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Abstract

The purpose of this study was to compare the reconstructive outcomes of soft-
tissue defects around the foot and ankle with anterolateral thigh (ALT) flap or
lateral supramalleolar (LSM) flap and attempt to provide an optimal strategy
for elderly patients. A retrospective review of all continuous patients with foot
and ankle reconstruction using different flaps from October of 2010 and
October of 2020 was performed. Based on the flap types, the patients were
divided into two groups: ALT flap group (n = 50) and LSM flap group
(n = 46). Outcomes were assessed according to the flap survival rate, early
complications, general complications, late complications, cosmetic appearance,
functional outcomes and Vancouver Scar Scale (VSS). We found that there was
no difference in average age, gender, aetiology, size of the defect, debridement
times between the two groups; however, a significant difference in operation
time, hospitalisation time and cost were noted between them. What's more,
the early flap complications between them were not significantly different. The
LSM flap group showed less general complications, less flap bulky and lower
cosmetic appearance. Moreover, the functional evaluation and VSS seem simi-
lar (P > .05). Thus, The ALT flap and LSM flap are both flaps available for foot
and ankle reconstruction in elderly patients. However, the LSM flap offers
short operation time, short hospitalisation time, and less cost with a lower fre-
quency of postoperative complications. Thus, we advocate the LSM flap for the
reconstruction of moderate-size defects of the foot and ankle region in elderly
patients.
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Key Messages

1 | INTRODUCTION

In recent years, with the significantly increased number
of car and motorcycle accidents, tissue losses from the
foot and ankle region are becoming increasingly fre-
quent. Its reconstruction poses unique challenges due to
its requirements for durable soft tissue that can withstand
the load-bearing function of the plantar surface while
providing a thin, pliable contour for resurfacing the dor-
sal foot and ankle."” With the rapid development of
microsurgical techniques and reliable flap survival in flap
transfers, the use of free flap such as the anterolateral
thigh (ALT) flap has been gaining more popularity in the
reconstruction of such patients.>* However, free flaps
represent the highest rung on the reconstructive ladder,
requiring technically demanding, costly, and time-
consuming operations, with significant complication
rates, donor-site morbidity, failure rates, and risk at the
anastomosis.”® The elderly patients, who do not need

LSM

FIGURE 1
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« the purpose of this study was to compare the reconstructive outcomes of
soft-tissue defects around foot and ankle with anterolateral thigh (ALT) flap
or lateral supramalleolar (LSM) flap and attempt to provide an optimal strat-
egy for elderly patients

« asignificant difference in operation time, hospitalisation time and cost was
noted between the two groups. The LSM flap group showed less general
complications, less flap bulky and lower cosmetic appearance

« we advocate the LSM flap for the reconstruction of moderate-size defects of
the foot and ankle region in elderly patients

high aesthetic requirements, sometimes cannot tolerate
the prolonged free flap surgery.

The lateral supramalleolar (LSM) flap was first
described in 1988 by Masquelet et al.” It is a fasci-
ocutaneous flap raised from the lateral aspect of the
lower leg and used as a distally based pedicled flap. This
flap is supplied by the perforating branch of the peroneal
artery. The flap is widely used to cover the wound of the
foot and ankle with a large range of rotation, presented
acceptable aesthetic damage in the donor area without
functional damage and are therefore a good choice for
covering the foot and ankle injuries.*° Figure 1 is a sche-
matic diagram of LSM flap surgery. May for young
patients, the free flap group presented better overall aes-
thetic outcomes in comparison with the local flap group
in terms of colour and contour match.'® However, data
from available literature regarding flap selection for
elderly patients are still controversial in the reconstruc-
tion of these areas.

Skin graft

Schematic diagram of LSM flap. (A) The design of the LSM flap is 5 cm above the lateral malleolus. (B) Harvest the LSM

flap according to the size of the wound on the back of the foot. (C) LSM flap covers the wound of the foot and the donor site undergoes skin

grafting. ALT, anterolateral thigh; LSM, lateral supramalleolar
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The aim of the current study is to compare the results
obtained from using the LSM flap, and the ALT flap in
reconstructing soft-tissue defects of the ankle and foot in
elderly patients.

