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ABSTRACT

The peroneal artery perforator flap is widely used to repair deep defects in the distal lower leg and ankle.
However, the success of flap transplantation depends on the accurate location of the peroneal artery per-
forators, which can be a challenge due to potential vascular damage and anatomical variations. This study
utilizes digital subtraction angiography and high-frequency ultrasound to clarify the anatomical features of
the peroneal artery and its perforators and accurately locate these perforators, thereby improving preoper-
ative design and clinical outcomes. Peroneal artery perforator sequential flaps were employed to repair the
wounds and donor sites, with the second donor site sutured directly. A total of 36 peroneal artery perforators
were identified in seven patients, with an average of 5.14 perforators per patient. The majority of these perfo-
rators (47.22%) were concentrated in the middle segment of the lower leg. All flaps underwent tension-free
primary closure and survived successfully, presenting a smooth appearance, a fine texture, and a color similar
to that of the surrounding skin. Only a linear scar was left in the secondary donor site, which did not affect the
overall appearance of the limb. This technique can accurately localize peroneal artery perforators, optimize
the design of peroneal artery perforator sequential flaps, and facilitate the success of the surgery and postop-
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erative esthetic recovery.

Introduction

In modern plastic and trauma surgery, flap transplantation is a crucial
technique for repairing skin and soft tissue defects, especially in areas
such as the distal lower leg and ankle, where the blood supply is lim-
ited and trauma is common. Choosing the appropriate flap is crucial
for ensuring surgical success and improving final outcomes. The per-
oneal artery perforator flap (PAPF) [1], due to its unique blood supply
characteristics, has become an ideal option for addressing defects in
these regions. However, the success of the surgery heavily depends
on accurate preoperative evaluation and localization of the flap ves-
sels, which is essential for enhancing the success rates of transplanta-
tion and minimizing postoperative complications. Traditional
preoperative evaluation methods often rely on clinical experience
and anatomical landmarks. Though these methods can be efficacious,
they have constraints, particularly in patients with substantial ana-
tomical variations or concurrent vascular injuries.

In recent years, the rapid advancement of medical imaging
technology has led to an increasing application of techniques such as
digital subtraction angiography (DSA) and high-frequency ultrasound
in clinical practice, providing more precise anatomical information
for surgical procedures. DSA [2], a traditional vascular imaging
technique, offers high-resolution and real-time imaging capabilities,
playing a significant role in diagnosing and treating vascular diseases.

High-frequency ultrasound [3], known for its non-invasive nature,
convenience, low cost, and ability to provide real-time dynamic
information about blood vessels and tissues, has emerged as another
vital tool for vascular evaluation. The combined use of DSA and high-
frequency ultrasound in PAPF transplantation offers novel prospects
for accurate preoperative localization and evaluation. By integrating
these imaging modalities, this study aims to optimize preoperative
planning and improve clinical outcomes in peroneal artery perforator
sequential flap transplantation.

Materials and methods

This study received approval from the Ethics Committee of Jinling
Hospital, affiliated to the Medical School of Nanjing University and com-
plied with the Helsinki Declaration. All patients provided informed con-
sent to the study and publication. From January 2021 to June 2024, this
study included seven patients who underwent peroneal artery perfora-
tor sequential flap repair for soft tissue defects in the distal lower leg
and ankle. The cohort consisted of five males and two females, with an
average age of 44.7 years (range: 22-67 years). The injuries were caused
by traffic accidents (n = 5) and fall accident from high place (n = 2). All
the defects were accompanied with bone/steel plate exposure, the size
of which ranging from 3 x 5 cm®to 12 x 20 cm? (Table 1).
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Table 1. General data of the cases.

