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BACKGROUND 

Diabetes is a leading cause of foot ulcers and lower limb amputation through-

out the world. Adequate wound debridement and cover is the standard of care, 

but lack of adequate vascularised local tissue poses a major challenge. The 

gracilis flap offers various advantages in this respect, which we would like to 

discuss in this study, and hence makes it an attractive option in diabetic foot 

patients. 

MATERIAL AND METHODS 

This retrospective study was conducted over a period of 2 years, from 2018 to 

2020 in the Department of Plastic Surgery, Kauvery Hospital, Trichy, India. 

The flap harvest time, total operation time, flap take and complications associ-

ated with the procedure were noted. 

RESULTS 

Overall, 56 patients were enrolled. The average flap harvest time was 55 +/- 

10 min and the average overall operation time was 240+/- 30 minutes. There 

was complete flap survival in 42 (75%) patients, a partial survival in 12 

(21.42%) patients and complete flap loss in 2 (3.57%) patients. In the donor 

site complications hypertrophic scarring was reported in 5 (8.92%) and donor 

site seroma in 3(5.3%) patients. 

CONCLUSION 

The free gracilis flap offers good wound healing and excellent foot contour 

besides being safe and effective in small to medium sized defects makes it an 

excellent free flap in diabetic foot reconstruction. 
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INTRODUCTION 
 

Diabetes is a leading cause of lower extremity ulcers and amputa-

tions worldwide. About 83% of all non-traumatic foot amputations are 

associated with diabetes1. After one limb affection, there is a 20-50% 

chance of amputation in the contralateral limb2-5. The 5-year mortality 

rate in these patients after one amputation can be as high as 70%6,7. 

Adequate and aggressive debridement, glycaemic control and 

wound cover is the standard treatment for these patients. While many 

patients can get away with a simple skin graft 8, exposure of bone, 

tendon or nerves mandates a flap cover.  
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Various locoregional flaps have been described 

but the presence of chronic inflammation, fibrosis 

and lack of adequate vascularised local tissue is an 

important limiting factor in doing so. 

Microvascular free tissue transfer to the wound 

site can induce angiogenesis and accelerate wound 

healing even in hypovascular wounds9. Various mi-

crosurgical free fascio-cutaneous and muscle flaps 

are described in literature10-14, but some of the major 

reasons why surgeons still avoid free flaps are the 

long operation time, condition of the recipient ves-

sels and the added stress to a diabetic patient who 

usually has other associated comorbidities. 

At our institute, we handle a large number of pa-

tients with diabetic foot ulcers and routinely use the 

gracilis muscle-free flap with an operating time al-

most similar to a pedicled flap with encouraging re-

sults. Although we have used most of the named free 

flaps for lower limb reconstruction, in this study we 

discuss why the gracilis flap is our “go-to” free flap 

in diabetic foot reconstruction. 

 

MATERIAL AND METHODS  

 

This retrospective study was conducted in the De-

partment of Plastic Surgery, Kauvery Hospital, 

Trichy, India, over a period of 2 years from 2018-

2020. The inclusion criteria were: 1) all patients of 

type 1 and type 2 diabetes mellitus with small to me-

dium defects of their foot requiring a flap cover; 2) 

patients with ulcers on weight-bearing areas of foot; 

3) patients with a palpable pulse (Dorsalis Pedis or 

Posterior Tibial) as a pre-operative angiogram was 

not routinely conducted in our patients. 

Exclusion criteria were patients not fit for sur-

gery, not having a palpable recipient artery pulse or 

not giving consent for photography. All the surgeries 

were conducted by a single surgeon (S.S). Total op-

eration time, flap harvest time, flap success, donor 

and recipient site complications and ability to wear 

footwear were recorded.  

All the foot ulcers were graded according to Wag-

ner’s classification15, patients were initially admitted, 

blood sugar and nutrition was improved, pus culture 

was taken and antibiotics were started. Patients were 

taken up for early surgical debridement with or with-

out NPWT and garcillis flap cover was done within 

the first 7-10 days of admission. A 2-surgeon ap-

proach was used to reduce operation time, a pure 

muscle flap was taken in all our cases, no skin paddle 

was included and the muscle was covered with a split 

skin graft. The recipient's vessels were either the An-

terior Tibial Artery/ Dorsalis Pedis artery (end-to-

end anastomosis) or the Posterior Tibial Artery (end 

to side anastomosis). 2Consultant Plastic surgeon, 

Department of Plastic Surgery Kauvery Hospital, 

Trichy, Tamil Nadu, India.  

This study was approved by our hospitals Ethical 

Committee, and informed consent was taken from all 

the patients. 

