Muscles

Introduction:

The muscles are classified into:

1. Skeletal
2. Cardiac

3. Smooth.

· Skeletal  muscles are the prime movers of the human body.

The forces they produce under the control of the nervous system act on the bones to which they are attached to create the propulsive forces necessary for human movement.

· Man has 640 skeletal muscles of many shapes and sizes 9 from the tiny stapedius muscle of the middle ear to the massive hip extensor, the gluteus maximus).

· Muscles are situated across joints and are attached at two or more points to bony levers.

· Each muscle is well adapted to provide an appropriate range, direction and force of contraction to meet the habitual requirements at the articulations over which it passes.

Properties of Skeletal Muscles:

1. Irritability : is the ability of the muscle to respond to stimulus.

2. Contracility: is the capacity of the muscle to produce tension between it’s ends.

3. Relaxation: is the opposite of contraction and is the giving up of tension.

Both contraction and relaxation progress from zero to maximal values over a finite time.

4. Distensibility: is the ability of the muscle to be stretched or lengthened up to a certain limit by an outside force; e.g. pull of an antagonist muscle, of gravity or by an opponent. The muscle suffers no harm so long as it is not stretched beyond its physiological limits.

5. Elasticity: is the ability of the muscle to recoil to its original length when an outside force is removed unless it has been overstretched.

Factors Influencing Muscle Function


Function of the skeletal Muscles:

1. Create the propulsive force responsible for human movement and positioning of the bony segments of the body.

2. Give shape to body segments.

3. Form supportive walls.

Classification of Muscles:

1. According to the shape and fascicular architecture:

a. Parallel: spindle.

b. Oblique: e.g. pinnate.

c. Spiral: Supinator.

The muscles designed for strength are of pinnate type and the ones designed for speed have parallel fibers.

2. According to the myoglobin content:

a. Red: contain more red fibers and they are responsible for movement, which require slow action for a long time e.g antigravity muscles.

b. White: contain more white fibers and they are responsible for movement, which require rapid action for a short time.

3. According to the type of contractile activity:

a. Tonic muscles (stabilizers): it demonstrates continuous low level of contractile activity which is required to maintain a given posture.

b. Phasic muscle (mobilizers): it demonstrates rapid (fast twitch) activity   which is required when changing from one position to another.

4. According to general limb appearance:

a. Contractors: those muscles pull the body into approximation of the fetal position e.g. flexor adductors and medial rotators.

b. Expanders: those muscles which expand or open up the body e.g. extensors. Abductors and lateral rotators.

5. According to the relative magnitude of their stabilizing and rotatory components (muscle attachments):

a. Spurt: mainly rotator muscles which have their origin away from the joint and their insertion near to the joint e.g. biceps muscle.

b. Shunt: mainly stabilizer muscles which have origin near the joint and their insertion away from the joint e.g. brachio-radialis.

6. According to the orientation of the line of pull to the joint structure:

      ( e.g. flexors, extensors, abductors and adductors)

The muscle located anterior to a joint may be extensor as in the case of the knee joint or may be flexor as in the case of the elbow joint.

The possible axes of motion are determined by the structure of the joint itself.

7. According to the number of joints over which the muscle crosses:

a. One joint muscle ( e.g. vastus mediales).

b. Two joint muscle( e.g. rectus femoris).

c. Multi-joint muscle ( e.g. finger flexors).

8. According to the type of muscle action or function (their interaction in joint movement):

One action of the joint is not only the responsibility of one muscle but it is the responsibility of different groups of muscles, which can be classified as follows:

Agonists, antagonists, synergists, fixators. 

Types of muscle actions or functions:

1. Agonists:

Antagonists are the muscles which contract to perform a certain action and they include:

a) Prime movers: Muscles which make the major contribution in any  contraction ( e.g. iliopsoas in hip flexion movement).

b) Secondary movers: Muscles which cross the same joint but make less contribution in the movement. They are also called accessory or assisted movers. They act sometimes as prime movers when the force required increases or paralysis occurs (e.g. Sartorius in hip flexion).

