
1.4 FORCES ACTING ON THE BODY: INTERNAL AND EXTERNAL 

 

 

INTERNAL FORCES 

In the human body, internal forces are the forces generated inside the body by muscles, 

tissues, and joints to produce movement, maintain posture, and stabilize structures. 

The internal forces between the particles (molecules/atoms) of a body maintain the integrity 

of the body. The internal forces inside a body are directly affected by the (external) loads 

acting on a body.  

Therefore, designing a body to properly resist the external loads and maintain its integrity 

requires complete knowledge of the internal forces within the body. 

The internal forces in a body can be investigated or determined by (imaginarily) plane-

sectioning or slicing the FBD of the body. Slicing or sectioning a body externally exposes the 

internal forces on the cross section.  

 

The exposed internal forces, being in fact a continuous distribution of forces over the cross 

section, can be presented by resultant forces and couple moments on the imaginary boundary 

or cross section. 

 

The resultant forces and a couple moment are usually shown three orthogonal axes (i.e. a 

Cartesian frame) with one of them perpendicular to the cross sectional plane. The 

components of the internal forces and the couple moment along these axes.  

 

These components are classified and explained as the following. 

1- Normal force. Denoted by, the normal force is the internal force component that is 

perpendicular to the cross section 

2- Shear force. The shear force is the internal force component that is tangent to the cross 

section.  

3- Bending moment. The bending moment is the internal couple moment (vector) that is 

tangent to the cross section.  

4- Torsional moment. The torsional or twisting moment is the internal moment component 

that is perpendicular to the cross section.  

 



 

Tension Force 

 

It is the pulling force along the length of a structure, like a tendon or ligament, 

stretching it apart, crucial for muscle contraction (pulling bones) and maintaining 

body integrity, but excessive tension causes injuries like strains or tears, while 

insufficient tension leads to weakness. It's a fundamental load in the body, where 

muscles create tension to move limbs, with tissues like tendons and ligaments 

transmitting these pulls, and bone strength also relying on resisting tension. 

General Formulas 

 For Vertical Motion (Up or Down): 

o T = m(g + a) (Object accelerating upwards) 

o T = m(g - a) (Object accelerating downwards or slowing down while moving up) 

o T = mg (Object stationary or moving at constant velocity) 

 For Horizontal Motion with Friction/Other Forces: 

o Apply Newton's Second Law (F=ma) to the entire system or individual parts, treating tension 

as an internal force or the force causing motion, often in conjunction with other forces like 

friction (F_friction = μN). 

 For Circular Motion (e.g., a pendulum): 

o Tension provides the centripetal force: T = mv²/r, where v is velocity and r is the radius.  

Key Variables 

 T: Tension force (in Newtons, N). 



 m: Mass of the object (in kilograms, kg). 

 g: Acceleration due to gravity (approx. 9.8 m/s²). 

 a: Acceleration of the object (in m/s²). 

 W: Weight (Weight = mg).  

 

Compression Force 

Compression force is a squeezing, inward-pushing load on the body, vital for daily activities 

like walking (loading joints) but also a cause of injury (fractures, disc damage) if overloaded, 

acting axially through bones and tissues, influencing bone density, and differing from 

tension/shear forces. It's generated by body weight, gravity, and muscle action, affecting 

joints, discs, nerves, and bones, and its effects depend on tissue properties and load 

magnitude.  

 

  



 

 

Shear Force 

Shear force is a parallel force that causes layers of tissue or bone to slide past each other, 

leading to angular deformation, unlike compression (pushing together) or tension (pulling 

apart). It's crucial in joints (like the spine, shoulder, knee) and tissues, often causing 

significant injury, such as ACL tears or disc herniations, because tissues are less resistant to 

sliding than compression, especially during movements like sit-ups or uneven loading.   



 

Fig:- Schematic drawing of loads on femur. (a) Compression, (b) distraction, (c) shear, (d) 

bending, (e) torsion 

Shear stress arises from the force vector component parallel to the cross-section. The main 

components of shear strength are compressive and tensile loads. The resistance potential of 

bone to shear forces is considerably low. Distal femoral and proximal tibial fractures occur 

because of shear strain associated with varus and valgus during knee hyperextension. 

 

Bending Force 

Bending force (or moment) is a load that causes a biological structure (like a bone or 

tendon) to curve or deform, creating internal tension on one side and compression on the 

other, crucial for bone adaptation, fracture healing, implant design, and understanding tissue 

strength (flexural strength). These forces, often analyzed with shear forces, determine stress 

distribution (tension/compression) and are vital for designing rehab exercises and orthopaedic 

devices that promote healthy tissue remodeling or resist failure.  

 



Torsion Force 

Torsion force is the twisting stress on a body part (like a bone or joint) caused by rotational 

movement, where one end twists relative to the other, creating internal shear stresses that 

deform the structure. It's crucial for understanding joint stability (e.g., ankle sprains), bone 

failure, and designing supportive gear like shoes, as it affects movement and injury risk 

during activities like running, jumping, and sports.  

