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Abstract
Lower extremity defects are a source of significant functional and psychosocial morbidity for pediatric patients and 
require complex reconstructions to restore form and function. The advent of microsurgical reconstruction along 
with advances in wound care techniques and technologies have empowered reconstructive surgeons to perform 
limb salvage surgery in patients that would traditionally require amputation; however, the indications for 
performing reconstructive surgery for complicated cases are not ironclad. While this is the case, applying the 
principles of lower extremity reconstruction in adults to the pediatric population is often sufficient to achieve a 
satisfactory outcome. This overview discusses the evaluation and management of soft tissue defects of the leg in 
pediatric patients.
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INTRODUCTION
Lower extremity defects cause significant functional and psychosocial morbidity in children and are a 
considerable source of the financial burden for healthcare systems. These defects pose many challenges for 
reconstructive surgeons given the technical demand required to successfully perform the reconstruction, 
along with the need to consider functional, psychosocial, and aesthetic factors when developing the 
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reconstructive plan. Furthermore, the wide variety of etiologies responsible for producing the defect in 
question informs the reconstructive approach in distinctive ways. Compared to adults, restoring form and 
function in children often poses increased technical challenges and necessitates the reconstructive surgeon 
account for future growth. In this article, we discuss the evaluation and management of soft tissue defects of 
the leg in the pediatric population as well as important considerations inherent to this patient demographic.

MULTIDISCIPLINARY APPROACH TO CARE
The management of patients with extensive lower extremity defects is highly complex as patients often 
require multiple surgical procedures, have prolonged hospitalizations, and frequently experience profound 
psychosocial impairment. As is true with other forms of reconstructive surgery, multidisciplinary 
collaboration between the reconstructive surgeon and other surgical and non-surgical specialists is essential 
to optimize outcomes[1-4]. Of multidisciplinary collaborations, none have had as transformative an impact on 
patient outcomes as the orthoplastic approach. The orthoplastic approach to lower extremity reconstruction 
entails extensive collaboration between orthopedic and plastic surgeons when evaluating lower extremity 
defects and developing the surgical plan[5,6]. Using this approach, the orthopedic surgeons typically perform 
skeletal reconstruction whilst the plastic surgeons reconstruct the overlying soft tissue; however, the plastic 
surgery team may become involved in skeletal reconstruction should free transfer of vascularized bone to be 
incorporated into the reconstructive plan. Over time, this approach has evolved to include the expertise of 
vascular surgeons, radiologists, infectious disease and pain management doctors, and physical therapists[6]. 
Several studies have validated the utility of this multidisciplinary approach in the trauma setting, noting 
shorter time to bony healing, increased rates of free tissue transfer when indicated, decreased rates of bony 
and soft tissue infections, and healing by secondary intention[7-9]. Additionally, similar beneficial effects have 
been observed in patients with chronic wounds and oncologic defects managed by a multidisciplinary care 
team comprised of both orthopedic and plastic surgeons[10,11].

In addition to optimizing reconstructive outcomes, it is important to address the psychological impact that 
significant insults to the lower extremity can have on children and adolescents. Pediatric patients, in 
particular, are highly susceptible to developing acute stress disorder and post-traumatic stress disorder 
secondary to both the cause of lower extremity injury and its associated management[12-15]. As such, the 
inclusion of psychologists and psychiatrists in the multidisciplinary care team and mindful postoperative 
management is paramount to minimizing psychological morbidity.

PREOPERATIVE CONSIDERATIONS
Successful lower extremity reconstruction is dependent on meticulous preoperative planning based on a 
comprehensive history and physical examination. When performing the initial assessment, the 
reconstructive surgeon must identify risk factors that may preclude the use of some surgical options or 
complicate wound healing following surgery. Children requiring lower extremity reconstruction typically 
have fewer comorbidities than adults; however, it is prudent to assess for obesity, diabetes, congenital 
pulmonary or cardiovascular diseases, coagulopathies, and malnutrition states. In cases of oncoplastic 
reconstruction, it is imperative to discuss any neoadjuvant and adjuvant chemoradiation plans 
preoperatively as this will inform the timeline and type of reconstruction performed[16,17].

When evaluating the lower extremity defect, the orthoplastic care team must determine its size, depth, 
location along the leg, along with the viability and laxity of surrounding tissue. Additionally, exposed, 
damaged, and missing vital tissues including bone, neurovascular structures, and tendons, should also be 
noted on examination. In trauma patients, aggressive debridement of non-viable tissue is needed to fully 
ascertain the defect’s size and extent and decrease the risk of infection following surgery[18,19]. Additionally, 
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Figure 1. An 8-year-old male with a shotgun wound to his left posterior heel (A). He had intact sensation in the forefoot and toes despite 
the devastating nature of the bony and soft-tissue injury, and, in discussion with his parents, the team proceeded with a reconstruction 
of the soft tissue deficit. View after transfer of a latissimus dorsi muscle free flap to the heel (B). He eventually healed and, at six months 
postoperatively, was running with a custom-made prosthesis despite losing his calcaneus.

evaluating preoperative radiographs and computed tomography scans with the orthopedic surgeon is 
instrumental in anticipating the operative plan for any existing bony defects or fractures as this will 
influence the timing and type of reconstruction employed.

