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AIM: High-energy ankle traumas often lead to extensive soft tissue loss and ligament damage, making reconstruction both challenging
and crucial for restoring stability and function. This study evaluated the effectiveness of using a free anterolateral thigh (ALT) flap with
a fascia lata extension for addressing complex soft tissue defects and repairing the deltoid ligament in complex post-traumatic ankle
injuries.
CASE PRESENTATION: A 38-year-old man was examined at the Plastic Surgery Unit three months after a motorcycle crash for re-
construction of a soft tissue defect and deltoid ligament repair. Clinical examination revealed a 3 × 5 cm soft tissue defect with bone
exposure and ankle instability. Reconstruction was planned and performed using a free ALT flap with an extension of the fascia lata and
a fascia lata graft for deltoid ligament repair. No complications of the flap and no clinical signs of local infection were observed. During
the follow-up period of 12 months, the ankle stability and the gait were improved with a reduction in pain.
RESULTS: No complications related to the flap or clinical signs of infection were observed postoperatively. During the 12-month follow-
up period, the patient exhibited improved ankle stability, reduced pain, and enhanced gait. At the one-year follow-up, the patient achieved
a satisfactory functional outcome with an American Orthopedic Foot and Ankle Society (AOFAS) score of 79 points. The reconstructed
tissue demonstrated adequate coverage, and the deltoid ligament repair provided joint stability. While flap bulkiness necessitated minor
debulking surgery, the aesthetic and functional outcomes were satisfactory, with the patient expressing high satisfaction at 15 months
post-surgery.
CONCLUSIONS: The ALT flap combined with fascia lata graft is a viable option for soft tissue loss and deltoid ligament injury in
clinical cases. While the ALT flap offers numerous advantages, including ease of harvest, pedicle length, and versatility, its bulkiness
may necessitate revision surgery. However, despite this drawback, the combination of ALT flap and fascia lata demonstrated positive
outcomes in our patient, highlighting its effectiveness in providing adequate tissue coverage and repairing the deltoid ligament.
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Introduction
Foot and ankle traumas from road traffic accidents and
crash injuries can have severe consequences due to the high-
energy impact. Such accidents pose a considerable chal-
lenge for surgeons when treating soft tissue defects in the
ankle region. These types of injuries commonly result in
complex bone fractures, the loss of soft tissue, and damage
to vital joint components, including tendons and ligaments.
These structures are crucial for normal movement and sta-
bility of the ankle, and their loss necessitates functional re-
construction.
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The deltoid ligament is considered the primary ligamentous
stabilizer of the ankle joint [1]. It consists of superficial and
deep components, both of which can suffer damage during
a rotational ankle fracture. Surgical interventions for del-
toid ligament injuries are often immediate in cases of un-
stable ankle fractures to prevent further complications. If
deltoid ligament injuries are not addressed, they may give
rise to conditions like osteoarthritis and planovalgus foot
deformity [2].

This report details a case involving a complex injury that af-
fected both the soft tissue and the medial ankle ligaments,
with a particular focus on the anatomical reconstruction of
the damaged deltoid ligament. This report aims to present
a comprehensive approach to complex ankle reconstruction
involving both soft tissue loss and deltoid ligament repair.
The case has been reported in line with the Case Report
(CARE) Guidelines to ensure the accuracy and complete-
ness of the report (Supplementary material).
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Fig. 1. Photograph after the injury. The orange arrow indicates the loss of substance with bone exposure.

Case Presentation
In February 2023, a 38-year-old male patient, a non-smoker
with a bodymass index (BMI) of 24.6 and no comorbidities,
sustained a crash injury resulting in an open fracture and
dislocation of the right tibia and fibula, along with a tissue
defect in the medial malleolar region and damage to the del-
toid ligament (Fig. 1). Additionally, there was a displaced
fracture of the tibia and fibula in the left lower limb. Upon
arrival at the nearest emergency department, the orthope-
dic team applied an external axial fixator to the right limb
(Fig. 2A). On the left limb, an open reduction and inter-

nal fixation (ORIF) with plates and screws was performed
(Fig. 2B). A conservative approach was initially taken by
primarily closing the wound at the ankle. On the left side,
the fracture was stabilized by using plates and screws under
general anesthesia.

