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Background: Complex heel defects constitute a significant challenge for plastic surgeons.

Objectives: In this study, versatilities of free double skin paddle ALT flaps in the reconstruction of complex soft tissue defects of heels were explored.

Methods: From January 2010 to December 2019, 16 patients (13 male and 3 females) aged 16–74 years underwent double skin paddle ALT flap reconstruction in our department. All the patients had large defects located at the heel, and 5 had a dead space. Underlying structures such as vessels, bones, and tendons were exposed in all cases.

Results: Flap survival rate was 100% after the reconstruction. Eleven double skin paddle ALT flaps and 5 vastus lateralis muscle-chimeric double skin paddle ALT flaps were used. The size of the skin flap ranged from 9.5 × 4.5 cm2 to 22 × 10 cm2, and the size of a muscle segment ranged from 6 × 3 × 1 cm3 to 10 × 3 × 2 cm3. The mean follow-up was 22.6 months (range: 10–81 months). The wounds healed well, providing reliable soft tissue coverage and good heel contour. All the patients ambulated independently during the follow-up period. Most of them regained protective sensation. The average two-point discrimination was 32.7 mm (range: 27–37 mm).

Conclusion: Double skin paddle ALT flaps are a feasible option for the reconstruction of complex heel defects, with good functional and aesthetic results. Nonetheless, further studies comparing double skin paddle ALT flaps to other flap techniques are needed.
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INTRODUCTION

Reconstruction of large heel defects with or without significant dead space is challenging and often requires complex surgical techniques and advanced microsurgical training (1). Soles bear body weight, and the skin of soles is thick, adherent, and glabrous. When these tissues are damaged, it is hard to find similar tissues to repair the wound (2–4). Besides, heels have a complex shape. Therefore, aesthetic appearance after reconstruction has to be considered in addition to shoe-wearing and walking.

Several flaps have been reported to repair heel defects, such as V-Y advancement flaps, cross-leg flaps, and island pedicle flaps (5–10). However, in extensive defects, these flaps do not give satisfactory results. In those instances, free flaps, such as the anterolateral thigh (ALT) flap and radial forearm flap, are considered (11, 12). Nonetheless, the use of these flaps in the heel area is limited by challenges associated with restoration of heel shape.

To overcome these shortcomings, we employed double skin paddle ALT flaps to reconstruct complex soft-tissue defects of heels. Versatilities of the free double-paddle ALT flaps in a variety of complex heel defects were also explored. To our knowledge, the use of double-skin paddle ALT flaps for the reconstruction of complex heel defects and restoring heel shape has not been widely reported.



PATIENTS AND METHODS


Patients

All surgical procedures were performed in our hand and microsurgery department. This study followed the ethical committee guidelines of our institution, and the protocol was developed in accordance with the ethical standards of the Helsinki Declaration of 1975 and all subsequent revisions. Written informed consent was obtained from all the patients.

From January 2010 to December 2019, 16 patients (13 males and 3 females) underwent heel reconstruction with double skin paddle ALT flaps. All defects were large with exposure of underlying vital structures, such as vessels, bones, and tendons. Wounds with dead space in five of the patients required filling. Patient characteristics are summarized in Table 1.


Table 1. Patients' characteristics.
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Flap Design

Lower extremity computed tomography angiography (CTA) was carried out on all the patients to evaluate the location of perforators and vascular anatomy of the recipient site (13, 14). A handheld Doppler was used to verify the location of the perforators and guide the design of the free double skin paddle ALT flaps. Following radical debridement, a three-dimensional paper template was created replicating the shape of heel defect (Figure 1). The template was then divided into two narrow flat parts. Variants of the double paddle ALT flaps were designed based on the depth of the wounds. If a wound is superficial, a double skin paddle ALT flap can be chosen to repair the defect and achieve a good aesthetic outcome. For wounds with dead space, vastus lateralis (VL) muscle-chimeric double skin paddle ALT flaps can be used to repair superficial wounds and fill the dead space simultaneously. The microdissected thin technique was employed to improve the appearance if the flap appeared bulky. The flow-through method was used to bridge defective arteries where needed.


