
Test Title
W.I.T.S. Personal Trainer Certification

Lecture Two:
Functional Anatomy and 

Biomechanics



The Skeleton



3

Bones of the Human Body

• There are 200 bones in the body.
• High mineral content (calcium) 

gives them rigidity so they are stiff.
• Protein content reduces brittleness.

3



4

Bone Tissue
• Cortical (compact) bone: The dense, 

hard outer layer.
• Trabecular (spongy) bone: Provides 

strength via a dense, lattice-like 
structure, without the weight of 
compact bone.

• Bones are living tissue that adapt to 
stress (overload) by remodeling, 
and becoming denser.
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Skeletal Anatomy: 
Long Bones

• Found in limbs and digits.
• Serve as levers for movement. 
• Diaphysis (shaft).
• Epiphysis (ends).
• Articular cartilage: Covers ends to 

provide smooth movement.
• Periosteum: Covers entire bone; 

serves as attachment for muscles.
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The Femur
(example of a long bone)
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Skeletal Anatomy: Short, 
Flat and Irregular Bones

• Short: Tarsals (ankles) and carpals 
(wrists).

• Flat: Ribs, ilia (“wings of the 
pelvis”), scapulae (shoulder blades).

• Irregular: Ischium (inferior pelvis), 
pubis (anterior pelvis) and 
vertebrae (spine).

• Patella: Special bone imbedded in 
the quadriceps tendon at the knee. 
(sesamoid joint) 7
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Ossification of Bones
• In infancy, bones begin as 

cartilaginous structures.
• Bones gradually harden.

• Ossification is the replacement of 
cartilage with bone during growth.

• Most bones stop growing in late 
teens.
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Planes and Axes of 
Movement
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Joint Movement
• Joint movements are described in 

terms of how the distal segment 
(below the joint) moves relative to 
the proximal segment (above the 
joint). 

• All joint movement is referenced 
from anatomical position.
– In anatomical position, the body is 

erect, arms at sides, palms facing 
forward. 11
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Joint Structure and 
Function

• Joints are places where two or more 
bones meet, or articulate.

• Joints are classified according to 
their capacity for movement.

• Ligaments connect bones to each 
other across all joints.

• Tendons connect muscle to bone. 
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Synarthrodial Joints

• Immovable Joints

• Bound together by fibrous tissue, 
continuous with periosteum.

• Sutures of the skull are examples of 
synarthrodial joints.
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Amphiarthrodial Joints
• Allow only slight movement 

between bones.
• Bones are often separated by a disc, 

which is deformed with movement.
• Examples: tibiofibular, sacroiliac 

and vertebral joints. 
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Diarthrodial (Synovial) 
Joints

• Freely moveable, with great range 
of motion.

• Most joints involved in physical 
activity are synovial.

• Movement is facilitated by synovial 
fluid which is located in the joints

• Synovial joints are stabilized by 
strong ligaments, muscles and 
connective tissue. 15
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Diarthrodial (Synovial) 
Joint
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Direction and Range of 
Motion of Joints

• Determined primarily by the shape of 
bones at their articulating ends. 

• Ball and socket joints allow for a wide 
range and direction of movement.

• Hinge joints have limited ROM.
• Length and elasticity of ligaments are  

secondary limiting factors.
• Muscle elasticity and/or tightness can 

limit functional joint ROM.
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Specific Joint Movements
• Flexion:  Extension
• Abduction: Adduction
• Internal Rotation:  External 

Rotation
• Supination:  Pronation
• Inversion:  Eversion
• Plantar Flexion: Dorsiflexion
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Movements of the Scapulae
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Movements of the Shoulder 
Joint
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Movements of the Elbow

21



22

Radioulnar Joint 
Movements
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Wrist Joint Movements
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Vertebral Column 
Movements
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Lumbosacral Joint 
Movements
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Hip Joint Movements
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Knee Joint Movements
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Intertarsal Joint 
Movements
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Ankle Joint Movements
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Skeletal Muscle Properties

• “Voluntary”, because it requires a 
message from the brain to produce 
movement.

• Consists of millions of muscle 
fibers.
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Skeletal Muscle Fiber
• Fascicles: Bundles of fibers grouped 

together.
• Perimysium: Surrounds the 

fascicles.
• Epimysium: Encases the entire 

muscle.
• Tendon:

– passive part of muscle made up of 
tough elastic tissue.

– attaches muscle to bone. 31
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Forces that Cause 
Movement

• Muscle shortening (contraction).
• Gravity.
• Outside forces.
• The same forces that cause 

movement can also prevent or 
resist  movement. 

• Newton’s First Law of Motion: 
“A body in motion stays in motion unless 

acted upon by an outside force.”
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Muscle Action Terminology
• Motor neuron. 

• Motor unit. 

• Recruitment. 
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Muscle Action
• Muscles that produce strength or 

power (quadriceps, calves) have a 
large number of muscle fibers, and 
each motor neuron innervates 
thousands of muscle fibers.

• Fine motor movements (eyes, 
fingers) are made by small motor 
units, where one neuron stimulates 
only a few muscle fibers. 34
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Muscle Action: Concentric
• Muscle shortening phase.
• Muscles bring body segments 

closer.
• Muscles must develop enough force 

to overcome the resistance of 
gravity. 

• Movements done opposite the pull 
of gravity are concentric.
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Muscle Action: 
Eccentric

• Eccentric actions occur 
in the direction of 
gravity.

• Muscle contraction 
resists the pull of 
gravity to control the 
speed of movement.

