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ABSTRACT

BACKGROUND: Hallux valgus in children with cerebral palsy is an understudied problem. Treatment approaches are generally
applied as a secondary measure, often after the child starts complaining at an older age following correction of contractures
and other foot deformities. Moreover, there are no established methods for the early prevention or treatment of hallux val-
gus. Understanding the fundamental mechanisms of etiopathogenesis and hiomechanical disturbances during gait is crucial
for developing preventive and therapeutic strategies for this patient population.

AIM: To analyze international studies of foot deformities in children with cerebral palsy and compare these findings with bio-
mechanical studies in patients with idiopathic hallux valgus without neurological pathology.

METHODS: Sixty-four scientific articles and publications retrieved from multiple databases without time restrictions were
reviewed.

RESULTS: Equinoplanovalgus foot deformity is a major etiopathogenetic factor in the development of hallux valgus in chil-
dren with cerebral palsy. Biomechanical alterations associated with hallux valgus are characterized by limited dorsiflexion
of the hallux, excessive dorsiflexion of the first ray, restricted supination of the hindfoot and midfoot, and increased plantar
flexion of the ankle joint during the terminal stance phase. In equinoplanovalgus deformity, excessive pronation of the hind-
foot and midfoot cannot be compensated because of the limited range of motion of the midtarsal joint, causing restricted
midfoot supination and the inability to activate the locking mechanisms of the midfoot and forefoot during terminal stance.
CONCLUSION: Any biomechanical disturbance within the complex multisegmental structure of the lower extremity that re-
duces hindfoot and midfoot supination, causes first ray eversion, and limits hallux dorsiflexion may contribute to deformity.
The diversity of motor disorders, contracture patterns, and deformities in children with cerebral palsy indicates the need
for further research aimed at identifying the specific factors involved in hallux valgus formation. Such findings may be ben-
eficial for developing preventive and therapeutic strategies for early-stage deformities.
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Hallux valgus npu 3KBUHO-NNaHO-BaNIbI'YCHOM
AedopMauum cTon y aeteu ¢ uepebpanbHbiM
napanu4oM. 3tuonartoreHes. 063op nutepatypol.
Yactp 1

B.B. YmHos, [1.C. Xapkos, B.A. Hosukos, [1.B. YMHOB

HaumoHanbHbIN MEAVLMHCKWIA MCCNeAoBaTENbCKUIA LIEHTP AETCKOW TpaBMatonorumn u optoneamu umenn [N. TypHepa, CaHkT-leTepbypr, Poccus

AHHOTALUA

06ocHoeaHue. B HacToswee BpeMs Hallux valgus y neteii ¢ uepebpanbHbIM NapanMyoM — A0CTAaTO4HO ManousyyeHHas npo-
bnema. MNooxoapl K NeYeHMI0 OCYLLLECTBAIAKOT N0 0CTaTOYHOMY NPUHLMMY NPy NOSIBIEHUN anob pebeHKa B cTapLLeM Bo3pacTe
nocne KoppeKLWM KOHTPaKTyp 1 fedopMaumii ctonbl. KpoMe Toro, 0TcyTCTBYIOT MeTOAbI NPOPUNAKTUKM U NIEYEHUS HA paHHUX
cTaguax dpopmupoBaHun aedopMauum 4o nosereHns xanob bonbHoro. MoHMMaHWe dyHAaMeHTanbHbIX NPOLECCOB 3TMONa-
TOreHesa, a TakXKe B1oMexaHUHeCKMX HapyLIeHW Npu xoabbe y NaLMeHToB AaHHOM rpynnbl 0C06eHHO BaXKHO Npu paspaboTke
MeTO/0B MPOGUNAKTUKY 1 NIeYeHus.

Llesm — aHanu3 paHHbIX MMPOBOW NIUTEPATYPbI, KacatoLLeiics Teopuit opMMpoBaHmus AedopMauny y aeTel ¢ uepebpanbHbIM
napanuuyoM B CpaBHEHUM C pe3ynbTaTaMu buoMexaHuYeckux uccnefosaHuii npu Hallux valgus y naumeHToB ¢ nomonatuue-
CKoii opMoit 3aboneBaHMsa be3 HeBPOSIOrMYECKO NaToNOrUn.

Mamepuaner u Memodel. B pabote ucnonb3oBaH Matepuan 64 HayuHbIX CTaTed WM NyONMKaUMIA pasnuuHbIX 6a3 faHHbIX
be3 orpaHnyeHns nepuofa nomcKa.