2 | PATIENTS AND METHODS

2.1 | Patient materials

A retrospective review was undertaken of all patients
who presented with foot and ankle soft-tissue defects
treated with ALT flap or LSM flap between October of
2010 and October of 2020. The inclusion criteria were
patients who had a unilateral foot or ankle injury with
soft-tissue defects and who had undergone flap transfers
with a follow-up of no less than 1year. A total of
10 patients (3 patients in group A and 7 patients in group
B) were lost to follow-up because of various reasons. As a
result, 50 patients (ALT flap group) had free ALT perfora-
tor flaps; 46 patients (LSM flap group) underwent an
LSM flap reconstruction. All procedures were performed
in a single institution by the same team. All experimental
procedures were approved by the Ethics Committee of
our hospital and were in accordance with the Helsinki
Declaration. The pictures and information of the patients
involved in this article have been approved by patients in
writing to publish these cases.

2.2 | Surgical procedure

For every patient, the whole of the defect area must be
thoroughly inspected and aggressively debrided. Surgical
debridement was carried out in all instances, in addition
to removal of devitalised tissues; the bony or tendon sur-
face was abraded lightly in instances without periosteal
coverage. If it is a fracture case, we will choose the appro-
priate fixation method. The suitability of this implant
needs to be evaluated and possibly revised. If simply the
bones or tendons are exposed, external fixation (cast or
brace) after surgery is sufficient. Preoperatively, we
detected and marked the perforators with the help of a
handheld Doppler, further radiological investigation, that
is, CT angiography, was only performed when needed.

In the ALT flap group, the patients were reconstructed
using a free ALT flap, which was carried out by the des-
cending branch of the lateral circumflex femoral artery and
cutaneous branch femoral nerve. The donor site was closed
primarily with cosmetic sutures. A below-the-knee protec-
tive cast in a neutral position was performed for 3 weeks
after the operation. Patients were required to have absolute
bed rest for 10 days postoperatively.

In the LSM flap group, all patients had reconstruc-
tions using LSM flap. A point was marked in the depres-
sion of the lower part of the local tibiofibular space,
where the perforating branch of the fibular artery pene-
trates the interosseous membrane, around 5 cm from the
tip of the lateral malleolus. The flap can be peninsular or
pedunculate, in an island with a distal base, depending
on the area of coverage. In all these patients, a full-
thickness skin graft is taken from the anteromedial thigh
area to close the supramalleolar cutaneous defect and to
repair the lateral leg skin. The same cast fixation was per-
formed for 1 week after the operation. Absolute bed rest
was not needed.

2.3 | Evaluation of outcomes

In both groups, we recorded patients’ characteristics, that
is, age, gender, aetiology, size of the defect, debridement
times, operation time, hospitalisation time, and the cost.
The observation time points of early complications from
postoperative to discharge included the incidence of flap
necrosis, infection and haematoma in the reconstructed
site, as well as infection and haematoma in the donor
site. General postoperative complications of the elderly
patients, such as pneumonia, pressure ulcer, and venous
thrombosis of the lower limbs, were also our observation
items. Partial flap necrosis was defined as those being
healed by dressing change after flap necrosis; we do not
need to perform the second operation. Total flap necrosis
was defined as flap compromise requiring complete
debridement and need to re-surgery after skin flap
Necrosis.

Late complications, including the incidence of flap
bulky'! and flap ulcer, were evaluated at the follow-up
period of 6 months after the operation. We subjectively
evaluated the cosmetic appearance of the recipient sites
and donor sites on a scale from 1 (close to normal) to
4 (unsatisfactory).'>'> We also assessed functional out-
comes by Kofoed ankle scores'* ranging from 0 to
100 with subscores for pain, function, and mobility
(Kofoed score 85-100 as excellent, 75-85 as good, 70-74 as
moderate, and <70 as poor). One year after surgery, the
scars that had formed at both the reconstructed and
donor sites were evaluated according to the VSS' in
terms of their pigmentation, vascularity, pliability, and
height.