2. Antagonists:

They are muscles which oppose the prime movers as they relax and lengthen progressively to allow agonists to move. Therefore, the movement is controlled but not impeded. For every action, there are agonists and antagonists (e.g. Gluteus maximus is antagonist for iliopsoas).

3. Synergists:

Synergists are muscles that work together in a close cooperation as they either contract or relax to modify the action of the agonist. 

Their aim is:

-     To make the agonist stronger.

· To eliminate the action of undesired movement.

They may alter the direction of pull and that depends on their power in relation to the agonist muscle.

Types of Synergists:

a) Conjoint.

b) Neutralizer.

c) Stabilizer.

a) Conjoint: They are the two muscles acting together to produce  a certain movement which neither of them could produce it alone. They are considered as prime movers of agonists and they are parallel to each other.
E.g. tibialis anterior and peroneous tertious work together to produce dorsiflexion.

b) Neutralizer: They are the muscles that neutralize or cancel the undesired action of other muscles of prime movers or secondary movers.

This is more apparent in two- joint muscles which pass across more than one joint and they are capable of performing more than one action which are not needed, so the other muscles or neutralizers must contract to counteract the undesired movement.

1. Neutralizers around the target joint:

i. To oppose the undesired action of the prime movers if it crosses bi- or multi-axial joints (e.g. lateral rotators neutralize undesired motion of adductors of medial rotation during hip adduction).

ii. To oppose the undesired action of the secondary movers (e.g. internal rotators neutralize the action of sartorius during hip flexion).

2. Neutralizers for undesired motion on another joint in case of two joint muscles.

For example: Contraction of the finger flexors to grasp an object also tend to flex the wrist. The unwanted wrist flexion is neutralized by wrist extensors. 

c) Stabilizers:

Stabilizers are the muscles that surround the proximal joint. They contract and become firm to allow distal joint to move smoothly. Their contraction is generally isometric (e.g. the rotator cuff muscles all contribute their opposing tension to support the humeral head against the glenoid fossa when the arm is moved away from the body and the hand reaches for an object).

4. Fixators:

· Fixators are the muscles which contract in both agonists and antagonists simultaneously and that occur especially under stress conditions.

· The tension will develop inside both groups of muscles to prevent any degree of freedom. That occurs in normal physiological conditions during strenuous effort and increased demand (e.g. during standing on one leg).

Range of Muscle Extensibility and Contractility:

· The maximal degree of angular displacement of a body segment possible at given joints affects all muscles crossing that joint.

The full range of extensibility and contractility of a muscle is called functional excursion or it’s amplitude.

The excursion depends on the arrangement of muscle fibers and whether the muscle is a one- joint or a multi- joint muscle with an average magnitude of 57% of their resting length.

· Any muscle crossing a single joint is normally capable of shortening sufficiently extensible to permit a full range of motion in the opposite direction.

· The absolute amount by which any muscle can shorten depends on:

1. Length of arrangement of fibers (for pinnate muscles it depends on cos angle of theta of the tendon).

2. Structure of joint.

3. Number of joint traversed.

4. Resistance of antagonists.

5. Presence of load that oppose the muscle.

· Any muscle crossing more than one joint produce motion at the same time in these joints whenever it generates tension up its certain length. Its efficiency in moving

Each joint depends on the instantaneous length of the moment arm at each joint and the amount of force that the muscle is exerting for e.g. the rectus femoris muscle is more effective as knee extensor than hip flexor because its moment arm at the hip joint is about 3,4 cm at the knee joint is about 4,4 cm.

· The two joint muscles have two different patterns of action which are:

1. Concurrent pattern occur when simultaneous movement of flexion or extension occur in two joints. 

2. Countercurrent pattern occur when one of the two joint muscles shorten rapidly at both joints its antagonist lengthens correspondingly and thereby gains tension at both ends. 