When evaluating a patient’s neurovascular status, any deficits should be accurately noted. Initial physical 
examination with dorsalis pedis, and posterior tibial pedal pulses along with a lower extremity Allen test, 
can be used to screen for any abnormalities and dictate further workup with imaging. We prefer to perform 
a “dynamic Doppler” exam of the extremity. With this technique, the distal pulses are identified with the 
Doppler, the vessels are then occluded proximally, and the character of the distal Doppler signal is 
subsequently evaluated. This can provide more information than simply feeling the pulses or performing an 
Allen test. When vascular irregularities are noted, arteriography is the preferred modality; however, 
computed tomography or magnetic resonance angiography can be acceptable alternatives[20-22]. While the 
utility of routine preoperative vascular imaging with arteriography has been demonstrated in the literature, 
more judicious use may be indicated in the pediatric population, given the lower incidence of comorbidities 
that affect the vasculature. Additionally, the associated healthcare-related costs, exposure to radiation, and 
potential complications in the case of arteriography should be considered in the decision-making 
process[23,24].

The preoperative evaluation along with the expected functional recovery following surgery should inform 
the decision to opt for amputation over limb salvage surgery. Generally, reconstruction, when feasible, is 
preferred in the pediatric population, given that multiple studies have confirmed the viability of limb 
salvage surgery despite serious injury in this patient demographic [Figure 1][25-28]. Nonetheless, the exclusion 
criteria for limb salvage surgery, which are largely derived from the adult trauma population, can still be 
used as a guide to ascertain a patient’s candidacy for reconstruction on a case-by-case basis. Settings in 
which limb salvage surgery is contraindicated include: a warm limb with ischemia time greater than 6 h, 
severe crush injury, complete traumatic disruption of the limb, and the presence of other life-threatening 
injuries[25,29]. Controversial relative contraindications to reconstruction include loss of plantar sensation, and 
severe soft tissue and bony injury. The short- and long-term relative advantages and disadvantages of 
amputation and limb salvage must be discussed with the patient and parents. In the adult population, both 
interventions have similar long-term functional outcomes[30-33]. When compared to reconstructive surgery, 
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amputation is associated with a faster return to day-to-day activities, fewer surgeries, and decreased 
immediate healthcare-related costs[30-36]. In contrast, limb salvage is associated with decreased rates of 
psychological morbidity and is more cost-effective in the long term, given the significant expenses 
associated with serial prosthetic replacement throughout an individual’s lifetime.

When opting for limb salvage, the timing of definitive reconstruction remains a controversial topic; 
however, most centers agree that early definitive wound coverage, as proposed by Godina[37], is preferable. 
With the addition of negative pressure wound therapy as an adjunct for managing lower extremity wounds, 
numerous studies have demonstrated that definitive coverage can be performed past the initial 72 h period 
with similar outcomes[38-42]. Specifically, in children, Rinker et al.[42] noted that patients who underwent soft 
tissue coverage within 7 days of injury exhibited decreased complication rates following surgery than those 
whose defect was covered after one-week post-injury. In contrast, Lee et al.[40] noted no difference in flap 
failure or other complications in adults when wound coverage was performed in the acute, subacute, and 
chronic periods. While adequate debridement, prevention of infection, and diligent wound care can extend 
the timeline of reconstruction, definitive coverage should still be completed as early as possible to allow 
patients to resume ambulation. Finally, the patient’s and family’s expectations, along with the various 
reconstructive options and their expected outcomes and postoperative rehabilitation protocols, should be 
discussed frankly prior to surgery.

SOFT TISSUE RECONSTRUCTIVE OPTIONS
The goals of lower extremity soft tissue reconstruction are to restore form and function by providing 
durable coverage with minimal donor site morbidity. Generally, we minimize the use of non-surgical 
wound care modalities in order to minimize the psychological morbidity associated with dressing changes. 
Both locoregional and free tissue transfer are employed for reconstruction, with technical selection being 
determined by the location and size of the defect as well as the availability of donor tissues. The leg, 
particularly at its distal aspect, is challenging to reconstruct because of the limited tissue laxity, thin skin 
envelope, and high prevalence of superficial vital structures in the region; as such, reconstructive surgeons 
typically divide the leg into thirds to guide reconstructive efforts [Figure 2][43].

Locoregional tissue transfer
Local and regional flaps are viable reconstructive options when used in patients with small- and middle-
sized defects with sufficient surrounding soft tissue. When employed under appropriate conditions, 
locoregional flaps are associated with decreased hospital length-of-stay, shorter operations, and reduced 
short-term healthcare-related costs compared to free tissue transfer[44,45]. Locoregional tissue transfer is 
primarily employed to treat soft tissue defects in the upper and middle one-third of the leg, given the 
paucity of tissue available in the distal one-third. In the upper one-third, permutations of the gastrocnemius 
flap with overlying skin grafting allow the surgeon to reconstruct many defects with minimal impairment to 
the patient’s ability to perform plantarflexion of the foot[46,47]. Similarly, the soleus flap is another muscle flap 
that can be used in conjunction with skin grafting to repair defects of the middle one-third with minimal 
functional morbidity[48,49]. While free tissue transfer is preferred for defects of the distal one-third, a distally-
based reverse sural artery flap along with several muscle flaps, such as the peroneus brevis and hemisoleus 
muscle flaps, are alternatives to free tissue transfer for patients who are not candidates for microsurgical 
reconstruction[50-52].

Free tissue transfer
Free tissue transfer is the gold-standard reconstructive modality in medically-fit patients who require 
reconstruction of large, composite defects not amenable to reconstruction with local or regional flaps[53]. 
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Figure 2. Reconstructive algorithm for soft tissue defects of the leg. MFF: Muscle free flap; MCFF: myocutaneous free flap; FPF: free 
perforator flap.