2.4 | Statistical analysis

The data are presented as the mean + standard error of
the mean. Data were analysed using Student's ¢ unpaired
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test and the chi-squared test. P < .05 was considered sta-
tistically significant. Statistical analyses were performed
using SPSS version 18.0 software.

3 | RESULTS

The average age for patients in the ALT flap group was
66.89 + 8.6 years and in the LSM flap group was 66.09
+ 9.2 years. There were 40 males and 10 females in the
ALT flap group and 39 males and 7 females in the LSM flap
group. The most common cause of injury was car accidents
in both groups (35/50 vs 33/46). The size of the defect of the
ALT flap group was 442 +68 cm’ and it was
447 + 5.7 cm® in the LSM flap group. In the ALT flap
group, the debridement times were 2.04 + 0.61. In the LSM
flap group, the debridement times were 1.93 + 0.57. How-
ever, the demographic characteristics such as age, gender,
aetiology, size of the defect, and debridement times were
similar between the two groups (P > .05; Table 1).

The results from the perioperative period were shown
in Table 2. The operation time in the LSM flap printing
group was 2.2 + 0.40 hours, which was significantly
shorter than the conventional group (3.9 + 0.63 hours,
P < .001). There was statistical significance in the
hospitalisation time between the ALT flap group
(20.4 + 1.5 days) and the LSM flap group (15.1 + 1.3 days,

TABLE 1 Demographic date

N
Age (y)
Gender
Male
Female
Aetiology
Car accident
Crush injury
Other

Size of the defect (cm?)

Debridement times

P - WiLEy-L =

P < .001). In addition, the ALT flap group had signifi-
cantly cost (47.2 + 4.3 x 10* ¥) than the LSM flap group
(37.1 + 4.7 x 10° ¥, P < .001).

The complications are summarised in Table 3. For the
early flap complications, partial necrosis occurred in one
case in the ALT flap group and in four cases in the LSM
flap group. Total necrosis occurred in one case of the
ALT flap group, and none occurred in the LSM flap
group. There were two cases of infection and one case of
haematoma in the ALT flap group and LSM flap group,
respectively. Totally, there are four cases in the ALT flap
group and seven cases in the LSM flap group. There was
no difference between the two groups for the early com-
plications. About the general complications, there are five
pneumonia cases, two pressure ulcer cases, and two
venous thrombosis cases in the ALT flap group. One
pneumonia case, 0 pressure ulcer cases, and one venous
thrombosis case are observed in the LSM flap group.
There was no significant difference between the two
groups in each term (P > .05). However, the total cases in
the ALT flap group (9/50) is more than it in the ALT flap
group (2/46, P = .036). To evaluate the late complications
of the reconstructed area, we used a numerical statement
that was in terms of the bulky flap and flap ulcer. A
bulky flap occurred in 20 cases in the ALT flap group and
in five cases in the LSM flap group. The flap ulcer
occurred in one case of the LSM flap group and no one

ALT flap group LSM flap group tor X* P
50 46
66.89 + 8.6 66.09 + 9.2 t = 0.437 .663
X* = 0.376 .540
40 39
10 7
X? = 0.056 972
35 33
10 9
5 4
442 + 6.8 447 + 5.7 t=0.365 716
2.04 + 0.61 1.93 + 0.57 t=0.873 .385

Abbreviations: ALT, anterolateral thigh; LSM, lateral supramalleolar.

TABLE 2 The results from the

operative condition
N

Operation time (h)

Hospitalisation time (d)

Cost (x10° ¥)

ALT flap group LSM flap group t or X? P
50 46

3.9 + 0.63 2.2+ 040 t=16.45 .001*
204 +1.5 151 +1.3 t=18.75 .001*
472 + 4.3 37.1+4.7 t=10.9 .001*

Abbreviations: ALT, anterolateral thigh; LSM, lateral supramalleolar.