Pe3ynemamel. 3KBUHO-NNaHO-BanbrycHas fedopMaums CTon paccMOTpeHa Kak Bedylumin daktop atuonatoreHesa Hallux
valgus y peten c uepebpanbHbIM NapanuuyoM. bromexannueckve usmenenus npu Hallux valgus xapakTepusytoT orpaHuyeHne
pasrubanms | nanbua, M3bbITOUHOE pasrubaHue NepBOro Jiyda CTOMbl, OrpaHUYEHME CYNUHALMKM 3aJHEr0 M CPeLHEro oTae-
OB, YBENMYEHME NOLOLIBEHHON (IEKCUN CTOMbI B FOJIEHOCTONHOM CYCTaBe B KOHeYHble a3kl nepuopa onopsil. Mpu sKBUHO-
MnaHo-BasibrycHoM fedopMaLmm cTonbl U36bITOYHAA NPOHALWMA 3aHEM0 U CPEAHEr0 OTAENO0B CTOMbl HE MOXET ObITb KOMMEH-
CMpoBaHa Mo NpUYMHE Masioro CEKTOpa ABWMKEHUS B CPELHETap3abHOM CyCTaBe, YTO NPUBOAMT K OPaHUYEHUIO CynuHaLMU
CpeAHero oTfiena CTombl U HEBO3MOXKHOCTU aKTUBMPOBAaTb MeXaHU3Mbl BIOKMPOBKM CpefHero W nepefHero OTAeN0B CTOMbI
B KOHEYHble (ha3bl Mepuoaa onopbl.

3akntoyenue. Jliobble BUOMexaHNUECKUE HAPYLLIEHUS CIOXHOWM MHOM03BEHLEBOIM CUCTEMBI HUKHEN KOHEYHOCTU, MPUBOAALLME
K YMEHBLLUEHUO CYNWHALMM 3a[HET0 U CPeSHEro OTAENO0B CTOMbI, 3BEPCUM NEPBOTO Ny4a U, KaK CNeLCTBUE, OrpaHUYEHMI0 pas-
rubanmsa | nanbua ctonsl MoryT cnocobcTBoBath GopMupoBaHuio aedopMaunn. PasHoobpasne ABUraTeNibHbIX HapyLIEHWR,
COYETaHWUN KOHTPaKTYp M AedopMaLni y NauMeHToB C AETCKMM LepebpanbHbiM napanuyoM TpebyeT anbHenwlero uccre-
[0BaHUA C Lefblo BbisBNeHUs daktopoB, npueoaswwmux K dopmupoBanutio Hallux valgus. PesynbTtaTbl AaHHbIX MCCen0BaHui
MOryT NoMoYb B pa3paboTke MeTooB NPOGUIAKTUKY W JIEYEHUS HA PaHHUX 3Tamax pasBuTus fedopMauuu.

KnioueBble cnoga: Hallux valgus; 3kBuHo-nnaHo-BanbrycHas aedopMaums CTon; LETCKUA LiepebpanbHbli Napanuy; nepebIii
NyY CTOMbI; NEPBbI NOCHe(ANaHroBbIi CYCTaB; aHaNU3 NOXOAKM.
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BACKGROUND

Several factors influence the development
of the hallux valgus of the great toe (hereafter referred
to as hallux valgus). In adults with idiopathic hallux valgus
and in children with the juvenile form of the disease without
any neurological pathology, the primary etiopathogenetic
factors include: wearing inappropriate footwear [1];
forefoot overload associated with sports, ballet,
or prolonged walking [2]; obesity-related excessive body
weight [3]; hereditary predisposition [4]; age [4]; sex [5];
metatarsus primus varus [6]; flatfoot [7-10]; morphological
characteristics of the first metatarsal head [11]; variations
in foot types [12]; muscle imbalance [13]; atypical insertions
of foot muscles [14, 15]; hypermobility of the first ray
in the context of generalized joint hypermobility [10, 16];
and evolutionary remnants inherited from great apes,
such as oblique orientation of the first cuneometatarsal
joint and pronation of the first metatarsal [17-19].
Congenital hallux valgus is associated with polydactyly,
duplication of the articular surface of the first metatarsal,
and the presence of an os intermetatarseum [20].

