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The foot and ankle deformities associated with fibular hemimelia are considered the most
complex aspect of the disease. The goal of treatment at the end of treatment for fibular
hemimelia is a plantigrade foot. The main scope of the treatment before the last decade
was amputation, which was thought to be the only option to provide the best functional
outcome. Over the last two decades, many procedures have been published with variable
outcomes. This article provides a focused review of the foot and ankle aspects of fibular
hemimelia, along with multiple surgical options described in the literature and their

associated outcomes.

INTRODUCTION

Congenital fibular deficiency, also known as fibular
hemimelia, is considered the most prevalent congenital de-
fect of the long bones.! The incidence varies from 5.7 to 20
per 1 million live births.2 Although it is rare, it remains one
of the well-known pediatric orthopedic conditions.? Fibu-
lar hemimelia affects both limbs in 20% of cases and is of-
ten linked with congenital femoral deficiency.3 The clini-
cal presentation of fibular hemimelia can range from mild
fibular hypoplasia, which causes slight limb length discrep-
ancy, to severe limb shortening with foot and ankle involve-
ment.* The foot and ankle deformities associated with fibu-
lar hemimelia can be quite diverse.> Since the fibula plays
a vital role in normal ankle joint development, its hypopla-
sia contributes to ankle abnormalities. The primary goal
in treating fibular hemimelia is to maximize the patient’s
function. There is ongoing debate in the literature about
how best to achieve this in severe cases—either through
limb amputation with prosthetic fitting or through recon-
struction to create a plantigrade foot. This review is the first
to focus specifically on the foot and ankle aspects of fibu-
lar hemimelia, summarizing the current literature on treat-
ment approaches and outcomes.

ETIOLOGY

As of now, the exact cause remains unknown, and there is
no known genetic basis for congenital fibular deficiency. A
family history of the condition is reported when the patient
exhibits involvement of more than one limb. The mode of
inheritance in these cases is autosomal dominant. One re-
ported theory may explain that more than one limb is in-

volved when teratological factors, such as drug administra-
tion or radiation exposure, are present. In an animal model,
a somatic gene mutation has been reported, though this has
not been proven in humans.>

CLINICAL PRESENTATION

Patients with congenital fibular deficiency typically present
to the clinic for the first time due to a significant limb-
length discrepancy or foot and ankle deformities.! The
more severe the disease and the visible deformity, the ear-
lier they seek medical advice. When a patient with congeni-
tal fibular deficiency presents initially, they should undergo
a thorough examination to identify any associated condi-
tions with fibular hemimelia.# The most common associ-
ated upper extremity conditions include ulnar hemimelia,
amelia, or syndactyly of the fingers. Regarding the femur,
conditions such as acetabular retroversion, acetabular dys-
plasia, hypoplasia of the lateral femoral condyle, coxa
valga, or coxa vara may be present. In the knee, they might
have a cruciate deficiency or genu valgus. Genu valgus is
due to hypoplasia of the lateral condyle of the femur. In the
leg, anteromedial tibial bowing and LLD are common. An-
kle deformities associated with fibular hemimelia can in-
clude a ball-and-socket joint, ankle valgus deformity, ankle
instability, or dislocation. Finally, in the foot, they might
present with tarsal coalition, absent rays, hallux valgus,
bracket first metatarsal, syndactyly of toes, or equinovalgus
and equinovarus deformities.46
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PATHO-ANATOMY

