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The study of human movement is a multifaceted discipline that integrates principles from physics, engineering, and 

anatomy to understand how the body functions under various loads and conditions. At its core, biomechanics 

provides the quantitative and qualitative foundation required for health professionals—ranging from physical 

therapists to sports medicine specialists—to evaluate, treat, and prevent musculoskeletal injuries. Based on the 

foundational theories presented in established literature like Biomechanics of Human Motion: Basics and Beyond 

for the Health Professions, this article explores the intricate mechanics of biological systems.

The Theoretical Framework of Biomechanics

Biomechanics is broadly categorized into two main branches: kinematics and kinetics. Understanding the

distinction between these two is vital for clinical diagnosis and the development of rehabilitation protocols.

Kinematics: The Geometry of Motion

Kinematics describes the motion of a body without regard to the forces that cause that motion. It focuses on

variables such as displacement, velocity, and acceleration. In clinical settings, kinematic analysis often involves

measuring joint angles (goniometry) or tracking the trajectory of a limb during a specific task, such as walking or

throwing.

•  Osteokinematics: Refers to the gross movement of bones in space (e.g., flexion, extension, abduction).

•  Arthrokinematics: Refers to the movement occurring at the joint surfaces (e.g., roll, glide, and spin).

Kinetics: The Study of Forces

Kinetics investigates the forces and torques that act on the body to produce or change motion. These forces can be

internal (muscle contractions, ligamentous tension) or external (gravity, ground reaction forces, friction). The

application of kinetics allows clinicians to understand the load placed on specific tissues during movement.

Fundamental Principles of Force and Torque

In the context of human motion, a force is a push or pull that can initiate, stop, or modify movement. Force is a 

vector quantity, meaning it possesses both magnitude and direction. When a force is applied at a distance from an 

axis of rotation (a joint), it creates torque or a moment of force.

The Torque Equation

The relationship between force and rotation is expressed by the formula:

T = F × d

Where:T = TorqueF = Applied Forced= Moment Arm (the perpendicular distance from the axis of rotation to the

line of action of the force).

In human anatomy, the moment arm of a muscle changes throughout the joint's range of motion. For example, the 

biceps brachii has its greatest mechanical advantage (longest moment arm) when the elbow is flexed at 

approximately 90 degrees. This explains why certain exercises feel "heavier" at specific points in the movement—a 



phenomenon known as the strength curve.

Static and Dynamic Equilibrium

Health professionals must understand equilibrium to assess postural stability. Static equilibrium occurs when the 

sum of all forces and torques acting on a body is zero, resulting in no movement. Dynamic equilibriumoccurs

when a body is in motion but the sum of forces still equals zero due to inertial forces (Newton’s Second Law).

Comparison of Lever Systems in the Human Body

The musculoskeletal system operates as a series of levers. A lever consists of a rigid bar (bone), a fulcrum (joint),

an effort (muscle force), and a resistance (weight of the limb or an external load). There are three classes of levers,

each providing a different mechanical advantage.



Lever Class Arrangement Mechanical Advantage Anatomical Example

First Class Effort - Fulcrum - 
Resistance

Variable; can favor force or 
speed.

The atlanto-occipital joint 
(head/neck extension).

Second Class Fulcrum - Resistance - 
Effort

High (>1); favors force over 
speed/range.

Plantarflexion of the foot 
(standing on toes).

Third Class Fulcrum - Effort - 
Resistance

Low ( Biceps brachii during elbow 
flexion (most common in 
humans).

Tissue Mechanics: Stress, Strain, and Viscoelasticity

Biological tissues such as bone, tendons, and ligaments are not perfectly rigid. They exhibit viscoelastic 

properties, meaning their response to loading depends on both the magnitude of the load and the rate at which it is 

applied. This is critical for understanding mechanics of injury.

The Stress-Strain Curve

When a tissue is loaded, it undergoes deformation. The relationship is mapped on a stress-strain curve:

1.  Toe Region: Initial loading where wavy collagen fibers straighten out.

2.  Elastic Region: The tissue deforms but returns to its original shape once the load is removed. The slope of 

this line represents the tissue's stiffness (Young's Modulus).

3.  Plastic Region: The load exceeds the elastic limit. Permanent deformation occurs.

4.  Failure Point: The tissue ruptures or fractures.

Creepis a specific viscoelastic phenomenon where a constant load over time results in progressive deformation.

Clinically, this is utilized in prolonged stretching or serial casting to increase tissue length.

Practical Implementation: Gait Analysis and Human Locomotion

Human walking, or gait, is one of the most complex applications of biomechanics. A systematic evaluation of gait

allows practitioners to identify deviations that may lead to pathology.

Phases of the Gait Cycle

The gait cycle is divided into two primary phases: Stance Phase (60%) and Swing Phase (40%).

•  Initial Contact (Heel Strike): The moment the foot touches the ground, requiring eccentric control from the 

dorsiflexors.

•  Loading Response: Absorption of impact through controlled knee flexion and subtalar pronation.

•  Mid-Stance: The body's center of mass passes over the stationary foot.

•  Terminal Stance/Pre-Swing: Generation of propulsive force (push-off) through the gastrocnemius and soleus.

Kinetic Analysis of Gait

During walking, the body must manage Ground Reaction Forces (GRF). According to Newton's Third Law, for

every force applied to the ground, the ground applies an equal and opposite force back. If the GRF vector passes

at a distance from a joint axis, it creates an external moment that the muscles must counteract (internal moment).