• The muscle lengthens 
as it produces less 
force than the force of 
gravity.

36



37

Muscle Action: 
Ballistic

• Fast movement occurs when resistance 
is minimal.

• Requires a burst of concentric action.
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Muscle Action: Isometric
• The muscle produces 

a force equal to the 
opposing force.

• Muscle length does 
not change.

• Joint position is 
maintained.
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Muscle Actions
• Agonist: 

– the muscle primarily responsible for 
the production of force during a 
movement.

– also called the “prime mover”.
• Antagonist: 

– the muscle on the opposite side of the 
joint from the agonist.

– lengthens passively as the agonist 
contracts. 
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Roles of Muscles
• Produce movement.
• Decelerate movement.
• Stabilize joints to prevent 

movement.
• Counter actions of other muscles to 

prevent undesirable movement.
• Guide movement produced by other 

muscles.
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Muscle Groups
• All the muscles that act 

concentrically to produce a specific 
movement at a given joint form a 
muscle group. 

• Some muscles belong to more than 
one muscle group.
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Achieving Stability
• Stability: ability to maintain a stable, 

balanced position after a disruption of 
balance.

• Center of gravity must fall within base of 
support.

• Changing foot and body positions alters 
the base of support and center of gravity.

• A wide base of support and a lower body 
position increase stability.

• A narrow base of support and an 
elongated body position reduce stability.42
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Base of Support
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Line of Gravity and Outer 
Limits of Base of Support
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Torque (Moment of Force)
• Torque:  expression of rotational 

force. 
– All human joint movement is rotational 

in nature.
• The limbs act as levers that rotate 

around joints, acting as fulcra. 
• The farther a resistance is from the 

axis of rotation, the greater the 
torque necessary to produce 
movement. 45
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Torque
• Torque is the product of the 

magnitude of force (F) and the force 
arm (FA).

• T = F x FA
• When 2 forces produce rotation in 

opposite directions (gravity and 
muscle contraction), one is the 
resistance force (R) and its force 
arm is called the resistance arm 
(RA).

• Force generated by R x RA is called 
resistance torque (TR).
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Torque and Exercise
• During exercise, the force arm (FA)  

is  the perpendicular distance from 
the axis of rotation to the direction 
of application of that force.

• The resistance arm (RA) is the 
distance from the axis of rotation to 
the center of gravity of the moving 
limb.
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Torque and Exercise
• Holding a dumbbell lengthens the 

resistance arm by moving the 
center of gravity away from the axis 
of rotation.

• The longer the resistance arm, the 
more torque is necessary to 
produce movement.

• Torque varies as a limb moves 
through the joint’s range of motion, 
due to change in the length of FA.
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Force (F) and 
Force Arm (FA)
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Effect of a Less-Flexed 
Position on the Force Arm
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Resistance (R) and
Resistance Arm (RA)
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Modifications of Resistive 
Torque
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Rotational Inertia
• Rotational inertia is resistance to the 

change of a body segment’s position.
• Inertia depends on the mass of the 

segment and its distribution about the 
joint.

• A limb with a heavier mass concentrated 
a further distance from the joint axis is 
harder to move.

• Inertia depends on the mass of body 
segments, which cannot be changed.

• Inertia can be manipulated by changing 
the angle of a joint.
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Angular Momentum
• Angular momentum is the product 

of rotational inertia and angular 
velocity.

• The faster a body part moves, and 
the greater its rotational inertia, the 
greater its angular momentum.

• The amount of force needed to 
change angular momentum is 
proportional to the amount of 
momentum. 54
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Angular Momentum and 
Exercise

• Momentum during exercise is 
decelerated by eccentric muscle 
action.

• Greater mass moving at a greater 
speed requires more force to 
decelerate.

• Muscles can be injured if they are 
not strong enough to decelerate the 
force of ballistic movements.
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Transfer of Angular 
Momentum

• Transfer of momentum from one 
body part to another is 
accomplished by stabilizing the 
initially moving body part.
– In sports, angular momentum can be 

transferred from a body part to a ball, 
bat, or other apparatus. 
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Muscle Group Involvement 
in Activities

• Muscles work in groups to produce 
specific joint movements.

• Efficiency of movement can be 
improved upon by studying the 
mechanics of movement at a joint, 
and by making necessary changes.

• Training for strength and flexibility 
can influence the efficiency of 
movement.
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Common Mechanical 
Errors: Walking and 

Running
• Stiff-legged running increases 

rotational inertia, and increases 
joint stress.

• Keep joint movements in the 
anterior-posterior direction to 
eliminate trunk rotation.

• Do not propel too high off the 
ground.

• Reduce impact by running softly 
and quietly. 58
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Common Mechanical 
Errors:

Throwing and Striking
• The more joints involved in a throwing 

motion, the more speed can be produced.
• Lack of trunk rotation and poor 

coordination of timing reduces velocity.
– When striking, rotate the trunk to increase 

impact of the strike.
• Hip, trunk and upper limb movements 

should follow each other with fluid 
timing.

• Increased bat velocity results in 
increased impact on the ball, and greater 
transfer of momentum.
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Overarm Throwing 
Movements
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Common Mechanical 
Errors:

Lifting and Carrying
• Lifting and carrying objects:

– place the object close to or between 
the spread feet.

– squat with an erect trunk.
– activate abdominal muscles and tilt the 

pelvis backward.
– use the hip and knee extensors to 

generate slow, smooth force.
– carry the lifted object close to your 

body.
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Lifting Technique

62



6363

Questions/Discussion?