E.g. the rapid loss of tension in the rectus femoris and corresponding gain of tension in the hamstrings when the hip is flexed and the knee is extended simultaneously.

Tendon Action of two joint muscles:

Tendon action is a passive tension without active muscles contraction that may produce movement of the joint if the muscle is elongated over two joints or more than two simultaneously.

E.g. if the wrist is allowed to flex by the weight of the hand the digits will automatically extend without contraction of the finger extensors. By reversing the wrist movement, the fingers will partially flex.

	PATTERNS OF MUSCLE ACTION



	Concurrent
	Counter-current

	1.     Same movement on both joints simultaneously.


	1.    Opposite movement on both joints.

	   2.        Hip flexion + knee flexion

by

“ Rectus Femoris” &  Hamstring

= two muscles or more
	2.      Hip flexion + knee extension

by

Rectus Femoris

= only one muscle or group of muscles in one direction.

	3.  Each muscle has a shortened end and an elongated end simultaneously.


	3. The muscle will be shortened at both  ends simultaneously.

	4. Tension will be transmitted from the shortened end to the elongated end of the same muscle.


	4. Tension will be transmitted from the shortened muscle to the opposite elongated group of muscles.


Muscle Insuffisciency:

If a muscle which crosses two or more joints produces simultaneous movement at all of the joints that it crosses, it soon reaches a length of which it can no longer generate a useful amount of tension.

I.e. The muscle can not shorten beyond a certain limit without loosing tension and this is called active insufficiency ( e.g. maximal hip flexion with knee extension from a supine lying position).

When a full range of motion at any joint or joints that the muscle crosses is limited by that muscle length, it is called passive insufficiency.

It is defined as follows: the muscle can not e stretched beyond certain limits without causing pain. (e. g. when a person tries to flex the hip fully with maximal knee extension, he usually feels pain in the hamstring muscle if he has tight hamstrings.

N.B.: When active insufficiency is present in one group of muscles, this does not mean that the opposite group of muscles will suffer from passive insufficiency.

Physiological Cross section of a muscle:

· The physiological cross section of a muscle determine its potential force of contraction (absolute muscle strength is recognized to be 3-4 kg per sq cm cross section).

· Physiological cross section is defined as the area of a section that cut every muscle fibers making up of the muscle and its  level of hypertrophy. 

· It is an indication of  the muscle work capacity together with the distance which the muscle can shorten as its functions in the human body :

( work) = ( force x distance).

Types of bodily movements

Movements can be classified into:

1. Passive: Subject is relaxed and movement is performed by any outside force.

2. Active: Is volitionally performed or reflex reaction to an external stimulus.

It is divided into:

a. Slow or rapid tension movement that involve constant application of force.

b. Ballistic movement: Movement is initiated by vigorous muscular contraction and completed by momentum.

Ballistic movement is terminated by:

· Contraction of antagonist muscles.

· Reaching the limit of motion and it will be stopped by the passive resistance of ligaments or muscles.

· Interference of an obstacle.

Joints

Definition:

Joint is the articulation between any of rigid component parts of the skeleton whether bones or cartilage by different tissues.

Functions of the joints:

1. Allowing movements of body segments by providing the bones with a mean of moving or rather of being moved.

2. Providing stability without interfering with the desired motion.

The function of the joints depends upon:

1. The shape of the contours of the contacting surfaces.

2. How well it fits together.

The larger convex surface is termed the male surface, where as the smaller concave surface is called the female surface.

Movements of the joint surfaces:

1. Spinning.

2. Rolling.

3. Sliding.

1. In spinning, the contact point of one surface rotates around a longitudinal axis.

2. In rolling, equidistant points touch each other in the course of motion.

3. In sliding, a point of a shallow concave gliding surface sweeps over a larger surface of the other convex joint body.

Range of motion:

Range of motion is the maximum amount of displacement possible at any joint.