[image: Figure 1]
FIGURE 1. Schematic diagram of double skin paddle ALT flaps for complex heel defects. ALT, anterolateral thigh perforator.




Surgical Technique

Using a technique previously reported, double skin paddle ALT flaps were harvested (15). In brief, the retrograde tracing method was used to elevate the flaps, which were harvested in the superficial fascia layer. Two or more perforators were kept during flap harvest until the targeted perforator was identified for each skin paddle. The deep fascia was opened, and targeted perforator vessels following their intramuscular course were dissected aided by a surgical loupe. If the flaps were used to cover the weight-bearing area, the lateral femoral cutaneous nerve (LFCN) was preserved during the harvest. The perforators were traced back to the main trunk of the descending branch of lateral circumflex femoral vessels (LCFVs). If a dead space was present, to fill it, the distal end of LCFVs was used to harvest the muscle flap.

Following successful flap harvesting, the donor site was closed directly after achieving complete hemostasis, and a vacuum drain was placed. The flaps were transferred to the recipient site. Sensory nerve coaptation was performed in the reconstruction of weight-bearing regions. The descending branch of LCFVs was anastomosed to the vessels of a recipient with the end-to-side or end-to-end anastomosis technique.

Postoperatively, the extremities were kept warm and elevated with a temporary kickstand external fixator (16, 17). The flaps were monitored with hourly checks including evaluation of color, capillary refill, turgor, and surface temperature. The patients also received prophylaxis against deep vein thrombosis, multimodal pain management, and appropriate antibiotics. Static two-point discrimination (s2PD) test and Semmes–Weinstein monofilament (SWM) test were performed during follow-up visits to evaluate the sensory recovery of the flaps. A visual analog scale (VAS) score was used by the patients themselves to assess the cosmetic appearance of the heel after reconstruction. A score of 0 was rated as poor cosmetic outcome, and 10 was rated as excellent cosmetic outcome.




RESULTS

A total of 16 patients who had reconstructive heel surgeries were included in the study. Eleven patients underwent reconstruction with double skin paddle ALT flaps, and the rest received VL muscle-chimeric double skin paddle ALT flaps. While the microdissected thin technique was used in four patients to remove excess fat tissue that might lead to a swollen appearance, the flow-through technique was employed in two patients to bridge the posterior tibial artery. The size of the skin flaps ranged from 9.5 × 4.5 cm2 to 22 × 10 cm2, and the size of the muscle segments ranged from 6 × 3 × 1 cm3 to 10 × 3 × 2 cm3. No flap necrosis was observed. All donor sites were closed primarily after the harvest. The mean follow-up time was 22.6 months (range: 10–81 months). The wounds healed well, and the flaps provided reliable soft tissue coverage and good contour in the reconstructed areas. All the patients were able to ambulate independently during follow-up visits. At the last follow-up, the average s2PD of the flap was 32.7 mm (range: 27–37 mm). SWM test showed that 14 of the patients regained protective neural sensation. The mean VAS score was 8.8 (range: 8–9.5) (Table 2).


Table 2. Follow-up aesthetic and sensory outcome evaluation.
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Case Reports
 
Case 2

A 25-year-old man presented with a large soft tissue defect of the right heel after a motor vehicle injury. Radical debridement was performed, which left a large soft-tissue defect (Figure 2A). A defect template was created and divided into two narrow flat parts. A double skin paddle ALT flap was designed based on the defect template. The size of flaps 1 and 2 was 22 × 10 cm2 and 19 × 9 cm2, respectively (Figure 2B). During harvest of the flaps, the LFCN was dissected as the weight-bearing area was being repaired (Figure 2C). LCFVs were anastomosed to the posterior tibial artery and accompanying vein at the recipient site. End-to-end epineurial repair was conducted between the ALT cutaneous nerve and the medial plantar cutaneous nerve. The postoperative course of the patient was uneventful, and the recipient site had a satisfactory contour at 12-month follow-up (Figure 2D).


