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Abstract

Background: It is challenging to repair wide or irregular defects with traditional skin flaps, and

anterolateral thigh (ALT) lobulated perforator flaps are an ideal choice for such defects. However,

there are many variations in perforators, so good preoperative planning is very important. This

study attempted to explore the feasibility and clinical effect of digital technology in the use of ALT

lobulated perforator flaps for repairing complex soft tissue defects in limbs.

Methods: Computed tomography angiography (CTA) was performed on 28 patients with complex

soft tissue defects of the limbs, and the CTA data were imported into Mimics 20.0 software in

DICOM format. According to the perforation condition of the lateral circumflex femoral artery and

the size of the limb defect, one thigh that had two or more perforators from the same source

vessel was selected for 3D reconstruction of the ALT lobulated perforator flap model. Mimics 20.0

software was used to visualize the vascular anatomy, virtual design and harvest of the flap before

surgery. The intraoperative design and excision of the ALT lobulated perforator flap were guided by

the preoperative digital design, and the actual anatomical observations and measurements were

recorded.

Results: Digital reconstruction was successfully performed in all patients before surgery; this

reconstruction dynamically displayed the anatomical structure of the flap vasculature and accu-

rately guided the design and harvest of the flap during surgery. The parameters of the harvested

flaps were consistent with the preoperative parameters. Postoperative complications occurred in 7

patients, but all flaps survived uneventfully. All of the donor sites were closed directly. All patients

were followed up for 13–27 months (mean, 19.75 months). The color and texture of each flap were

satisfactory and each donor site exhibited a linear scar.
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Conclusions: Digital technology can effectively and precisely assist in the design and harvest of

ALT lobulated perforator flaps, provide an effective approach for individualized evaluation and flap

design and reduce the risk and difficulty of surgery.

Key words: Digital technology, Anterolateral thigh lobulated perforator flap, Complex limb defect, Reconstruction, Microsurgery

Highlights

• The ALT lobulated perforator flap is the ideal choice for repairing wide or irregular defects of the limbs. However, the flap
design and harvesting processes are demanding and the failure rate is high.

• A certain length between the selected perforators to allow the two lobes of the flap to move relatively freely is very important
for the ALT lobulated perforator flap.

• Computed tomography angiography allows accurate visualization of the vascular anatomy of the flap, which is key to
successful skin flap transplantation.

• Digital technology can effectively facilitate accurate preoperative design and individualization and guide the intraoperative
harvesting of ALT lobulated perforator flaps. This technology can improve the accuracy and success rate of the operation
and offers unique advantages for clinical application.

Background

Soft tissue defects in limbs can be caused by trauma and
are often accompanied by the exposure of tendons, bones
and other deep tissues. The main treatment method for these
defects is skin flap repair. The increasing number of patients
with complex defects, especially wide or irregular defects,
is a challenge in the field of reconstructive surgery [1–3].
Several methods have been reported for the reconstruction
of complex limb defects [4–8], including pedicled fasciocu-
taneous flaps, microsurgical free flaps and multiple flaps,
among others. However, because of the limited amount of soft
tissue available and the less-versatile design of conventional
flaps, the transfer of multiple flaps requires a flow-through
flap to revascularize the second free flap, which is more
time consuming due to the need for additional microsurgical
anastomosis and leads to higher donor site morbidity due
to the need to harvest the additional flap [9, 10]. Thus, this
approach is not the best choice for the reconstruction of such
complex defects.

Since Song et al. [11] introduced the anterolateral thigh
(ALT) flap, it has become one of the most popular choices
for reconstructive surgeons in the repair of complex defects
caused by trauma because it can provide a large area of
skin, cause minimal damage to the donor site, provide a
long vascular pedicle and avoid sacrificing major blood
vessels [12–15]. The ALT lobulated perforator flap is a
special type of ALT flap in which each lobe is supplied by
a separate perforator, both of which originate from the same
source vessel (donor area); with these flaps, only one set
of vascular pedicles needs to be anastomosed during the
transplantation process to rebuild the blood circulation in
two or more flap lobes [16] for the repair of wide or irregular
defects. However, there is great variation in the source and
number of perforators [17], and stringent design requirements
exist for the ALT lobulated perforator flap [18]. Even for

experienced surgeons, harvesting a lobulated perforator
flap is still a major challenge. With the development of
digital imaging technology and computer image processing
technology,
digital technology is increasingly used for broad applications
in the medical field. The application of this technology to
assist in the use of bone flaps for repair and reconstruction
has been reported previously [19, 20]. Digital technology for
reconstruction of the flap vasculature can be used to optimize
the surgical strategy preoperatively, which may be very useful
for the design and harvest of lobulated perforator flaps.

