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A B S T R A C T

The reverse sural artery (RSA) flap is popular among trauma surgeons to cover the distal third of the leg to the
foot. However, flaps that inset in the foot seem to have a high necrosis rate. This study compared the healing of
RSA flaps performed for defects proximal to the ankle versus defects distal to the ankle. Patient data were col-
lected retrospectively between January 2005 and December 2009. Eighty-five patients with the lower leg, ankle,
and traumatic foot injuries were divided into 2 groups. Group 1 (49 patients) had RSA flap cover for soft tissue
and bony defect proximal and up to the ankle joint line, and group 2 (36 patients) had RSA flap cover distal to
the ankle joint line. The time to healing and type of healing were compared between the groups. The demo-
graphics between the 2 groups were similar. The successful RSA flap healing rate was 65% in group 1 (32 of 49)
and 42% in group 2 (15 of 36). The average time to flap healing between the groups was similar (p = .16). Group
1 had predominantly primary healing compared with group 2 (p = .03). Group 2 had a higher reoperation rate
for wound necrosis, which was significant (p = .001). The success of the RSA flap is higher when used for proxi-
mal to ankle joint line defects. Surgeons should be aware of the chances of flap necrosis when undertaking RSA
flap cover distal to the ankle joint line.
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Foot and distal third tibial injuries are common in developing coun-
tries, resulting in soft tissue loss over this region. Other causes of lower
limb soft tissue loss are chronic osteomyelitis, diabetes mellitus, and
chronic ulcers caused by arterial and venous insufficiency. Because there
is no muscle coverage over the distal third of the leg, open wounds
require soft tissue coverage for both bone and soft tissue healing.

The options for soft tissue coverage for these defects include adipo-
fascial turnover flaps, reverse sural artery (RSA) flaps, local perforator
flaps, and microvascular free flaps. The RSA flap is commonly performed
for coverage of the distal one third of the leg, ankle, and foot (1). It is
popular among surgeons for its reliability, relative technical ease, lack
of dependency on microsurgery, preservation of the major arterial sup-
ply to the lower limb, and relative economic liability to the patient and
the health care infrastructure (2−7).

The RSA flap has a wide arc of rotation, which allows for coverage
from the lower half of the leg up to the metatarsophalangeal joints on
the dorsal aspect and base of the metatarsal bones on the plantar aspect
of the foot (8−14). It can be used either proximally or distally (3,15).
This flap can also cover a large area of defect (approximately
17£ 16 cm to 20£ 15 cm2) (8,9). One of the main reasons for flap
necrosis is venous congestion caused by a narrow flap pedicle and
excessive rotation (16−18). Excessive rotation is required when the flap
must cover very distal soft tissue defects, such as the dorsum of the
foot. This study compares the healing of RSA flaps done for traumatic
injuries proximal and distal to the level of the ankle joint.

Patients and Methods

This retrospective study was performed at a tertiary care teaching hospital. Eighty-
five patients who consecutively underwent RSA flap for traumatic injuries of the lower
limb between January 2005 and December 2009 were included in the study. Patients
with vascular injury or diagnosed peripheral vascular disease were excluded from the
study. Data were collected from the inpatient and outpatient records by 3 authors
(R.P., K.B., A.L.). Informed consent was obtained from all patients. We arbitrarily divided
these patients into 2 groups based on the level of flap inset. Patients who underwent RSA
flap for traumatic bony and soft tissue injuries proximal and at the level of the ankle joint
were classified as group 1 (49 flaps) and as group 2 (36 flaps) when RSA flap was done for
injuries distal to the level of the ankle joint. Flap healing was considered as primary if it
healed with the index surgery or secondary when it required a second procedure because
of flap necrosis. Flap necrosis was further subdivided into 3 categories: (1) tip necrosis,
(2) 10% to 50 % necrosis, and (3) >50% necrosis. All the flaps were operated on by 2
authors (P.R.J.V.C., T.S.J.).
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Table 1
Patient demographic data

Serial No. Age
(years)

Sex Debridement
Prior to Flap
Surgery

Preoperative
Blood Tests

PA/DA Diagnosis Defect
Area (cm2)

Comorbidities Follow-Up
(months)

