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Purpose: The reconstruction of defects around the knee and the proximal third of the leg necessi-
tates thin, pliable skin with a stable and sensate soft tissue cover. This study analyzed the use of a
proximally based sural artery flap for the coverage of such defects.

Methods: This prospective clinical interventional study involved 10 patients who had soft tissue de-
fects over the knee and the proximal third of the leg. These patients underwent reconstruction with
a proximally based sural artery flap. The study analyzed various factors including age, sex, etiology,
location and presentation of the defect, defect dimensions, flap particulars, postoperative complica-
tions, and follow-up.

Results: There were 10 cases, all of which involved men aged 20 to 65 years. The most common
cause of injury was trauma resulting from road traffic accidents. The majority of defects were found
in the proximal third of the leg, particularly on the anterolateral aspect. Defect dimensions varied
from 6x3 to 15x13 cm’, and extensive defects as large as 16 cmx14 cm could be covered using this
flap. The size of the flaps ranged from 7x4 to 16x14 cm’, and the pedicle length was 10 to 15 cm. In
all cases, donor site closure was achieved with split skin grafting. This flap consistently provided a
thin, pliable, stable, and durable soft tissue cover over the defect with no functional deficit and mini-
mal donor site morbidity. Complications, including distal flap necrosis and donor site graft loss,
were observed in two cases.

Conclusions: The proximally based sural fasciocutaneous flap serves as the primary method for re-
constructing medium to large soft tissue defects around the knee and the proximal third of the leg.
This technique offers thin, reliable, sensate, and stable soft tissue coverage, and can cover larger de-

fects with minimal complications.
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INTRODUCTION

Background

Injuries that result in soft tissue skin defects around the knee are
common, often caused by road traffic accidents. They can also
occur secondary to burns, surgical infections, and post-tumor
resection. The reconstruction of these defects is challenging due
to the need for thin, pliable skin that can restore knee functions
[1]. Defects in and around the knee present a significant chal-
lenge to reconstructive surgeons due to their location over a mo-
bile joint. This often necessitates stable, pliable tissue with sensa-
tion. The skin in this area has less redundancy and a poor arterial
supply below the proximal third of the lower leg. Additionally,
superficial venous return in this region is frequently ineffective.
As aresult, soft tissue defects that occur in this region are difficult
to cover. To meet these demands, a proximally based sural artery
flap appears to be one of the best choices. It is a thin, sensate flap
with a good aesthetic appearance and minimal donor site mor-
bidity [2]. This makes it a favorable option compared to other al-
ternatives. However, there are few published reports on this flap.

Objectives

The purpose of this study was to evaluate the outcomes of the
proximally based sural artery flap when used in the reconstruc-
tion of defects around the knee and the proximal third of the leg.

METHODS

Ethics statement

This study was approved by the Institutional Review Board of
Osmania General Hospital (No. 20613001002D). Written in-
formed consents for publication of the research details and clini-
cal images were obtained from the patients.

Study design and patients

This is a prospective clinical interventional study that was con-
ducted in the Department of Plastic Surgery at Osmania General
Hospital (Hyderabad, India), a tertiary care center. The study in-
volved 10 patients who presented with soft tissue defects around
the knee or the proximal third of the leg and underwent recon-
struction with a proximally based sural artery flap. All the pa-
tients were referred from the orthopedic department after the
initial stabilization of fractures and any other injuries. The demo-
graphic data collected from the patients included age, sex, the
mode and etiology of the injury, medicolegal status, any associat-
ed fractures, presentation of the defect, addictions, associated co-
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morbid conditions, and complications.

All patients underwent a routine surgical profile, including a
radiograph of the affected limb. This was done to rule out any as-
sociated fractures, and if any were found, appropriate manage-
ment was undertaken. Additionally, a Doppler study of the af-
fected lower limb was conducted to assess the vascular status of
the limb.

After obtaining informed consents about the prognosis of the
condition and the planned procedure, patients were included in
the study. These patients then underwent preoperative planning
for the flap. This involves marking the dimensions of the defect
and planning the flap in reverse using a lint cloth, marking pen,
and measuring tape.