[image: Figure 2]
FIGURE 2. (A) Large right heel defect following radical debridement; (B) double skin paddle ALT flap design; (C) elevating the double skin paddle ALT flaps showing the lateral femoral cutaneous nerve (yellow arrow); (D) postoperative view of the recipient site after 12 months. ALT, anterolateral thigh perforator.




Case 8

A 19-year-old man suffered a traffic injury and presented with a right heel soft-tissue defect with dead space (Figure 3A). A chimeric double skin paddle ALT flap was designed (Figure 3B). The size of flap 1 was 15 × 7 cm2, the size of flap 2 was 9 × 6 cm2, and the muscle paddle measured 8 × 5 × 1 cm3 (Figure 3C). The flaps were placed side by side to cover the heel defect, and the muscle flap filled the dead space. Flap LCFVs were anastomosed to the posterior tibial artery and accompanying vein at the recipient site. End-to-end epineurial repair was conducted between the ALT cutaneous nerve and the medial calcaneal nerve. The postoperative course of the patient was uneventful, and the contour of the recipient site was satisfactory (Figure 3D).
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FIGURE 3. (A) Right heel soft tissue defect with dead space following radical debridement; (B) chimeric double skin paddle ALT flap design; (C) harvesting of chimeric double skin paddle ALT flaps showing the lateral femoral cutaneous nerve (yellow arrow); (D) postoperative view of the recipient site. ALT, anterolateral thigh perforator.






DISCUSSION

Large heel defects with or without significant dead space are still constituting a challenge for microsurgeons. Thus, there is a need to employ new reconstructive techniques (18, 19). An ideal reconstruction should cover large defects, completely fill the dead space, restore protective sensation to prevent ulcer formation, and achieve a good cosmetic appearance. The special structure of soles makes local flaps a viable option in restoring heel function and aesthetic appearance based on the “like with like” plastic surgery principle (20–22). However, local flaps are limited by complex defects, such as large wounds with or without dead space (23, 24). On the other hand, free flaps are a feasible option for reconstruction of large heel defects (3). Therefore, to bypass challenges associated with the use of local flaps for reconstruction of complex defects and to be able to restore heel shape, we explored the use of free double skin paddle ALT flaps.

The most frequently used free flaps are radial forearm flaps, ALT, and thoracodorsal artery perforator flaps (25–28). Jachna et al. reported using radial forearm free flaps to cover lateral heel wounds (29). They showed that all flaps survived with good functional and cosmetic results and concluded that radial forearm flaps are a reliable option to repair heel wounds. However, poor appearance of the donor site and need to sacrifice the radial artery limit its application. In contrast, free ALT flaps and thoracodorsal artery perforator flaps used to repair large heel defects have the advantage of low donor site morbidity (30). However, they are not very effective in restoring the complex shape of heels. Pan et al. used a waveform design to repair a heel with a good shape and cosmetic appearance (31). This design adopted the flap economy concept with minimal damages to the donor site. However, it does not apply to all situations (32). From our experience, large heel defects can be divided into two narrow flat defects organized in three dimensions to achieve a better contour of heels. This study demonstrated good aesthetic appearance and restoration of sensation in reconstruction of large heel defects using double skin paddle ALT flaps. All the patients had viable non-bulky flaps, were able to walk, and did not develop ulcers during the follow-up period.

The use of double skin paddle ALT flaps for large heel defects has the following advantages. First, double skin paddle ALT flaps enable restoration of the complex shape of heels. Second, double skin paddle ALT flaps are versatile for large defects, VL muscle-chimeric flaps can be used to fill dead spaces, the flow-through technique can bridge the defective artery, and the microdissected thin technique can remove excess fat tissues to improve the cosmetic appearance. The versatility of free double skin paddle ALT flaps for complex heel defects achieves good outcomes with less donor site morbidity. Third, restoration of heel sensation and ability to resist pressure can be achieved by carrying out end-to-end neurorrhaphy.

