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1 ABSTRACT

Introduction: Malignant tumors of the foot are rare, and treatment strategies are
challenging considering the complex anatomy of this area. In recent years, dramatic
advances in technology and collaborations between different specialties (such as
orthopedic, oncology, radiology, plastic, and vascular surgery) significantly changed the
approach to complex malignant tumors without resorting to limb removal. The combination
of the strengths of both orthopedic surgery and plastic surgery constitutes the modern
definition of “orthoplasty.” The aim of this degree thesis is to pro- vide treatment strategies
that are available for reconstruction of foot and ankle in limb-salvage surgery after tumor

resection, with a specific focus on microsurgical techniques in plastic surgery.

Methods: We conducted a comprehensive search for relevant papers across PubMed
complemented by a study of patients operated on at the Padua Hospital over the past 15
years. We included patient-based studies reporting on procedures for soft-tissue
reconstruction with small and large soft tissue defects. Indications, pros and cons, and

technique tips are discussed for each type of reconstructive technique.

Results: The study included 25 patients, of whom 15 were women (60%) and 10 were men
(40%), with a mean age of 49.56 years. Most lesions were soft tissue tumours (84%), while
16% were bone tumours. The most frequent anatomical site was the foot (48%), followed
by the ankle (32%) and distal leg (20%). Neoadjuvant treatment was administered in 8%
of patients, and adjuvant treatment in 20%. In 24% of cases, orthoplastic reconstruction
was performed as a primary procedure, whereas the remaining 76% underwent further
surgery, most commonly after an inadequate previous procedure, post-excisional
complications, or local recurrence. One-stage reconstruction was performed in 76% of
patients and two-stage reconstruction in 24%. Vascular reconstruction was required in 88%
of cases. Functional outcome was excellent or good in 92% of patients, and all patients
remained ambulatory. Major complications occurred in 32% of patients and were most
frequent within the first three years after surgery, particularly within the first six months.
Oncological outcome was favourable, with 68% of patients classified as no evidence of

disease and an overall survival of 90% at 9 years.



Conclusions: The orthoplastic approach in musculoskeletal oncology is a collaborative
model of orthopedic and plastic surgeons working together, resulting in a higher rate of
successful limb salvage in patients at risk for amputation. Protocols, biologic substitutes,
and surgical techniques are largely improved in the last decades increasing the possibility
of functional reconstruction. Microsurgical strategies represent the new frontiers in these

demanding reconstructions.



RIASSUNTO

Introduzione: I tumori maligni del piede sono rari e le strategie terapeutiche sono
complesse, considerando 1’anatomia articolata di questa regione. Negli ultimi anni, i
notevoli progressi tecnologici e la collaborazione tra diverse specialitd (come chirurgia
ortopedica, oncologia, radiologia, chirurgia plastica e chirurgia vascolare) hanno
modificato in modo significativo 1’approccio ai tumori maligni complessi, evitando in molti
casi il ricorso all’amputazione. La combinazione delle competenze della chirurgia
ortopedica e della chirurgia plastica costituisce la definizione moderna di “ortoplastica”.
L’obiettivo di questa tesi di laurea ¢ fornire le strategie terapeutiche disponibili per la
ricostruzione del piede e della caviglia nella chirurgia di salvataggio d’arto dopo resezione
tumorale, con particolare attenzione alle tecniche microchirurgiche in chirurgia plastica.

Metodi: E stata condotta una revisione completa della letteratura attinente su PubMed,
integrata dallo studio dei pazienti operati presso 1’Ospedale di Padova negli ultimi 15 anni.
Sono stati inclusi studi su pazienti che riportassero procedure di ricostruzione dei tessuti
molli per difetti di piccole e grandi dimensioni. Per ciascun tipo di tecnica ricostruttiva

vengono discussi indicazioni, vantaggi e svantaggi, oltre ad alcuni suggerimenti tecnici.

Risultati: Lo studio ha incluso 25 pazienti, di cui 15 donne (60%) e 10 uomini (40%), con
un’eta media di 49,56 anni. La maggior parte delle lesioni era rappresentata da tumori dei
tessuti molli (84%), mentre il 16% era costituito da tumori ossei. La sede anatomica piu
frequente era il piede (48%), seguita dalla caviglia (32%) e dalla gamba distale (20%). Un
trattamento neoadiuvante ¢ stato somministrato nell’8% dei pazienti, mentre un trattamento
adiuvante nel 20%. Nel 24% dei casi la ricostruzione ortoplastica ¢ stata eseguita come
procedura primaria, mentre il restante 76% ha richiesto ulteriori interventi, pit spesso dopo
una procedura precedente inadeguata, complicanze post-asportazione o recidiva locale. La
ricostruzione one-stage ¢ stata eseguita nel 76% dei pazienti e quella two-stage nel 24%.
La ricostruzione vascolare ¢ stata necessaria nell’88% dei casi. L’esito funzionale ¢ stato
eccellente o buono nel 92% dei pazienti e tutti i pazienti sono risultat deambulanti.
Complicanze maggiori si sono verificate nel 32% dei pazienti e sono state piu frequenti nei
primi tre anni dopo I’intervento, in particolare nei primi sei mesi. L’esito oncologico ¢ stato
favorevole, con il 68% dei pazienti classificati come privi di evidenza di malattia e una

sopravvivenza globale del 90% a 9 anni.



Conclusioni: L’approccio ortoplastico in oncologia muscoloscheletrica ¢ un modello
collaborativo in cui chirurghi ortopedici e plastici lavorano insieme, determinando un piu
alto tasso di successo nella preservazione dell’arto nei pazienti a rischio di amputazione.
Protocolli, sostituti biologici e tecniche chirurgiche sono stati notevolmente migliorati
negli ultimi decenni, aumentando le possibilita di ricostruzione funzionale. Le strategie

microschirurgiche rappresentano le nuove frontiere di queste ricostruzioni complesse.



1.1 ABBREVIATIONS

ILP: Isolated Limb Perfusion

CT: Computed Tomography

MRI: Magnetic Resonance Imaging

MRA: Magnetic Resonance Angiography

AP: Anteroposterior

ATFL: Anterior Talofibular Ligament

CFL: Calcaneofibular Ligament

PTFL: Posterior Talofibular Ligament

MTP: Metatarsophalangeal

LD: Latissimus Dorsi

ALT: Anterolateral thigh

TDAP: Thoracodorsal Artery Perforator Flap

STSG: Split-Thickness Skin Grafts

FTSG: Full-Thickness Skin Grafts

VAC: Vacuum-Assisted Closure

DVT: Deep Vein Thrombosis



CIPN: Chemotherapy-Induced Peripheral Neuropathy

BMI: Body Mass Index

NED: No Evidence of Disease

NEDLR: No Evidence of Disease after Local Recurrence

AWD: Alive With Disease

DWD: Died With Disease

DOD: Died of Other Disease



2 INTRODUCTION

2.1 General notes

Tumors of the foot and ankle represent a diagnostically and surgically challenging subset
of musculoskeletal oncology. Their rarity - accounting for approximately 4-5% of all
musculoskeletal tumors - has historically contributed to delayed recognition, diagnostic
uncertainty, and, in some instances, inadequate primary management (1). The anatomical
complexity of the region, the paucity of expendable soft tissue, and the functional demands
of weight-bearing make surgical planning particularly demanding, and underscore the need

for a specialized, multidisciplinary approach from the outset.

The vast majority of foot and ankle tumors are benign: benign musculoskeletal lesions
occur approximately 200 times more frequently than malignant ones, and primary bone
tumors of the foot account for less than 3% of all bone tumor cases (1). In a large
retrospective series of 536 foot and ankle tumors managed at a university tumor institute,
87.4% of bone lesions and 73.7% of soft tissue lesions were benign, reinforcing the overall
low prevalence of malignancy at this site (2). With respect to soft tissue tumors specifically,
around 8% of benign and 5% of malignant cases involve the foot. Among malignant
histotypes, synovial sarcoma, epithelioid sarcoma, and clear cell sarcoma are the most
frequently encountered, the latter being particularly overrepresented in the foot and ankle,
where it accounts for 33-43% of all cases compared to other anatomical regions (3).
Metastatic involvement of the foot - so-called acrometastases - is exceedingly rare,
representing approximately 0.1% of all cases, with lung carcinoma as the most common

primary, followed by cancers of the colon, breast, and genitourinary tract.

Primary bone tumors are even less common than soft tissue sarcomas at this anatomical
site. Chondrosarcoma predominantly affects adults between the fourth and sixth decades
of life and, given its resistance to both radiotherapy and chemotherapy, wide surgical
resection with adequate margins remains the cornerstone of treatment. Osteosarcoma and
Ewing sarcoma, in contrast, typically present in the first two decades of life, although in
the foot they tend to have a later onset than in other skeletal regions (3) (4). Over the past
four decades, the introduction of multiagent neoadjuvant chemotherapy combined with
limb-sparing surgery has transformed outcomes for both entities, with overall survival rates

rising to 55-80% compared to surgery alone. This shift has been one of the defining



advances in musculoskeletal oncology, not only in terms of survival but also in preserving

quality of life.

The treatment of choice for malignant tumors of the foot and ankle is surgical resection
with wide oncological margins, with adjuvant radiotherapy playing a meaningful role in
improving local control and prognosis (5). Conventional chemotherapy, however,
continues to show significant limitations for most histotypes, although novel
antiangiogenic agents - by targeting uncontrolled and disorganized tumor vasculogenesis -
have shown therapeutic promise in recent years. For high-grade malignancies at the
boundary of resectability, preoperative chemotherapy-based downsizing may be
considered, with isolated limb perfusion (ILP) representing a further option in selected
cases (6). A recent multicenter study demonstrated an overall response rate of 71-80% with
neoadjuvant ILP combining cytostatic agents and radiotherapy for locally advanced soft

tissue sarcomas, offering new perspectives for borderline cases (7).