Surgical technique

The following surgical technique was employed [2,3]. Either a
standard lateral or prone position was adopted after administer-
ing spinal or general anesthesia. Under tourniquet control, me-
ticulous debridement of the recipient site was carried out, and the
exact dimensions of the defect were measured. The axis of the
flap was drawn along a line that extended from the midpoint of
the popliteal fossa to a point midway between the lateral malleo-
lus and the Achilles tendon. Reverse planning was conducted us-
ing a lint piece to verify the reach of the flap. The pivot point of
the flap was positioned approximately 2 cm from the midpoint of
the popliteal fossa along the previously described axis. Preopera-
tive Doppler for assessing flow in the sural artery was not con-
ducted in any of the cases included in this study. Along the distal
margin of the flap, the skin and fascia were incised. The sural
nerve, associated vascular plexus, and the short saphenous vein
were identified and cleanly divided. Dissection was carried out
from distal to proximal. The deep fascia was included in the flap
at the distal, medial, and lateral sides and was secured with the
skin to prevent shearing,

In the proximal part of the flap, we made only a skin incision.
The flap was designed to center the neurovascular bundle. In the
upper section, we carefully dissected the sural nerve and the me-
dian superficial sural artery between the two heads of the gas-
trocnemius until we reached the predetermined pivot point (Fig.
1). We included approximately 3 cm of the surrounding soft tis-
sue to safeguard the sural artery pedicle. We then constructed a
suitable subcutaneous tunnel to allow the flap and pedicle to
reach the recipient site. In some instances, we had to incise the
tunnel due to potential pedicle compression. We deflated the
tourniquet to verify the flap's viability. The flap was then inset at
the recipient site, and a corrugated rubber drain was placed un-
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der the flap, which was removed between the 3rd and 5th day.

The donor area was covered with split skin graft in all cases. A
plaster of Paris slab was applied across the knee joint to immobi-
lize it in all patients. Patients were positioned either prone or lat-
erally, with the operated limb elevated.

RESULTS

The patients in this study ranged in age from 20 to 65 years, with
an average age of 36.9 years. All 10 patients in our study group
were male. The most common cause of the defect was trauma re-
sulting from road traffic accidents, accounting for nine cases.
One case was due to an injury from a fall from a height. The
most frequently observed site of the defect was the proximal
third of the leg, seen in seven cases, followed by defects around
the knee in three cases. Regarding the location of the defect, soft
tissue defects in our study were most commonly found on the
anterolateral aspect of the proximal third of the leg, with five cas-
es. The defects analyzed in the study had an average size of 98.3
cm’. The largest defect noted in the study measured 15x 13 cm’
(Fig. 2). The area of the flap harvested in this study group ranged
from 7 x4 to 16 cm x 14 cm (Fig. 3). The pedicle length of the
flap ranged from 10 to 15 cm, with an average of 11.7 cm. All pa-
tients underwent split skin grafting for closure of the donor site.
Two patients experienced complications of distal necrosis, which
was managed by flap debridement and reinsertion. These same
two patients also experienced donor site graft loss, which was
managed with supplementary grafting. Details of the cases are
shown in Table 1.

. Femur Popliteal artery

— Popliteal artery

Lesser saphenous vein
Sural nerve and P

" lesser saphenous vein Skin paddle
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Fig. 1. Schematic illustration of flap design and elevation drawn by
authors.
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Representative cases

Case 1

A 32-year-old male patient experienced a road traftic accident
(RTA)—specifically, a tractor tire ran over his leg while he was
working in the field—and sustained an injury to his right leg
(Fig. 4). He presented with a soft tissue defect on the anterolateral
aspect of the proximal third of his leg, with an exposed implant.
The dimensions of the defect were 15 x 10 cm’, and the flap size
was 16 x 11 cm’, with a pedicle length of 11 cm. The postopera-
tive period was uneventful, and the flap settled well.

