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Abstract

Total Ankle Arthroplasty (TAA) has evolved into a reliable treatment option for end-stage ankle
osteoarthritis; however, wound healing complications remain a significant concern, particularly with
traditional anterior approaches. These complications are largely related to the vulnerability of the
anterior soft-tissue envelope and may negatively affect early outcomes. The purpose of the present
study was to evaluate the safety and early clinical outcomes of a curvilinear anterolateral approach
for TAA, with particular focus on wound healing and soft-tissue complications. A retrospective
observational study was conducted on 48 consecutive patients undergoing TAA between January
2023 and December 2025. A total of 49 ankle arthroplasties were performed using a curvilinear
anterolateral approach. Patient demographics, comorbidities, and perioperative variables were
recorded. Primary outcomes included wound-related complications and time to complete healing.
Secondary outcomes included functional improvement assessed using the Foot and Ankle Outcome
Score (FAOS). Three patients (6.1%) developed wound-related complications. Two patients (4.1%)
experienced superficial wound dehiscence, which resolved with conservative treatment. One patient
(2.0%) developed a deeper wound complication involving the soft tissues without prosthetic
involvement; this case occurred in a high-risk patient with multiple comorbidities and was
successfully managed with advanced wound care. No cases of deep prosthetic infection were
observed. All remaining cases (93.9%) achieved uneventful wound healing within 12 to 21 days.
Functional outcomes showed a significant improvement, with mean FAOS increasing from 40+5
preoperatively to 75+5 at final follow-up. The curvilinear anterolateral approach for TAA
demonstrated a low rate of wound-related complications and consistent early functional
improvement. By preserving the tibialis anterior tendon sheath and optimizing incision placement,
this technique may reduce both vascular and mechanical risk factors associated with wound healing
disorders. It represents a safe and reproducible alternative to traditional anterior and transfibular
approaches, particularly in patients at increased risk for soft-tissue complications.
Key Words: total ankle arthroplasty; anterolateral approach; wound complications; soft-tissue
preservation; surgical technique; foot and ankle outcome score.
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ver the past two decades, Total Ankle Arthroplasty
(TAA) has undergone substantial evolution. Early-
generation implants were associated with high failure and
revision rates, which initially limited their widespread
adoption. However, the introduction of modern prosthetic

designs, together with advances in surgical techniques and
improved patient selection, has significantly enhanced
implant survivorship and functional outcomes.!? As a
result, TAA has progressively emerged as a reliable
alternative to ankle arthrodesis for the treatment of end-
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stage ankle osteoarthritis, particularly in active patients,
offering the advantage of preserving joint motion and
improving overall function.*™

Comparative studies have reported similar levels of patient
satisfaction between ankle arthrodesis and TAA; however,
growing evidence from specialized centers increasingly fa-
vors ankle replacement, demonstrating superior preserva-
tion of ankle kinematics, improved gait patterns, and better
patient-reported outcome measures, with acceptable com-
plication rates.” Consequently, the number of TAA proce-
dures performed worldwide has steadily increased.
Despite these advancements, soft-tissue complications re-
main a major concern in the early postoperative period and
represent one of the leading causes of morbidity following
TAA.%® In particular, wound healing disorders have been
consistently associated with prolonged recovery, increased
healthcare burden, and, in severe cases, compromised im-
plant survival.®” The anterior aspect of the ankle is charac-
terized by thin soft-tissue coverage and limited vascularity,
making it particularly vulnerable to surgical trauma.’

The standard anterior approach, although widely adopted
due to its excellent visualization of the tibiotalar joint and
facilitation of accurate implant positioning, has been asso-
ciated with a relatively high incidence of wound complica-
tions, with reported rates of wound dehiscence reaching up
to 20-30% in selected series.”® From an anatomical stand-
point, these complications are largely attributable to disrup-
tion of the anterior tibial angiosome and violation of the
tibialis anterior tendon sheath. In addition, retraction or dis-
placement of the anterior neurovascular bundle may further
compromise local perfusion, increasing the risk of ischemic
wound breakdown.”'® Mechanical factors may also con-
tribute, as disruption of the tibialis anterior sheath can gen-
erate a “bowstring effect,” subjecting the wound to
repetitive tension during ankle motion and potentially lead-
ing to delayed healing or dehiscence.”!°

Patient-related factors, including diabetes mellitus, smok-
ing, peripheral vascular disease, and previous hindfoot sur-
gery, further exacerbate these risks by impairing
microvascular perfusion and tissue healing capacity.>’ Con-
sequently, there has been growing interest in developing
surgical approaches that preserve soft-tissue integrity while
maintaining adequate joint exposure.