TYPES OF JOINT MOVEMENTS

1) Spinning

2) Rolling

3) Sliding

CONGRUENCE OF ARTICULAR SURFACES

a) CLOSE-PACKED POSITION OF THE JOINT .

b) LOOSE- PACKED POSITION

Body link System and Kinematic Chains:
Body link system:

· Body link is the distance between joint axes and it unites joint axes.

· A body link is the central straight link that extends between two joint axes of rotation. In the case of hands and feet, the terminal links are considered to extend from the wrist and ankle joint centers to the center of the mass of these so- called and members.

· Link systems are interconnected by joints that predetermine the particular type of motion permitted to the functional segments.

· The link system is used to make calculations regarding different body segments in different positions.

Kinematic chain :

· It is a combination of several successively arranged joints constituting a complex motor system. 

· Kinematic chain is when a number of links are united in series.

· The kinematic chain may be open or closed.

· In a closed kinematic chain, the distal segment is fixed and the end segments are unite to form a ring or a circuit. When one link moves all the other links will move in a predictable pattern. e.g. the rib cage.

· In an open kinematic chain, the distal segment terminates free in space.

Each segment of an open chain has a characteristic degree of freedom of motion; the distal possessing a higher degree of freedom than the proximal ones. 

Such linkage system allows the degrees of freedom of the many joints in the chain to be pooled giving the segments (particularly those more distal) greater potential for achieving a variety of movements than any one joint could possibly have on its own. 

e.g. when reaching forward to pick up a small object from a high shelf.

Kinematic chains


	OPEN CHAIN
	
	CLOSED CHAIN

	The distal end terminates free in space.
	
	The distal segment is fixed and

	It has a characteristic degree of freedom. The distal segments possess higher degrees of freedom than the proximal one.
	
	1) the terminal joint meets with great resistance which restraints its  free motion.

e.g. chinning oneself on horizontal bar or stance phase of gait cycle.



	Such linkage system allows the degree of freedom of many joints in the chain to be pooled giving the segments greater potential for achieving a variety of movements than can any  one joint could possibly have on its own.
	
	2) end segments are united to form a ring when one link moves, the other links will move in a predictable pattern

e.g.rib cage.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Walking and ascending and descending stairs

 are examples of alternation between open and closed chains

	Open kinematic chains are the most common type in the human body




Degree of Freedom:

· Degree of freedom is a term designated to describe mechanics regarding possible movements around a fixed or relatively fixed axis.

· A joint may have one degree of freedom if it allows movements around one axis only, e.g. flexion and extension of the elbow joint.

· A joint with two degrees of freedom allows movement to take place about two main axes; e.g. flexion and abduction and adduction and extension of metacarpo- phalangeal joint.

· A joint which possess three degrees of freedom, such as the shoulder joint, allows flexion, abduction, and internal and external rotation.

Factors Affecting Joint Stability ( Resistance to Displacement)

1. Shape of the bony structure: e.g. depth of the acetabulum of the hip joint and shallowness of the glenoid fossa of the shoulder joint.

2. Ligaments Arrangement: the ligaments attach the ends of the bones that form a movable joint and help in maintaining them in the right relationship to each other.

They check the movement when it reaches its normal limits and the resist the movements for which the joint is not constructed, e.g collateral ligament of the knee. The importance of this factor remains as long as the ligaments remain undamaged.

3. Fascia: Accordingly to the location and function of the fascia, it may vary from thin to tough and fibrous membranes.

4. Muscular Arrangement: They play part in the stability of joints especially in those joints whose bony structure contribute little to stability; e.g. rotator cuff of the shoulder have strong inwards pull on the humeral head toward the glenoid fossa. 

5. Atmospheric Pressure: It plays a role mainly in the hip joint.

Factors Affecting Range of Motion:

1. Shape of articular surfaces.

2. Restraining effect of the ligaments and muscles crossing the joint as well as overlying skin.

3. Controlling and restraining action of the muscles e.g. hamstring muscles tightness when attempting to touch the floor.

