Q’A‘Chofl,(\
%,

f | @

N >

=]

&

X

ISSN: 2329-910!

8

Re

/ cnnica/

Maya, Clin Res Foot Ankle 2025, 13:2

Clinical Research on Foot & Ankle

Metatarsals and Phalanges: Anatomy, Function, and Clinical Significance
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Introduction

The human foot plays a crucial role in mobility, balance, and weight-
bearing. Its skeletal framework comprises the tarsal bones, metatarsals,
and phalanges, which together form a complex structure capable of
withstanding substantial mechanical stress. This article provides an in-
depth analysis of the anatomy, function, and clinical significance of the
metatarsals and phalanges, highlighting their biomechanical properties
and common pathologies [1].

The human foot consists of 26 bones, of which 19 are metatarsals
and phalanges. The metatarsals are the five long bones forming the
midfoot, while the phalanges are the smaller bones that make up the
toes. These bones work in harmony with ligaments, tendons, and
muscles to facilitate walking, running, and other weight-bearing
activities. Understanding their structure and function is essential for
diagnosing and treating various foot-related conditions [2]. The human
foot is a marvel of biomechanical engineering, composed of a complex
arrangement of bones, joints, muscles, and ligaments that work in
harmony to provide support, mobility, and balance [3]. Among the
essential bony structures of the foot are the metatarsals and phalanges,
which play a critical role in weight-bearing, locomotion, and fine
motor movements. These bones, despite their relatively small size, are
fundamental to various physical activities, from walking and running
to jumping and maintaining postural stability. The metatarsals are
the five long bones situated between the tarsal bones of the midfoot
and the phalanges of the toes. They serve as the primary connectors,
transmitting forces from the lower leg to the forefoot and enabling
propulsion during gait [4]. Each metatarsal bone is uniquely shaped
and adapted to its functional demands. The first metatarsal, for instance,
bears the greatest load and is pivotal in push-off phases of movement,
while the fifth metatarsal provides lateral stability. The phalanges,
on the other hand, are the bones of the toes. Each toe contains three
phalanges (proximal, middle, and distal), except for the big toe (hallux),
which consists of only two [5,6]. The phalanges contribute to balance,
dexterity, and weight distribution, particularly during activities that
require foot articulation, such as dancing, climbing, or running.
Although relatively small, these bones are crucial in maintaining proper
foot mechanics and absorbing ground reaction forces [7].

Beyond their anatomical function, the metatarsals and phalanges
are frequently involved in clinical conditions and pathologies. Fractures,
stress injuries, and deformities such as bunions (hallux valgus) or
hammertoes are common disorders affecting these bones. Additionally,
systemic conditions like arthritis, diabetes, and neuropathy can manifest
with complications in the metatarsophalangeal region, highlighting the
clinical relevance of these structures [8].

A thorough understanding of the anatomy and function of the
metatarsals and phalanges is essential for healthcare professionals,
including orthopedic specialists, physical therapists, and podiatrists,
to effectively diagnose and treat foot-related conditions. This
article explores the detailed anatomy, biomechanical roles, and
clinical significance of the metatarsals and phalanges, providing a
comprehensive overview of their importance in maintaining foot

health and functionality.
Anatomy of the metatarsals

The five metatarsals are located between the tarsal bones (proximal)
and the phalanges (distal). Each metatarsal consists of three parts-

Base- Articulates with the tarsal bones.
Shaft (body) - The long, slender portion of the bone.
Head- Articulates with the proximal phalanx of each toe.

First metatarsal- The shortest and thickest, providing stability
during walking. It articulates with the medial cuneiform bone.

Second metatarsal- The longest, often prone to stress fractures.

Third metatarsal- Slightly shorter than the second but structurally
similar.

Fourth metatarsal- Shorter and smaller, providing stability.

Fifth metatarsal- Features a tuberosity at its base (styloid process),
which serves as the insertion point for the peroneus brevis tendon.