Microsurgical reconstruction in children comes with its own set of challenges and special considerations 
relative to adults. As previously mentioned, children and adolescents typically exhibit increased vessel 
patency given the decreased incidence of vasculopathic processes, such as diabetes and atherosclerosis, 
observed in this patient demographic[54,55]. Despite this, the decreased size of the vascular pedicle of flaps 
compared to adults increases the technical challenge of successfully performing the anastomosis[56,57]. When 
employing flaps with large and reliable pedicles, reconstructive surgeons can often achieve comparable 
success rates to those observed in adults[58].

Free perforator flaps and muscle free flaps are both frequently employed to reconstruct soft tissue defects, 
with both producing similar outcomes[59-61]. Muscle free flaps are able to provide more bulk to reconstruct 
defects at the expense of mild donor site morbidity with the added benefit that the flap will shrink over time. 
Free perforator flaps have minimal associated donor site morbidity and may not be as bulky initially; 
however, these flaps will not shrink and can grow if the child gains weight over time[62]. The primary 
advantage of perforator flaps is that they are more easily reelevated in patients who require access for bony, 
tendon, or nerve reconstruction at a later date[53]. The senior author favors muscle flaps in children, 
particularly the latissimus dorsi, due to its reliable anatomy, ease of harvest, large surface area available for 
coverage of defects, and appropriate pedicle caliber - even in the pediatric population.

Generally, the posterior tibial artery and vein are the recipient vessels of choice for microvascular 
anastomosis, given that they are usually uninjured in the trauma setting and are readily accessible 
[Figure 3]. Another benefit of employing the posterior tibial vessels is that the reconstructive surgeon may 
access the greater saphenous vein and use it as an alternative vessel for venous drainage via the same 
approach. In contrast, the anterior tibial artery, which travels along the interosseous membrane, is more 
likely to be injured when there are concomitant fractures; as such, it is a secondary option when used as a 
recipient’s vessel. In patients who require limb salvage in the setting of trauma, microvascular anastomosis 
is preferably performed outside the zone of injury as complications may arise secondary to structural injury 
to the recipient vessels or vasospasm[63,64]. Should a patient have no viable vessels within or surrounding the 
zone of injury, the reconstructive surgeon may use vein grafts to supply the flap at the recipient site. In 
terms of anastomosis, both end-to-end and end-to-side anastomoses produce comparable outcomes; 
however, the end-to-side anastomosis may be necessary should there be a size mismatch between the flaps 
pedicle and recipient’s vessels or in cases of single-vessel runoff to the foot[53,65]. Single vessel runoff can be 
directly visualized using conventional arteriography, computed tomography, or magnetic resonance 
angiography; however, it may also be identified intraoperatively by performing an intraoperative dynamic 
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Figure 3. A 7-year-old male with a foot injury six days after a lawnmower accident (A). A portion of the rectus abdominus was harvested 
for coverage as a free flap (B). View of the foot after debridement and exposure of the posterior tibial vessels for flap anastomosis (left 
side of the photograph) (C). View after muscle insetting and end-to-end vascular anastomosis of the deep inferior epigastric vessels to 
the posterior tibial vessels (D). Flap after split-thickness skin graft was placed (E). Patient at one month following surgery showing a 
well-healed flap (F). He went on to return to full activity at three months postoperatively.

Doppler examination. In the absence of absolute or relative contraindications, the senior author, like many 
microsurgeons, employs end-to-end anastomosis as it poses less of a technical challenge for the surgeon.

FUNCTIONAL RECONSTRUCTION
Large defects of the anterior compartment of the leg can impair a patient’s ability to perform dorsiflexion of 
the ankle, necessitating patients wearing an ankle orthosis to ambulate effectively. One manner in which the 
reconstructive surgeon can restore dorsiflexion is by transferring the posterior tibial tendon through the 
interosseous membrane to the distal segment of the injured anterior tibial tendon (Bridle Procedure)[66]. 
While effective for restoring patients’ ability to perform dorsiflexion of the foot, many patients require 
microsurgical reconstruction for soft tissue coverage; as such, innervated muscle transfer can be used to 
provide coverage while restoring function simultaneously. For this intervention to be considered, patients 
must have intact recipient vessels, a peroneal nerve, and a distal anterior tibial tendon segment to allow the 
flap to survive and to function appropriately [Figure 4]. Innervated gracilis muscle flaps are most frequently 
employed when reconstructing anterior compartment defects; however, innervated rectus femoris 
myocutaneous flaps have also been shown to be efficacious in adults but suffer from limited excursion[67].

COMPLEX RECONSTRUCTION IN CHILDREN
Children with severe, complex injuries involving soft tissue, bone, tendons, and nerves are usually excellent 
candidates for the one-stage reconstruction of all tissues if this is feasible[68]. Obviously, with a combination 
of significant bone and soft tissue loss, it is usually better to get soft tissue coverage and then perform bony 
reconstruction [Figure 5]. There are young patients, however, who will benefit from reconstruction of the 
soft tissue defect and function, as noted in Figure 3, and this can be done over the repair of injured nerves. 
We feel that there is no reason to delay nerve grafting in complex reconstruction in children as nerve grafts 
do very well under the newly transferred vascularized tissue. This approach also potentially saves the child 
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Figure 4. View of a 13-year-old girl’s left leg after high tibial fracture and subsequent anterior compartment syndrome (A). An 
innervated gracilis muscle with a skin paddle was placed to reconstruct defect and function (B). View one year following reconstructive 
surgery (after excision of monitoring skin paddle) with the foot in plantar flexion (C). View one-year following reconstructive surgery 
showing dorsiflexion via a re-innervated gracilis muscle flap (D).