Nevertheless, these flaps have limitations, and they should be used with caution. It should be taken into account that perforator variability may influence flap design (33, 34). For our patients, CTA scan was performed before the surgery, and three-dimensional CTA reconstruction was performed to locate and identify perforators. A handheld Doppler was also used to verify the location of perforators, which significantly reduces the incidence of flap necrosis. However, if double skin paddle ALT flaps cannot be harvested intraoperatively, sequential flaps can be used instead. The defect template also needs to be carefully evaluated. Surgeons should have a three-dimensional understanding of flap design and be familiar with intra-muscular dissection. Rectangular and triangular markings were used in this study to ensure that the tailored double-skin flap will restore the original heel shape (Figure 1). The harvest and insertion of two skin paddles may increase the risk of kinking or twisting of the vascular pedicle; thus, extra caution should be taken. Besides, a temporary kickstand external fixator should be applied to avoid pressure on the flaps. Lastly, both microdissected thin technique and suprafascial elevation can be used to harvest thin flaps, which can be chosen based on the experience and preference of a surgeon.

The primary limitation of this study is the small number of cases. There was no comparison group as well. Therefore, further studies comparing double skin paddle ALT flaps and other flap techniques should be carried out.



CONCLUSION

Double-skin paddle ALT flaps are versatile for reconstruction of complex heel defects. In addition to providing coverage and pleasing contour, regain of protective sensation makes it a favorable option for heel reconstruction.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Xiangya Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Study conceptualization was performed by JH and JT. Data collection was performed by JH, GG, PW, FY, and LQ. The first draft was written by JH. Data analysis and review and editing were performed by all the authors.



REFERENCES

 1. Pappalardo M, Jeng SF, Sadigh PL, Shih HS. Versatility of the free anterolateral thigh flap in the reconstruction of large defects of the weight-bearing foot: a single-center experience with 20 consecutive cases. J Reconstr Microsurg. (2016) 32:562–70. doi: 10.1055/s-0036-1584204

 2. Kuran I, Turgut G, Bas L, Ozkan T, Bayri O, Gulgonen A. Comparison between sensitive and nonsensitive free flaps in reconstruction of the heel and plantar area. Plast Reconstr Surg. (2000) 105:574–80. doi: 10.1097/00006534-200002000-00015

 3. Noever G, Bruser P, Kohler L. Reconstruction of heel and sole defects by free flaps. Plast Reconstr Surg. (1986) 78:345–52. doi: 10.1097/00006534-198609000-00010

 4. Jiga LP, Jandali Z, Merwart B, Skibinska K. The free vastus lateralis muscle flap. A smart less used flap for soft tissue reconstruction of the weight-bearing foot. Injury. (2020) 51(Suppl. 4):S34–40. doi: 10.1016/j.injury.2020.03.019

 5. Yanai A, Park S, Iwao T, Nakamura N. Reconstruction of a skin defect of the posterior heel by a lateral calcaneal flap. Plast Reconstr Surg. (1985) 75:642–7. doi: 10.1097/00006534-198505000-00003

 6. Maruyama Y, Iwahira Y, Ebihara H. V-Y advancement flaps in the reconstruction of skin defects of the posterior heel and ankle. Plast Reconstr Surg. (1990) 85:759–64. doi: 10.1097/00006534-199005000-00017

 7. Satoh K, Sakai M, Hiromatsu N, Ohsumi N. Heel and foot reconstruction using reverse-flow posterior tibial flap. Ann Plast Surg. (1990) 24:318–27. doi: 10.1097/00000637-199004000-00004

 8. Hyakusoku H, Tonegawa H, Fumiiri M. Heel coverage with a T-shaped distally based sural island fasciocutaneous flap. Plast Reconstr Surg. (1994) 93:872–6. doi: 10.1097/00006534-199404000-00036