The local management of soft tissue sarcomas has undergone profound evolution over the
past four decades. Primary amputation, once the standard of care, has been progressively
supplanted by limb-sparing surgery aimed at preserving extremity function to the greatest
extent compatible with oncological safety. Current evidence consistently demonstrates that
patients who achieve clear surgical margins benefit from a more favorable prognosis;
importantly, function-preserving surgery can be performed with narrow margins in selected
cases without adversely affecting survival outcomes (8). Today, up to 95% of patients with
extremity sarcomas can successfully undergo limb-preserving treatment, avoiding

amputation (9).

The recognition that complex oncological resections often generate defects that are beyond
the scope of either orthopedic or plastic surgery alone gave rise to the concept of
orthoplastic surgery - an interdisciplinary collaboration combining the oncological
resection expertise of orthopedic surgeons with the reconstructive capabilities of plastic
and microsurgical teams. First formally articulated by Scott Levin over three decades ago
as 'the principle and practice of both specialties applied to clinical problems
simultaneously’, the orthoplastic model has since evolved into a widely accepted
framework for managing the most challenging limb salvage scenarios (10). The growth of
this discipline has been remarkable: a systematic review covering publications from 1997

to 2024 documented a 33-fold increase in orthoplastic center literature, with orthoplastic



centers rising from 0% of publications before 2005 to 34% of all publications in 2020—
2024 (11).

In the oncological context, the term ortho-oncoplastic surgery designates this collaborative
approach when applied specifically to the management of bone and soft tissue sarcomas.
Pioneers in musculoskeletal oncology have long emphasized the value of this model in
ensuring not only adequate resection margins but also optimal soft tissue reconstruction,
thereby reducing the risk of postoperative complications - including wound dehiscence,
infection, and delayed healing - and improving both functional and quality of life outcomes.
In a series of patients undergoing one-stage orthoplastic reconstruction following sarcoma
excision, the mean MSTS and TESS scores were 74.8 and 79.1, respectively, confirming

the effectiveness of this approach in maximizing limb salvage and functional recovery (8).

The plastic surgical contribution to ortho-oncoplastic care has been transformative. The
repertoire of techniques available within the reconstructive ladder - from local and regional
flaps to microsurgical free tissue transfer - has expanded the frontiers of what is technically
achievable, enabling soft tissue coverage in anatomical settings previously deemed
unreconstructable, facilitating adjuvant radiotherapy delivery by providing well-
vascularized tissue coverage, and mitigating the risk of complications following prosthetic
or biological reconstruction. When local flaps are insufficient or the defect too extensive,
microsurgical free tissue transfer becomes the primary reconstructive strategy, enabling
limb salvage while preserving oncological integrity. The success of this approach relies on
the parallel advance of imaging technologies - particularly MRI for tumor staging and CT
angiography for perforator mapping - which have progressively enhanced the precision of

preoperative planning.

It is important to distinguish ortho-oncoplastic surgery from its trauma counterpart, even
though the surgical techniques may overlap considerably. In acute trauma, the priorities are
wound closure, infection prevention, and skeletal stabilization, often under time pressure.
Ortho-oncoplastic procedures, by contrast, are elective interventions conducted under
aseptic conditions, where the dominant concern is the radical removal of malignant tissue
- while simultaneously preventing amputation and preserving or restoring limb function
and form. The surgical planning is more complex, the margin of error narrower, and the

stakes for the patient correspondingly higher.
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The foot and ankle represent a particularly demanding territory within ortho-oncoplastic
surgery. The region's anatomical constraints - limited soft tissue envelope, critical
neurovascular structures in close proximity, specialized weight-bearing surfaces, and the
biomechanical demands of normal gait - make both resection and reconstruction uniquely
challenging. This thesis addresses the ortho-oncoplastic management of foot and ankle
tumors, examining in detail the anatomical foundations, the reconstructive options, the
functional outcomes, and the complications that define this emerging and rapidly evolving

surgical discipline.

2.2 Targets

The orthopedic trauma center of University of Padua started to perform this treatment in

collaboration with the plastic surgery division.

The targets of this study are:

e Review the cases managed in our hospital between and in order to assess the
contribution of the collaborative approach between orthopedic and plastic surgeons in
the managements of tumors of feet and ankle.

e Evaluate the outcomes of surgical treatment in tumors of feet and ankle and examine
the influence of using different flaps on the results obtained.

e Assess the incidence of complications such as non-union, delayed union, infection and
relapse, comparing patients who underwent a combined orthoplastic treatment with

those who did not.
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3 MATERIALS AND METHODS

3.1 Study design and population

This retrospective observational study was conducted at the Orthopedic Center of Padua
and included patients who underwent surgery between 2014 and 2026. Data were extracted
from the hospital information system “E-Health Galileo,” which is used for the
management and storage of patient medical records. For each patient, clinical
documentation, operative reports, and information available during follow-up visits were
reviewed in order to obtain as complete an overview as possible of the diagnostic and

therapeutic pathway as well as of the postoperative course.

The study population consisted of 25 patients, with a mean age of 49.56 years, ranging
from 6 to 75 years. The sample included 15 men (60%) and 10 women (40%). The main
indications for plastic surgery with microsurgical flap reconstruction after tumor excision
were:

e postoperative complications, 5 flaps;

e soft tissue defects, 13 flaps;

e disease recurrence, 5 flaps.

The inclusion criteria were patients with malignant or locally aggressive tumors located in
the foot or ankle who underwent a multidisciplinary limb-sparing treatment consisting of
oncologic resection followed by surgical reconstruction. Patients were excluded if the
available documentation was incomplete or did not allow a reliable assessment of the
oncological, surgical, or functional variables of interest. Lesions located in anatomical sites

other than the foot and ankle were also excluded.

For each case, data were collected on age, sex, body mass index, smoking status,
hypertension, tumor site, histological diagnosis, biopsy characteristics, previous
inadequate surgery, neoadjuvant or adjuvant treatments, type of resection, reconstructive
technique, possible vascular reconstruction, postoperative course, functional outcome, and
oncological follow-up. This approach made it possible not only to describe the study

population, but also to better reconstruct the clinical and reconstructive pathway that led
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to surgery. In particular, the analysis of risk factors allowed us to better understand how
these variables may influence wound healing, flap survival, postoperative complications,

and overall functional recovery.
3.2 Diagnostic methods

The neoplastic lesion is confirmed by imaging tests, which also help in classifying severity.

Different types of imaging techniques are used depending on the purpose.
3.2.1 Radiography

Conventional radiography remains the first-line imaging modality for foot and ankle
tumors, providing a cost-effective and rapid initial assessment. Standard projections

include anteroposterior (AP), lateral, and oblique views of the affected region.

Radiographs are particularly useful for detecting bone lesions, evaluating cortical
destruction, and identifying subtle calcifications within soft tissue masses. They help
characterize the tumor's relationship with adjacent osseous structures and can reveal
pathognomonic findings such as the "sunburst" pattern in osteosarcoma or the "onion skin"
appearance in Ewing's sarcoma. Additionally, radiography is essential for detecting intra-
lesional calcifications and fat planes, which may suggest specific diagnoses.

However, radiography has significant limitations in assessing soft tissue involvement,
vascular invasion, and subtle marrow infiltration. Approximately 30-40% of early bone
lesions may not be visible on conventional radiographs (12). This necessitates the use of

advanced imaging modalities for comprehensive evaluation.

3.2.2 Computerized axial tomography (TAC)

CT offers superior spatial resolution and is particularly valuable for bony lesions and
cortical integrity assessment. Its ability to generate cross-sectional images makes it ideal
for surgical planning and evaluating complex anatomical relationships.

Computed Tomography excels at determining the extent of bone destruction, detecting
subtle cortical breakthrough, and identifying periosteal reactions that may not be apparent
on radiographs. The modality is especially useful for evaluating the relationship between

the tumor and adjacent neurovascular structures, though with less soft tissue contrast than
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MRI (13). Its advantages are rapid acquisition, clear visualization of cortical changes, it’s
also excellent for detecting small calcifications and superior to MRI for detecting subtle
bone destruction, moreover it’s useful for patients with contraindications to MRI.

The radiation dose is a concern, particularly in younger patients. Also, CT provides limited
soft tissue characterization and inferior contrast resolution compared to MRI. For primary
tumor characterization, CT is generally considered supplementary to MRI in soft tissue

sarcomas (14).

3.2.3 Magnetic Resonance Imaging (MRI) and Angiography (MRA)

MRI is considered the gold standard for evaluating soft tissue tumors of the foot and ankle,
offering superior soft tissue contrast resolution and multiplanar capability without ionizing
radiation.

It provides excellent delineation of tumor margins, evaluation of compartmental
involvement, and assessment of neurovascular bundle displacement. The modality's ability
to characterize tissue based on T1 and T2 relaxation properties allows for better
differentiation between tumoral and edematous tissue. Multiple sequences (T 1-weighted,
T2-weighted, STIR, and fat-saturated images) provide complementary information about
lesion signal intensity, which aids in tissue characterization.

Studies demonstrate that MRI accurately depicts the true extent of soft tissue tumors,
influencing surgical planning in 20-30% of cases compared to clinical examination alone
(13). It is particularly sensitive for detecting marrow involvement and subtle soft tissue
extension.

MRI cannot always definitively characterize lesions, benign and malignant processes may
have overlapping signal characteristics. Moreover, metallic hardware or implants may
create artifact, and claustrophobia remains a patient-related concern in some cases.

