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Introduction
The ankle joint plays a critical role in human locomotion by 

providing stability, flexibility, and range of motion. Understanding 
its kinematics is essential for diagnosing and treating musculoskeletal 
disorders, enhancing athletic performance, and designing prosthetics 
or orthotic devices. This article explores the kinematics of the ankle 
joint by detailing its anatomy, range of motion, joint forces, and clinical 
implications. Additionally, the article reviews recent advancements 
in ankle motion analysis using 3D imaging and gait assessment 
technologies [1,2].

The ankle joint is a hinge-type synovial joint that connects the 
leg and the foot. It allows dorsiflexion, plantarflexion, inversion, 
and eversion movements, playing a vital role in weight-bearing and 
locomotion. Its kinematics is crucial for efficient walking, running, 
and balance. Any impairment in ankle joint kinematics can lead 
to instability, altered gait patterns, and chronic conditions such as 
osteoarthritis [3]. The ankle joint is a complex and essential structure 
responsible for facilitating movement, providing stability, and bearing 
weight during locomotion. Its intricate kinematics plays a pivotal 
role in maintaining balance, coordinating gait patterns, and adapting 
to various terrains [4]. Comprised of three main articulations-the 
talocrural joint, the subtalar joint, and the distal tibiofibular joint-
the ankle functions as a dynamic, multi-axial hinge that allows for a 
range of motions, including dorsiflexion, plantar flexion, inversion, 
and eversion [5]. These movements are vital for routine activities such 
as walking, running, and climbing, as well as for high-impact athletic 
performances. Understanding the kinematics of the ankle joint is 
crucial not only for biomechanical analysis but also for diagnosing and 
managing musculoskeletal conditions [6]. Ankle sprains, fractures, 
and chronic instability are among the most common orthopedic 
injuries, often resulting from abnormal joint kinematics or mechanical 
imbalances. Moreover, degenerative conditions such as osteoarthritis 
frequently involve altered joint motion, which can affect mobility and 
quality of life. Therefore, a thorough comprehension of ankle joint 
kinematics is essential for developing effective clinical interventions, 
optimizing rehabilitation protocols, and enhancing prosthetic or 
orthotic design [7].

Advances in motion capture technology, three-dimensional (3D) 
imaging, and computational modeling have significantly improved the 
accuracy and reliability of ankle joint kinematic assessments. Modern 
techniques such as dynamic fluoroscopy, marker-based motion 
analysis, and biplanar radiography provide detailed insights into joint 
motion under physiological loading conditions. These technological 
innovations have enabled researchers and clinicians to investigate 
joint coupling mechanisms, quantify subtle changes in kinematics, 
and assess the impact of external factors, such as footwear, on ankle 
biomechanics [8].

In this comprehensive review, we delve into the fundamental 
principles of ankle joint kinematics, exploring the anatomical 
structure, degrees of freedom, and the mechanical coupling between 
the talocrural and subtalar joints. We further discuss the influence of 
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various factors on ankle kinematics, including age, gender, footwear, 
and athletic activity. Additionally, we examine the clinical relevance of 
kinematic abnormalities in the context of injury prevention, treatment 
strategies, and rehabilitation. By synthesizing the current literature, 
this review aims to provide a thorough understanding of ankle joint 
kinematics, bridging the gap between biomechanical research and 
clinical practice.

Anatomy and structure of the ankle joint

The ankle joint consists of three main bones:

Tibia- The primary weight-bearing bone of the lower leg.

Fibula- Provides lateral stability.

Talus- A central bone that articulates with both the tibia and fibula.

The ankle joint consists of two primary articulations-

Talocrural joint- Formed by the tibia, fibula, and talus. It is 
responsible for dorsiflexion and plantarflexion.

Subtalar joint- Located between the talus and calcaneus, allowing 
inversion and eversion movements.

Medial support- The deltoid ligament provides medial stability.