To achieve accurate preoperative acquisition of flap vas-
cular anatomical information, perforator localization, precise
flap design and reduced surgical risk, we incorporated digital
technology into the application of ALT lobulated perforator
flaps for the reconstruction of complex defects of the extrem-
ities. From December 2013 to February 2022, we used ALT
lobulated perforator flaps to repair wide or irregular com-
plex extremity defects in 28 patients. Before surgery, digital
technology was used for 3D visual reconstruction of the flap.
The flap vascular anatomical information and design were
used to guide the incisions for harvesting the ALT lobulated
perforator flap during the operation, with good curative
efficacy. The purpose of this study was to review the use of
digital technology in the use of ALT lobulated perforator flaps
for repairing complex defects of the extremities and to report
our experience in the clinical repair of such complex defects.

Data and patients

From December 2013 to February 2022, 28 patients with
complex defects of the extremities underwent reconstruction
surgery with ALT lobulated perforator flaps using a digi-
tal technology-assisted technique; these patients included 19
males and 9 females aged 15–61 years (mean, 39.39 years).
The defects were caused by trauma in 25 patients and by
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diabetes in 3 patients. All patients in this series had wide or
irregular soft tissue defects with tendon, bone or nerve expo-
sure. The defect size ranged from 12 × 10 cm to 18 × 17 cm.
The area of involvement was the leg in 2 patients, the ankle/-
foot in 15 patients, the upper arm in 1 patient, the elbow in
1 patient and the hand in 9 patients (Table 1). Debridement
and vacuum sealing drainage (VSD) were performed in the
first stage after admission, and patients with fractures were
simultaneously fixed with a Kirschner wire or external fixa-
tor. All patients signed informed consent forms.

Image acquisition

All patients were examined via computed tomography
angiography (CTA) before the operation. A Siemens SOMATOM
Force (Germany) third-generation dual-source CT scanner
was used for continuous scanning of the area from the lower
segment of the abdominal aorta to the bilateral anterior tibial
artery, posterior tibial artery and peroneal artery. The CTA
acquisition parameters are shown in Table 2.

Digital design

(1) The original cross-sectional CTA image was observed on
the PACS system, focusing on the vascular pedicle origin,
number, position, type and length, and one thigh was selected
as the donor site. The inclusion criteria were more than
two perforators from the same source vessel with sufficient
length between the selected perforators; if there were more
than two perforators on both sides of the source artery,
the vascular pedicle length and the perforator location and
type were comprehensively considered. (2) The CTA data
were imported into Mimics 20.0 software (Materialise, Bel-
gian workstation) in DICOM format, and the source vessel,
perforators, soft tissue and skeletal system of the selected
thigh were reconstructed in 3D. (3) The anterosuperior iliac
spine was used as a marker, and the vascular pedicle origin
and length, perforator location and length between selected
perforators were observed and measured with software. Two
measurement methods were used for vessel length: the length
of the vascular pedicle was defined as the distance from the
emerging point to the origin of the source artery, and the
length between selected perforators was defined as the length
of the blood vessel between the ends of the first and second
perforators (Figure 1). A free ALT lobulated perforator flap
was designed in Mimics 20.0 based on factors such as wound
size and shape and vascular anatomy so that the flap could
completely cover the wound after repair, and the virtual
operation was repeated to optimize the surgical plan.

Flap harvesting

According to the preoperative digital design, the skin flap
shape and vessels were drawn on the donor site, and the
perforator locations and incision positions were marked.
After the patient was placed in the supine position, the
skin, subcutaneous tissue and deep fascia were cut along the

inner edge of the flap, and the incision was extended to an
appropriate length. In the fascia lata, 2–3 perforators that
entered the deep fascia were located preoperatively, and these
vessels were carefully protected. Then, the space between the
rectus femoris and the lateral femoral muscle was found in
the incision, the descending branch of the lateral circumflex
femoral artery (d-LCFA) was separated and exposed to pro-
tect the nerve branches of the lateral femoral muscle, and
dissection was continued to completely free the perforators.
Then, the outer edge of the flap was cut to the deep fascia
lata, and a small amount of skin at the distant proximal ends
of the flap was kept connected to the distal and proximal ends
of the thigh to prevent the vascular pedicle of the flap from
overstretching. The skin flap was cut from the middle until
it was completely removed. After the donor site completely
stopped bleeding, the fascia lata was repaired and the wound
was directly sutured.