MRA, typically acquired as a component of the MRI protocol, non-invasively evaluates
vascular involvement without requiring contrast injection. Time-of-flight (TOF) MRA is
commonly used and provides detailed information about vessel patency and tumor-related
vascular displacement or encasement. This is valuable for surgical planning when tumor

proximity to major vessels is a concern (15).
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3.2.4 Angio-tomography

Angio-CT combines conventional CT with intravenous contrast administration to provide
detailed vascular information. This technique is particularly useful when detailed vascular

anatomy is required for surgical or interventional planning.

It is valuable for:

e Assessing arterial encasement or invasion

e Evaluating tumor neovascularization

e Planning surgical approaches when major vessel preservation is required

e Detecting early vascular compromise

While angio-CT provides excellent spatial resolution of calcified vessels and can be
performed rapidly, it involves ionizing radiation and iodinated contrast administration.
MRA offers comparable vascular information without radiation, making it the preferred
modality in most cases. However, angio-CT may be superior for detecting subtle cortical

changes adjacent to vessels (16).

3.3 Enneking staging

The Enneking staging system is one of the most widely used classification systems in

musculoskeletal oncology for primary bone and soft-tissue tumors.

Its main value is that unlike many general oncological staging systems, it was developed
with a strong surgical perspective. It classifies tumors according to three main variables:
histological grade of aggressiveness, local anatomical extent, and the presence or absence
of metastases. This makes it particularly valuable in orthopedic oncology, where the choice
of resection type and surgical margins has a direct impact on both local control and

functional outcome.

The first parameter is the biological grade of the tumor, indicated as G. Low-grade tumors
generally show slower growth and less aggressive behavior, whereas high-grade tumors

are more infiltrative and have a greater metastatic potential. The second parameter is the
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local extent of the lesion. Enneking distinguishes between intercompartmental tumors,
which remain confined within a well-defined anatomical compartment, and extra
compartmental tumors, which extend beyond those boundaries into adjacent soft tissues or
anatomical spaces. The third parameter is the presence of metastases. When metastatic

disease is present, the lesion is classified as stage I1I regardless of grade or local extent.

In the malignant classification, Enneking identifies five main categories:

e [A and IB for low-grade tumors, respectively intercompartmental and extra
compartmental;

e IIA and IIB for high-grade tumors, respectively intercompartmental and extra
compartmental;

e [II for any tumors with metastasis at the diagnosis.

A key feature of the Enneking system is its relationship with surgical margins. Operative
margins are commonly defined as intralesional, marginal, wide, and radical. Intralesional
resection passes through the tumor itself, marginal resection follows the tumor’s reactive
zone, wide resection includes the lesion with a surrounding cuff of healthy tissue, and
radical resection removes the entire anatomical compartment. In orthoplastic, the old
radical resection approach that involved amputation of the foot has been abandoned; in

fact, almost all of our patients have wide resection margins.
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Stage Grade Local extent Metastases Clinical
meaning
IA Low-grade Intercompartmental | Absent (MO) Less aggressive
(G1) (T1) tumor, confined
to the
compartment of
the origin
IB Low-grade Extra Absent (MO0) Low-grade
(G1) compartmental tumor
(T2) extending
beyond the
compartment
ITA High-grade Intercompartmental | Absent (MO) More
(G2) (T1) aggressive
tumor, but still
localized
11B High-grade Extra Absent (MO0) Aggressive
(G2) compartmental tumor
(T2) extending
beyond the
compartment
I Any  grade | Any extent (T1 or | Present (M1) Metastatic
(G1 or G2) T2) disease
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3.3 Surgical analysis

3.3.1 Anatomy of the foot and ankle

Bones

The human foot is a complex structure adapted to allow orthograde bipedal stance and
locomotion and is the only part of the body that is in regular contact with the ground. There
are 28 separate bones in the human foot, including the sesamoid bones of the first
metatarsophalangeal joint, and 31 joints, including the ankle joint. The hindfoot comprises
the calcaneus and talus; the midfoot comprises the navicular, cuboid and three cuneiforms;
the forefoot comprises five metatarsals, 14 phalanges and two sesamoid bones. With regard
to the nomenclature of the surfaces of the foot, the terms ‘plantar’ and ‘dorsal’ are used to

denote inferior and superior surfaces, respectively.

Functionally, the skeleton of the foot may be divided into the tarsus, metatarsus and
phalanges. Anatomically, it may be divided into the hindfoot (calcaneus and talus), midfoot
(navicular, cuboid and cunei- forms), and forefoot (metatarsals, phalanges and sesamoid

bones of the great toe).

Dorsal nierossas X &

Adductor halkcis
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Figure 1: Bones of the foot. Standring S, ed. Gray’s Anatomy: The Anatomical
Basis of Clinical Practice. 42nd ed. Elsevier; 2021. 1435 p.
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The seven tarsal bones occupy the proximal half of the foot. The tarsus and carpus are

homologous, but the tarsal elements are larger, reflecting their role in supporting and

distributing

body

weight. As in the carpus, tarsal bones are arranged in proximal and distal rows, but

medially, there is an additional single intermediate tarsal element, the navicular. The

proximal row is made up of the talus and calcaneus; the long axis of the talus is inclined

anteromedially and inferiorly, and its distally directed head is medial to the calcaneus and

at a superior level. The distal row contains, from medial to lateral, the medial, intermediate

and lateral cuneiforms and the cuboid. Collectively, these bones display an arched

transverse alignment that is dorsally convex. Medially, the navicular is interposed between

the head of the talus and the cuneiforms. Laterally, the calcaneus articulates with the

cuboid.

Joints

The joints of the ankle and foot form a functionally integrated kinetic chain that serves

three essential and partially opposing roles: rigid load transmission during stance, flexible

adaptation to uneven terrain during early loading, and efficient propulsive leverage during

push-off.
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Each articulation contributes a specific range and type of motion, and their coordinated
function depends on the precise interplay of osseous geometry, ligamentous constraint, and

musculotendinous control (17).

Talocrural (Ankle) Joint

The talocrural joint is an approximately uniaxial hinge joint formed by the distal tibia and
its medial malleolus, the lateral malleolus of the fibula, and the inferior transverse
tibiofibular ligament - together creating the 'mortise' in which the talar trochlea sits. The
talar articular surface is broader anteriorly than posteriorly, so that in dorsiflexion - the
close-packed position - the mortise is maximally widened by slight lateral fibular rotation,
conferring maximal joint congruence and ligamentous tension. The normal range of motion

is approximately 10-30° of dorsiflexion and 30° of plantarflexion.

Stability is provided by two ligamentous complexes. On the medial side, the deltoid
ligament is a strong, fan-shaped structure whose superficial fibres (tibionavicular,
tibiocalcaneal, and superficial posterior tibiotalar) and deep fibres (anterior and deep
posterior tibiotalar) collectively resist eversion, external rotation, and lateral talar
displacement. On the lateral side, the lateral collateral ligament consists of three discrete
bands: the anterior talofibular ligament (ATFL), the most frequently injured ligament of
the body, which resists anterior talar translation and internal rotation; the calcaneofibular
ligament (CFL), which spans both the talocrural and subtalar joints and resists inversion;
and the posterior talofibular ligament (PTFL), the strongest of the three, which is rarely
injured in isolation. The tibiofibular syndesmosis - comprising the anterior and posterior
tibiofibular ligaments and the interosseous ligament - maintains mortise integrity and is

vulnerable in high-energy ankle injuries (17).

Subtalar (Talocalcaneal) Joint

The subtalar joint is a modified multiaxial articulation between the posterior facets of the
talus and calcaneus, functioning together with the talocalcaneonavicular articulation to
govern inversion and eversion of the hindfoot - the movements most critical for adapting
foot position to uneven terrain and for absorbing torsional loads during gait. At heel
contact, the subtalar joint is in slight inversion; it rapidly everts toward midstance, and

reinverts during propulsion.
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The primary ligamentous stabilizer is the interosseous talocalcaneal ligament, a broad
bilaminar band occupying the tarsal sinus whose medial fibres are taut in eversion. The
cervical ligament, just lateral to the tarsal sinus, is taut in inversion. Additional support is
provided by the lateral and medial talocalcaneal ligaments and, indirectly, by the
calcaneofibular component of the lateral ankle ligament complex. Medially, the deep fibres
of the deltoid ligament contribute to subtalar constraint. The posteromedial neurovascular
bundle - posterior tibial artery, tibial nerve, and flexor hallucis longus - passes in close
proximity to this joint, representing a critical anatomical consideration during surgical

approaches (17).

Midtarsal Joint (Chopart's Joint)

The midtarsal or transverse tarsal joint comprises two parallel articulations - the
talonavicular joint medially and the calcaneocuboid joint laterally - that collectively form
the functional boundary between the hindfoot and midfoot. Its behavior is governed by the
position of the subtalar joint: when the subtalar joint everts, the axes of the two components
of the midtarsal joint become parallel and the foot becomes flexible, absorbing impact;
when the subtalar joint inverts, the axes converge and the midtarsal joint locks, converting

the foot into a rigid lever for propulsion.

The plantar calcaneonavicular (spring) ligament is the principal stabilizer of the
talonavicular component, supporting the head of the talus and maintaining the medial
longitudinal arch; its attenuation is a central pathomechanical event in adult-acquired
flatfoot deformity. The bifurcate (Chopart's) ligament - a Y-shaped structure arising from
the anterior calcaneal surface - divides into calcaneocuboid and calcaneonavicular bands,
stabilizing both components of the midtarsal joint. The long plantar ligament the longest
ligament in the body - and the short plantar (plantar calcaneocuboid) ligament reinforce the

plantar aspect of the calcaneocuboid joint and support the lateral longitudinal arch (17).

