septal cartilage or supratip 
may become apparent once edema has resolved and is 
more likely to occur in patients with thicker skin. The 
deformity can be prevented by maintaining adequate tip 
support through columellar struts. In addition, suturing 
the subcutaneous tissue of the supratip to the caudal 

Figure 1: The keystone area, where the nasal bones overlap the upper 
lateral cartilages and the scroll area, where the lower lateral cartilages 
overlap the upper lateral cartilages. Restoration of the keystone area 
anatomical structure during the primary rhinoplasty prevents open roof 
and inverted V deformities

Figure 2: The dorsal aesthetic lines originate on the supraorbital ridges 
and pass medially along the glabellar area to converge caudally at the 
medial canthal ligaments. From there, they usually begin diverging at the 
keystone area and ultimately conclude at the tip‑defining points, which 
become the highest point in the nasal profile
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dorsum and scroll areas eliminates dead space and 
formation of deep scar tissue, thereby preserving the 
functional and aesthetic anatomy of the nose.[10‑14]

Systematic and complete analysis of external and internal 
nasal anatomical regions and knowledge of normal 
variants are critical factors in creating an appropriate 
operative plan for a successful rhinoplasty.[5,6]

THE SURGICAL PLAN AND OPERATIVE 
STRATEGIES

Open rhinoplasty is an increasingly preferred approach 
for primary and secondary rhinoplasty in the practices of 
most experienced rhinoplasty surgeons.[4] Both approaches 
provide the surgeon with the ability to successfully 
perform rhinoplasty, but each has its appropriate 
anatomical indications, advantages and disadvantages. 
The most significant advantage of open rhinoplasty 
approach is improved surgical exposure with better 
visualization for surgical maneuvers. Direct observation 
of the underlying bony cartilaginous framework permits 
accurate diagnosis of nasal deformities, as well as precise 
manipulation of the dorsum and the nasal tip through a 
variety of technical maneuvers.[14‑16] Dissection below the 
musculoaponeurotic layer preserved the major arterial, 
venous and lymphatic channels.[6,10] The integrity of the 
nasal lobule and minor tip support mechanisms can be 
preserved, preventing future loss of tip projection, and 
grafts can be fashioned and secured without fear of 
displacement. This degree of precision can decrease 
uncontrolled scarring of tissues and lower the rate of 
revision. Negative consequences of open rhinoplasty 
include external scarring, occasional prolonged tip edema 
and longer surgical time. However, the transcolumellar 
scar typically heals well and is not noticeable. Tip 
edema generally resolves without negative consequences 
when using subperichondrial dissection and suturing 
techniques.[6,10,14,15]

AUTOSPREADER FLAP TECHNIQUE

Following reduction of the bony and cartilaginous 
dorsum, spreader grafts can be placed. Sheen’s spreader 
graft concept remains the gold standard for internal 
valve reconstruction and has been applied for surgical 
restoration of the disrupted nasal dorsum.[16,18] The need 
for a spreader graft is an important consideration during 
all primary rhinoplasty cases.[4] Patients with a high, 
narrow dorsum, a weak middle vault, short nasal bones 
or a positive Cottle test preoperatively are at higher 
risk for developing postoperative internal nasal valve 
dysfunction and resultant nasal airway obstruction.[6,8,16,18] 
Traditionally, spreader grafts are fashioned from cartilage 
taken from the septum or ear.[16‑18] Disadvantages of the 
use of spreader grafts include increased operative time 
and donor site morbidity.[16,18] Postoperative swelling 
following submucosal dissection of the septum can be 
both considerable and unpredictable. In all cases, it is 

crucial to maintain a 10‑15 mm L‑strut of cartilage along 
the nasal dorsum and caudal septum. The width of the 
nasal dorsum is typically wider after spreader grafts have 
been applied.[4,5]

Another option involves the autospreader flap, in which 
the upper lateral cartilage and septum are preserved. 
Surgical time is reduced while maintaining the dorsal 
aesthetic lines and internal valve function.[16,18] Oneal 
and Berkowitz were among the first to utilize the upper 
lateral cartilages as spreader grafts, and they coined the 
term “spreader flap”.[16,18‑20] Gruber et al.[16] subsequently 
referred to this maneuver as an “autospreader flap”.

If a hump is at least 3 mm above the ideal dorsal line, it 
is usually possible to fold the dissected ends of the upper 
lateral cartilages as local flaps at their interface with 
the septum.[18] The upper lateral cartilage excess can be 
appreciated following precise reduction of the septum and 
bony hump. Autospreader flaps are bilaterally interposed 
between the septum and upper lateral cartilages, including 
the portion lying under the nasal bones. Where the hump 
is minimal and folding over the cartilages is not possible, 
it may be an option to simply return the upper lateral 
cartilages to the dorsum with suture fixation. With the use 
of asymmetric mattress sutures, the autospreader flaps 
are positioned horizontally, abutting the septum instead 
of being vertically folded and fixed to the septum.[10,16] 
Preservation of the dynamic musculoaponeurotic system 
with its ligamentous connections permits their repair 
at the time of closure. Repair of Pitanguy’s midline 
ligament using advancement suture allows the surgeon to 
control tip rotation, enhance projection, and emphasize 
a supratip break, while reconstruction of the scroll 
area ligaments provides stability of the internal nasal 
valve.[7,10,11] Utilization of the cartilage from the reduced 
dorsal septum permits successful reshaping of the middle 
vault and nasal tip. The resected cartilage fragment may 
also be used as a columellar strut, which thereby allows 
us to again forego the standard septal harvest, reducing 
operative time and patient morbidity.[21] The ideal patient 
for this technique requires 3 mm or more of dorsal hump 
reduction, and should not have any breathing problems 
or septal deviation that would require septal surgery. It is 
important to identify the patient with a tension tip, as he 
or she will certainly require maintenance or restoration of 
tip projection to prevent a polly beak deformity.

The cartilage‑conserving concept can be efficient and 
aesthetic in well‑selected patients, but as always anatomical 
differences will dictate the surgical approach.[22,23] Upon 
follow‑up, patients demonstrate better postoperative 
recovery, with much less septal swelling and 
proportional projection of the dorsal aesthetic lines 
without over‑widening at the K‑area. The most common 
problem encountered is the technique’s inability to 
provide adequate dorsal width when compared to 
spreader grafts. In addition, the use of an autospreader 
flap has not been described for special cases such as 
the crooked nose, small dorsal humps, and in secondary 
cases. Therefore, relative contraindications to use this 
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technique include those with a deviated dorsal septum, 
asymmetric dorsal aesthetic lines, and upper lateral 
cartilages of insufficient length at caudal end of the 
septum. This population likely benefit from traditional 
spreader grafts harvested from the nasal septum, 
perhaps combined with autospreader flaps. The thickness 
of free septal grafts can be varied to control asymmetry. 
In the appropriate patient with nasal axial deviation 
who also requires a septoplasty, the combined use of 
autospreader flaps and unilateral or bilateral spreader 
grafts may be indicated to correct asymmetric dorsal 
aesthetic lines. Indications for the use of both techniques 
include widening of the dorsal middle third of the nose 
(especially in ethnic cases), bridging and strengthening 
a long, narrow roof of the middle nose in patients with 
short nasal bones and high LLCs, straightening and 
stabilizing a dorsally deviated septum, and creating 
ethnically acceptable dorsal aesthetic lines [Figure 3]. 
Nasal septal grafts are thicker and stronger, resisting 
the deforming forces of a deviated septum and thus 
correcting the curvature.[18] Autospreader flaps alone 
may not provide adequate stability when there is 
associated collapse of the bony sidewalls. In these 
instances, traditional spreader grafts that extend 
beyond the keystone are indicated. For cases in which 
an autospreader flaps cannot provide sufficient width at 
the anterior septal angle, this area must be supported by 
spreader grafts [Figure 4].

CONCLUSION

The patient with a long nose, prominent dorsal hump, 
short nasal bones and low LLCs are good candidates for 
an autospreader technique [Figure 5]. The technique is 
simple, reproducible and effective in shaping the dorsum 
while preserving the function of the internal valve in 
primary rhinoplasty patients. Subperichondrial dissection 
of the nasal framework with preservation of the dynamic 
musculoaponeurotic system and controlled manipulation 
and repair of ligaments without disturbing the overlying 
soft tissue allows reshaping and redraping of the nasal 
aesthetic lines.

The relation between anatomical form and function is 
of enduring interest in modern aesthetic plastic surgery, 
being central to our understanding of physiological 
systems. It provides lessons for engineering design based 
on advanced anatomical knowledge. For now, limited 
evidence available in PubMed that shows benefit of using 
spreader flap technique for correction of dorsal septal 
deviations.[24] The use of a spreader flap technique has 
not been described for special cases with minimal dorsal 
humps and secondary cases. The spreader architecture 
rhinoplasty requires wider studies in compare and contrast 
flap and graft techniques to identify which technology 
provides the most benefit in terms of outcomes for more 
durable, consistent, predictable and harmonic results.
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INTRODUCTION

One‑stage reconstruction was introduced in the 1980s 
as a valuable addition to the breast reconstruction 
armamentarium. The first expander implant, the Becker™ 
Siltex,[1] came onto the market in 1984, this is a round 
prosthesis with a saline‑filled inner lumen surrounded by 
a silicone gel, connected to a remote port for injection 
of saline. These implants provide the volume flexibility 

of a saline implant and permit long‑term, noninvasive 
adjustment of breast size. Reconstruction can, therefore, 
be completed as a single procedure. The implant is placed 
at the index procedure, expansion achieved with repeat 
outpatient injections of saline until optimum breast size 
is reached. The traditional two‑stage reconstruction, 
however, involves two operations, the first involving the 
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insertion of the expander and the second to exchange 
the expander for a fixed volume silicone implant, once 
the expander has reached its ideal size after outpatient 
injections.[2]

The Natrelle™ 150 (previously known as the McGhan™ 150) 
was introduced in the 1990s. Like the Becker Siltex, it has 
an inner chamber of saline outer shell of silicone, and a 
remote port. The main difference is that the Becker Siltex 
is round, while the Natrelle™ 150 has an anatomical 
shape, purportedly creating a more natural, teardrop 
shape. At present, the Natrelle™ 150 and Becker™ 
range are the only two expander implants on the 
market, available for one‑stage reconstruction, and the 
Natrelle™ 150 is routinely used at our unit for one‑stage 
reconstruction.

The surgical outcomes of the Natrelle™ 150 expander are 
well known, with many papers endorsing its good surgical 
outcomes.[3‑6] However, it is more expensive than a 
comparative tissue expander [Table 1], but deemed to be 
cost‑effective with many savings derived from a one‑stage 
operation.

The corollary to this is that any unexpected complication 
resulting in loss or exchange of the implant will effectually 
result in a two‑stage operation. This will incur the cost of 
a second hospital admission, general anesthetic procedure, 
and additional implant over and above the excess material 
cost of the Natrelle™ 150 implant. There is increasing 
emphasis on good health economics, and to date there 
has been no cost analysis study analyzing if expander 
implants are truly cost‑effective.

To analyze the costs of one‑stage and two‑stage breast 
reconstructions, taking into account unexpected explantation 
as a complication. This will allow us to evaluate the true 
cost‑effectiveness of one‑stage reconstruction at a single 
institution in the UK.

METHODS

A retrospective case note review was carried out on all 
patients who had undergone one‑stage and two‑stage 
at our unit from 2005 to 2010 by a single oncoplastic 
surgeon. The Natrelle™ 150 implant is utilized in our 
hospital for one‑stage reconstruction, and the Mentor™ 
Siltex and Allergan™ 133 expanders for two‑stage 
reconstruction. All the patients received a drain in the 
breast pocket and remained in hospital until the drains are 
removed. We do not employ the use of dermal substitutes 
such as StratticeTM. All patients who underwent one‑stage 
and two‑stage reconstruction were included in our 
database, and there was no exclusion criterion.

Cost information was obtained from the financial department 
and surgical directorate accountant. Each procedure is 
assigned a Healthcare Resource Group (HRG)[7] code which 
determines the costs incurred. Within the National Health 
Service (NHS), a HRG is a group consisting of patient 
events that have been deemed to consume a similar level 
of resource. This cost is based on a maximum number of 

days staged as an inpatient, after which each night will 
incur an excess cost of £131. This is shown in Table 2.

Using this method of data analysis, we analyzed length of 
stay and costs incurred in all four procedure groups: the 
Natrelle™ 150 only procedure group; the Natrelle™ 150 and 
latissimus dorsi (LD) procedure group; the Allergan™ 133 
procedure group and Mentor™ Siltex procedure group. We 
specifically calculated the average costs and length of stay 
for retained and explanted procedures.

Nonparametric data were analyzed using Chi‑squared and 
Fisher’s exact tests. Cost was analyzed using independent 
sample t‑test, Kruskal‑Wallis and Mann‑Whitney U‑tests.
SPSS version‑20 was used for all statistical analysis with 
the assistance of a trust‑affiliated statistician.

RESULTS

One hundred and forty‑three one‑stage procedures and 
45 two‑stage procedures were performed. All patients’ 
demographics oncological histology, and treatment by 
procedure are shown in Table 3. Chi‑squared analysis 
and Fisher’s exact test were used to compare parameters 
between these groups. We found that there were a 
significantly higher number of patients in the one‑stage 
reconstruction group who received radiotherapy compared 
to the two‑stage reconstruction group (P < 0.01). This 
observation is expected as patients who have had 
radiotherapy are more likely to have a LD flap procedure. 
It is the senior author’s practice to offer permanent 
expanders in patients who require LD flaps. This allows 
for greater volume to match the contralateral side and 
also allows for future alterations, given the unpredictable 

Table 1: Typical costs of implants in the UK
Reconstruction Cost
One-stage reconstruction
Natrelle™ 150 £975
Two-stage reconstruction
Expander £599
Fixed volume implant £560
Total £1,159

Table 2: Procedures and stipulated costs according to 
HRG codes
Procedure Cost and maximum number 

of days of inpatient stay
Natrelle™ 150 only reconstruction £3,402

14 days
Natrelle™ 150 + LD reconstruction £3,402

14 days
Allergan™ 133 first stage 
reconstruction

£1,148
6 days

Mentor™ Siltex first stage 
reconstruction

£3,402
14 days

Exchange of expander/expander 
implant for fixed volume implant

£1,236
9 days

Additional inpatient stay would incur a daily rate of £131. LD: Latissimus 
dorsi, HRG: Healthcare Resource Group
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degree of LD atrophy that can ensue. Analyzing all the 
other factors, there was no statistical significant difference 
between the one‑stage procedure group and two‑stage 
procedure group (P > 0.05). There were insufficient 
patients with diabetes to make a valid analysis on this 
parameter. A Cox regression analysis found that age, body 
mass index, smoking status, radiotherapy, and American 
Society of Anaesthesiologist grades were not significantly 
associated with higher rates of explantation.

Explantation
Explantation is the unanticipated removal or exchange of 
implants secondary to complications. Fifty‑one (36%) of 
the Natrelle™ 150 implants were explanted an average 
of 12.9 months after implantation (range: 1‑48 months, 
median: 8.0 months). The majority (40, 79%) were 
exchanged for fixed volume silicone implants to improve 
esthetics. Other indications were infection (5, 9.8%), 
leak (2, 3.9%) and recurrence of cancer (4, 7.8%).

In the two‑stage reconstruction group, problems can 
likewise develop requiring implant removal or exchange 
with cost implications. Explantation of the final 
fixed volume silicone implants was analyzed. In the 
Mentor™ Siltex group, one implant was exchanged for 
another prosthesis, 18 months later due to implant 
migration. In the Allergan™ 133 group, three implants 
were exchanged to improve cosmesis, an average of 
19 months after their second stage procedure.