Several alternative techniques have been proposed. The
transfibular lateral approach avoids disruption of the ante-
rior vascular network and provides excellent lateral visual-
ization; however, it requires fibular osteotomy, thereby
increasing surgical complexity and introducing risks of de-
layed union, nonunion, and hardware-related complica-
tions.!>'* Moreover, access to the medial gutter and
comprehensive joint visualization may be limited, particu-
larly in cases requiring precise coronal alignment.'* Poste-
rior approaches, although useful in selected cases, are
technically demanding, offer limited exposure, and pose po-
tential risks to the posterior neurovascular structures, which
has restricted their widespread adoption.'

Within this context, modified anterior and anterolateral
approaches have been developed with the aim of optimiz-
ing the balance between surgical exposure and soft-tissue
preservation.!" The curvilinear anterolateral approach, in

particular, was designed to reduce wound-related compli-
cations by lateralizing the incision, respecting Langer’s
lines, and preserving the tibialis anterior tendon sheath,
thereby minimizing vascular disruption and mechanical
stress on the wound.

By utilizing a curvilinear skin incision and a dissection
plane between the tibialis anterior and extensor hallucis lon-
gus tendons, this technique aims to maintain adequate ex-
posure of the ankle joint while reducing ischemic risk.
Furthermore, the shorter incision length compared with tra-
ditional anterior approaches may provide additional benefits
in terms of wound healing and soft-tissue recovery.

The purpose of this study is to present the anatomical ra-
tionale, surgical technique, and early clinical outcomes of
the curvilinear anterolateral approach in a consecutive
series of patients undergoing total ankle arthroplasty, with
particular attention to wound-related complications and
early soft-tissue healing.

Materials and Methods
Study design and patient population

This retrospective observational study was conducted to
evaluate the safety and early clinical outcomes of a curvi-
linear anterolateral approach for TAA. All consecutive pa-
tients undergoing TAA between January 2023 and
December 2025 at a single tertiary referral center were in-
cluded.

A total of 48 patients were enrolled, accounting for 49 ankle
arthroplasties, as one patient underwent staged bilateral
procedures. All surgeries were performed by the same ex-
perienced orthopedic surgical team, ensuring consistency
in surgical technique and perioperative management.

Two third-generation total ankle prosthetic systems were
used according to implant availability and patient-specific
anatomical considerations. Surgical technique, perioper-
ative protocols, and postoperative rehabilitation were stan-
dardized across all cases.

Patient selection

Patients were included according to predefined criteria. In-
clusion criteria included: i) end-stage ankle osteoarthritis
(primary or post-traumatic); ii) age between 35 and 80
years; ii) ability to comply with postoperative rehabilitation
and follow-up; iv) availability of complete preoperative and
postoperative Foot and Ankle Outcome Score (FAOS) data.
Exclusion criteria included: i) active infection or skin ul-
ceration at the surgical site; ii) severe peripheral vascular
disease; iii) neuropathic arthropathy (e.g., Charcot joint);
iv) immunosuppression or uncontrolled diabetes mellitus;
v) concomitant subtalar arthrodesis performed during the
same procedure

Preoperative planning and postoperative protocol

Preoperative evaluation included clinical and radiographic
assessment of the ankle and subtalar joint. In selected cases,
staged subtalar arthrodesis was preferred over simultaneous
procedures to reduce the risk of talar vascular compromise.
All patients followed a standardized postoperative protocol
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consisting of multimodal analgesia, early mobilization, and
progressive weight-bearing based on clinical and radio-
graphic findings. Postoperative wound and clinical assess-
ments were performed at standardized intervals: 7 days
(first dressing change), 14 days (suture removal), and 1
month postoperatively.