Tarsometatarsal Joint (Lisfranc's Joint)

The tarsometatarsal articulations are approximately plane synovial joints between the distal
tarsal row and the bases of the five metatarsals. Individually, each joint permits only
minimal gliding and rotational movement, yet collectively they provide the transverse and
longitudinal stability of the forefoot during the propulsive phase. The first tarsometatarsal

joint is the most mobile, allowing some abduction and rotation; the second tarsometatarsal
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joint is the least mobile, as the second metatarsal base is recessed between the medial and

lateral cuneiforms, creating a 'mortise within a mortise'.
9

The key stabilizer is Lisfranc's ligament, a robust interosseous band passing from the lateral
surface of the medial cuneiform to the base of the second metatarsal. It is the primary
restraint against lateral displacement of the forefoot and its rupture - often associated with
an avulsion fracture at the second metatarsal base - is pathognomonic of a Lisfranc injury.
Crucially, there is no direct ligamentous connection between the first and second metatarsal
bases, making this the weakest point of the complex and explaining the characteristic injury

pattern (17).

First Metatarsophalangeal Joint

The first metatarsophalangeal (MTP) joint is an ellipsoid (condyloid) joint between the
rounded head of the first metatarsal and the shallow concavity at the base of the proximal
phalanx of the hallux. Its functional range is broad: active extension reaches 50-60° and
passive extension up to 90°, while flexion is comparatively limited to a few degrees. During
normal gait, approximately 60—65° of extension is required at this joint during the terminal
stance and toe-off phases; any restriction - whether from hallux rigidus, degenerative
arthritis, or scarring following reconstruction - directly compromises the kinetic chain of

gait and loads adjacent structures.

Stability is maintained by the medial and lateral collateral ligaments, which fan out from
the metatarsal head to insert on the phalangeal base and the plantar plate; the plantar plate,
a fibrocartilaginous structure that is firmly anchored to the phalangeal base and provides
resistance to hyperextension forces; and the deep transverse metatarsal ligament, which
connects the plantar ligaments of adjacent MTP joints and maintains metatarsal head
alignment. The two plantar sesamoid bones - embedded within the flexor hallucis brevis
tendons and connected by the intersesamoid ligament - distribute compressive loads away
from the metatarsal head, enhance the mechanical advantage of the intrinsic musculature,
and protect the underlying neurovascular structures. The medial sesamoid is stabilized by

abductor hallucis and the lateral sesamoid by adductor hallucis (17).
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Muscles

The muscles acting on the ankle and foot are divided into extrinsic muscles, originating in

the leg, and intrinsic muscles, entirely contained within the foot.
The extrinsic muscles are organized into three compartments of the leg:

e The anterior compartment contains the dorsiflexors of the ankle. The most important
are tibialis anterior (primary dorsiflexor and foot invertor), extensor hallucis longus
(hallux extension and dorsiflexion), and extensor digitorum longus (lateral toe
extension and dorsiflexion);

e The lateral compartment contains the primary evertors of the foot: fibularis longus and
fibularis brevis. Both also contribute to plantar flexion and to stabilization of the lateral
ankle;

e The posterior compartment is divided into a superficial and a deep group. The
superficial group - the triceps surae - includes gastrocnemius and soleus, which
together form the calcaneal tendon and are the chief plantar flexors of the foot. The
deep group includes tibialis posterior (principal foot invertor and medial arch support),
flexor hallucis longus (hallux flexion and plantar flexion), and flexor digitorum longus

(lateral toe flexion and plantar flexion).

The intrinsic muscles are arranged in four plantar layers and one dorsal muscle (extensor
digitorum brevis). Their primary role is to stabilize the foot during stance and gait, maintain

the arches, and fine-tune toe position during the push-off phase (18).
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Figure 4: The main fascial compartments. Standring S, ed. Gray’s Anatomy: The
Anatomical Basis of Clinical Practice. 42nd ed. Elsevier; 2021. 1434 p.

Vascular supply

The ankle and foot are supplied by three arterial trunks arising from the popliteal artery:
the anterior tibial artery, the posterior tibial artery, and the fibular (peroneal) artery.

The anterior tibial artery crosses the ankle joint and continues as the dorsalis pedis artery
on the dorsum of the foot. It supplies the ankle joint through anterior malleolar branches
and gives off tarsal and arcuate arteries on the dorsum, terminating as a deep plantar branch

that contributes to the plantar arch.

The posterior tibial artery passes posterior to the medial malleolus and bifurcates
approximately 1-2 cm below it into the medial plantar artery (smaller; supplies the medial
sole) and the lateral plantar artery (larger; crosses the sole and anastomoses with the deep
plantar branch of the dorsalis pedis to form the deep plantar arch, from which the plantar

metatarsal arteries arise).

The fibular artery supplies the lateral ankle through posterior malleolar and calcaneal
branches, and contributes an anterior perforating branch anastomosing with the dorsalis

pedis.
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The superficial system drains through dorsal and plantar venous arches into the medial and
lateral marginal veins, forming the great and small saphenous veins respectively. The deep
system accompanies the homonymous arteries. Uniquely, plantar venous flow is

bidirectional, directed superficially when valves are competent (19).
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Lymphatic Drainage

Superficial lymphatics follow the great saphenous vein to the superficial inguinal nodes.
The posterolateral foot drains into the popliteal nodes via vessels alongside the small
saphenous vein. Deep lymphatics accompany the major arteries and drain into the popliteal

nodes (19).
Innervation

The innervation of the ankle and foot arises from spinal roots L4, L5, and S1, conveyed
through the tibial nerve and the common fibular nerve, the two terminal branches of the

sciatic nerve, together with contributions from the femoral nerve.

The tibial nerve passes posterior to the medial malleolus and divides into the medial plantar

nerve and the lateral plantar nerve. The medial plantar nerve innervates the medial intrinsic
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muscles (abductor hallucis, flexor digitorum brevis, flexor hallucis brevis, and the first
lumbrical) and the medial plantar skin. The lateral plantar nerve, through its superficial and
deep branches, innervates the remaining intrinsic muscles - including the interossei,
adductor hallucis, and lumbricals 2-4 - and the lateral plantar skin. Before bifurcating, the

tibial nerve gives off medial calcaneal branches to the heel skin.

At the fibular neck, the common fibular nerve divides into the superficial fibular nerve and
the deep fibular nerve. The superficial fibular nerve innervates fibularis longus and brevis,
and provides cutaneous supply to the dorsum of the foot, excluding the first web space.
The deep fibular nerve innervates the anterior compartment muscles (tibialis anterior,
extensor hallucis longus, extensor digitorum longus, fibularis tertius), the extensor
digitorum brevis, and the first interdigital web space. Injury to the deep fibular nerve results

in foot drop.

The sural nerve (from tibial + common fibular contributions) supplies the lateral border of
the foot and the dorsolateral fifth toe. The saphenous nerve (L3, L4; terminal branch of the

femoral nerve) supplies the medial ankle and foot, accompanying the great saphenous vein.

All plantar intrinsic muscles are innervated by the medial and lateral plantar nerves
(branches of the tibial nerve), following a general medial-to-lateral distribution. The sole
dorsal intrinsic muscle, extensor digitorum brevis, is innervated by the lateral terminal

branch of the deep fibular nerve (L5, S1) (19).
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3.3.2 Orthopedic treatment

For years, the most commonly used surgical approach for treating foot and ankle cancers
has been a destructive approach, based on limb amputation. To preserve the functionality
of the limb and thus improve the patient's quality of life, a multidisciplinary approach has
been developed - primarily involving the collaboration of plastic and orthopedic surgeons
- called reconstructive orthoplasty of the foot. This approach relies on the reconstruction of

the area following tumor removal, using flaps.

Figure 9: Foot amputation for radical tumor excision

Soft tissue reconstruction following oncological resection of the foot represents one of the
most demanding challenges in reconstructive surgery. The complex anatomy of the region,
the functional requirements of weight-bearing surfaces, and the systemic compromise
inherent to the oncological patient all demand a carefully planned reconstructive strategy.
Malignant tumors of the foot are rare, but their treatment requires a thorough understanding
of the available reconstructive options and their specific indications, advantages, and

limitations (20).
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The choice of reconstructive technique is guided by the reconstructive ladder principle,
which progresses from the simplest to the most complex options: healing by secondary

intention, primary closure, skin grafting, local flaps, regional pedicled flaps, and free
microvascular flaps.
From Primary Closure to Advanced Techniques

The reconstructive ladder provides a stepwise approach to restore soft tissue integrity, optimize function
and improve outcomes after oncologic resection.
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In the oncological setting, however, this hierarchy is frequently bypassed in favour of the
most appropriate - rather than the simplest - option, particularly when tissues have been

compromised by prior radiation or chemotherapy (21).
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Reconstructive techniques vary according to the type of tumor present; in particular, a
distinction can be made between neoplasms involving only the soft tissues and tumors that

also involve the osseous plane.

In the former case, the aim of reconstruction is to achieve stable and durable coverage of
the defect, protect the deeper structures, and avoid local complications. Depending on the
size and location of the tissue loss, different types of flaps may be employed. In oncological
surgery of the foot and ankle, free flaps and pedicled flaps represent the most reliable and
most frequently used solutions, particularly in more extensive defects or in the presence of
exposure of tendons, bone, or vascular structures. For smaller defects, or when the
surrounding tissues are well vascularized, local or rotational flaps may be used instead.
Among the most commonly used flaps is the anterolateral thigh flap (ALT), owing to its
versatility, the large surface area available, and the possibility of adapting it to different
types of tissue loss. Other useful options include the latissimus dorsi flap, the gracilis flap,

and, in selected cases, the reverse sural flap.