Case Age/sex Cause of injury Defect site Defect size, cm First/second flap size, cm Complications
1 67/F Traffic accident Right ankle 12x20 8x15/7x13 No

2 66/F Traffic accident Right ankle 5% 10 6x12/6 X9 No

3 52/M Traffic accident Left leg 4.5x%x8.5 5.5x12.5/5.5%x10.5 No

4 22/M Traffic accident Left ankle 6.5%8 75%11/7x9 No

5 35/M Traffic accident Right leg 6X6 6x10/6 %8 No

6 29/M High-fall injury Right leg 3x5 4x8/4%x75 No

7 42/M High-fall injury Left ankle 5x5 6x12/6x10 No

F: female; M: male.

Preoperative examination Results

The DSA examination was performed by the same radiologist using
the modified Seldinger technique in a flat-panel detector system
(AlluraClarity FD 20/15; Philips Healthcare, Best, The Netherlands) in
this study. All patients underwent DSA examination to assess poten-
tial vascular damage and anatomical variations in the lower limbs as
well as to visualize the course and distribution of the peroneal artery
branches. Then, the high-frequency ultrasound was used to trace
these branches, accurately identifying the locations where they
entered the deep fascia for precise localization of the perforators. The
high-frequency ultrasonography was all performed by the same
sonographer in a LOGIQ E9 color Doppler diagnostic system from GE
in Germany, equipped with an L6 probe, with the frequency adjusted
to 6-15 MHz, and the peripheral artery condition was selected.
Branches that enter the deep fascia were considered as perforators
and marked on the skin surface. The distance between the tip of the
lateral malleolus and the head of the fibula was divided into three
segments to analyze the distribution of the peroneal artery
perforators.

Surgical method

Preoperative localization of the peroneal artery perforators was
achieved using DSA and high-frequency ultrasound. The peroneal
artery perforator sequential flap was designed along the line from the
lateral malleolus to the head of the fibula. Based on the wound condi-
tions, the large perforator closest to the wound was selected as the
rotation point for the first flap, while a large perforator near the edge
of the first donor site was chosen as the rotation point for the second
flap. The skin and subcutaneous tissue were incised along the marked
lines down to the deep fascia, exposing the peroneal artery perfora-
tors. The flap was carefully dissected under the deep fascia, ensuring
the protection of the perforators and their surrounding fat and fascial
pedicles. The second flap was harvested based on the size of the first
donor site. After confirming adequate blood supply to the flaps, they
were respectively transferred to repair the wounds, and the second
donor site was directly sutured.

Postoperative management

Postoperatively, we closely monitored the blood flow in the flaps
and elevated the affected limb to reduce swelling. The wound
was kept clean and dry, with regular dressing changes. Once
the sutures were removed, the patients started functional exercises
gradually. Follow-up assessments focused on the healing of the flaps,
the donor site appearance, and the functionality of the affected limb.

Statistical methods

Data analysis was performed using SPSS 22.0 software, with the pro-
portion of perforators in each section expressed as n (%).

A total of 36 peroneal artery perforators were identified in seven
patients using DSA combined with high-frequency ultrasound, with
an average of 5.14 perforators per patient. The majority of these per-
forators (47.22%) were located in the middle segment of the lower
leg. Regarding the consistency between DSA and high-frequency
ultrasound, 33 out of the 36 peroneal artery perforators (91.67%)
showed consistency. However, there were still three cases where the
perforators were shown by DSA but not recognized by high-fre-
quency ultrasound. Postoperative follow-up assessments (3-12
months) indicated that all flaps survived successfully. The flaps had a
smooth appearance, a fine texture, and a color similar to that of the
surrounding skin. The second donor site showed only linear scars,
which did not affect the overall appearance of the limb.

Case report

The exemplary case is shown in Figure 1.

This case showed a 66-year-old female patient who sustained a
fracture of the right ankle joint due to trauma, resulting in a non-
healing wound with an exposed steel plate after internal fixation
surgery. Preoperative DSA and high-frequency ultrasound were used
to map the course of the peroneal artery and the distribution of its
perforators, allowing for precise localization. Based on the wound
condition, perforators a and c were selected as pivotal points for flap
rotation, and a peroneal artery perforator sequential flap was
designed. The previously identified peroneal artery perforators were
carefully explored, revealing perforators a, b, and c. The two flaps
were then rotated respectively to cover the wound, and the secondary
donor site was directly sutured. Follow-up assessments showed
favorable flap esthetics and successful functional recovery of the
affected limb (Figure 1).