QOutcome measures

The primary outcome measures were: i) incidence of
wound dehiscence; ii) occurrence of superficial or deep sur-
gical site complications; iii) time to complete wound heal-
ing; 1v) association between wound complications and
patient comorbidities.

Wound complications were classified based on clinical sev-
erity: i) major complications: full-thickness wound dehis-
cence requiring advanced wound care; ii) minor
complications: superficial skin compromise resolving with
conservative treatment.

Secondary outcomes included functional assessment using
the FAOS, recorded preoperatively and at final follow-up.

Surgical technique
Curvilinear anterolateral approach

The patient is positioned supine with the operative limb ex-
tended. A support is placed beneath the distal tibia to facili-
tate exposure and fluoroscopic control. A thigh tourniquet
is applied according to institutional protocols.

This technique is based on the anterolateral approach de-
scribed by Hirao et al.,'* with key modifications aimed
at improving soft tissue preservation. Specifically, a cur-
vilinear skin incision is used instead of a straight inci-
sion, and the deep dissection plane is shifted medially
between the tibialis anterior and extensor hallucis longus
tendons.

Skin incision and superficial dissection

Anatomical landmarks are identified and marked prior to
incision. The incision begins at the distal third of the tibia,
lateral to the tibialis anterior tendon, and curves distally to-
ward the second metatarsal ray, terminating at the level of
the talar neck (Figure 1).

The incision measures approximately 12 cm and is posi-
tioned more laterally than in the traditional anterior ap-
proach, allowing preservation of the tibialis anterior
tendon sheath and reducing mechanical stress on the over-
lying skin.

Subcutaneous dissection is performed with meticulous
identification and protection of the superficial peroneal
nerve, which is gently mobilized and retracted laterally
under direct visualization (Figure 2).

Deep dissection and joint exposure

The extensor retinaculum is incised lateral to the tibialis an-
terior sheath, preserving its integrity. Dissection proceeds
through the intermuscular plane between the tibialis anterior
and extensor hallucis longus tendons (Figure 3).

The anterior neurovascular bundle is identified, isolated,
and carefully mobilized medially, allowing safe exposure

of the tibiotalar joint while minimizing vascular compro-
mise (Figure 4).

This approach provides adequate visualization of both the
tibiotalar and fibulotalar joint surfaces without the need
for accessory incisions or extensive soft tissue stripping
(Figure 5).

Implantation

Bone preparation, trialing, and definitive implantation are
performed according to the manufacturer-specific technique
of the selected prosthetic system. Fluoroscopic guidance is
used when necessary to ensure accurate component posi-
tioning (Figure 6).

Closure

Layered closure is performed with particular attention to
restoring the extensor retinaculum and protecting the su-
perficial peroneal nerve. Skin closure is achieved without
tension to optimize wound healing and reduce the risk of
postoperative complications (Figures 7 and 8).

Figure 1. Preoperative skin marking for the curvilinear
anterolateral approach. The planned incision is outlined
lateral to the tibialis anterior tendon, following a curved
trajectory toward the second metatarsal ray. Anatomical
landmarks and the projected surgical corridor are
identified to optimize sofi-tissue preservation and facilitate
safe exposure.
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Results
Patient population

The study population included 48 patients, accounting for
a total of 49 ankle arthroplasties, as one patient underwent
staged bilateral procedures. The mean age at the time of sur-
gery was 61 years (range: 39-78).

The cohort included 26 males (55%) and 22 females (45%),
with a mean Body Mass Index (BMI) of 28 kg/m?.
Regarding laterality, 24 procedures (50%) were performed
on the right side, 23 (48%) on the left, and one patient (2%)
underwent staged bilateral ankle arthroplasty.

Relevant comorbidities were present in a significant pro-
portion of patients, including diabetes mellitus in 5 patients
(10.4%), active smoking in 6 patients (12.5%), and cardio-
vascular disease in 17 patients (35.4%).