In bone tumors, reconstruction is more complex because, in addition to soft-tissue
coverage, continuity and skeletal stability must also be restored. This aspect is particularly
relevant when the resection involves the metatarsals, calcaneus, distal tibia, or other bony
structures of the foot, where loss of support can significantly compromise limb function.
In these cases, vascularized bone grafts, non-vascularized bone grafts, allografts,
prostheses, or arthrodesis techniques may be used, depending on the site and extent of the
defect. The vascularized fibular flap represents one of the most useful options when it is
necessary to replace a bone segment with living biological tissue that is well vascularized
and able to integrate over time. This solution is particularly indicated in long segmental
defects and in younger patients, in whom biological reconstruction may offer functional
and biological advantages over a purely prosthetic solution. In some cases, the fibula may
be used as part of a chimeric flap, allowing simultaneous reconstruction of both bone and

soft tissues.

Reconstructive techniques in foot orthoplastics can also be distinguished according to
surgical planning, which may involve either a one-stage or a two-stage approach,

depending on the extent of the disease, the condition of the tissues, the complexity of the
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defect, and the need to achieve adequate oncological control before definitive

reconstruction.

In the one-stage approach, tumor excision and reconstruction are performed during the
same operation, allowing the number of procedures to be reduced, the treatment pathway
to be shortened, and immediate coverage of the defect to be obtained. This solution is
particularly indicated when resection margins are considered reliable, the remaining tissues
are adequate, and there is no need to await further histological information before definitive
closure. When local and oncological conditions allow it, this approach therefore represents

an effective and rational choice.

The two-stage approach, by contrast, involves an initial phase of resection and local control
of the defect, followed by delayed reconstruction once the oncological and reconstructive
picture has been more clearly defined. This strategy may be preferred in more complex
cases, in the presence of uncertain margins, when tissues are compromised by previous
treatments, or when it is advisable to monitor the surgical bed before definitive coverage.
In such cases, temporizing the defect makes it possible to plan the final reconstruction more

accurately and to reduce the risk of performing coverage under suboptimal conditions.

As a bridge between the two surgical stages, VAC, or negative pressure wound therapy,
may be used. From a practical point of view, it does not replace reconstruction, but prepares
and supports it. Its main advantage lies in creating a favorable environment for wound
healing by promoting drainage of exudate, reducing local edema, and protecting the
surgical bed from external contamination. In some cases, it is used for short periods before
the second surgical stage; in others, it may also be used after reconstruction to protect a

skin graft or to manage a complex wound.

Figure 12: VAC
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VAC is also a particularly useful solution in centers where a multidisciplinary orthoplastic
team is not continuously available, as it allows the wound to be temporized while awaiting

definitive reconstruction.

At our center, however, the presence of a multidisciplinary orthoplastic team has made
immediate reconstructive planning possible in the majority of cases; indeed, most patients

were treated with a one-stage approach (72%), whereas none of the patients undergoing a

two-stage procedure were treated with VAC.
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Figure 13-17: Steps of reconstructive
orthoplasty. A) pathological foot; B) tumor
excision; C) flap harvesting; D) flap; E) foot
post-reconstruction.

3.3.3 Flap

The selection of the most appropriate flap is guided by several concurrent considerations:
defect size and location (dorsal vs. plantar, weight-bearing vs. non-weight-bearing), depth
of involvement (skin only vs. tendon, bone, or joint), the vascular status of the recipient
site, prior radiation exposure, the patient's systemic condition and comorbidities, and the
need for sensory reconstruction. For weight-bearing plantar defects, the medial plantar flap
remains the gold standard when available; for large or complex defects requiring durable
coverage, free microvascular flaps represent the current standard of care in experienced

centers.

Free Microvascular Flaps

Free tissue transfer is required when local and regional options are insufficient - due to

defect size, location, tissue quality, or prior radiation - and represents the mainstay of
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reconstruction for large oncological defects of the foot. Free flaps introduce well-
vascularized tissue from a distant donor site, bypassing the compromised local tissue
environment and providing reliable coverage even in irradiated fields. In the oncological

foot, free flaps are employed in the majority of complex reconstructions.

Anterolateral Thigh Flap (ALT)

The anterolateral thigh (ALT) flap is currently considered the workhorse free flap for foot
and ankle reconstruction in the oncological setting. Based on perforators of the descending
branch of the lateral circumflex femoral artery, it offers a long and reliable pedicle, a large
skin paddle, the possibility of harvest as a thin fasciocutaneous or chimeric flap, and
minimal donor-site morbidity. Its versatility allows coverage of virtually all foot and ankle
defects, and thinning techniques can adapt it to the functional requirements of both dorsal

and plantar surfaces.

Figure 18-19: ALT flap
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Latissimus Dorsi Flap (LD)

The latissimus Dorsi (LD) flap, based on the thoracodorsal vessels, is one of the largest
available donor sites and can be harvested as a muscle-only, myocutaneous, or perforator
flap. Its large volume makes it particularly suitable for filling deep cavities or covering
extensive defects following aggressive oncological resection. Its main limitations include
donor-site morbidity at the back, potential shoulder dysfunction, and the bulkiness that may

require secondary debulking procedures.

Figure 20: Latissimus Dorsi flap

Gracilis Muscle Flap

The gracilis muscle flap, based on the medial circumflex femoral vessels, is a thin, pliable
muscle flap ideally suited to filling irregular cavities and covering exposed bone or
hardware after oncological resection. A retrospective series of 22 sarcoma patients
spanning 19 years demonstrated that the free gracilis flap is well suited to covering large
and compromised wounds with a high rate of limb salvage and minimal donor-site
morbidity (22). Although not the primary choice for plantar weight-bearing surfaces, when
covered with a split-thickness skin graft it can provide reliable coverage in anatomically

complex defects.

Thoracodorsal Artery Perforator Flap (TDAP) and Radial Forearm Flap

The Thoracodorsal Artery Perforator (TDAP) flap’s thin and pliable tissue characteristics

make it particularly suitable for dorsal foot reconstruction.
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The radial forearm flap provides thin, hairless, pliable fasciocutaneous tissue based on the
radial artery, and has long been a reliable option for foot and ankle reconstruction requiring
thin coverage. Its main drawbacks are donor-site morbidity at the forearm and the sacrifice

of a major arterial axis.

Skin Grafts

Split-thickness skin grafts (STSG) and full-thickness skin grafts (FTSG) represent the
simplest reconstructive option and are applicable to well-vascularized defects without
exposed bone, tendon, or major neurovascular structures. On the dorsum of the foot, where
skin is thin and the underlying tendons are relatively close to the surface, skin grafts can
provide reliable coverage when the wound bed is healthy. However, their use is limited on
the plantar surface, where the unique biomechanical properties of glabrous skin - resistant

to weight-bearing stress, shear, and pressure - are difficult to replicate with grafted tissue

21).

Local and Regional Pedicled Flaps

Local flaps exploit the tissue immediately adjacent to the defect and are best suited to small-
to-medium defects where oncological resection has not compromised the local vascular
territory. Their advantages include technical simplicity, shorter operative time, and
preservation of the microsurgical option for future procedures. Their main limitations in
the oncological context are the restricted availability of healthy adjacent tissue -
particularly after radiation - and the limited arc of rotation that characterizes most foot local

flaps (20).

Medial Plantar Flap

The medial plantar flap is based on the medial plantar artery and is the preferred option for
reconstruction of plantar heel and forefoot defects, as it provides like-for-like tissue
replacement - glabrous, weight-bearing skin with appropriate thickness and sensory
potential. The flap can be raised as a sensate island by including the medial plantar nerve,
offering protective sensation critical to plantar function. Its main limitation is donor-site
morbidity at the instep, and it is contraindicated when the medial plantar axis has been

compromised by tumor involvement or prior surgery (23).
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Reverse Sural Neurocutaneous Island Flap

The reverse sural flap is a distally-based fasciocutaneous flap vascularized by the median
superficial sural artery and accompanied by the sural nerve. It provides reliable coverage
of the heel, lateral malleolus, and dorsum of the foot, and is widely used due to its relative

technical simplicity and the absence of microsurgical requirements.

In the oncological setting, the sural flap represents a feasible option for small-to-moderate
defects of the distal lower extremity; however, its reliability is reduced in irradiated fields,
and the risk of venous congestion and partial necrosis must be carefully weighed against

the advantages of avoiding free tissue transfer.

Lateral Sopramalleolar Flap

The lateral sopramalleolar flap is a distally-based fasciocutaneous flap supplied by the
anterior perforating branch of the fibular artery. It is well suited to coverage of the lateral
malleolus, dorsum of the foot, and heel. Liu et al. (24) reported its use for lateral malleolar
and dorsal foot defects following melanoma resection, noting reliable coverage with
acceptable morbidity. Its limitations include a relatively short pedicle and restricted reach

to the forefoot and plantar surface.

Medial and Lateral Leg Flaps

Fasciocutaneous flaps from the medial and lateral aspects of the leg can be transposed to
cover proximal foot and ankle defects, particularly around the malleoli and the posterior

heel. They offer thin, pliable coverage but are of limited use for large or distal defects.
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3.4 Complications

The oncological patient presents a unique combination of systemic and local risk factors -
immunosuppression, malnutrition, prior radiotherapy, and chemotherapy-induced
vasculopathy - that substantially increase the rate and severity of postoperative
complications compared to elective reconstructive surgery in otherwise healthy

individuals.

In our patients, we distinguished between major and minor complications. Major

complications were defined as those requiring reoperation, and included:

e T ocal recurrence;

e Occlusion of the femoral venous prosthesis;
e Scar-related problems;

e Periprosthetic infection

e Necrosis.

Minor complications were defined as conditions that did not require specific treatment or

required only outpatient management, and included:

e Edema;

e Hyperpigmentation following radiotherapy;
e De-epithelialized areas;

e Fistula;

e Marginal flap suffering.