The foot and ankle aspect of the disease is the most com-
plex and challenging. The involvement can range from a
normal foot, stable equinovalgus deformity with a full ankle
range of motion, to dynamic ankle valgus instability, tarsal
coalition with a fixed subtalar joint in valgus or varus, and
absent central rays. The fibula provides strong lateral sup-
port to the ankle; however, it is not the only factor con-
tributing to ankle valgus deformity. Patients were observed
to have wedge-shaped distal tibial epiphyses, which likely
contribute to the development of ankle valgus deformity.
The degree of wedging can predict how severe the valgus
deformity may become.” The remnant of the fibula leaves
a strong fibrous band that causes lateral tethering, which
contributes to equinovalgus deformity. Soft tissues, includ-
ing the Achilles and peroneal tendons, are considered de-
forming forces in the equinovalgus.5 The ball-and-socket
ankle joint develops over time, resulting in a ball-shaped
joint in the coronal plane and a flat joint in the sagittal
plane.5 Many theories have been proposed to explain this
development. One theory suggests that the loss of normal
horizontal-axis rotation of the talus, caused by a coexisting
subtalar coalition, leads to an adaptive ball-and-socket
joint. Another theory proposes that the ball-and-socket
configuration is part of the congenital disease, with defor-
mity developing early in life.® Tarsal coalition is most of-
ten found in the subtalar joint, particularly in the posterior
facet, and usually results in hindfoot valgus and ankle in-
stability. In some cases, the coalition fuses in an equino-
varus position. The coalition can also occur in joints other
than the subtalar, such as the calcaneocuboid or talonavic-
ular joints.

CLASSIFICATIONS

Several classifications have been described in the literature
for fibular hemimelia. Achterman and Kalamachi classifi-
cation is primarily a descriptive classification that depends
on fibula hypoplasia, which doesn’t accurately reflect the
severity of the disease in terms of leg length discrepancy
or foot and ankle deformities (Table 1).° The Birch classi-
fication divides fibular hemimelia patients into two main
types: type 1, characterized by a preservable foot, defined
as having three or more rays, and type 2, where the foot is
non-preserved (less than three rays) (Table 2).6 His classi-
fication is guiding treatment, but doesn’t reflect the exact
deformity of the foot and ankle. Rather, he divided the clas-
sification based only on the number of rays. Paley classi-
fication divides the patients into four categories based on
the ankle and subtalar deformity regardless of the amount
of LLD: type 1 when the ankle is stable, type 2 dynamic an-
kle valgus, type 3 fixed equinovalgus deformity, and type 4
fixed equinovarus deformity (Table 3).5

IMAGING

The initial imaging modality for a patient with fibular
hemimelia is plain radiography, specifically a standing long
film from the pelvis to the ankle with the knee extended
on the unaffected side, the patella facing forward, and a
block placed under the affected side to balance the pelvis
in the image. To further delineate the foot and ankle defor-
mity, proper plain radiography, including Anteroposterior
(AP) and lateral views of the foot and ankle, is required.

The role of Magnetic Resonance Imaging (MRI) is crucial
for differentiating among the type 3 subtypes and localizing
the coalition site. It has a role in confirming the cruciate
deficiency at the knee level. It plays an important role in as-
sessing the vasculature relative to the fibular anlage before
surgical intervention.10

MANAGEMENT GOALS

The goals of treating patients with fibular hemimelia are
to equalize both limbs at skeletal maturity and achieve a
plantigrade foot. To have a plantigrade foot, through clini-
cal examination and plain radiographs, determine the clas-
sification type and severity of fibular hemimelia.’

TIMING OF SURGICAL RECONSTRUCTION

The surgical reconstruction of the foot and ankle, as re-
ported by Paley, is performed as early as 18 months of age,
either alone or combined with the first lengthening at the
same time.’ It was believed that doing a simultaneous SU-
PERankle procedure with tibia lengthening could increase
the risk of ankle stiffness. However, Paley has attributed
this complication to the dysplastic nature of the talus.>

SURGICAL OPTIONS

Historically, amputation was the preferred treatment for
fibular hemimelia, especially in cases of significant leg
length discrepancy and severe foot deformity. Over the past
two decades, various techniques have been developed to
achieve a plantigrade foot and improve outcomes after limb
length equalization. One of the earliest reconstruction
methods reported is gradual correction using the Ilizarov
technique.!! In the last decade, Paley introduced two surgi-
cal reconstruction approaches: Shortening Osteotomy Re-
alignment Distal Tibia (SHORDT) and Systematic Utilitar-
ian Procedure for Extremity Reconstruction of the ankle
(SUPERankle), each designed for specific types of fibular
hemimelia.’