Cost analysis
Forty percentage of Natrelle™ 150 only implants were 
retained with an average length of inpatient stay of 
3.78 days gives an average cost of £3,422, close to the 
estimated HRG stipulated cost of £3,402. However, 60% 
of the Natrelle™ 150 only implants were explanted with 
an average total inpatient stay of 4.22 days. There was a 
mean unanticipated excess cost of £1,350 in each of these 

explanted implants, with the cost of each patient £4,755 
instead of the stipulated £3,402. Similar analyses have 
been performed for the Natrelle™ 150 and LD group, 
Allergan™ 133 and Mentor™ Siltex groups [Figure 1].

Overall cost was analyzed using a Kruskal‑Wallis test 
(nonparametric equivalent of an ANOVA) and Mann‑Whitney 
U‑test. This shows that the Allergan™ 133 two‑stage 
procedure is the cheapest reconstructive option 
(P < 0.001). The Mentor™ Siltex and Natrelle™ 150 only 
procedure are the most expensive options. We used an 
independent sample t‑test to compare the combined 
overall costs of the one‑stage procedures to the two‑stage 
procedures and this showed that the one‑stage group was 
significantly more expensive than the planned two‑stage 
group (P = 0.016).

DISCUSSION

While the material costs of the Natrelle™ 150 is more 
expensive than its comparative expander or silicone 
implant, it is thought to be cost‑effective as it eliminates 
the expenses associated with a second operation. However, 
any complication resulting in the loss or exchange of this 
implant will essentially convert a one‑stage procedure 
into a two‑stage operation. This includes the additional 
costs of a second general anesthetic procedure and 
replacement of the implant in addition to the original 
costs of the Natrelle™ 150 implant. In today’s health 
economics, where health care providers are increasingly 
required to rationalize expenses, these cost implications 
merit investigation.

There are a growing number of studies analyzing the 
costs of various breast reconstructions.[8‑11] Grover et al.[12] 
compared five methods of breast reconstruction‑autologous 
flaps with pedicled tissue, autologous flaps with free 

Table 3: Patient demographics tumor histology and oncological treatment by procedure
Natrelle™ 150 only (%) Natrelle™ 150 + LD (%) Allergan™ 133 (%) Mentor™ Siltex (%)

Number of patients 34 92 21 11
Frequency of procedures 45 98 28 17
Mean age at implantation 52.6 (20-73) 51.3 (24-68) 49.4 (21-68) 48.9 (30-61)
Mean BMI 28.0 (21-43) 25.7 (18-43) 27.9 (18-38) 24.5 (21-30)
Smokers 7 (21) 11 (12) 2 (9.5) 1 (9.1)
Diabetes 0 2 (2.2) 1 (4.8) 0
ASA 1 = 13 (38) 1 = 46 (50) 1 = 12 (57) 1 = 4 (36)

2 = 19 (56) 2 = 42 (46) 2 = 9 (43) 2 = 7 (64)
3 = 2 (5.9) 3 = 2 (2.2) 3 = 0 3 = 0

4 = 0 4 = 0 4 = 0 4 = 0
Tumor
DCIS 21 (47) 53 (54) 13 (47) 10 (59)
Invasive 28 (62) 74 (76) 15 (54) 14 (82)
NPI range 2.14-6.56 2.06-7.20 2.22-5.52 2.01-5.50
Radiotherapy 2 (4.5) 25 (26) 0 0
Chemotherapy 19 (42) 38 (39) 10 (36) 10 (59)
Hormonal 21 (15) 66 (67) 14 (50) 11 (65)
Neoadjuvant 0 4 (4.1) 0 0
Herceptin 3 (2.1) 8 (8.2) 0 1 (5.9)

LD: Latissimus dorsi, BMI: Body mass index,  ASA:  American Society of Anaesthesiologists, DICS: Ductal carcinoma in situ, NPI: Nottingham prognostic index
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tissue, LD flaps with breast implants, expanders with 
implant exchange and immediate implant placement. They 
concluded “that autologous pedicled tissue was slightly 
more cost‑effective than free tissue reconstruction”, and 
that “implant based techniques were not cost‑effective”.
Damen et al.[13] compared silicone implants, implants 
preceded by tissue expansion, LD flaps and deep inferior 
epigastric perforator flaps in 427 patients in a single 
Dutch center. They found that immediate one‑stage 
reconstructions have lower costs compared with flap 
procedures and tissue expander reconstructions. To 
date, there have been no cost analysis solely comparing 
one‑stage and two‑stage reconstruction.

At present, there are only two expander implants on the 
UK market designed for a one‑stage reconstruction: the 
Natrelle™ 150 and the Becker™ Siltex. The Natrelle™ 
150 implant is used for one‑stage reconstruction at 
this center because the surgeon has been trained in 
its use and is most familiar with this product. There is 
no clear benefit of using one expander implant over 
the other apart from surgeon or patient preference. In 
fact, a paper[14] published in November 2010 compared 
aesthetic outcome and patient satisfaction between 
patients who had received the Natrelle™ 150 implant and 
Becker Siltex implant. Two groups of patients who were 
all undergoing bilateral, prophylactic mastectomy and 

immediate reconstruction were randomly assigned to either 
the Natrelle™ 150 or Becker™ Siltex implant. Aesthetic 
outcomes were evaluated by an expert panel who also 
tried to recognize which implants the breasts were 
reconstructed with. The results showed that there was no 
difference between the two groups in terms of symmetry, 
outcome scores and patient satisfaction. The expert panel 
guessed the right implant shape in 42% of the Natrelle™ 
150 implants and 66% of the round implants.

There have been a number of studies[15‑18] assessing survival 
of the Becker™ permanent expanders with variable 
results. Taboada‑Suarez et al.[19] reviewed 314 Becker™ 
permanent expander’s implants in 237 patients, and found 
“a mean survival time to explantation of 120 months”. 
Farace et al.[20] found that 77 of Becker™ implants were 
removed within 5 years in a cohort of 99 patients.  
Goh et al.[21] found an explantation rate of 25% at a mean 
follow‑up of 64.6 months. There is much less published 
data on the longevity of the Natrelle™ 150 implant.  
Gui et al.[22] studied 107 patients with 129 reconstructions 
with the Natrelle™ 150 and found a low 3.9% explantation 
rate at a mean of 18 months. Cicchetti et al.[4] analyzed 
97 consecutive patients who received a 107 Natrelle™ 
150 expander implants and their data show an overall 
explantation rate of 25% by 6 years. Despite its primary 
design of permanent expanders being “permanent”, 

Figure 1: The costs incurred for each type of reconstruction when additional admissions and surgery secondary to explantation are taken into account
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it is evident from the growing literature that these 
expander implants are often removed early secondary to 
complications. Eriksen et al.[23] performed a prospective, 
randomized study comparing one‑stage (Becker 25) and 
two‑stage reconstruction and found that 70% in the 
one‑stage group required revision surgery. They concluded 
that “the permanent expander method failed significantly 
as a one‑stage procedure”. Similarly, Susarla et al.[24] 
compared one‑stage and two‑stage reconstructions and 
found that the one‑stage cohort was “80% more likely to 
require additional operative revisions” compared to the 
two‑stage group. This is an important consideration not 
only for economic reasons, but also for patient selection 
and counseling.

Explantation is the most objective, measurable complication 
and we looked at this in detail. Our data show an overall 
explantation rate of 36% at a mean of 12.9 months 
postimplantation. These results suggest that for a 
significant proportion of patients undergoing planned 
one‑stage reconstruction, the Natrelle™ 150 has 
functioned as a temporary expander.

Our analysis of costs involved revealed some surprising 
findings, in particular, the operation codes, HRG codes 
and allocated costs. Vastly differing procedures, while 
using different implants with different expected operating 
time, are given the same HRG code and costs. For 
example, the LD and Natrelle™ 150 expander procedure 
has the same code as the Natrelle™ 150 only procedure, 
despite the former being much more technically 
demanding, involving a significantly longer operating 
time and inpatient hospital stay. The Natrelle™ 150 only 
procedure and the Natrelle™ Siltex procedure similarly 
have the same coding, despite the Natrelle™ 150 implant 
being approximately twice the price of the Natrelle™ 
Siltex implant and the operation itself being almost 
identical.

From our discussions with the financial team, many 
procedures are clustered together under the same coding 
umbrella as this simplifies costs for the thousands of 
operations performed in the NHS. Money saved in one 
operation might be used to cover the excess costs of 
another operation with underestimated costs. Similar 
grouping of operations was observed in another hospital 
in the same region.

We have been very specific in our cost analysis, which only 
looks at the tariffs and costs of the index procedure length 
of inpatient stay and explantation as a complication. The 
benefits of this analysis are relative, simplicity and speed 
of data acquisition. As mentioned before, the explantation 
is an objective, measurable complication, and its costs are 
easy to quantify with a defined HRG code and designated 
cost.

However, our cost analysis does not accurately represent 
the overall cost for each patient. We have not included any 
contralateral procedures such as augmentation, mastopexy 
or reductions, or subsequent procedures on the ipsilateral 
side such as nipple reconstruction or tattooing. We have 

not included outpatient visits, medications, physiotherapy 
or any unexpected costs from complications other than 
explantation. It is not feasible to factor in these additional 
costs based on a retrospective study. We are interested 
in the rates of explantation and the cost implications 
resulting from failed one‑stage procedure. Our results 
show that the cost of one‑stage reconstruction at this 
center is significantly more expensive than two‑stage 
reconstruction.

Cost implications of varying breast reconstructions are an 
important subject worthy of study and results are highly 
relevant to clinical practice. While our methodology for 
cost analysis is objective and transferable, we question if 
the results reflect the true costs in clinical practice, given 
the way the coding system is derived.

This is the first study to directly compare the cost of 
one‑stage versus two‑stage breast reconstruction. We 
have found that the one‑stage procedure is significantly 
more expensive than two‑stage reconstruction. This is 
based on a 36% explantation rate, which is comparable 
to other series showing explantation rates ranging 
from 25% to 70%. There are many benefits of one‑stage 
breast reconstruction; however, it does not appear to be 
cost‑effective when additional admissions for explantation 
surgery are taken into account.
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INTRODUCTION

Burns are an important public health problem.[1] In Brazil, 
it is estimated that they are the cause of approximately 
1,000,000 accidents per year. Of these, 100,000 patients 
will require hospital care, and about 2,500 will die directly 
or indirectly as a result of their injuries.[2] One of the best 
ways to treat burn patients is by the use of allografts, 
which remain the biological dressing of choice and are 
an important tool. In many cases they can be used for 
the effective reconstruction of the dermal component.[3] 

Although allografts are primarily used in the treatment of 
severe burns, they can also be used for many indications, 
including extensive skin loss, surgical wounds, lower 
limb ulcers, pyoderma gangrenosum of diabetic feet and 
bullous diseases. In addition to serving as a barrier against 
infection, allografts serve as a temporary biological 
dressing to help control pain, protect deep structures, 
promote re‑epithelialization and restore the important 
functions of the skin such as thermal regulation and 

ABSTRACT
Aim: To report the 1st year experience of the skin bank opened at the Evangelical University Hospital 
of Curitiba (HUEC), Brazil in June 2013. Methods: A retrospective statistical and epidemiological study 
was conducted from data obtained from the activities of the HUEC skin bank from June 2013 to August 
2014. Results: The HUEC skin bank harvested tissue from 45 cadaveric donors (46.6% female and 53.3% 
male), with an average age of 36.42. The white skin-colored donors represented 91% of donations. 
Most causes of death were of neurological origin (55.6%). Eighty-one batches were harvested. The 
bank processed 31,314.63 cm² of skin for transplantation (41 batches), and 38 batches were discarded. 
The distributed allografts totaled 28,940.82 cm², with tissue from a single donor benefitting up to 
5 patients. A total of 52 transplant procedures were performed (66.6% of recipients were male and 
33.3% female), burn victims represented 83.3% of the recipients. Conclusion: The HUEC skin bank 
provides skin primarily for victims with severe third-degree burns, mostly men, and who are treated 
and transplanted in the HUEC as a result of high demand. The successful outcomes highlight the 
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control of fluid loss.[4‑7] For these reasons, their use results 
in a significant reduction in hospital stay and mortality 
rates, and may generate cost savings.[4‑7]

In 1949, the first skin bank was established by the US Navy. 
Since then, several other skin banks have been founded, 
mostly in the USA and Europe and often organized as 
multi‑tissue banks. In 2005, there were approximately 
54 active skin banks in the North America.[5] Currently, 
there are four skin banks in Brazil, based in São Paulo, 
Porto Alegre, Recife and Curitiba city.[7] The latter is 
the skin bank of the Evangelical University Hospital of 
Curitiba (HUEC), which officially opened on June 17, 2013 
and the activity of which is the focus of this study.

In 2013, the plastic surgery and burns service of the 
Evangelical Hospital in Curitiba located in Paraná state 
provided medical attention to approximately 4,500 burn 
victims of which at least 10% required hospitalization with 
the potential indication for skin use; this demonstrated 
the importance of establishing a skin bank within this 
hospital. The objective of this study is to report the 
1st year experience of the Evangelical Hospital of Curitiba 
skin bank.

METHODS

Retrospective epidemiological and statistical data were 
collected during the 1st year of operations, from June 2013 
to August 2014. The study was approved by the Research 
Ethics Committee of the Evangelical Beneficent Society of 
Curitiba, Brazil.

Collected information included two different tissue banking 
aspects. The first includes data on skin retrieval between 
June 27, 2013 and June 26, 2014 and the second data 
set corresponds to skin distribution and transplantation 
between August 28, 2013 and August 27, 2014.

Data were obtained from analysis of the bank’s records 
of cadaveric (multi‑organ/skin tissue) donation and 
tissue distribution, including a review of the necessary 
documentation on the cause of death and organ donation.

Inclusion criteria were all medical records of donors 
of harvested skin and all recipients who received grafts 
during the 1st year of the bank. There were no exclusion 
criteria.

The data collected concerning the deceased donors included: 
age, gender, skin color, cause of death, thickness of retrieved 
skin tissue (mm), body region from which the skin was 
removed, number of generated skin batches, hospital 
where the skin retrieval occurred, date of skin retrieval, 
area (cm2) of retrieved skin, reason of skin discards when 
unfit for use and the number of benefited patients from 
each donor.

As for the skin recipients, collected data included: age, 
gender, hospital where the allografts were used, donor to 
recipient ratio, area of allografted skin (cm²), graft release 
date, body region receiving the allografts and indication 
for allograft use. In burn victim recipients, additional data 

collected included the extent of the burnt region and 
burn depth.

