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Abstract

Lower limb musculoskeletal research plays a pivotal role in understanding the biomechanics, pathology, injury
prevention, and rehabilitation associated with the hip, knee, ankle, and foot joints. This article reviews recent advances in
lower limb musculoskeletal science, including innovations in diagnostic imaging, rehabilitation, computational modeling,
and assistive technologies. It also highlights gaps in the literature and the challenges faced in translating research
findings into clinical practice. With an aging population and increasing prevalence of lifestyle-related musculoskeletal
disorders, this field remains critical to improving mobility, independence, and quality of life across various age groups.
The lower limb musculoskeletal (MSK) system is integral to mobility, postural stability, and functional independence.
Research in this field has evolved significantly over the past few decades, driven by technological innovations,
deeper insights into biomechanical processes, and an increasing demand for effective clinical interventions. This
comprehensive review synthesizes key advancements in lower limb MSK research, encompassing biomechanics,
tissue engineering, diagnostic imaging, computational modeling, rehabilitation technologies, and clinical management
strategies. Major breakthroughs include the development of sophisticated motion capture systems, finite element
modeling for joint mechanics, and wearable technologies that enable real-time monitoring of gait and joint kinematics.
Concurrently, regenerative medicine, particularly in cartilage and tendon repair, has opened new avenues for treatment.
The application of machine learning and artificial intelligence (Al) in diagnostics and rehabilitation personalization
also represents a transformative frontier. Despite these advancements, several challenges persist. There remains a
critical need for standardized protocols in data acquisition and interpretation, especially in multi-center research. The
translational gap between laboratory findings and clinical application continues to limit the effectiveness of emerging
therapies. Furthermore, variability in patient anatomy, comorbidities, and responses to treatment complicates the
generalizability of results. Issues such as limited access to advanced care in low-resource settings and ethical concerns
related to Al-based diagnostics also warrant attention.

This review not only highlights technological and scientific progress but also critically examines the systemic,
methodological, and clinical challenges that hinder optimal outcomes. By outlining current trends and proposing
directions for future research, this paper aims to foster interdisciplinary collaboration and guide innovations that

enhance diagnosis, treatment, and rehabilitation outcomes for lower limb musculoskeletal conditions.
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Introduction

The lower limbs are essential for locomotion, balance, and everyday
functional tasks. Musculoskeletal conditions affecting the lower limbs
such as osteoarthritis, ligament injuries, fractures, and tendinopathies
can significantly impact an individual’s mobility and independence
[1]. Research in this domain spans diverse disciplines, including
biomechanics, orthopedics, physiotherapy, and bioengineering. The
past two decades have seen a surge in lower limb musculoskeletal
research driven by technological advances, population health needs,
and a growing emphasis on evidence-based rehabilitation [2]. The
lower limb musculoskeletal system comprising bones, muscles,
joints, tendons, and ligaments is fundamental to human mobility and
function. Injuries, degenerative diseases, congenital deformities, and
age-related deterioration of these structures represent a significant
burden on individuals and healthcare systems globally [3]. Lower limb
conditions such as osteoarthritis, anterior cruciate ligament (ACL)
injuries, tendinopathies, and fractures are among the most prevalent
orthopedic issues, often leading to chronic pain, disability, and reduced

quality of life. As populations age and the incidence of sports- and
lifestyle-related injuries rise, the demand for advanced diagnostic,
therapeutic, and rehabilitative strategies continues to grow [4]. In
recent years, lower limb musculoskeletal research has undergone
a transformative shift, driven by interdisciplinary integration of
engineering, material science, computational modeling, and clinical
science [5]. Novel imaging techniques, such as high-resolution
MRI and dynamic ultrasound, have improved our understanding of
musculoskeletal pathology. Biomechanical tools like motion analysis
labs and force platforms enable objective assessment of joint and
muscle function under physiological loads [6]. Simultaneously, the
emergence of patient-specific computational models has enabled
detailed simulations of tissue behavior, facilitating predictive modeling
for surgical planning and device design [7]. Rehabilitation science
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has also experienced significant growth, with wearable sensors,
robotic exoskeletons, and tele-rehabilitation platforms offering new
avenues for personalized care. Additionally, regenerative approaches,
including stem cell therapies and tissue-engineered constructs, hold
promise for restoring function in damaged tissues where conventional
treatments fall short. Artificial intelligence and machine learning are
being increasingly incorporated into diagnostic imaging and clinical
decision-making, offering faster, more accurate assessments and
personalized treatment recommendations [8].

However, the field also faces critical challenges. These include
difficulties in standardizing research protocols, the complexity of
translating bench-side innovations into bedside solutions, and the
ethical, logistical, and economic barriers that limit access to cutting-
edge therapies. Furthermore, the heterogeneity of patient populations,
combined with limited longitudinal data, complicates the development
of universally effective interventions.

This review aims to provide a comprehensive overview of the
current state of lower limb musculoskeletal research. It examines
both technological and methodological advancements and critically
discusses the enduring and emerging challenges that must be
addressed. By exploring biomechanical insights, clinical innovations,
and systemic limitations, this review seeks to offer a roadmap for future
research and clinical practice that prioritizes efficacy, accessibility, and
patient-centered outcomes.