Patients were divided into three groups, 1) Com-

plete survival: complete flap and graft take after at 

least 6 months postoperatively. 2) Partial survival: 

partial flap or graft loss with a draining wound not 

healed within 6 months of surgery and 3) Complete 

failure: complete loss of the flap or graft within 6 

months of procedure requiring a repeat procedure.  

 

RESULTS 

 

Overall, 56 patients were enrolled, of whom 54 

(96.42%) were male and 2 (3.57%) were female. 

Forty (71.42%) patients were >50 yr age, 11 

(19.64%) patients were between 25-50 yr and 5 

(8.92%) patients were < 25 yr age, with the oldest 

patient being 63 yrs old and the youngest being 21 

yrs old. Most of the patients, 51 (91.07%) suffered 

from type II diabetes while 5 (8.92%) suffered from 

type I diabetes mellitus. 

The most common location of ulcer was on the 

forefoot in 20 (35.71%) patients, dorsum of foot in 

16 (28.57%), the ankle joint region in 12 (21.42%) 

and the heel pad or weight-bearing area of the foot in 

8 (14.28%) patients (Figure 1). Most of the patients, 

22 (39.28%) had a Wegner’s type III ulcer while 

18(32.14%) and 16 (28.57%) patients suffered from 

type IV and type II ulcers respectively. 

We had complete flap survival in 42(75%) pa-

tients, a partial flap survival in 12(21.42%) patients 

and complete flap loss in 2 (3.57%) patients. In the 

donor site complications, hypertrophic scarring was 

reported in 5 (8.92%) patients and seroma in the do-

nor site was in 3 (5.35%) patients. The follow-up pe-

riod was 12 +/- 6 months. 

 

Case 1 

A 45-year-old man presented with an infected di-

abetic foot ulcer on the sole and weight-bearing area 

of the heel (Figure 3a). The patient was admitted and 

after adequate debridement and glycaemic control 

and a free gracilis muscle flap was performed with 
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an end to side anastomosis to the posterior tibial ar-

tery with a skin graft used to cover the flap (Figure 

3b, Figure 3c). The flap settled well with a good foot 

contour (Figure.3d, Figure. 3e).  
 

 

 

Fig. 1: Location of the ulcer 

The flap harvest time ranged from 55 +/- 10 min and the overall operation time was 240+/- 30 min [4 hours +/- 30 

min] (Figure 2). The Anterior Tibial/ Dorsalis Pedis artery was used as the recipient vessel in 46(82.14%) patients 

while the posterior tibial artery was used in 10(17.85%) patients. 
 

 
Fig. 2: Total operation time (Min) Vs number of cases 

 

 

 

 
Fig. 3a: Left foot diabetic ulcer 

 
Fig. 3b: Free Gracilis muscle flap attached to ulcer 

36%
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Fig. 3c: Flap covered with split-thickness skin graft 

 

 
Fig. 3d: After 4 months follow up well-settled flap 

 

 
Fig. 3e: After 4 months follow up well-settled flap 

 

Case 2 

A 30-year male presented with a diabetic foot ul-

cer exposing the ankle joint (Figure 4a). After deb-

ridement, a Gracilis flap was placed with end-to-end 

anastomosis to the anterior tibial artery and a skin 

graft applied (Figure 4b and 4c). Post operatively at 

4 months follow-up showd a well-settled flap with 

excellent foot contour and graft take (Figure 4d). 

 

 
Fig. 4a: Right foot ulcer with exposed ankle joint 

 

 

 

 

 

 
Fig. 4b: After gracilis flap cover 
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Fig. 4c: After split thickness skin graft 

 
Fig. 4d: Four months post-operative, excellent 

foot contour. 

 

Case 3 

A 55-year-old man presented with a badly in-

fected diabetic foot ulcer to the right foot (Figure 5a). 

After debridement and gracilis flap cover (Figure 5b 

and 5c) with end to side anastomosis to the posterior 

tibial artery, the patient had a good graft take and ex-

cellent foot contour (Figure 5d). 

 

 

 
Fig. 5a: Right foot infected ulcer 

 

 
Fig. 5b: After gracilis flap cover 

 

 

 

 
Fig. 5c: Flap covered with skin graft 

 

 
Fig. 5d: 6 months post operative, excellent foot 

contour  
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DISCUSSION  

 

Diabetes is one of the leading causes of lower 

limb ulcers leading to avoidable amputations, with 

the numbers on a steady rise this is a serious cause 

for concern. Chronic high blood sugar alters the in-

tracellular myoinositol sorbitol pathways, which pre-

disposes to neuropathy15 this, in turn, leads to a loss 

of the body’s protective sensation to trauma and pres-

sure. The combination of diminished sensation and 

blood supply along with raised blood sugars and de-

creased immunity makes these patients highly sus-

ceptible to infections and wounds. Aggressive treat-

ment is warranted in all these patients with antibiot-

ics, cultures, surgical debridement and decompres-

sion along with effective and stable wound cover.  

