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Background: The anterolateral thigh (ALT) flap plays a crucial role 

in reconstructive surgeries, providing versatile and reliable soft- 

tissue coverage. Flap thickness is a critical determinant of tissue 

volume and quality. Vascular factors, including the vascular diam- 

eter of the perforators and the length of the vascular pedicle, sig- 

nificantly influence flap viability and postrepair outcomes. To en- 

hance preoperative assessment, this study integrated gender and 

body mass index (BMI) to analyze the anatomical characteristics of 

ALT flaps. 
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Methods: This study used somatic penetrating ultrasonography to 

examine bilateral ALT flaps in patients. This study analyzed the re- 

lationship between gender and ALT flap thickness, vascular diame- 

ter of the perforators, and vascular pedicle length. Chi-square test 

was used to assess variations in age and gender. Multiple t-tests 

compared flap thickness, vascular diameter, and pedicle length be- 

tween men and women in different BMI groups. 

Results: A total of 158 patients were included in this study from 

January 2018 to December 2022. In BMI < 24 and BMI ≥ 24.0 

groups, males had lower ALT flap thickness than females (p < 

0.0 0 01 in each subgroup). Similarly, the vascular diameter of the 

perforators followed the same trend, with females having larger 

vascular diameters than males in BMI < 24 and BMI ≥ 24.0 groups. 

In terms of vascular pedicle length, males had longer pedicle length 

than females in both BMI < 24 and BMI ≥ 24.0 groups (p < 0.05 

in each subgroup). 

Conclusions: Females demonstrate greater ALT flap thickness and 

larger vascular diameter of the perforators than males, whereas 

males have a longer length of the vascular pedicle. 

© 2024 Published by Elsevier Ltd on behalf of British Association 

of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The anterolateral thigh (ALT) flap is widely recognized for its versatility and reliability in re-

onstructive procedures, offering effective soft-tissue coverage in various anatomical regions. 1-5 The

natomic characteristics of the ALT flap hold a significant influence over the success of intraopera-

ive and postoperative flap repairs. 6 , 7 Among these characteristics, the flap thickness stands out as a

ritical factor with a direct impact on the volume and quality of transferred tissue. 1 Moreover, the vas-

ular factors affecting flap viability, including the vascular diameter of the perforators and the length

f the vascular pedicle, play a pivotal role in determining the success or failure of flap preparation

nd postrepair outcomes. 8 , 9 Any instances of intraoperative vascular injury and subsequent vascular

istortion or compression within this vascular network can give rise to a potential vascular crisis. 10

herefore, a thorough understanding of the anatomical characteristics of the ALT flap can prevent

omplications and ensure the viability and success of flap reconstruction. 

Previous research has established a robust correlation between body mass index (BMI), a widely

tilized measure for assessing obesity, and the characteristics of the ALT flap. 11 However, this associa-

ion only allows for a preliminary preoperative assessment of ALT flap thickness in patients with vary-

ng BMIs and does not enable personalized prediction of an individual patient’s ALT flap composite. In

he authors’ clinical practice, we have observed that the anatomical variances in ALT flap preparation

etween patients of different genders significantly influence the intraoperative assessment of the flap

y surgeons. In this study, we utilized ultrasonography as a noninvasive examination method and ver-

fied that gender has a significant impact on ALT flap thickness, vascular diameter of the perforators,

nd length of the vascular pedicle in patients with different BMIs. 

atients and Methods 

This retrospective clinical study included patients who were enrolled at the Ninth People’s Hospi-

al, Shanghai Jiaotong University School of Medicine, and imaging data were collected by the Depart-

ent of Ultrasound. To ensure consistent measurement standards, two skilled clinicians and imaging
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hysicians processed the imaging data in this study. The Medical Ethics Committee of the Ninth Peo-

le’s Hospital of Shanghai Jiaotong University School of Medicine approved this clinical study (SH9H-

021-T19-2). Because this study involved the retrospective collection of patients’ medical history data,

t will be conducted only after obtaining approval from the Medical Ethics Committee through an Ap-

lication for Informed Consent Waiver. The subjects’ informed consent is not required for this study. 