4. Body build: Mesomorph and ectomorph have usually a greater flexibility than endomorph.

6. The bulk of tissue in the adjacent segments.

7. Personal exercise habits.

8. Current state of physical fitness.

9. Age.

10. Heredity.

N.B.: Apparent range of motion can be affected by the close relationship that exists between certain joints. E.g. relationship of pelvic tilting to movement of the hip and  relationship of the shoulder girdle articulation to movement of the shoulder joint.

Classification of Joints

Close- packed and Loose- packed Positions

Close Packed Position:

Close packed position is the position where the surfaces fit precisely together and where there is maximal contact between the male and female surfaces. It is the position where the articular surfaces are pressed firmly together and no movement becomes possible between them. The ligaments are taut and twisted.

This position is the final limiting position of the joint. In this position, the joint is liable to traumatic damage.

	CLOSE – PACKED POSITION OF JOINTS ( in alphabetical order)



	JOINT


	CLOSE- PACKED POSITION



	Acromioclavicular
	Shoulder abducted to 30 degrees

	Ankle
	Maximal dorsiflexion

	Elbow ( radiohumeral)
	Elbow flexed at 90 degrees

5 degrees of supination

	Elbow ( ulnohumeral)
	Maximal elbow extension

	Facet ( spine)
	Maximal extension

	Glenohumeral
	Maximal shoulder abduction and lateral rotation

	Hip
	Maximal extension of the hip and maximal medial rotation of the hip

	Interphalengeal ( fingers)
	Maximal extension of   IP joints

	Interphalengeal ( toes)
	Maximal extension of   IP joints

	Knee
	Maximal extension and maximal lateral rotation

	Metacarpophalengeal ( thumb)
	Maximal opposition

	Metacarpophalengeal ( fingers)
	Maximal flexion

	Metactarsophalengeal
	Maximal extension of MP joints

	Midtarsal
	Maximal supination

	Radiocarpal
	Maximal extension and maximal ulnar deviation

	Radioulnar ( distal)
	5 degrees of supination

	Radioulnar (proximal)
	5 degrees of supination

	Sternoclavicular
	Maximal shoulder elevation

	Subtalar
	Maximal supination

	Tarsometatarsal
	Maximal supination


Loose Packed Position:

It is the position at which the joint is not in the close packed position. In these positions, the articular surfaces do not fit each other well and allow surfaces joint movements to occur such as spinning, rolling and gliding. There is laxity of the capsular structures.

In a maximum loose packed position, the joint capsule is most relaxed but not the musculature (rolling, spinning and sliding). It also decreases friction between the articular surfaces and allows lubrication. The maximum loose packed position is the position in which the capsule and the ligaments are most lax and separation of joint surfaces is greatest.

	LOOSE - PACKED POSITION OF JOINTS  ( in alphabetical order)



	JOINT
	LOOSE – PACKED POISTION

	Ankle
	10 degrees of plantar flexion

	Carpometacarpal
	Anatomical position of the wrist

	Elbow( radiohumeral)
	Anatomical position

	Elbow( ulnohumeral)
	70 degrees of elbow flexion, 10 degrees of supination

	Facet ( spine)
	Midway between flexion and extension

	Glenohumeral
	55 degrees of shoulder abduction, 

30 degrees of horizontal adduction

	Hip
	30 degrees hip flexion, 30 degrees of hip abduction and slight lateral rotation of the hip

	Interphalangeal (fingers)
	Slight flexion of IP joints

	Interphalangeal (toes)
	Slight flexion of IP joints

	Knee
	25 degrees of knee flexion

	Metacarpophalangeal
	Slight flexion of MCP joints

	Metatarsophalangeal
	Midrange position

	Midtarsal
	Midrange position

	Radiocarpal
	Anatomical position relative to flexion and extension with slight ulnar deviation

	Radioulnar( distal)
	10 degrees of supination

	Radioulnar(proximal)
	70 degrees of elbow flexion, 35 degrees of supination

	Sternoclavicu;ar
	Shoulder in anatomical position

	Subtalar
	Midrange position

	Tarsometatarsal
	Midrange position

	Temporomandibular
	Mouth slightly open


Center of Gravity

Definitions:

The center of gravity is defined as:

· The balancing, equilibrium or pivoting point if the body.

