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Abstract: Objective: To retrospectively analyze the effect of anterolateral femoral free flap transplantation in repairing 
hand and foot soft tissue defects and the risk factors for skin flap necrosis. Methods: The clinical data of 62 patients 
with hand and foot soft tissue defects admitted to Department of Hand and Foot Microsurgery in Yuyao People’s 
Hospital of Zhejiang Province from January 2018 to December 2021 were retrospectively analyzed. According to the 
different methods of skin flap transplantation, these patients were divided into a control group (n=30, conventional 
skin flap transplantation) and an observation group (n=32, anterolateral femoral free skin flap transplantation). The 
clinical outcomes and postoperative flap survival rate were compared between the two groups. The risk factors of 
flap necrosis were analyzed by univariate and multivariate Logistic regression. Results: The surgical time, intraop-
erative blood loss and hospital stay in the observation group were significantly less than those in the control group 
(all P<0.05). The survival rate of skin flap in the observation group was significantly higher than in the control group 
(P<0.05). Logistic regression analysis showed that intraoperatively incomplete hemostasis, inappropriate selection 
of anastomotic vessels, irrational use of antibiotics, infection and unstable fixation were independent risk factors 
for skin flap necrosis following hand and foot soft tissue defects surgery. Conclusion: Anterolateral femoral free 
flap transplantation is beneficial to improve the clinical outcomes in patients with hand or foot soft tissue defects, 
increase the survival rate of skin flap and promote recovery. Incomplete hemostasis during operation, inappropriate 
choice of anastomotic vessels, irrational application of antibiotics, concurrent infection and unstable fixation are 
independent risk factors for postoperative flap necrosis.
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Introduction

With the rapid development of the economy, 
hand and foot injuries caused by industry and 
traffic accidents are on the rise year by year. 
When hands and feet are injured, this is often 
accompanied by avulsion or defect of soft tis-
sue [1], neurovascular injury, bone and joint 
exposure, which has a serious impact on the 
daily life and activities of patients. Therefore, 
timely repair and treatment are required. For 
soft tissue defects in hand and foot, skin flap 
transplantation is usually performed [2].

Free skin flap transplantation is defined as the 
anastomosis of isolated skin flap to the blood 
vessels in the damaged area through the vas-

cular anastomosis technology, thus establish-
ing a better blood supply and venous return. 
Abdominal flap is one of the most commonly 
applied flaps in traditional repair of skin defect. 
However, there are some limitations: blood sup-
ply to the flap is easily affected by a change in 
body position; the recovery of sensory nerve 
function is poor; and vascular crisis is frequent-
ly observed. Recently, the anterolateral femoral 
free flap has been applied by more surgeons. It 
was shown that the anterolateral femoral free 
flap could meet the requirements for repairing 
wounds of hands and feet in different degrees 
[3, 4]. The vascular pedicle of the anterolateral 
thigh flap is the descending branch of the lat-
eral femoral circumflex artery, which has obvi-
ous advantages. For example, the vascular 
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pedicle is relatively constant and long, the vas-
cular diameter is large, and a large area can be 
obtained. Moreover, this kind of flap can carry 
the anterolateral thigh cutaneous nerve, which 
is conducive to the reconstruction of sensory 
function. After the flap is removed, the donor 
area is less affected, and it is not easy to dam-
age the important blood vessels of the limbs. 
The lateral thigh flap can not only repair the soft 
tissue defects of hands and feet, but also repair 
the wound defects of various parts of the body, 
with a wide range of applications [5, 6].

