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Abstract

Background: In the decision-making process toward
covering various Achilles' tendon region, knowledge about
patient related outcomes after surgery and rehabilitation is
important. Therefore, we aimed to present an overview of
outcomes and select the most appropriate flaps used for
covering soft tissue defects over Achilles tendon region.

Aimof Sudy: Study aimed to analyse and determine the
suitable reconstructive surgical options for Achilles tendon
coverage and to evaluate the clinical, functional and aesthetic
outcomes.

Patients and Methods: Between September 2017 and
December 2019, 25 patients with skin loss over Achilles
tendon region were admitted to Menoufia University Hospital
and Shebin-Elkom Teaching Hospital. The soft tissue defects
ranged from 3x2 to 16x12 cm. Six types of flaps were used
for the coverage of concomitant skin defects.

Results: There was no complete flap loss and all flaps
survived. Lateral supramalleolar flap (28%) was used in
seven patients, distally based peroneus brevis muscle flap
(16%) in four patients, posterior tibial artery perforator flap
(24%) in six patients, peroneal artery perforator flap (4%) in
one patient, reversed sural artery flap (24%) in six patients,
and free latissimus dorsi muscul ocutaneous flap (4%) in one
patient. Two patients were subjected to debridement and
covered with split thickness skin graft (STSG). One patient
suffered from chronic ulcer formation which was covered
with lateral supramalleolar artery flap. The algorithm of one-
stage reconstruction was established, according to the defect
size of skin.

Conclusion: Perforator flaps, lateral supramalleolar artery
flap, and the distally based peroneus brevis muscle flap were
asuitable option for coverage of small to intermediate sized
defects; reversed sural artery flap is best for coverage of
moderate to large size defects and free flaps are the best
choices for complex wide reconstructions.
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Introduction

THE Achilles tendon (calcaneal tendon) isthe
largest and strongest tendon in the human body. It
plays avital role in walking, running, or jJumping
asit pulls on the heel upon flexion of the calf
muscles [1,2] . Dueto its anatomic particularities,
reconstruction and resurfacing of post-traumatic
soft tissue defects of Achillestendon regionisa
challenging task to plastic surgeons [3].

A great number of papers have been published,
focusing on skin coverage of lower limb skin
defects to prevent further infection and delayed
amputation and to provide the best possible func-
tional outcome. However, an ideal resurfacing
should be stable, thin enough to allow footwear,
obtain an anatomical contour and able to with stand
shoe friction and providing a gliding surface for
the underlying tendon [4]. The vast array of recon-
structive methods should be used judiciously,
considering the defect's characteristics and the
functional and aesthetic requirements. Numerous
procedures have been extensively described in
literature for resurfacing Achilles' tendon soft tissue
defects [3] . However, deciding which suitable
specific flap with less morbidity according to each
reconstructive situation is challenging.

Therefore, the main objective of our study is
to analyse and determine the suitable reconstructive
surgical options for Achilles tendon coverage. We
also aimed to evaluate the clinical outcomes of
variable reconstructive options and assess associ-
ation of complications with age, gender, flap size
and arc of rotation.

Patients and M ethods

This prospective study was carried out at Me-
noufia University Hospitals and Shebin EI-Koum
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Teaching Hospital from September 2017 to Decem-
ber 2019. The study included 25 patients (19 males
and 6 females) with soft tissue defects over Achilles
tendon region resulting mainly from trauma, and
the patients age ranged from 12 to 45 years. The
etiologies of the defect were as follows: Posttrau-
matic in 17 cases (68%), chronic non-healing ulcers
in six cases (24%), post oncologic excision in one
case (4%) and gunshot injury in one case (4%)
(Table 1). Post traumatic patients who required a
vascul arized tissue were included in this study.
Patients who were treated with advanced medica-
tion, skin graft and patients with associated tendon
injury or peripheral vascular disease were excluded.

All included patients underwent the standard
preoperative preparation for surgery including
laboratory and radiological investigations. General
and local examinations were done including as-
sessment of defect size, extent of injury, vascularity
of the affected limb using color duplex, exposure
of other structures other than the Achilles tendon
and the integrity of surrounding skin. Also, preop-
erative and postoperative photographs were taken
and documented. Patients also received preopera-
tive prophylactic antibiotics. Ethical approval was
obtained from the University and Hospital Institu-
tional Review Boards, and an informed written
consent was obtained from all patients.