· It is the point where the sum of all the forces and force movements acting on the body is zero.

· It is the point at which all the weight of the body may be considered to be concentrated and about which all the parts exactly balance.

Location:

In the human body, when standing in the anatomical position it is located anterior to the second sacral vertebra.

Its location remains fixed as long as the body does not change shape.

The location of the center of gravity can be outside the human body during activities depending on relationship of body segments.

Line of Gravity:

The line of gravity is an imaginary vertical line passing through the center of gravity down to a point in the base of support.

In the human body it passes from the vertex through the body of the second sacral vertebra down to a point between the feet when standing in the anatomical position:

The gravitation pull acting at the center of gravity of any segment is also expressed by a vertical line called line of gravity 

Factors affecting Location of the Total Body Center of Gravity:

1. Age: 

Since body segments differ in proportion to total height from birth to maturity, the transverse plane of the center of gravity will lie in a different section of the body as age increase, but the proportion of height will be constant.

The level of the COG ( Center of Gravity) will gradually decrease till it reaches the level of the second sacral vertebra at adulthood.

2. Sex: 

Since the distribution of body mass differ from males to females the COG will be located higher in males than in females.

3. Change in position:

The change in position of limbs from the anatomical position ( when the arrangement of the body shifts), e.g. raising both arms will raise the COG.

4. Addition to subtractions of weight in some parts of the body:

a. Addition of weight: carrying weight will move the COG towards the location of load. E.g. carrying a weight above the head will raise it upwards. Carrying a weight behind the trunk will move the COG backwards.

b. Subtraction of weight, e.g. amputation of one limb will move the COG upwards and towards the sound side.

5. Body build.

6. Height.

Calculation of the Center of Gravity

1. Segmental COG:

a. By multiplying the segmental length by 4/7 measured from the distal end of the segment.

b. By calculation from a projected film image.

2. Total body COG:

a. By location as a percentage of standing height above the base of support.

i.  According to Palmer Formula: 55,7 % of body height measured from the feet 1.4 cm (for men and women).


ii.  According to the Crosky Formula:


  -   55,44% of body height measured from the feet. (for men).


  -   55.18% of body height measured from the feet (for women).


iii.  According to the Hellebrandt and associates formula:


 -   55,17% of the body height from the feet (for women).

b. Segmental method:

By calculation from a projected film image and is usually used in dynamic situations.


c. By using balancing board.

Stability and Equilibrium

A. STABILITY:
Definition of Stability:

Stability is defined as  resistance to overthrowing or sudden changes.

In other words the ability to maintain balance in static and dynamic situations.

Factors affecting Stability:

1. Relationship of line of gravity to base of support.

2. The height of then Center of Gravity.

3. The size and shape of base of support.

4. The mass of the body.

5. Supporting surface ( friction  inclination, irregularities).

6. Segmentation.

7. Visual and psychological factors.

8. Physiological factors.

9. Speed (decrease requirement of lateral stability).

B. EQUILIBRIUM
Definition of Equilibrium:
Equilibrium id defined as any condition in which all acting forces are cancelled by others resulting in a stable balanced system.

Types of Equilibrium:

1. Stable.

2. Unstable.

3. Neutral.

1. Stable Equilibrium: 

When the object is slightly displaced, it tends to return to its position. It cannot be overturned without first raising its COG, and the greater the distance the COG is raised, the greater its stability.

The human body cannot be in a state of stable equilibrium except when fully supported in lying.

2. Unstable Equilibrium:

When the object is slightly displaced  it tends to increase its displacement.

The COG is lowered and falls  outside the base of support . The higher the COG is, the more unstable the body is.

It occurs during activity.

3. Neutral Equilibrium:

When the object is slightly displaced, it remins in that displaced position.

The COG is neither raised nor lowered. It occurs during activity. 

