
%iomechanics oI the 0usculosNeletal System: 0ovement Analysis

Yeji Qi*

Department of Pulmonology, University of Liege, Liege, Belgium

DESCRIPTION
Biomechanics is the study of the mechanical principles that 
govern the movement and function of the musculoskeletal 
system. This field combines the study of forces and the response 
of biological tissues to understand human movement, posture, 
and performance. The musculoskeletal system, comprising 
bones, muscles, tendons, ligaments, and joints, plays a vital role 
in allowing movement and maintaining stability. This 
manuscript explains the biomechanics of the musculoskeletal 
system with a focus on movement analysis, the forces at play 
during movement, and the mechanical properties of the involved 
tissues. The musculoskeletal system provides the framework for 
the human body, enabling mobility and supporting bodily 
functions. It consists of bones, which provide structural support, 
muscles that produce movement, tendons that connect muscles 
to bones, and ligaments that stabilize joints. Joints, where two or 
more bones meet, allow for varying degrees of motion and are 
classified based on their structure and function (e.g., hinge, ball 
and socket, and pivot joints). Muscles generate the force required 
for movement, and their actions are finely coordinated with the 
structural components of bones and joints to produce efficient 
movement. Biomechanics aims to understand how and why 
movements occur in the body, with a focus on the forces that 
cause these movements and how tissues respond to them. The 
study of movement involves examining the kinetics (the forces 
causing motion) and kinematics (the motion itself, including 
velocity, acceleration, and trajectory) of the musculoskeletal 
system. Muscle force generation is central to the biomechanics of 
the musculoskeletal system. Muscles generate force through the 
contraction of their fibers, and this force is transmitted to the 
bones via tendons, leading to joint motion. The force produced 
by a muscle depends on factors such as muscle length, velocity of 
contraction, and neural activation. The contraction of muscle 
fibers occurs via the sliding filament theory, where actin and 
myosin filaments slide past one another to generate force. The 
amount of force a muscle can produce depends on the number 
of muscle fibers recruited, the speed of contraction, and the 
muscle’s mechanical properties.

The force length relationship, where muscle force varies with its
length, and the force velocity relationship, where force
production is affected by the contraction speed, is key concepts
in understanding muscle mechanics. Joints are where the bones
of the body meet, and their structure determines the type and
range of motion that is possible. For example, the ball and
socket joint of the hip allows for a wide range of motion, while
the hinge joint of the knee allows for mostly forward and
backward motion. The biomechanics of joints involve
understanding the forces that act on them, such as compressive,
shear, and tensile forces. These forces influence joint stability
and movement efficiency. Ground Reaction Forces (GRF) is the
forces exerted by the ground on the body during movement.
They are equal in magnitude and opposite in direction to the
force the body applies to the ground. GRFs are important in the
study of gait, the pattern of movement during walking or
running. The gait cycle consists of two main phases: The stance
phase (when the foot is in contact with the ground) and the
swing phase (when the foot is off the ground). The stance phase
includes sub phases such as heel strike, mid stance, and toe off.
During walking, the body’s center of mass moves forward, and
the limbs work in a coordinated manner to provide stability and
propulsion. Each phase of the gait cycle generates specific
ground reaction forces that provide information on the
efficiency and mechanics of walking or running. For example, an
abnormal gait or misalignment can result in an uneven
distribution of GRF, potentially leading to joint pain or injury.
Postural control is another important aspect of biomechanics.
The body must maintain an upright position against gravity,
requiring coordination between the muscles, bones, and joints.
The postural system relies on feedback from proprioceptors
(sensors within muscles and joints) to maintain balance. The
ability to control posture is essential for activities ranging from
sitting and standing to dynamic movements such as running or
dancing. Biomechanics also plays a key role in understanding
musculoskeletal pathologies, as abnormal movement patterns
can lead to or result from injury. Conditions such as
osteoarthritis, tendinitis, and scoliosis can alter the mechanical
properties of joints, muscles, and tendons, leading to pain,
instability, and further dysfunction. By analyzing the
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biomechanics of these pathologies, better treatment strategies,
including rehabilitation exercises, surgical interventions, and
assistive devices, can be developed.

CONCLUSION
The biomechanics of the musculoskeletal system provides a
comprehensive framework for understanding human movement
and its underlying mechanical principles. From muscle force
generation to joint mechanics, muscle contractions, and ground

reaction forces, biomechanics is integral to optimizing
movement efficiency, preventing injury, and treating
musculoskeletal disorders. As technology continues to advance,
tools such as motion capture systems, computational modeling,
and wearable sensors allow for more precise movement analysis
and biomechanical evaluations. By applying these insights,
healthcare professionals, athletic trainers, and researchers can
better understand the mechanics of movement and contribute
to improved patient outcomes, performance, and rehabilitation
in musculoskeletal health.
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