Figure 5. View of a 13-year-old male’s leg after transfer from outside hospital 10 days after ATV rollover and tibia fracture (A). The tibia 
was degloved and has been exposed during this time. The orthopedic service debrided the clearly nonviable tibia near the fracture site 
and placed a large antibiotic spacer (B). This was covered with a latissimus dorsi muscle flap and split-thickness skin graft (C). He 
eventually had bony union after many months of bone transport.

from undergoing multiple operations and expedites their overall recovery time [Figure 6].
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Figure 6. A 7-year-old female three months after suffering a propeller injury to the ankle in a boating accident (A). Her tibial nerve and 
Achilles tendon were divided, and she had a severely plantar-flexed foot with extreme sensitivity of the foot and ankle. An anterolateral 
thigh flap was raised with a large portion of facia lata to reconstruct the Achilles tendon (B). The tibial nerve was repaired with a cable 
sural nerve graft (C). Ankle extension (D) and flexion (E) at 14-month postoperatively. She had a return of good sensation to her plantar 
foot and can now run without difficulty.

CONCLUSION
Lower extremity soft tissue defects in children pose many challenges for the reconstructive surgeon. In 
addition to accounting for anatomical differences between children and adults, the surgeon must be mindful 
of the patient’s condition’s impact on their psychosocial outcomes when developing the reconstructive plan. 
Advances in formal multidisciplinary collaboration, wound care, and microsurgical free tissue transfer have 
empowered care teams to profoundly improve reconstructive outcomes in this patient demographic. 
Despite these strides, further investigation is needed to develop ironclad reconstructive algorithms to 
optimize patient care across limb salvage centers.

DECLARATIONS
Authors’ contributions
Conceptual design of manuscript: Gimenez AR
Drafting of manuscript: Gimenez AR, Ferry AM
Critical review and editing of manuscript: Gimenez AR, Pederson WC

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.



Page 9 of Gimenez et al. Plast Aesthet Res 2022;9:28 https://dx.doi.org/10.20517/2347-9264.2021.129 11

Ethical approval and consent to participate
Not applicable.

Consent for publication
All figures obtained copyright permission.

Copyright
© The Author(s) 2022.

REFERENCES
Davis MJ, Luu BC, Raj S, Abu-Ghname A, Buchanan EP. Multidisciplinary care in surgery: are team-based interventions cost-
effective? Surgeon 2021;19:49-60.  DOI  PubMed

1.     

Ferry AM, Beh HZ, Dibbs RP, et al. Impact of COVID-19 on cleft surgical care. FACE 2021;2:6-12.  DOI2.     
Gutierrez JC, Perez EA, Moffat FL, Livingstone AS, Franceschi D, Koniaris LG. Should soft tissue sarcomas be treated at high-
volume centers? Ann Surg 2007;245:952-8.  DOI  PubMed  PMC

3.     

Messner J, Harwood P, Johnson L, Itte V, Bourke G, Foster P. Lower limb paediatric trauma with bone and soft tissue loss: ortho-
plastic management and outcome in a major trauma centre. Injury 2020;51:1576-83.  DOI  PubMed

4.     

Azoury SC, Stranix JT, Kovach SJ, Levin LS. Principles of orthoplastic surgery for lower extremity reconstruction: why is this 
important? J Reconstr Microsurg 2021;37:42-50.  DOI  PubMed

5.     

Steinberger Z, Therattil PJ, Levin LS. Orthoplastic approach to lower extremity reconstruction: an update. Clin Plast Surg 
2021;48:277-88.  DOI  PubMed

6.     

Boriani F, Ul Haq A, Baldini T, et al. Orthoplastic surgical collaboration is required to optimise the treatment of severe limb injuries: a 
multi-centre, prospective cohort study. J Plast Reconstr Aesthet Surg 2017;70:715-22.  DOI  PubMed

7.     

Klifto KM, Azoury SC, Othman S, Klifto CS, Levin LS, Kovach SJ. The value of an orthoplastic approach to management of lower 
extremity trauma: systematic review and meta-analysis. Plast Reconstr Surg Glob Open 2021;9:e3494.  DOI  PubMed  PMC

8.     

Sommar P, Granberg Y, Halle M, Skogh AC, Lundgren KT, Jansson KÅ. Effects of a formalized collaboration between plastic and 
orthopedic surgeons in severe extremity trauma patients; a retrospective study. J Trauma Manag Outcomes 2015;9:3.  DOI  PubMed  
PMC

9.     

Chen CM, Disa JJ, Lee HY, et al. Reconstruction of extremity long bone defects after sarcoma resection with vascularized fibula flaps: 
a 10-year review. Plast Reconstr Surg 2007;119:915-24; discussion 925-6.  DOI  PubMed

10.     

Suh YC, Kushida-Contreras BH, Suh HP, et al. Is reconstruction preserving the first ray or first two rays better than full 
transmetatarsal amputation in diabetic foot? Plast Reconstr Surg 2019;143:294-305.  DOI  PubMed

11.     

Ding R, McCarthy ML, Houseknecht E, et al; CHAT Study Group. The health-related quality of life of children with an extremity 
fracture: a one-year follow-up study. J Pediatr Orthop 2006;26:157-63.  DOI  PubMed

12.     

Vitale MG, Vitale MA, Lehmann CL, et al. Towards a national pediatric musculoskeletal trauma outcomes registry: the Pediatric 
Orthopaedic Trauma Outcomes Research Group (POTORG) experience. J Pediatr Orthop 2006;26:151-6.  DOI  PubMed

13.     