*p < 0.05.
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ALT flap group  LSM flap group

N 50 46
Early flap complications

Partial flap necrosis 1 4

Total flap necrosis 1 0

Infection 2 2

Hematoma 1 1
Total 4 7
General complications

Pneumonia 5 1

Pressure ulcer 2 0

Venous thrombosis 2 1
Total 9 2
Late flap complications

Flap bulky 20 5

Flap ulcer 0 1
Cosmetic evaluation

Very good 23 10

Good 22 10

Satisfactory 5 24

Unsatisfactory 0 2
Functional evaluation

Excellent 30 26

Good 10 11

Moderate 8 7

Poor 2 2

Abbreviations: ALT, anterolateral thigh; LSM, lateral supramalleolar.
* p < 0.05.

ALT flap group LSM flap group
N 50 46
Reconstructed site 4.05 + 0.37 4.0 £ 0.37
Donor site 3.99 + 0.37 4.06 + 0.37

Abbreviations: ALT, anterolateral thigh; LSM, lateral supramalleolar.

occurred in the ALT flap group. The results showed that
the late complications in the LSM flap group were signifi-
cantly lower than that in the ALT flap group (P < .05).

In term of cosmetic evaluations (Table 3), the subjec-
tive scoring showed that 46% (23/50) of the ALT flap
patients rated their appearance as very good, 44% (22/50)
as good, 10% (5/50) as satisfactory, and no one unsatisfac-
tory. In the LSM flap group, 21.7% (10/46) of patients
rated their appearance as very good, 21.7% (10/46) as
good, 52.2% (24/46) as satisfactory, and 4.3% (2/46) as
unsatisfactory. The results showed that postoperative sat-
isfaction of guardians of the patients in the ALT flap

X2 P TABLE 3 The results from the
complications
X?=2176  .191
X?=0.93 335
X?=0.007 .932
X*>=0.002 .964
X*=1.065 .302
X?>=2504 114
X*=1879 170
X2=0264 .607
X*=4401 .036*
X?* =10.56 .001*
X*=1.098 .295
X? = 23.94 .001*
X>=0234 972
t p TABLE 4 Vancouver scale of the
two groups
0.633 0.529
1.044 0.299

group was significantly better than that in the LSM flap
group (P < .05). In VSS (Table 4), there were no signifi-
cant differences in the means standards scores between
ALT flap and LSM flap groups. In the reconstructed site,
the score was 4.05 + 0.37 vs 4.0 + 0.37; in the donor site,
the score was 3.99 + 0.37 vs 4.06 + 0.37, respectively.

The function of the foot and ankle assessment showed
that there was no significant difference between the two
groups (Table 3. P > .05). In the ALT flap group, 60%
(30/50) took their functional outcomes as excellent, 20%
(10/50) as good, 16% (8/50) as moderate, and 4% (2/50) as
poor. In the LSM flap group, 56.5% (26/46) took their
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FIGURE 2
free flap. (E-G) Harvest the free flap and suture of the donor site

(A-C) A 67-year-old female suffered a skin defect of the left foot with exposed tendons. (D) The wound was repaired with a

(B)

(A) 3 weeks after; (B) 6 months after the operation, a bulky flap. (C) Scars of the donor site

FIGURE 3

functional outcomes as excellent, 23.9% (11/46) as good,
15.2% (7/46) as moderate, and 4.3% (2/46) as poor.

3.1 | Casereport

3.1.1 | CaselALT flap

A 67-year-old female suffered a skin defect of the left foot
with exposed tendons because of a car accident
(Figure 2). After thorough debridement, we considered
the ALT flap of the right leg. The free skin flap was used

to repair the left foot skin defect (Figure 2). The flap was
completely alive after the operation, and there was no
obvious sign of infection in the wound. Six months after
the operation, despite it being a bulky flap, there was a
satisfactory functional and cosmetic outcome (Figure 3).