1 33 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 3£ 2 NIL 8
2 20 M 1 WNL DA Gustilo and Anderson type 3B multiple metatarsal fracture foot 10£ 5 NIL 4
3 31 M 1 WNL PA Tibia chronic osteomyelitis secondary to trauma 2£ 2 NIL 6
4 20 M NIL WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 8£ 4 NIL 60
5 54 M 1 WNL DA Gustilo and Anderson type 3B multiple metatarsal fracture foot 15£ 4 NIL 12
6 35 M 2 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 12£ 6 NIL 12
7 33 M NIL WNL PA Chronic infected tendo-Achilles rupture 3£ 3 NIL 3
8 21 F 1 WNL PA Gustilo and Anderson type 3B fracture dislocation ankle 8£ 3 NIL 24
9 23 M 1 WNL PA Gustilo and Anderson type 3B fracture dislocation ankle 20£ 10 Smoker 7
10 14 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 10£ 5 NIL 60
11 46 M 1 WNL DA Gustilo and Anderson type multiple metatarsal fracture foot 6£ 8 NIL 9
12 46 F 1 WNL PA Gusilo and Anderson type 3B tibia fracture 10£ 8 NIL 6
13 44 M 1 WNL DA Gustilo and Anderson type 3B fracture calcaneum 10£ 5 NIL 6
14 40 F 2 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 10£ 3 NIL 48
15 33 M 2 WNL DA Open soft tissue laceration dorsum of foot 16£ 4 NIL 6
16 17 F 1 ESR " PA Gustilo and Anderson type 3B fracture ankle 10£ 15 NIL 12
17 46 M 1 ESR, CRP" DA Gustilo and Anderson type 3B fracture of calcaneum and talus 10£ 15 NIL 60
18 31 F 2 WNL PA Closed fracture both bones leg post fracture fixation 15£ 8 NIL 18
19 23 M 1 WNL DA Crush injury foot 15£ 10 NIL 18
20 56 F 1 ESR " PA Open infected tendo-Achilles repair 3£ 2 NIL 6
21 54 M 1 ESR, CRP" PA Open infected tendo-Achilles repair 7£ 8 NIL 3
22 42 M 1 WNL DA Degloving soft tissue injury dorsomedial aspect of foot 8£ 5 NIL 14
23 27 M 1 WNL PA Degloving soft tissue injury dorsomedial aspect of foot 7£ 6 NIL 6
24 55 M 1 WNL PA Open tendo-Achilles laceration 5£ 3 NIL 3
25 46 M NIL WNL PA Open infected tendo-Achilles repair 5£ 3 Smoker 60
26 46 F 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 15£ 6 NIL 72
27 22 M 1 WNL DA Degloving soft tissue injury dorsal aspect of foot 20£ 15 NIL 36
28 30 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 8£ 6 NIL 60
29 53 M 1 WNL DA Crush injury foot 4£ 3 NIL 8
30 67 M 1 WNL DA Gustilo and Anderson type 3B calcaneum fracture 15£ 15 HT 36
31 26 F 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 15£ 15 NIL 11
32 62 M 2 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 10£ 15 Smoker 12
33 21 M 1 WNL PA Gustilo and Anderson type 3B ankle fracture dislocation 6£ 4 NIL 5
34 20 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 3£ 2 NIL 6
35 56 F 1 WNL PA Open soft tissue injury lower leg 3£ 2 NIL 7
36 46 M NIL ESR " DA Gustilo and Anderson type 3B fracture calcaneum 15£ 15 NIL 6
37 28 M 2 CRP" DA Gustilo and Anderson type 3B fracture dislocation first TMT joint 12£ 4 Smoker 96
38 22 M NIL WNL PA Nonhealing wound of tendo Achilles 8£ 5 NIL 3
39 19 M 1 WNL DA Degloving soft tissue injury dorsal aspect of foot 15£ 15 NIL 12
40 66 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 5£ 5 NIL 4
41 28 M 1 WNL PA Open ankle dislocation with fracture of the talus 10£ 10 NIL 36
42 30 M NIL WNL DA Open dislocation of talonavicular joint 6£ 4 NIL 120
43 49 M 1 WNL DA Gustilo and Anderson type 3B fracture calcaneum 15£ 4 DM 36
44 16 M 1 WNL DA Gustilo and Anderson type 3B fracture calcaneum 10£ 10 NIL 60
45 40 M 2 WNL DA Gustilo and Anderson type 3B fracture calcaneum 10£ 3 NIL 60
46 21 M 2 WNL DA Gustilo and Anderson type 3B crush injury foot 12£ 10 NIL 72
47 19 M NIL WNL DA Degloving soft tissue injury 15£ 10 NIL 60
48 39 M 1 WNL DA Open degloving injury heel pad 5£ 2 NIL 24
49 64 M 1 WNL PA Chronic open infected tendo-Achilles rupture 8£ 2 DM 4
50 46 M 1 WNL DA Gustilo and Anderson type 3B fracture calcaneum 7£ 9 DM 3
51 45 M NIL WNL DA Crush injury foot 5£ 5 NIL 5
52 18 M 1 WNL DA Open degloving injury heel pad 20£ 10 NIL 72
53 36 F 2 CRP" PA Chronic osteomyelitis right tibia secondary to trauma 7£ 8 NIL 24
54 29 M 1 WNL PA Gustilo and Anderson type 3B fracture ankle 8£ 4 NIL 24
55 41 M 1 WNL PA Chronic infected tendo-Achilles open injury 2£ 1 NIL 5
56 49 M NIL WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 12£ 8 DM 12
57 6 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 5£ 7 NIL 120
58 13 F 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 12£ 10 NIL 98
59 25 M 1 WNL DA Gustilo and Anderson type 3B fracture calcaneum 8£ 8 Smoker 120
60 26 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 7£ 5 NIL 5
61 58 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 15£ 8 NIL 5
62 17 M NIL WNL DA Open degloving injury heel pad 10£ 5 NIL 6
53 13 F 2 WNL PA Gustilo and Anderson type 3B fracture dislocation ankle 12£ 6 NIL 72
64 17 M NIL WNL PA Open partial rupture of tendo Achilles 8£ 4 NIL 3
65 22 M 1 WNL DA Open soft tissue laceration dorsum of foot 12£ 12 NIL 120
66 35 F 1 WNL DA Open degloving injury heel pad 10£ 10 DM, HT 4
67 25 F 1 ESR " DA Infected comminuted extra-articular fracture calcaneum 10£ 4 NIL 10
68 30 F 6 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 8£ 6 NIL 48
69 58 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 3£ 3 DM, HT 120