Necrosis of the anterolateral femoral flap was 
previously thought to be associated with diabe-
tes, severe hypertension, long operative time, 
the number of venous anastomoses, and vas-
cular crisis. In diabetes patients, due to the 
metabolic disorder, the ability of platelet adhe-
sion increases, which increases the blood vis-
cosity, leading to slow local blood flow, and 
long-term effects can lead to atherosclerosis 
[7]. In addition, such patients often have poor 
wound healing effect or delayed healing, and 
the skin flap is prone to infection and necrosis 
[8]. In patients with severe hypertension, the 
elasticity of blood vessels is often poor, the 
intima of blood vessels is prone to atheroscle-
rosis, and the thickening of the endothelium in 
blood vessels is prone to thrombosis, which is 
not conducive to the healing of skin flaps. Long 
operative time is associated with necrosis of 
this kind of flap. Long operative time can 
increase the probability of thrombosis and pro-
long the time of tissue ischemia. Ischemia 
reperfusion of the flap would lead to the swell-
ing and damage of endothelial cells, and affect 
the ability of anti-platelet aggregation [9]. 
Anastomosis of two veins is better than that of 
one vein. If one vein is blocked, the other vein 
can maintain venous return. Anastomosis of 
two veins can effectively improve blood flow 
rate and reduce the risk of skin flap congestion 
[10]. After bacterial infection, the secreted bac-
terial toxin may cause necrosis of the skin flap. 
Anti-infection treatment should be performed 
in time after surgical operations, in order to 
reduce the probability of skin flap infection. 
Vascular crisis refers to the obstruction of 
blood circulation after vascular anastomosis, 
which leads to flap necrosis [11]. Vascular crisis 
can be divided into arterial crisis and venous 
crisis. The venous crisis is caused by the rela-
tively short pedicle of the perforator when the 

flap is cut. The mechanical lumen obstruction 
of the venous vessel occurs during the ope- 
ration of traction and compression, which 
increases the probability of thrombosis at the 
anastomotic orifice. Vasospasm is the main 
cause of arterial crisis at 2 days after opera-
tion, while vascular obstruction is the main 
cause of arterial crisis within 1 day after opera-
tion. However, risk factors for flap necrosis are 
uncertain. In this study, 62 patients with hand 
and foot soft tissue defects admitted to our 
hospital from January 2018 to December 2021 
were selected as the study objects. The clinical 
efficacy of anterolateral thigh flap and conven-
tional flap transplantation in the treatment of 
hand and foot soft tissue defects was analyzed 
retrospectively, and other risk factors in addi-
tion to the above causes resulting in flap necro-
sis were also investigated. The results of this 
study would provide the clinical evidence for 
free skin flap transplantation.

Materials and methods

General information

This retrospective study had been approved  
by the ethical committee of Yuyao People’s 
Hospital of Zhejiang Province (No. 201711-
108). 62 patients with soft tissue defect of 
hand and foot admitted to the Department of 
Hand and Foot Microsurgery, Yuyao People’s 
Hospital of Zhejiang Province between January 
2018 to December 2021 were enrolled in this 
study. Inclusion criteria: ① All patients who 
were diagnosed with hand and foot soft tissue 
defects after admission with the requirement 
of surgical flap transplantation; ② Patients 
without trauma history of hand and foot; ③ 
Patients without coagulation dysfunction; ④ 
Patients with an age over 20; ⑤ Patients who 
had signed the operative consent before sur-
gery. Exclusion criteria: ① Patients with trauma 
or abnormal function of heart, liver, lung and 
other organs; ② Patients with malignant tu- 
mors; ③ Patients with limb fracture or spinal 
fracture; ④ Patients with Immune immune sys-
tem diseases; ⑤ Patients with infectious dis-
eases including tuberculosis; ⑥ Patients with 
mental disorders that couldn’t cooperate with 
surgical treatment.

According to the methods of skin flap trans-
plantation, these patients were divided into 
control group and observation group. There 
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were 32 patients in the observation group and 
they received the anterolateral femoral free 
flap transplantation treatment. There were  
30 patients in the control group and they  
underwent routine skin flap transplantation 
treatment. 