According to the Brazilian skin donation protocol, the 
steps are as follows: (1) Paraná State Transplantation 
Center calls about a potential donor, and the skin bank 
staff goes to the donor site hospital; (2) a physical 
examination of the donor is performed to assess the 
quality of the skin area to be harvested; (3) the donor’s 
medical and family history are screened to elicit 
any history of (a) ingestion of toxic or illicit drugs; 
(b) high‑risk sexual behavior, recent invasive procedures, 
malignancies, chronic diseases, death from an unknown 
cause, infectious disease, immunocompromise and 
surgical procedures occurring within the prior 12 months; 
and (c) donor age, which is limited to between 14 years old 
and 60 years old; (4) blood samples are collected from 
the donor 72 h prior to cessation of circulation, 12 h 
after the cessation of blood flow if the body has been 
kept at room temperature, or up to 24 h after the 
cessation of blood flow if the body has been cooled 
to 4 °C ± 2 °C. The tissues cannot be released for use 
until final results have been obtained. When tests for 
HIV and hepatitis C virus (HCV) are negative, further 
testing is performed for RNA detection of HIV and HCV. 
Mandatory serological donor screening is performed 
to detect the following: (a) hepatitis B (hepatitis B 
surface antigen and anti‑hepatitis B core), (b) anti‑HCV, 
(c) HIV‑1 and HIV‑2 (HIV 1 and 2), (d) Chagas disease 
(anti‑Trypanosoma cruzi), (e) syphilis (one treponemic 
or nontreponemic test), (f) human T‑lymphotropic 
virus type I (HTLV‑I) and HTLV‑II (anti‑HTLV I and II), 
(g) toxoplasmosis (toxoplasma IgG and IgM), and 
(h) cytomegalovirus (IgG and anti‑IgM); (5) the donor is 
accepted once all laboratory tests have been confirmed 
to be normal; (6) skin harvest is then performed 
for a thickness of 0.4‑0.8 mm. The skin blade is 
passed to the nurse who takes swab and inoculates 
it in thioglycolate broth, amid Sabouraud broth and 
trypticase soy broth (TSB) respectively, then the nurse 
dips the blade in 0.9% saline solution twice prior to 
immersion in glass with glycerol 90%; and (7) the stored 
skin is processed in a sterile laminar flow hood in 3 
phases: Phase 1: skin is removed from the shipping bottle. 
Then 2 fragments of 0.5 cm × 0.5 cm of each blade are 
withdrawn for microbiological analysis. Each fragment 
must be macerated and inoculated in thioglycolate broth, 
Sabouraud medium, TSB broth and blood culture bottle 
for aerobic and anerobic germs. The skin blades are 
stored again in new bottles with glycerol 90% sterile; the 
vials with the skin in 90% glycerol are placed in water 
bath at 37 °C for 3 h, then removed from water bath 
and stored in tissues not released refrigerator; Phase 2: 
if the first phase microbiological analysis is negative for 
any germs (waiting time: 15 days) the second phase is 
performed like the first one; and Phase 3: if the second 
phase microbiological analysis is negative for any germs 
(waiting time: 15 days) the third phase is performed 
like previous phases with removal of excess of glycerol; 
thereafter, the blades are placed in a sterile plastic bag 
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and kept refrigerated. The skin is measured and released 
after the third negative microbiological results.

The batch is discarded should there be positive culture 
results with any germs in any of the phases. The discarded 
skin is not counted, as measurements are carried out only 
following the final phase.

Cryopreservation was not used as the skin was stored 
in a refrigerator at 4 °C ± 2 °C. The skin is maintained 
in a 90% sterile glycerol solution prior to packaging. All 
allografts were nonmeshed.

RESULTS

In its 1st year of operation, the skin bank of the 
HUEC retrieved skin tissue from 45 cadaveric donors 
(46.6% female and 53.3% male) with an average age of 
36.4 years (range: 15‑60 years).

Most donors were Caucasian (91%); there were no donations 
from black or yellow skin‑colored donors. The most frequent 
cause of death was of neurological origin, with traumatic 
brain injury and stroke accounting for 55.6% of cases.

Data related to gender, age, race and cause of death is 
presented in Table 1 below.

All skin tissue retrievals took place in hospitals within 
Curitiba city, with 44% in the HUEC, followed by other 
major trauma hospitals [Table 2].

Regarding the use of donated skin, tissue from 48.9% 
of donors was released for clinical application. Tissue 

Table 1: Skin donors profile
Variable Descriptive statistics n (%)
Gender

Female 21 (46.67)
Male 24 (53.33)
Total 45 (100.00)

Age (in years)
Average ( ± SD) 36.42 (5)
Maximum 60
Minimum 15
Skin color

White 41 (91.11)
Brown 4 (8.89)

Cause of death
Severe TBI 13 (28.89)
Stroke 12 (26.67)
Polytrauma 7 (15.56)
CHF*/respiratory insufficiency 3 (6.67)
WGF† 3 (6.67)
Preeclampsia 1 (2.22)
NW‡ 1 (2.22)
Lung cancer 1 (2.22)
HÁ§ 1 (2.22)

Chronic pancreatitis 1 (2.22)
Suicide 1 (2.22)
Dissecting aneurysm 1 (2.22)

*Congestive heart failure, †Wound by gunfire, ‡Knife wound, §Heart attack, 
SD: Standard deviation, TBI: Traumatic brain injury

Table 2: Skin tissue retrieval
Variable Descriptive 

statistics [n (%)]
Institution

Evangelical University Hospital of Curitiba 20 (44.44)
Cajuru University Hospital 8 (17.78)
Workers×Hospital 6 (13.33)
São Vicente Hospital 3 (6.67)
Vitória Hospital 1 (2.22)
Angelina Caron Hospital 1 (2.22)
Pilar Hospital 1 (2.22)
Nations’ Hospital 1 (2.22)
Zilda Arns Hospital for Elderly 1 (2.22)
Red Cross Hospital 1 (2.22)
UFPR* Clinical Hospital 1 (2.22)
Vita Batel Hospital 1 (2.22)
Total 45 (100.00)

Donor areas
Back and legs (anterior and posterior) 38 (84.44)
Lower limbs (anterior and posterior) 5 (11.11)
Abdomen and legs (anterior and posterior) 2 (4.44)

Retrieved tissue outcomes (number of donors)
All tissues acceptable for use 22 (48.89)
All tissues discarded 19 (42.22)
Partial discard 3 (6.67)
Skin still being processed 1 (2.22)

Areas (in cm2) of retrieved skins tissue
Total 31,314.63
Maximum per donor 2,453.60
Minimum per donor 422.20
Average per donor ( ± SD) 1,252.59 (530.38)

*The Federal University of Paraná, SD: Standard deviation

from 42.2% of donors had to be discarded secondary to 
contamination, and 6.7% of tissues were partially discarded. 
At the end of the period, tissue from one donor (2 batches) 
was still under quarantine [Table 2]. Eighty‑four point four 
percent of retrievals of skin were from the back and lower 
limbs, as specified in Table 2.

The total amount of collected skin tissue during the period 
of evaluation was 31,314.63 cm². The largest amount of 
retrieved tissue from a single donor totaled 2,453.6 cm² and 
the lowest amount was 422.2 cm². The obtained average 
amount was 1,252.59 cm² per donor, as shown in Table 3.

Tissues retrieved from the 45 donors generated 81 processing 
batches in the 1st year of operation; 41 were of acceptable 
quality for clinical use, 38 were discarded due to an 
unacceptable biological burden, and 2 remained in 
quarantine at the end of the period. Thirty‑eight of 
the batches released for use were transplanted and 3 
remained in storage [Table 3].

Fourty‑two point one percent of tissue discard was due to 
detection of coagulase‑negative staphylococci. Two batches 
from a single donor were positive for more than one 
contaminant. Reasons and contaminants of discarded 
tissues are specified in Table 3.

As observed in Table 4, tissues from a single donor 
benefited up to 5 patients. A total of 30 patients received 
tissue during this period.
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The average age and sex of tissue recipients is depicted 
in Table 5.

Thirty patients underwent a total of 52 transplants; 88.5% 
of the transplants were performed at the HUEC, 7.7% were 
performed at the Regional University Hospital of Northern 
Paraná in Londrina city, 2% at the Vita Batel Hospital of 
Curitiba and 2% at the São Paulo Regional Hospital in 
Santa Catarina state [Figure 1].

A total allograft area of 28,940.83 cm² was transplanted, 
with the largest area grafted in a single procedure at 
1,816.4 cm² and the smallest at 68 cm². The largest amount 
of tissue grafted to a single patient was 7,284.75 cm². 
A single patient could receive skin from up to 10 donors, 
with an average of 3 donors and a minimum of one donor 
per surgical intervention [Table 6].

Most patients who received allografts were burn victims, 
corresponding to 25 patients and 45 skin transplantation 
procedures. The indications for the other 7 transplants 
are shown in Figure 2.

Among the burn victims, the vast majority (96%) 
presented with third‑degree burns. The most extensively 
compromised body surface area was 75% and the lowest 
10%, with an average of 38.64% of the total body surface 
area [Table 7].

The body areas which were transplanted are shown in 
Table 8.

DISCUSSION

The HUEC skin bank collected tissue from 45 cadaveric 
donors during its 1st year of operation. Upon a review 
of the Brazilian literature, a number of similar collections 
were noted from another operational skin bank.[8] The 
numbers in this study compare favorably with available 
international data.[9] Of great importance was the ability 
of the HUEC skin bank to address the local demand.

The average age of the skin donors was similar to that 
of the donors of the Helsinki skin bank[9] but lower 
than the average age of donors to the Porto Alegre skin 
bank.[8] The higher number of younger donors may be 
justified by the higher mortality rates within this cohort 
in the city of Curitiba due to traffic accidents and physical 
assaults, which were 23.2 and 42.1 per 100,000 inhabitants, 
respectively, according to the information department of 
Unified Health System (DATASUS 2008).[10]

An equal number of women and men were donors, despite 
the number of deaths from external causes in 2012 being 
3.36 times higher for males in Curitiba.[11]

The vast majority of donors in Curitiba were of white‑colored 
skin, justified by a predominantly Caucasian population in 
the region. According to Database of Unified Health System 
of Brazilian government (DATASUS)[11] recordson mortality in 
Curitiba in 2012, 8,218 white skin people died as compared 

Table 3: Batches of generated skin
Variable Descriptive statistics

Batch number Percentage
Quantity (number of batches)

Approved for distribution
Transplanted 38 4.91
Stored in the bank 3 3.70

Discarded 38 46.91
In process quarantine 2 2.47
Total 81 100.00

Reasons for batch discard
Growth of coagulase-negative 
staphylococci

16 42.11

Growth of bacillus 
Gram-positive not Clostridium

7 18.42

Growth of filamentous Fungi 6 15.79
Growth of positive coagulase 
Staphylococcus

4 10.53

Growth of Enterococcus spp. 3 7.89
Positive for syphilis 2 5.26
Lung cancer 2 5.26
Total 40 105.26

Table 4: Relation between benefited patients and donors
n

Total of benefited patients 30
Average of benefited patients per donor ( ± SD) 2.36 (1.35)
Maximum of patients benefited per donor 5

SD: Standard deviation

Table 5: Recipients profile
Variable Descriptive statistics n (%)
Gender

Female 10 (33.33)
Male 20 (66.67)
Total 30 (100.00)

Age
Average ( ± SD) 29.09 years (22.72)
Maximum 85 years
Minimum 18 days

SD: Standard deviation

Table 6: Grafted skin
Variable Descriptive statistics (n)
Transplanted skin area (in cm2)

Total 28,940.82
Maximum per surgery 1,816.4
Minimum per surgery 68
Maximum per patient 7,284.75
Minimum per patient 68
Average per surgery 556.55
Average per patient 964.694

Relation between donors × recipients
Maximum of donors per patient 10
Maximum of donors per surgery 3
Minimum of donors per patient 1
Minimum of donors per surgery 1
Average of donors per patient 1.93
Average of donors per surgery 1.25
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to 257 people with black skin and 59 with yellow skin. 
Interestingly, there were no black or yellow skin donors, 
raising the possibility that social, cultural and educational 
factors within this population cohort may have influenced 
the consent outcomes for skin donation.

Almost half of the skin donation consents were obtained 
at the HUEC where the skin bank is located. This outcome 

generated some questions: was there a greater awareness 
of families from potential donors, who were able to 
observe the care of many burned patients during their 
own hospital experience? Was the team that approached 
families of potential donors at the HUEC better prepared 
to explain skin donation and demystify this procedure, still 
rarely performed in Brazil? This and possible additional 
factors should be analyzed to understand why the number 
of donors in other major trauma hospitals in the region 
were lower when compared to those from HUEC. Because 
the offer to donate is provided to the same population, 
the outcomes could be decisive in increasing the rates of 
skin donation and transplantation.

During this 1st year of operation, changes were made in the 
thickness of the retrieved skin. Until February 2014, the grafts 
harvested were between 0.7 mm and 0.8 mm in thickness. 
Increased experience in collection and use of the allografts 
demonstrated that, for better integration, the tissue should 
have a thickness of 0.4 mm despite the somewhat more 
complicated and time‑consuming manipulation.

The number of discarded tissue batches was high, 
surpassing by approximately 30% the discard rates at the 
Porto Alegre skin bank from 2008 to 2012.[8] In contrast 
to other national and most international skin banks, the 
HUEC skin bank protocols did not include exposure of the 
harvest skin to antibiotics or other disinfecting agents, 
mainly due to high costs. The data obtained has led to a 
view of the protocols, in particular, considering that quite 
a significant number of donors had been hospitalized 
in the Intensive Care Unit and thus highly manipulated. 
The goal is to mimic the outcomes of the Helsinki bank, 
where no batch has been discarded for 8 years.[9]

On analysis of the skin made available for transplantation, 
the retrieved skin area amounted to 31,314.63 cm², 
which is a small number when compared to the skin 
bank of Helsinki, which scored an average of 44,335 cm² 
per year from 2001 to 2008.[9] This was higher than the 
Clinical Hospital in São Paulo which raised approximately 
153,000 cm² of tissue from 2001 to 2006.[7] Comparing 
the average area, the HUEC accounted for 1,252.59 cm² 
of retrieved tissues per donor, a number compatible with 
that obtained by the bank of Porto Alegre,[12] but still far 
below that of the Helsinki bank.

One deviation from acceptance criteria was identified 
during the retrieval process, when a lung cancer donor 

Figure 1: Number of allograft procedures by institutiont
Figure 2: Relation between transplants and allografts reasons

Table 7: Degree and extension of burns
Variable Descriptive statistics

Patients number Percentage
Burn depth

Only third-degree 20 80.00
Second and third-degree 4 16.00
Only deep second degree 1 4.00
Total 25 100.00

Compromised body area (%)
75 2 8.00
65 1 4.00
56 1 4.00
48 1 4.00
45 7 28.00
40 1 4.00
38 1 4.00
36 1 4.00
35 3 12.00
20 3 12.00
18 1 4.00
15 1 4.00
10 2 8.00

Table 8: Transplanted body areas
Variable Descriptive statistics n (%)
Allograft region (recipients)

Lower limb 18 (60.00)
Thorax 18 (60.00)
Upper limb 14 (46.67)
Back 8 (26.67)
Face 7 (23.33)
Cervical 3 (10.00)
Abdomen 2 (6.67)
Perineum 1 (3.33)
Buttocks 1 (3.33)
Genitalia 1 (3.33)
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had skin collected, despite this being a contraindication 
to skin donation. The tissue was subsequently discarded.

As reported by other skin banks, the HUEC skin bank 
distributed most of its collected tissue to burn victims, 
corresponding to 25 of the 30 recipients and 86% of 
transplants performed. This statistic is readily explained 
by the skin bank’s location within a referral center for the 
treatment of burn patients. Another explanation for these 
numbers is the relative decreased awareness by other 
medicals specialists whose patients could benefit from the 
use of skin allografts (e.g. vascular ulcers).

Comparing the Brazilian epidemiology of burn patients, 
this study found that 80% of recipients experienced 
exclusively third‑degree burn injuries. A different result 
was obtained by Montes et al.[13] who found that 88.4% 
of burn patients had only second‑degree injuries. This 
difference is likely secondary to HUEC’s treatment of burn 
victims with deep and large burns. In a literature review 
of burn victims in Brazil, de Cruz et al.[14] found that the 
average burnt body surface area was 14.6%. This study 
demonstrated a higher average of burnt surface area per 
recipient (38.84%), perhaps because the use of allograft 
skin was prioritized for critically ill patients with less 
possibility for autografting.

In this study, it was observed that 28,940.83 cm² of skin 
was grafted in HUEC with an average of 964.69 cm² per 
patient; these were higher numbers as compared to the 
bank of Porto Alegre which sent 35,415 cm² of skin to be 
grafted onto burn patients nationwide.[12] This variation 
may reflect a different indication profile in the hospital 
burn service, as 88.5% of transplants occurred at our 
hospital secondary to high demand by locally admitted 
burn patients.

The HUEC skin bank provided skin for 30 patients. This 
result is proportional to that of the Porto Alegre skin 
bank.[8] Noting that the skin from a single donor benefitted 
up to 5 patients, with an average of 2.36 recipients per 
donor, the benefits of a skin bank are clear.

It was observed that the number of retrievals made and 
the skin area collected by our service was compatible with 
that seen at other national and international databases, 
which are in some cases restricted or difficult to access.