According to the preoperative design, the flap was cut
between the perforators and was converted into a lobulated
flap. In the first stage, the edge of the flap was thinned
and the lobulated flap was reconstructed in a shape similar
to the wound surface in the recipient area. The flap was
transplanted to the recipient area and sutured to the edge
of the wound with multiple sutures, and the blood vessels in
the recipient area were adjusted and anastomosed under the
microscope. All of the included patients underwent anasto-
mosis with the named artery and with two veins.

Statistical analysis

Statistical analyses were performed using the SPSS software
package (version 25.0; SPSS, Chicago, IL, USA). Kol-
mogorov–Smirnov analysis was used to assess the normality
of the data distributions. All continuous variables are
expressed as the mean ± standard deviation, and preoperative
and intraoperative data were compared by paired t tests. A p
value < 0.05 indicates statistical significance.

Results

Digital reconstruction was successfully performed in all
patients before surgery. The perforating vascular arteries
in this group all originated from the d-LCFA. A total of
67 perforators were selected, including 17 septocutaneous
perforators and 50 myocutaneous perforators. The length
between the selected perforators was 8.2–11.2 cm (mean,
9.48 ± 0.83 cm), and the length of the vascular pedicle was
9–16.8 cm (mean, 12.16 ± 2.22 cm) before surgery. The 3D
model was used to accurately guide the design and harvest
of the flap during the operation. The flap harvesting time
varied from 52–165 min (mean, 111.36 ± 34.31 min). The
flap size ranged from 21 × 6.5 cm to 28 × 9 cm, and it was
confirmed that the perforator number and type were the
same as those determined before the surgery. During the
surgery, the length between the selected perforators ranged
from 7.9–11.5 cm (mean, 9.40 ± 0.89), and the length of the
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Table 1. Patient demographics (n = 28)

Number

Male 19
Female 9

Cause
Machine injury 16
Motor vehicle accident 9
Diabetes 3

Location
Foot and ankle 15
Leg 2
Hand 9
Elbow 1
Upper arm 1

Skin defect size (cm × cm) 12 × 10–18 × 17

Table 2. Computed tomography angiography (CTA) acquisition

parameters

Parameter

Gantry rotation time (s/r) 0.5
Tube voltage (kV) 70
Tube current modulation Automated tube current (CARE

Dose 4D)
Matrix 512 × 512
Pitch 0.6
Convolution reconstruction
kernel

Bv36

Slice thickness (mm) 0.6
Bolus-tracking monitoring
section

Auto trigger mode

Contrast agent Ioversol (350 mg/ml)
Injection speed (ml/s) 3.5–4
Contrast agent volume (ml) 1.2–1.5/kg

vascular pedicle was 9–16.8 cm (mean, 12.16 ± 2.22 cm).
No significant differences (p > 0.05) were detected in the
length of the vascular pedicle (p = 0.940, t = −0.075) or the
length between selected perforators (p = 0.734, t = 0.341)
before and during surgery. Except for 4 patients who survived
after emergency re-exploration due to vascular crisis after
surgery, all the flaps survived, and each donor site was directly
closed. Nine patients underwent two rounds of thinning, 7
patients underwent one round of thinning and 12 patients
did not undergo thinning (Table 3). The flap follow-up time
ranged from 13–27 months (mean, 19.75 months). The
skin flaps showed good color and texture. In patients with
corresponding affected areas, shoes could be worn normally
on the foot and ankle, and flexion and extension of the hand
were normal, while flexion and extension of the elbow were
slightly limited. All the donor sites exhibited linear scarring.