Surgical procedure

The anterolateral femoral free flap transplanta-
tion was performed in patients from observa-
tion group. The details were as follows: The per-
forating point of the descending branch of the 
lateral circumflex femoral artery was explored 
and marked by ultrasonic examination. The 
area and shape of the skin flap were calculated 
according to the area and shape of the hand or 
foot soft tissues defects. The skin flap area was 
required to be 20% larger than the soft tissue 
defects. The skin flap was cut according to the 
design shape. The medial edge of the flap was 
cut to the deep fascia. The skin and deep fascia 
were temporarily fixed. The skin flap was lifted 
from the inside out, and it was carefully explored 
to find the perforating vessels with appropriate 
diameter. The space between the lateral thigh 
muscle and the rectus femoris muscle was 
open to determine the source of the perforating 
branch. If it was necessary to cut the lobulated 
skin flap, two or more perforating branches 
should be exposed, and the appropriate perfo-
rating branch should be selected according to 
the distance and length of each perforating 
branch. During the operation, the musculocuta-
neous perforator to the main trunk of the 
descending branch of the lateral circumflex 
femoral artery should be carefully separated. 
The lateral edge, the distal and proximal ends 
of the skin flap was cut. The blood supply of the 
skin flap was evaluated after separating the 
skin flap. If the blood supply was good, the ped-
icle could be cut and the skin flap was immedi-
ately kept in the receiving area. The wound in 
the receiving area was cleaned and stopped 
bleeding. The peripheral areas and wound edge 
were temporarily fixed, and the blood supply of 
the skin flap was reconstructed by anastomos-
ing vessels under the microscope.

The conventional skin flap transplantation was 
conducted in patients in control group. After 
the expansion of the wound, the wound was 
sutured to make the vascular anastomosis in 
an everted state. The pedicled skin flap, the 
abdominal pedicled skin flap, and the crossing 
legs pedicled skin flap were selected according 

to the specific situation. During the anatomy, 
the distal end of the thicker pedicled blood ves-
sel branch was ligated. The recipient area and 
the blood vessels of skin flap were carefully 
anastomosed to construct the vascular access.

Outcome measures

Indicators such as postoperative flap survival 
conditions and risk factors of flap necrosis were 
considered as primary ones. Indicators such as 
surgical time, intraoperative blood loss and 
length of stay in hospital were considered as 
secondary. 

Comparisons were performed between control 
group and observation group in the term of sur-
gical time, intraoperative blood loss, and length 
of stay in hospital. 

The flap survival conditions at one month after 
operation were compared between two groups. 
It included ten items such as sweating, skin 
color, and appearance. The scores for each 
item ranged from 0-10 points. The full score 
was 100 points. If the score was less than 40 
points, it indicated that the skin flap was necrot-
ic. The higher scores suggested the better sur-
vival of the skin flap.

The risk factors for flap necrosis after the 
repairing treatment of hand or foot soft tissues 
defects were analyzed by univariate and multi-
variate Logistic regression.

Statistical analysis

All data included in this study were analyzed 
with SPSS 25.0 software. Measured data were 
expressed as mean ± standard deviation, and 
independent-sample T test was used for com-
parison between the two groups. Enumerated 
data were expressed as number/percentage, 
and Chi-square test was used for comparison 
between two groups. The risk factors for flap 
necrosis following the repairing treatment of 
hand or foot soft tissues defects were evaluat-
ed by univariate and multivariate analysis. P 
<0.05 was considered significant. 

Results

General information

No obvious differences were observed in com-
parisons of general information including gen-
der, age, causes of injury, hand injuries and foot 
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injuries, as seen in Table 1 (P>0.05), indicating 
the two groups were comparable.

Comparison of clinical index

As shown in Table 2, compared to those in con-
trol group, patients in observation group had 
significantly less intraoperative blood loss, 
shorter surgical time and length of stay in hos-
pital (all P<0.001). 

Comparison of the postoperative survival rate 
of skin flaps

After operation, in the observation group, there 
were 2 patients with partial necrosis, while 
there were 4 cases with partial necrosis, 2 
cases with complete necrosis in the control 
group. The total survival rate in the observation 
group was significantly higher than that in the 
control group (P=0.003), as shown in Table 3. 