Although our use was comparable to these banks, the 
high disposal rates at our center demonstrate that there 
is room for improvement in our collection and processing 
techniques. Techniques including radiosterilization of 
contaminated tissues, exposure to antibiotics, and better 
use of the antimicrobial properties of glycerol are being 
studied for future use to reduce the rate of contaminated 
tissue.

The HUEC skin bank provided skin primarily for victims of 
severe third‑degree burns, mostly men, who were treated 

and transplanted in HUEC. This elevated domestic demand 
prevented us from sending skin to other regions of the 
country, highlighting a great need for donations and an 
improved collection process.

The albeit limited but successful local experience in 
allograft application for other indications beyond burn 
care highlights the importance of sharing the potential 
benefits of allograft availability and use in other medical 
areas.

A single skin tissue donor can benefit several patients, 
this should motivate an increase in the profile of skin 
donation within the public organ and tissue donation 
campaigns. Both an increased awareness of the importance 
of donation and the possibility to save several lives, as well 
as reducing misconceptions of body disfigurement due to 
skin donation, should be considered.
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INTRODUCTION

Although the transfer of skin flaps is widely used in 
wound coverage and reconstruction, soft tissue necrosis 

remains a challenging problem. In a report by Chen et al.,[1] 
113 cases (9.9%) out of 1,142 free flap operations had 
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ABSTRACT
Aim: This study was conducted to evaluate the synergistic effects of hyperbaric oxygen (HBO) 
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group, HRS group, and HBO + HRS group). An extended epigastric adipocutaneous flap (6 cm × 9 cm) 
was raised over the abdomen in each animal of all five groups. The last four groups underwent 6 h of 
IR management and were treated, respectively, with normal saline, HBO, HRS (HRS, 0.8 mmol/L), or 
a combined approach (HBO and HRS). On the 3rd postoperative day, flap survival rate and perfusion 
condition, apoptotic index, caspase-3 activity, protein expression of pASK1 and Bcl-2/Bax ratio, 
and Bcl-2 messenger RNA (mRNA) expression were assessed. Results: Prior studies have shown 
the protective effects of HBO and HRS, both of which have been associated with an increase in flap 
survival. Compared to the IR group, the flaps in the HBO, HRS, and HBO + HRS groups showed 
better perfusion and a larger survival area with a low number of apoptotic cells, low caspase-3 activity 
and pASK1 expression, and a high Bcl-2/Bax ratio and Bcl-2 mRNA expression. Of these groups, the 
HBO + HRS group showed the best flap survival. Conclusion: Both HBO and HRS treatments increase 
the rate of flap survival, while the synergistic application of HBO and HRS showed a higher survival 
rate as compared to individual treatments of each. The potential regulation of apoptosis with the use 
of these two modalities may improve skin flap survival.
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complications. Eighty‑two percent of these 113 cases 
demonstrated some form of circulatory compromise 
within 24 h after surgery.

Postoperative hyperbaric oxygen (HBO) therapy has been 
used in plastic surgery in the treatment of random skin 
flaps, axial skin flaps, and flaps with survival problems with 
satisfactory results.[2,3] The effect of HBO preconditioning 
has also been studied in many animal models including 
stroke[4] and spinal cord injury.[5] In a study using a rat 
skin flap model, HBO preconditioning was found to 
improve skin flap survival and depress tumor necrosis 
factor‑α (TNF‑α) expression in skin tissue.[6]

In 2007, Ohsawa et al.[7] reported that inhalation of H2 
could	 selectively	 mitigate	 •OH	 (oxhydryl),	 generating	
an antioxidant effect in a rat model of middle cerebral 
artery occlusion without affecting the signaling of other 
reactive oxygen species (ROS). Subsequently, H2 was shown 
to have protective effects on ischemic/reperfusion (IR) 
injury in various organs including the liver, heart, kidneys 
and small intestine.[8‑11] The authors have independently 
verified this protective effect.[12]

It is widely accepted that IR injury is a critical factor in 
flap failure while apoptosis is one important feature of 
the IR process.[13,14] In this study, the synergistic effects 
of HBO preconditioning and hydrogen‑rich saline (HRS) 
treatment were evaluated for their effects on skin flap 
survival and apoptosis in a rat IR skin flap model.

METHODS

Animals
All protocols were approved by the Committee on Animal 
Rights Protection of Peking Union Medical College Hospital 
and were in accordance with the National Institutes of 
Health guidelines for the care and use of laboratory 
animals. Adult male Sprague‑Dawley (SD) rats weighing 
280‑320 g were used in this study. The rats were housed in 
individual cages under standard conditions with 22‑25 °C 
and 12 h of a light‑dark cycle. The rats were fed a normal 
diet with water provided ad lib pre‑ and post‑operatively.

Epigastric skin flap preparation
An extended epigastric adipocutaneous flap (6 cm × 9 cm) 
was raised over the abdomen in each animal.[12] The left 
superficial epigastric artery and vein were ligated, and 
the right was retained as the pedicle. The pedicle artery 
and vein were occluded with a microvascular clamp and 
6 h of skin flap ischemia was induced. The flap was then 
resutured with a silicone sheet of 0.1 mm deep to it to 
prevent neovascularization from the wound bed. The 
clamp was removed, and the flap was reperfused at the 
end of the ischemic period. Heparin (50,000 U/L in 0.5 mL 
saline) was injected into the left epigastric artery to avoid 
thrombus formation prior to ligation.

Hydrogen‑rich saline production
Hydrogen was dissolved in normal saline (20 mL) for 
20 min with a speed of 0.2 L/min to a supersaturated level. 
HRS was freshly prepared prior to each use, ensuring that 

a concentration of more than 0.8 mmol/L was reached by 
a needle‑type H2 sensor (Unisense, Aarhus, Denmark).

Experimental protocol and groups
Fifty male SD rats were divided randomly into five groups 
with 10 animals in each group: (1) a sham‑operated 
group (sham: no IR, HBO, HRS or normal saline injection). 
Rats in the sham group underwent the same surgery 
as the rats in the other four groups but without the 
period of ischemia; (2) IR group: 6 h of ischemia was 
induced by clamping the right pedicle, followed by an 
injected intraperitoneally of 5 mL/kg normal saline, 10 min 
prior to reperfusion; (3) HRS‑treated group: 6 h of ischemia 
was induced by clamping the right pedicle, followed by an 
intraperitoneally injection of 5 mL/kg HRS, 10 min prior to 
reperfusion; (4) HBO group: 6 h of ischemia was induced 
by clamping the right pedicle after HBO preconditioning 
for 4 times; and (5) HBO and HRS group: 6 h of ischemia 
was induced by clamping the right pedicle after HBO 
preconditioning for 4 times. 5 mL/kg HRS was administered 
by an intraperitoneally injection, 10 min prior to reperfusion.

Hyperbaric oxygen preconditioning
Rats in the HBO and HBO + HRS groups were treated 
with HBO 2 days before surgery. Treatment included 
HBO exposure 4 times for 60 min every 12 h 
(total exposure time of 4 h). 2 L/min of 100% oxygen 
was supplied continuously at 0.25 MPa during the 
HBO treatment. Compression and decompression were 
performed at 5 psi/min. The time at which the HBO 
chamber pressure reached 0.25 MPa and remained stable 
was recorded. Calcium carbonate crystals were placed in 
the chamber to prevent CO2 accumulation. Flap surgery 
began 2 h following the final HBO treatment.

Skip flap survival and perfusion evaluation
Skin flap survival was evaluated 72 h after reperfusion by 
general observation of survival and necrotic phenomena 
and subsequently confirmed by laser speckle contrast 
analysis cameras (Perimed AB, Stockholm, Sweden). 
The surviving and necrotic areas were measured. The 
percentage of flap survival was defined as the ratio of the 
surviving area to the original flap area.

To evaluate skin flap perfusion, the rats were secured 
onto the operative bed such that the entire flap, including 
part of the normal abdominal skin, was exposed. The 
PeriScan PSI system (Perimed AB, Stockholm, Sweden) 
was positioned above the rats, imaging an area of 
11 cm × 7.5 cm. The image acquisition rate was 3 Hz 
and lasted for 3 min. The ambient temperature was 
maintained between 22 °C and 25 °C during this process. 
Perfusion of the necrotic and survival areas was analyzed. 
Vascular flow was measured using perfusion units (PUs).

Rats were sacrificed on the 3rd postoperative day with 
overdose anesthesia after skin flap survival and perfusion 
evaluation. The survival flaps were harvested for sampling.

TdT‑mediated dUTP‑X nick end labeling staining 
and apoptotic index evaluation
Tissue samples (1 cm2 in size) were taken from the proximal 
areas of the harvested flaps. Samples were sectioned into 
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smaller pieces and fixed with 4% paraformaldehyde in 
0.1 mol/L phosphate buffer. They were then embedded 
in paraffin, sectioned and mounted onto slides for 
TdT‑mediated dUTP‑X nick end labeling (TUNEL) staining.

TUNEL staining was performed using an in situ cell 
death detection kit (Roche, Basel, Switzerland). After 
being heated to 60 °C and dewaxed, the sections were 
rehydrated and then incubated in a 20 µg/mL proteinase K 
working solution for 15 min at room temperature. The 
slides were rinsed (5 min, 3 times) with phosphate‑buffered 
saline (PBS) and then incubated in a TUNEL reaction 
mixture for 1 h at 37 °C. The slides were rinsed 
once again and dried. Converter‑POD (anti‑fluorescein 
antibody, Fab fragment from sheep, and conjugated with 
peroxidase (POD)) was added to the samples for 1 h at 
37 °C. The sections were rinsed with PBS and stained 
with 3,3’‑N‑diaminobenzidine tetrahydrochloride. Five 
slide fields were randomly examined using a defined 
rectangular field area under ×40 magnification. Cells 
were then counted under ×400 magnification. The 
apoptotic index (AI) was represented as the percentage of 
TUNEL‑positive cells versus the total number of cell nuclei 
per field.

Caspase‑3 activity assay
Caspase‑3 activity was detected using a Fluorometric Assay 
Kit (Biovision Research Products, Mountain View, CA, USA). 
Briefly, 50 mg of skin flap tissue was homogenized in ×2 
reaction buffer and incubated for 1 h at 37 °C with 
caspase‑3 substrate (DEVD‑APC, 1 mM). Substrate cleavage 
was measured with a spectrofluorometer at 400 nm.

ASK1 and Bcl‑2/Bax Western blot
Skin flap tissue (100 mg) was sampled from the proximal, 
middle and distal regions of the harvested flaps. The samples 
used for detection were randomly selected from all the 
samples in each rat in each group to avoid any deviation 
caused by using different parts of the skin flap samples. 
Ninety micrograms of total protein were extracted and 
analyzed from each sample. The protein samples were mixed 
with loading buffer and boiled at 95 °C for 15 min. The 
protein samples were then electrophoresed in a 10% dodecyl 
sulfate‑polyacrylamide gel (Bio‑Rad, USA) and transferred onto 
nitrocellulose filter membranes for 1 h at 80 V. The samples 
were incubated overnight at 4 °C with goat polyclonal 
actin antibody (1:1,000 dilution, Santa Cruz Biotechnology, 
Inc., USA), pASK1 antibody (1:500 dilution Cell Signaling 
Technology, Boston, MA, USA), rabbit anti‑Bcl‑2 polyclonal 
antibody (1:1,000 dilution, Chemicon International, Inc., USA), 
and rabbit anti‑Bax polyclonal antibody (1:1,000 dilution, 
Stressgen Bioreagents, Corp., USA). The proteins were then 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies diluted at 1:2,500 for 1 h at 37 °C. The blots 
were then treated with a chemiluminescence detection 
reagent (Pierce, USA) and exposed to autoradiography film. 
The bands were then quantified by densitometry.

Quantitative real‑time polymerase chain reaction 
for Bcl‑2 messenger RNA
Skin flap tissue (30 mg) was sampled from the proximal, 
middle and distal areas of the harvested flaps from each 

group. The total RNA was extracted from the samples using 
an RNeasy Fibrous Tissue Mini Kit (Qiagen, Düsseldorf, 
Germany). One microgram of total RNA was then reversely 
transcribed into single‑stranded complementary DNA with 
a ProtoScript M‑MuLV First Strand cDNA Synthesis Kit 
(New England Biolabs, Ipswich, MA, USA), according to the 
manufacturer’s instructions. The complementary DNA was 
then used for real‑time polymerase chain reaction (PCR). 
The process of amplification and quantification were 
performed with a real‑time quantitative PCR system 
(Agilent, Santa Clara, CA, USA). β‑actin was used as the 
internal control. The PCR protocol was as follows: heating 
for 2 min at 50 °C, initialization at 95 °C for 10 min, 
followed by 40 cycles of denaturation at 95 °C for 15 s, 
annealing at 58 °C for 30 s, and extension at 72 °C for 
30 s. The primers used in quantitative real‑time PCR were 
Rat Bcl‑2 (forward: 5’‑AGAACCTTGTGTGACAAATGAGAA‑3’ 
and reverse: 5’‑TACCCATTAGACA‑TATCCAGCTTGA‑3’) and 
β‑actin (forward: 5’‑GGCGGCCAAACAGAAAG‑3’and reverse: 
5’‑CTGAGGGCACGGAGGAT‑3’).

Statistical analysis
In this study, all data are reported as the mean ± standard 
error of the mean (SEM). Significant differences were 
determined via one‑way analysis of variance. Least significant 
difference t‑test was used for between‑group comparisons. 
Statistical significance was set at P < 0.05. All analyses were 
conducted using SPSS 17.0 (SPSS Inc., Chicago).

RESULTS

Skin flap survival
Seventy‑two hours following reperfusion, necrotic skin 
flaps were observed and presented as gray areas with 
little elasticity. In contrast, surviving areas maintained 
normal elasticity and skin color [Figure 1a]. The highest 
skin flap survival percentage was observed in the 
HBO + HRS group (47.70% ± 12.05%). There were 
significant differences between the IR (23.30 ± 6.49%), 
HRS (36.90% ± 7.46%), HBO (39.00% ± 9.14%) and 
HBO + HRS (47.70% ± 12.05%) groups (values are the 
mean ± SEM, IR vs. HRS, P < 0.01; IR vs. HBO, P < 0.001; 
IR vs. HBO + HRS, P < 0.001). Among the HBO, HRS and 
HBO + HRS groups there were significant differences 
between HBO and HBO + HRS (P < 0.05), and HRS and 
HBO + HRS groups (P < 0.05) [Figure 1b].

Skin flap perfusion evaluation
Seventy‑two hours following reperfusion, skin flap 
perfusion stabilized and was analyzed. Skin flap perfusions 
were 131.10 PU ± 20.14 PU in the sham group, 
26.10 PU ± 8.09 PU in the IR group, 62.40 PU ± 14.10 PU 
in the HBO group, 56.00 PU ± 25.12 PU  in the HRS group 
and 84.70 PU ± 13.44 PU in the HBO + HRS group.

A significantly higher blood perfusion was measured in 
the sham, HBO and HBO + HRS groups. There were 
statistical differences between the following groups: IR vs. 
HBO, P < 0.001; IR vs. HRS, P < 0.001; IR vs. HBO + HRS, 
P < 0.001; HRS vs. HBO + HRS, P < 0.01; and HBO vs. 
HBO + HRS, P < 0.01 [Figure 1c].
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Apoptotic index evaluation
Apoptotic cell death was observed with TUNEL 
staining [Figure 2a]. The number of apoptotic cells increased 
in the IR group (45.85% ± 6.64%) as compared with the 
sham group (8.57% ± 4.12%). Apoptotic cell number 
was reduced with HBO preconditioning, HRS and HRS 
and HBO preconditioning used cooperatively. HRS and 
HBO preconditioning used cooperatively were more 
efficient in reducing cell apoptotic death than that of 
HBO preconditioning or HRS used independently. The 
AI in HRS was 32.69% ± 6.80%, in the HBO group was 
30.80% ± 7.13%, and in the HBO + HRS group was 
20.24% ± 6.90%. There were significant differences 
between each surgical group, (IR vs. HBO, P < 0.001; IR vs. 
HRS, P < 0.001; IR vs. HBO + HRS, P < 0.001; HBO vs. 
HBO + HRS, P < 0.01; and HRS vs. HBO + HRS, P < 0.001) 
with the exception of HBO versus HRS [Figure 2b].