Human Posture

The concept of human posture has different meanings to different persons:

1. To the orthopedic surgeon, it may be an indication of the soundness of the musculoskeletal system.

2. To he Kinesiologist, it is a measure of mechanical efficiency of muscles, balance and of neuromuscular coordination.

3. It is considered as the relative arrangement of parts of the body. It changes with the positions and movements of the body throughout life and throughout the day.

4. It is the attitude which is assumed by body parts to maintain stability and balance with minimum effort and least strain during supportive and non supportive positions.

Definition of  a “ Good Posture”:

1. A good posture is the state of muscular and skeletal balance which protects the supporting structures of the body against injury and progressive deformities, irrespective of the attitude in which these structures are working or resting.

Under these conditions, the muscles will function most efficiently and the optimum positions are afforded for the thoracic and abdominal organs.

2. There is no single best posture for all individuals. Each person must take the body he / she has and make the best of it. The “ good Posture” is the one that suits one’s own condition and the condition of the environment.

e.g. during attention. The normal posture will be erect, while in extreme fatigue, the normal posture will be that conserves energy.

3. The “good posture” is the posture in which the body segments are balanced in the position of least strain and maximum support.

Factors affecting Posture:

1. Mechanical Factors:

a) 
The relationship of line of gravity to body segments: 

- The line of gravity bears a definite  relation to certain anatomic landmarks.

 - In a good standing posture, its pathway is as follows:

· From Front or Back View:

The line of gravity passes from the vertex through S2 to a point between the two feet in the base of support.

· From lateral View:

The line of Gravity passes through:

a.
Vertex.

b.
Mastoid process( behind).

c.      .Anterior to the axis of flexion and extension of the neck.

d.
Acromion Process ( bisecting)

e.      Body of C1,C6,T11, L5, S1 ( it passes posterior to the axes of rotation of the cervical and lumbar vertebrae and anterior to thoracic vertebrae.

f.
Via or behind the axis of the hip joint.

g.
Anterior to the axis of the knee joint.

h.
5 cm anterior to lateral malleolus.

- Because of the posture sway during standing, there is normal zone within which the line of gravity might reasonably be expected to lie.

- When the line of gravity passes via a joint, no moment will be created.

- If the line of gravity passes anteriorly or posteriorly to a joint axis, a moment will be  created depending on the structure of this joint.

- If the joint structure allows movements in this direction, a moment will be created and movements occur in this direction which  is counter balanced by an opposite movement created by muscles to maintain good alignment.

- If the joint structure does not allow movement in this direction, the line of gravity will act as moment to stabilize the joint. The more nearly vertical the long axis of every segment, the greater the stabilizing effect of gravity. ( see table 1).

b) Pelvic Inclination:

- It is measured from X-Ray of the pelvis and is determined by measuring the angle formed between :

· a line from a point in the lumbo-sacral junction or from posterior –superior iliac spine to the simphysis pubis.

· and a horizontal line . Its normal value is between 50 to 60 degrees and this value is affected by increased or decreased lumbar lordosis.

- If the lumbar lordodis decreases its value will be decreased and if the lumbar lordosis increases the pelvic inclination will increase.

-It is greater in females than in males.  

c) Body Physique:

(  Ectomorph ,  Mesomorph ,  Endomorp )

d)  Flexibility of the structure of the weight bearing segments.

e) Strength of antigravity muscles & balance of antagonistic muscles.

2. Anatomical factors :

a. Integrity of musculoskeletal system.

b. Neural control.

c. Visual & kinesthetic awareness.

3. Demand of work place.
4. Social & cultural traditions.

5. Psychological factors.

6. Physiological factors.

-  The human body can not be said to have a single posture . Postural norms are appropriate only for the average figure & apply only to the static standing position.

Postural Control:

- Postural control refers to the ability to maintain the stability of the body as a whole and body segments “against gravity” or  “movement of different body segments” or “changes in the supporting surface”.