Posttraumatic hallux valgus develops following
the rupture of the medial collateral ligament of the first
metatarsophalangeal joint [21], Lisfranc joint injuries, fractures
of the first metatarsal [22], and fractures of the tibial bones
with associated damage to the medial plantar nerve, leading
to impaired innervation of the flexor hallucis brevis, adductor
hallucis, and first lumbrical muscle [23]. In rheumatoid
arthritis patients, hallux valgus is linked to inflammatory
alterations in the joint capsule and articular cartilage,
resulting in muscle imbalance and subsequent joint instability
(24, 25].

Hallux valgus in children with cerebral palsy (CP) is a se-
rious clinical concern regardless of the child’s gross motor
function level. Indications for surgical correction include
the patient’s complaints of pain, difficulty wearing footwear,
and cosmetic concerns [26]. However, the current under-
standing of this pathology in children with CP remains limited,
often classifying hallux valgus as an associated or tertiary
manifestation of foot deformity. Consequently, treatment
is typically administered on a secondary basis, with surgi-
cal correction performed at an older age after addressing all
lower limb deformities and joint contractures [26].

Moreover, the underlying mechanisms of hallux valgus
in this patient group remain unclear. There is also a paucity
of data concerning its course, prevalence, age of onset,
and predisposing factors. This gap in knowledge contributes
to the absence of preventive and early-stage treatment
strategies for hallux valgus prior to the manifestation
of clinical symptoms.

The diversity of biomechanical
and compensatory motor mechanisms

impairments
in children
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with CP complicates the identification of key pathomechanical
elements. Nonetheless, the previously documented
range of factors contributing to deformity development
in neurologically healthy individuals suggests the existence
of a common underlying mechanism for the development
of hallux valgus.

Most studies describing various lower extremity
biomechanical parameters in hallux valgus have been
conducted among adults with the idiopathic form
of the disorder and without neurological pathology.

The study aimed to review internationally published
data on the theories underlying the development of deformity
in children with CP and to compare these findings with results
of biomechanical studies involving patients with idiopathic
hallux valgus without neurological pathology.

METHODS

PubMed, eLibrary, Google Scholar, and the Cochrane
Library were searched for data without regard to publication
dates. A total of 64 scientific articles and publications were
reviewed. The descriptive characteristics of the gait phases
and the kinematic terminology for the gait cycles commonly
employed in both Russian and international practice were
applied [27, 28].

RESULTS

Etiopathogenesis of the Hallux Valgus in Children
With Cerebral Palsy

Most authors [26, 29, 30] consider equino-plano-valgus
foot deformity (EPVFD) to be the primary etiology of hallux
valgus in children with CP. EPVFD causes the anteromedial
region of the foot to be overloaded during walking. This
foot position results in lateral displacement of the hallux
at the metatarsophalangeal joint, either under or over
the second toe. A significant torque generated at the first
metatarsophalangeal joint during the terminal stance phase
induces the medial displacement of the first metatarsal
and an increase in the intermetatarsal angle. Valgus
deviation of the hallux further triggers subluxation at the first
metatarsophalangeal joint and consequently to sesamoid
bone subluxation. The equinus component of the deformity
increases axial loading on the distal phalanx of the hallux,
overloading the lateral growth plate zones of the proximal
and distal phalanges and the first metatarsal bone,
and promoting progressive deformity as the child grows
(Fig. 1).

Based on clinical observations, Holstein et al. [29]
concluded that hallux valgus in patients with CP develops
in the context of a typical spastic gait, characterized
by a flexion-adduction posture at the hip joints, flexion
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Fig. 1. The effect of valgus forces in EPVFD, causing asymmetric
loading of the growth plates of the distal and proximal phalanges
of the hallux and the first metatarsal bone.

contractures at the knees, and equinus positioning
of the feet combined with external tibial torsion. According
to the researchers, this gait pattern initially contributes
to EPVFD, which subsequently leads to forefoot deformity.
Furthermore, the authors described a case in which a patient
with equinovarus foot deformity developed hallux valgus
and planovalgus foot deformities following posterior tibial
tendon lengthening.