Caspase‑3 activity
Compared to the IR group (1.25 ± 0.26), the 
caspase‑3 relative activity was significantly lower 
in the HBO (0.59 ± 0.12), HRS (0.53 ± 0.15), and 

HBO + HRS (0.36 ± 0.17) groups IR (P < 0.001). 
Significant differences between the HBO + HRS group and 
the HBO and HRS groups were also found (HBO + HRS vs. 
HRS, P < 0.05; HBO + HRS vs. HBO, P < 0.01). However, 
there was no statistical difference between the HBO and 
HRS groups [Figure 3].

Western blot for pASK1 and Bcl‑2/Bax
The protein expression of pASK1, Bcl‑2 and Bax proteins 
was analyzed by Western blot [Figure 4a]. pASK1 
expressed the highest level in the IR group (0.25 ± 0.04) 
compared with other groups and was significantly 
decreased in the HBO + HRS group (0.13 ± 0.05) as 
compared to the IR (0.25 ± 0.04), HRS (0.17 ± 0.04) and 
HBO (0.18 ± 0.03) groups. Statistical differences were 
observed in  HBO + HRS vs. IR, P < 0.001; HRS vs. IR, 
P < 0.001; HBO vs. IR, P < 0.001; HBO + HRS  vs.  HBO, 
P < 0.05;  and  HBO + HRS vs. HRS, P < 0.05 [Figure 4b].

The ratio between the level of Bcl‑2 to Bax expression 
increased in the HBO (2.06 ± 0.49), HRS (2.90 ± 0.65) 
and HBO + HRS (3.27 ± 0.42) groups. The Bcl‑2/Bax 

Figure 1: The evaluation of the abdominal skin flaps 72 h following ischemia‑reperfusion. Black zones represent the necrotic areas. Red, yellow, and the 
adjacent blue areas represent surviving areas with rich blood perfusion. (a) Representative photographs of abdominal skin flap microcirculation in the five 
groups are shown; (b) the survival rate of the total flap area. Flap survival rates were markedly higher in the hyperbaric oxygen, hydrogen‑rich saline, and 
hyperbaric oxygen + hydrogen‑rich saline groups; (c) the average blood perfusion of total skin flaps. The hyperbaric oxygen + hydrogen‑rich saline group has 
the greatest blood perfusion among the surgery groups. IR: ischemia reperfusion, HBO: postoperative hyperbaric oxygen, HRS: hydrogen‑rich saline
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ratio in the IR group (0.98 ± 0.40) was the lowest. 
Statistical differences were observed between HBO + 
HRS vs. IR, P < 0.001;  HBO vs. IR, P < 0.001; HRS vs. IR, 
P < 0.001; HRS vs. HBO, P < 0.001; and HBO + HRS vs. 
HBO, P < 0.001. The highest Bcl‑2/Bax ratio was in the 
HBO + HRS group, but there was no significant difference 
between the HBO + HRS and HRS groups [Figure 4c].

Bcl‑2 messenger RNA expression
The messenger RNA (mRNA) levels in each group 
were determined with real‑time PCR. β‑actin was 
used as a reference gene. Among all groups, the IR 
group (0.03 ± 0.03) showed the lowest level of Bcl‑2 
mRNA expression with the exception of the sham group. 
Among surgery groups, there were significant differences 
between the IR group and other groups (IR vs. HBO, 
P < 0.01; IR vs. HRS, P < 0.001; IR vs. HBO + HRS, 

P < 0.001). The expression of Bcl‑2 mRNA in the 
HBO + HRS group (0.15 ± 0.05) was higher than in the 
HBO group (0.08 ± 0.03) and HRS group (0.11 ± 0.05), 
with statistically significant differences (HBO + HRS vs. 
HBO, P < 0.001; HBO + HRS vs. HRS, P < 0.05) [Figure 5].

DISCUSSION

Flap transfer has become a basic albeit challenging 
technique for all plastic surgeons given the high‑risk of 
flap failure. Even in cases of microsurgical transfer with a 
stable blood supply, skin flap loss still ranges between 1% 
and 5% in experienced hands.[12,15] There are many reasons 
for partial or total flap loss, including IR injury. During 
the process of IR injury, flap cells may change their 
biochemical properties with the induction of apoptosis,[16] 
cell shrinkage,[17] nuclear condensation, and cell death,[18‑20] 
leading to flap loss.

In clinical work, HBO has been widely used in the 
treatment of challenging wounds and selected 
neurological diseases. HBO is considered to be a successful 
adjunctive therapy for wound healing. In the plastic field, 
postoperative HBO treatment is commonly used following 
flap transfer with satisfactory improvement. There has 
also been research into the protective effect of HBO 
therapy through preconditioning. Cheng found that HBO 
reduced cyclooxygenase‑2 expression and provided brain 
protection following ischemia.[4] The current authors have 
also examined the effects of HBO preconditioning in a 
rat skin flap model and found an improvement in flap 
survival in IR injuries. The mechanisms responsible for 
its protective effect may be related to attenuation of the 
inflammatory response and increased flap perfusion.[6]

Recently, other therapeutic gasses have been studied, 
in particular, hydrogen. Hydrogen can reach relatively 

Figure 3: Caspase‑3 activity in all groups 72 h following 
ischemia‑reperfusion. Compared to the ischemia‑reperfusion group, 
caspase‑3 activity was significantly inhibited in the hyperbaric oxygen, 
hydrogen‑rich saline, and hyperbaric oxygen + hydrogen‑rich saline 
groups. IR: ischemia reperfusion, HBO: postoperative hyperbaric oxygen, 
HRS: hydrogen‑rich saline

Figure 2: The results of TdT‑mediated dUTP‑X nick end labeling staining and the apoptosis index 72 h following ischemia‑reperfusion. (a) The evaluation 
of apoptotic cell death by TdT‑mediated dUTP‑X nick end labeling staining in all groups. Apoptotic cell number was reduced with hyperbaric oxygen 
preconditioning, hydrogen‑rich saline and hydrogen‑rich saline and hyperbaric oxygen preconditioning used cooperatively (brown staining indicates 
apoptotic cells [red arrow]; ×200); (b) the apoptosis index of all groups. The data shown indicate the percentage of TdT‑mediated dUTP‑X nick end 
labeling‑positive cells and the total cell nuclei per field. Three different slide fields from different skin tissues were counted. TUNEL: TdT‑mediated 
dUTP‑X nick end labeling, IR: ischemia reperfusion, HBO: postoperative hyperbaric oxygen, HRS: hydrogen‑rich saline
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high concentrations quickly, and excessive hydrogen 
can be eliminated from the body via breathing, leaving 
no side effects.[21] The protective and therapeutic 
effects of hydrogen in humans have been reported and 
include such applications as diabetes mellitus type II,[22] 
hemodialysis,[23] inflammatory myopathies,[24] radiotherapy 
for liver cancer,[25] and acute erythematous skin diseases.[26] 
Animal research in the rat skin flap model has also been 
performed to test the protective effect of HRS and has 
shown that HRS increases the surviving areas of rat 
abdominal skin flaps while decreasing oxidative stress and 
inflammation.[12]

Based on the above theories, this study focused on the 
combined application of HBO preconditioning and HRS 
treatment, demonstrating its synergistic effect in protecting 
a rat skin flap from IR injury by depressing apoptosis. In 
this study, an abdominal island skin flap IR model was 
established by ligating the left superficial epigastric artery 
to investigate cellular and molecular changes following 
HBO, HRS, and combined treatments. This model was 
first established by Kuntscher et al.[27] In his study, an 
extended (6 cm × 10 cm) epigastric adipocutaneous flap 
was harvested, and then the flap was sutured back over 
a silicone sheet. This flap model has been widely used to 
study IR injury for the following reasons: first, the flap 
size is large enough for observation of the survival area. 
In the sham group, the epigastric artery could only sustain 
75.40% ± 10.01% of the blood supply to the flap; second, 
with a large flap size, the survival area in each group can 
be measured scientifically and easily compared. Second, 
in this model, the flap was supplied by one epigastric 
artery while other was ligated. A silicon sheet was also 
used to prevent revascularization. Thus, the blood supply 
to the model can be easily controlled and manipulated. 
In this study, several modifications were made including 

the use of an ultrathin silicon sheet (0.1 mm) to avoid 
revascularization and heparinized saline to avoid 
thrombus formation.[12] Analysis of the results showed that 
skin flaps with HBO preconditioning and HRS treatment 
have the highest rate of survival in an IR model.

As a new mechanism of inducing cellular IR injury, a 
TNF‑α‑induced inflammation via mitochondrial ROS (mtROS) 
generation has received much attention. mtROS generated 
by TNF‑α can oxidize the reduced thioredoxin‑apoptosis 
signal‑regulating kinase 1 complex (Trx [SH] 2‑ASK1), and 
then activate ASK1 and its downstream stress signaling 
targets including JNK[28‑31] to initiate apoptosis. ASK1 
could, therefore, be considered to be a bridge during the 
apoptotic signaling pathway. One pair of proteins plays 
a paramount role in regulating apoptosis, specifically the 
antiapoptotic protein Bcl‑2 and the pro‑apoptotic protein 
Bax. The ratio of Bcl‑2/Bax determines the cellular direction 
toward apoptosis.[32] Caspase‑3 plays an important role in 
increasing the rate of apoptosis. Activated caspase‑3 cuts 
poly (ADP‑ribose) polymerase and increase the activity 
of Ca2+/Mg2+‑dependant endonuclease to destroy DNA 
molecules.[33]

In this study, the HBO, HRS and HBO + HRS groups 
showed low levels of apoptotic. HBO preconditioning and 
HRS used cooperatively were more efficient in reducing 
cellular apoptosis than HRS or HBO preconditioning 
used independently. Caspase‑3 could increase the rate 
of apoptosis. ASK1, as a bridge in the apoptotic process, 
determines the integrity of the JNK pathway. The caspase‑3 
activity and pASK1 expression were significantly reduced 
in the HBO, HRS and HBO + HRS groups. Compared to the 
HBO and HRS groups, the HBO + HRS group showed the 
lowest level of caspase‑3 activity and pASK1 expression. 
Bcl‑2, a mitochondrial anchoring protein, may prevent 
apoptosis by acting as an antioxidant.[34] The Bcl‑2/Bax 
ratio and Bcl‑2 mRNA expression were increased among 
the HBO, HRS and HBO + HRS groups. The Bcl‑2/Bax 

Figure 5: The relative value of Bcl‑2 messenger RNA in all groups 72 h 
following ischemia‑reperfusion. Compared to the ischemia‑reperfusion 
group, the hyperbaric oxygen, hydrogen‑rich saline, and hyperbaric oxygen 
+ hydrogen‑rich saline groups show higher levels of Bcl‑2 messenger 
RNA expression, especially the hyperbaric oxygen + hydrogen‑rich saline 
group. IR: ischemia reperfusion, HBO: postoperative hyperbaric oxygen, 
HRS: hydrogen‑rich saline

Figure 4: The results of Western blot, pASK1 relative value and Bcl‑2/Bax 
ratio in each group 72 h following ischemia‑reperfusion. (a) Representative 
images of Western blots for pASK1, Bcl‑2, and Bax; (b) pASK1 relative 
values in all groups. Compared to the ischemia‑reperfusion group, 
the expression of pASK1 was significantly reduced in the hyperbaric 
oxygen, hydrogen‑rich saline, and hyperbaric oxygen + hydrogen‑rich 
saline groups; (c) the ratio between Bcl‑2 and Bax in all groups. Bcl‑2/
Bax ratio reveals the highest level in hyperbaric oxygen + hydrogen‑rich 
saline group. IR: ischemia reperfusion, HBO: postoperative hyperbaric 
oxygen, HRS: hydrogen‑rich saline
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ratio and Bcl‑2 mRNA expression level were higher in the 
HBO + HRS group than in the HBO or HRS groups.

This study demonstrates the synergistic effect of HBO 
preconditioning and HRS treatment. By combining the 
advantages of HBO and HRS, improved flap survival and 
ischemia tolerance can be used clinically. IR oxygen is 
not a rare gas and can be readily accessed. However, the 
application of hydrogen is challenging secondary to its 
explosive properties and the difficulty of transportation. 
HRS avoids such problems and can be used in many 
clinical scenarios. The mechanism of the synergistic effect 
of HBO preconditioning and HRS treatment have not yet 
been fully elucidated, and further studies are required. 
A limitation of this study was the need for an additional 
IR group with a placebo treatment which would have 
allowed the comparison of the effects of HBO treatment. 
With this group, the study would have been more 
rigorous.

This study showed that compared to an IR group, the rate 
of skin flap survival is improved, and cellular apoptosis 
is attenuated secondary to a synergistic effect of HBO 
preconditioning and HRS treatment.

In conclusion, the synergistic application of HBO and 
HRS showed a higher flap survival rate, which could be a 
combined treatment to improve skin flap survival against 
IR injury.
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INTRODUCTION

Despite numerous advances in orthopedic and plastic 
surgery, the repair of bone defects remains challenging. The 

most desirable material for bone repair is autologous bone 
graft, due to its excellent osteoconduction, osteoinduction 
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ABSTRACT
Aim: Mesenchymal stem cells (MSCs) are an excellent potential source of cells for bone tissue engineering 
due to their excellent renewal ability and osteogenic differentiation capabilities. This study was designed to 
evaluate the bone formation properties of a demineralized cancellous bone scaffold seeded with MSCs, with 
or without periosteum, in a critical size bone defect model in rabbits. Methods: Rabbit culture-expanded 
bone marrow (BM)-MSCs were seeded onto a human demineralized cancellous bone (HDCB) scaffold. 
Bone defects measuring 15 mm in length were created in each radius. A total of 56 bone defects in 28 
rabbits were randomly assigned to one of the 4 groups for scaffold implantation: Group 1: HDCB graft 
only; Group 2: periosteum-wrapped HDCB graft; Group 3: HDCB graft seeded with BM-MSCs and 
Group 4: periosteum-wrapped HDCB graft seeded with BM-MSCs. All rabbits were sacrificed 12 weeks 
after surgery for gross observation, radiological assessment, histological analyses and biomechanical 
measurements. Results: New bone (NB) formation and bone healing were successfully achieved, both 
radiologically and histologically, on demineralized cancellous bone graft seeded with BM-MSCs. Results 
were improved when BM-MSCs were associated with periosteum. Conclusion: This study demonstrates 
that repair of bone defects in a rabbit model can be achieved through bone grafting using BM-MSCs, 
implanted on a demineralized cancellous bone scaffold. The formation of NB was optimized when 
combined with the preservation of periosteum at the site of injury.
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and osteogenesis properties.[1,2] However, its limitations 
include additional surgical exposure required for graft 
harvest, limited bone supply and associated donor site 
morbidities.[3,4] Vascularized bone grafts from various 
locations including the fibula, scapula and iliac crest may 
be indicated to stimulate bone formation and promote 
healing. However, harvest requires a complex microsurgery 
procedure, with the additional risk of including graft 
necrosis due to vessel thrombosis.[5,6] Allografts may be a 
reasonable alternative, as small cancellous allografts can 
remodel completely. Larger grafts may be incorporated 
by limited intramembranous bone formation.[1] However, 
allografts may increase the risk of infectious disease 
transmission.