atients 

This study enrolled patients who underwent bilateral ALT flap somatic penetrating ultrasonogra-

hy for various reasons at our hospital between January 2018 and December 2022. Patients were aged

etween 18 and 80 years, with an American Society of Anesthesiologist classification not higher than

rade 2, without systemic diseases affecting sur gery or anesthesia, and without hormone-related sys-

emic diseases affecting systemic lipid metabolism. Patients with lower limb deformities or functional

bnormalities due to surgical or other treatment factors and those with lower limb muscle atrophy

aused by congenital or developmental factors were excluded from the study. 

rouping 

In this study, “gender” is the primary grouping variable for the final analysis. Considering the sig-

ificant impact of BMI on flap thickness, this study included BMI as a secondary indicator to accu-

ately analyze the effects of gender. BMI was categorized into four different intervals based on the

MI classification criteria: BMI < 18.5 (lean), 18.5 ≤ BMI < 24.0 (normal), 24.0 ≤ BMI < 28.0 (over-

eight), and BMI ≥ 28.0 (obese). However, due to the limited proportion of individuals with BMI <

8.5 or BMI ≥ 28.0, the population was grouped into two categories: BMI < 24.0 and BMI ≥ 24.0. 

ltrasonic measurement of ALT flap thickness 

In this study, ALT flap thickness was defined as the distance between the fascia at the junction

f the rectus femoris and the superficial surface of the lateral femoral muscle to the skin surface. To

etermine the measurement locations, the anterior superior iliac spine and the lateral border of the

atella were connected, creating a line that overlapped the muscle gap between the rectus femoris

nd lateral femoris muscles. The midpoint of this line was identified as point B, with point A des-

gnated as the midpoint between the anterior superior iliac spine and point B, and point C as the

idpoint between point B and the lateral border of patella. 11 The thickness of the ALT flap was mea-

ured at the cross-sectional locations of points A, B, and C using color Doppler ultrasound (Arietta 70,

itachi Aloka, ultrasound probe L64, frequency 7–10 MHz) to detect the vertical distance between the

road fascia and the skin surface at the junction of the rectus femoris and superficial lateral femoral

uscles at each point. 

ltrasonic measurement of the ALT flap vascular diameter of the perforators 

During the process of measuring the vascular diameter of the perforators of the ALT flap, the sono-

rapher identified the main stem of the vessel based on the approximate surface position of the de-

cending and oblique branches of the lateral rotator femoral artery and located the subcutaneous dis-

ribution of the perforators of the ALT flap. In this study, multiple perforators were found in most

ubjects’ ALT flaps, distributed both above and below point B. If more than one perforator was found,

he average of multiple perforators was calculated. 

ltrasonic measurement of the ALT flap vascular pedicle length 

In clinical practice, the measurement of the ALT flap vascular pedicle length is demarcated from

he branching point of the superficial femoral artery or the lateral circumflex femoral artery to the

oint where it transverses the fascia lata of the thigh. Physicians measured the vascular pedicle length

f the ALT flap by tracing the superficial femoral artery or lateral circumflex femoral artery from its

rigin to its crossing of the fascia lata, marking this route on the skin. 
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Figure 1. Study population. 

Table 1 

Characteristics of patients who underwent bilateral ALT flap somatic penetrating ultrasonography with BMI < 24.0 and BMI ≥
24.0. 

BMI < 24.0 (n = 109) BMI ≥24.0 (n = 49) 

Characteristics n (%) p value # 

Age, (y) 0.4316 

≤30 6 (5.50) 1 (2.04) 

31–50 30(y (27.52) 10 (20.41) 

51–70 57 (52.29) 32 (65.31) 

> 70 16 (14.68) 6 (12.24) 

Gender 0.7053 

Male 61 (55.96) 29 (59.18) 

Female 48 (44.04) 20 (40.82) 

# p value was calculated using the χ2 test. 
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tatistical analysis 

This study used GraphPad Prism 7.0 for statistical analysis, with BMI as a key variable to explore

ender differences in ALT flap characteristics. The chi-square test evaluated the impact of age and

ender on these characteristics, with p > 0.05 indicating no significant difference. Multiple t-tests

nalyzed variations in flap thickness across genders and BMI categories and the diameter of the per-

orators and pedicle lengths between genders within BMI groups. An unpaired t-test compared flap

hickness between men and women across BMI strata, considering p < 0.05 as significant. 