One-week post-trauma, skin necrosis developed over the
medial malleolus, prompting wound debridement and the
application of negative pressure wound therapy (NPWT).
In May 2023, the patient was referred to our Plastic Surgery
Unit to assess the possibility of closing the wound and re-
pairing the deltoid ligament, as the wound was not fully
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Fig. 2. Post-operative X-rays. (A) Right leg, post-placement of the external fixator for tibia fracture stabilization. (The letter “D”
indicates the right side of the patient.) (B) Left leg, post-open reduction and internal fixation (ORIF) with screws and plates.

healed. Clinical examination revealed a 3× 5 cm (15 cm2)
tissue loss with exposed bone affecting the medial malle-
olus area (Fig. 3). The patient also exhibited ankle joint
instability.
The first surgical step involved meticulous debridement of
the wound. The anterior tibial artery and veins were iden-
tified and prepared as recipient vessels (Fig. 4A,B). A 5 ×
6 cm (30 cm2) anterolateral thigh (ALT) flap with a fascia
lata extension was raised (Fig. 4C,D), based on a septal per-
forator from the descending branch of the lateral circumflex
femoral artery (Fig. 5A,B) and a fascia lata graft was har-
vested (Fig. 5C).
The fascia lata graft was shaped into a double ligament
and anchored to reconstruct the damaged deltoid ligament

(Fig. 6A). Additionally, the fascia lata extension was used
to cover the new ligament. Vascular anastomoses were per-
formed, including arterial end-to-side and venous end-to-
end anastomoses using a 1.5 mm coupler (Fig. 6B). The
donor site was closed primarily (Fig. 6C). The total dura-
tion of surgery was 300 min with a flap ischemia time of 40
min.

To prevent any foot movement, an ankle-foot orthosis was
employed for 21 days. The postoperative period was un-
complicated, and the flap monitoring was based on a tra-
ditional careful periodic clinical observation, based on the
evaluation of the color, turgor, temperature, capillary re-
fill, and pinprick [3]. The patient was discharged after
a 7-day stay and a rehabilitation program was scheduled.
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Fig. 3. Preoperative photograph. The yellow arrow indicates a 3 × 5 cm wound with bone exposure.

Follow-up appointments for medication management were
set for 9, 12, 15, 18, and 21 days post-surgery. Moreover,
15 days after surgery, the flap successfully survived, and
the stitches were removed. The donor site on the left thigh
healed, leaving a 14 cm linear vertical scar which was nor-
mochromic and normotrophic, with no signs of infection or
dehiscence. At the 6-month follow-up, the patient could
walk comfortably without pain and with good ankle stabil-
ity (Fig. 7A,B). As the flap was bulky, debulking surgery
was planned (Fig. 7C).

One year after the surgery, no ulceration was observed, and
the function of the ankle was assessed using the Ameri-
can Orthopedic Foot and Ankle Society (AOFAS) ankle-
hindfoot scoring system [4]. The AOFAS scoring sys-
tem, as originally developed by Kitaoka et al. (1994) [5],
has a maximum score of 100 points, combining subjective
and objective clinical assessments, including pain, activ-
ity limitations, support requirements, gait, range of motion,
stability, and alignment. Although the original AOFAS
system does not provide an official categorization of out-
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Fig. 4. Intraoperative photographs. (A,B) Preparation of the recipient vessels. (C) The perforator of the descending branch of the
lateral circumflex femoral artery is shown between rectus femoris and vastus lateralis muscle. (D) The perforator is isolated.

Fig. 5. Intraoperative photographs. (A,B) Anterolateral thigh (ALT) flap combined with an extension of the fascia lata; (C) fascia lata
graft.

come scores, we adopted a classification commonly used
in clinical studies to facilitate the interpretation of results
[6]. According to this classification, scores ranging from
91 to 100 points are considered indicative of an excellent
outcome, scores between 76 and 90 points reflect a good
outcome, scores between 51 and 75 points indicate a fair
outcome, and scores from 0 to 50 points correspond to a

poor outcome. According to this categorization, the patient
achieved a total score of 79 points, indicating a satisfac-
tory functional outcome in the fair outcome category. Ad-
ditionally, at the 15-month follow-up, the patient expressed
satisfaction with the aesthetic result (Fig. 8). Postopera-
tive assessments also considered the time taken to return
to daily living activities, such as bearing weight on the re-
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Fig. 6. Intraoperative photographs. (A) Deltoid ligament reconstruction. (B) Vessels anastomoses. (C) Sutures of the flap.