Recent progress in the fields of biotechnology and 
tissue engineering has offered new options for the 
repair of traumatic and nontraumatic bone defects. 
Mesenchymal stem cells (MSCs), which are multipotent 
adult stem cells of mesodermal origin, have been shown 
to play a critical role in tissue engineering. MSCs are 
an excellent potential source of cells for bone tissue 
engineering due to their excellent renewal ability and 
osteogenic differentiation capabilities.[7,8] In addition to 
the bone marrow (BM), MSCs are also derived from the 
periosteum. It is well known that the development and 
regeneration of bone depend on the presence of periosteum 
and BM.[9] When transferred to the site of bone damage, 
MSCs multiply and differentiate into osteoblastic cells, 
contributing to the production of bone tissues that form 
a callus at the bone defect site.[10] Alternatively, bone 
tissue engineering can be achieved via intramembranous 
ossification.[11]

The use of MSCs with an appropriate scaffold has 
been demonstrated to be promising in guiding bone 
tissue neoformation after implantation in the host. Cell 
repopulation can be achieved either by direct cell loading 
or indirect cell induction with osteogenic factors.[12,13] 
Combining MSCs with appropriate scaffolds has been 
shown to improve the overall osteoconductivity of the 
scaffold. The search for an ideal scaffold has led to the 
development of reconstructive options to engineer 
new bone (NB) tissue. The ideal scaffold should be 
biocompatible, noninfectious, resorbable, osteoconductive 
and osteoinductive.[14] Demineralized bone matrix (DBM), 
which is derived from either allogenic or xenogenic 
bone, is available commercially for clinical application 
and satisfies some of these requirements.[4] DBM has 
been used for several decades in humans for the 
treatment of nonunion and bone defects following injury 
or tumor resection. The process of demineralization 
using hydrochloric acid destroys potential bone forming 
agents, but also decreases antigenic stimulation and may 
expose the bone morphogenic protein located within the 
bone matrix.[1,4] This study is designed to evaluate the 
bone formation properties of a demineralized cancellous 
bone scaffold seeded with allogenic MSCs, with or 
without periosteum, in a critical sized bone defect model 
in rabbits.

METHODS

Bone marrow mesenchymal stem cells isolation 
and expansion
Bone marrow mesenchymal stem cells (BM‑MSCs) were isolated 
from rabbits and cultured as reported previously.[9,11,13,15] The 
BM aspirates (5 mL) were obtained from the femurs of 
5 rabbits that were 8 weeks old. The BM aspirates were 
layered over a Ficoll gradient and centrifuged at 2,000 rpm 
for 20 min at room temperature. Mononuclear cells at 
the interface were collected and cultured in Dulbecco’s 
Modified Eagle Medium‑Low glucose supplemented with 
15% fetal bovine serum (FBS), 10 mM L‑glutamine, 10 ng/mL 
epidermal growth factor, 10 ng/mL β‑fibroblast growth factor 
and 1% antibiotic antimycotic solution (10,000 U/mL 
penicillin, 10 mg/mL streptomycin and 25 µg amphotericin B) 
(Sigma‑Aldrich, USA). Cultures were maintained in a CO2 
incubator (Shel Lab, USA) at 37 °C and 5% CO2. The medium 
was replaced after 3 days and cell layers were washed 
twice with phosphate‑buffered saline to remove nonadherent 
cells. The passage was carried out when cultures reached 90% 
confluence using 0.25% trypsin‑ethylenediaminetetraacetic 
acid (Sigma‑Aldrich, USA). Cell confluence was normally 
achieved after 12‑14 days.[14,16‑18]

Scaffold materials
Human demineralized cancellous bone (HDCB), which 
is a type of DBM and has been proven to be usable as 
scaffold material, was used in this experiment. HDCB was 
supplied from the Bone Bank at the National Institute of 
Burns. Fresh bones were aseptically harvested within the 
first 12 h after being shown to be free of any infectious 
disease. Bones were treated with H2O2, a mixture of 
methanol/chloroform, hydrochloric acid and phosphate 
buffer pH 7.4. Subsequently, the bones were dehydrated 
for 24 h until the water content remaining in the bones 
was less than 5%. The bones were cut into blocks with 
dimensions of 1.5 cm × 0.3 cm × 0.5 cm. A medullary 
hole was made in the bone blocks with a diameter of 
1.5 mm. The block was packaged and sterilized by gamma 
irradiation at a dose of 25 kGy. The sterilized bones were 
then preserved at 4 °C.

Tissue engineered bone graft preparation in vitro
Culture‑expanded BM‑MSCs were seeded evenly onto the 
HDCB scaffold. DHCB/BM‑MSCs were cultured in T flasks 
(Thermo Scientific Nunc A/S, Denmark) filled with 5 mL 
DMEM containing 10% FBS and antibiotics. The grafts 
were placed in a vacuum desiccator and treated at a 
pressure of 100 torr for 100 s, after which they were 
incubated at 37 °C, 5% CO2 for 2 weeks. The medium was 
replaced every 3 days.[2,19‑21]

Animals and surgical procedure
Twenty‑eight male 8‑week‑old white New Zealand rabbits 
with a body weight of approximately 1.5 kg from the 
Experimental Laboratory of the Medical Training and 
Research Center, Hue Central Hospital, were used for 
the study. All the experimental study involving animals 
was approved by the Institutional Animal Care and Use 
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Committee and the Ethics Committee of the Medical 
Training and Research Center. The rabbit bone defect 
model was established as described previously.[11,13] The 
rabbit was anesthetized with a combination of intravenous 
sodium pentobarbital at 20 mg/kg and intramuscular ketamine 
at 50 mg/kg. The anterolateral side of the forelimb was 
shaved and sterilized with 10% povidone‑iodine. The radius 
was exposed through a longitudinal incision by gentle 
retraction of the muscles. An osteotomy gap of 1.5 cm 
was created in the diaphysis. Periosteum from the excised 
bone was preserved in the group that would later receive 
periosteal encapsulation of scaffolds. The ulna was left 
intact for mechanical stability [Figure 1]. The bone defect 
was created on both forelimbs of the animals. A total of 56 
bone defects within the 28 rabbits were randomly assigned 
to one of the four groups for scaffold implantation: 
Group 1: HDCB graft only; Group 2: periosteum‑wrapped 
HDCB graft; Group 3: HDCB graft seeded with BM‑MSCs; 
and Group 4: periosteum‑wrapped HDCB graft seeded 
with BM‑MSCs. After implantation, muscle, fascia and skin 
were separately closed over the defect and no internal or 
external fixation was used. Forelimbs were postoperatively 
supported by a carton splint for one week. Each rabbit was 
administered 400,000 units of penicillin preoperatively on 
the 1st postoperative day to prevent infection. All rabbits 
from each group were sacrificed 12 weeks after surgery 
for gross observation of the growth of callus, radiological 
assessment, histological analyses and biomechanical 
measurements.

Gross observation
Following sacrifice, both reconstructed radiuses were 
harvested and completely cleared from the soft tissues. 
The status of callus growth, degradation, bone healing 
and NB formation at the bone graft in the radius were 
observed.

Radiological assessment
Radius bone specimens in each group were X‑rayed for the 
evaluation of bone formation and remodeling (Titan 2,000, 
COMED Medical Systems CO. Ltd., Korea). Assessment of 
NB formation and remodeling was based on the modified 
Lane and Sandhu radiological scoring system.[1] Three 
experts blindly assessed the radiological scores, which 
were the sum of the scores of bone formation and 
remodeling. The score for NB formation was assigned 
as 0 (no NB formation), 1 (less than 25% NB formation), 

2 (25‑50% NB formation), 3 (50‑75% NB formation) or 
4 (more than 75% NB formation). The score assigned to the 
assessment of union was 0 (nonunion), 1 (possible union) 
or 2 (radiographic union). The proximal and distal unions of 
the bone graft were separately evaluated. The remodeling 
score assigned was 0 (no evidence of remodeling) 
2 (intramedullary remodeling) or 4 (cortical remodeling). 
The maximum number of points, which could be achieved, 
was 10 for each reconstructed bone.

Histological analyses
Fifty‑two specimens from the bone graft sites of the 
radius were successfully fixed with 10% paraformaldehyde, 
decalcified with sodium formate and embedded in paraffin. 
Four specimens in Group 1 experienced technical failures. 
Three sagittal sections were cut with a slow speed saw 
from each site at the distal, proximal and middle lines of 
the bone graft. Sections were then prepared and stained 
with hematoxylin and eosin. The micrographic images 
from the light microscope were quantified. Images from 
each section were taken to evaluate the bone formation 
ratio by a qualified pathologist blinded to the study. The 
NB formation ratio was calculated by the percentage area 
of bone tissue within the defect site, and a mean value 
was determined for each section.

Biomechanical analysis
The specimens of the radius of each group were loaded onto 
a multifunctional mechanical tester (Instron 5582 Universal 
Tester, USA) for the performance of a uniaxial compression 
test. The specimen was placed between compression 
plates. Force was applied to the specimens at a constant 
speed of 1 mm/min until fracture occurred. Compressive 
stress and strain were calculated and plotted. Stress value 
at the point of yield (load‑to‑failure) was determined.

Statistical analysis
The data were presented as mean and standard deviation. 
The Student’s t‑test was performed to compare the 
difference between the mean values of two groups using 
Statistical Product and Service Solutions version 15.0 
(SPSS, Inc., USA). Differences at a level of P < 0.05 were 
considered to be statistically significant.

RESULTS

The wounds healed completely after one week and the 
rabbits were noted to regain full movement within 
two weeks. All the rabbits survived with normal behavior. 
No complications such as infection or necrosis were 
recorded prior to sacrifice.

Gross observation
At 12 weeks after surgery, radii implanted in Group 1 
showed a small amount of callus and fibrous‑like tissue 
in the interspaces between the defects and grafts. Partial 
degradation of the HDCB grafts was found. There was 
a significant amount of callus and bony union filled 
more than half of the defects in Groups 2 and 3. The 
HDCB grafts in these groups were almost degraded. In 
Group 4, good bony union was observed. Bone defects 
were almost completely remodeled with NB tissue and 

Figure 1: The procedure for the transplantation of cancellous bone graft 
into the segmental radial defect
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the HDCB grafts were completely degraded in this 
group [Figure 2].

Radiological outcomes
At 3 months postoperatively, there was a small amount 
of callus formation at the defect gaps in Group 1. NB 
formation was found to account for over half of the 
material at the reconstructed bone in Groups 2 and 3. 
Bone regeneration in the radius in Group 4 was observed 
to be the best, where callus formation was greatest 
in comparison to the other groups [Figure 3]. With the 
radiological score results, the mean score in Group 4 was 
8.58 ± 0.64, which was significantly higher than the other 
three groups (P < 0.05). There was a significant difference 
between Groups 2 and 3 (P < 0.05). The mean scores in 
Groups 2 and 3 were significantly higher than those in 
Group 1 (P < 0.05) [Table 1].

Histological observations
Inflammation was not observed in the grafted bone 
segment. Poor NB formation and capillary network were 
found at the interface between the graft and radius in 
Group 1. Both ends of the original radius were united 
with newly regenerated bone in Groups 2 and 3, while the 
HDCB scaffold was mostly degraded and cortical bone was 
only observed at the center of the defects. A larger amount 
of NB was generated along the entire scaffold structure 
and more capillaries were formed in the area of NB in 
Group 4. Group 4 showed superior bone union, cancellous 
bone, cortical bone, marrow formation and capillary 
formation in comparison to the other groups. Cortical 
bone was also found along the entire gap of the bone 
defect, bridging adjacent native bone [Figure 4]. The newly 
formed bone area in Group 4 increased to 80.5% ± 4.96%, 
which was significantly higher when compared with 
Group 3 (64.12% ± 11.31%), Group 2 (49.79% ± 11.69%) and 
Group 1 (29.6% ± 8.33%) (P < 0.05) [Table 1]. Statistically 

significant differences were found between Groups 2 and 3 
(P < 0.05), while both groups were statistically superior 
as compared to Group 1 (P < 0.05) [Table 1].

Biomechanical testing results
Radii of rabbits with partial or complete union were 
subjected to biomechanical testing. Results of the 
biomechanical tests are summarized in Table 1. Group 4 
showed the highest compressive strength (P < 0.05). 
Group 3 of HDCB grafts seeded with BM‑MSCs showed 
significantly higher compressive strength than both 
Groups 1 and 2 (P < 0.05). The difference between Groups 1 
and 2 was statistically significant (P < 0.05) [Table 1].

DISCUSSION

This study demonstrates the presence of NB formation 
and bone healing, as shown both radiologically and 
histologically, on demineralized cancellous bone graft 
seeded with BM‑MSCs. Results were improved when 
BM‑MSCs were associated with periosteum.

MSCs, periosteal cells and osteoblasts have all been 
successfully used for bone tissue engineering.[4,18] In 
particular, BM‑MSCs play a major role in the repair of 
bone defects.[22‑25] They are capable of self‑replication 
and differentiation into osteocytes in appropriate culture 
conditions and can contribute to the regeneration of 
mesenchymal tissues such as bone.[3,26] BM‑MSCs can 
be rapidly expanded ex vivo without loss of their 
multi‑lineage differentiation potential.[13] They are readily 
available and amenable to genetic manipulation. BM‑MSCs 
can, therefore, be viewed as a viable alternative for bone 
tissue engineering.[8,11,27,28]

The anatomy of the periosteum, its nutrient transport 
and its osteoinductive and osteoconductive capacities 
have been well described.[29] Periosteum plays a primary 
role in bridging callus formation and participating in 
endochondral and intramembranous ossifications in 
fracture healing.[30] Previous studies have shown that the 

Figure 3: Results of X‑ray at the 3 months postoperation. (a) A few calluses 
at the defect gap in Group 1; (b) significant new bone information at the 
reconstructed bone in Group 2; (c) more new bone formation between 
graft and bone tissue in Group 3; (d) almost remodeling of new formed 
bone along the entire gap of the bone defect in Group 4, and the 
cortical bone bridged to the adjacent native bone
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Figure 2: Gross observations of the reconstruction of radius at 3 months 
after surgery. (a) Small amount of callus and fibrous‑like tissue in the 
interspaces between defect and human demineralized cancellous 
bone graft in Group 1; (b) callus formed in the defect repair by 
periosteum‑wrapped human demineralized cancellous bone graft in 
Group 2; (c) significant amount of callus and bony union filled in the 
defect repair with the human demineralized cancellous bone graft 
seeded with mesenchymal stem cells in Group 3; (d) complete bone 
healing in the defect repair by periosteum‑wrapped human demineralized 
cancellous bone graft seeded with bone marrow mesenchymal stem cells 
in Group 4
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inner cambium layer is highly cellular and populated with 
cells, which influence bone formation and bone repair, 
including adult mesenchymal skeletal progenitor cells.[29,31] 
These progenitor cells proliferate and differentiate into 
osteoblastic and chondroblastic cells, driving the process 
of bone repair via either direct intramembranous 
bone formation or indirect endochondral mechanisms, 
respectively.[32] On the contrary, the absence of periosteum 
reduced by 75%, the number of osteoblasts on devitalized 
bone graft, which correlated with the poor remodeling 
activity of the bone graft.[33] These features indicate that 
periosteum should be considered to be a structure with 
regenerative capacity. This suggests the need to restore the 
essential osteogenic activity of periosteum on bone graft 
in combination with grafting of MB‑MSCs. This approach 
assists in the early induction of a reparative response by 
an increase in the formation of a cortical shell around 
the grafted bone.[34,35] Agata et al.[34] have also shown that 
periosteal cells act as progenitor cells with the ability to 
proliferate and expand. Thus, periosteum‑derived cells are 
another suitable source for bone tissue engineering.

