UNIT I
INTRODUCTION TO BIOMECHANICS AND HUMAN BODY MECHANICS

1.1 The human body as a biomechanical system

The human body as a mechanical system uses Anatomy (structure) and Physiology (function)
with physics principles in Biomechanics, viewing the Musculoskeletal System (bones,
muscles, joints) as levers/pulleys, employing terms like Kinetics (forces causing motion)

and Kinematics (motion description) to understand movement, posture, and force response,
all described using precise Anatomical Terminology (e.g., superior, medial) and defined
postures (e.g., Anatomical Position).

Concepts in Human Mechanics

o Biomechanics: The study of forces acting on the living body and its tissues, bridging
physics and biology.

e Musculoskeletal System: Bones (levers), muscles (force generators), tendons,
ligaments, and cartilage, forming the body's structure and movement apparatus.

o Systems: Beyond muscles/bones, systems like cardiovascular (nutrient transport),
respiratory (gas exchange), and nervous (control) are vital components.

Anatomical Terminology (Describing Position & Structure)
o Anatomical Position: Standing erect, palms forward, used as a standard reference.
o Planes: Imaginary lines dividing the body (e.g., Sagittal, Frontal, Transverse).

« Directional Terms: Superior (up), Inferior (down), Anterior (front), Posterior (back),
Medial (toward midline), Lateral (away from midline).

Mechanical Terminology (Describing Motion & Forces)

Kinetics: Study of forces causing motion (e.g., muscle tension, gravity, ground
reaction forces).

o Kinematics: Description of motion (position, velocity, acceleration) without
considering forces.

o Statics: Study of bodies at rest or constant velocity (posture, lifting).

e Dynamics: Study of bodies in motion (walking, jumping).
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o Levers: Bones acting as levers, joints as fulcrums, muscles as effort forces.

How They Work Together
Imagine lifting a weight:

e Anatomy: Your biceps muscle contracts, pulling on your forearm bone (radius/ulna)
at the elbow joint (fulcrum).

e Biomechanics (Kinetics): The force from your biceps (effort) overcomes the weight
(load) and gravity.

e Biomechanics (Kinematics): Your forearm moves through an arc (e.g., flexion).

e Terminology: Your elbow flexes (action) in the sagittal plane, moving your hand
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Biomechanics

Dynamics



Anatomical terminology

Anatomical terminology follows a regular morphology, with
consistent prefixes and suffixes used to modify different roots. The root of a term often refers
to an organ or tissue.

Standard terms

When anatomists refer to the right and left of the body, it is in reference to the right and left
of the subject, not the right and left of the observer. When observing a body in the anatomical
position, the left of the body is on the observer's right, and vice versa. These standardized
terms avoid confusion. Examples of terms include:[:#

e Anterior and posterior, which describe structures at the front (anterior) and back
(posterior) of the body. For example, the toes are anterior to the heel, and the popliteus is
posterior to the patella.!%]

e Superior and inferior, which describe a position above (superior) or below (inferior)
another part of the body. For example, the orbits are superior to the oris, and the pelvis is
inferior to the abdomen.[*]

e Proximal and distal, which describe a position that is closer to (proximal) or farther
from (distal) the trunk of the body.[*®! For example, the shoulder is proximal to the arm,
and the foot is distal to the knee.

o Superficial and deep, which describe structures that are closer to (superficial) or farther
from (deep) the surface of the body. For example, the skin is superficial to the bones, and
the brain is deep to the skull.[1 Sometimes profound is used synonymously with deep.

o Medial and lateral, which describe a position that is closer to (medial) or farther from
(lateral) the midline of the body. For example, the shoulders are lateral to the heart, and
the umbilicus is medial to the hips. The medial side of the left knee is the side toward the
opposite knee.

« Radial and ulnar, which describe only structures at or distal to the elbow and may be
used interchangeably with medial and lateral in that particular area because they are less
confusing. Examples: The thumb is on the radial side of the hand (the same as saying the
lateral side); the ulnar side of the wrist is the side toward the little finger (medial side).

o Dorsal and ventral, which describe structures derived from the back (dorsal) or front
(ventral) such as in the embryo, before limb rotation.

e Rostral and caudal, which describe structures close to (rostral) or farther from (caudal)
the nose. For example, the eyes are rostral to the back of the skull, and the tailbone is
caudal to the chest.

« Cranial and caudal, which describe structures close to the top of the skull (cranial), and
towards the bottom of the body (caudal).

e Occasionally, sinister for left, and dexter for right are used.

o Paired, referring to a structure that is present on both sides of the body. For example, the
hands are paired structures.

AXes

Each locational term above can define the direction of a vector, and pairs of them can

define axes, that is, lines of orientation. For example, blood can be said to flow in a proximal
or distal direction, and anteroposterior, mediolateral, and inferosuperior axes are lines along
which the body extends, like the X, Y, and Z axes of a Cartesian coordinate system. An axis
can be projected to a corresponding plane.