Wallace M, Puryear A, Cannada LK. An evaluation of posttraumatic stress disorder and parent stress in children with orthopaedic 
injuries. J Orthop Trauma 2013;27:e38-41.  DOI  PubMed

14.     

Nelson LP, Gold JI. Posttraumatic stress disorder in children and their parents following admission to the pediatric intensive care unit: 
a review. Pediatr Crit Care Med 2012;13:338-47.  DOI  PubMed

15.     

Urlaub KM, Ettinger RE, Nelson NS, et al. Nonvascularized bone graft reconstruction of the irradiated murine mandible: an analogue 
of clinical head and neck cancer treatment. J Craniofac Surg 2019;30:611-7.  DOI  PubMed  PMC

16.     

Halle M, Bodin I, Tornvall P, Wickman M, Farnebo F, Arnander C. Timing of radiotherapy in head and neck free flap reconstruction--
a study of postoperative complications. J Plast Reconstr Aesthet Surg 2009;62:889-95.  DOI  PubMed

17.     

Attinger C. Soft-tissue coverage for lower-extremity trauma. Orthop Clin North Am 1995;26:295-334.  PubMed18.     
Gimenez AR, Winocour SJ, Chu CK. Reconstructive techniques in melanoma for the surgical oncologist. Surg Oncol Clin N Am 
2020;29:349-67.  DOI  PubMed

19.     

Carney MJ, Samra F, Momeni A, Bauder AR, Weissler JM, Kovach SJ. Anastomotic technique and preoperative imaging in 
microsurgical lower-extremity reconstruction: a single-surgeon experience. Ann Plast Surg 2020;84:425-30.  DOI  PubMed

20.     

Haddock NT, Garfein ES, Saadeh PB, Levine JP. The lower-extremity Allen test. J Reconstr Microsurg 2009;25:399-403.  DOI  
PubMed

21.     

Tan O, Yuce I, Kantarci M, Algan S. Evaluation of lower-limb arteries with multidetector computed tomography angiography prior to 
free flap surgery: a radioanatomic study. J Reconstr Microsurg 2011;27:199-206.  DOI  PubMed

22.     

Janhofer DE, Lakhiani C, Kim PJ, et al. The utility of preoperative arteriography for free flap planning in patients with chronic lower 
extremity wounds. Plast Reconstr Surg 2019;143:604-13.  DOI  PubMed

23.     

Kapur S, Chang EI. Discussion: the utility of preoperative arteriography for free flap planning in patients with chronic lower extremity 
wounds. Plast Reconstr Surg 2019;143:614-5.  DOI  PubMed

24.     

https://dx.doi.org/10.1016/j.surge.2020.02.005
http://www.ncbi.nlm.nih.gov/pubmed/32220537
https://dx.doi.org/10.1177/2732501621996009
https://dx.doi.org/10.1097/01.sla.0000250438.04393.a8
http://www.ncbi.nlm.nih.gov/pubmed/17522521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1876958
https://dx.doi.org/10.1016/j.injury.2020.03.059
http://www.ncbi.nlm.nih.gov/pubmed/32444168
https://dx.doi.org/10.1055/s-0039-1695753
http://www.ncbi.nlm.nih.gov/pubmed/31454835
https://dx.doi.org/10.1016/j.cps.2020.12.007
http://www.ncbi.nlm.nih.gov/pubmed/33674049
https://dx.doi.org/10.1016/j.bjps.2017.02.017
http://www.ncbi.nlm.nih.gov/pubmed/28351609
https://dx.doi.org/10.1097/GOX.0000000000003494
http://www.ncbi.nlm.nih.gov/pubmed/33968555
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8099387
https://dx.doi.org/10.1186/s13032-015-0023-4
http://www.ncbi.nlm.nih.gov/pubmed/25901178
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4404286
https://dx.doi.org/10.1097/01.prs.0000252306.72483.9b
http://www.ncbi.nlm.nih.gov/pubmed/17312496
https://dx.doi.org/10.1097/PRS.0000000000005122
http://www.ncbi.nlm.nih.gov/pubmed/30286045
https://dx.doi.org/10.1097/01.bpo.0000218521.98244.7e
http://www.ncbi.nlm.nih.gov/pubmed/16557127
https://dx.doi.org/10.1097/01.bpo.0000218520.98244.37
http://www.ncbi.nlm.nih.gov/pubmed/16557126
https://dx.doi.org/10.1097/BOT.0b013e318250c837
http://www.ncbi.nlm.nih.gov/pubmed/22495522
https://dx.doi.org/10.1097/PCC.0b013e3182196a8f
http://www.ncbi.nlm.nih.gov/pubmed/21499173
https://dx.doi.org/10.1097/SCS.0000000000005032
http://www.ncbi.nlm.nih.gov/pubmed/30531286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6541514
https://dx.doi.org/10.1016/j.bjps.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18440289
http://www.ncbi.nlm.nih.gov/pubmed/7724195
https://dx.doi.org/10.1016/j.soc.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32482313
https://dx.doi.org/10.1097/SAP.0000000000002227
http://www.ncbi.nlm.nih.gov/pubmed/32000250
https://dx.doi.org/10.1055/s-0029-1220861
http://www.ncbi.nlm.nih.gov/pubmed/19391091
https://dx.doi.org/10.1055/s-0030-1270538
http://www.ncbi.nlm.nih.gov/pubmed/21181625
https://dx.doi.org/10.1097/PRS.0000000000005265
http://www.ncbi.nlm.nih.gov/pubmed/30531626
https://dx.doi.org/10.1097/PRS.0000000000005266
http://www.ncbi.nlm.nih.gov/pubmed/30688909


Page 10 of Gimenez et al. Plast Aesthet Res 2022;9:28 https://dx.doi.org/10.20517/2347-9264.2021.12911

Black CK, Ormiston LD, Fan KL, Kotha VS, Attinger C, Evans KK. Amputations versus salvage: reconciling the differences. J 
Reconstr Microsurg 2021;37:32-41.  DOI  PubMed

25.     