Case report

Case 1. A 43-year-old male patient suffered from an open
fracture of the right forearm caused by a car accident. In the

Figure 1. Schematic diagram of the vascular length of the skin flap: a is

the length of the vascular pedicle; b + c + d is the length between selected

perforators

Table 3. Operative outcomes

Number

Flap survival 28
Flap complications

Arterial 1
Venous congestion 3
Re-exploration 4
Hematoma 0

Donor thigh
Ipsilateral 13
Contralateral 15

Type of perforator
Myocutaneous 21
Septocutaneous 7

Recipient artery
Dorsalis pedis artery 10
Posterior tibial artery 4
Anterior tibial artery 3
Radial artery 11

first stage, emergency debridement, external fracture fixation
and VSD placement were performed. Four weeks later, the
soft tissue defects were wide and irregular, and the ulna
showed a partial defect. To repair wide and irregular soft
issue defects, we ultimately selected the ALT lobulated perfo-
rator flap. Before the operation, CTA and digital technology
were used to reconstruct a 3D image of the d-LCFA. The
results showed that the right d-LCFA had two good perfo-
rating branches, which agreed with the flap design principle.
According to the shape and size of the patient’s wound,
a lobulated flap was designed with digital technology to
simulate the position of the perforating branches of the d-
LCFA, and the locations were marked on the donor site. The
flap size was 25 × 8 cm, the flap was successfully harvested,
and the wound was repaired during the operation. During the
operation, the artery of the flap was anastomosed with the
radial artery, vancomycin-loaded bone cement was used to fill
the bone defect and the donor site was directly sutured. After
intensive dressing changes and anti-infection treatment, the
local distal infection improved. Satisfactory flap survival was
observed at the 19-month follow-up assessment, with 120◦ of
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Figure 2. Repair of a large soft tissue defect in the right forearm with an ALT lobulated perforator flap. (a) Soft tissue defect and bone exposure in the right elbow.

(b) Preoperative CTA examination revealed that there were two perforators at the donor site (white arrows). (c) Preoperative digital reconstruction and simulated

flap harvesting. (d) According to the digital design, the skin flap was drawn on the donor site, and the perforator vessel and incision positions were marked on

the surface. (e) Intraoperative flap harvest. (f) Wound repair. (g) Postoperative X-ray; vancomycin-loaded bone cement was used to fill the bone defect. (h, i)

Postoperative view of the flap at the 19-month follow-up. ALT anterolateral thigh, CTA computed tomography angiography

elbow flexion and 5◦ of elbow extension, indicating slightly
limited elbow function (Figure 2).

Case 2. A 36-year-old male patient was admitted to the
hospital with avulsion of the middle and distal right foot
caused by a car accident. Emergency debridement and VSD
were performed after admission. Two weeks later, soft tissue
defects in the right instep and sole were found, and toes
1–5 were missing. The area of the defect was 18 × 12 cm.
Before the operation, CTA and digital technology were used
to reconstruct a 3D image of the d-LCFA to clarify the course,
distribution, location, number and relationship with adjacent
tissues of the perforators. According to the shape and size
of the patient’s wound, a lobulated flap was designed with
digital technology to simulate the position of the perforator
vessels of the d-LCFA, and the locations were marked on the
donor site. During the operation, the location and course of
the perforators were consistent with the preoperative design.
The flap size was 28 × 9 cm. The artery and vein of the
flap were anastomosed with the dorsalis pedis artery and its
accompanying vein, and the donor site was directly sutured.
The skin flap was not bloated in appearance and had good
color and texture. The flexion and extension functions of the
ankle joint were normal, and the donor site showed healing

with a linear scar at the 21-month follow-up assessment
(Figure 3).

Discussion

Complex tissue defects caused by high-energy trauma are
increasingly common; these defects can be large and deep
and are often accompanied by tendon, bone, blood vessel
and nerve damage and exposure. Additionally, the wound
surface is often irregular, with different degrees of dead
space. Improper treatment can lead to delayed wound healing,
chronic osteomyelitis, amputation and other complications,
which greatly reduce the quality of life of patients. These
defects represent a substantial economic burden for countries
and for society. It is difficult to treat these complex soft tissue
defects in the clinic and the ideal method is repair via a
perforator flap. The traditional method of directly creating
a skin flap according to the shape of the defect wound
makes directly suturing the donor site difficult, leading to
the need for skin grafting and sacrifice of a second donor
site. Moreover, scar hyperplasia and itching at the donor
site aggravate the patient’s pain and discomfort. To design
a composite skin flap for wound repair, it is necessary to
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Figure 3. Repair of a large irregular soft tissue defect in the middle and distal right foot via the ALT lobulated perforator flap. (a, b) Appearance of soft tissue