With the onset of microsurgery, the ability to 

transfer vascularised tissues to the wound site has 

greatly improved wound healing and improved 

wound salvage rates16-18. In a study of 45 diabetic pa-

tients, free flaps improved wound healing and neo-

vascularization was reported in these ischemic ul-

cers19. 

The gracilis flap offers several favourable ad-

vantages for use such as: 

1) Quick and easy dissection with a lower learn-

ing curve allowing a two-surgeon approach. 

2) Minimal donor site morbidity and no loss of 

function,  

3) Muscle flaps have the added advantage of fill-

ing in the dead spaces of the wounds and bone with 

vascularised tissue. 

4) The major advantage in our view is that once 

the muscle atrophies it takes the shape and contour of 

the foot facilitating footwear and no secondary 

debulking is required. 

The major disadvantage of the gracilis is: 

1)  The short pedicle length and vessel diame-

ter, mandating the use of the microscope for 

anastomosis, as compared to the ALT which 

many surgeons are even comfortable doing 

under loupe magnification. 

2)  The smaller muscle size as compared to the 

Latissimus dorsi flap necessities its use only 

in small to medium-sized tissue defects. 

Some muscle flaps like the Latissimus dorsi have 

certain unfavourable characteristics such as: chang-

ing the patient’s position intraoperatively, while in 

the rectus abdominis muscle flap the chance of her-

niation and mesh infections are present. The use of 

the rectus femoris muscle flap was demonstrated for 

free tissue transfer with various advantages but one 

of the major disadvantage is the lack of the ability of 

the muscle to spread and increase in surface area as 

compared to a gracilis flap, we found that a gracilis 

flap can be easily spread to twice or thrice its width20. 

Fasciocutaneous flaps like the antero lateral thigh 

flaps take a relatively longer time for dissection as 

compared to the gracilis and may also requires sec-

ondary debulking to facilitate footwear use. Omer 

Ozken et al21 discussed the reliability of free flaps in 

diabetic foot reconstruction in 13 patients, they used 

fasciocutaneous and muscle flaps but favoured the 

former because of better tissue match and the ease of 

post-operative monitoring. In all our patients, we 

were very comfortable with the gracilis flap, post-op 

monitoring was not an issue as we noted the muscle 

colour and bleed through the skin graft fenestrations. 

None of our patients needed secondary debulking as 

the flap atrophied well and took the contour of the 

foot. 

The flap harvest in our study was 55 +/- 10 min, 

this greatly decreased the overall operating time (4 

hours +/-30 min) and hence was a great advantage in 

diabetic patients with associated comorbidities like 

heart disease who were not good candidates for pro-

longed procedures. The primary closure of the donor 

site was also speedy as there was no tissue loss and 

the patients were left with only a single linear scar. 

A study22 on 45 patients with diabetic foot ulcers 

treated solely with a gracilis free flap reported a com-

plete flap success rate of 72.9% which is similar to 

our 75% and had complete flap loss in 1 (2.1%) pa-

tient while we report a complete flap loss in 2 

(3.57%) patients. All their patients reported a mini-

mal donor site morbidity with only 3 (6.6%) patients 

complained of hypertrophic scarring, in our patients' 

donor site hypertrophic scarring was reported in 5 

(8.92%) patients which settled with conservative 

treatment and seroma in the donor site was in 3 

(5.35%) patients.  

 

CONCLUSION  

 

The free gracilis flap is a safe and effective free 

flap in small to medium-sized diabetic foot defects 

with minimal donor site morbidity and speedy flap 

harvest. The good wound healing and excellent foot 

contour offered by it without the need for secondary 

debulking procedures makes it our “work horse” free 

flap in diabetic foot reconstruction. 

 

 [
 D

O
I:

 1
0.

52
54

7/
w

jp
s.

10
.2

.3
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 w
jp

s.
ir

 o
n 

20
25

-0
6-

12
 ]

 

                               6 / 7

http://www.wjps.ir/
http://dx.doi.org/10.52547/wjps.10.2.33
https://wjps.ir/article-1-783-en.html


www.wjps.ir  

39   The Gracilis muscle free flap in diabetic foot reconstruction 
 

 

CONFLICT OF INTEREST 

 

None 

 

REFERENCES 

  

1 Armstrong DG, Lavery LA, van Houtum WH, 

Harkless LB. Seasonal variations in lower extrem-

ity amputation. J Foot Ankle Surg 1997; 36: 146–

150. 