Elsharawy MA, Maher K, Elsaid AS. Limb salvage in a child with severely injured mangled lower extremity and muscle rigor. 
Vascular 2012;20:321-4.  DOI  PubMed

26.     

Heller L, Levin LS. Lower extremity microsurgical reconstruction. Plast Reconstr Surg 2001;108:1029-41; quiz 1042.  DOI  PubMed27.     
Organek AJ, Klebuc MJ, Zuker RM. Indications and outcomes of free tissue transfer to the lower extremity in children: review. J 
Reconstr Microsurg 2006;22:173-81.  DOI  PubMed

28.     

Prasarn ML, Helfet DL, Kloen P. Management of the mangled extremity. Strategies Trauma Limb Reconstr 2012;7:57-66.  DOI  
PubMed  PMC

29.     

Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analysis of outcomes of reconstruction or amputation after leg-threatening injuries. N 
Engl J Med 2002;347:1924-31.  DOI  PubMed

30.     

Dagum AB, Best AK, Schemitsch EH, Mahoney JL, Mahomed MN, Blight KR. Salvage after severe lower-extremity trauma: are the 
outcomes worth the means? Plast Reconstr Surg 1999;103:1212-20.  DOI  PubMed

31.     

Georgiadis GM, Behrens FF, Joyce MJ, Earle AS, Simmons AL. Open tibial fractures with severe soft-tissue loss. Limb salvage 
compared with below-the-knee amputation. J Bone Joint Surg Am 1993;75:1431-41.  DOI  PubMed

32.     

MacKenzie EJ, Bosse MJ, Pollak AN, et al. Long-term persistence of disability following severe lower-limb trauma. Results of a 
seven-year follow-up. J Bone Joint Surg Am 2005;87:1801-9.  DOI  PubMed

33.     

Chung KC, Saddawi-Konefka D, Haase SC, Kaul G. A cost-utility analysis of amputation versus salvage for Gustilo type IIIB and IIIC 
open tibial fractures. Plast Reconstr Surg 2009;124:1965-73.  DOI  PubMed  PMC

34.     

Hertel R, Strebel N, Ganz R. Amputation versus reconstruction in traumatic defects of the leg: outcome and costs. J Orthop Trauma 
1996;10:223-9.  DOI  PubMed

35.     

Wilke B, Cooper A, Scarborough M, Gibbs P, Spiguel A. A comparison of limb salvage versus amputation for nonmetastatic sarcomas 
using patient-reported outcomes measurement information system outcomes. J Am Acad Orthop Surg 2019;27:e381-9.  DOI  PubMed

36.     

Godina M. Early microsurgical reconstruction of complex trauma of the extremities. Plast Reconstr Surg 1986;78:285-92.  DOI  
PubMed

37.     

Hill JB, Vogel JE, Sexton KW, Guillamondegui OD, Corral GA, Shack RB. Re-evaluating the paradigm of early free flap coverage in 
lower extremity trauma. Microsurgery 2013;33:9-13.  DOI  PubMed

38.     

Karanas YL, Nigriny J, Chang J. The timing of microsurgical reconstruction in lower extremity trauma. Microsurgery 2008;28:632-4.  
DOI  PubMed

39.     

Lee ZH, Stranix JT, Rifkin WJ, et al. Timing of microsurgical reconstruction in lower extremity trauma: an update of the Godina 
paradigm. Plast Reconstr Surg 2019;144:759-67.  DOI  PubMed

40.     

Starnes-Roubaud MJ, Peric M, Chowdry F, et al. Microsurgical lower extremity reconstruction in the subacute period: a safe 
alternative. Plast Reconstr Surg Glob Open 2015;3:e449.  DOI  PubMed  PMC

41.     

Rinker B, Valerio IL, Stewart DH, Pu LL, Vasconez HC. Microvascular free flap reconstruction in pediatric lower extremity trauma: a 
10-year review. Plast Reconstr Surg 2005;115:1618-24.  DOI  PubMed

42.     

Parrett BM, Matros E, Pribaz JJ, Orgill DP. Lower extremity trauma: trends in the management of soft-tissue reconstruction of open 
tibia-fibula fractures. Plast Reconstr Surg 2006;117:1315-22; discussion 1323-4.  DOI  PubMed

43.     

Thornton BP, Rosenblum WJ, Pu LLQ. Reconstruction of limited soft-tissue defect with open tibial fracture in the distal third of the 
leg: a cost and outcome study. Ann Plast Surg 2005;54:276-280.  PubMed

44.     

Abdelrahman I, Moghazy A, Abbas A, et al. A prospective randomized cost billing comparison of local fasciocutaneous perforator 
versus free Gracilis flap reconstruction for lower limb in a developing economy. J Plast Reconstr Aesthet Surg 2016;69:1121-7.  DOI  
PubMed

45.     

Arnold PG, Mixter RC. Making the most of the gastrocnemius muscles. Plast Reconstr Surg 1983;72:38-48.  DOI  PubMed46.     
Veber M, Vaz G, Braye F, et al. Anatomical study of the medial gastrocnemius muscle flap: a quantitative assessment of the arc of 
rotation. Plast Reconstr Surg 2011;128:181-7.  DOI  PubMed

47.     