Anatomy of the phalanges

The phalanges are the bones of the toes, consisting of 14 bones in
total-

Proximal PHALANGES- Connect to the metatarsals.

Middle phalanges- Present only in the four lesser toes (absent in
the hallux).

Distal phalanges- Form the tips of the toes.

The hallux (big toe) consists of only two phalanges (proximal and
distal), while the other toes each have three.

The metatarsals and phalanges play a key role in-

Weight-bearing- The metatarsals distribute body weight evenly
during gait. The first and fifth metatarsals bear the most loads.

Balance and stability- The phalanges help stabilize the foot during
standing and propulsion phases of walking.
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Flexibility and adaptability- The phalanges enhance the foots
flexibility, allowing it to adapt to various terrains.

Clinical significance

Both the metatarsals and phalanges are prone to various injuries
and conditions, including fractures, deformities, and degenerative
diseases.

Metatarsal fractures- Common in athletes, especially the second
and fifth metatarsals.

Metatarsalgia- Pain and inflammation in the ball of the foot, often
due to repetitive stress or poorly fitting footwear.

Fifth metatarsal avulsion fracture- Also known as a Jones fracture,
this occurs at the base of the fifth metatarsal.

Phalangeal fractures- Commonly caused by trauma or stubbing.

Hammertoe and claw toe deformities- Abnormal bending of the
phalanges, often due to muscle imbalance or wearing tight shoes.

Osteoarthritis and rheumatoid arthritis- Degenerative and
inflammatory conditions that affect the phalangeal joints, causing pain
and deformity.

X-rays- Standard imaging modality for identifying fractures and
deformities.

MRI and CT scans- Useful for detecting soft tissue injuries and
complex fractures.

Ultrasound- Occasionally used to evaluate soft tissue damage
around the metatarsals and phalanges.

Management of metatarsal and phalangeal injuries varies based on
the severity of the condition.

Rest, Ice, compression and elevation (RICE) - Initial management
for minor fractures and soft tissue injuries.

. Orthotic devices- Provide support and offload pressure from
the metatarsal heads.

. Physical therapy- Improves mobility and strengthens foot
muscles.

. Internal fixation- For complex or displaced metatarsal
fractures.

. Osteotomy- Corrective surgery for severe deformities such as
hammertoes.

. Fusion procedures- Used for arthritic conditions causing
severe pain.

Prevention and rehabilitation

Proper footwear- Wearing shoes with adequate arch support reduce
the risk of metatarsal and phalangeal injuries.

Stretching and strengthening- Regular exercises enhance foot
flexibility and prevent deformities.

Biomechanical assessment- Identifying gait abnormalities through
podiatric evaluation helps prevent overuse injuries.

Conclusion

The metatarsals and phalanges are vital components of the foot,
contributing to its structural integrity, weight-bearing capacity, and
overall functionality. Understanding their anatomy and clinical
significance is essential for effectively diagnosing and managing foot-
related conditions. With appropriate preventive measures, many
common foot pathologies can be avoided, ensuring long-term foot
health and mobility. Clinically, the metatarsals and phalanges are prone
to a range of injuries and conditions, from fractures and dislocations
to degenerative diseases and deformities. Their susceptibility to
stress fractures, particularly in athletes, underscores the importance
of understanding their biomechanical function and vulnerabilities.
Furthermore, conditions such as bunions, metatarsalgia, and
neuropathic complications in diabetic patients highlight the need for
accurate diagnosis and effective management strategies.

Overall, a comprehensive knowledge of the metatarsals and
phalanges is crucial for healthcare practitioners, athletes, and
individuals seeking to maintain foot health. By recognizing their
anatomical features, functional roles, and clinical relevance, we can
better appreciate the complexity of the human foot and the importance
of preventive care, rehabilitation, and targeted treatments in preserving
foot function and preventing debilitating conditions.
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