Anatomy and biomechanics of the lower limb

The lower limb includes the pelvic girdle, thigh, leg, and foot.
Major joints include:

. Hip joint, a ball-and-socket joint supporting body weight
during standing and movement.

. Knee joint, a complex hinge joint critical for load bearing.
. Ankle joint, facilitates movement and stability.
. Foot, composed of multiple joints, contributing to shock

absorption and propulsion.

Understanding the biomechanical behavior of these structures
during movement is essential for developing injury prevention
strategies and rehabilitation protocols. Gait analysis and motion
capture technologies have enhanced our understanding of lower limb
kinetics and kinematics.

OA, especially of the hip and knee, is a leading cause of disability.
Research focuses on early diagnosis using MRI, biomarkers, and
predictive modeling. There is also growing interest in non-invasive
treatments such as physical therapy, orthotics, and regenerative
medicine.

ACL tears are prevalent in athletes and are a focus of biomechanical
and surgical research. Prehabilitation and return-to-play protocols are
being refined through longitudinal studies and wearable technology.

PFPS is common among runners and adolescents. Studies
investigate the role of hip muscle weakness, patellar tracking, and
load distribution. Rehabilitation focuses on strengthening and
neuromuscular control.

Chronic conditions like Achilles tendinopathy and plantar fasciitis
are being explored through tissue imaging, ultrasonography, and
shockwave therapy trials.

Advances in IMUs (Inertial Measurement Units), pressure insoles,

and smart textiles allow real-time biomechanical monitoring. These
tools are crucial for remote assessment and telerehabilitation.

Computational models, like OpenSim, are used to simulate joint
forces and muscle activations, providing insights into movement
strategies and surgical outcomes.

Quantitative MRI, ultrasonography, and 3D imaging have
improved diagnostic accuracy. Imaging biomarkers now assist in early
detection of cartilage degeneration and tendinopathies.

Artificial intelligence is being used to predict injury risk, analyze
gait, and personalize rehabilitation. Machine learning algorithms help
identifies subtle biomechanical patterns associated with injury.

Rehabilitation strategies are evolving from generalized protocols
to personalized regimens informed by biomechanical assessment.
Neuromuscular training, eccentric loading, and proprioceptive
exercises are core components. Virtual reality and telerehabilitation
platforms are increasingly being adopted, particularly post-pandemic.

Despite these advances, clinical translation remains challenging
due to variability in patient response, limited access to technology, and
a need for standardized outcome measures.

With the global rise in aging populations, lower limb
musculoskeletal research is focusing on fall prevention, frailty-related
mobility impairments, and osteoporotic fractures.

Growth-related conditions such as Osgood-Schlatter disease and
apophysitis require specialized assessment tools and age-specific
rehabilitation strategies.

Sex differences in ligament laxity, muscle strength, and injury
incidence are being explored to develop targeted interventions.

There is a growing call for inclusive research designs that address
barriers faced by rural, low-income, and disabled populations in
accessing high-quality musculoskeletal care and rehabilitation.

Challenges and future directions

Despite significant progress, several challenges persist,

. Standardization of diagnostic and outcome tools.

. Limited large-scale, multicenter longitudinal studies.

. Integrating wearable data into clinical workflows.

. Need for interdisciplinary collaboration among clinicians,

engineers, and data scientists.

Future research must prioritize personalized medicine, scalable
rehabilitation models, and digital health integration to enhance
outcomes and reduce healthcare disparities.

Conclusion

Lower limb musculoskeletal research is a rapidly evolving field
with profound implications for public health, sports performance, and
aging populations. By embracing innovation, fostering collaboration,
and addressing disparities, the field can offer effective, accessible,
and sustainable solutions for lower limb health across the lifespan.
Over the past several decades, lower limb musculoskeletal research
has experienced substantial advancements across multiple domains,
ranging from diagnostic innovations to novel therapeutic interventions.
This comprehensive review has highlighted the dynamic interplay
between biomechanics, imaging technologies, tissue engineering,
and clinical rehabilitation strategies that have collectively propelled

Clin Res Foot Ankle, an open access journal

Volume 13 + Issue 3 + 1000631



Citation: Ayesha P (2025) Advancements and Challenges in Lower Limb Musculoskeletal Research: A Comprehensive Review. Clin Res Foot Ankle,

13: 631.

Page 3 of 3

our understanding and management of lower limb disorders. These
advancements have not only improved our ability to diagnose and treat
conditions such as osteoarthritis, ligamentous injuries, tendinopathies,
and post-surgical rehabilitation challenges but have also contributed
significantly to injury prevention and athletic performance
optimization.

Lower limb musculoskeletal research stands at a critical juncture
rich with opportunity yet bounded by multifaceted challenges.
Continued interdisciplinary collaboration among clinicians, engineers,
data scientists, and public health professionals will be essential to
translate discoveries into accessible, high-quality care. Embracing
integrative models that combine biomechanics, biology, and behavioral
sciences will further enhance our ability to prevent, diagnose, and treat
musculoskeletal conditions with precision and compassion. As we
move forward, a concerted effort to bridge scientific innovation with
clinical and societal application will be key to realizing the full potential
of advancements in this vital area of human health and mobility.
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