Song P, Pu LLQ. The soleus muscle flap: an overview of its clinical applications for lower extremity reconstruction. Ann Plast Surg 
2018;81:S109-16.  DOI  PubMed

48.     

Sarrami SM, Ferry AM, Buchanan EP, Gerow FT, Koshy JC. Reconstructing severe lower extremity skin necrosis in a pediatric 
patient. Adv Skin Wound Care 2021;34:1-6.  DOI  PubMed

49.     

Koladi J, Gang RK, Hamza AA, George A, Bang RL, Rajacic N. Versatility of the distally based superficial sural flap for 
reconstruction of lower leg and foot in children. J Pediatr Orthop 2003;23:194-8.  PubMed

50.     

Pu LLQ. Successful soft-tissue coverage of a tibial wound in the distal third of the leg with a medial hemisoleus muscle flap. Plast 
Reconstr Surg 2005;115:245-51.  PubMed

51.     

Bajantri B, Bharathi R, Ramkumar S, Latheef L, Dhane S, Sabapathy SR. Experience with peroneus brevis muscle flaps for 
reconstruction of distal leg and ankle defects. Indian J Plast Surg 2013;46:48-54.  DOI  PubMed  PMC

52.     

Pederson WC, Grome L. Microsurgical reconstruction of the lower extremity. Semin Plast Surg 2019;33:54-8.  DOI  PubMed  PMC53.     
Germann G, Waag KL, Selle B, Jester A. Extremity salvage with a free musculocutaneous latissimus dorsi flap and free tendon 
transfer after resection of a large congenital fibro sarcoma in a 15-week-old infant. A case report. Microsurgery 2006;26:429-31.  DOI  
PubMed

54.     

https://dx.doi.org/10.1055/s-0039-1696733
http://www.ncbi.nlm.nih.gov/pubmed/31499559
https://dx.doi.org/10.1258/vasc.2012.cr0279
http://www.ncbi.nlm.nih.gov/pubmed/23019608
https://dx.doi.org/10.1097/00006534-200109150-00036
http://www.ncbi.nlm.nih.gov/pubmed/11547168
https://dx.doi.org/10.1055/s-2006-939963
http://www.ncbi.nlm.nih.gov/pubmed/16780046
https://dx.doi.org/10.1007/s11751-012-0137-4
http://www.ncbi.nlm.nih.gov/pubmed/22692732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535134
https://dx.doi.org/10.1056/NEJMoa012604
http://www.ncbi.nlm.nih.gov/pubmed/12477942
https://dx.doi.org/10.1097/00006534-199904040-00017
http://www.ncbi.nlm.nih.gov/pubmed/10088509
https://dx.doi.org/10.2106/00004623-199310000-00003
http://www.ncbi.nlm.nih.gov/pubmed/8408131
https://dx.doi.org/10.2106/JBJS.E.00032
http://www.ncbi.nlm.nih.gov/pubmed/16085622
https://dx.doi.org/10.1097/PRS.0b013e3181bcf156
http://www.ncbi.nlm.nih.gov/pubmed/19952652
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788746
https://dx.doi.org/10.1097/00005131-199605000-00001
http://www.ncbi.nlm.nih.gov/pubmed/8723399
https://dx.doi.org/10.5435/JAAOS-D-17-00758
http://www.ncbi.nlm.nih.gov/pubmed/30958808
https://dx.doi.org/10.1097/00006534-198609000-00001
http://www.ncbi.nlm.nih.gov/pubmed/3737751
https://dx.doi.org/10.1002/micr.21994
http://www.ncbi.nlm.nih.gov/pubmed/22730189
https://dx.doi.org/10.1002/micr.20551
http://www.ncbi.nlm.nih.gov/pubmed/18846574
https://dx.doi.org/10.1097/PRS.0000000000005955
http://www.ncbi.nlm.nih.gov/pubmed/31461042
https://dx.doi.org/10.1097/GOX.0000000000000399
http://www.ncbi.nlm.nih.gov/pubmed/26301138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4527623
https://dx.doi.org/10.1097/01.prs.0000160698.68234.6c
http://www.ncbi.nlm.nih.gov/pubmed/15861066
https://dx.doi.org/10.1097/01.prs.0000204959.18136.36
http://www.ncbi.nlm.nih.gov/pubmed/16582806
http://www.ncbi.nlm.nih.gov/pubmed/15725833
https://dx.doi.org/10.1016/j.bjps.2016.04.013
http://www.ncbi.nlm.nih.gov/pubmed/27289482
https://dx.doi.org/10.1097/00006534-198307000-00010
http://www.ncbi.nlm.nih.gov/pubmed/6867177
https://dx.doi.org/10.1097/PRS.0b013e318217423f
http://www.ncbi.nlm.nih.gov/pubmed/21701334
https://dx.doi.org/10.1097/SAP.0000000000001499
http://www.ncbi.nlm.nih.gov/pubmed/29846214
https://dx.doi.org/10.1097/01.ASW.0000752716.25014.ca
http://www.ncbi.nlm.nih.gov/pubmed/34125732
http://www.ncbi.nlm.nih.gov/pubmed/12604950
http://www.ncbi.nlm.nih.gov/pubmed/15622258
https://dx.doi.org/10.4103/0970-0358.113706
http://www.ncbi.nlm.nih.gov/pubmed/23960305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3745121
https://dx.doi.org/10.1055/s-0039-1677878
http://www.ncbi.nlm.nih.gov/pubmed/30863213
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6408237
https://dx.doi.org/10.1002/micr.20266
http://www.ncbi.nlm.nih.gov/pubmed/16924620


Page 11 of Gimenez et al. Plast Aesthet Res 2022;9:28 https://dx.doi.org/10.20517/2347-9264.2021.129 11

Ohmori K, Harii K, Sekiguchi J, Torii S. The youngest free groin flap yet? Br J Plast Surg 1977;30:273-6.  DOI  PubMed55.     
Garfein E, Doscher M, Tepper O, Gill J, Gorlick R, Smith RV. Reconstruction of the pediatric midface following oncologic resection. 
J Reconstr Microsurg 2015;31:336-42.  DOI  PubMed

56.     