The major complications most frequently observed in oncological patients undergoing

reconstructive orthoplastic surgery of the foot are described in more detail below.

3.4.1 Vascular Complications and Flap Failure

Vascular complications represent one of the most critical concerns in oncological foot
reconstruction. The anterior tibial, dorsalis pedis, and posterior tibial arteries - the principal
vascular axes of the foot - are frequently compromised by oncological resection, by
radiation-induced fibrosis, or by chemotherapy-associated peripheral vasculopathy. This

dramatically reduces the perfusion reserve available for flap survival.
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Free flap reconstruction (e.g., anterolateral thigh flap, gracilis muscle flap, radial forearm

flap) carries a higher risk of anastomotic failure in the oncological setting.

Prior radiotherapy further impairs anastomotic healing by inducing endothelial
dysfunction, subintimal fibrosis, and altered extracellular matrix remodeling. The debate
on the impact of radiotherapy on flap healing is open, in fact there are some studies that
support that patients who received chemotherapy following radiotherapy were twice as
likely to develop free flap complications, with overexpression of TGF-B1 detectable in
irradiated tissues for up to six months after treatment completion (25). Our reference
sample, however, led us to conclude that although radiotherapy treatment may predispose

patients to flap-related complications, the correlation is not statistically significant.

Figure 21: Flap failure due to vascular complications, with subsequent flap necrosis

3.4.2 Infectious Complications and Osteomyelitis

Infection is among the most frequent and consequential complications following
oncological foot reconstruction. The oncological patient is predisposed to surgical site
infection through multiple converging mechanisms: chemotherapy-induced neutropenia,
compromised local tissue perfusion, protein-calorie malnutrition with impaired collagen

synthesis, and radiation-induced devascularization of the wound bed.
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When deep infection involves osseous structures, progression to osteomyelitis further
complicates salvage options and may require radical debridement, prolonged antibiotic

therapy, or staged reconstruction.

Figure 22: Infected area

3.4.3 Wound Dehiscence and Cutaneous Necrosis

Impaired wound healing and cutaneous necrosis are particularly prevalent in oncological
patients, where multiple systemic factors converge to compromise the normal phases of
tissue repair. Malnutrition, common in cancer patients, leads to hypoalbuminemia and
reduced collagen synthesis. Chemotherapeutic agents exert cytotoxic effects on dividing
cells, impairing fibroblast proliferation, cell migration, and collagen deposition - all
processes essential for wound closure. Radiation-induced fibrosis reduces tissue elasticity

and local perfusion, predisposing the wound margins to ischemic breakdown (26).
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Wound dehiscence, if extensive, exposes deep structures including tendons, bone, and
reconstructive implants, exponentially increasing the risk of secondary infection and

implant failure.

Figure 24: Wound dehiscence

3.4.4 Thrombosis, Hypercoagulability, and Thromboembolic Events

Cancer patients exist in a state of systemic hypercoagulability (Trousseau syndrome),
driven by tumor-derived procoagulant factors, inflammatory cytokines, and treatment-

related endothelial injury. This prothrombotic state significantly increases the risk of both



40

deep vein thrombosis (DVT) and microvascular anastomotic thrombosis, the latter being a

primary mechanism of free flap failure.

A systematic review specifically addressing free flap thrombosis in hypercoagulable
patients demonstrated that the overall incidence of thrombosis and flap loss in
hypercoagulable patients was 13% and 10.3%, respectively, with the thrombosis risk
approximately two times higher than in non-hypercoagulable controls (27). Unrecognized
hypercoagulability has been identified as an independent cause of free flap failure,
operating independently of patient selection or surgical technique (28). Meticulous
preoperative coagulation work-up is therefore critical in any oncological patient considered

for microvascular reconstruction.

3.4.5 Functional Complications

Even when wound healing is achieved and the flap survives, functional outcomes may be
significantly compromised. The complex biomechanics of the foot depend on the integrity
of a tightly coordinated network of osseous, ligamentous, tendinous, and neurovascular
structures. Oncological resection of key elements - the Achilles tendon, tibialis posterior,
plantar fascia, or tarsal bones - disrupts this equilibrium, resulting in gait impairment,
chronic instability, and altered pressure distribution that predisposes to ulceration of the

reconstructed territory.

Chemotherapy-induced peripheral neuropathy (CIPN), a well-recognized adverse effect of
taxane- and platinum-based regimens, further impairs protective sensation in the foot,
increasing the risk of pressure injuries and plantar ulceration on the reconstructed surface
- a particularly dangerous combination when the flap lacks the specialized weight-bearing
properties of native plantar tissue. Reconstruction of weight-bearing regions has been
shown to result in significantly higher functional impairment scores compared to non-

weight-bearing areas (29).

3.4.6 Local Recurrence and Oncological Margins

The attainment of adequate oncological margins is a fundamental determinant of local
recurrence and long-term survival, yet it is particularly challenging in the foot, where the

proximity of vital neurovascular and osseous structures limits the extent of safe resection.
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Despite this, it was possible to achieve clear oncological margins in almost all of our
patients. This is a highly important finding, which may be related to the low incidence of

local recurrence in our series.

This is an excellent result considering that local recurrence in a previously reconstructed
foot poses extreme surgical challenges. The altered anatomy, scarred tissue planes,
compromised vascularity, and prior radiation field render repeat resection technically
demanding and often oncologically suboptimal, with amputation becoming the only viable

option in a substantial proportion of cases.

3.4.7 The Orthoplastic Approach as a Mitigating Strategy

Despite the high complication burden described above, the collaborative orthoplastic model
- combining the expertise of orthopedic oncological surgeons and plastic reconstructive
surgeons - has been shown to improve outcomes by enabling more complex reconstructions
and earlier soft tissue coverage. The narrative review by Angelini et al. (2024) similarly
highlights the orthoplastic approach as a means of achieving higher rates of successful limb

salvage in patients at risk of amputation (20).
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RESULTS

Sample characteristics

The study included 25 patients, of whom 15 were women (60%) and 10 were men (40%),
with a mean age of 49.56 years (range 6 years to 75 years).

From a histological point of view, most lesions were soft tissue tumors, accounting for 21
cases (84%), whereas 4 patients had bone tumors (16%).

Regarding anatomical site, 12 patients had a tumor located in the foot (48%), 8 in the ankle
(32%) and 5 in distal leg (20%).

Histology Patients
Myxofibrosarcoma 3
Ewing Sarcoma 1
Synovial Sarcoma 4
Chondrosarcoma 2
Squamous Cell Carcinoma 2
Leiomyosarcoma 2
Desmoplastic Melanoma 3
Pleomorphic Sarcoma 3
Osteosarcoma 1
Desmoid-type Fibromatosis 1
Myoepithelial Carcinoma 1
Liposarcoma 1
Dermatofibrosarcoma Protuberans 1

Risk factors and clinical conditions

Among the main risk factors analyzed, BMI, smoking status and arterial hypertension were
considered. 10 patients were overweight or obese (40%), 5 were smokers (20%) and 6 had
arterial hypertension (24%). In our sample, however, no statistically significant correlation
emerged between these risk factors and functional outcome or the incidence of major

complications.
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Patient BMI Tobacco Hypertension Major complications
Pt. 01 28,09 No No No
Pt. 02 30,47 No No No
Pt. 03 27,55 No Yes Yes
Pt. 04 22,31 No No No
Pt. 05 233 No Yes No
Pt. 06 28,86 No Yes No
pPt. 07 24,1 Yes No Yes
Pt. 08 34,29 Yes Yes No
Pt. 09 - No No No
Pt. 10 - No No No
Pt. 11 - No No No
pPt. 12 27,15 No No Yes
Pt. 13 - No No No
Pt. 14 19,91 Yes No No
Pt. 15 - No No No
Pt.16 29,07 No Yes No
Pt. 17 - No No No
pt. 18 23,55 No No No
Pt. 19 23,37 Yes No No
Pt. 20 26,22 No No Yes
Pt. 21 21,26 No No No
pt. 22 26,57 No No Yes
Pt. 23 28,96 Yes Yes Yes
Pt. 24 - No No No
Pt. 25 - No No No




44

Diagnostic work-up and previous treatment

A pre-operative biopsy was performed in 12 patients (48%), including 2 needle biopsies
(8%) and 10 incisional biopsies (40%); in the remaining 13 patients (52%), it was not
performed because the diagnosis had already been confirmed by imaging (32%) or because
the procedure was a reoperation (20%).

Two patients received neoadjuvant treatment (8%), consisting of radiotherapy in one case
(4%) and chemotherapy in the other (4%). Five patients underwent adjuvant treatment

(20%), with radiotherapy in 3 cases (12%) and chemotherapy in 2 cases (8%).

In 6 patients (24%), orthoplastic reconstruction was performed as a primary surgery,
whereas the remaining 19 were classified as undergoing further surgery. Specifically, 10
patients (40%) had previously undergone an inadequate procedure, 4 patients (16%)
developed complications following the excision procedure, and 5 patients (20%) underwent

surgery for local recurrence.

Surgical characteristics

A one-stage procedure was performed in 19 patients (76%), whereas a two-stage procedure

was carried out in 6 (24%) - VAC therapy was not used in any case.

The mean operative time was 335 minutes, with a range from 60 to 645 minutes. In 6 cases,
the reconstructive orthoplastic procedure was considered a primary surgery (24%), whereas

in the remaining 19 cases it was a further surgery (76%).