Figure 2. Execution of the curvilinear anterolateral skin
incision. The incision is placed lateral to the tibialis
anterior tendon and follows a curved distal trajectory,
maintaining alignment with skin tension lines and
facilitating a soft-tissue—preserving surgical corridor.

A total of 41 patients (85.4%) had undergone previous
staged subtalar arthrodesis prior to total ankle arthroplasty,
with a time interval ranging from 6 to 12 months. The re-
maining 7 patients (14.6%) underwent primary TAA with-
out prior hindfoot fusion.

The main demographic and clinical characteristics of the
study population are summarized in Table 1.

Figure 3. Intraoperative measurement of the curvilinear
anterolateral incision. The incision length s
approximately 12 cm and follows a lateralized trajectory
relative to the tibialis anterior tendon, allowing adequate
surgical exposure while minimizing sofi-tissue disruption.

Figure 4. Superficial dissection following the curvilinear
anterolateral incision. Skin flaps are gently retracted,
exposing the subcutaneous layer and underlying fascia
while preserving soft-tissue integrity and vascularity.
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Wound healing and complications

Three patients (6.1%) developed wound-related compli-
cations.

Two patients (4.1%) presented superficial wound dehis-
cence characterized by marginal skin suffering. Both cases
were successfully managed with conservative treatment and

resolved within approximately one month, without impact-
ing postoperative rehabilitation.

One patient (2.0%) developed a deeper wound compli-
cation involving the subcutaneous and deeper soft-tissue
layers. This patient had multiple comorbidities, including
poorly controlled diabetes mellitus and significant car-

Table 1. Demographic and clinical characteristics of the study population, including age, sex distribution, body
mass index, laterality, relevant comorbidities, and prevalence of prior staged subtalar arthrodesis before total

ankle arthroplasty.

Variable Value (n=48 patients)
Age, years, mean (range) 61 (39-78)

Sex (male/female), n (%) 26 (55)/22 (45)
BMI, kg/m?, mean 28

Laterality (right/left/bilateral), n

Comparable distribution

Total ankles treated, n 49
Diabetes mellitus, n (%) 5(10.4)
Active smokers, n (%) 6 (12.5)
Cardiovascular disease, n (%) 17 (35.4)
Previous subtalar arthrodesis, n (%) 41 (85.4)
Time from subtalar fusion to TAA, months (range) 6-12
Primary TAA (no prior hindfoot fusion), n (%) 7 (14.6)

Figure 5. Deep dissection through the curvilinear
anterolateral approach. The interval between the tibialis
anterior and extensor hallucis longus tendons is
developed, allowing exposure of the anterior ankle joint
while preserving the tibialis anterior tendon sheath and
surrounding soft-tissue structures.

Figure 6. Exposure of the anterior neurovascular bundle
during deep dissection. The neurovascular structures are
identified, isolated, and gently mobilized medially,
allowing safe access to the tibiotalar joint while
minimizing the risk of vascular compromise.
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diovascular disease. Importantly, no involvement of the
prosthetic components was observed. The condition was
successfully managed with advanced wound care, and
complete healing was achieved within approximately 30
days without the need for surgical revision.

No cases of deep prosthetic infection were observed.

No neurovascular injuries, delayed wound healing, implant-
related complications, or prosthetic malalignment were
recorded.

In the remaining cases (93.9%), complete and uneventful
wound healing was achieved within 12 to 21 days.

A summary of surgical outcomes and complication rates is
reported in Table 2.

Functional outcomes

Functional outcomes, assessed using the Foot and Ankle
Outcome Score (FAOS), demonstrated a consistent im-
provement across the cohort. Mean FAOS increased from
40+£5 preoperatively to 7545 at final follow-up, correspon-
ding to a mean improvement of 35 points.

Discussion

The present study evaluated the safety and early soft-tissue
outcomes of a curvilinear anterolateral approach for TAA,
demonstrating a relatively low rate of wound-related com-
plications (6.1%), with only one deep wound complication
and no cases of prosthetic joint infection. These findings
support the hypothesis that surgical exposure and incision
design play a critical role in early postoperative outcomes
following TAA.