On hospital admission, all patients received
repeated debridement followed by daily dressing
change on the soft tissue defect area. The defects
varied in size between 3cm x 2cm and 16cm x
12cm. Defect sizes were classified into small to
medium size defects (less than 8cm x 6 cm); me-
dium to large size defects (up to 15 x 7cm); and
large wide defects (greater than 15cm).

A- Operative technique:

Under general or spinal anesthesia, all patients
were placed in supine, prone or lateral position
according to extension of wound and the flap used
for coverage. A hand-held Doppler was used to
detect the perforators and locate the pedicle posi-
tion. The skin flap was outlined according to the
defect of the recipient site. All surgical procedures
were performed using a magnification loupe (2.5X
to 4.5X) and under ischemia provided by a pneu-
matic thigh tourniquet inflated to 350mmHg.

Flaps were outlined according to reconstructed
soft tissue defects depending on the anatomy of
the soft tissue injury and the location of the defect
after ahealthy wound is achieved by one or multiple
debridement sessions. All patients were closely

followed-up at an outpatient clinic until the trans-
ferred flap had successfully stabilized and survived.

The choice of flap was determined by available
uninjured tissue on the donor site, and by the size
and location of the defect. According to the defect
size after excisional debridement, the posterior
tibial perforator artery flap was performed in six
patients (Fig. 1), the peroneal artery perforator flap
in one patient, the lateral supra malleolar artery
flap in seven patients (Fig. 2), the reverse surd
artery flap in six patients, the peroneus brevis
muscle flap in four patients (Fig. 3), and the latis-
simus dorsi muscul ocutaneous free flap in one
patient (Fig. 4). The procedures were performed
according to those described in the literature [5-
10] . In the Latissimus dorsi free muscul ocutaneous
flap, thoracodorsal vessels were end to end anas-
tomosed to posterior tibial vessels after checking
perfusion of the flap and split thickness graft was
taken to cover the muscle part of the flap. Donor
site of the used flaps were closed either primary
or by applying split thickness graft. Flaps were
loosely sutured. A bulky light-pressure dressing
with asplint or external fixator were used to protect
the wound and immobilize ankle.

Based on our clinical experience and the data
available in the current literature, we suggested
the following algorithm to orientate in the soft-
tissue reconstruction of the Achilles region taking
into consideration the size of defect and the tissues
involved (Fig. 5).

B- Postoperative care:

Soft bandage was used to cover the flap site
and an areawas left exposed in order to check flap
viability. Also, the operated limb was elevated for
at least aweek to facilitate venous drainage, reduce
edemaand pain in al patients. The flap was mon-
itored regularly for vascular insufficiency and the
first dressing was opened on the second postoper-
ative day. All patients received STSG were uncov-
ered on the fifth postoperative day. Broad-spectrum
antibiotics (amoxicillin clavulanic acid and metro-
nidazole) were administered for seven days post-
operatively. Residual sequelae, pain, weakness and
complications, and the patients ability to return
to their sporting and living activities were docu-
mented.

C- Evaluation methods:;

Flap monitoring started six hours postopera-
tively, then every 12 hours for the first 48 hours,
and then once every day by evaluating its temper-
ature, color, capillary refilling, bleeding from
pricking points and texture of the flap. Alternatively,
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the free flap was monitored every hour for the first
48 hours and then every six hours on the third day
and then every 12 hours for the rest of the week.
Donor site was also monitored for any problems
such asloss of graft, paresthesia, hypertrophic scar
or keloid formation. All patients were scheduled
for follow-up one week after discharge and then
at two weeks for stitch removal and fortnightly for
at least three months.

D- Satistical analysis:

Data entry, processing and statistical analysis
were entered and analyzed using SPSS software
package (version 25.0, SPSS Inc, Chicago, Illinois,
USA). Quantitative variables were calculated in
terms of mean + SD and qualitative variables were
calculated as frequencies and percentages. All
analysis results with p<0.05 or 95% confidence
level were considered statistically significant.

Case Series:
Casel:

A female patient (34 years old) presented with
pigmented round elevated mass over medial malle-

(A)

(€)
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olus of right leg nearly about 4cm x 4cm suspected
to be melanoma. The tumor was excised totally
with a safety margin and sent for biopsy. Achilles
tendon was exposed after excision of the tumor
with the medial malleolus. The raw area was about
5cm x 5cm. Posterior tibial perforator artery flap
was raised, then rotated 110 degree to cover the
raw area. Dimensions of the flap were 7cm length
X 6cm width and the donor site was covered with
a split-thickness skin graft (Fig. 1).

