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Abstract: The distal tibiofibular joint (DTFJ), talocrural joint (TCJ), and subtalar joint (STJ)
make up the ankle joint complex (AJC). This review examines the biomechanics of the AJC,
focusing on joint anatomy, ligament stabilization, and the role of external muscles in foot and
ankle movements. The AJC is essential for transferring weight, facilitating movement, and
maintaining stability. The TCJ facilitates dorsiflexion (DF) and plantar flexion (PF), while
the STJ primarily supports inversion (IV) and eversion (EV). The oblique axis of rotation
gives rise to multi-planar motions, such as supination and pronation in ankle movements.
Range of motion (ROM) varies across planes and is influenced by age, gender, and sport-
specific demands. Variations in ROM also have implications for injury risk and athletic
performance. By discussing ankle joint complex, this review provides a clear understanding
of ankle biomechanics, thus enabling more effective training and rehabilitation protocols, and
injury prevention strategies for athletes and general population.
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1. Introduction

The ankle joint complex, which is made up of the distal tibiofibular joint, the talocrural joint, and the
subtalar joint, functions as a vital contact between the foot and lower leg. Each of them contributes
uniquely to the balance of mobility and stability required for locomotion. The TCJ is a hinge-type
synovial joint. It connects the tibia (Tib), fibula (Fib), and talus, allowing for DF and PF. The STJ,
consisting of anterior and posterior articulations between the calcaneus and talus, which allows
eversion and inversion. Stabilization of these joints relies on ligamentous structures, including the
deltoid ligament (DL), the lateral collateral ligaments (LCL), and the medial collateral ligament
(MCL). Syndesmotic ligaments in the distal tibiofibular joint also play a vital role in stabilizing the
fibula and tibia by firmly connecting them.

The biomechanical efficiency of the AJC is crucial for human locomotion. Gait mechanics rely
heavily on the contribution of the plantar flexor muscles [1], which generate propulsion during the
ankle push-off phase. This phase not only accelerates the center of mass but also facilitates the
transition of the leg into the swing phase. The power generated by ankle push-off is essential for
increasing the speed of the push-off limb [2]. The static and dynamic stabilizers of the ankle ensure
proper motion and minimize the risk of ankle injuries in a normal gait cycle. A study showed that
ankle injuries were most prevalent in 24 out of 70 sports, with ankle sprains being the most frequent
injury in 33 out of 43 sports that involved ankle injuries. [3]. Specifically, up to 80% of all ankle
injuries occurred at the lateral ankle ligaments [4]. Ankle sprains in athletes are often attributed to
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factors such as anatomic misalignment, inadequate physical conditioning, and improper technique.
Additionally, external factors such as playing surface, weather conditions, and the level of athletic
performance further influence the likelihood of injury [5].

2. Anatomy (Joints and Muscles)

The talus of the foot is connected to the tibia and fibula of the lower leg through the TCJ. The TCJ,
the
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Figure 1: The diagram of three joints of ankle joint complex.

The STJ, sometimes referred to as the talocalcaneal joint, is an essential connection between the
talus and calcaneus bones in the foot. The calcaneus, the biggest and most powerful bone in the foot,
provides support for the movement of weight from the leg to the ground. The talus is located on the
anterior part of the calcaneus. The posterior STJ was formed by the articulation of the inferior
posterior facet of the calcaneus with the superior posterior facet of the talus [6]. The convex and
concave facets of the STJ allow eversion and inversion of the ankle. Although other movements are
possible at this point, it mainly allows the EV and IV of the foot [7]. The STJ is stabilized by several
ligaments, including the medial and lateral talocalcaneal ligaments, the interosseous talocalcaneal
ligament, and the cervical ligament. The ITL extends from the articular facets of the inferior talus to
the superior surface of the calcaneus, serves as the primary connection between these two bones [8].
The cervical ligament is positioned anteriorly and laterally relative to the interosseous ligament,
playing a crucial role in stabilizing both the anterior and posterior STJ. As the strongest ligament in
the subtalar ligaments, it has been demonstrated to resist supination during in vitro kinematic studies
[9].

The TCJ connects the talus bone of the foot to the lower ends of the tibia and fibula. It plays a
crucial role in allowing dorsiflexion and plantar flexion, enabling movement such as lifting and
lowering the foot. The TCJ is stabilized by the joint capsule and ligaments, such as the MCL and
LCL. The anterior and posterior tibiotalar ligaments, the tibionavicular ligament, and the
tibiocalcaneal ligament make up the DL, which supports the medial side of the joint. It plays a critical
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role in resisting EV movements and valgus stresses on the joint. On the lateral side, the lateral
collateral ligaments limit joint inversion, reducing varus stress and controlling rotational forces [8].
These ligaments consist of the calcaneofibular ligament and the anterior and posterior talofibular
ligaments. The stability of the lateral TCJ is ensured by the anterior and posterior talofibular
ligaments, which are especially crucial in withstanding significant tensile pressures during DF and
PF, respectively.