defects in the foot before the operation. (c) Preoperative CTA revealed that there were three perforators at the donor site (white arrows). (d, e) Preoperative digital

reconstruction and simulated flap harvest. (f) According to the digital design, the skin flap was drawn on the donor site, and the perforator vessel and incision

positions were marked on the surface. (g) Three perforators located before the operation were found by intraoperative exploration. (h, i) Intraoperative flap

harvest. (j) The pedicle of the flap was anastomosed with the dorsalis pedis artery. (k, l) Primary repair of the wound surface and direct suturing of the donor site

during the operation. (m–o) At follow-up, the foot and skin flap showed a good appearance. ALT anterolateral thigh, CTA computed tomography angiography

anastomose two groups of blood vessels and sacrifice a
second donor site. At present, there is a consensus on the need
to protect donor sites, and direct suturing of donor sites in
stage I can significantly reduce the occurrence of donor site
complications [21]. Therefore, the ideal method of choice for
repairing this kind of wound is to transplant a lobulated flap
with lobes supplied by the same blood vessel into the recipient
area and ensure direct suturing of the donor area in the first
stage [18]. In this study, CTA was used to map all tissues
at the donor site, and these images were subjected to digital
reconstruction with computer software. Simulated surgery
was then carried out according to the vascular anatomy and

wound. An ALT lobulated flap, with the d-LCFA as the
source artery and multiple perforators as the pedicle, was cut
and prepared so that the flap was divided into parts, thus
allowing the repair of complex, irregular and wide wounds
while sacrificing only one donor site to repair the wound; this
approach reduced the procedures needed for wound repair
and maximized outcomes.

The management of blood vessels is very important for
the survival of skin flaps. In our experience, we have found
that to avoid damaging the perforator vessels of the flap,
before the operation, digital technology is very useful for
accurately locating the perforators and designing the flap.
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During surgery, medial and lateral incisions must be made
first, and the skin and subcutaneous tissue between the two
perforators must be cut under direct vision. After vascular
anastomosis, the position of the vascular pedicle of each
lobulated flap should be reasonably adjusted to avoid com-
pression and distortion of the vessel, and the temperature
and humidity of the operation area should be maintained
during the perioperative period. Complete hemostasis should
be achieved during the operation to avoid thrombosis and
embolization after electrocoagulation hemostasis and prevent
hematomas from forming and compressing the vascular pedi-
cle, which could affect the survival of the flap. Only fascia
lata within a radius of 3 cm centered on the perforating blood
vessels needed to be transferred with the flap. The remaining
fascia lata were kept in their original position as much as
possible and were completely sutured after muscle recovery
to avoid muscle herniation. While injury to the muscular
branch of the femoral nerve should be avoided during the
operation, most patients report some degree of sensory loss in
the lateral thigh [22]. If the perforators are interwoven with
the muscular nerve branches, they should be cut and repaired
at the entry point of the muscle. When combining lobulated
flaps, care should be taken to avoid several situations that
promote perforator embolism. (1) Prevent each part of the
flap from rotating more than 180◦ around the perforator.
The management of blood vessels, even perforators, is highly
important for the survival of skin flaps. (2) Avoid spiral
twisting of the perforator in the subcutaneous tunnel. (3)
Prevent the pedicle of the perforator from crossing rigid
structures such as tendons and bones at a certain angle. (4)
Avoid blood vessel penetration through a severely infected
area. If any of the above situations occur, slight swelling,
hematocele or inflammatory stimulation of the skin flap after
the operation may lead to occlusion of the small perforator
lumen, which will eventually lead to vascular embolism.

The advantages of the ALT lobulated perforator flap
include the following. (1) The two flap lobes are supplied by
the same source vessel and the recipient area requires only
anastomosis of a group of blood vessels. (2) By adjusting the
two lobes within a certain range, larger and more complicated
wounds can be repaired. (3) Flap that can be harvest in a long
length rather than a wide one can ensure direct closure of the
donor site and reduce subsequent complications at the donor
site. (4) The fascia lata can be repaired, which reduces damage
to the donor site, promotes the formation of a linear scar
at the donor site and improves the aesthetics of the donor
site. The disadvantages of this flap include the following.
(1) The flap has certain requirements in terms of the blood
vessels at the donor site. (2) The primary blood vessels must
have more than two relatively independent perforators, and
each perforator must be able to form a relatively indepen-
dent lobe. (3) There must be a certain length between the
perforators to allow the two flap lobes to move relatively
freely, and the blood supply of the flap must not be obviously
damaged during lobulation. Our experience suggests that the
minimum length between two perforators must be greater