2 Levin ME. Pathogenesis and management of dia-

betic foot lesions. In The Diabetic Foot, ed 5 pp 17–

60, edited by ME Levin, LW O’Neal, JH Bowker, 

St Louis, Mosby Year Book, 1993. 

3 Ebskov B, Josephsen P. Incidence of reamputation 

and death after gangrene of the lower extremity. 

Prosthet Orthotics Int 1980; 4:77– 80. 

4 Ecker ML, Jacobs BS. Lower extremity amputation 

in diabetic patients. Diabetes 1970; 19:189 –195. 

5 Bodily KC, Burgess EM. Contralateral limb and 

patient survival after leg amputation. Am J Surg 

1983; 146:280 –282. 

6 Goldner MG. The fate of the second leg in the dia-

betic amputee. Diabetes 9:100 –103, 1960. 

7 Whitehouse FW, Jurgensen C, Block MA. The 

later life of the diabetic amputee. Diabetes 1968; 

17:520 –521. 

8 Wieman TJ. Principles of management: the diabetic 

foot. Am J Surg 2005; 190:295–299. 

9 Walgenbach KJ, Voigt M, Andree C, Stark GB, 

Horch RE. Management of hypovascularized 

wounds not responding to conventional therapy by 

means of free muscle transplantation. Vasa 2001; 

30:206 –211. 

10 Berger A, Kunert P. Free latissimus dorsi muscle 

transfer in extensive soft tissue defects of the lower 

leg. Eur J Plast Surg 1986; 10:58–62. 

11 Karp NS, Kasabian AK, Siebert JW, Eidelman Y, 

Colen S. Microvascular free-flap salvage of the di-

abetic foot: a 5-year experience. Plast Reconstr 

Surg 1994; 94:834–840. 

12 Isao K, Katsuyuki U, Kiichi I, Takahiko M. Free 

tensor fasciae latae perforator flap for the recon-

struction of defects in the extremities. Plast Recon-

str Surg 2001; 107:1759 –1765.. 

13 Jeong TK, Bong SK, Seok KK. The thin latissimus 

dorsi perforator based free flap for resurfacing. 

Plast Reconstr Surg2001; 107:374 –382. 

14 Rainer C, Schwabegger AH, Meirer R, Perkmann 

R, Ninkovic M. Microsurgical management of the 

diabetic foot. J Reconstr Microsurg 2003; 19:543–

553. 

15 Gabbay KH. The sorbitol pathway and the compli-

cations of diabetes. N Engl J Med 1973; 288:831-

836. 

16 Gonzalez MH, Tarandy Dl, Troy D, Phillips D, 

Weinzweig N. Free tissue coverage of chronic trau-

matic wounds of the lower leg. Plast Reconstr Surg 

2002; 109:592-600. 

17 Moran SL, Illig KA, Green RM, Serletti JM. Free-

tissue transfer in patients with peripheral vascular 

disease: a 10 year experience. Plast Reconstr Surg 

2002;109:999-1006. 

18 Kaplan I, Ada S, O¨ zerkan F, Bora A, Ademoglu 

Y. Reconstruction of soft tissue and bone defects in 

lower extremity with free flaps. Microsurgery 

1998; 18:176-181. 

19 Vermassen FE, van Landuyt K. Combined vascular 

reconstruction and free flap transfer in diabetic ar-

terial disease. Diabetes Metab Res Rev 2000; 

16:33-36. 

20 Ching-Yueh Wei, David Chwei-Chin Chuang. The 

versatility of free rectus femoris muscle flap: an al-

ternative flap. Wiley-Liss, Inc. Microsurgery 

1995;16:698-703. 

21 Omer Ozkan,O. Koray cos. Reliability of free-flap 

coverage in diabetic foot ulcers; Wiley interscience 

(www.interscience. wiley.com) 4 January 2005. 

doi: 10.1002/micr.2009.  

22 Felix Omonosioni Osiogo, Chung-Sheng Lai, 

Wen-Her Wang, MD. Retrospective Review of 

Free Gracilis Muscle Flaps in the Management of 

Nonhealing Diabetic Foot Ulceration. American 

College of Foot and Ankle Surgeons 2006,1067-

2516/06/4504-000932.00/0 doi: 

10.1053/j.jfas.2006.04.005. 

 

 

  

 

 [
 D

O
I:

 1
0.

52
54

7/
w

jp
s.

10
.2

.3
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 w
jp

s.
ir

 o
n 

20
25

-0
6-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://www.wjps.ir/
http://dx.doi.org/10.52547/wjps.10.2.33
https://wjps.ir/article-1-783-en.html
http://www.tcpdf.org