Jenter et al. [30] and Renshaw et al. [31] identified
hyperactivity of the peroneal muscles, along with specific
anatomical features, as one of the primary etiologies
of hallux valgus in patients with CP. Specifically,
the tendon of the peroneus longus muscle, due to its fibrous
extension, attaches to the oblique head of the adductor
hallucis, which inserts at the base of the proximal
phalanx of the hallux. According to the authors, spasticity
of the peroneus longus muscle in the presence of such
anatomical characteristics causes lateral displacement
and valgus positioning of the hallux. The attachment
of the adductor hallucis to the lateral sesamoid bone
contributes to the lateral displacement of the flexor hallucis
brevis tendon, further worsening the alignment of the hallux
at the first metatarsophalangeal joint. As the valgus
deformity progresses, abductor hallucis becomes ineffective,
and a contracture develops due to tightening of the lateral
capsule of the first metatarsophalangeal joint. Finally,
displacement of the tendons of the extensor hallucis longus
and flexor hallucis longus worsens the lateral deviation
of the hallux, positioning it beneath or above the second toe.
The valgus positioning of the hallux during walking amplifies
the external valgus forces impacting it, contributing to further
deformity progression.

S.K. de Velde et al. [32] investigated the link between
motor activity levels, the type of neurological impairment,
and the clinical and radiographic presentation of hallux
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deformities in patients with CP. The authors discovered that
symptomatic hallux valgus is more prevalent in CP patients
with GMFCS Level Il and Ill motor function, whereas non-
ambulatory patients with Levels IV and V motor function,
or those with dystonia and mixed muscle tone, more
frequently develop hallux flexus. This phenomenon can be
explained by the presence of functional global flexor synergy
reflexes in the lower extremities of patients with GMFCS
Levels IV and V motor function, leading to flexion of the hips
and knees and dorsiflexion of the foot due to hyperactivity
of the tibialis anterior muscle. The pull of the tibialis
anterior increases the dorsiflexion of the first metatarsal,
promoting hallux flexion and the development of the hallux
flexus. However, the authors noted that some patients
with hallux flexus also exhibited an element of valgus
deviation of the hallux. The development of hallux valgus
in GMFCS Level | CP patients without pronounced hindfoot
valgus is a manifestation of idiopathic adolescent hallux
valgus.

Biomechanical Studies
of the Hallux Valgus Deformity

Pedobarographic studies have shown rather inconsistent
results. For example, Bryant et al. [33] observed increased
pressure in the anteromedial forefoot region during walking
in adults with idiopathic hallux valgus and planovalgus foot
deformity compared to healthy individuals. Comparable
outcomes were reported by Plank [40]. Conversely, similar
studies by Komeda et al. [34] and Mueller et al. [35]
revealed decreased pressure under the first metatarsal
head. Blomgren et al. [39] found that in patients
with hallux valgus, the maximal plantar pressure was
localized to the area of the fifth toe. Galica et al. [38] noted
reduced pressure in the lateral forefoot of idiopathic hallux
valgus patients, suggesting an associated planovalgus
deformity. Dietze et al. [37] observed a shift in the center
of pressure projection toward the central forefoot during
the terminal stance phase in patients with idiopathic hallux
valgus. In contrast, Martinez—Nova et al. [36] reported no
significant differences in the dynamic pedobarographic
findings between patients with hallux valgus and healthy
individuals (Fig. 2).

When analyzing the spatiotemporal gait parameters, Menz
et al. [41], Mickle et al. [42], Taranto et al. [43], and Glasoe
et al. [44] found no significant differences between hallux
valgus patients and healthy individuals. However, these
authors noted a lack of prospective studies addressing
this issue. In contrast, Klugarova et al. [45] found that
in comparison to individuals without this condition, hallux
valgus adversely impacts the spatiotemporal gait parameters
as well as the kinematic characteristics of the lower limbs
and pelvis.

DQl: https://doi.org/ 10.17816/PTORS641652
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Fig. 2. Results of pedobarographic studies demonstrating the pressure distribution and ground reaction force projection in patients
with hallux valgus. “+," study results indicating increased load in the designated area; “-,” study results indicating decreased load

in the designated area.

There is a lack of significant evidence in scientific lit-
erature supporting abnormal muscle activity in this pathol-
ogy. Only Shimazaki et al. [47] reported early activation
and increased intrinsic foot muscle activity, specifically
the abductor hallucis, flexor hallucis brevis, and extensor
hallucis brevis, during initial heel contact in hallux valgus
patients, attributing this to the need to stabilize the hyper-
mobile first ray.