Results of univariate analysis

As described in Table 4, univariate analysis 
results showed that incomplete hemostasis 

during operation (χ2=9.493, P<0.001), inappro-
priate selection of anastomotic vessels (χ2= 
11.521, P<0.001), irrational use of antibiotics 
(χ2=10.578, P<0.001), infection (χ2=13.751, 
P<0.001) and unstable fixation (χ2=17.305, 
P<0.001) were considered as the risk factors 
for skin flaps necrosis following hand and foot 
soft tissue defect surgery.

Results of multivariate analysis

As presented in Table 5, the multivariate analy-
sis results indicated that incomplete hemosta-
sis during operation (OR=2.886, 95% CI: 1.147-
7.249, P=0.021), inappropriate selection of 
anastomotic vessels (OR=3.005, 95% CI: 
1.242-7.308, P=0.013), irrational use of antibi-
otics (OR=2.789, 95% CI: 1.329-5.882, P= 
0.005), infection (OR=2.816, 95% CI: 1.251-
6.353, P=0.021) and unstable fixation (OR= 
2.757, 95% CI: 1.247-6.105, P=0.014) were 
independent risk factors for skin flaps necrosis 
following hand and foot soft tissue defects 
surgery.

Table 1. Comparison of general information between observation group and control group
Value Observation group (N=32) Control group (N=30) t/x2 p
Gender Male 18 17 0.753 0.453

Female 14 13
Age (years) 36.04±5.21 37.15±4.93 0.554 0.496
Cause of injury Traffic accident injuries 14 12 0.698 0.487

Twist trauma 10 9
High-explosive injury 5 6
Other injuries 3 3

Hand injuries 17 16 0.491 0.536
Foot injuries 15 14 0.503 0.524

Table 2. Comparison of intraoperative and postoperative indexes between control group and observa-
tion group
Group Time of operation (min) Intraoperative blood loss (mL) Hospital stays (d)
Observation group 169.85±21.42 100.97±18.12 15.42±1.75
Control group 225.73±22.04 152.45±20.57 24.03±2.64
T value 15.382 13.770 7.594
P value <0.001 <0.001 <0.001

Table 3. Comparison of the survival rate of flaps after surgery between two groups
Group Cases Survival Partial necrosis Complete necrosis Overall survival rate
Observation group 32 30 2 0 93.75%
Control group 30 24 4 2 80.0%
χ2 value 5.903
P value 0.003
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Discussion

The four limbs are indispensable key organs for 
people to complete the activities of daily living. 
There are widely distributed blood vessels and 
nerves in limbs. Injury impairs life quality. Skin 
flap transplantation is an important method for 
the treatment of hand and foot soft tissue 
defects [12]. Although conventional skin flap 
transplantation can repair part of the damaged 
skin, the scope of application is small and it 
requires multiple surgical treatments. More- 
over, postoperative treatment is relatively trou-
blesome, and the donor site is more traumatic. 
In recent years, free skin flap transplantation is 
more and more widely used. It has become  
one of the main methods for repairing the trau-
matic hand and foot soft tissue defects [13]. 
Compared to conventional flap transplantation, 
free flap transplantation has significant advan-
tages. For example, the requirement of position 
is not high, and it can maintain the aesthetic 
appearance. In additional, the hospital stay is 
short, and it can greatly reduce the pain in 
patients.

For the anterolateral femoral flap used in this 
study, its anatomical characteristics are obvi-
ous. The blood supply of the anterolateral fem-