SHORDT PROCEDURE

Shortening Osteotomy Realignment Distal Tibia (SHORDT)
is a surgical procedure described by Paley for patients with
fibular hemimelia, specifically those with a dynamic valgus
deformity.5 It aims to correct the alignment of the distal
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Table 1. Achterman and Kalamchi?® classification of fibular hemimelia:

Type Description

dome of talus.

1A Proximal fibular epiphysis is distal to proximal tibia growth plate. The distal growth plate of the fibula is proximal to the

1B Partial absence of the fibula proximally (30-50% of fibula length) with the presence distally without supporting the ankle.

1l Complete absence of the fibula with the presence of vestigial fragment.

Table 2. Birch classification® and proposed treatment for fibular hemimelia:

Type

Treatment

Type 1 (Preservable foot):

1A (< 6% inequality)

No treatment, orthosis or epiphysiodesis

1B (6-10% inequality)

Contralateral epiphysiodesis + Lengthening

1C (11-30% inequality)

1 or 2 lengthenings + epiphysiodesis or orthosis

1D (> 30% inequality)

>2 lengthenings or amputation or orthosis

Type 2 (Non-preservable foot):

2A (Functional upper extremity)

Amputation

2B (Nonfunctional upper extremity)

Consider salvage

Table 3. Paley classification® and proposed treatment for fibular hemimelia:

Type Treatment

1 (Stable ankle)

Lengthening surgery

2 (Dynamic valgus)

SHORDT* with lengthening surgery

3 (Fixed equinovalgus deformity):

3A Ankle type coalition

3B Subtalar type coalition

3C Combined type

SUPERankle** with lengthening surgery

4 (Fixed equinovarus deformity)

SUPERankle** with lengthening surgery

* SHORDT: Shortening Osteotomy Realignment Distal Tibia.
** SUPERankle: Systematic Utilitarian Procedure for Extremity Reconstruction of the ankle.

tibia with shortening, restoring fibular height, and length-
ening the peroneal tendons

SUPERANKLE PROCEDURE

Systematic Utilitarian Procedure for Extremity Reconstruc-
tion of the ankle (SUPERankle) is a procedure described by
Paley to realign and stabilize the ankle in sever cases of
fibular hemimelia (Paley types 3 and 4).5 The procedure is
started after applying a tourniquet by a posterolateral skin
incision over the distal part of the tibia or at the level of
the tibia bowing if present. Careful dissection and protec-
tion of the sural nerve should be carried out. Incise the fas-
cia distally and open it retrograde. Exploration of the su-
perficial peroneal nerve should be performed at this stage.
Explore the peroneal tendons and lengthen the peroneus
brevis only. In patients with a conjoined tendon, it appears
as a peroneus brevis that attaches to the lateral aspect of
the calcaneus; lengthening should be performed. If it is

the peroneus longus, release the sheath and allow ante-
rior transposition of the tendon. At this point, dissection
around the fibular anlage should begin at the distal end
and proceed proximally. A separate proximal incision over
the fibular neck should be performed. A transverse incision
of the underlying fascia extending medially to the inter-
muscular septum all the way down. Under proper care, dis-
section and identification of the common peroneal nerve
should be performed. The fibular anlage proximally will be
found between the gastrocnemius and the peroneal ten-
dons. Dissection around the anlage from the proximal and
distal wounds should be carried out by making a tunnel in
between them to ease the resection of the anlage. The an-
lage should be pulled proximally with care to avoid injury
to the common peroneal nerve. Before proceeding with the
osteotomy, perform a gastrocnemius recession at this stage.
The posterior tibial nerve and artery should be decom-
pressed from the calcaneus. Dissect the lateral wall of the
calcaneus and elevate the extensor digitorm brevis muscle.
Start the subtalar coalition osteotomy. It should be at the
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level of the subtalar joint, starting at the posterior aspect
and advancing anteriorly. The saw’s direction must be 45
degrees, aiming caudally in the frontal plane. Provisional
wires were inserted from the distal tibia metaphysis to the
talus. Use a Hoffman to move the calcaneus medially and
distally. After the realignment, insert two wires in retro-
grade fashion from the calcaneus, talus, through the distal
tibia physis. To perform the tibia osteotomy, two distal
guide wires are placed just proximal to the distal tibia ph-
ysis in the coronal and sagittal planes parallel to the joint.
The first osteotomy should be performed. The overlap is
the amount of shortening that two guide wires should mark
for the planned proximal osteotomy, perpendicular to the
proximal tibia axis. After performing the osteotomy, the
retrograde wires should be advanced through the os-
teotomy. Closure of the wound and insertion of the drain.’