Discussion

The skin and soft tissue in the distal lower leg and ankle are thin and
have a relatively poor blood supply, resulting in limited resistance to
infection and impaired healing. Injuries in this region can easily impli-
cate bones and tendons, resulting in osteoarticular infections that
complicate the treatment of these complex wounds. Traditional
repair methods include pedicled flaps, neurocutaneous flaps, and
free flaps. However, pedicled flaps [4] have restricted mobility due to
their pedicle, making them unsuitable for covering distant wounds.
Neurocutaneous flaps [5-7], such as the sural, superficial peroneal,
and saphenous flaps, were born with the risk of damaging nearby
nerves, potentially leading to partial sensory loss. Free flaps [8] require
microsurgical techniques, which result in longer operation times,
increased technical difficulty, and higher risks. PAPFs [9] have become
a preferred method for repairing wounds in the distal lower leg and
ankle, as they provide a reliable blood supply, primely match the tex-
ture of the surrounding skin, and dispense with the need for vascular
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Figure 1. The patient developed a non-healing wound with exposed steel plate after surgery for a right ankle joint fracture. (A) Preoperative DSA revealed the
peroneal artery (PA) and its branches a, b, and c (indicated by white arrows). (B) High-frequency ultrasound was used to track and precisely localize the perfo-
rators. (C) The wound was evaluated after debridement, and the flap was designed. (D) The flap was harvested intraoperatively. (E, F) Intraoperative exploration
confirmed the presence of perforators a, b, and c (indicated by white arrows). (G) The postoperative assessment indicated that the flap survival was satisfactory.

anastomosis. However, the thin, inelastic skin and limited local tissue
volume often hinder direct suturing of the donor site after harvesting,
necessitating skin grafting. Unfortunately, skin grafting has its own
drawbacks, including poor graft survival, scar contracture, and
reduced durability postoperatively, all of which can significantly
affect function and appearance. The peroneal artery perforator
sequential flap [10] is a technique that utilizes a primary flap to cover
the original wound and a secondary flap to repair the defect left by
the primary flap’s transplantation. This method allows for direct sutur-
ing of the secondary donor site. By using the proximal leg flap for the
secondary repair, tension is transferred from the primary donor site to
the larger-circumference, less tense area of the proximal leg. This
approach allows for direct suturing of the donor site while addressing
wounds in the distal lower leg and ankle region. It also improves the
appearance and function of the primary donor site, avoids the draw-
backs of skin grafting, and reduces complications at the donor site. In
this study, all patients showed smooth, well-textured postoperative
flap appearance with color similar to that of the surrounding skin.
Only linear scars were left on the secondary donor site, which did not
damage the overall appearance of the limb.

The peroneal artery is the main artery supplying the lateral skin of
the leg. It branches from the posterior tibial artery, descends between
the flexor hallucis longus muscle and the medial side of the fibula,
and terminates at the lateral malleolus. Studies [11] have shown that
the distribution of perforators from the peroneal artery is generally