Case 2

A male patient (29 years old), presented with
degloving injury and skin and soft tissue loss over
Achilles region, dorsum of foot, and medial malle-
olus of right leg with open fracture in the distal
third of the tibia due to post-traumatic road traffic
accident. The fracture was fixed using external
fixator immediately, then soft tissue resurfacing
with internal fixation was performed six days later.
After debridement the raw area was covered with
free latissimus dorsi muscul ocutaneous flap. Split
thickness skin grafts were used for coverage of the
exposed muscle with no problems and the donor
site was primarily closed (Fig. 4).

(B)

(D)

Fig. (1): (A) Preoperative marking of posterior tibial artery perforator flap. (B) Excision of the tumor and exposure of the
Achilles tendon with medial malleolus. (C) Postoperative after 5days. (D) Postoperative after two months.
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(A) (B)

(©) (D)

Fig. (2): (A) Chronic non healing diabetic ulcer over Achilles tendon of right leg. (B) Preoperative marking of lateral supra
malleolar artery flap. (C,D) Postoperative after 5 days.

(A) (B)

(€) (D)

Fig. (3): (A) Chronic unstable ulcerative scar over Achilles
area of left leg post burn. (B) Preoperative marking
of distally based peroneus brevis muscle flap. (C)
Excision of the scar with elevation of the flap. (D)

The flap covers adequately the raw area. (E) Postop-
erative after 5 days.

(E)
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(B)

(D)

Fig. (4): (A) Degloving injury with loss skin and soft tissue over Achilles area, dorsum of foot, and medial malleolus of right
leg. (B) Preoperative marking of latissimus dorsi muscul ocutaneous flap. (C) The raw area was covered adequately
by free latissimus dorsi muscul ocutaneous flap and Split thickness grafts were taken for coverage muscle part of the

flap with no problems. (D) Postoperative after 2 months.

Soft tissue defects over Achilles Tendon

Distally based peroneus

Y N
Small to medium Medium to large Large wide defects
defects<8 x 6 cm defects<15x 7 cm >15cm
\ 7/
Perforator flaps | Reversed sural artery flap Freeflap

brevis muscle flap
Lateral supramalleolar
artery flap
Reversed sura artery flap

Fig. (5): The concluded coverage protocol according to our study.

Results

In our study, seven lateral supramalleolar flaps
(28%), four distally based peroneus brevis flaps
(16%), six posterior tibial artery perforator flaps
(24%), one peroneal artery perforator flap (4%),
six reversed sural artery flaps (24%) and one free
latissimus dorsi muscul ocutaneous flap (4%) were
successfully performed (Table 2).

Fifteen patients were covered immediately in
the first three days after exposure of Achillestendon
and ten patients were postponed from aweek to a
month following debridement and repeated dress-
ings to control infection and prepare bed for cov-
erage.

All flaps survived. For the flap contours, 19
cases were satisfied in terms of aesthetic and
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functional outcomes and required no secondary
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Table (1): Demographic characteristics of patients included

thinning. Seven cases had a bulky flap, which in the study.
caused difficulty in shoe wearing and received a Gender Male 19 (76%)
secondary thinning surgery. Complications were Female 6 (24%)
? 0 ! .
reCO(ded in six flaps (24 '/0). Margi na! necrosis of Age <20 2 (8%)
the distal endswas hoted in twq flapsin the lateral 20-<30 5 (20%)
supra malleolar artery flap patients; one flap was 30-<40 10 (40%)
managed by split thickness skin graft and the other 240 8 (32%)
healed spontaneously. Similarly, the same compli- Diabetic 3 (12%)
cations were noted in two reversed sural artery Co-morbidities Vot diabetic 22 (83%)
flaps, where one flap received a skin graft and the Smoker 7 (28%)
other flap healed by secondary intention. On the Not smoker 18 (72%)
other hand, ulceration and loss of the distal 3cm Causeof defect  Road traffic accident 17 (68%)
of the graft occurred in the peroneus brevis muscle Chronic non-hedling ulcer 6 (24%)
flap and was later revised by lateral supramalleolar Tumour 1 (4%0)
artery flap. Gun shot 1 (4%0)
Table (2): Types of the flaps included in the study.
Total Good Complications
Flap used number results
No. % No. % No. % Type
Lateral supramalleolar artery flap 7 28 5 72 2 28 Marginal necrosisof distal ends of the flap
Peroneal artery perforator flap 1 4 1 100 0 0 None
Distally based peroneus brevis muscle flap 4 6 3 75 1 25 Lossof distal 3 cm of the graft
Posterior tibial perforator artery flap 6 24 5 83 1 17  Partia superficia necrosis of distal end of
the flap
Reversed sura artery flap 6 24 4 67 2 33 Marginal necrosisof distal ends of the flap
Latissimus dorsi free flap 1 4 100 0 0 None