Akçal A, Karşıdağ S, Sucu DÖ, Turgut G, Uğurlu K. Microsurgical reconstruction in pediatric patients: a series of 30 patients. Ulus 
Travma Acil Cerrahi Derg 2013;19:411-6.  DOI  PubMed

57.     

Boyd LC, Bond GA, Hamidian Jahromi A, Kozusko SD, Kokkalis Z, Konofaos P. Microvascular reconstruction of pediatric lower 
extremity trauma using free tissue transfer. Eur J Orthop Surg Traumatol 2019;29:285-93.  DOI  PubMed

58.     

Philandrianos C, Moullot P, Gay AM, et al. Soft tissue coverage in distal lower extremity open fractures: comparison of free 
anterolateral thigh and free latissimus dorsi flaps. J Reconstr Microsurg 2018;34:121-9.  DOI  PubMed

59.     

Cho EH, Shammas RL, Carney MJ, et al. Muscle versus fasciocutaneous free flaps in lower extremity traumatic reconstruction: a 
multicenter outcomes analysis. Plast Reconstr Surg 2018;141:191-9.  DOI  PubMed

60.     

Kovar A, Colakoglu S, Iorio ML. Choosing between muscle and fasciocutaneous free flap reconstruction in the treatment of lower 
extremity osteomyelitis: available evidence for a function-specific approach. J Reconstr Microsurg 2020;36:197-203.  DOI  PubMed

61.     

Canales F, Lineaweaver W, Furnas H, et al. Microvascular tissue transfer in paediatric patients: analysis of 106 cases. Br J Plast Surg 
1991;44:423-7.  DOI  PubMed

62.     

Stranix JT, Borab ZM, Rifkin WJ, et al. Proximal versus distal recipient vessels in lower extremity reconstruction: a retrospective 
series and systematic review. J Reconstr Microsurg 2018;34:334-40.  DOI  PubMed

63.     

Acland RD. Refinements in lower extremity free flap surgery. Clin Plast Surg 1990;17:733-44.  PubMed64.     
Ahmadi I, Herle P, Miller G, Hunter-Smith DJ, Leong J, Rozen WM. End-to-end versus end-to-side microvascular anastomosis: a 
meta-analysis of free flap outcomes. J Reconstr Microsurg 2017;33:402-11.  DOI  PubMed

65.     

Johnson JE, Paxton ES, Lippe J, et al. Outcomes of the bridle procedure for the treatment of foot drop. Foot Ankle Int 2015;36:1287-
96.  DOI  PubMed  PMC

66.     

Wechselberger G, Pichler M, Pülzl P, Schoeller T. Free functional rectus femoris muscle transfer for restoration of extension of the 
foot after lower leg compartment syndrome. Microsurgery 2004;24:437-41.  DOI  PubMed

67.     

Yazar S, Lin CH, Wei FC. One-stage reconstruction of composite bone and soft-tissue defects in traumatic lower extremities. Plast 
Reconstr Surg 2004;114:1457-66.  DOI  PubMed

68.     

https://dx.doi.org/10.1016/0007-1226(77)90116-3
http://www.ncbi.nlm.nih.gov/pubmed/338071
https://dx.doi.org/10.1055/s-0035-1544181
http://www.ncbi.nlm.nih.gov/pubmed/25803408
https://dx.doi.org/10.5505/tjtes.2013.09515
http://www.ncbi.nlm.nih.gov/pubmed/24214781
https://dx.doi.org/10.1007/s00590-019-02367-w
http://www.ncbi.nlm.nih.gov/pubmed/30649621
https://dx.doi.org/10.1055/s-0037-1607323
http://www.ncbi.nlm.nih.gov/pubmed/29078226
https://dx.doi.org/10.1097/PRS.0000000000003927
http://www.ncbi.nlm.nih.gov/pubmed/28938362
https://dx.doi.org/10.1055/s-0039-1698469
http://www.ncbi.nlm.nih.gov/pubmed/31590192
https://dx.doi.org/10.1016/0007-1226(91)90200-4
http://www.ncbi.nlm.nih.gov/pubmed/1933113
https://dx.doi.org/10.1055/s-0037-1621746
http://www.ncbi.nlm.nih.gov/pubmed/29625505
http://www.ncbi.nlm.nih.gov/pubmed/2249394
https://dx.doi.org/10.1055/s-0037-1599099
http://www.ncbi.nlm.nih.gov/pubmed/28259112
https://dx.doi.org/10.1177/1071100715593146
http://www.ncbi.nlm.nih.gov/pubmed/26160388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5257245
https://dx.doi.org/10.1002/micr.20068
http://www.ncbi.nlm.nih.gov/pubmed/15481039
https://dx.doi.org/10.1097/01.prs.0000138811.88807.65
http://www.ncbi.nlm.nih.gov/pubmed/15509933