 9. Masquelet AC, Romana MC. The medialis pedis flap: a new fasciocutaneous flap. Plast Reconstr Surg. (1990) 85:765–72. doi: 10.1097/00006534-199005000-00018

 10. Basile A, Stopponi M, Loreti A, Minniti de Simeonibus AU. Heel coverage using a distally based sural artery fasciocutaneous cross-leg flap: report of a small series. J Foot Ankle Surg. (2008) 47:112–7. doi: 10.1053/j.jfas.2007.12.005

 11. Elgohary H, Nawar AM, Zidan A, Shoulah AA, Younes MT. Functional and aesthetic outcomes of reconstruction of soft-tissue defects of the heel with free flap. JPRAS Open. (2019) 19:35–44. doi: 10.1016/j.jpra.2018.10.008

 12. Acar MA, Gulec A, Aydin BK, Erkocak OF, Yilmaz G, Senaran H. Reconstruction of foot and ankle defects with a free anterolateral thigh flap in pediatric patients. J Reconstr Microsurg. (2015) 31:225–32. doi: 10.1055/s-0034-1395888

 13. Zhang Y, Pan X, Yang H, Yang Y, Huang H, Rui Y. Computed tomography angiography for the chimeric anterolateral thigh flap in the reconstruction of the upper extremity. J Reconstr Microsurg. (2017) 33:211–7. doi: 10.1055/s-0036-1597587

 14. Chiu WK, Lin WC, Chen SY, Tzeng WD, Liu SC, Lee TP, et al. Computed tomography angiography imaging for the chimeric anterolateral thigh flap in reconstruction of full thickness buccal defect. ANZ J Surg. (2011) 81:142–7. doi: 10.1111/j.1445-2197.2010.05483.x

 15. Marsh DJ, Chana JS. Reconstruction of very large defects: a novel application of the double skin paddle anterolateral thigh flap design provides for primary donor-site closure. J Plast Reconstr Aesthet Surg. (2010) 63:120–5. doi: 10.1016/j.bjps.2008.08.022

 16. Maruccia M, Elia R, Caizzi G, Carrozzo M, Vicenti G, Moretti B, et al. Free flap and kickstand external fixator in foot and ankle soft tissue reconstruction. The versatility of a microsurgical-friendly application of an orthopedic device. Injury. (2018) 49(Suppl. 3):S105–9. doi: 10.1016/j.injury.2018.09.048

 17. Thakkar M, King I, Mohan A. The extended external fixator kickstand for free and local flap reconstruction of the heel. Ann R Coll Surg Engl. (2020) 102:751–2. doi: 10.1308/rcsann.2020.0168

 18. Chang SM, Zhang K, Li HF, Huang YG, Zhou JQ, Yuan F, et al. Distally based sural fasciomyocutaneous flap: anatomic study and modified technique for complicated wounds of the lower third leg and weight bearing heel. Microsurgery. (2009) 29:205–13. doi: 10.1002/micr.20595

 19. Zheng L, Zheng J, Dong ZG. Reverse sural flap with an adipofascial extension for reconstruction of soft tissue defects with dead spaces in the heel and ankle. Eur J Trauma Emerg Surg. (2016) 42:503–11. doi: 10.1007/s00068-015-0569-x

 20. Zhu YL, Wang Y, He XQ, Zhu M, Li FB, Xu YQ. Foot and ankle reconstruction: an experience on the use of 14 different flaps in 226 cases. Microsurgery. (2013) 33:600–4. doi: 10.1002/micr.22177

 21. Scaglioni MF, Rittirsch D, Giovanoli P. Reconstruction of the heel, middle foot sole, and plantar forefoot with the medial plantar artery perforator flap: clinical experience with 28 cases. Plast Reconstr Surg. (2018) 141:200–8. doi: 10.1097/PRS.0000000000003975

 22. Oh SJ, Moon M, Cha J, Koh SH, Chung CH. Weight-bearing plantar reconstruction using versatile medial plantar sensate flap. J Plast Reconstr Aesthet Surg. (2011) 64:248–54. doi: 10.1016/j.bjps.2010.04.013