Mechanical Principles in Injury Prevention and Treatment



A primary goal of biomechanical study for health professions is the prevention and treatment of musculoskeletal 

problems. By analyzing load distribution, clinicians can modify patient activities to protect healing tissues.

Pressure Distribution

Pressure is defined as force divided by the area over which it is applied (P = F/A). To reduce the risk of pressure

ulcers or stress fractures, clinicians aim to increase the surface area of contact. For example, orthotics redistribute

pressure across the entire plantar surface of the foot rather than concentrating it on the metatarsal heads.

Work, Power, and Energy

In sports medicine, Power(Work / Time) is a critical metric. High-power output is required for sprinting and

jumping. Biomechanical analysis helps athletes optimize their technique to maximize power while minimizing the

energy cost (metabolic efficiency).

Case Studies and Troubleshooting in Biomechanical Assessment

Applying these theories requires clinical reasoning. Below are common scenarios where biomechanical principles

guide decision-making.

Scenario A: Patellofemoral Pain Syndrome (PFPS)

Problem: A patient experiences knee pain during squats. Assessment reveals excessive femoral internal rotation 

and valgus collapse.Technical Analysis: The lateral pull of the quadriceps, combined with the valgus alignment, 

increases the Q-angle. This results in an increased lateral force vector on the patella, leading to abnormal tracking 

in the trochlear groove.Solution:Strengthen the hip abductors and external rotators to control the femur, thereby

reducing the lateral resultant force on the patella.

Scenario B: Chronic Achilles Tendinopathy

Problem: A runner presents with pain in the mid-portion of the Achilles tendon.Technical Analysis: The tendon is 

failing to manage the rapid loading rates during the eccentric phase of running. The tissue is likely in the "plastic" or 

"degenerative" phase of the stress-strain curve.Solution:Implement a progressive loading program (Heavy Slow

Resistance training) to increase the tendon's stiffness and load-bearing capacity without reaching the failure point.

Comparative Matrix: Joint Morphologies and Degrees of Freedom

Understanding how different joints allow movement is essential for predicting injury patterns and mobility limitations.



Joint Type Degrees of Freedom Primary Motion Mechanical Stability

Hinge (Ginglymus) 1 Flexion/Extension High (constrained by bony 
geometry)

Pivot (Trochoid) 1 Rotation Moderate

Condyloid 2 Flexion/Ext, Abd/Add Low-Moderate

Ball and Socket 3 All planes Low (requires significant 
labrum/muscle support)

Advanced Biomechanics: The Role of Electromyography (EMG)

Modern biomechanics often utilizes Electromyography (EMG) to measure the electrical activity produced by 

skeletal muscles. This provides insight into muscle recruitment patterns and timing. For instance, in patients with 

chronic low back pain, EMG studies often show delayed firing of the transversus abdominisduring limb

movements, indicating a failure in the body's anticipatory postural adjustment mechanism.

Synergy and Co-activation

The body rarely uses a single muscle in isolation. Synergy refers to the cooperative action of multiple muscles to 

produce a movement. Conversely, co-activation(the simultaneous contraction of agonists and antagonists)

increases joint stiffness and stability but increases the metabolic cost. Biomechanical training aims to optimize

these patterns for efficiency.

Integrating Biomechanics into Clinical Practice

For the health professional, the "Beyond" in Basics and Beyondrefers to the clinical application of these rigid

physics rules to the fluid, adaptable human body. This involves:

1.  Postural Screening: Identifying deviations from the vertical line of gravity that increase torque on spinal 

segments.

2.  Ergonomic Assessment: Modifying the environment (e.g., chair height, monitor placement) to minimize 

external moments on the musculoskeletal system.

3.  Prosthetics and Orthotics: Designing devices that mimic natural kinematics and restore kinetic balance.

Mathematical Modeling in Rehabilitation

Advanced clinicians may use mathematical models to predict the outcome of a surgical intervention, such as a

tendon transfer. By calculating the new line of pull and the resulting change in the moment arm, surgeons can

predict whether the transfer will provide sufficient torque to replace lost function.

Synthesizing Human Motion and Health

The study of human motion is not merely an academic exercise in physics; it is the fundamental language of

physical medicine. By mastering the principles of force, torque, tissue mechanics, and lever systems, health

professionals gain the ability to see beyond the symptoms of pain and identify the mechanical drivers of pathology.

Whether analyzing the high-speed dynamics of a professional athlete or the cautious steps of a geriatric patient,

the laws of biomechanics remain constant.



As technology advances—with the integration of wearable sensors, AI-driven motion capture, and 3D

musculoskeletal modeling—the ability to apply these basics becomes even more critical. A deep understanding of

biomechanics ensures that as we move into a future of high-tech diagnostics, the human element of clinical

reasoning remains grounded in the immutable laws of motion and matter. This comprehensive approach ensures

that evaluation, prevention, and treatment are not based on guesswork, but on the precise, predictable interactions

between the human body and the physical world.

Baca Juga (Artikel Terkait)

•  The Comprehensive Technical Manual for Kinesiology Taping: From Biomechanical Theory to Clinical 
Practice

   URL: http://alghafgolden.com/comprehensive-technical-manual-kinesiology-taping.pdf

Tags: #Biomechanics  #Human Motion  #Kinetics  #Kinematics  #Musculoskeletal Health  #Physical Therapy

http://alghafgolden.com/comprehensive-technical-manual-kinesiology-taping.pdf
http://alghafgolden.com/comprehensive-technical-manual-kinesiology-taping.pdf


Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6