(continued)
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Table 1. (Continued)

Serial No. Age
(years)

Sex Debridement
Prior to Flap
Surgery

Preoperative
Blood Tests

PA/DA Diagnosis Defect
Area (cm2)

Comorbidities Follow-Up
(months)

70 25 M NIL WNL DA Gustilo and Anderson type 3B fracture third and fourth metatarsal 10£ 10 NIL 48
71 50 M NIL WNL DA Bilateral heel pad avulsion injury 10£ 8 DM 120
72 30 M NIL WNL DA Degloving soft tissue injury dorsal aspect of foot 15£ 10 NIL 3
73 46 M 1 WNL DA Open crush injury foot 15£ 10 NIL 98
74 40 M 1 WNL DA Open degloving injury heel pad 15£ 10 NIL 3
75 59 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 5£ 5 Smoker 4
76 53 M 1 WNL PA Chronic infected tendo-Achilles repair leg 10£ 5 NIL 3
77 25 F NIL WNL DA Gustilo and Anderson type 3B fracture calcaneum 5£ 4 NIL 24
78 16 M 2 WNL PA Gustilo and Anderson type 3B fracture dislocation ankle 15£ 15 NIL 15
79 46 M 1 WNL DA Gustilo and Anderson type 3B Lisfranc fracture dislocation 12£ 4 NIL 3
80 38 M 1 WNL PA Gustilo and Anderson type 3B fracture both bones lower third leg 10£ 5 NIL 15
81 9 F 1 WNL DA Open soft tissue injury dorsal aspect foot 25£ 7 NIL 3
82 52 M NIL WNL PA Gustilo and Anderson type 3B fracture ankle 10£ 6 Smoker 3
83 13 M NIL WNL PA Open laceration of tendo Achilles 12£ 5 NIL 3
84 20 M 1 WNL PA Gustilo and Anderson type 3B fracture ankle 10£ 5 NIL 10
85 38 M NIL WNL PA Extensive soft tissue degloving of lower third leg 8£ 4 NIL 3

Abbreviations: CRP, C-reactive protein; DA, distal to ankle (group 2); DM, diabetes mellitus; ESR, erythrocyte sedimentation rate; F, female; HT, hypertension; M, male; NIL, nothing; PA,
proximal to ankle (group 1), WNL, within normal limits.