 23. Demirtas Y, Neimetzade T, Kelahmetoglu O, Guneren E. Comparison of free muscle and perforator skin flaps for soft tissue reconstruction of the foot and ankle. Foot Ankle Int. (2010) 31:53–8. doi: 10.3113/FAI.2010.0053

 24. El-Shazly M, Yassin O, Kamal A, Makboul M, Gherardini G. Soft tissue defects of the heel: a surgical reconstruction algorithm based on a retrospective cohort study. J Foot Ankle Surg. (2008) 47:145–52. doi: 10.1053/j.jfas.2007.12.010

 25. He J, Pan D, Wu P, Tang J. Recurrent skin ulcer cross-repair and sensory reconstruction in a WRN gene mutational patient. An Bras Dermatol. (2018) 93:443–6. doi: 10.1590/abd1806-4841.20187517

 26. Rausky J, Binder JP, Mazouz-Dorval S, Hamou C, Revol M. Perforator-based chimaeric thoracodorsal flap for foot reconstruction. J Plast Reconstr Aesthet Surg. (2013) 66:1798–800. doi: 10.1016/j.bjps.2013.04.064

 27. Hong JP, Kim EK. Sole reconstruction using anterolateral thigh perforator free flaps. Plast Reconstr Surg. (2007) 119:186–93. doi: 10.1097/01.prs.0000244856.98170.9c

 28. Olivan MV, Busnardo FF, Faria JC, Coltro PS, Grillo VA, Gemperli R. Chimerical anterolateral thigh flap for plantar reconstruction. Microsurgery. (2015) 35:546–52. doi: 10.1002/micr.22492

 29. Jachna JT, Toby EB, Horton GA. Radial forearm free flap for coverage of postoperative lateral heel wounds after open reduction and internal fixation of the calcaneus. J Foot Ankle Surg. (2003) 42:276–81. doi: 10.1016/j.jfas.2003.08.001

 30. Kim SW, Youn DH, Hwang KT, Sung IH, Kim JT, Kim YH. Reconstruction of the lateral malleolus and calcaneus region using free thoracodorsal artery perforator flaps. Microsurgery. (2016) 36:198–205. doi: 10.1002/micr.22389

 31. Pan D, Zhou ZB, Tang JY. Three-dimensional reconstruction: the waveform design of free perforator flap for the heel defect repair. Plast Reconstr Surg. (2018) 142:809–10e. doi: 10.1097/PRS.0000000000004942

 32. Zhang YX, Hayakawa TJ, Levin LS, Hallock GG, Lazzeri D. The economy in autologous tissue transfer: part 1. The Kiss Flap Technique. Plast Reconstr Surg. (2016) 137:1018–30. doi: 10.1097/01.prs.0000479971.99309.21

 33. Lee YC, Chen WC, Chou TM, Shieh SJ. Anatomical variability of the anterolateral thigh flap perforators: vascular anatomy and its clinical implications. Plast Reconstr Surg. (2015) 135:1097–107. doi: 10.1097/PRS.0000000000001103

 34. Smith RK, Wykes J, Martin DT, Niles N. Perforator variability in the anterolateral thigh free flap: a systematic review. Surg Radiol Anat. (2017) 39:779–89. doi: 10.1007/s00276-016-1802-y

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 He, Guliyeva, Wu, Yu, Qing and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-836505-t002.jpg
Case Follow-up s2PD 5.07 SWM VAS Score

(months) (mm) (10-Gram) (Appearance)
1 18 30 Positive 9
2 12 27 Positive 9
3 18 32 Positive 85
4 28 35 Positive 95
5 12 29 Positive 8
6 12 33 Negative 9
7 10 32 Positive 8
8 15 36 Positive 9
9 54 34 Positive 95
10 12 32 Positive 85
11 10 30 Positive 8
12 18 36 Positive 85
13 30 33 Positive 9
14 16 35 Negative 8
15 20 a7 Positive 95
16 81 33 Positive 95

$2PD, static two-point discrimination test.
SWM, Semmes-Weinstein monofilament test.
VAS, visual analog scale.