 

…………………………………………………………………………………………… 

External Forces (External Biomechanics) 

Mechanics Domain 

There are two domains of mechanics (biomechanics): 

1. Static: describes mechanics that analyse the bodies at rest or in uniform 

motion 

2. Dynamics: the study of conditions under which an object moves. [1] 

The dynamics concept can be further discussed under kinematics and kinetics.  

 The kinetics concept: deals with body motion and the forces that cause it to 

move.  

https://www.physio-pedia.com/Introduction_to_Human_Biomechanics_-_External_Forces#cite_note-:1-1


 Kinematics describes: body motion without regard to the forces that 

produce that motion. 

Kinematics Variables 

In kinematics, there are five variables of interest: 

1. Type of motion or displacement, 

2. The location, 

3. The direction, 

4. The magnitude 

5. Rate of the motion or displacement 

1.Type of motion 

Human motion is described as general motion (a complex combination of linear 

and angular components of motion). Most of the time human motion is analysed 

as either linear or angular motion as these two types of motion are basically 

considered “pure” motion. 

 Linear motion (or translatory or translational motion): all parts of the body 

are moving in the same direction and at the same speed. If this motion 

occurs along a: straight line it is referred to as linear or rectilinear motion; a 

curved path it is referred to as curvilinear path.  

 Angular motion is described as a rotation that occurs around a central 

imaginary line known as the rotation axis.  

Pure linear movement in humans, like in walking, running and swimming rarely 

occur as the orientation of body segments to each other changes continually.  

 In activities like skating and ski jumping there might be brief moments of 

pure linear motion.  

The movement of a multi-segmented body, like the human body, which involves 

simultaneous linear and angular motion of the segments, is usually referred to as 

general motion. In humans, whole-body movements are described as general 

motion, as explained in the following examples 

 When a person walks, the head and trunk movements are fairly linear, but 

the legs and arms movements are linear and angular simultaneously as the 

person's body translates forward 

 In cycling, the head, trunk and arms move in a fairly linear fashion but the 

legs move simultaneously in a linear and angular motion. 

2. Magnitude of Motion 



For angular motion, its magnitude can be measured and recorded in radians or 

degrees with the use of a goniometer. While the linear motion of a segment is 

measured by the linear distance that the object covered and this can be evaluated 

with walking assessment tools like 6-minute walk test.[9] 

3. Rate of Motion 

Speed or velocity is used to measure the rate of motion and change in velocity is 

acceleration.[1] 

4. Location of Joint Motion in Space 

One common reference system for location joint motion is that of anatomical 

planes and axes. A plane of motion can be described as a particular dimension of 

motion that runs through an imaginary flat surface of the body and an axis is an 

imaginary line that the body segment is rotating about. There are three planes of 

motion in the body, namely the sagittal, frontal and transverse planes. 

 A sagittal plane has its axes as mediolateral, also known as transverse axes 

 The frontal (coronal) and transverse planes have their axes as 

anteroposterior and longitudinal respectively.  

5. Direction of Motion 

The direction of motion can be described in terms of how the movement occurs 

along the plane and axis.  

 When a motion reduces joint angle in the sagittal plane it is called flexion 

and a motion that increases the joint angle extension. Other common 

direction of motion in the sagittal plane are dorsiflexion and planter-

flexion. 

 Movement to the extremes of the range of motion are often referred to as 

"hyper," as is the case with hyperextension, and this also occurs in the 

sagittal plane. 

 The motion of a segment away from the midline in the frontal plane is 

called “abduction,” while the movement back toward the midline is called 

“adduction”. Other directions of motion that is common in this plane 

include eversion and inversion. 

 Common motion along the transverse plane are internal rotation and 

external rotation, pronation and supination are also common motion along 

the transverse plane.  

https://www.physio-pedia.com/Goniometer
https://www.physio-pedia.com/Six_Minute_Walk_Test_/_6_Minute_Walk_Test
https://www.physio-pedia.com/Introduction_to_Human_Biomechanics_-_External_Forces#cite_note-:2-9
https://www.physio-pedia.com/Introduction_to_Human_Biomechanics_-_External_Forces#cite_note-:1-1
https://www.physio-pedia.com/Cardinal_Planes_and_Axes_of_Movement
https://www.physio-pedia.com/Cardinal_Planes_and_Axes_of_Movement


There are other directional terms to help describe the position of the body segment 

relative to the anatomical position eg 

 Superior and inferior, which describes body position towards the head and 

the feet, respectively. 

 Anterior and posterior can be used to describe objects related to the body as 

the front or back orientation to the body, respectively.  

 Parts or movement towards the midline of the body is called medial, while 

motion or position towards the sides of the body is lateral.  
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