Fig. 7. Postoperative photographs. (A,B) 6-months follow-up. (C) 1-year follow-up.

constructed surface for at least 5 h per day, which was ap-
proximately 10 weeks.

Discussion
Distal lower extremity reconstruction following high-
energy trauma can be a complex task since it often necessi-
tates free tissue transfer for successful coverage of the un-
derlying bones, joints, and tendons that are exposed [7]. In
some cases, both soft tissue and bone or tendon structures
can sustain significant damage, requiring meticulously co-
ordinated planning to restore complete limb functionality
[8,9]. Consequently, achieving optimal outcomes and fa-
cilitating the patient’s functional recovery may demand ad-
ditional procedures for bone repair and tendon or ligament
reconstruction, beyond merely providing tissue coverage.
The deltoid ligament serves as the primary stabilizing struc-
ture of the ankle joint [1]. It is an integral component of
the medial ankle ligamentous complex, consisting of a deep
portion that restricts external rotation of the talus, and a su-
perficial portion that prevents hindfoot eversion [10]. The
contemporary consensus holds that the compromised del-

toid ligament should be addressed [10,11]. If adequate tis-
sue remains, primary repair employing suture anchor fixa-
tion to the medial malleolus is possible. In cases where re-
construction is necessary, either autograft or allograft may
be employed [2]. A variety of soft-tissue reconstructive
techniques for the lower limb have been shown to restore
these critical functions, including NPWT or acellular der-
mal matrix (ADM) with skin grafting [12,13], local flaps
[11], local pedicled flaps [12], and free flaps [13–19].
In our patient, NPWT had previously been utilized by the
orthopedic team to maintain wound cleanliness and encour-
age healing, yet complete closure of the wound was not
achieved. Moreover, due to the presence of an exposed area
on a severely fragmented and deteriorated fracture, the use
of an ADMwas ruled out. Consequently, we opted to cover
the defect directly with a flap. Although local flaps have
beenwidely used to cover ankle and foot defects [14,20,21],
we ruled out this option due to the high-energy trauma,
which posed a risk of damage to the vessels and tissues near
the wound, as well as an increased risk of fibrosis.
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Fig. 8. Patient at 15-month follow-up.

Therefore, we chose to perform deltoid ligament recon-
struction in conjunction with a free tissue transfer, to select
a flap that could provide tissue from nearby regions specifi-
cally for ligament reconstruction. Among muscle flaps, the
gracilis flap is usually an effective option for repairing an-
kle defects [22], and the gracilis tendon is commonly used
by orthopedists for tendon or ligament reconstructions [23].
However, we decided against its use due to the short pedi-
cle. Although angiography demonstrated the functionality
of both the tibialis anterior artery and the tibialis posterior
artery, we preferred the anterior tibial artery for anasto-
mosis due to its distance from the trauma site. Given the
high-energy nature of the trauma, there was a concern that
the posterior tibial artery might still have sustained micro-
trauma, rendering it less ideal as the recipient vessel for the
reconstruction [24]. Consequently, the vascular pedicle of
the gracilis flap was deemed too short.
Sever et al. [25] suggested that the thoracodorsal artery
perforator (TAP) flap is a viable alternative for soft tissue
coverage, especially in lower extremities where the ideal
reconstruction should be stable, thin, and resistant to fric-
tion forces from footwear. The TAP flap provides thinner
skin, well-vascularized tissue with minimal donor-site mor-
bidity, and a long pedicle [26]. However, this option re-