OPS/images/fsurg-09-836505-g003.gif





OPS/images/fsurg-09-836505-t001.jpg
Case  Age (y)/Sex

1 27TM
2 25/M
3 41/M
4 45/M
5 T4/F
6 64/M
7 44/M
8 19/M
9 16/M
10 21M
1" 30/F
12 52/M
13 20/M
14 35/M
15 35/M
16 61/F

F, female; M, male; ATA, anterior tibial artery; PTA, posterior tibial artery; DC, direct close.

Cause of injure

Snake bite

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Spoke injury

Post-traumatic ulcer

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Traffic accident

Post-traumatic ulcer

Location of the
wound

Right heel
Right heel
Right heel
Left heel

Left heel

Left heel

Left heel

Right heel

Left heel
Right heel
Right heel

Left heel

Left heel

Right heel

Right heel

Left heel

Flap type

Double skin paddie

Double skin paddie

Double skin paddie

Flow-through double
skin paddle

Vastus lateralis
muscle-chimeric
double skin paddie
Vastus lateralis
muscle-chimeric
double skin paddie
Vastus lateralis
muscle-chimeric
double skin paddie
Microdissected thin
vastus lateralis
muscle-chimeric
double skin paddie
Microdissected thin
double skin paddie
Double skin paddie

Double skin paddie

Vastus lateralis
muscle-chimeric
double skin paddie
Double skin paddie

Double skin paddie

Microdissected thin
double skin paddie
Flow-through

Microdissected thin
double skin paddie

Dimensions of
flaps (cm)

Flap 1: 14 x 6.5;
Flap 2: 16 x 7
Flap 1: 22 x 10;
Flap2: 19 x 9
Flap 1: 12 x 85;
Flap2: 14 x 7
Flap 1: 20 x 7; Flap
2:10x 6

Flap 1: 16 x 6; Flap
2:9 x 6; Muscle
flap: 8 x 3 x 2
Flap 1:9 x 5.5; Flap
2:95 x 4.5; Muscle
flap: 6 x 3 x 1
Flap 1: 12 x 9; Flap
2:16.5 x 8; Muscle
flap: 10 x 8 x 2
Fap 1:15 x 7; Flap
2:9 x 6; Muscle
flap: 8 x 5 x 1

Flap 1: 18 x 7; Flap
2:135x75
Flap 1: 18 x 8; Flap
2:13x8

Flap 1: 16 x 8.5;
Flap2: 12 x 7
Flap 1: 14 x 8; Flap
2:14 x 7; Muscle
flap: 8 x 3 x 1
Fiap 1: 20 x 8; Flap
2:14x86

Flap 1: 16 x 7; Flap
2:10x 6

Flap 1: 15 x 8; Flap
2:14x7

Flap 1: 13 x 7; Flap
2:12x7

Recipient’s
vessels

PTA
PTA
PTA
Flow through bridge

PTA
PTA

PTA

ATA

PTA

PTA

PTA

PTA

PTA

ATA

Flow through bridge
PTA

Donor site

8 8 8 8 8

8

8 8 8 8 8

8 8 8 8

Complications

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reconstruction of Complex Soft Tissue Defects of the Heel With Versatile Double Skin Paddle Anterolateral Thigh Perforator Flaps: An Innovative Way to Restore Heel Shape



		Introduction



		Patients and Methods



		Patients



		Flap Design



		Surgical Technique







		Results



		Case Reports



		Case 2



		Case 8













		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Reconstruction of Complex Soft
Tissue Defects of the Heel With
Versatile Double Skin Paddle
Anterolateral Thigh Perforator Flaps:
An Innovative Way to Restore Heel
Shape





OPS/images/fsurg-09-836505-g001.gif





OPS/images/fsurg-09-836505-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