Wound complications remain a major limitation of TAA

Despite continuous improvements in implant design and
surgical technique, wound healing disorders remain one of
the most frequent and clinically relevant complications after
TAA. Large clinical series have reported wound complica-
tion rates ranging from 10% to over 20%, particularly when
using traditional anterior approaches.”® These complica-
tions are clinically significant, as they may lead to pro-
longed recovery, reoperations, and, in severe cases,
complex reconstructive procedures such as flap coverage.®’

Figure 7. Intraoperative view of the tibiotalar joint
following exposure and prosthetic implantation. The
components are positioned under direct visualization, with
adequate joint exposure achieved through the curvilinear
anterolateral approach.

Figure 8. Final wound closure following total ankle
arthroplasty through the curvilinear anterolateral
approach. Layered closure is performed with restoration
of the extensor retinaculum and tension-free skin
approximation to optimize soft-tissue healing.
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Table 2. Postoperative outcomes after total ankle arthroplasty with the curvilinear anterolateral approach, including
wound healing complications, perioperative adverse events, and functional outcomes assessed by the Foot and Ankle
Outcome Score (FAOS).

Outcome Value (%)

Total ankle arthroplasties performed, n 49

Superficial wound dehiscence, n (%) 24.1)

Deep wound complication/infection, n (%) 1(2.0)

Total wound complications, n (%) 3(6.1)

Surgical revision for wound complications, n (%) 0 (0)

Neurovascular complications, n (%) 0 (0)

Implant-related complications, n (%) 0(0)

Mean time to wound healing 12-21 days

FAOS preoperative, mean+SD 4045

FAOS postoperative, mean+SD 75+5

Mean FAOS improvement +35

In the present study, the overall rate of wound complica-
tions was 6.1%, which compares favorably with pre-
viously reported data. Importantly, no cases of deep
prosthetic infection were observed, and all complications
were successfully managed conservatively. This finding
is clinically relevant, as deep infection remains one of the
most feared complications following TAA due to its po-
tential impact on implant survival.

Recent evidence has further highlighted the importance of
patient-specific factors. Christie et al. demonstrated that re-
duced anterior soft-tissue thickness is significantly associ-
ated with increased risk of wound dehiscence, emphasizing
the role of local soft-tissue characteristics in surgical plan-
ning.!® Similarly, systemic comorbidities such as diabetes
mellitus, smoking, and cardiovascular disease have been
consistently associated with impaired wound healing and
increased complication rates.’ In our cohort, the only deep
wound complication occurred in a high-risk patient with
poorly controlled diabetes and cardiovascular disease,
further supporting this association.

Limitations of the traditional anterior approach

The standard anterior approach remains the most com-
monly used exposure for TAA due to its excellent visuali-
zation of the tibiotalar joint and facilitation of accurate
implant positioning. However, it intersects a relatively vul-
nerable soft-tissue envelope, characterized by limited vas-
cularity and thin coverage.

From an anatomical perspective, the incision crosses the
anterior tibial angiosome and often involves the tibialis
anterior tendon sheath, potentially compromising both
vascular perfusion and mechanical stability. Angiosome-

based approaches have been proposed to address this lim-
itation, suggesting that preservation of vascular territories
may reduce wound complications.''> However, even with
these modifications, wound healing disorders remain a
persistent issue, indicating that additional biomechanical
factors may contribute.

In particular, disruption of the tibialis anterior sheath has
been associated with increased tension across the wound
during ankle dorsiflexion, leading to the so-called “bow-
string effect” and contributing to delayed healing or dehis-
cence. This mechanism is supported by reconstructive
series demonstrating that tendon exposure in this region is
a frequent and challenging complication.’

Rationale of the anterolateral curvilinear approach

The curvilinear anterolateral approach adopted in this study
was designed to address both vascular and mechanical lim-
itations of the traditional anterior exposure. The lateraliza-
tion of the incision avoids direct involvement of the anterior
tibial angiosome and preserves the tibialis anterior tendon
sheath, thereby maintaining both vascular supply and struc-
tural integrity.