Case 2

A 22-year-old male patient with a history of an RTA (a collision
between a car and a bike) sustained an injury to his right leg (Fig.
5). He presented with a soft tissue defect on the anterolateral as-
pect of his knee, which exposed the distal femur. The dimensions
of the defect were 12x 6 cm?®, and the flap size was 13 x7 cm’,
with a pedicle length of 15 cm. The postoperative period was un-
eventful, and the flap settled well.
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Fig. 2. Distribution of cases according to defect dimensions.
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Fig. 3. Distribution of cases according to flap dimensions.
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Table 1. Details of the cases included in the study
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g(z)i.se ‘gfgg Sex Etiology Location of the defect Presenéi?;? i Deii::l)s 1€ Fl?gz;ze lerf:tcillc(lcem) Complication
1 32 Male RTA Anterolateral aspect of Exposed proximal 15x10 16x11 11 None
the proximal third of  tibia
the leg
2 20 Male RTA Anterolateral aspect of Exposed implant 8x6 11x6 11 None
the proximal third of
the leg
3 40 Male RTA Anterolateral aspect of Exposed fracture site 14x7 158 10 Distal flap necrosis,
the proximal third of  anteriorly, implant donor site graft
the leg laterally loss
4 25  Male RTA Anterolateral and medial Exposed fracturesite  15x13 16x14 12 Distal necrosis,
aspect of the proximal donor site graft
third of the leg loss
5 65 Male RTA Anteromedial aspect of Exposed tibial bone 12x11 14x12 11 None
the proximal third of  near fracture site
the leg
6 51  Male Fall from height Anteromedial aspect of Exposed tibial bone 9Ix8 10x9 12 None
the proximal third of
the leg
7 32 Male RTA Anterior aspect of the  Exposed implant 6x3 7x4 12 None
proximal third of the
leg
8 22 Male RTA Anterolateral aspect of Exposed distal femur ~ 12x6 13x7 15 None
knee
9 60 Male RTA Anterjor aspect of the ~ Exposed distal femur ~ 14x12 16x13 10 None
knee
10 22 Male RTA Anterolateral aspect of Exposed lateral 6x5 75 13 None
the knee femoral condyle

RTA, road traffic accident.

Fig. 4. Images of case 1. (A) Preoperative image. (B) Flap design illustration. (C) Intraoperative image. (D) Postoperative image (follow-up after 1 year).
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Fig. 5. Images of case 2. (A) Preoperative image. (B) Flap design illustration. (C) Intraoperative image. (D) Postoperative image (follow-up after 1 year).

Case 3

A 20-year-old male patient was in an RTA (a collision between a
car and a truck) and sustained an injury to his left leg (Fig. 6).
He presented with a soft tissue defect on the antero-lateral as-
pect of the proximal third of his leg, where an implant was ex-
posed. The dimensions of the defect were 8 x6 cm”. The flap
size was 11 x 7 cm’, with a pedicle length of 11 cm. The postop-
erative period was uneventful, and the flap settled well.

DISCUSSION

Improving the optimal methods for recipient site reconstruction
and minimizing donor site morbidity are ongoing areas of explo-
ration in reconstructive surgery. Reconstructing soft tissue de-
fects around the knee is often a challenge for plastic surgeons due
to the specific requirements necessary for knee joint reconstruc-
tion. The chosen method for reconstruction should be straight-
forward, reproducible, and reliable, with minimal morbidity at
the donor site. The donor tissue should possess thin, pliable,
stretchable, and sensate skin. Additionally, the undersurface
should be nonadhesive to ensure that the knee's flexion and ex-
tension functions are not compromised [1]. Various flaps have
been proposed for covering these defects around the knee, in-
cluding local flaps (muscle, fasciocutaneous, perforator), cross-
leg flaps, or free flaps [3]. The gastrocnemius flap is the most
commonly used muscle for covering defects in this area. This
muscle flap is easy to execute and highly reliable. However, its

https://doi.org/10.20408/jti.2023.0042

lack of innervation and the potential for unsatisfactory cosmetic
results (such as bulkiness and contour deformity) are notable
drawbacks to the use of muscle flaps [4].

The outcomes of local fasciocutaneous flaps are not consistent-
ly satisfactory. This is primarily because they are typically ran-
dom pattern flaps with compromised vascularity at the tip. Con-
sequently, distal necrosis often occurs at the site where these flaps
are most needed. This subsequent healing process can compro-
mise both the function and appearance of the knee joint [5].

More recently, local perforator flaps have been increasingly uti-
lized due to their notable advantages, including low donor mor-
bidity and superior aesthetic outcomes. Perforator flaps, such as
the medial sural artery perforator flap, anterior tibialis artery per-
forator flap, reversed anterolateral thigh perforator flap, and the
pedicled vastus medialis perforator, are favored for reconstruct-
ing skin defects around the knee. These flaps provide thin, pliable
skin that fulfils most of the reconstruction requirements in the
knee area. The cosmetic results following the application of these
flaps are excellent, and the morbidity at the donor site is also
minimal. However, these flaps do have some drawbacks, includ-
ing a lack of sensation, the need for a Doppler to locate a suitably
sized perforator near the defect, and a long and somewhat te-
dious dissection process [6,7].