oral flap is mainly from the descending branch 
of the lateral circumflex femoral artery, and the 
remaining blood supply is from the ascending 
branch and oblique branch of the artery. Some 
studies showed that in the distribution of perfo-
rating branches of the anterolateral femoral 
flap, double perforating branches accounted 
for about 55%, three perforating branches 
accounted for about 30%, and single perforat-
ing branch accounted for about 15% [14, 15]. 
Other studies showed that the septocutaneous 
perforators in the anterolateral femoral flap are 
easily to be separated, and the survival rate of 
the skin flap following transplantation is rela-
tively high [16, 17]. Another feature of antero-
lateral femoral flap is that it can be made into a 
sensory flap with nerves. When repairing hand 
and foot soft tissue defects, the anterolateral 
femoral flap with the lateral femoral cutaneous 
nerve can better improve the sensory function 
of the flap. It is believed that the lateral femoral 
cutaneous nerve can be used as the sensory 
nerve of the anterolateral femoral flap [18]. The 
anterolateral femoral flap can be used to repair 
large soft tissue defects in limbs. In this study, 
the results showed that the operation time and 
hospitalization time of the patients in the 
observation group were significantly shorter 

Table 4. Univariate analysis results of skin flap necrosis following operation
Item Survival (N=54) Necrosis (N=8) t/χ2 p
Gender Male 30 (55.56%) 5 (62.5%) 0.723 0.512

Female 24 (44.44%) 3 (37.5%)
Age 34.97±3.04 34.82±4.11 0.535 0.503
Intraoperatve hemostasis Complete 43 (79.63%) 2 (25.0%) 9.493 <0.001

Incomplete 11 (20.37%) 6 (75.0%)
Inappropriate selection of anastomotic vessel 10 (18.52%) 5 (62.5%) 11.521 <0.001
Rational application of antibiotics Yes 46 (85.19%) 2 (25.0%) 10.578 <0.001

No 8 (14.81%) 6 (75.0%)
Evidences of infection 6 (11.11%) 5 (62.5%) 13.751 <0.001
Unstable fixation 3 (5.56%) 5 (62.5%) 17.305 <0.001

Table 5. Multivariate analysis results of skin flap necrosis following operation
Item B SE Wald P Value OR 95% CI
Incompletely Intraoperatve hemostasis 1.053 0.457 5.118 0.021 2.886 1.147-7.249
Inappropriate selection of anastomotic vessel 1.098 0.449 5.869 0.013 3.005 1.242-7.308
Irrational application of antibiotics 1.024 0.382 7.392 0.005 2.789 1.329-5.882
Evidence of infection 1.039 0.407 6.323 0.011 2.816 1.251-6.353
Unstable fixation 1.026 0.401 6.291 0.014 2.757 1.247-6.105
Note: OR: Odds Ratio; SE: Standard Error.
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than those in the control group, and the amount 
of intraoperative bleeding was obviously lower 
than that in the control group, indicating that 
the application of free skin flap transplantation 
from the anterolateral femoral region to repair 
traumatic soft tissue defects of limbs showed 
little impact on their clinical indicators, and it 
was conducive to promoting the recovery of 
patients. These results were similar with the 
previous studies reported by Xie et al. [19] In 
addition, the survival rate of the skin flap in the 
observation group was 93.75%, which was sig-
nificantly higher than that in the control group 
(80.0%). This shows that the anterolateral fem-
oral free skin flap transplantation improved the 
survival rate of the flap in patients with trau-
matic soft tissue defects in limbs. The study of 
Yang et al. also obtained similar results [20]. 
The transplantation of free anterolateral femo-
ral skin flap could keep the blood supply of the 
skin flap and the local area at all times by 
selecting a suitable skin flap area and adopting 
scientific operation techniques, and lead to the 
less possibility of infection, further avoiding 
necrosis of the skin flap.

We believe that the following cautions should 
be focused on during the anterolateral femoral 
flap operation [21, 22]: (1) Before the opera-
tion, the vascular conditions of the donor and 
recipient areas should be understood well, and 
then a suitable surgical plan was formulated. 
(2) If it is difficult to obtain the flap or the flap is 
bloated in relatively obese patients, the flap  
is needed to be thinned and reshaped. (3) 
Attention should be paid to the control of wo- 
und infection. Thoroughly clean the wound 
before operation to prevent venous crisis. (4) 
The thickness and shape of the flap should be 
designed in advance. The length and width of 
the flap have an impact on the blood supply 
range and the venous return pressure. The 
reflux veins should be anastomosed as much 
as possible during the operation. (5) Avoid 
excessive muscle separation during operation, 
prevent vascular pedicle torsion and reduce 
the incidence of venous crisis. (6) Because the 
skin flap is relatively thin and the blood supply 
is difficult to master, it is necessary to use 
ultrasound to check the blood flow of the skin 
flap after operation and carefully observe 
whether there is a vascular crisis.