Discussion

Reconstruction of soft tissue defectsin Achilles
tendon region presents a challenging problem for
the plastic surgeon. A wide spectrum of local,
regional, distant and free micro-vascular flaps has
been described for covering these defects. There
is no single reconstructive available option that is
suitable for a specific defect size [3]. However, the
main aim isto restore or preserve the Achilles
tendon function and the coverage should be versa-
tile and respond properly to the mechanical stress
experienced in thisregion [11] . The heel skin directly
coversthe Achilles tendon, hence, defects in this
region cannot be reconstructed with a skin graft.
Therefore, aflap is necessary for providing effective
coverage and in avoiding friction from shoes.

However, according to literature, muscle flaps
and myocutaneous flaps are definitely not the best
choice to cover Achilles tendon because of the
bulky and prone to adhesion with the underlying
tendon. In addition, reverse sural flaps offer agood

alternative for resurfacing soft tissue defects over
the Achilles tendon region [12].

On the other hand, propeller flaps emerged as
avery useful option in the reconstructive toolbox
and gained increasing acceptance over the past
decades [13] . The propeller concept increased the
number of potential donor sites particularly in the
Achilles region, where conventional pedicled flaps
are not amenable. This might be because they do
not have enough arc of rotation. Propeller flaps
provide like with like option and offer avery low
morbidity at the donor site [14,15].

This study was conducted at Menoufia Univer-
sity Hospitals and Shebin El-Koum Teaching Hos-
pital between September 2017 to December 2019.
It included 25 patients (19 males and 6 femal es)
with variable soft tissue defects over Achilles
tendon region. The patients' age ranged from 12
to 45 years. The defects size ranged from 3 x 2cm
to 16 x 12cm (Mean=6.5+3, 4.5+2.5 for length and
width respectively). Patients were either covered
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immediately in the first three days or were post-
poned from aweek to amonth. The exact timing
was often difficult to decide, but it islargely
accepted that once the wound is clinically and
microbiologically clean, soft-tissue reconstruction
should be performed [3].

Compared with those from the thigh and trunk,
the flaps taken from the leg were invariably thinner,
including the sural flap. In our experience, the
choice of flap was mainly based on the defect size
of the wound. Also, the surrounding soft tissue
condition is adeciding factor as to which flap was
more suitable for the transfer [16].

We performed the distally based peroneus brevis
muscle flap in four patients with medium size
defect. Three cases showed complete flap survival
and coverage of the defect with no donor site
morbidity. While, one patient expressed marginal
flap loss of about distal 3cm, which was later
revised with alateral supramalleolar artery flap.

Our findings were similar to Sahu, et d., [17].
He performed distally based peroneus brevis muscle
flap in 25 cases over a period of 4 yearsto resurface
soft tissue defects around the ankle. He a'so report-
ed that out of 10 cases have defectsin the Achilles
area, Six cases showed satisfactory results while,
in four cases there were complications in the form
of distal flap necrosis and graft loss.

In our study, reversed sura artery flap was used
in six patients to cover raw areain the Achilles
region. The defects varied in size from small to
large defects. One patient was covered by reversed
sural artery flap with skin island. Four patients
showed satisfactory results while, two patients
experienced distal flap necrosis. Debridement and
later coverage with split thickness skin graft was
done to one case and showed adequate result while,
the other cases with minimal flap loss healed
successfully by secondary intention. LAL S [18]
reported similar results in which 12 cases of re-
versed sural artery of flap were done over a period
of two years to cover intermediate to large size
soft tissue defects over Achillesregion. Ten patients
reported satisfactory results, while two patients
had distal flap necrosis which was later covered
with split thickness skin graft. Also, similar results
were observed by Bullocks J.M. et al., [19] study
in which 4 patients had Achilles tendon injuries
and concomitant complex soft tissue defects. The
reversed sural artery flap was planned in conjunc-
tion with the orthopedic surgeons to facilitate their
approach for Achilles tendon repair. Partial flap
loss occurred in one patient and the Achilles repair
was performed successfully in al patients.
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The reversed sural artery flap is an excellent
option for reconstruction of larger soft-tissue defects
of the lower limb if the flap is delayed, as this has
been shown to improve perfusion of the flap, re-
sulting in an increased viability [20] . Dharman-
gaonkar and Patankar [21] used the reverse sural
fasciocutaneous flap to resurface moderate to large
soft tissue defects in the distal third of the leg and
anklein 109 patients. In contrast, our study included
comparatively smaller wounds where muscle flaps
can cover these wounds but at the expense of
function [22].