Lateral support- The anterior talofibular ligament (ATFL), 
calcaneofibular ligament (CFL), and posterior talofibular ligament 
(PTFL) stabilize the lateral side.

Dorsiflexion- Tibialis anterior, extensor hallucis longus.

Plantar flexion- Gastrocnemius, soleus.

Inversion- Tibialis posterior.

Eversion- Peroneus longus and brevis.

Kinematics of the ankle joint

•	 Dorsiflexion- 10–20°

•	 Plantarflexion- 40–55°

•	 Inversion- 30–35°

•	 Eversion- 15–20°
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The talocrural joint's axis of rotation is oblique, running from 
the lateral malleolus (posterior-inferior) to the medial malleolus 
(anterior-superior). This obliquity contributes to the coupled motion 
of dorsiflexion and eversion or plantarflexion and inversion.

During dorsiflexion, the talus rotates posteriorly, widening the 
joint space, and enhancing stability.

During plantarflexion, the talus moves anteriorly, reducing joint 
stability.

Inversion and eversion are coupled with rotational movements, 
contributing to dynamic stability during gait.

Ground Reaction Force (GRF) - During walking, the ankle absorbs 
forces approximately 4–5 times the body weight.

Plantar flexor moment dominates in the stance phase, propelling 
the body forward.

Dorsiflexion moment controls foot clearance in the swing phase.

Stance Phase- The ankle joint stabilizes and absorbs shock during 
heel strike.

Push-off Phase- The plantar flexors generate propulsive force, 
driving forward motion.

Clinical and biomechanical implications

Ankle sprains- Lateral ankle sprains (involving the ATFL) alter 
ankle kinematics by increasing laxity and reducing stability.

Osteoarthritis- Chronic joint instability or trauma leads to altered 
kinematics, reduced range of motion, and joint degeneration.

Flatfoot and cavus foot- Abnormal kinematics in these conditions 
lead to altered force distribution, increasing the risk of overuse injuries.

Gait analysis- Ankle kinematics is assessed using motion capture 
systems, force plates, and inertial measurement units (IMUs).

Rehabilitation Techniques- Proprioceptive and strength training 
exercises aim to restore normal ankle kinematics.

Orthotics and Footwear- Custom insoles and braces help correct 
abnormal ankle kinematics and reduce injury risk.

Technological Advancements in Ankle Kinematics Analysis

3D Motion Capture- Systems like Vicon or OptiTrack precisely 
capture ankle joint motion during dynamic activities.

Wearable Sensors- IMUs and accelerometers provide real-time 
kinematic data.

Finite Element Modeling (FEM)- Used to simulate ankle joint 
motion and predict stress distribution.

Conclusion
The ankle joint's complex kinematics plays a vital role in human 

locomotion and stability. Accurate assessment of ankle joint kinematics 
is essential for diagnosing injuries, enhancing athletic performance, and 
optimizing rehabilitation protocols. Emerging technologies, including 
3D motion analysis and wearable devices, continue to improve the 
accuracy of ankle kinematic evaluations. From a clinical perspective, 
a detailed understanding of ankle joint kinematics is essential for 
optimizing injury prevention programs, guiding surgical interventions, 
and tailoring rehabilitation protocols. For instance, post-injury gait 
retraining and targeted physical therapy can benefit from kinematic 
data to correct maladaptive movement patterns. Additionally, the 
design of orthopedic devices, such as ankle-foot orthoses (AFOs) and 
prosthetics, can be refined using kinematic insights to enhance both 
functionality and patient comfort.

Ankle joint kinematics represents a vital area of biomechanical 
research with far-reaching clinical implications. As technological 
advancements continue to improve the precision of kinematic 
assessments, future research should focus on refining predictive models, 
exploring patient-specific rehabilitation strategies, and enhancing the 
design of therapeutic devices. By bridging the gap between research 
and clinical application, ongoing investigations into ankle joint 
kinematics hold the potential to significantly improve musculoskeletal 
health outcomes and overall mobility.
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