Overall, 14 procedures were performed for soft tissue defects (56%), 5 for recurrence

(20%) and 6 for complications (24%).
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Type of flap Patients
ALT flap 18 (72%)
Fibula free flap 1 (4%)
Latissimus dorsi flap + ALT 2 (8%)
Latissimys dorsi flap 2 (8%)
Pedicled flap 1 (4%)

Vascular reconstruction was performed in 22 patients (88%): 9 with one arterial and two
venous anastomoses (36%), 12 with one arterial and one venous anastomosis (48%) and 1
with two venous anastomoses (4%). Surgical margins were wide in 21 patients (84%) and

marginal in 1 patient (4%); no intralesional margins were observed.

Functional outcome and ambulation

The mean flap healing time was 27.63 days, with a range between 15 and 45 days.
Functional outcome was excellent in 11 patients (44%), good in 12 (48%), fair in 1 (4%)
and poor in 1 (4%).

Nevertheless, all patients were ambulatory. In particular, 17 patients were able to walk
without crutches (68%), 5 used crutches (20%), 2 used a prosthesis (8%) and 1 used both a

prosthesis and crutches (4%).

Complications

During follow-up, 8 patients developed major complications (32%), including local
recurrence in 1 case (4%), occlusion of the femoral venous prosthesis in 2 cases (8%), scar-
related problems in 2 cases (8%), periprosthetic infection in 2 cases (8%) and necrosis in 1
case (4%). In addition, 10 patients developed minor complications (40%), including edema
in 2 (8%) patients, hyperpigmentation following radiotherapy in 1 (4%) patient, de-
epithelialized areas in 1 (4%) patient, fistula in 1 (4%) patient and marginal flap suffering
in 5 (20%) patients.
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Major complications occurred predominantly within the first three years after surgery,

particularly within the first six months. The Kaplan-Meier curve of the entire serie showed

a survival rate to major complications of 78% at 1 and 60% at 5 years, respectively.

Outcome: Major Complications
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Figure 25: Kaplan Meier FUP complications

We therefore analyzed some possible factors associated with their development.

Patients undergoing one-stage surgery appeared to have a higher incidence of

complications. The Kaplan—Meier curve shows that, during the first year after surgery, the

proportion of patients remaining free of complications decreased by approximately 10%

every two months. Indeed, about 50% of patients had experienced a major complication by

one year post-operatively.

Outcome: Major Complications
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Figure 26: Kaplan Meier FUP complications (timing)
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Thereafter, the curve declined much more slowly, with around 10% of patients developing
major complications each year until the fourth year of follow-up, when the curve reached
a plateau.

By contrast, patients who underwent two-stage surgery appeared to develop complications
only three years after the operation.

However, the difference in the complication rate between patients who underwent one-
stage and two-stage surgery may have been influenced by the different number of patients
in the two treatment groups, infact statistical analysis did not show a significant difference,

with a p-value of 0.3626.

From the Kaplan—Meier curve, it may appear that patients who did not undergo
radiotherapy, whether adjuvant or neoadjuvant, had a higher likelihood of developing
complications. Indeed, during the first six postoperative months, approximately 25% of
patients experienced complications, rising to 45% at 4 years of follow-up, when at least
one major complication had occurred. By contrast, patients who underwent radiotherapy
appear to have developed complications only one year after surgery, with approximately
75% remaining free of complications.

Actually, the relationship between radiotherapy, either adjuvant or neoadjuvant, and

treatment success was also not statistically significant.
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Finally, a possible association between age and susceptibility to complications was also

evaluated, using 50 years as the cut-off.
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Figure 28: Scatter diagram complications/age

Although patients over 50 appeared to have a greater tendency to develop complications -
after 5 years, 75% of patients under 50 remain free of complication, compared with about

55% of patients over 50 - the difference was not statistically significant.
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Oncological outcome

With regard to oncological outcome, 17 patients were NED (68%), 3 NEDLR (12%), 2
AWD (8%),2 DWD (8%) and 1 DOD (4%). It is noteworthy that, after a 9-year follow-up,
90% of patients had survived, with mortality occurring mainly two and a half years after
surgery.

Oncologic Follow-up
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5 CASES
5.1 CASE 1

A 15-year-old female patient presented with Ewing sarcoma involving the first metatarsal
bone, which was visible on radiographs as a typical “in-and-out” pattern of bone

involvement (Figure 31-32).

Figure 31-32

The patient underwent neoadjuvant chemotherapy, receiving a total of nine cycles.

She subsequently underwent a two-stage orthoplastic procedure, consisting of resection of
the first metatarsal and reconstruction with a microsurgical vascularized fibular flap,
performed in a multidisciplinary setting with plastic surgeons. The fibular flap was fixed

using a plate and screws.
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Figure 33-40: Surgery’s steps. A) tumor excision, B) excised mass,; C) foot tumor free; D)
flap donor site; E) flap harvesting; F) fibula free flap; G) flap placement; H) foot post
surgery

The patient then received 14 cycles of adjuvant chemotherapy. No complications occurred
during the postoperative course, and she is currently under follow-up at our hospital from
three years. She shows no evidence of recurrence and has excellent functional recovery of

the operated limb.



Figure 41-42: follow up X-rays

Figure 43-44: follow up
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5.2 CASE 2

A 57-year-old male patient diagnosed with a Grade 2 Myxofibrosarcoma of the right lateral
malleolus (Figure 45-46).

Figure 45-46

The patient underwent orthoplastic surgery consisting of tumor excision, with sacrifice of
the extensor tendons of the toes and the extensor hallucis longus tendon. Palliative
reconstruction of great toe function was then performed by suturing the distal tendon stump

to the anterior tibial tendon, together with coverage using an ALT microsurgical flap.




Figure 47-51: Surgery’s steps. A) tumor excision, B) excised mass; C) flap
harvesting; D) flap placement; E) foot post-surgery.
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He subsequently received adjuvant radiotherapy at a total dose of 45 Gy. The only
postoperative findings were mild edema in the operated area and skin hyperpigmentation
following radiotherapy. He is currently under follow-up at our hospital eight years after

surgery, with no evidence of recurrence and excellent function of the operated limb.

Figure 52-53: follow up
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5.3 CASE 3

A 76-year-old female patient diagnosed with extraskeletal myxoid chondrosarcoma of the

plantar surface of the foot (Figure 54).

Figure 54

The patient underwent orthoplastic surgery consisting of tumor excision followed by

reconstruction with a chimeric free ALT flap.



58




Figure 55-60: Surgery’s steps. A) tumor excision; B) flap donator site; C)
flap harvesting; D)flap; E) flap placement; F) foot post-surgery.
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She is currently under follow-up at our hospital, 10 years after surgery, with no evidence

of recurrence and with good functional recovery of the operated limb.

Figure 61-64: follow up
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6 DISCUSSION

Orthoplastic reconstruction in the treatment of foot and ankle neoplasms represents one of
the most complex challenges in lower limb oncological surgery, as it requires a balance
between oncological radicality, stable defect coverage and functional preservation. In this
context, the orthoplastic model, which integrates orthopedic oncological and plastic
reconstructive expertise, has been shown to facilitate the use of more complex
reconstructive strategies and to be associated with improved limb salvage rates, even in the

most challenging oncological settings (20).

Purpose of the study and limitations

Our study aimed to evaluate the advantages and disadvantages of the orthoplastic approach,
seeking to understand whether the greater surgical burden required by this strategy is truly
offset by improved functional and oncological outcomes compared with the traditional

radical treatment of limb amputation.

The main limitation of the present study is its retrospective design and the relatively small
number of patients, which reduce the statistical power of the analyses and limit the
generalizability of the findings. In addition, the heterogeneity of the cohort, both in terms
of tumor type and pre-reconstruction treatment, makes the interpretation of individual
prognostic factors more complex. The variability in follow-up may also have influenced

the assessment of some outcomes, particularly those related to late complications.

Sample characteristics and treatment pathway

Our study included 25 patients (15 women and 10 men), with a mean age of 49.56 years
(range 6 years to 75 years), most patients had soft tissue tumors (84%), while a smaller
proportion had bone tumors (16%). This distribution is consistent with the literature, as soft
tissue neoplasms are among the main indications for flap reconstruction in the distal lower
limb, where the limited availability of local tissue often makes complex coverage
necessary. The anatomical site, particularly the foot (48%) and ankle (32%) - the remaining

20% were distal leg tumors - further contributes to treatment difficulty because of the
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biomechanical and functional characteristics of these regions, where even small defects can

significantly compromise ambulation.

With regard to the treatment pathway, only a few had received neoadjuvant (8%) or
adjuvant (20%) treatment.

In several cases, orthoplastic reconstruction was also performed after a previous inadequate
procedure (40%) or at a later stage following the initial oncological treatment (36%); we
categorized these types of patients as "further surgery," while the remaining 6 (24%) were
classified as "primary surgery."

This highlights how patients undergoing this type of surgery often present with a complex
clinical history, which may affect both surgical timing and reconstructive outcomes.
Moreover, we divided our patients based on whether the procedure was performed as a one-
stage or two-stage surgery. The first one was performed in 19 patients (76%), whereas a

two-stage procedure was carried out in 6 (24%) - VAC therapy was not used in any case.

Risk factors and comorbidities

An interesting finding from our analysis is the absence of a significant correlation between
the main risk factors assessed, in particular BMI, smoking and arterial hypertension, and
functional outcome or the incidence of major complications. Although some studies have
reported a possible impact of comorbidities on the risk of postoperative complications, in
our cohort this association was not statistically significant. This finding may be at least
partly influenced by the limited number of patients enrolled and by the heterogeneity of the

series.

Surgical and reconstructive aspects

From a surgical perspective, most procedures were performed in a single stage, with
predominant use of the ALT flap (72%). This confirms the versatility and reliability of this
flap, which has been widely described in the literature for the reconstruction of complex
soft tissue defects of the lower limb. A systematic review of the orthoplastic approach in
adult lower extremity soft tissue sarcoma reconstruction identified 743 reconstructive

procedures across 26 studies, showing that microvascular free flaps were used in 65.5% of
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cases and local flaps in 34.5%, confirming the predominance of complex reconstructive
solutions in this patient population (30).