than the width of the skin flap, which is highly important.
However, the number of perforating branches of ALT flaps
varies greatly, and 18.2% of perforating branches are single
perforating branches [17], which cannot be cut into lobulated
flaps. Therefore, the failure rate of ALT lobulated perforator
flap harvesting, according to experience, is high. Therefore,
it is very important to accurately determine the number and
position of perforators for an ALT lobulated perforator flap
before surgery. In our study, we used digital technology to
avoid the risks associated with vascular variation and achieve
accurate preoperative vascular navigation. Moreover, the 3D
model established before the operation can also be used by
young doctors to learn the anatomy of the ALT flap and
practice the surgical skills of flap harvesting.

Digital technology has been widely used in various fields
of orthopedics [23–25] as it shows good potential for appli-
cation in preoperative design and navigation and for playing
an auxiliary role in complex flap surgery [26]. The design
and harvest of skin flaps require a clear understanding of
the location and shape of the perforator; thus, accurate
localization of the perforator is key for successful skin flap
transplantation. To date, many new vascular localization
techniques have been applied in the clinic, and CTA and
color Doppler ultrasound (CDU) have been widely used [27–
33]. CDU examination is noninvasive and does not require
the use of radiation or contrast agents. CDU can display
hemodynamic information in real time and help to determine
the quality of perforators. Additionally, compared with CTA,
CDU is less expensive. However, this approach also has short-
comings, such as inspection results being highly dependent
on the skills and experience of the operator. Furthermore,
the resolution of CDU may not be as clear as that of CTA,
especially for deep blood vessels, and CDU does not display
the integrity and continuity of blood vessels as well as CTA.
Thus, in the case of some anatomical variations, the necessary
parameters may be more difficult to determine. CTA offers
high contrast for blood vessels and can accurately reveal
vascular anatomy, such as the shape, position and diameter
of the perforating branches and the length of the available
vascular pedicle; moreover, this method is objective and can
quickly provide stable and reproducible images with high
repeatability. The 3D structure generated by CTA can fully
represent perforators. In this study, based on the original
images obtained by CTA, d-LCFA and their perforators were
reconstructed visually, and the design and harvest of the
lobulated flap were virtually simulated with the software.
The results showed that this digital technology had obvious
advantages in repairing complex soft tissue defects of the
limbs. There were substantial differences in the branches of
the LCFA between the two sides, and the images obtained
clearly displayed the shape and variation of the d-LCFA
and its perforators. CTA can help in selecting the thigh
that is more suitable as the donor site for the flap, thereby
avoiding failed flap resection due to vascular variation and
reducing the difficulty of surgery. This digital technology can
display the 3D anatomical relationships of blood vessels and
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skin flaps intuitively, dynamically, stereoscopically and from
multiple angles and can be used to reconstruct the target
area in a concrete and personalized way to achieve the best
functional and aesthetic effects. In addition, the length of
the vascular pedicle and the distance between perforating
branches can be measured before the operation, and doctors
can perform virtual surgery before real surgery. The proce-
dures for skin flap incision and skin flap combination can
be simulated, increasing the accuracy of the operation. Such
an accurate preoperative design can significantly shorten the
operation duration and reduce both the number of blind
procedures performed during the operation and perioperative
complications. By displaying 3D models or predicted images,
doctors can also explain the surgical process, expected results
and potential risks to patients more clearly before the oper-
ation. The application of digital technology in flap design is
reasonable and effective and can allow direct suturing of the
donor site, further reducing damage to the donor site.

This study is limited by the small number of patients,
and additional studies of more patients at multiple centers
are needed to objectively observe the curative effect of this
technology. In addition, CTA is still a relatively expensive
examination, increasing the cost to patients, and there are
disadvantages, such as exposure to radiation and certain
potential contrast agent allergies.

Conclusion

In this study, digital technology was used to assist in the design
and harvest of ALT lobulated perforator flaps to achieve
accurate localization before surgery, optimize the surgical
plan, reduce surgical difficulty and risk, and shorten the
operation time, providing a basis for the clinical design of
personalized perforator flaps and highlighting the importance
of the clinical application and promotion of this surgical
method.
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