Lateral supra malleolar artery flap was also
performed in our study to cover raw area over
Achilles region in seven patients. The defects
varied in size from small to medium size defects.
Five cases showed satisfactory results and two
patients had distal flap necrosis. Debridement and
later coverage with split thickness skin graft was
done in one case while, the other case was associ-
ated with a minimal flap loss which healed spon-
taneously by secondary intention. These findings
are consistent with those reported by Hamdi MF
[23] study. He used lateral supra malleolar flap to
cover soft tissue defects of the ankle, heel, and
foot. Seven cases showed satisfactory results and
one case showed partial superficial necrosis which
healed successfully by secondary intention.

In six patients, we used posterior tibial perfo-
rator artery flap to cover raw areain the Achilles
region. The defects varied in size from small to
medium size defects. Five cases showed satisfactory
results. A case was associated with partial superfi-
cia necrosis which healed successfully through
secondary intention. The posterior tibial perforator
flap is also believed to have advantages. We pre-
ferred the aforementioned flap, dueto its sufficiency
for the of both the skin and the Achilles tendon
region, with no need for microsurgical expertise.
In addition, this flap could be used for minor or
moderately sized defects. When the defect sizeis
large, it isdifficult for the pedicled perforator
artery flap, or other regional flaps, to cover the
entire wound. In the last decade, perforator flaps
have become the workhorse for wound coverage.
Compared with the traditional free latissimus dorsi
freeflap [24] and the free anterolateral thigh flap
[11], they have the advantages of similar size, less
thickness, and less donor site morbidity.43

In one patient, we used latissimus dorsi musc-
ulocutaneous free flap to cover raw areain the
Achillesregion. The defect was due to road traffic
accident and the defect size was about 16 x 12cm.
Donor site was primarily closed and the case
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showed satisfactory results in terms of complete
flap survival and coverage of the defect with no
donor site morbidity and early restoration of func-

tion. Similar results were observed by Al Maksoud
et a., [25] study, in which a case of a Marjolin
ulcer on the hedl in a 62-year-old woman resulted
in a chronic non-healing wound. After excision of
the tumor with safety margin, the Achilles tendon
was exposed. The heel defect was reconstructed

with a free latissimus dorsi muscul ocutaneous flap
with delayed secondary closure. The outcome was
successful both functionally and cosmetically. No
further procedures were needed. In another study
by LeeH-B et a., [24], freelatissmus dorsi muscle
flap was used in four cases for reconstruction of

the overlying soft tissues. All free transplantations
were successful with no complications.

There limitationsin our study include the rela-
tively small sample size and the heterogeneity
among patient population and etiology. Addition-
aly, we did not perform a comparison between the
different types flaps and free flap. To our knowl-
edge, no studies have directly compared these
reconstructive procedures. Future well designed
randomized controlled trials with larger sample
sizes are needed to define an algorithm for the
most appropriate flap reconstruction method based
on the mode of trauma, site, and size of the defect.

Conclusion:

In summary, Achilles tendon region has severa
injury mechanisms, which involve defects of the
Achilles tendon, skin, and calcaneus. The recon-
struction protocols should not be separated. Of the
three structures, we emphasized that flaps are the
best coverage option for defectsin thisarea as
they are good stable & durable coverage. Lateral
supramalleolar artery flap, perforator flaps and
the distally based peroneus brevis muscle flap are
best used for covering small to intermediate sized
defects with good results. Reversed sural artery
flap can be advocated for covering defects in the
Achilles area, asit is successfully used for covering
defects that varied in size from small to large
defects. The use of free flapsis restricted mainly
to complex and wide reconstructions, asit requires
procedures and microvascular experience (Fig. 5).
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