Based on clinical observation, radiologic examination, 
histological analyses and biomechanical measurements, 
the current study supports the essential role of periosteum 
in the process of bone repair. In addition, the regenerative 
effect of combining BM‑MSCs with periosteum showed 
better outcomes in both the quantity and quality as 
compared to BM‑MSCs alone. Furthermore, the MB‑MSCs 
used in the current study are derived from an allogenic 

source, which is more convenient for isolation and 
expansion when compared with periosteum‑derived cells. 
To further enhance the current bone tissue engineering 
strategies, a successful cellular replacement for periosteum 
or tissue‑engineered periosteum should be investigated. 
Zhang et al.[11] previously reported successful regeneration 
of segmental bone defects in rabbit ulnas using 
periosteum encapsulated scaffolds seeded with MSCs, 
with an increase in the newly formed bone area to 
80.1% ± 9.6%. This result is compatible with the results of 
the current study at 80.5% ± 4.96%.

Xenogeneic demineralized cancellous bone grafts, which 
have the advantages of favorable cellular compatibility 
and histocompatibility as a scaffold, have widely been 
used for the repair of short bony defects showing the 
induction of NB formation and good mechanical properties. 
Osteoinductive structures in demineralized bone graft 
include a series of low‑molecular‑weight glycoproteins with 
bone morphogenetic proteins. These proteins promote 
chondroblastic differentiation of mesenchymal cells and 
create NB formation via endochondral osteogenesis.[1,31,35] 
The bone formation process increases when decalcification 
of cortical bone exposes osteoinductive growth factors 
buried within the mineralized matrix. However, bone 
grafting has not been successful in the repair of large 
bone defects.[13] BM‑MSCs, which can be seeded to the 
HDCB graft for construction of the tissue engineered bone 
graft, has been suggested as an effective option for the 
reconstruction of large bone defects.

In the group repaired by periosteum‑wrapped HDCB 
graft seeded with BM‑MSCs, bone healing and union 
were significantly accelerated as compared to the other 
three groups. Increased density at the graft site and early 
fusion of cortical bone were observed. In addition to 
NB formation demonstrated histologically, a significant 
amount of regenerated capillary vasculature between 
the NBs was also being observed in a high proportion of 
grafted bone pores. Zhang et al.[11] reported similar results 
when incorporating MSCs and periosteum‑loaded poly 
scaffolds. However, our findings have notable differences 
from the results of Zhang et al.,[11] as HDCB/BM‑MSCs 
grafts were significantly superior to periosteum‑wrapped 
HDCB grafts in terms of union rates and capillary density.

For improved biochemical analysis for bone regeneration, 
a three‑point bending test should be performed to 
evaluate the degree of scaffold integration with the host 
bone.

Figure 4: HE stained histological sections from the grafted bone of four 
groups at 3 months after implantation (original magnification, ×40). 
NB: New bone, VC: Vascular cavity, BM: Bone marrow, P: Periosteal membrane

Table 1: Modified Lane and Sandhu radiological scores, mean new bone formation in Histology (%), and mean 
compressive strength (MPa) of the rabbit’s radius in each group at 3 months after surgery
Group Scaffold implantation Mean radiological 

scores 
Mean compressive 

strength (MPa) 
Mean new bone 
in Histology (%) 

1 HDCB only 2.95 ± 0.58 31.14 ± 6.72 29.60 ± 8.33 
2 Periosteum-wrapped HDCB 5.57 ± 0.51 73.00 ± 7.20 49.79 ± 11.69 
3 HDCB/BM-MSCs 6.41 ± 1.03 80.57 ± 8.50 64.12 ± 11.31 
4 Periosteum-wrapped HDCB/

BM-MSCs 
8.58 ± 0.64 129.31 ± 5.99 80.50 ± 4.96 

HDCB: Human demineralized cancellous bone, BM‑MSCs: Bone marrow mesenchymal stem cells 
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In conclusion, this study demonstrates that repair of 
bone defect in a rabbit model can be achieved through 
bone grafting using BM‑MSCs implanted on a xenogeneic 
demineralized cancellous bone scaffold. NB formation was 
optimized with the preservation of the periosteum at the 
site of injury. The combination of biocompatible material, 
the ability for self‑renewal and differentiation of MSCs 
with the augmenting effects of periosteum may prove 
to be an extremely promising approach in the fields of 
orthopedic and plastic surgery.
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INTRODUCTION

Restoration of shoulder stability in posttraumatic plexopathy 
patients is critical in the preservation of distal 
function.[1] However, the complexity of management can 
be frustrating for both patient and surgeon. Primary 
surgery involves nerve repair, grafting and transfer 
techniques. Failed operations for the shoulder may require 
secondary procedures in the form of microneurovascular 
free‑functioning muscle transfer,[2] tendon transfers and 

arthrodesis to improve or restore function. A clear 
understanding of shoulder anatomy and biomechanics is 
of paramount importance when using adjacent muscles 
for transfer.[3] Options for transfer include the trapezius,[4,5] 
pectoralis major[6] and teres major, latissimus dorsi[2] and 
combined biceps and triceps muscles.

The trapezius muscle has been extensively studied and 
used. Transfer of the trapezius insertion was first described 
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by Mayer[7] who used a fascia lata graft, albeit with poor 
results. Bateman’s[4] procedure involved resection of part of 
the spine of the scapula with the trapezius. This procedure 
was further modified by Saha,[5] who also mobilized the 
upper and middle segments of the trapezius muscle.

The trapezius has three functional segments, consisting 
of a descending segment which supports the weight of 
the arm; a transverse segment which retracts the scapula; 
and an ascending segment which medially rotates and 
depresses the scapula. Along with the levator scapulae 
and the serratus anterior, the middle and lower fibers of 
the trapezius muscle provide shoulder stability for arm 
movements and for that reason should be spared. The 
descending fibers which attach to the posterior aspect of 
the lateral third of the clavicle can be safely used. A more 
anterolateral fixation on the humerus is expected to 
abduct and forward flex the arm. Because the clavicle is a 
superficial bone, it is more amenable to dissection which 
obviates a more difficult dissection of the scapular spine. 
The current study was undertaken with the objective of 
using the descending fibers of the trapezius muscle to 
evaluate their effect on shoulder movements.

METHODS

Patients with brachial plexus injuries who presented to 
the outpatient clinic of the Plastic Surgery Department 
were candidates for the study. A total of 41 patients 
were evaluated between 2009 and 2014, and 32 patients 
met inclusion criteria. All patients involved in this 
article agreed to have their facial pictures published 
and signed the consent form. The average age of the 
patients was 23.5 years with a range from 17 years 
to 42 years. Inclusion criteria were a supple shoulder, 
passive abduction more than 90°, good adductor muscles, 
trapezius muscle power more than 4+ and an absence 
of locoregional injury. Exclusion criteria were dislocation 
or subluxation of the shoulder, a stiff shoulder, passive 
abduction less than 90°, weak adductor muscles, a weak 
trapezius muscle, the presence of a clavicular fracture and 
injury to the locoregional structures. Patients who had 
failed previous nerve reconstruction or nerve transfer and 
patients presenting 2 years or more following injury were 
the primary candidates for trapezius muscle transfer.

Operative technique
The patient was placed in the supine position with a 
pillow under the scapula and the neck turned to the 
opposite side. An incision was made on the anterior 
border of the trapezius muscle and extended down to the 
upper 4th of the humerus. The attachments of the upper 
descending fibers of the trapezius to the posterior border 
of the lateral 3rd of the clavicle and the attachment of 
the deltoid muscle to the anterior border of the clavicle 
were identified. The deltoid attachment was released and 
the attachment of the trapezius to the lateral clavicle was 
divided lateral to the coracoclavicular ligament [Figure 1a]. 
The deep surface of the clavicle was abraded with a 
bone rasp for bony union between the clavicle and the 
abraded humerus. The remaining fibers of the trapezius 

to the acromion and spine of the scapula were left intact. 
The proximal humerus was exposed by splitting the 
deltoid longitudinally [Figure 1b] and slightly chiseled 
out to roughen the anterolateral surface of humerus. The 
rotator cuff was left untouched. With the humerus held 
in 90°‑100° of abduction, the clavicular fragment with 
its trapezius insertion was transferred and fixed to the 
humerus with two 4 mm cancellous screws [Figure 1c]. 
The deltoid was then sutured over the trapezius with 
a polypropylene 1‑0 suture to render strength to the 
trapezius and to bury the screws [Figure 1d]. The skin 
was closed over a suction drain. The arm was splinted 
in 90°‑100° arm abduction. The mean operative time 
was 112 min. Radiographs were taken on the 2nd 
postoperative day to assess the position of the screws and 
the clavicular fragment, and at 3 and 6 weeks to monitor 
any signs of union. The arm was immobilized for 6 weeks, 
but assisted and active exercises of the elbow, hand and 
fingers were initiated on postoperative day one. At one 
week, the splint was removed and a custom‑made airplane 
splint was applied maintaining the position of abduction. 
Progressive passive adduction of the arm was started at 
that time, while active adduction and passive abduction 
in the supine position were initiated after 21 days. The 
same exercise was gradually done in the sitting position. 
After 6 weeks, active abduction and forward flexion were 
encouraged with splinting between exercises. The patient 
was evaluated monthly for 3 months and then every 
3 months for one year.

RESULTS

In all the 32 patients, the transfer improved both the 
function and stability of the shoulder [Table 1]. The average 
increase in active abduction was from 7.5° (range: 0°‑30°) to 
85° (range: 45°‑140°) at a mean follow‑up of 8.25 months 
[Figures 2a and b, Figure 3a and b]. The range of improvement 
was from 35° to 140°. Mean forward flexion improved from 

Figure 1: (a) Mobilisation of descending fibres of the trapezius muscle 
and their insertion on the posterior border of lateral third of clavicle; 
(b) exposure of anterolateral surface of humerus by splitting the deltoid 
muscle; (c) fixation of clavicular segment to the anterolateral surface of 
the humerus by cancellous screws; (d) suturing of deltoid with trapezius 
and bury the screws
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5.63° (range: 0°‑15°) to 55.25° (range: 40°‑90°), the range of 
improvement was from 25° to 80°.

Muscle power plays a pivotal role in the day to day 
activities of a patient. Medical Research Council 4 was 
encouragingly found in 19 patients (59.38%) after trapezius 
transfer [Table 2].

The patients’ assessment of the results was excellent in 
6 cases (18.75%) when active abduction was more than 
120°, good in 18 cases (56.25%) when active abduction 
was 90°‑120°, fair in 5 cases (15.63%) when active 
abduction was 60°‑90°, and poor in 3 cases (9.37%) when 
active abduction was less than 60° [Table 3].

Complications
Two patients were found to have a loose cancellous screw 
with abduction limited to 35° and 45°, respectively. One 
patient required eventual removal of the loose screw. Flap 
necrosis at the suture line was observed in one patient 
and healed with conservative management.

DISCUSSION

Secondary surgery in brachial plexus palsy is often 
required for the restoration of shoulder movement[8] 
and for the restoration of both analgesia and function. 
Because the shoulder joint is a large and proximal 
joint, it is essential for adequate function of distal 
joints of the upper limb. Local pedicled muscle transfer 
and glenohumeral arthrodesis remain the mainstay of 
treatment. With the recent advances in microsurgery, free 
muscle transfer is also possible.[2]

Arthrodesis of the shoulder has traditionally been an 
option in patients with instability secondary to a brachial 
plexus lesion. However, the surgical technique is difficult, 
lengthy, and there is no consensus regarding the ideal 
position for glenohumeral fixation. In addition, the rates 
of pseudoarthrosis, fracture, residual pain, repositioning 
of the limb,[9] and irreversibility of the procedure are 
significant limiting factors.[10] However, failure after 
muscle transfer may be salvaged by shoulder fusion.[11] 
Microsurgery is more cumbersome, has a long learning 
curve, and tension adjustment is not reliable.

The trapezius muscle has previously been used as a 
donor muscle only with periosteum,[12] which results in 
gradual stretching of the muscle and progressive loss of 
abduction, in trapezius muscle transfer with the spine 

of the scapula and acromion,[4] and in mobilization of 
the upper and middle trapezius muscle with the clavicle, 
acromion and scapular spine.[5] The latter two procedures 
involve extensive, deep and difficult dissection with 
sacrifice of a significant amount of muscle and bone.

In the technique presented in this paper, only the upper 
fibers with the lateral clavicle were dissected with good 
results.

Using Saha’s technique, Aziz et al.[13] noted that there was 
a gain in the abduction of 45.4° following transfer of the 
acromioclavicular segment. Using the same procedure, 
Kotwal et al.[14] achieved a gain of 60° of abduction, 
although the mean level of abduction attained was not 
mentioned. Conversely, Ruhmann et al.[15] achieved a mean 
abduction of only 39° with a mean forward flexion of 44°. 
Severo et al.[10] obtained more encouraging results with 
a mean postoperative abduction of 75.8° and flexion of 
77°. On the contrary, Ragab and El‑Sayaed[16] achieved only 
39° of abduction and 32° of flexion. Clearly, the functional 

Table 1: Results of modified trapezius transfer (32 patients)
Movements of 
shoulder

Preoperative Range Postoperative Range

Abduction (°) 7.5 0-30 85 45-140
Forward flexion (°) 5.63 0-15 55.25 40-90

Mean follow‑up 8.25 months (6.5‑12 months)

Table 2: Muscle power after transfer (MRC scale)
MRC grade Number of patients (%)
4 19 (59.38)
2-3 10 (31.25)
0-1 3 (9.37)

MRC: Medical Research Council

Table 3: Satisfaction level of patients and clinical correlation
Subjective opinion 
of patients

Number of 
patients (%)

Range of abduction which 
satisfied the patients (°)

Excellent 6 (18.75) > 120
Good 18 (56.25) 90-120
Fair 5 (15.63) 60-90
Poor 3 (9.37) < 60

Figure 2: (a) Preoperative photograph of a 20‑year‑old male who presented 
16 months after injury above the right clavicle; (b) postoperative 
photograph showing 100° of active abduction of the right shoulder

ba

Figure 3: (a) Preoperative photograph of a 17‑year‑old male who had 
a failed nerve transfer on the right side; (b) postoperative photograph 
showing 90° of active abduction of the right shoulder

ba
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outcome following transfer of the trapezius muscle varies 
considerably.

The current technique of using the upper descending 
fibers is easy, quick and reliable with reproducible results 
and a definite increase in shoulder stability and function. 
The mean level of abduction of 85° and flexion of 55.2° 
achieved was encouraging. In 3 of 32 patients, almost 
140° of abduction was obtained. In addition, patients were 
satisfied with fullness in the otherwise atrophic deltoid 
region, improved forward flexion, a more stable shoulder 
joint, and decreased heaviness of the upper limb.

Passive shoulder abduction of more than 90° and strong 
adductors are important prerequisites, and an intensive 
physiotherapy program should be initiated prior to transfer in 
order to gain more passive abduction. If adequate abduction 
is not attained, shoulder arthrodesis is the last resort.

Scar tissue secondary to prior surgery renders the 
dissection challenging. The use of pillow under the 
shoulder is recommended to elevate the field of 
dissection. The pillow should be removed prior to fixation 
on the humerus lest the transfer be impossible and the 
incision sutured under tension.

Many patients have osteoporosis of the humerus secondary 
to disuse following injury to the brachial plexus, creating 
difficulty in fixation of the clavicle to the humerus. 
Adequate preparation of the undersurface of the clavicle 
and anterolateral surface of the humerus is very important, 
and washers with screws were used in the current study to 
overcome this problem. Serial radiographs at intervals have 
been discussed previously. Nonunion was not observed in 
any cases, although one screw required removal.

Postoperative function depends on the greatest possible 
tension in the transferred muscle. Proximal mobilization 
of the trapezius muscle is limited secondary to possible 
damage to the accessory nerve, which should be identified 
during dissection. Anterolateral fixation on the humerus is 
important to achieve forward flexion and internal rotation 
in addition to the abduction.

Drains should be left in place for one to three days 
following surgery to prevent late seroma formation and 
subsequent adhesion of the muscle.

