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Abstract: Rationale — Osteogenesis occurs after the development of various ossification centers. Pathological duplication of these
proliferative ossification centers can lead to bone bifurcation and, consequently, to polydactyly.

Case description — This study presents a rare clinical case of a young woman (23 years old, 165 cm, 59 kg) who was referred to the
Department of Orthopedic Surgery regarding restricted movement of the lower limb after engaging in professional sports. Clinical
examination confirmed the presence of an extra toe on the foot, while X-ray examination diagnosed bifurcation of the fifth metatarsal
bone (bifurcation of the bone with two medial and lateral heads and a common base). Orthopedists recommended surgical removal of the
medial head and the associated toe. Physiotherapy was also recommended.

Conclusion — The presence of various pathological centers of osteogenesis can lead to bone bifurcation and polydactyly. In such cases,

surgical intervention followed by physiotherapy is recommended for the patient.
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Introduction

The normal anatomy of the foot involves a complex interplay
of bones, ligaments, tendons, and muscles functioning together to
provide stability and mobility to the lower limb. Among the 26
bones of the foot, the fifth metatarsal bone (os metatarsale V) is
particularly noteworthy: it is the smallest of the five metatarsal
bones and consists of a base, body, and head. The base of the
bone articulates with the cuboid bone and the fourth metatarsal
bone, while the head connects with the proximal phalanx of the
fifth toe. This bone, along with the other metatarsal bones, plays a
crucial role in weight distribution and maintaining balance during
walking [1]. Its anatomical structure provides attachment points
for various muscles, thereby contributing to movement and
stability, making it an integral part of both locomotion and
maintaining the arches of the foot. Polydactyly, a condition
characterized by the presence of extra digits, is a congenital
anomaly resulting from disruptions in the normal formation of the
digits during embryonic development [2]. The presence of extra
digits can lead to functional impairments and may require surgical
intervention. Understanding the pathophysiology of polydactyly
requires scientific knowledge of the osteogenesis, along with
intramembranous and endochondral ossification, which are crucial
for the formation of the skeletal framework [3]. The molecular
pathways of osteogenesis are complex and involve various
signaling molecules, such as bone morphogenetic proteins (BMPs)
[4], fibroblast growth factors (FGFs) [5], and Wnt proteins [6].
These pathways regulate the osteogenic differentiation of
mesenchymal stem cells into osteoblasts, which are responsible

for the formation of new bone tissue. During intrauterine
development, specific ossification centers arise where these
processes are concentrated. For example, in long bones such as
the metatarsal bones, primary ossification centers develop in the
diaphysis, while secondary ossification centers appear in the
epiphyses [7]. Understanding these mechanisms is crucial for
understanding congenital conditions such as polydactyly and their
impact on foot anatomy and function.

This clinical case describes a rare condition of bifurcation of
the fifth metatarsal bone accompanied by polydactyly in a young
female athlete. Furthermore, based on published sources on the
topic, the probable pathogenesis of the bifurcation of the fifth
metatarsal bone is explained.

Clinical case description

All case description protocols fully complied with the policy of
the university ethics committee (ethical approval code:
IR.UMSHA.REC.1404.053). In addition, the patient’s medical
information remained fully confidential. Also, informed consent
was obtained from the patient who gave permission for the
scientific report on this case to be published.

The patient was a 23-year-old athletic female with a normal
BMI of 21.7 (height 165 cm, weight 59 kg). The patient’s main
complaints were podalgia, pronounced and progressive hallux
valgus deformity, and limited movement due to polydactyly. The
patient also reported that the symptoms worsened after engaging
in professional sports, and skin erosion was observed on two toes
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(fifth and sixth). The orthopedic surgical team at the university-
affiliated hospital began the diagnostic process with an X-ray
examination (Figure 1). As a result, a bifurcation of the fifth
metatarsal bone was revealed; the base of the bone was
considered normal with anatomical articulation, and the
bifurcation was found in the head of the bone, with the normal
fifth and abnormal sixth toes connected at this point. The medial
head of the fifth metatarsal bone was adjacent to the head of the
fourth metatarsal bone, causing severe compression, and the

