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The study of human movement through the lens of physics and engineering is a field known as biomechanics. By 

applying the principles of classical mechanics to biological systems, researchers and clinicians can understand 

how the human body maintains equilibrium, generates force, and sustains physiological functions. This discourse 

explores the foundational concepts established in major academic texts, such as those by Emico Okuno and 

Luciano Fratin, focusing on the human body as a complex machine governed by the laws of physics.

Understanding these principles is not merely an academic exercise; it is essential for the fields of physical therapy,

sports science, ergonomics, and prosthetic design.

Theoretical Framework of Human Biomechanics

At its core, biomechanics treats the human body as a system of levers, pulleys, and structural beams. The

musculoskeletal system operates under the same constraints as any mechanical structure. To analyze these

systems, we must look at several core domains: statics, kinematics, dynamics, and material science. Each of these

domains provides a different layer of understanding regarding how the body interacts with its environment.

Statics and the Condition of Equilibrium

Statics involves the study of bodies at rest or moving at a constant velocity. For a human body to be in a state of 

static equilibrium, two conditions must be met: the sum of all external forces must be zero (:4` = 0), and the sum of

all external torques must be zero (:3Ä = 0). These conditions are vital for understanding posture and balance.

The Center of Gravity (CG) of the human body is the point where the total weight of the body is concentrated. In a 

standing adult, this typically lies near the second sacral vertebra. Stability is determined by the relationship 

between the CG and the Base of Support (BoS). If the vertical projection of the CG falls outside the BoS, the body

becomes unstable, requiring muscle activation or a change in stance to prevent a fall. This principle is critical in

geriatric care and the design of assistive devices.

Kinematics: The Geometry of Motion

Kinematics describes motion without considering the forces that cause it. In biomechanics, this involves measuring 

angular displacement, velocity, and accelerationof joints. When a person walks, their joints undergo complex

rhythmic changes. For instance, the knee joint during a gait cycle transitions from extension to flexion, involving

both translational and rotational components. Analyzing these patterns through high-speed cameras and motion

capture software allows for the identification of pathological gait patterns, such as those caused by cerebral palsy

or ACL injuries.

Mechanical Analysis of the Skeletal System

Bones serve as the primary structural elements of the body. From an engineering perspective, bones are 

composite materialsconsisting of organic (collagen) and inorganic (hydroxyapatite) components. This

composition gives bone its unique mechanical properties: it is both strong and flexible.



Stress-Strain Relationships in Bone

When an external force is applied to a bone, it undergoes deformation. The relationship between the force per unit 

area (stress) and the proportional deformation (strain) defines the bone's Young’s Modulus. Bones are 

anisotropic, meaning their mechanical properties vary depending on the direction of the applied load. Bone is

strongest in compression, weaker in tension, and weakest in shear. This explains why many fractures occur due to

twisting (torsional) forces rather than direct impact.

Levers in the Human Body

The human body utilizes three classes of levers to facilitate movement. The efficiency of these levers is measured 

by their Mechanical Advantage (MA), which is the ratio of the effort arm to the resistance arm.



Lever Class Description Body Example Mechanical Advantage

First Class The fulcrum is between the 
effort and the resistance.

Atlanto-occipital joint (head 
and neck)

Variable; can be &gt;1 or 
&lt;1.

Second Class The resistance is between 
the fulcrum and the effort.

Calf muscles during a toe-
rise.

Always &gt;1 (Force 
magnifier).

Third Class The effort is between the 
fulcrum and the resistance.

Biceps brachii during elbow 
flexion.

Always &lt;1 (Speed/Range 
magnifier).

Most joints in the human body are third-class levers. While this requires the muscles to generate significantly

more force than the weight of the object being lifted, it allows for a much greater range of motion and speed of

movement, which was evolutionarily advantageous for hunting and evasion.

Muscle Mechanics and Force Generation

Muscles are the actuators of the human machine. The ability of a muscle to produce force is influenced by its cross-

sectional area, fiber orientation (pennation angle), and the force-velocity relationship. According to Hill’s Muscle

Model, as the velocity of muscle shortening increases, the maximum force it can exert decreases. This is why it is

impossible to move a heavy weight as quickly as a light one.

The Role of Torque in Joint Movement

In biomechanics, we are rarely concerned with linear force alone. Instead, we focus on torque (<B•, also known as a 

moment of force. Torque is calculated as: <B�Ò�b
r�B
r�6–âƒ¸), where F is the muscle force, d is the distance from the

joint center (moment arm), and ;€ is the angle of insertion. Because the moment arm changes as a joint moves, the

"strength" of a person varies throughout the range of motion. This is the principle behind variable-resistance weight

machines in gyms.

Fluid Mechanics: Blood Flow and Respiratory Dynamics

The human body is not composed solely of rigid structures; it is largely fluid-based. Biomechanics also 

encompasses hemodynamics—the study of blood flow through the circulatory system. This follows Poiseuille’s 

Law, which states that the flow rate is proportional to the fourth power of the vessel's radius. A small decrease in

vessel radius (due to cholesterol buildup, for example) results in a massive increase in the resistance to flow,

forcing the heart to work harder and increasing blood pressure.