Hazem et al. reported a modification in Paley type 3 pa-
tients, in which they used the distal remnant of the fibu-
lar anlage and preserved it to serve as a lateral malleolus,
providing lateral support to the ankle and avoiding future
recurrence.!2 A technique described by Exner called dome
osteotomy of the distal tibia, which aims to correct the de-
formed distal tibia epiphysis by a metaphyseal osteotomy
over the lateral aspect of the distal tibia following the same
principle of Pamberton acetabuloplasty. Through this os-
teotomy, the lateral part of the epiphysis is depressed to
equalize the mechanical stress on the talus. This procedure
is described in addition to soft tissue releases.!314 Abdul-
razak et al. performed the bending osteotomy accompanied
by soft tissue procedure in two fibular hemimelia patients,
type 2 Achterman-Kalamchi.!5

AMPUTATION VERSUS RECONSTRUCTION

Before the recent advances in managing fibular hemimelia,
amputation was considered the best option for most pa-
tients with this condition. James et al. demonstrated better
outcomes with amputation than with reconstruction in
terms of functional outcomes, shorter hospital stays, and
cost-effectiveness.16 Birch et al. showed comparable out-
comes between patients who underwent amputation and
those treated with reconstruction using the SUPERankle
technique with lengthening, in terms of functional abili-
ties, psychological well-being, and satisfaction.1” Aissam et
al., in a meta-analysis using various surgical reconstruc-
tion methods, found that amputation patients experienced
better results than those who underwent reconstruction.!8
Calder et al. compared functional outcomes in fibular
hemimelia type 2 according to the Achterman-Kalamchi
classification, noting that short-term results favored ampu-
tation.19 Julio et al. reported on nine patients with fibular
hemimelia types 1 and 2 Achterman-Kalamchi, all treated
with Syme amputation, achieving satisfactory outcomes,
although five of these patients among the 9.20 Most liter-
ature recommends avoiding amputation for mild types of
fibular hemimelia, specifically Paley types 1 and 2.5 When it
involves more severe cases, such as Paley types 3 and 4, the
decision becomes more controversial.> The fact is, a planti-
grade foot generally provides better functional results than

amputation.> In cases where patients have upper limb in-
volvement, belong to cultures where amputation is not ac-
cepted, or live in areas lacking access to prosthetic fitting
and care, amputation is generally not recommended.>

It is believed that in fibular hemimelia patients who pre-
sent with fewer than three toes, the best surgical option is
amputation. The basis for this information is that two toes
are considered non-functional in the foot.2! The function
of the foot is independent of the number of toes. Even in
some cases with two toes, their foot can be plantigrade and
functional.522

OUTCOME AND RECURRENCE

Outcome of gradual correction of foot and ankle deformi-
ties:

The role of gradual correction using the Ilizarov and Tay-
lor Spatial Frame in treating foot and ankle deformities
in fibular hemimelia has been described over the last few
decades. The outcome was reported by Changulani et al.
among fibular hemimelia patients of types 1 and 2, based
on the Achterman-Kalamchi classification, equivalent to
Paley type 2.2! In the mild form, the results are promising,
with no signs of recurrence.2! Lazovic et al. suggested the
Ilizarov method to gradually correct foot deformity and
lengthen the tibia simultaneously in cases where a large
amount of tibia shortening is expected. The recurrence is
reported in two patients, which the authors attribute to the
complexity of the foot deformity.23 It is believed that grad-
ual correction using Ilizarov of foot and ankle deformity
in a fibular hemimelia patient has a high recurrence rate
due to persistence of the posterolateral tether.24 Arnold et
al. compared the Ilizarov correction of foot and ankle de-
formity, accompanied with or without anlage resection. He
found the recurrence is high if the anlage is preserved.2
Maurozio et al. reported long-term outcomes in 32 patients
with fibular hemimelia, classified as modified Dalmonte
type 3, who underwent reconstruction using the Ilizarov
method. The results showed good outcomes in 8 patients
and satisfactory outcomes in 17 patients. Recurrence of
equinus deformity was reported in 8 patients.!!