The advantages of the anterolateral femoral 
flap are as follows [21, 23]: (1) The operation is 

relatively easy, the patient’s position does not 
need to be changed during the operation, and 
two groups of actions can be performed simul-
taneously during the operation, which is condu-
cive to reducing the operation time and amount 
of bleeding during the operation, and increas-
ing the survival rate of the flap. (2) The antero-
lateral femoral flap can repair most of the tis-
sue defects, with a wide range of applications. 
The blood vessels are relatively constant during 
the operation and are easy to be anastomosed. 
Intraoperative drainage can effectively reduce 
the obstruction of venous return caused by 
hematoma in the flap area and the occurrence 
rate of vascular crisis is low. (3) During the 
operation, the trauma to the patient is small. 
After the blood supply of the flap is determined, 
the pedicle can be cut again, and then the 
blood vessels can be drawn out to prevent the 
injuries of nerve and muscle.

Survival of the skin flap in patients receiving 
free flap repairment directly affects the subse-
quent recovery and quality of life. If the skin flap 
is necrotic, it needs to be operated on again, 
which would cause great physiological and psy-
chological trauma in patients. Some studies 
reported that there are many factors leading to 
flap necrosis, such as diabetes, severe hyper-
tension, long operation time, large wound depth 
and area, unreasonable intraoperative manipu-
lation, number of vein anastomoses, and vas-
cular crisis [24, 25]. In addition to the above 
factors, it is of great clinical significance to 
explore and analyze whether there are other 
factors that affect flap necrosis. Understanding 
the risk factors is beneficial to formulating rel-
evant preventive and control plans in advance 
and improving the success rate of flap 
transplantation.

Logistic multifactor analysis results of this 
study showed that incomplete hemostasis dur-
ing operation, inappropriate choice of anas- 
tomotic vessels, unreasonable application of 
antibiotics, concurrent infection and unstable 
fixation were important risk factors for flap 
necrosis after operation. Incomplete hemosta-
sis during operation would lead to excessive 
blood accumulation in the lower layer of the 
flap, thus the increasing tension of the flap 
could cause vascular embolism or spasm [26]. 
Inappropriate choice of anastomotic vessels 
would directly affect the blood supply in the 
body and the flap, and the bad blood supply 
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would directly lead to the flap necrosis. Un- 
reasonable use of antibiotics would gradually 
make the skin flap become a place where bac-
teria gathered, and can also directly cause the 
necrosis of the skin flap. A concurrent infection 
would directly affect the microcirculation in the 
skin flap area, and the skin flap would gradually 
become inflamed, leading to obstruction of the 
anastomotic orifice [27]. Poor blood supply 
would cause necrosis of the skin flap. The flap 
should be effectively fixed after transplanta-
tion. If the fixation is not stable, the activities 
would make the flap necrotic and fall off, which 
is not conducive to postoperative recovery [28].

However, this study has several shortcomings 
that should be recognized. First, this is a retro-
spective study and there were no long-term fol-
low-up results. Second, the sample size was 
small, which may affect its findings. Third, the 
data were collected from single center, which 
may affect its generalization to other hos- 
pitals.

In conclusions, the anterolateral femoral free 
flap transplantation has the advantages of 
shorter surgical time and hospital stay, less 
degree of trauma to patients, and higher sur-
vival rate of the flap in repairing the soft tissue 
defects of limbs. In addition, incomplete hemo-
stasis during operation, inappropriate choice of 
anastomotic vessels, irrational application of 
antibiotics, concurrent infection, and unstable 
fixation are independent risk factors for postop-
erative flap necrosis. 
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