https://en.wikipedia.org/wiki/Morphology_(linguistics)
https://en.wikipedia.org/wiki/Prefix
https://en.wikipedia.org/wiki/Suffix
https://en.wikipedia.org/wiki/Root_(linguistics)
https://en.wikipedia.org/wiki/Organ_(anatomy)
https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/Anatomical_terminology#cite_note-GRAYS2005-5
https://en.wikipedia.org/wiki/Anterior_and_posterior
https://en.wikipedia.org/wiki/Anatomical_terminology#cite_note-libre2025-15
https://en.wikipedia.org/wiki/Superior_and_inferior
https://en.wikipedia.org/wiki/Anatomical_terminology#cite_note-libre2025-15
https://en.wikipedia.org/wiki/Proximal_and_distal
https://en.wikipedia.org/wiki/Anatomical_terminology#cite_note-libre2025-15
https://en.wikipedia.org/wiki/Superficial_and_deep
https://en.wikipedia.org/wiki/Anatomical_terminology#cite_note-libre2025-15
https://en.wikipedia.org/wiki/Medial_and_lateral
https://en.wikipedia.org/wiki/Radial_and_ulnar
https://en.wikipedia.org/wiki/Dorsal_and_ventral
https://en.wikipedia.org/wiki/Embryo
https://en.wikipedia.org/wiki/Rostral_and_caudal
https://en.wikipedia.org/wiki/Rostral_and_caudal
https://en.wikipedia.org/wiki/Euclidean_vector
https://en.wiktionary.org/wiki/axis#Noun
https://en.wikipedia.org/wiki/Cartesian_coordinate_system
https://en.wikipedia.org/wiki/Anatomical_terminology#Planes

Planes

The axes of the human body ..

Ax
o) =
) x
§ |
/_;{_‘ $ ~
'
|
| 4 Trasaverss Place
| o Foortal Axn
== E,»'«;
T C <
re 5 ’ |
J ‘ LA
e \ p—
J
I’ 'Iv 1
! |
\ |
| ‘———/\ -~
53l
Axn

The three anatomical planes of the body: the sagittal, transverse (or horizontal), frontal planes

Anatomy is often described in planes, referring to two-dimensional sections of the body.

A section is a two-dimensional surface of a three-dimensional structure that has been cut. A
plane is an imaginary two-dimensional surface that passes through the body. Three planes are
commonly referred to in anatomy and medicine:[4[]:4

e The sagittal plane is the plane that divides the body or an organ vertically into right and
left sides. If this vertical plane runs directly down the middle of the body, it is called
the midsagittal or median plane. If it divides the body into unequal right and left sides, it
is called a parasagittal plane, or less commonly a longitudinal section.[

o The frontal plane is the plane that divides the body or an organ into an anterior (front)
portion and a posterior (rear) portion. The frontal plane is often referred to as a coronal
plane, following Latin corona, which means "crown".

e The transverse plane is the plane that divides the body or organ horizontally into upper
and lower portions. Transverse planes produce images referred to as cross sections.

Functional state

Anatomical terms may be used to describe the functional state of an organ:

e Anastomoses refers to the connection between two structures previously branched out,
such as blood vessels or leaf veins.

o Patent, meaning a structure such as an artery or vein that abnormally remains open, such
as a patent ductus arteriosus, referring to the ductus arteriosus which normally
becomes ligamentum arteriosum within three weeks of birth. Something that is patent
may also refer to a channel such as a blood vessel, section of bowel, collecting
system or duct that is not occluded and remains open to free flow. Such obstructions may
include a calculus (i.e. a kidney stone or gallstone), plaque (like that encountered in vital
arteries such as coronary arteries and cerebral arteries), or another unspecified
obstruction, such as a mass or bowel obstruction.

e Anplexus refers to a net-like arrangement of a nerve.
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Anatomical variation

The term anatomical variation is used to refer to a difference in anatomical structures that is
not regarded as a disorder. Many structures vary slightly between people, for example
muscles that attach in slightly different places. For example, the presence or absence of

the palmaris longus tendon. Anatomical variation is unlike congenital anomalies, which are
considered a disorder.
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Joints, especially synovial joints allow the body a tremendous range of movements. Each
movement at a synovial joint results from the contraction or relaxation of the muscles that are
attached to the bones on either side of the articulation. The type of movement that can be
produced at a synovial joint is determined by its structural type.

Movement types are generally paired, with one being the opposite of the other. Body
movements are always described in relation to the anatomical position of the body: upright
stance, with upper limbs to the side of body and palms facing forward.

General motion
Terms describing motion in general include:

e Flexion and extension, which refer to a movement that decreases (flexion) or increases
(extension) the angle between body parts. For example, when standing up, the knees are
extended.

e Abduction and adduction refers to a motion that pulls a structure away from (abduction)
or towards (adduction) the midline of the body or limb. For example, a star jump requires
the legs to be abducted.

e Internal rotation (or medial rotation) and external rotation (or lateral rotation) refers
to rotation towards (internal) or away from (external) the center of the body. For
example, the lotus position posture in yoga requires the legs to be externally rotated.

« Elevation and depression refer to movement in a superior (elevation) or inferior
(depression) direction. Primarily refers to movements involving
the scapula and mandible.
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Special motions of the hands and feet

These terms refer to movements that are regarded as unique to the hands and feet:

Dorsiflexion and plantarflexion refers to flexion (dorsiflexion) or extension (plantarflexion)
of the foot at the ankle. For example, plantarflexion occurs when pressing the brake pedal of
acar.

o Palmarflexion and dorsiflexion refer to movement of the flexion (palmarflexion) or
extension (dorsiflexion) of the hand at the wrist. For example, prayer is often conducted
with the hands dorsiflexed.

e Pronation and supination refer to rotation of the forearm or foot so that in the anatomical
position the palm or sole is facing anteriorly (supination) or posteriorly (pronation). For
example, if a person is holding a bowl of soup in one hand, the hand is "supinated” and
the thumb will point away from the body midline and the palm will be superior; if the
hands are typing on a computer keyboard, they will be "pronated™ with the thumbs
toward the body midline and the palms inferior.

e Eversion and inversion refer to movements that tilt the sole of the foot away from
(eversion) or towards (inversion) the midline of the body.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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