OUTCOME OF SUPERANKLE SURGERY

Paley reported comparable functional outcomes and gait
analysis performance between patients who underwent the
SUPERankle procedure and those who underwent amputa-
tion.> Shadi et al. reported the midterm outcome of pa-
tients with Paley type 3c who underwent the SUPERankle
procedure. SUPERankle achieved a plantigrade foot in all
patients; however, a 40% recurrence rate was observed, re-
quiring secondary surgeries.22 Hazem et al. reported the
outcome of fibular hemimelia in 13 patients, including 10
patients with type 2 Achterman-Kalamchi, which is equiva-
lent to types 3 and 4 in the Paley classification. The surgery
performed is a SUPER ankle, in addition to preserving the
lateral malleolus anlage remnant, which, once it ossifies,
acts as the lateral malleolus. Short-term follow-up revealed
good results, with no signs of recurrence or limitation in
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ankle range of motion.!2 In sever form of the disease, La-
zovic et al. found among 11 patients with type 3 Paley fibu-
lar hemimelia good results in 83% of patients when starting
the reconstruction in the form of a SUPER ankle at the age
of 2 years, followed by lengthening at the age of 4 years.23
Hany et al. performed a new approach on 10 ankles in 8 pa-
tients. He made a zigzag posterolateral incision, which he
thought would minimize the scar tether made by a straight
lateral incision. In addition to coalition resection with re-
alignment of the subtalar joint, he preserved the remnant
of the distal fibular anlage, or he used an iliac bone graft
to substitute the lateral malleolus. Short-term results have
shown no signs of recurrence.24

OTHER SURGERIES

Dimosthenis et al. reported the mid-term outcome of 7 pa-
tients with fibular hemimelia. Two of those patients ex-
perienced a recurrence of ankle valgus deformity, which
was initially classified as type 2 according to the Achter-
man-Kalamchi classification. The surgeon performed tibia
corrective osteotomy, achilles, and peroneal lengthening.26
Tomas-Gil et al. reported the long-term outcomes of 3 pa-
tients with type 2 Achterman-Kalamchi, all of whom were
asclassified to Paley type 3, who underwent calcaneal os-
teotomy, Achilles lengthening, and anlage resection. The
results were satisfactory, with no signs of recurrence in
the foot and ankle.2” Kenichi et al. studied the long-term
outcomes of 8 patients with fibular hemimelia, focusing
mainly on the lengthening procedures. His cohort ranged
from classes 1 and 2 of the Achterman-Kalamchi classifi-
cation, with variable foot and ankle presentations. He per-
formed posterior capsular release and fibular anlage resec-
tion in only two patients. Ankle valgus was reported at the
final follow-up in 6 of 8 patients, underscoring the impor-
tance of achieving a plantigrade foot at the beginning to
achieve the best results after lengthening.28 Exner et al. in-

vestigated the long-term results of dome osteotomy in pa-
tients with Paley type 3C and 4. No signs of growth arrest
were observed, resulting in a stable hindfoot. Recurrence of
forefoot deformity occurred among two patients.14 Short-
term results described by Abdulrazak et al. using bending
osteotomy accompanied by soft tissue procedure for type 2
Achterman-Kalamchi demonstrated no signs of recurrence
or growth arrest of the distal tibia physis.15

CONCLUSION

The literature lacks long-term follow-up for foot and ankle
deformities in fibular hemimelia. The recurrence rate is
high among complex foot deformities upon presentation. A
plantigrade foot by the end of treatment, without any signs
of recurrence, offers the best outcomes for patients with
fibular hemimelia. Reconstruction of the foot and ankle in
preservable feet is a valid option, according to current lit-
erature, and can yield results comparable to amputation.
Preservable foot should not be judged solely on the number
of toes, but rather on the function of the foot upon presen-
tation.
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