Kinematic studies revealed significant deviations from
the typical joint angles of the lower limb and foot during
various phases of the gait cycle in hallux valgus patients
(Table 1). For example, Deschamps et al. [51] reported that
patients with idiopathic hallux valgus and a control group
of healthy people exhibited significantly different joint motion
volumes. In the hallux valgus group, excessive dorsiflexion
at the first metatarsophalangeal joint and excessive
dorsiflexion of the first ray relative to the hindfoot were
observed during the swing phase. During the terminal stance,
reduced hindfoot supination and ankle dorsiflexion were
noted. Similar findings were reported by Glasoe et al. [44].
Compared to healthy controls, reduced stance phase ankle
dorsiflexion in hallux valgus patients was also described
by Hwang et al. [50].

Kozakova et al. [48] documented that idiopathic hallux
valgus patients, compared to the healthy control group,
experienced increased plantar flexion of the ankle during
the initial stance phases and decreased dorsiflexion during
midstance, along with greater knee extension during the late
swing phase. They noted reduced hip abduction as well as
decreased pelvic tilt and rotation in the frontal plane.

Similar findings regarding increased plantar flex-
ion of the ankle during the early stance phase in patients
with juvenile hallux valgus were reported by Janura et al. [49].

Dietze et al. [37] studied first ray instability in hallux valgus
patients without neurological disorders. They concluded
that in the presence of the deformity, the first ray exhibits
significantly greater dorsiflexion during the terminal stance
phase.

Shereff et al. studied the centers of rotation of the first
metatarsophalangeal joint in patients with hallux valgus
and hallux flexus compared to healthy individuals during
walking. In hallux valgus patients, the compressive phase
of motion at the first metatarsophalangeal joint was activated
earlier than normal and prolonged in duration. The researchers
attributed this to the restricted motion of the first ray, which
resulted in limited dorsiflexion of the hallux.

Table 1. Alterations in kinematic parameter of lower limb joints in patients with idiopathic hallux valgus compared to healthy individuals.

Initial stance

Swing phase phase

Terminal stance
phase

Midstance
phase

Increased dorsiflexion of
the first ray [37]

Increased plantar flexion of
the ankle [51]

Decreased hip abduction [48]

Decreased ankle dorsiflexion
[44, 48-50]

Increased knee extension [48]

Increased dorsiflexion of the first
ray [51]

Decreased ankle dorsiflexion
[44, 51]

Decreased hindfoot supination
[44, 51]

Decreased pelvic tilt and
rotation [48]
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DISCUSSION

Although most researchers directly link hallux valgus
to EPVFD, the authors of this article believe that this
perspective does not adequately elucidate the pathogenesis
because not all patients with CP and even severe EPVFD
develop hallux valgus. Moreover, according to Church
et al. [53], foot shape in CP patients can improve with growth,
whereas hallux valgus angles tend to deteriorate with age, as
shown by Min et al. [54].

One etiopathogenetic element in the development of hallux
valgus in CP patients is the overactivity of the peroneus
longus tendon, which extends toward the adductor
hallucis. However, investigating this mechanism would
require intramuscular electromyography to be combined
with gait kinematic and kinetic analysis in CP patients, which
is extremely challenging to implement in practice.

Notably, excessive dorsiflexion of the first ray, restricted
supination or increased eversion of the foot, increased knee
extension during the late swing phase, reduced walking
speed, and decreased pelvic motion amplitudes are all
important lower limb biomechanical changes linked to hallux
valgus.

Typically, achieving effective push-off and forward
propulsion requires adequate dorsiflexion of the first
metatarsophalangeal joint. This movement is possible only
with adequate plantar flexion or eversion of the first ray.
Although the mechanism of first ray plantar flexion remains
unclear, stabilization of the midfoot and forefoot structures
provides resistance against ground reaction forces localized
anterior to the metatarsophalangeal joint, generating a strong
dorsiflexion torque at the first ray and medial column joints.

E External rotation
of the tibia
Axis of the
calcaneocuboid Axis of the
joint | = talonavicular
Peroneus joint
longus
muscle )
Flexion,
abduction,
and pronation
Calcaneal of the first ray
inversion
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These midfoot and forefoot locking mechanisms are activated
sequentially and are linked to the hindfoot and midfoot
supination [55] (Fig. 3).