lateral head led to progressive hallux valgus deformity after
engaging in professional sports. No pathological changes in the
soft tissues of the same foot were identified. The family history did
not reveal any musculoskeletal pathologies. In the end, the
surgeons concluded that the best surgical treatment method was
excision of the medial process of the bifurcated fifth metatarsal
bone and amputation of the corresponding toe. The patient was
also recommended physiotherapy procedures.

Figure 1. Radiologic assessment of 5" metatarsal bifida with extra finger. A) radiographic image representing finger numbering with an extra toe (No VI). B)
High resolution of 5" metatarsal bifida highlighted by a dash line. Blue arrow shows the base and yellow and grey arrows represent medial and lateral heads,
respectively. Green and white arrows represent direct adjacent and hallux valgus, respectively.

© 2025, LLC Science and Innovations, Saratov, Russia

Www.romj.org



@)

DOI: 10.15275/rusom|.2025.0403

ISSN 2304-3415, Russian Open Medical Journal
2025. Volume 14. Issue 4 (December). Article CID e0403

3o0f4

Macro- and Micromorphology

Discussion

During intrauterine development, various interfering factors
can lead to changes in physiological development and the
induction of pathological changes or abnormal organogenesis.
Consequently, anatomical variations with varying degrees of
prevalence are observed in populations. Identifying these
variations can lead to a more accurate understanding of the
evolutionary process, as well as to the identification of alternative
treatment methods. This clinical case describes a bifurcation of the
fifth metatarsal bone and, consequently, the formation of an extra
toe, known as polydactyly. Clinical studies showed that the fifth
metatarsal bone bifurcated into two heads — medial and lateral —
during development, leading to the formation of two separate
toes (the fifth and sixth). Consequently, the medial head caused
compression of the fourth metatarsal bone with multiple
paresthesias, while the lateral head caused progressive hallux
valgus deformity. Clinical studies showed that the symptoms were
tolerable until the start of professional sports involvement.
Treatment recommendations included excision of the medial head
along with the extra toe and rehabilitative physiotherapy to treat
the hallux valgus deformity. Direct contact with the head of the
fourth metatarsal bone caused chronic compression leading to
paresthesias and local inflammation. This compression neuropathy
was exacerbated during weight-bearing activities, consistent with
the biomechanical stress patterns described in pathologies of the
fifth metatarsal bone. The resulting abnormal valgus forces on the
first ray led to progressive hallux valgus deformity (intermetatarsal
angle of 32°) and limited dorsiflexion during sprinting and turning
movements. The extra sixth toe had a complete proximal phalanx
but lacked independent flexor/extensor tendons, rendering it
nonfunctional. Skin erosion between the fifth and sixth toes
occurred due to friction from wearing athletic shoes, which is a
common complication in cases of incomplete metatarsal
duplication [8].

Congenital anomalies are structural or functional
abnormalities that occur during intrauterine development. These
anomalies encompass a wide range of conditions, from minor
variations with minimal impact on health to severe malformations
leading to significant disability or even death. The etiology of
congenital anomalies is multifactorial and includes genetic factors,
environmental exposures, and maternal health status [9]. For
example, teratogens, such as certain medications, infections, and
environmental toxins, can disrupt normal fetal development
during critical periods, particularly in the first trimester when
organogenesis occurs [10]. While some congenital anomalies may
be linked to specific genetic mutations or chromosomal
abnormalities, many cases remain idiopathic, with no clear cause
identified. The prevalence of congenital anomalies varies across
the globe, with low- and middle-income countries
disproportionately affected due to limited access to prenatal care
and nutritional deficiencies [11]. Early detection through prenatal
screening can facilitate timely intervention and improved
outcomes. However, not all anomalies can be detected before
birth. Treatment strategies for congenital anomalies may include
surgical correction, therapeutic interventions, and supportive care,
highlighting the importance of a multidisciplinary approach to
address the diverse needs of affected individuals and their families
[12]. Understanding congenital anomalies is crucial not only for
healthcare professionals but also for public health initiatives aimed
at prevention and education.

