Foundations of Structural Kinesiology
Objectives of Chapter

· Discuss & review bones of body, type of bones, & articulations

· somewhat of review

· Characteristics of Bones

· Orientation, planes, & axes of the body

· how do we describe where structures are & motions

· Fundamental movements

· body segments & movement along planes around an axis

· Name factors that contribute to joint range of motion & stability and their relationship 

· Know basic degrees of range of motion for each joint

· Practical Skills

· Assess motions of joints (perform on peers)

· name movement, plane, & axis

· identify segment being moved 

· basic identification of muscles involved

· Measure joint range of motion on peers

· Identify movement, planes, & axes of motion (complex movements through pictures & video)

Skeleton

· Axial skeleton

· skull; thorax (sternum & ribs) vertebral column (7 cervical, 12 thoracic, 5 lumbar, sacrum, coccyx)

· Appendicular skeleton

· upper extremity (scapula, clavicle humerus, ulna, radius, carpals, phalanges)

· lower extremity (pelvis, femur, tibia, fibula, patella, tarsals, phalanges)

Functions of Bones 

· protection

· support tissues & posture

· red blood cell production

· reservoir for Ca++ & phosphorus

· *serve as levers & attachment for muscles to provide movement (produce torque) 

Levers

· Long bones serve as levers

· rigid bar that turns around a  fulcrum (axis)

· transmit forces to system

· produce torque (rotary force)

Types of Bones

· Long bones (levers)

· shaft with knobby ends

· medullary canal

· i.e. femur

· Short bones

· small, solid bones

· i.e. – carpal & tarsals

· Flat bones

· Flat & plate like

· i.e. – skull & scapula

· Irregular bones

· i.e. – vertebrae & pelvis

· Sesamoid bones - patella

Bony Features

· Diaphysis – long cylindrical shaft

· Cortex - hard, dense compact bone forming walls of diaphysis

· Periosteum - fibrous membrane covering outer surface of diaphysis

· Epiphysis – ends of long bones   (spongy or trabecular) bone

· Epiphyseal plate - (growth plate) thin cartilage plate separates diaphysis & epiphysis

· Articular cartilage – covering epiphysis to provide cushioning effect & reduce friction

· Medullary  Cavity (marrow) – between walls of diaphysis, containing yellow or fatty marrow (RBC’s)
Development & Influence of Bone 

· Primary determinant of bone structure is genetic

· Changes can occur in bone: (“Wolff’s Law” p. 13)

· Physical stresses – sedentary vs physically active
· Nutrition – Ca++ & vitamin D (detrimental affect of soda)
· Overuse – excessive throwing, running, etc.

· before ossification can retard growth (careful!!)

· muscle & bone/tendon juncture develop at different rates

· Osgood-Schlatters

· Injuries – fractures, etc.

· Fracture at epiphyseal plate

· **Growing period avoid excessive heavy stresses & overuse

· **Size of child not sign of bone maturation

Changes in Bone as Adult

· After ossification, (’s involve only density

· ( gravitational stress results in bone loss, demineralization & reduced strength

· exercise critical (weight bearing aerobic & resistance)

· Hormonal changes

· ( estrogen levels cause demineralization

· menopause 

· seen with ammenorrhea (careful with female athletes)

· Peak bone mass by maxed 25-30 years

· Collagen provides some flexibility & strength in bone 

· aging causes progressive loss of collagen & ( brittleness

· Early research suggested birth control had a positive affect on bone density

· Recent research suggests negative affect

· 90% of bone density is established by age of 18

Mechanical Properties of Bone

· Strength – resistance to fracture

· Elasticity – ability to reform after stressed

· stress (force)—strain (deformation) relationship

· Fatigability – measure of weakening of bone due to repetitive stress 

Stresses Placed on Bone

· Bone is adaptable

· diameter of canal

· width of cortical bone

· mineral content

· Compression

· Tension – pulling apart

· Torsion - twisting

· Shear – tearing across

Articulations

· Junction of 2 bones 

· Synarthrodial – considered immovable

· skull

· Amphiarthrodial – slightly movable

· fibrocarilaginous disc

· scapula & clavicle; vertebrae

· **Diarthrodial – “synovial joints” freely moveable

· further classified by shape & function

Diarthrosis: Characteristics

· Articular cavity

· Bone surfaces covered with cartilage

· Synovial membrane & fluid

· Ligaments & tendons

· Ligamentous capsule

Diarthrosis: Classification

· Hinge joint: convex/concave surfaces

· uniaxial; flexion/extension

· Pivot joint: a peglike pivot

· uniaxial; permits rotation

· Condyloid joint: convex surface fits into concave surface

· biaxial; flexion/extension, Ab & adduction, and circumduction

· Ball-and-socket: head of one bone fits into the cup of the other bone

· multi-axial; flexion/extension, ab/adduction, internal/external rotation

Properties of Articulations

· Elasticity of connective tissue

· returning to original length after stretch

· Elastic limit – will not return

· **may be ( with exercise training

· ( chance of injury

· Plasticity – remain in deformed state

· Sprained ligaments lose elasticity 

Properties of Articulations (cont.)