quires intraoperative repositioning, a particularly complex
and risky maneuver in the presence of the patient’s external
fixators. We decided to perform an ALT-free flap, which
not only has a longer pedicle but also provides the opportu-
nity to extend the flap to the lateral fascia, thereby enabling
us to utilize a vascularized fascia graft. ALT-free flap is
considered a workhorse for lower extremity reconstruction,
including those with exposed bones and tendons [27]. The
advantages of this type of flap include ease of harvesting, a
long pedicle, and low donor site morbidity which are cru-
cial in cases like ours involving high-energy trauma [27].
This also allowed us to harvest it as a graft, a procedure
we performed to reconstruct the damaged deltoid ligament.
The decision to use the fascia lata as the graft material was
made to minimize the overall surgical impact on the patient.
By utilizing the same donor site as the ALT flap, we avoided
creating an additional surgical scar, thereby reducing post-
operative morbidity and improving the patient’s aesthetic
outcome. The use of another graft source [28–30], while
feasible, would have resulted in additional scars and poten-
tial donor site complications, which was not ideal given the
already extensive nature of the trauma. To date, no study
has reported using free ALT flap with an extension of fascia
lata combined with fascia lata graft for the reconstruction of
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the deltoid ligament and the coverage of soft tissue defects
[31]. In a study by Son et al. [32], a free chimeric ALT flap
with fascia lata was used to reconstruct the Achilles tendon
and overlying skin defects, demonstrating that fascia lata
can function as a tendon-like structure. Nakata et al. [33]
have successfully utilized allogenic fascia lata for the re-
construction of lateral ankle ligaments, providing good al-
ternatives to autologous grafts [34] or suture devices [31].
Our approach expands the reconstructive options available
for complex cases, particularly in situations where soft tis-
sue loss is combined with ligament damage. The fascia lata
extension not only provides coverage for the soft tissue de-
fect but also plays a critical role in creating a neocapsule,
which supports joint stability. Notably, one potential dis-
advantage of the flap is that it is bulky [35]. A revision pro-
cedure under local anesthesia is usually sufficient to reduce
the flap volume. Although our approach was successful for
donor-site healing without complications, it is worth noting
that alternative strategies, such as the use of polyurethane
dressings with ibuprofen have demonstrated efficacy in re-
ducing pain and promoting healing [36]. Such techniques
may be particularly helpful in cases where donor-site heal-
ing is more challenging or prolonged. During the follow-up
period, our patient experienced excessive bulkiness after re-
construction. A minor surgical revision effectively reduced
the flap volume, allowing him to wear shoes and achieve
full satisfaction.
Complex reconstructions, such as in our case, often require
not only vascularized tissue but also supplementary grafts
to ensure adequate volume for ligament and capsular recon-
struction. In our case, both vascularized tissue and an ad-
ditional fascia lata graft were required to fully restore the
deltoid ligament and ensure joint stability. We opted for
the ALT-free flap combined with an extension to the fas-
cia lata to provide a vascularized fascia that would serve
as a new capsule. This approach offered additional struc-
ture to the joint and covered the fascia lata graft, which was
shaped as a double ligament and secured with a fixation on
the anterior surface of the talus, the medial malleolus, and
themedial and posterior surfaces of the calcaneus using four
anchors.
While the results were positive, the use of the ALT flap
combined with fascia lata is associated with risks, including
compromised blood supply, infection, graft and flap fail-
ure, which are common considerations in free flap surg-
eries. Salvage techniques, such as pre-tie sutures and se-
rial delayed closure, are promising for managing partial
flap losses and improving outcomes, particularly in diffi-
cult zones where vascular compromise is more likely [37].
We chose fascia lata considering its abundant availability
from the tensor fasciae latae, making it safe to harvest and
providing sufficient tissue coverage and strength [35]. Al-
though the fascia lata has been described in literature for re-
constructions involving soft tissue defects [38], ours is the
first report of its application in deltoid ligament reconstruc-
tion. For flap closure, we opted for a single-stitch suturing

technique to prevent flap compression and the subsequent
development of venous hypertension [39].

Conclusions
The combination of an ALT flap extended to incorporate the
fascia lata, in conjunction with a fascia lata graft, offers sur-
geons a viable option for complex ankle reconstruction in-
volving soft tissue loss and deltoid ligament damage. This
method provides sufficient tissue coverage and addresses
the critical need for ligament repair, thereby contributing to
joint stability and improved functional outcomes. Further-
more, this intervention expands the reconstructive options
available to surgeons dealing with challenging cases. Nev-
ertheless, the potential limitations, including the need for
additional grafts and the bulkiness of the ALT flap should
be carefully considered during surgical planning. Future
studies are needed to evaluate the long-term outcomes of
this method.
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