Furthermore, the curvilinear design of the incision, aligned
with Langer’s lines, may reduce closure tension and im-
prove tissue perfusion. From a technical perspective, the
use of the interval between the tibialis anterior and extensor
hallucis longus tendons allows controlled mobilization of
the anterior neurovascular bundle, minimizing the risk of
iatrogenic injury.

This aspect is particularly relevant given that anatomical
studies have identified the superficial peroneal nerve as
being at risk during standard anterior approaches.”* In our
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series, no neurovascular complications were observed, sup-
porting the safety of this surgical corridor.

Comparison with other anterolateral approaches

The concept of an anterolateral approach is not entirely
novel. Hirao ef al. described a modified anterolateral ap-
proach using a straight incision and a different deep inter-
val, reporting favorable wound outcomes.!'* More recent
studies have further supported the feasibility of anterolat-
eral access, including its integration with accelerated re-
habilitation protocols.!>!¢

However, the present technique introduces two key mod-
ifications: a curvilinear incision and the use of the tibialis
anterior—extensor hallucis longus interval. These features
may provide additional advantages in terms of soft-tissue
preservation and neurovascular control, potentially ex-
plaining the low complication rate observed in this
series.

Comparison with lateral transfibular approaches

The transfibular lateral approach has been proposed as an
alternative to reduce anterior wound complications, offering
excellent visualization while avoiding disruption of the an-
terior soft-tissue envelope.!”'® However, this technique in-
troduces additional morbidity related to fibular osteotomy.
Osteotomy-related complications, including delayed
union, nonunion, and hardware irritation, have been re-
ported and may require secondary surgical procedures.!**
Therefore, while the transfibular approach may reduce an-
terior wound complications, it introduces a different set
of risks.

In this context, the anterolateral curvilinear approach may
represent a balanced solution, preserving the advantages of
anterior exposure while minimizing both soft-tissue disrup-
tion and bone-related complications.

Role of adjunct strategies in high-risk patients

The occurrence of complications in a high-risk patient
within our cohort highlights the importance of individual-
ized perioperative management. In patients with signifi-
cant comorbidities, additional strategies may be
beneficial, including meticulous incision management
and, in selected cases, the use of closed-incision negative
pressure therapy.?'>

These adjunctive measures may further reduce wound-re-
lated morbidity and complement surgical techniques aimed
at preserving soft-tissue integrity.

Limitations

This study has several limitations. The relatively small sam-
ple size and single-center design may limit the generaliz-
ability of the findings.

Additionally, the follow-up period was focused on early
postoperative outcomes and does not allow evaluation
of long-term implant survival or late complications. Fur-
thermore, the mean follow-up period was relatively short
and focused primarily on early postoperative wound
healing and functional recovery. Therefore, the present
findings should be interpreted as preliminary results.

Longer-term follow-up is required to determine whether
the favorable soft-tissue outcomes observed in this series
translate into durable implant survival and sustained
clinical benefits.

Conclusions

The curvilinear anterolateral approach for total ankle ar-
throplasty demonstrated a low rate of wound-related com-
plications and favorable early functional outcomes in this
consecutive series. By combining incision lateralization,
preservation of the tibialis anterior tendon sheath, and
alignment with skin tension lines, this technique addresses
both vascular and mechanical factors that may contribute
to postoperative wound healing disorders.

The approach provided reliable exposure of the ankle joint
while preserving soft-tissue integrity, with no neurovascular
injuries or deep prosthetic infections observed during the
follow-up period. These findings suggest that the curvilin-
ear anterolateral approach may represent a safe, reprodu-
cible, and tissue-preserving alternative to traditional anterior
and transfibular approaches, particularly in patients at in-
creased risk for soft-tissue complications.

The favorable clinical and wound-healing outcomes ob-
served in this study support the continued use and further
investigation of this surgical technique. Future prospective
comparative studies with larger patient cohorts and longer
follow-up are warranted to confirm these findings and eval-
uate their long-term clinical implications.
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