3.1.2 | Case2LSM flap

A 61-year old-female patient sustained a skin defect of the
left foot because of trauma. After complete debridement of
the affected limb, the left external skin defect was repaired
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FIGURE 5
(B) lateral view of the calf sacr. (C) medial view of the calf sacr

with the LSM flap (Figure 4) and the defect in the donor
area is covered with a thick thigh blade (thin skin). One
week later, the skin and muscles were vital and free from
necrosis and pus (Figure 4). One year after the operation
(Figure 5), the function is acceptable, the scar on the thigh
and calf makes the appearance also satisfactory.

4 | DISCUSSION

At present, reconstructing complex soft-tissue defects of
the foot and ankle in elderly patients poses a major chal-
lenge for surgeons because of the limited local soft tissue

FIGURE 4 (A)a6l-year
old-female patient sustained a
skin defect of the left foot.

(B) Schematic diagram of LSM
flap. (C) The wound was
repaired with an LSM flap and
skin graft. (D) One week later,
the skin and muscles were vital
and free from necrosis and pus

(C)

One year after the operation, the scar on the thigh and calf makes the appearance satisfactory. (A) AP view of the calf sacr.

availability and weight-bear requirement.’® A variety of
techniques have evolved for reconstructing defects.'’
Sommerlad and McGrouther'® reviewed a number of
these and found that no one particular technique was
superior or ideal. Especially for the elderly, as they often
suffer from basic diseases and have poor surgical toler-
ance. Although there are many treatment methods for
skin defects of the foot, each method has its own advan-
tages and disadvantages. It is inevitable that skin necro-
sis, defects, and deep-tissue exposure will inevitably
occur after the operation.

Early years, it was popular of removing the tendon,
multiple debridements, negative pressure sealing
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drainage combined with skin grafting to close the
wound,® as the trauma was small. However, the number
of operations is more, the hospital stay is long, and the
skin graft is often not wear-resistant, easy to rupture and
infection. As Song et al*® first described the use of free
flaps such as ALT flap in 1984, free flaps have been
widely applied in clinical settings.”’ The free ALT flap
receives blood supply by the descending branch of the
lateral femoral circumflex artery mostly, partly from the
transverse branch. However, the operation is very risky
with the highly technical demanding of small vessel
anastomosis. The flaps are bloated, which often affects
the appearance, and it is even inconvenient to walk in
shoes.'® What's more, many elderly people cannot toler-
ate is prolonged operation time. The LSM flap is a fasci-
ocutaneous flap raised on the distal perforating branch of
the peroneal artery as its vascular pedicle. Masquelet et al
showed that the perforating branch of the posterior pero-
neal artery consistently emerges from a groove between
the tibia and the fibula, just proximal to the distal
tibiofibular ligament and can be found 5 cm above the
lateral malleolus. The main advantages of the LSM flap
include its simplicity and ease of elevation, an area up to
9 cm can be included and, importantly, it does not
require the sacrifice of a major vessel or muscle func-
tion.> The LSM flap is similar in texture to the back of
the foot, and the location is close. With the right surgical
indications, it is a good choice for repairing the defect of
the skin and soft tissue of the back of the foot in elderly
patients.

In the present study, we found that the operation
time, hospitalisation time, and cost in the ALT flap group
were higher than those in the LSM free flap group. As
the operation of the LSM flap is relatively simple and
does not require anastomosis of blood vessels, the opera-
tion time is relatively short. In addition, it is no need to
wait a long time to observe the survival of the skin flap
after surgery in the hospital. Thus, the hospitalisation
time and cost were less than that of the ALT flap group.
This is consistent with the findings of Yuan.'® However,
they reported higher surgical costs than that of this study,
which may be related to their more debridement times.

The incidence of total general complications of the
ALT flap group is higher than that of the LSM flap group.
It may be due to the cast fixation and absolute bed rest
for a long time postoperatively. Especially for elderly
patients, long-term bed rest can cause pneumonia, pres-
sure ulcer, and deep vein thrombosis of the lower
extremities.*

The flap bulky was more in the ALT free flap group
because the subcutaneous fat of the thigh is much thicker
than the ankle and lower leg, the flaps are obviously
more bulky postoperatively compared with the local flaps

P WiLEy- L ==

of the lower leg. Therefore, revision surgery is needed for
most patients in the second stage.”” The advantage of the
LSM flap is that it has less subcutaneous fat, skin colour,
and texture close to the ankle with no need for secondary
flap thinning.