Table 2
Indications for reverse sural artery flap based on type of injury (N = 85)

Diagnosis No. of Patients (%)

Proximal ankle
1. Open both bone leg fracture 22 (26%)
2. Tibia chronic osteomyelitis secondary to trauma 2 (2.3%)
3. Open ankle fracture dislocation 10 (12%)
4. Soft tissue injury of leg 4 (5%)
5. Acute tendo-Achilles rupture 3 (3.5%)
6. Chronic infected tendo-Achilles rupture 8 (9.4%)

Distal ankle
1. Open multiple metatarsal fractures 6 (7%)
2. Heel pad avulsion 6 (7%)
3. Open soft tissue foot injury 7 (8.2%)
4. Open calcaneal fractures 11(13%)
5. Crush injury foot 6 (7%)
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In this retrospective study, we evaluated the following factors. Did factors such as
age, sex, presence or absence of comorbidities, and area of the defect influence the type
of healing in group 1 versus group 2? Was there an association between the site of the
flap (group 1/group 2) and the type of healing (primary /secondary)?

Statistical Analysis

All analyses were done by 1 author (R.K.) using the Statistical Package for Social
Services software Version 21.0 (IBM Corp., Armonk, NY). Two-tailed p values ≤ .05 were
considered significant. Continuously distributed data were reported as mean § standard
deviation. Categorical data are reported in terms of the number of patients and
percentage.

Categorical values between proximal ankle (group 1) and distal ankle (group 2) were
compared by the Pearson x2 test. Normally distributed data and skewed data were com-
pared between groups by the t test and nonparametric Mann-Whitney test.

Results

There were 49 (male = 36, female = 13) patients in group 1 and 36
(male = 32, female = 4) patients in group 2. These patients were fol-
lowed for an average of 29 (range 3 to 120) months. Patient demo-
graphic data are shown in Table 1. Group 1 had flaps predominantly for
bone coverage, whereas in group 2 the flap was done to cover combined
bone, tendon, and soft tissue defects (Table 2). The demographic factors
such as age, sex, and time to healing were similar between groups 1
and 2. The average time for flap healing was about 30 days in both
groups. However, in both groups, injuries were present predominantly
in males (Table 3).

When both groups were compared with regard to the type of
healing, it was found that primary flap healing occurred in 65% (32 of
49 patients) of group 1 patients as compared with 42% (15 of 36
patients) of group 2 patients, which was statistically significant (p = .03)
(Table 4). Factors such as the area of the defect, comorbidities, and age
were compared for the type of healing (primary/secondary) between
groups 1 and 2. We did not find a significant difference in the type of
healing when age, comorbidities, and area of defect were compared
(Tables 5 and 6). Photographs show healing of the defect in a group 1
patient (Figs. 1−3) and a group 2 patient (Figs. 4−6), both of whom
were followed for 2 years.

Of the 38 patients who had healed secondarily (group 1 = 17, group
2 = 21), 5 had tip necrosis, 11 had <50% necrosis, and 22 had >50%
necrosis. Group 1 patients predominantly had tip necrosis, whereas
group 2 patients had >10% to full necrosis. Tip necrosis was managed
with dressings and secondary suturing in the outpatient department,
whereas >10% necrosis to full necrosis required secondary procedures
in the operating theater. Group 2 required more operating theater pro-
cedures than did group 1 patients. There was a significant difference
statistically between the 2 groups requiring secondary procedures in
the operating theater (p = .001) (Table 7).
Discussion

RSA flap was initially described in 1992 by Masquelet et al (19) as a
sural neurocutaneous island flap. This term was later changed by
Hasegawa et al (9) to reverse sural artery flap. Since the initial descrip-
tion, many technical modifications have been added in the form of fore-
going the cutaneous tunnel and exteriorizing the pedicle, the addition
of a T-shaped skin paddle to eliminate venous congestion, the addition
of a gastrocnemius muscle cuff to improve flap survival, and lowering
the pivot for rotation of the flap (20−22). Despite these technical modi-
fications, the incidence of partial or total flap necrosis ranges from 25%
to almost 36% (2,4,20).

This study evaluates the difference in flap healing in patients for
injuries incurred proximal and distal to the ankle joint line. All 85
patients had sustained traumatic injuries with no vascular compromise.
Even in the patients with comorbidities, there was no diagnosed or
manifested peripheral vascular disease. All flaps were done in patients
with good local skin condition and the presence of perforators, which
was confirmed by handheld Doppler scanning before surgery. In our



Table 3
Comparison of patient demographic between groups

Proximal Ankle (n = 49) Distal Ankle (n = 36) p Value ≤ .05

Age, mean years § SD 32.5 § 14.9 35.5 § 14.1 .36
Gender Female, n (%) 13 (26.5) 4 (11.1) .07

Male, n (%) 36 (73.5) 32 (88.9)
Area of defect, mean (range) 74 cm2 (2 to 300) 80 cm2 (15 to 200) NA
Time to healing, mean days § SD 30.3 § 16.4 36.8 § 19.2 .14
range = (minimum, maximum)

Abbreviations: NA, not applicable; SD, standard deviation.