These findings are also supported by Kontogeorgakos et al. (2025), who emphasised that
orthoplastic surgery in musculoskeletal oncology should be regarded as an integrated part
of oncological management rather than a secondary reconstructive step. Their review
underlines the importance of combining tumour resection, defect coverage and functional
preservation within a single multidisciplinary strategy, which is particularly relevant in

complex foot and ankle tumors (31).

Other studies also support the use of the ALT flap in distal oncological defects. In a
retrospective series of nine patients with sarcoma undergoing ALT free flap reconstruction
for distal extremity defects, all flaps survived without total flap loss; the authors concluded
that the ALT perforator flap is an ideal option for large skin defects following sarcoma
resection, with minimal donor-site morbidity (32). More recently, a case report concerning
synovial sarcomas of the forefoot documented complete tumor resection and effective
coverage of the defect using an ALT free flap, with no local recurrence and independent
ambulation at 24 months’ follow-up. The patient had a high-grade synovial sarcoma of the
hindfoot, showing that orthoplastic surgery can achieve excellent functional and
oncological outcomes even in very aggressive tumors (33).

In addition, the development of sensate ALT flap techniques, incorporating the lateral
femoral cutaneous nerve, has further expanded the functional potential of this flap in plantar
reconstruction, with restoration of protective sensation reported in approximately 87-90%
of patients (34). This helps prevent important functional complications; indeed, a 2017
study showed that reconstruction of weight-bearing areas was associated with significantly

higher functional impairment scores than reconstruction of non-weight-bearing areas (29).

The second most commonly used flap in our series was the latissimus dorsi flap (16%),
mainly employed for larger defects, in keeping with the literature. In a case series focused
on oncological defects, a free latissimus dorsi flap was successfully used to reconstruct a
large plantar melanoma defect, with an uneventful postoperative course and subsequent

adjuvant chemotherapy administered without wound complications (35).

Several studies have shown that flap choice does not significantly affect either complication

rates or functional outcomes after soft tissue sarcoma reconstruction of the extremities.
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Reconstructive planning should therefore be guided primarily by the characteristics of the
defect and local anatomical requirements, rather than by the expectation of a different
postoperative morbidity (36).

There were primarily three reasons why our patients underwent flap reconstruction: soft

tissue defects (56%), recurrence (20%), and complications (24%).

Finally, nearly all patients underwent vascular reconstruction, (88%) reflecting the
anatomical complexity of the treated region and the importance of microsurgery in ensuring

adequate coverage and flap survival.

Oncological outcome

One of the most relevant issues when comparing orthoplastic treatment with ablative
treatment by amputation is oncological outcome, particularly the possibility of completely
eradicating the disease and the risk of local recurrence in the case of a non-radical approach.
In our study, the tissue obtained during surgery was submitted to histological examination
in all patients, and the predominance of wide surgical margins (84%) confirms that
satisfactory oncological control was achieved in most cases. Moreover, at follow-up, a
good proportion of patients remained disease-free. The deaths observed (8%) reflect the
severity of the oncological disease and the complexity of the cases included in the study,
but do not detract from the overall significance of orthoplastic reconstruction, which
remains a strategy capable of combining local disease control with functional preservation.
Infact, after a 9-year follow-up, 90% of patients had survived, with mortality occurring

mainly two and a half years after surgery.

Functional outcome

A relevant finding of our study concerns functional outcome. Despite the complexity of the
procedures performed, functional outcome was excellent (44%) or good (48%) in the
majority of patients, and all subjects were ambulatory at follow-up. This differs from some
older studies, particularly a 2008 prospective study of 36 consecutive patients undergoing
limb salvage for soft tissue tumors of the foot and ankle, in which seven patients developed

postoperative complications and six were unable to return to their previous occupation.
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Persistent pain was also reported in 12 patients, and at final follow-up several required

orthoses or walking aids (37).

Overall, this comparison shows how orthoplastic reconstruction has evolved significantly
in recent years and is no longer limited to closure of the tissue defect, but also allows
preservation of satisfactory function and the ability to walk, which are fundamental goals

in the treatment of lower limb neoplasms.

The mean flap healing time of 27.63 days, although not negligible, appears compatible with

an overall favorable postoperative course.

Postoperative complications

Another relevant issue in treatment selection concerns the complications that patients may
develop in the postoperative period. In our cohort, complications were classified as major
(32%) or minor (40%) according to whether a re-intervention was required or whether
management was limited to outpatient care. In this setting, we observed a substantial
number of adverse events; major complications - included local recurrence (4%), femoral
venous prosthesis occlusion (8%), scar-related problems (8%), infection (8%) and necrosis
(4%) - occurred predominantly within the first three years after surgery, particularly within
the first six months. The Kaplan-Meier curve of the entire serie showed a survival rate to
major complications of 78% at 1 and 60% at 5 years, respectively.

Infection is particularly important among patients with prosthetic implants. This is
consistent with the scientific literature, which reports that, in oncological patients
undergoing reconstruction with megaprostheses, surgical site infection rates range from 8%
to 35%, far higher than the 0.5-2.5% reported for standard elective arthroplasties. In this
context, infection may frequently lead to early implant failure and, in severe cases, require

amputation (38).

Despite the complications associated with the orthoplastic approach in an institutional
series covering an 8-year period, the orthoplastic collaboration group reported higher rates
of plastic surgery involvement (38% versus 14%) and reconstructive surgery use (42%
versus 26%) than patients managed conventionally; importantly, complication rates were

similar despite the greater complexity of cases in the multidisciplinary group (39). Even
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Slump et al. (2018) showed that flap reconstruction does not significantly increase
postoperative complication rates following surgical resection of extremity soft tissue
sarcoma, supporting the use of flap coverage as a safe reconstructive option within limb-
salvage surgery, without an inherent increase in reconstructive risk (40).

This was also reflected in our series.

The temporal distribution of complications, concentrated mainly in the first years after
surgery, is consistent with the complexity of the cases treated and confirms the importance
of close and prolonged clinical follow-up. In particular, the risk of infection and vascular
complications remains one of the main limitations of orthoplastic surgery in lower limb

oncology.

In our study, we also analyzed several risk factors and elements that might be associated
with a higher probability of developing complications. Among the most debated topics in
the literature is the role of radiotherapy, both adjuvant and neoadjuvant; in our patients, this
treatment was not significantly associated with treatment failure. This is in line with recent
studies showing that flap reconstruction can achieve good results even in irradiated
patients, without a substantial increase in flap failure or amputation risk. In particular, our
results are consistent with the findings of Mallett et al., who, in a study of 44 patients with
foot and ankle sarcoma undergoing flap reconstruction, most of whom had already received
radiotherapy, reported no amputations due to flap failure and no significant differences in
complications between the different types of reconstruction (41).

A useful oncological comparison can be made with the study by Scheer et al. (2022), a
multicentre retrospective analysis of 145 patients with advanced synovial sarcoma, in
which the authors showed that pre-operative radiotherapy was associated with superior
local relapse-free survival. The study included a selected cohort of patients treated within
the Cooperative Weichteilsarkom Studiengruppe network, supporting the relevance of
radiotherapy in high-risk disease. These findings suggest that radiotherapy may contribute
to improved local tumour control, although this benefit must be balanced against the well-
known risk of wound-healing complications (42). This aspect is particularly relevant in our
series, in which radiotherapy was not significantly associated with treatment failure; this
may be partly due to the limited size of our sample, but it also suggests that, when carefully
planned within a multidisciplinary pathway, radiotherapy does not necessarily compromise

reconstructive success.
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Therefore, radiotherapy should be regarded not as a contraindication to orthoplastic

reconstruction, but as an integral component of local disease control in selected patients.

Patients undergoing one-stage surgery appeared to have a higher incidence of
complications. In those patients, after the first year post-surgery about 50% of them had
experienced a major complication. Thereafter, the curve declined much more slowly, with
around 10% of patients developing major complications each year, until the fourth year of
follow-up, when the curve reached a plateau.

By contrast, patients who underwent two-stage surgery appeared to develop complications
only three years after the operation.

However, the difference in the complication rate may have been influenced by the different
number of patients in the two treatment groups, infact statistical analysis did not show a

significant difference, with a p-value of 0.3626.

A further element emerging from our analysis concerns the possible relationship between
age and the development of complications. Although patients over 50 years of age appeared
to have a higher tendency to develop complications, this association did not reach statistical
significance. This suggests that age, while relevant in preoperative assessment, is not in
itself a sufficient predictive factor, whereas the complexity of the defect, treatment history

and the biological characteristics of the neoplasm are likely to be more important.

Conclusions

In conclusion, the results of our study suggest that orthoplastic reconstruction in the
treatment of foot and ankle neoplasms allows, in most cases, good oncological control and
satisfactory functional recovery. This is consistent with the literature, particularly with the
study by LaValley et al. (2024) - a systematic review of 26 studies including 1,060 patients
with a mean follow-up of 32 months - which supports the role of the orthoplastic approach
in lower extremity soft tissue sarcoma reconstruction, highlighting high limb-salvage rates
and acceptable functional outcomes (30). Although the complication rate remains
significant, it does not appear to be determined solely by the risk factors analysed. The
absence of a clear association between radiotherapy and reconstructive failure further
confirms that this treatment can be integrated into a multidisciplinary pathway without

substantially compromising surgical outcome. Overall, our findings reinforce the role of
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orthoplastic surgery as an effective and appropriate approach in the management of

oncological neoplasms of the foot and ankle.
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