esults 

atients 

From January 2018 to December 2022, a total of 158 patients who underwent bilateral ALT flap

ltrasonography at the Ninth People’s Hospital of Shanghai Jiaotong University School of Medicine

ere enrolled in this study. Of the total patients, 109 (68.99%) had BMI < 24.0, whereas 49 (31.01%)

ad BMI ≥ 24.0 ( Figure 1 ). There was no statistical difference in the distribution of gender and age

etween the groups. Table 1 summarizes the characteristics of patients between two groups. 

ffect of gender on ALT flap thickness 

In patients with BMI < 24, the thickness of the ALT flap was found to be lower in men than in

omen at points A, B, and C. At point A, ALT flap thickness was 14.86 mm for females and 10.64 mm

or males (p < 0.0 0 01). Similarly, at point B, ALT flap thickness was 11.08 mm for females and 7.12
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Figure 2. Impact of gender on ALT flap thickness. A. Gender comparison of ALT flap thickness in the BMI < 24.0 group. Points 

A, B, and C in the BMI < 24.0 group showed a significantly greater thickness in females compared to males (all p-values < 

0.0 0 01, multiple t-test). B. Gender comparison of ALT flap thickness in the BMI ≥ 24.0 group. Points A, B, and C in the BMI ≥
24.0 group exhibited a significantly greater thickness in females compared to males (all p-values < 0.0 0 01, multiple t-test). 
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m for males (p < 0.0 0 01); at point C, it was 8.36 mm for females and 5.34 mm for males (p <

.0 0 01). Likewise, in the BMI ≥ 24.0 group, ALT flap thickness was smaller in males than in females

t points A, B, and C. At point A, ALT flap thickness was 18.59 mm for females and 13.83 mm for

ales (p < 0.0 0 01); at point B, it was 13.77 mm for females and 9.29 mm for males (p < 0.0 0 01);

t point C, it was 10.47 mm for females and 6.78 mm for males (p < 0.0 0 01; Figure 2 ). There was

o difference in ALT flap thickness between the left and right sides of individuals (Supplementary

ontents Part 1). 

ffect of gender on vascular diameter of ALT flaps 

In patients with BMI < 24.0, the ALT flap vascular diameter of the perforators was smaller in men

han in women, both above and below point B. Above point B, the vascular diameter was 0.67 mm in

emales and 0.62 mm in males (p = 0.0260), whereas below point B, it was 0.59 mm in females and

.53 mm in males (p = 0.0106). In patients with BMI ≥ 24.0, the ALT flap vascular diameter of the

erforators was also lower in men than in women, both above and below point B. Above point B, the

ascular diameter was 0.78 mm in females and 0.68 mm in males (p = 0.0053), whereas below point

, it was 0.74 mm in females and 0.58 mm in males (p < 0.0 0 01; Figure 3 ). There was no difference

n the ALT flap vascular diameter of the perforators between the left and right sides of individuals

Supplementary Contents Part 2) . 

ffect of gender on the ALT flap vascular pedicle length 

In patients with BMI < 24.0, the ALT flap vascular pedicle length was 40.68 cm in females and

2.48 cm in males (p < 0.0 0 01). For patients with BMI ≥ 24.0, the vascular pedicle length of the

erforators in the ALT flap was 40.32 cm in females and 42.05 cm in males (p = 0.0010; Figure 4 ).

here was no difference in vascular pedicle length of ALT flaps between the left and right sides of

ndividuals (Supplementary Contents Part 3). 

iscussion 

This retrospective clinical study indicated that women generally have greater ALT flap thickness

nd vascular diameter of the perforators than men at the same BMI, whereas the vascular pedicle

ength shows the opposite trend. 
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Figure 3. Effect of gender on vascular diameter of ALT flaps. A. Gender comparison of vascular diameter of ALT flaps in the 

BMI < 24.0 group. The vascular diameter in the BMI < 24.0 group was significantly larger in females compared to males, both 

above point B (p = 0.0260, t-test) and below point B (p = 0.0106, t-test). B. Gender comparison of vascular diameter of ALT 

flaps in the BMI ≥ 24.0 group. The vascular diameter in the BMI ≥ 24.0 group was significantly larger in females compared to 

males, both above point B (p = 0.0053, t-test) and below point B (p < 0.0001, t-test). 