consistent, and harvesting flaps based on clinical experience can
yield favorable outcomes. However, this experience-based approach
has limitations, particularly in cases with anatomical variations.
Additionally, leg and ankle trauma, often resulting from violence,
frequently involves vascular injuries. Absolute dependence on clinical
experience without preoperative imaging evaluation may increase
the risk of surgical failure. With the rapid advancement of medical
imaging technology, DSA and high-frequency ultrasound are
increasingly usedin clinical practice, providing more precise anatomical
information for surgical procedures. DSA [12, 13] is an angiographic
technique that utilizes electronic computers to enable dynamic
observation of the peroneal artery’s course and the distribution of its
branches. High-frequency ultrasound [14, 15], known for its non-
invasive, convenient, and cost-effective characteristics, provides real-
time dynamic information about vessels and tissues, making it a
valuable tool for vascular evaluation. It visually depicts the relationship
between the branches of the peroneal artery and the surrounding
tissues, allowing for precise localization of perforation points through
the deep fascia. The combination of DSA and high-frequency
ultrasound provides a clear and comprehensive view of the peroneal
artery and its branches, facilitating accurate identification of the
perforators. This enhances the visualization, precision, and
customization of flap design and transplantation. In the case series,
the preoperative use of DSA combined with high-frequency
ultrasound guided the design and transplantation of flaps, leading to
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successful flap survival in all patients postoperatively, as well as
satisfactory esthetic outcomes and recovery of limb function.

Some studies [16, 17] have shown that the distribution of peroneal
artery perforators is in the proximal and distal thirds of the leg. Our
findings showed that the peroneal artery perforators were mainly
distributed in the middle segment of the fibula. The main reasons are
as follows: First, the anatomical structures of the human body exhibit
certain variabilities, and the distribution of peroneal artery perforators
may differ among individuals. Our study sample might have included
some individuals with specific anatomical characteristics, resulting in
a relatively dense distribution of perforators in the middle segment.
Second, the differences in research methods and samples might
contribute to the varying results. The specific detection techniques
and equipment (DSA combined with high-frequency ultrasound)
used in our study might have been more sensitive in detecting the
perforators, enabling the discovery of distribution patterns that were
not fully noticed in previous studies. Regarding the consistency
between DSA and high-frequency ultrasound, our findings showed a
high degree of concordance between the two modalities. However,
there were still three cases where the perforators were shown by DSA
but not recognized by high-frequency ultrasound. We believe this
discrepancy may be attributed to the higher sensitivity of DSA in
detecting smaller perforators, which might not be as easily visualized
using high-frequency ultrasound.

The surgical considerations for peroneal artery perforator
sequential flaps are as follows: 1) It is essential to protect the sural and
deep peroneal nerves during surgery to prevent sensory and motor
dysfunction in the leg and foot. 2) The vascular pedicle can be placed
through either an open or subcutaneous tunnel. It is necessary to
ensure that the tunnel is unobstructed and loose to avoid
compression, kinking, or twisting of the pedicle. 3) Moderate
dissection of the perforator pedicle is advisable, with 0.5-1.0 cm of
deep fascia spared around the perforator to prevent accidental
damage to both the perforator and the venous vessel. 4) The skin
possesses inherent elasticity and mobility, allowing for the reduction
of the donor site defect width by gently pulling the defect edges.
Research [18] indicates that when the width of the secondary flap is
within 6 cm, proximal defects of the lower leg can be directly closed.
In the flap design process, the width of the secondary flap can be
planned to be 1-2 cm narrower than that of the primary donor site
defect. This is followed by performing a‘pinch test’ to ensure primary
closure of the secondary donor site.

While this study achieved good clinical outcomes, it has several
limitations. First, the sample size is small, comprising only seven
patients. Future studies should involve larger sample sizes to improve
the generalizability of the findings. Second, this study focused solely
on the application of peroneal artery perforator sequential flaps.
Future research could explore the utility of DSA and high-frequency
ultrasound in other types of flap transplants. Additionally, as imaging
technology advances, more sophisticated techniques such as 3D
reconstruction and dynamic contrast enhancement could be
employed in perforator flap transplants, potentially enhancing
surgical precision and success rates.

In conclusion, the combination of DSA and high-frequency
ultrasound in peroneal artery perforator sequential flap transplantation
significantly enhances the accuracy of preoperative perforator
localization, optimizes surgical design, and improves both the success
rate and postoperative esthetic outcomes of flap transplantation. As
imaging technology continues to evolve, this approach is expected to
be increasingly utilized in various flap transplantations, providing
patients with more precise and efficient treatment options.
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