Table 4
Comparison of type of healing between groups

Type of
Flap Healing

Proximal Ankle
n (%)

Distal Ankle
n (%)

p Value
≤ .05

Primary 32 (65) 15 (42) .030
Secondary 17 (35) 21 (58)

Table 5
Comparison of patient demographics versus type of healing within groups

Primary Healing
n (%)

Secondary Healing
n (%)

p Value
≤ .05

Age
≤40 years 33 (71%) 22 (58%) .21
>40 years 14 (29%) 16 (42%)

Comorbidities
Yes 11 (23%) 5 (13%) .24
No 36 (77%) 33 (87%)

Area of defect
Proximal ankle 65 cm2 88 cm2 .04
Distal ankle 75 cm2 84 cm2

Table 6
Comparison of comorbidities between the groups

Smoking
[n (%) ]

Diabetes Mellitus
[n (%) ]

Hypertension

Group 1 (PA) (N = 49) 6 (12.24%) 3 (6.1%) 1 (2%)
Group 2 (DA) (N = 36) 2 (5.5%) 4 (11%) 2 (5.5%)

Abbreviations: DA, distal to ankle (group 2); PA, proximal to ankle (group 1).

Fig. 1. Group 1 patient with open soft tissue injury exposing the tendo Achilles.

Fig. 2. Group 1 patient in the immediate postoperative period after undergoing reverse
sural artery flap.

R. Perumal et al. / The Journal of Foot & Ankle Surgery 58 (2018) 306−311 309
series, flap success (ie, primary flap healing) was 65% in patients with
injuries at or proximal to the level of the ankle joint, compared with
only 42% in patients with injuries distal to the level of the ankle joint.
This was found to be statistically significant.

Studies in the literature have reported that flap necrosis results from
excessive rotation of the narrow pedicle, venous congestion, high pivot
point, and very proximal top edge, indirectly indicating a very distal
injury (16,17,23−26). In our study, we made the ankle joint as the base
around which we could categorically divide the injuries as “near”
(group 1) or “far” (group 2). For some of the far injuries, the flaps had to
have the top edge almost at the upper calf region, which resulted in
Fig. 3. Group 1 patient with exposed tendo Achilles, showing healing after 2 years.



Fig. 4. Group 2 patient with extensive soft tissue injury over the dorsum of the foot
exposing the ankle joint.

Fig. 5. Group 2 patient with extensive soft tissue injury over the dorsum of the foot in the
immediate postoperative period after undergoing reverse sural artery flap.

Fig. 6. Group 2 patient with extensive soft tissue injury dorsum of foot at 6 months
follow-up visit.

Table 7
Comparison of flap necrosis between groups

Proximal Ankle
(n = 17)

Distal Ankle
(n = 21)

p Value
≤ .05

Tip necrosis (>10%) 10 (59%) 2 (9.5%) .001
10% to 50% and >50% necrosis 7 (41%) 19 (90.5%)
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necrosis. In our series, patients with tip necrosis were managed by
suturing while in the outpatient department, whereas patients who
had >10% necrosis had to be treated with operative procedures in the
operating theater.

The advantage of this study is that there are 2 distinct groups with
adequate follow-up. Previous reports have shown a complication rate
close to 59% in patients with comorbidities (2). Patient comorbidities, as
well as other demographic factors, were similar between the 2 groups
in our study. All patients in this study exclusively had traumatic inju-
ries. To our knowledge, there is no study in the English language litera-
ture, which has distinctly classified sural flap cover for traumatic
injuries around the lower leg region into proximal and distal to the
ankle joint groups and compared their healing with categorical
findings.

A limitation of this study is its retrospective nature and the fact that
surgeons are measuring their own outcomes. However, despite our
appreciation of the limitations of our investigation, we believe that the
results of this study could be useful in the future development of a pro-
spective cohort study that focuses on RSA flap.

In conclusion, RSA flap for defects proximal to the level of the ankle
joint has a higher rate of primary healing compared with flaps distal to
the ankle joint line. Surgeons should be aware of the chances of flap
necrosis when undertaking RSA flap cover for defects distal to the ankle
joint line. We would suggest that when a flap is harvested close to the
popliteal region for it to reach the foot, the surgeon must ensure that
the sural artery, which is deep in this region, is carefully dissected out
to be included in the flap.
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