Figure 4. Impact of gender on vascular pedicle length of ALT flaps. The vascular pedicle length was significantly longer in 

females compared to males in both the BMI < 24.0 group (p < 0.0 0 01, t-test) and the BMI ≥ 24.0 group (p = 0.0100, t-test). 
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Many factors can affect the success of ALT flap preparation and postoperative management. On

ne hand, the thickness of the flap is a critical factor influencing the quality of life for patients after

urgery. For instance, in cases of tissue defects near the corners of the mouth, an excessively thick

ap can impede mouth closure or restrict mouth opening postsurgery, whereas a thin flap can lead

o issues such as corner absence, poor closure, and excessive salivation. Moreover, a thick flap in soft-

issue defects of the floor of the mouth can limit tongue extension movements. 12 On the other hand,

ascular factors also have a significant impact on the survival of the flap. 13-15 The blood supply to

he ALT flap is derived from the lateral circumflex femoral artery, with perforating vessels branching

ff from the descending branch of the lateral circumflex femoral artery. 15 These perforating vessels

raverse the lateral femoral muscle and reach the subcutaneous tissue, providing the necessary blood

irculation for the entire ALT flap. Consequently, any vascular injury during the intraoperative phase

r postoperative distortion or compression can result in vascular crisis or, in severe cases, necrosis of

he ALT flap. Previous literature extensively discussed the causes, management options, and effects of

ascular crises on the ALT flap. 10 Currently, although the clinical success rates for ALT flap preparation

re satisfying, a few literature reported the customized flap design tailored to the unique anatomical

eatures of individual patients’ ALT flaps. 

Our study revealed that ALT flap thickness in females is greater than in males. To minimize bias

otentially caused by the patient’s anatomical factors, ALT flap thickness variations between the left

nd right sides at specific points were also examined (points A–C), with no significant differences in
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aterality. In terms of vascular-related properties, female patients exhibited higher vascular diameter

f the perforators than males at points A, B, and C. The underlying reason for this disparity remains

nclear, and a correlation may exist between the vascular diameter of the perforators and the flap

hickness. Patients with BMI ≥ 24.0 had greater vascular diameter than those with BMI < 24.0, al-

hough further validation is required to confirm this correlation. Results regarding the effect of gender

n the length of the vascular pedicle revealed that the length of the vascular pedicle was consistently

horter in female subjects than in males. This observation could be attributed to the height difference

etween females and males, resulting in distinct variations in the length of the lower limbs. 

tudy Limitations 

This study has several limitations to consider. First, the ultrasound measurement process involves

pplying pressure to the soft tissue, leading to underestimating the true value of flap thickness. Sec-

nd, during the measurement of the vascular pedicle’s length, ultrasound imaging may not precisely

epresent the vessel’s curvature, potentially leading to an underestimation of the actual length. Lastly,

ltrasound is a subjective investigation and can be influenced by the skill and expertise of the examin-

ng physician. Despite its limitations, ultrasound continues to be a valuable tool for assessing the vas-

ular status of the lower extremities, especially useful in the preoperative assessment of ALT flaps due

o its convenience and noninvasive nature. This study enhanced the preoperative planning paradigm

or ALT flap procedures by integrating gender and BMI as critical factors in the assessment criteria.

ncorporating gender, BMI, and ALT flap anatomical properties as assessment criteria can refine pre-

perative planning for ALT flaps, improving surgical success, reducing complications, and offering a

trategic framework for enhanced clinical outcomes. 

onclusions 

Gender is a significant factor influencing ALT flap characteristics, including flap thickness, vas-

ular diameter of the perforators, and length of the vascular pedicle. Specifically, women exhibit

reater ALT flap thickness and larger vascular diameter of the perforators than men, whereas men

ave a longer length of the vascular pedicle. These findings highlighted the importance of considering

ender-related differences in the preoperative planning and surgical management of ALT flaps. 
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