The stability of the AJC depends on the distal tibiofibular joint, which permits restricted movement
between the fibula and tibia. It is a type of fibrous joint known as a syndesmosis, where two parallel
bones are joined by ligaments or connective tissue. The distal fibula and tibia are connected and
stabilized by the anterior and posterior inferior tibiofibular ligaments, along with the interosseous and
the transverse ligaments. These syndesmotic ligaments restrain the fibula as it rotates externally and
translates posteriorly with the tibia, thus stabilizing the ankle.

Most of the foot and ankle movements are generated by twelve extrinsic muscles which are
categorized into four groups based on their location and function. These muscles originate from the
leg and insert into the foot. The anterior muscles are comprised of the extensor hallucis longus, the
extensor digitorum longus, the tibialis anterior, and the peroneus tertius [8]. The peroneus tertius
facilitates both DF and EV of the foot, whereas the extensor digitorum longus contributes solely to
DF. The other two muscles produce inversion and dorsiflexion. The posterior group can be divided
into deep and superficial layers. The superficial layer is made of gastrocnemius, the plantaris, and the
soleus, produces plantar flexion of the foot. The tibialis posterior, the flexor hallucis longus, and the
flexor digitorum longus are the three muscles that make up the deep posterior group, which help with
PF and foot inversion. The lateral muscles, the fibularis longus and brevis, produce PF and EV.

3. Motion of the ankle and foot

The major motion at the AJC is PF and DF in the sagittal plane, IV and EV in the frontal plane,
abduction and abduction in the transverse plane. Supination and pronation are three-dimensional
movements at both the STJ and TCJ, resulting from a combination of these motions. The AJC's axis
of rotation differs across the three planes [8]. In the sagittal plane, it aligns with a line connecting the
medial and lateral malleoli. In the coronal plane, the axis rotates around the intersection of the malleoli
and the tibia's long axis in the frontal plane. In the transverse plane, the axis rotates along the tibia's
long axis, intersecting the foot's midline. While simultaneous motions have been observed at the TCJ,
this had been thought to result from its oblique axis [11]. Like the TCJ, an oblique axis also extends
from posterior to anterior at the STJ. One study also found that the axes for plantar flexion,
dorsiflexion, pronation, supination, and medial-lateral rotation converge or align closely near a central
point within the talus's trochlea, regardless of their inclination [12].

4. Range of motion

Ankle movements primarily occur in the sagittal plane, with dorsiflexion and plantar flexion largely
occurring at the TCJ. The ROM in the sagittal plane ranges approximately 65 to 75°, comprising 10
to 20° of DF and 40 to 55° of PF. In the frontal plane, the ankle joint complex exhibits about 35° of
total ROM, including 23° of inversion and 12° of eversion [8]. However, these values can vary based
on factors such as age, gender, and individual biomechanics. Research has shown that both gender
and age significantly influence the range of motion in the AJC. Females aged from 9 to 20 years
generally have a greater ankle ROM than males of the same age. Nonetheless, ROM begins to
consistently decrease from the ages of 17 to 20, reaching its minimum after 60 in both genders; while
females tend to have a greater average decline in ROM compared to males [13]. The ankle range of
motion is also closely associated with ankle injury risk, particularly among athletes. Loss of ankle
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ROM is one of the risk factors for the recurrence of ankle injuries among sports population. Study
indicates significant differences in the DF and PF range of motion of the ankle of the injured limb
and sound limb. Ankle sprain limits ankle movements by causing stiffness and tightness [14]. Ankle
injury risk is also strongly correlated with ankle ROM, especially in athletes. Study suggested that
young female athletes have a greater plantar flexion and inversion ankle ROM than males, which
potentially contributing to the higher proportion of ankle injury history in females. Since the most
common ankle injuries, the lateral ankle sprain, mostly occur within the plantar flexion and inversion
positions [15].

Different sports impose varying demands on the ankle range of motion, depending on their
movement patterns and biomechanical needs. Unlike gymnastics which require high ankle ROM for
flexibility and multidirectional agility, sports involving sprinting require less ankle ROM, prioritizing
joint stiffness and stability to improve power output and efficiency. As the ankle range of motion
increases, the relative peak power in both dominant and non-dominant limbs decreases. Research
found that greater ankle ROM is associated with decreased power during the Running Anaerobic
Sprint Test. As high ankle stiffness was believed to be associated with increased ground reaction
forces, velocity, and efficiency in sprinting [16].

5. Conclusion

The ankle joint complex is a specialized structure designed to balance stability and mobility for
various activities. Its function depends on the coordination of joint anatomy, muscles and ligaments.
Variability in range of motion, influenced by factors such as age, gender, and sport-specific demands,
which potentially underscores the importance of individualized approaches to training and
rehabilitation. Future research should continue to explore the dynamic interactions within this
complex system to further optimize outcomes for athletes and individuals.
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