Bone tissue osteogenesis is a critically important aspect of
skeletal development, particularly in the formation of complex
structures such as the upper and lower limbs. This process involves
the differentiation of mesenchymal stem cells into osteoblasts,
which are responsible for bone tissue formation [13]. Initially,
these cells aggregate to form ossification centers [14], where they
secrete unmineralized matrices known as osteoid. As this matrix
mineralizes, it creates a scaffold for the developing bone. At this
stage, bifurcation can occur, where certain areas of the bone begin
to split into two or more branches, contributing to the formation
of distinct anatomical features. This bifurcation is particularly
noticeable in long bones, where primary ossification centers
develop in the diaphysis, and secondary centers appear in the
epiphyseal regions after birth.

Complex signaling pathways regulating osteogenesis, including
pathways associated with BMPs and transcription factors such as
Runx2, play a vital role in coordinating these processes [15].
Furthermore, the presence of vascularization is essential for
delivering osteogenic cells to the bifurcation areas, ensuring
continuous growth and remodeling throughout development.
Understanding these mechanisms provides insight into congenital
anomalies that may arise from disruptions in the normal processes
of bifurcation and ossification during prenatal development.
Congenital anomalies such as polydactyly and bone bifurcation
during development are explained by disruptions in the complex
processes of osteogenesis, particularly those related to molecular
signaling pathways and the formation of ossification centers.
Polydactyly, characterized by the presence of extra fingers or toes,
is often a result of abnormal programmed cell death and genetic
mutations affecting limb development [16]. Key molecular players
include the sonic hedgehog (SHH) gene, which is crucial for digit
formation, and various homeobox genes regulating limb
morphogenesis [17]. Disruptions in these developmental pathways
can lead to preaxial or postaxial polydactyly, where extra digits
form due to incorrect signaling in the zone of polarizing activity
(ZPA) and the apical ectodermal ridge (AER) [18]. Regarding bone
bifurcation, this phenomenon can occur during the process of
endochondral ossification, where mesenchymal cells differentiate
into chondrocytes creating a cartilaginous model that later
mineralizes to form bone. The primary ossification center typically
forms in the diaphysis of long bones, such as the metatarsals,
while secondary centers develop in the epiphyses after birth.
Vascularization is crucial in this process: it provides the delivery of
osteogenic cells that contribute to bone formation. Disruption of
vascularization or signaling pathways regulating osteoblast
differentiation, such as mutations in the RUNX2 gene or other
transcription factors, can lead to abnormal bifurcation or
incomplete ossification [19]. The metatarsal bones serve as an
example of how these developmental processes interact; any
abnormalities during their formation can lead to structural defects
affecting foot function. Understanding these molecular
mechanisms is crucial for elucidating the pathophysiology of
congenital limb anomalies and identifying potential therapeutic
interventions. Overall, the interplay of genetic and environmental
factors during intrauterine development underscores the
complexity of such congenital anomalies as polydactyly and bone
bifurcation [20].
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Conclusion

This clinical report describes for the first time the pathological
changes in the fifth metatarsal bone and the formation of its
bifurcation. X-ray examination showed that after the development
and progression of the bifurcation of the fifth metatarsal bone, an
additional toe, designated as the sixth toe, may form. Clinical
examinations revealed that the medial head of the bifurcated fifth
metatarsal bone, due to contact with the fourth metatarsal bone,
led to the development of paresthesia. In turn, the lateral head
caused hallux valgus deformity, resulting in a limited range of
motion during professional sports activities in this patient.
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