The inferomedial thigh flap, which is based on perforators
originating from the descending genicular artery, can provide
flaps large enough to cover the entire knee. However, this proce-
dure necessitates a preoperative evaluation of the perforator ves-
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Fig. 6. Images of case 3. (A) Preoperative image. (B) Flap design illustration. (C) Intraoperative image. (D) Postoperative image (follow-up after 1 year).

sels, as this flap can occasionally experience venous congestion,
sometimes requiring an additional venous microanastomosis
with a local vein. Such vascular incidents are less common with
the proximally based sural island flap. In our series, all 10 flaps
survived completely, with no vascular incidents, demonstrating
the reliability of its blood supply. All grafted donor sites healed
satisfactorily.

The proximally based sural island flap has proven capable of
providing ample tissue for coverage. We have successfully raised
flap dimensions as large as 16 x 14 cm” to cover extensive defects.
In the past, such large defects would have necessitated either a
free flap or a cross-leg flap [1]. Microvascular reconstruction of
defects in the knee joint area presents another viable option [8].
While this is a single-stage procedure, it does have its drawbacks.
These include the need for specialized equipment, such as a mi-
croscope, and a surgeon with specific expertise. Additionally,
identifying suitable recipient vessels at the site can also pose a
challenge.

The proximally based sural fasciocutaneous flap, utilized in
our study; offers certain benefits. Its tissue is thin and pliable, and
the flap's undersurface facilitates easy gliding of the knee joint.
This flap is highly reliable and can be readily extended into the
mid-third of the leg. It also has a long pedicle with a good arc of
rotation, which allows for easy extension to the distal thigh [9].

The flap offers several advantages, including its ease and speed
of elevation, and the fact that it does not necessitate microsurgi-
cal skills or meticulous dissection of the pedicle. Furthermore,
this flap is thin and sensate, contributing to an aesthetically pleas-
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ing appearance at the site. It promotes fracture healing in defects
where the fracture site is exposed by providing a stable and dura-
ble soft tissue cover. In instances where an implant is exposed, it
safeguards the implant from infection. The flap also provides a
smooth gliding surface, facilitating free movement of the knee
joint in cases of knee defects [2,3,9].

Like any other flap, this one also has certain disadvantages,
such as its appearance if a skin graft has been used at the donor
site. This cosmetic disadvantage is not present if the donor site is
primarily closed, specifically in cases where the flap width is less
than 3 cm. However, in our study, the donor site was closed using
split-thickness skin grafting in all cases. Since the donor site is lo-
cated on the posterior calf region, which is typically concealed,
most patients did not report this as a major complaint during the
postoperative period, once the graft had completely settled. As
the sural nerve is harvested along with the flap, there is a loss of
sensation on the lateral side of the foot. This tends to diminish
over time due to sensory overlap from surrounding regions, as
observed in a well-established, distally based sural artery flap [2].

Cheon et al. [2] also employed the same technique, using the
flap for reconstruction around the knee joint in 10 cases, with a
follow-up period of 1 to 2.5 years. The outcomes were similar to
those in our study, as the flap was thin, sensate, and did not im-
pede the function of the knee joint. In their study, the maximum
flap size raised was only 6 x 10 cm’, whereas in our study, we
were able to raise a flap with a maximum area of 15x 13 cm’.
Cheon et al. [2] identified the loss of sensation on the lateral side
of the foot as a significant drawback, but in our study, patients did

https://doi.org/10.20408/jti.2023.0042



Lakshmi et al. Proximally based sural flap leg defects

not cite this as a major issue during the postoperative period. Aside
from the complications of marginal flap necrosis and donor site
graft loss, which were observed in two cases, there were no other
complaints from the patients, even after a long-term follow-up of

over 1 year.

Limitations

The limitation of the study was its sample size. Although the sam-
ple size for this study was small, it still demonstrated the versatility
and usefulness of this flap. Further research with larger cohorts is
warranted to validate our findings and provide a more comprehen-
sive assessment of its clinical applicability.

Conclusions

The proximally based sural fasciocutaneous flap is a workhorse
flap used for the reconstruction of soft tissue defects around the
knee and the proximal third of the leg. It has proven to be reli-
able, efficient, and more versatile than other reconstructive op-
tions such as local flaps (muscle, fasciocutaneous, perforator),
cross-leg flaps, or free flaps. This flap is relatively easy to learn
and harvest, making it an ideal alternative for covering soft tissue
defects, as described in the study. It yields acceptable functional
and aesthetic outcomes with minimal donor site morbidity. The
flap offers the advantages of providing thin, reliable, sensate, and
stable soft tissue coverage with a good gliding surface, and it can
cover larger defects with minimal complications. With its ease of
dissection, consistent vascular pedicle, antegrade blood supply,
adequate venous drainage, and thin skin, it is superior to sur-
rounding peer flaps and yields satisfactory outcomes.
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