It can be hypothesized that the development of hallux
valgus in the presence of planovalgus foot deformity arises
as a compensatory mechanism in the context of restricted
dorsiflexion of the hallux, which is primarily caused by initial
limitations in flexion and eversion of the first ray due
to inadequate hindfoot and midfoot supination and the failure
to sequentially activate the foot locking mechanisms.
In this scenario, as the center of gravity progresses
toward the forefoot, restricted dorsiflexion at the first
metatarsophalangeal joint impedes the forward movement
of the body's center of mass. This may trigger compensatory
mechanisms primarily aimed at increasing or altering
movement patterns in adjacent joints. The development
of the hallux valgus, which facilitates forward body
movement, may be one such mechanism. Due to the absence
of adequate skeletal stabilization of the midfoot and forefoot,
there is overload at the articulations between the first
metatarsal and medial cuneiform bones, as well as between
the medial cuneiform and navicular bones. This causes
excessive dorsiflexion, abduction, and supination of the first
ray, which can clinically and radiographically manifest as
varus positioning of the first metatarsal, hypermobility
of the first ray, and forefoot supination (Fig. 4).

Many authors have reported an association between hallux
valgus and planovalgus foot deformity [7-10]. However, some
studies have failed to validate this relationship [9, 56, 57].
The variability of these findings may be attributed to the lack
of a standardized, unified definition of the planovalgus foot
deformity [58].

@ External rotation
of the tibia

Peroneus
longus tendon

¢~ Calcaneal
inversion

Plantar
T aponeurosis

First ray plantar flexion

Fig. 3. Alignment of the midfoot and forefoot components during the terminal stance and preswing phases under normal conditions
in the frontal (o) and sagittal (b) planes. The red line represents the ground reaction force vector. Supination of the calcaneus
and abduction and dorsiflexion of the talus disrupt the alignment of the talonavicular and calcaneocuboid joint axes, thereby blocking
motion around the axes of the midtarsal (Chopart) joint. The supinated position of the cuboid bone aggravates the flexion moment
at the base of the first metatarsal relative to the base of the second metatarsal, counteracting the dorsiflexion moment caused

by the ground reaction force.
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(6]

Peroneus
longus muscle

Dorsiflexion
of the first ray

Calcaneal
inversion

Plantar aponeurosis

Fig. 4. Terminal stance and preswing phase position of the midfoot and forefoot components in the frontal (a) and sagittal (b) planes
in the hallux valgus. The red line represents the ground reaction force vector. Inadequate supination of the hindfoot and midfoot impedes
effective resistance to the dorsiflexion torque generated by the ground reaction force acting on the first ray, contributing to its inversion,
dorsiflexion, adduction, and supination as well as instability of the medial cuneonavicular joint and the Chopart joint, thereby limiting
dorsiflexion at the first metatarsophalangeal joint. Valgus deviation of the hallux may occur as a compensatory mechanism for restricted

hallux dorsiflexion.

From a biomechanical perspective, planovalgus
foot deformity may be a significant contributing factor
in the development of hallux valgus. In planovalgus
deformity, excessive pronation of the hindfoot and midfoot
cannot be compensated due to the limited range of motion
at the midtarsal joint, causing restricted midfoot supination
and failure to activate the forefoot locking mechanisms
(59 60].

Notably, complicated interactions between the ankle,
knee, and hip joints are necessary for the proper functioning
of every foot segment. Although several studies have
documented the sagittal plane kinematic features of these
joints during gait in patients with idiopathic hallux valgus,
the characterization of rotational movements has only been
identified in the work by Shih et al. [61], who discovered
elevated internal hip rotation during the terminal stance
phases in patients with hallux valgus compared to healthy
individuals.

The authors of this article contend that movements
in the horizontal plane at the leg joints play a crucial role
during the terminal stance phases. These phases, which
occur in tandem with foot supination, are distinguished
by external rotation of the tibia, femur, and pelvis
in normal gait [62]. It can be assumed that internal
rotation contractures and internal torsional deformities
of the lower limb bones, which are prevalent in CP
patients, may limit foot supination during the stance phase
and impede the activation of the midfoot and forefoot
locking mechanisms [63, 64].

It can thus be concluded that any pathology altering
the functioning of the complex multisegmental system

of the leg by restricting midfoot supination and first ray
dorsiflexion during the terminal stance phases may contribute
to the development of hallux valgus.

CONCLUSION

Equino-plano-valgus foot deformity may be an important
predisposing factor for the development of hallux valgus in CP
patients. Any biomechanical impairment within the complex
multisegmental system of the lower extremity that limits
midfoot supination, first ray dorsiflexion and eversion,
and consequently hallux dorsiflexion, may lead to this
deformity.

The diversity of motor impairments, contracture patterns,
and deformities observed in CP patients highlights the need
for additional research to identify the factors causing hallux
valgus. The results of these studies may assist in developing
strategies for preventing and treating the deformity in its
early stages.
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