· Stability – withstand shock w/o injury

· Factors affecting

· bony structure, muscle/tendon, ligament, capsule

· must train these structures

· Avoid over stretching

· ie- swimmers, pitchers

· Mobility – ability to move through pain free ROM

· measure in degrees

· determined by bony structure, muscle/tendon. ligaments, capsule

· can be improved with stretching exercises

· All joints have differing stability/mobility ratios

· When you can in one area, you lose in the other

· goal is to maximize both (evaluate needs)


ORIENTATION OF THE BODY
“Anatomical Position”

· Location Terms

· Superior (cephalic) vs Inferior (caudal)

· Medial vs Lateral

· midline of body

· Anterior (ventral) vs Posterior (dorsal)

· Proximal vs Distal

· Superficial vs Deep

· Contralateral vs Ipsilateral

· Prone vs Supine

· *remember it is all relative; from now on use these terms

“Planes” of the Body (p. 7)

· Imaginary two-dimensional surface which a limb or body segment moves along

· 3 basic planes (Cardinal)

· in relation to the body, not in relation to the earth

· Many motions don’t occur exactly on these plane

· they describe basic movements
· Sagittal, Frontal, Transverse Views


“Axes of Motion” (p. 7)

· Imaginary pole running perpendicular to plane which allows rotation of segment

· Bilateral: axis passes horizontally form side to side

· Anteroposterior: axis passes horizontally from front to back

· Vertical: axis is perpendicular to the ground

· Axis of movement is always at right angles to the plane in which it occurs 

FUNDAMENTAL MOVEMENTS Based on Anatomical Position) 
Sagittal Plane about a Bilateral Axis
· Flexion – bones move toward each other

· Extension – bones move away from each other

· Hyperextension - beyond extension

· Dorsi-flexion – foot toward head

· Plantar flexion – foot toward ground
· FUNDAMENTAL MOVEMENTS (Based on Anatomical Position) 
Frontal Plane about an AP Axis

· Abduction: movement away from the midline

· Adduction: movement toward the midline

· Lateral Flexion: lateral bending of head or trunk
· Radial deviation: wrist movement toward thumb

· Ulnar deviation: wrist movement toward “pinky”

FUNDAMENTAL MOVEMENTS (Based on Anatomical Position) 
Transverse Plane About a Vertical Axis

· Rotation Left & Right: rotation of head, trunk or pelvis

· Lateral (external) Rotation: outward rotation of thigh or upper arm

· Medial (internal) Rotation: inward rotation of thigh or upper arm

· Supination: outward rotation of forearm

· Pronation: inward rotation of forearm

· Horizontal Abduction:  movement away from midline on transverse plane

· Horizontal Adduction:  movement toward midline on transverse plane

FUNDAMENTAL MOVEMENTS Combination of Planes

· Circumduction:  whole segment describe a cone arm circling and trunk circling 

· Diagonal abduction:  Movement by a limb through a diagonal plane away from midline of body

· Diagonal adduction:  Movement by a limb through a diagonal plane toward & across midline of body

· Opposition: diagonal movement of thumb across palmar surface of hand to make contact with fingers

Naming Joint Action In Complex Movements

· All joint motions are named as if they were occurring in anatomical position

· The plane & axis are identified as those in which the movement actually occurs

· Same axis always goes with same plane

Average Ranges of Motion 

· Elbow

· flexion - 145°



extension - 0 °

· Radio-Ulnar

· pronation - 80°


supination - 90°

· Wrist

· extension - 60°


flexion - 70°

· ulnar deviation - 30°


radial deviation - 20°

· Shoulder

· flexion - 170°



extension - 50°

· abduction - 170°

            external rotation - 90°

· internal rotation – 70°




· Hip

· Flexion - 120°


extension - 30°

· Abduction - 45°

external rotation - 45°

· Internal rotation
- 35°



· Knee

· Flexion - 145°


extension - 0°

· Ankle 

· Dorsiflexion - 25°

plantar flexion - 45 °

· Cervical region

· Flexion - 60°


hyperextension - 75°

· Lateral flexion – 45° 

rotation - 80°