In conclusion, transfer of the upper trapezius muscle 
with a clavicular segment for a flail shoulder can 

provide satisfactory function and stability with fewer 
complications.
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INTRODUCTION

Hand infections are emergencies of hand surgery that require 
prompt treatment. The hand is a unique part of the body as 
it possesses fine compartments with vital structures. Hand 
infections can accumulate within these compartments through 
the tendon sheaths and lymphatics, elevating compartmental 
pressure and progressing to ischemia and necrosis. If the 
infection spreads to surrounding vital structures, serious 
functional deficits and even death may occur.[1‑3]

Generally, hand infections can develop following minor 
trauma such as foreign body penetration and lacerations. 
In addition, human or animal bites, surgery and 
intravenous lines may also be associated with infections 
of the hand.[4,5] Although injuries due to high pressure 
injection devices mostly used in manufacturing systems 
are very rare, they necessitate acute treatment to prevent 
potentially serious complications.[6]

In this study, the authors describe a patient who was 
injured with a chemical paint gun, and whose injury was 
not initially diagnosed in the emergency department. 
The patient developed pyogenic tenosynovitis, and his 
treatment is reported here.

CASE REPORT

A 34‑year‑old man was referred to our emergency 
department with the complaints of pain and swelling at 
the distal phalangeal level of his left index finger. The 
symptoms began after he was injured with a paint injection 
gun in a professional setting. The emergency department 
physicians evaluated the patient and discharged him with 
prescriptions for oral antibiotics (cefazolin) and analgesics 
after administration of tetanus prophylaxis. Although 
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no osseous pathology was detected on his initial 
radiograph, the radiopaque appearance of the paint could 
be clearly recognized [Figure 1a and b], demonstrating 
the high viscosity of the injected material. When the 
radiograph was evaluated carefully, the paint was noted 
to have spread proximally through the flexor tendon 
sheath [Figure 1a and b].

Despite conservative treatment, the pain did not 
subside, and venous congestion of the finger increased 
in Figure 2. The patient returned to the emergency 
department on the following day at which time he was 
referred to our department with the diagnosis of an 
infection of the distal phalanx. His examination at that 
time was remarkable for significant edema of the digit, 
with an elevated white blood cell count. The differential 
diagnosis included felon and pyogenic tenosynovitis, 
and the patient was admitted immediately and taken 
to the operating room. Mid‑lateral incisions were made 
with findings remarkable for an abscess with a foul odor 
and tissue necrosis. The pulp was irrigated, dressed 
and splinted. Cefazolin and gentamicin were ordered 
for microbial coverage, and dextran 40 and enoxaparin 
sodium were ordered for circulatory support.

The following day, there were still overt signs of 
infection, and the patient underwent re‑operation. Palmar 
Z‑incisions were made for exposure of the flexor tendon 
sheaths, and repeat debridement was performed. The 
paint was found at the level of the proximal phalanx. Both 
neurodigital bundles and the flexor digitorumprofundus 
tendon were noted to have sustained damage by lysis 
secondary to the infection [Figure 3a]. The soft tissue 
and bone were debrided aggressively [Figure 3b], and the 
deep tissue was sampled for microbiological studies. On 
the 4th day of hospitalization, cultures revealed mixed 
Gram‑negative bacteria with the growth of Citrobacter 
freundii, Morganella morgani and Proteus vulgaris. The 
Department of Infectious Diseases was consulted, and 
ciprofloxacin and metronidazole were administered per 
their recommendation. During his stay, the patient was 
treated with daily povidone‑iodine finger baths, the 
wound dressing was changed daily, and the extremity 
was elevated continuously. The white blood cell count 
returned to a normal range by the 10th postoperative day, 
and the inflammation signs such as swelling and edema 
subsided. The pulp defect was then reconstructed with a 
cross‑finger flap [Figure 4].

The fingers were attached for 10 days at which time 
the pedicle was divided. The patient was transferred 
to physical therapy after recovering from surgery, 
and eventually returned to his occupation 2 months 
after the first session of physical therapy. He was 
evaluated 12 months postinjury with Semmes‑Weinstein 
monofilaments and two‑point discrimination tests for 
sensation. According to these tests, the patient had normal 
sensation (Semmes‑Weinstein: value 2.83, corresponding 
to green color). Tactile sensation was considered to 
be good to moderate with two‑point discrimination at 
6.5 mm. The patient had mild contractures at the proximal 

interphalangeal (PIP) and distal interphalangeal (DIP) joints 
(10°‑15° at the PIP and 10° at the DIP).

DISCUSSION

High pressure paint gun injuries of the hand and fingers are 
very rare, but can progress to amputation. The diagnosis is 
usually delayed secondary to the benign initial appearance 
combined with a lack of appropriate clinical knowledge 
among physicians. Surgical intervention including aggressive 

Figure 2: Necrosis of the pulp at the time of referral to the plastic 
surgery clinic

Figure 1: (a) Lateral radiographic view; (b) anteroposterior radiographic 
view of the patient, the radiopaque appearance of the paint could be 
recognized clearly

ba

Figure 3: (a) Preoperative view of the paint along the neurovascular 
bundles and flexor tendon sheats; (b) the view after debridement
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debridement and decompression must be undertaken in 
the first 6 h to decrease the risk of amputation. Despite 
aggressive therapy, the risk of amputation ranges from 
22% to 48%.[6] Local necrosis appearing after the first 6 h 
postinjury may be associated with infection and advancing 
necrosis which spreads proximally.[7‑9]

In their study, Hogan and Ruland defined the epidemiology 
of high pressure paint gun injuries.[10] The majority of the 
patients were men with a mean age of thirty‑five years. 
The index finger of the nondominant hand was the most 
frequent injured digit. Tissue damage may be either chemical 
or mechanical in nature. In general, the injected material 
creates a small open wound at the entrance point, with 
the material passing through the tissue and neurovascular 
structures until it faces resistance. This movement causes 
traumatic dissection with pressure secondary to the 
injected fluid potentially causing compartment syndrome. 
The process advances further with an increase in volume 
secondary to edema and the inflammation. Because the 
injected material itself may cause chemical damage, the 
clinical condition can rapidly deteriorate. All of these 
factors impair circulation while destroying tissue, increasing 
the susceptibility to infection. For this reason, a regimen 
of broad spectrum antibiotics is recommended by most 
authors. In Hogan and Ruland’s study, the microbiological 
culture was positive with mixed bacteria in forty‑two percent 
of the patients.[10] Infection can develop even in patients 
who receive antibiotic therapy. However, their study did not 
show a statistically significant difference in amputation rates 
between culture positive and culture negative patients.[10]

If the patient has been injected with a material other 
than water or air, debridement must be undertaken 
within the first 6 h. Local‑regional or general anesthesia 
should be administered because the proximal extent of 
the injury cannot be known with certainty preoperatively. 
Digital nerve blocks are not recommended given the risk 
of increased compression at the fingers. The tourniquet 
should be applied cautiously to avoid proximal migration 

of the injected material. Reconstruction and skin repair 
can be delayed until a secondary debridement 24‑48 h 
later. Flaps may be utilized in reconstruction following 
regression of the infection, depending on the condition of 
the open wound. Although there is controversy regarding 
their use, steroids may be administered to decrease 
inflammation. Despite treating 15 patients with steroids, 
Hogan and Rutland noted that 8 of these patients still 
required amputation.[10]

The most significant prognostic factor in high pressure 
gun injuries is early diagnosis with prompt notification of 
a hand surgeon. The rate of amputation has been shown 
to be lower in patients who received debridement of 
necrotic tissues within the first six hours following injury 
(58% vs. 88%).[9] On the other hand, the properties of the 
injected material are also very important, as injuries with 
organic solvents (thinner, gasoline, etc.) have a higher risk 
of amputation than other materials.[10]

In conclusion, high pressure gun injuries are rare but 
constitute a true surgical emergency of the hand. The 
emergency department staff must be educated about 
such injuries to prevent a delay in diagnosis. As noted 
above, the most important prognostic factor is aggressive 
debridement undertaken within the first six hours 
following injury. For this reason, the hand surgeon 
must be consulted, broad spectrum antibiotics must be 
administered promptly, and tissues must be debrided as 
early as possible.
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INTRODUCTION

Rhinosporidiosis is a chronic granulomatous disease 
affecting the mucous membrane primarily. It is caused by 
Rhinosporidium seeberi.[1] Previously thought to be a fungus, 
it is now believed to be a rare aquatic protistan parasite. 
Rhinosporidiosis is endemic in South India, Sri Lanka, 
South America and Africa. The most common route of 
transmission is exposure to the pathogen while bathing in 
stagnant water pools. It usually presents as a pinkish mass 
in nose, nasopharynx, oropharynx, conjunctiva, rectum 
and external genitalia with symptoms depending on the 
site. Isolated lacrimal sac involvement is very rare. The 
mainstay of treatment is surgical excision. The authors 
present a case of isolated lacrimal sac rhinosporidiosis 
with its surgical management. The patient involved in 
this article agreed to has his facial pictures published and 
signed the consent form.

CASE REPORT

A 20‑year‑old man presented with swelling at the medial 
canthus of the left eye. He had experienced epiphora for 
a period of 6 months prior to presentation. There was 
no history of pain, trauma, bleeding, fever or nasal 
obstruction. On examination, his general condition was good. 
There was a soft, nontender, diffuse swelling of 4 cm × 2 cm 
over the medial canthus of the left eye. Syringing of the 
lacrimal system was performed and was remarkable for 
obstruction of the lacrimal sac. The remainder of the 
ocular examination was normal. Nasal endoscopy and 
examination of the oropharynx were normal. Routine 
hematological investigations were normal. Serial axial 
sections of the paranasal sinuses were performed using 
computed tomography (CT). Multi‑plane reconstructions 
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of the images were also studied in addition to screening 
ultrasonography (USG). A well‑defined soft tissue lesion 
measuring 20 mm × 15 mm in size was noted in the 
subcutaneous plane at the medial canthus of the left eye 
at the level of the nasolacrimal sac. The lesion extended 
into the upper part of the nasolacrimal duct. The lesion 
was hyperdense with a mean CT attenuation of 48 
Hounsfield units (HU) [Figures 1 and 2].

Screening USG showed multiple abnormal vessels with 
a highly vascular hyperechoic lesion. All the paranasal 
sinuses were normal. A provisional diagnosis of vascular 
malformation was made and excision under general anesthesia 
was planned.

Two percent xylocaine with adrenaline was infiltrated 
in the region of the medial canthus of the left eye. An 
elliptical incision was made over the medial canthus of 
the left eye and extended to the infra‑orbital region. The 
mass was dissected out within the subcutaneous plane 
and was noted to arise from the lacrimal sac. The mass 
was soft in consistency, highly vascular and irregular 
in appearance. The sac could not be preserved during 
dissection. The lacrimal bone was drilled and silastic 
tubes were placed from the lacrimal punctum to the nasal 

cavity to maintain the lacrimal flow. The medial canthus 
was repaired and the wound closed in layers. The tissue 
was sent for histopathology [Figures 3‑5].

Pathological sections showed fragments of polypoidal 
tissue lined by hyperplastic squamous and respiratory 
mucosa. The underlying stroma showed variable sized 
round fungal sporangia lined by a thickened wall 
and many small intraluminal spores. The surrounding 
tissue showed granuloma formation and infiltration with 
lymphocytes, plasma cells and eosinophils. The diagnosis 
was rhinosporidiosis of lacrimal sac [Figures 6 and 7].

The patient was treated with diaminodiphenyl sulfone 
(Dapsone) 100 mg/day postoperatively for one month. 
There was no recurrence and the incision healed well with 
minimal scarring [Figure 8].

DISCUSSION

Rhinosporidiosis was first described in 1900 by Guillermo 
Seeber who treated a 19‑year‑old farm worker in Argentina 
whose breathing was impaired by a nasal mass. Ashworth 
described the life cycle of the organism in 1923, observing 
its similarity to the fungal life cycle and renaming it 

Figure 1: Coronal section of CT scan PNS showing diffuse swelling over 
left medial canthus and floor of orbit (indicated by arrow). CT: computed 
tomography, PNS: nose and paranasal sinuses

Figure 2: Axial section of CT scan PNS showing diffuse swelling over left 
medial canthus and floor of orbit (indicated by arrow). CT: computed 
tomography, PNS: nose and paranasal sinuses

Figure 3: Preoperative photograph showing medial canthus swelling
Figure 4: Intraoperative photograph showing complete excision and 
external DCR with silicon tubes in situ. DCR: dacryocystorhinostomy
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R. seeberi.[1] Recently, an analysis of the 18S ribosomal 
ribonucleic acid gene classified it as a protistan parasite 
and included it in the new class mesomycetozoea.[2] The 
organism is prevalent in Southern India, Sri Lanka and 
Southeast Asia, although cases have been reported 
in South America, Africa and the United States. The 
most common age group affected is 15‑40 years with a 
predominance in males. The nose and nasopharynx are 
affected in 70%, while the palpebral conjunctivae and 
associated structures are affected in 15% of cases.[3] The 
mouth, upper airway and eye may also be the sites of 
disease. Additional sites including the skin, ear, larynx, 
trachea, bronchi, genitals (vagina, penile urethra or meatus 
and scrotum), and rectum have also been described.[4,5] 
Deep organ involvement with systemic disease has been 
rarely reported.

Rhinosporidiosis typically presents with sessile or 
pedunculated polyps, which are occasionally surrounded 
by whitish spores. Symptoms will depend upon the site 
affected. Nasal symptoms include nasal obstruction, 
postnasal drip and bleeding. Ocular symptoms include 
redness of conjunctiva, itching, epiphora and photophobia. 
When only the lacrimal sac is affected, it may present as 
a small, isolated and nontender swelling over the medial 

canthus. The reasons for the spread of infection are 
unclear, and may occur secondary to local inoculation 
following trauma which progresses with local replication 
of the organism and associated hyperplastic growth of 
host tissue and a localized immune response. Nasal and 
mucosal rhinosporidiosis usually spread by bathing in 
stagnant fresh water of ponds, lakes or rivers whereas 
ocular rhinosporidiosis spreads by dust or air.[5] In cases in 
which only the lacrimal sac is involved, it is believed that 
the infection reaches the sac from the nose or eye via the 
lacrimal canaliculi without affecting the nose or conjunctiva.

CT scan and magnetic resonance imaging can help 
in diagnosis and in determining the extent of disease 
by giving moderate to intense enhancement in 
contrast studies.[6] However, definitive diagnosis requires 
microscopy of the biopsy specimen. The oval‑shaped 
sporangia, containing hundreds of endospores, are 
easily identified under the microscope. Fungal stains 
including Gomori methenamine silver, periodic 
acid‑Schiff and potassium chloride also help in the 
diagnosis. Serological tests such as the enzyme‑linked 
immunosorbent assay are used for epidemiological studies.[7] 
The differential diagnosis includes condyloma accuminata 
and hemangioma. Although rhinosporidiosis cannot 

Figure 5: Complete excision specimen Figure 6: Postoperative photograph after complete healing (three months 
after surgery)

Figure 7: Hematoxylin and eosin stain shows variable size spores with 
sporangia in the lumen Figure 8: Periodic acid‑Schiff stain highlighting the wall of spores
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generally be treated by medication alone, some studies 
have shown successful treatment with a long course of 
dapsone.[8] Surgical excision with electro‑coagulation of 
the base of the lesion now appears to be the treatment 
of choice in minimizing the risk of recurrence. 
Postoperative treatment with dapsone also prevents 
recurrence, which may have complications including 
life‑threatening dissemination and local secondary 
bacterial infection.

In conclusion, although rhinosporidiosis is a mucosal 
disease, it may affect isolated deeper structures including 
the lacrimal sac, and should be kept as part of the differential 
diagnosis for all cases with pathology of the lacrimal sac. It 
is managed mainly by surgical excision although trans‑nasal 
endoscopic excision with dacryocystorhinostomy can be 
tried in cases with limited disease of the sac. However, 
more studies of the endoscopic excision are required prior 
to establish efficacy. Postoperative dapsone treatment can 
help in the prevention of recurrence. Follow‑up is necessary 
as recurrence is very common.
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