Laminar vs. Turbulent Flow

Under normal conditions, blood flow is laminar, meaning it moves in smooth, parallel layers. However, at high 

velocities or near obstructions (like heart valves), flow can become turbulent. This transition is predicted by the 

Reynolds Number (Re). Turbulence is medically significant because it can lead to the formation of thrombi (clots)

and can be heard as "murmurs" during a physical examination.

Thermodynamics and Human Energy Expenditure

The human body is a heat engine that converts chemical energy (from food) into mechanical work and heat. The 

First Law of Thermodynamics  applies here: Energy cannot be created or destroyed, only transformed. The Basal 

Metabolic Rate (BMR) represents the minimum energy required to maintain vital functions at rest.



The efficiency of the human body in performing mechanical work is relatively low, typically around 20-25%. The

remaining 75-80% of energy is dissipated as heat. This necessitates sophisticated thermoregulation mechanisms,

such as sweating and vasodilation, to prevent hyperthermia during intense physical exertion. Biomechanical

analysis helps in designing sportswear that optimizes this heat dissipation.

Case Study: The Biomechanics of the Gait Cycle

The gait cycle (walking) is one of the most studied phenomena in biomechanics. It is divided into two main phases: 

the Stance Phase (60%) and the Swing Phase (40%).

Step-by-Step Analysis of the Stance Phase

1.  Initial Contact (Heel Strike): The moment the foot touches the ground. The body must absorb the impact 

force, which can be 1.5 times the body weight.

2.  Loading Response: Weight is transferred onto the foot. The quadriceps contract eccentrically to stabilize the 

knee.

3.  Mid-Stance: The body's CG is at its highest point. The calf muscles (gastrocnemius) stabilize the ankle to 

allow the body to pivot forward.

4.  Terminal Stance (Heel Off): The heel leaves the ground, and the body begins to accelerate forward.

5.  Pre-Swing (Toe Off): The final push-off using the hallux (big toe) to generate forward momentum.

Deviations in this cycle can indicate underlying neurological or musculoskeletal issues. For example, a

"Trendelenburg gait" suggests weakness in the hip abductors, where the pelvis drops on the side opposite the

weak muscle during the stance phase.

Bioacoustics and the Physics of Senses

Biomechanics also extends to how we perceive our environment. The human ear is a masterpiece of mechanical 

engineering. Sound waves strike the tympanic membrane, which vibrates. These vibrations are amplified by the 

ossicles(malleus, incus, and stapes)—the smallest bones in the human body—acting as a lever system to

increase pressure before the signal enters the fluid-filled cochlea. This impedance matching is essential for the

transition of sound from an air medium to a liquid medium.

Practical Applications and Troubleshooting

Understanding these principles allows for the troubleshooting of human performance and the prevention of injury. 

One common application is in Ergonomics. By analyzing the torque on the lumbar spine (L5/S1 disc) during lifting,

engineers can determine the "Safe Lifting Limit." Lifting a weight far from the body increases the moment arm,

exponentially increasing the compressive force on the spinal discs, which often leads to herniation.

Field Guide to Reducing Work-Related Musculoskeletal Disorders (WMSDs)

•  Minimize the Moment Arm: Keep loads close to the Center of Gravity to reduce spinal torque.

•  Avoid Static Loading: Continuous muscle contraction restricts blood flow, leading to rapid fatigue and 

metabolite buildup.

•  Maintain Neutral Posture: Align joints in their mid-range of motion where the mechanical advantage and 

ligamentous tension are optimized.

•  Utilize External Support: Use exoskeletons or ergonomic chairs to redistribute forces from the lower back to 

the larger muscles of the legs or to external structures.

Comparative Analysis of Structural Tissues



Different tissues in the body are optimized for different mechanical roles. The following table compares the primary

structural components of the human frame.



Tissue Type Primary Function Mechanical Property Failure Mode

Cortical Bone Load-bearing and 
protection.

High stiffness (Young's 
Modulus).

Brittle fracture under high 
strain.

Articular Cartilage Shock absorption and 
friction reduction.

Viscoelasticity and high 
lubrication.

Wear and tear 
(Osteoarthritis).

Tendons Transmitting force from 
muscle to bone.

High tensile strength 
(collagen-rich).

Rupture or tendinosis.

Ligaments Connecting bone to bone 
(joint stability).

Elasticity with high failure 
point.

Sprains or complete tears 
(e.g., ACL).

Biomechanics provides the essential bridge between the abstract laws of physics and the concrete reality of human

physiology. By viewing the body as a mechanical system, we gain the ability to quantify health, predict injury, and

design interventions that enhance human capability. From the macro-level of a sprinting athlete to the micro-level of

blood cells navigating a capillary, the laws of mechanics are the invisible scripts that direct the drama of human life.

As technology advances, the integration of biomechanical data into wearable devices and personalized medicine

will continue to revolutionize how we understand, maintain, and repair the human machine.
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