In the study, patients in the ALT flap group have a
better aesthetic appearance. The cosmetic evaluation
shows better in the ALT flap group. For the LSM flap, the
choice is the soft tissue of the calf as the regular donor
area for flap transplantation, which affects the appear-
ance of the healthy calf. The calf at some time is an
important part of human beings (especially women), as it
contributes to our overall beauty. However, for the
elderly patients, ALT flap is not the best choice, which
need longer hospital time and more medical expenses.
Because most of them will not have much pursuit of
beauty. What's, more, in terms of ankle function recov-
ery, there was no significant statistical difference between
the two groups of patients in the long-term follow-up.

For elderly patients with skin defects on the back of
the foot, the most critical factors are the definite survival
of the flap and the safety of the operation. Therefore, we
recommend LSM flap based on the following advantages:
(a) the flap is easy to design and harvest with a short
operation time. In this study, the operation time of the
LSM flap group was significantly shorter than that of
the ALT flap group. (b) the perforator blood vessels of the
flap are constant, with little variation, while the blood
supply of the flap is more reliable than the free flap.
(c) the LSM flap comes from a non-weight-bearing area,
and its texture is similar to that of the back of the foot.
The operation can be completed in a single time without
the need for a two-stage revision of its bulky.
(d) anastomosis of blood vessels is not required of opera-
tion, which is conducive to postoperative care and
rehabilitation. Similarly, LSM flaps also have some disad-
vantages: (a) the distal perforating branch of the peroneal
artery is the pedicle of the LSM flap. Due to the limitation
of the length of the vascular pedicle, it is difficult to
repair the Achilles zone and the distal areas of the foot,
especially the medial wound. (b) the donor site is poorly
concealed, and the postoperative scar sometimes affects
the appearance. For those with a larger flap area, the
donor site needs skin grafting, which is prone to
pigmentation.

To ensure success and obtain good clinical results, we
need to pay attention to the following issues during the
perioperative period: (a) although preoperative Doppler-
ultrasound marking of perforating vessels has a high
accuracy rate,”* we still believe that when the
intraoperative skin flap is harvested, one side of the skin
flap is first cut to make sure that the pedicle of the flap is
a reliable perforator, and the flap is appropriately
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adjusted according to the specific position of the perfora-
tor. (b) during the operation, the severely crushed and
contaminated skin should be completely removed. The
skin without severe crushing, but with heavier avulsion
and poor activity, should also be removed as much as
possible. (c) the quality of peripheral blood vessels in the
elderly is relatively poor, and the operation should be
completed under a magnifying glass as much as possible,
especially when the pedicle is dissected, it should be
more delicate and gentle to prevent vasospasm, which
will affect the blood supply of the skin flap. (d) definite
haemostasis of the wound, adequate drainage under the
flap, and tension-free suture of the flap are the keys to
the success of the operation. Early postoperative rehabili-
tation exercises are the guarantee for reducing complica-
tions and restoring functions.

A limit of our study is the small sample size; although
a statistical comparison of complication rates and healing
time was performed, the results need to be confirmed
on a larger series to achieve higher statistical power. In
addition, our research has certain limitations with the
experience of only one medical centre. Prospective
multiple-centre investigations are advisable in future to
compare the two flaps. Randomised controlled trials
comparing the flaps are desirable to better assess advan-
tages, disadvantages, and indications for the use of local
flap and free flap in lower limb reconstruction.

5 | CONCLUSION

In conclusion, the ALT flap and LSM flap are both flaps
available for foot and ankle reconstruction in elderly
patients. However, the LSM flap offers short operation
time, short hospitalisation time, and less cost with a lower
frequency of postoperative complications. Thus, we advo-
cate the LSM flap for the reconstruction of moderate-size
defects of the foot and ankle region in elderly patients.
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