- Control depends on the integrity of nervous system, muculoskeletal system and special senses.

Types of Postures

1. Easy posture

2. Fatigue posture.

3. Rigid posture.

1. Easy Posture:

It is a good, symmetrical and balanced position though this position cannot be maintained for a long time.

The subject will therefore shift his weight in a swaying movement in order to prevent fatigue and to maintain a good circulation in the postural muscles of the legs when standing.

By alternating the main support from one leg to another, the muscles become periodically unloaded and relaxed.

The pelvic inclination is about 60°.

2.   Fatigue Posture:

It is an asymmetrical or sagging posture. This position s relaxed and can be maintained for a long time as most of the body’s joints are in semi- flexion.

The load on the muscles will decrease and the energy expenditure is 10 % less than easy posture. 

The pelvic inclination decreases due to posterior tilting of the pelvis.

3.   Rigid Posture:

It is called normal stellung posture or posture of attention. It doesn’t mean normal posture. This position cannot be assumed for a long time as most of body’s joints are in extension. Therefore, the load will increase on the joints and muscles and the energy expenditure is 20% more than in the easy posture. 

The pelvic inclination increases due to the anterior tilting of the pelvis.

Faulty Posture

· A faulty posture results from:
1. Faulty relationship of the various body parts which produces increased strain on the supporting structures.

2. Inadequate balance over the base of support.

Postural deviations will occur with an increase or decrease of body curvatures and pelvic inclination.

· Faulty posture leads to prolonged posture strain which causes:

1. Ligaments stretch which, if becoming permanent, will lead to joint instability

→ increased faulty posture.

2. Uneven pressure on joint cartilage which will cause abnormal friction,

 which in turn will lead to joint damage  →  increased faulty posture.

                              Simple Machines & Their Anatomic Counterparts  

A machine is a device which enables work to be done more easily and \ or more quickly by applying forces. 

The most important machines for physical therapists are:

1. Levers.

2. Pulleys.

3. Wheel & Axle

1. Levers

· It is a device for transmitting force, and it is able to do work when work is done on it. It is a rigid bar or mass which rotate around a fulcrum on an axis perpendicular to the plane of motion. The rotation is caused by a force applied to this bar. If the force is used to overcome a resistance it is called effort, and all parts of the lever between the axis & the point of application of this force is called the effort arm. 

· The resisting force is called the resistance. The distance between the line of application of this force & the fulcrum is called the resistance arm.

· In anatomical lever, the rigid bar is the bone(it does not necessarily resemble bars),the fulcrum is the joint axis, the effort is applied by the muscle & its point of application is at the insertion of the muscle. 

· The resistance is the gravitational force alone or plus any outside force & its point of application is at the COG of the segment or the combined COG of both masses. 

· In the anatomic levers with few exceptions, the effort arm is shorter than the resistance arm, so it tends to favor speed & range in expense of effort.

Mechanical advantage ( M.A.) of a lever :

It is a measure of the efficiency of the lever in terms of stating the “out put” of this machine relative to its “input” . It is the ratio between the effort applied to the lever & the resistance overcome by the lever. So,

E               E.A.

M.A.   = ------ or    ---------

R              R.A.

 Classification of Levers

Levers fall in three classes depending upon the relationship between the effort, fulcrum and resistance.

1. First Class Lever:

In this arrangement, the fulcrum is located between the effort and the resistance. Depending upon the relative distance of the effort and resistance arms, it may take a small effort to lift a large resistance or the effort may act at a small distance to move the resistance a greater distance. Its mechanical advantage can be either greater or less than one. 

The direction of the effort and resistance is always opposite to each other e.g. the triceps muscle when extending the elbow against gravity. ( Fig. 1).

2. Second Class Lever:

In this arrangement the resistance is located between the effort and the fulcrum.

Its mechanical advantage is always greater than one because the effort arm is always greater than the resistance arm.

The effort will be less than the resistance and will always move a greater distance than the resistance. The direction of movement of effort and resistance will be the same.

It is doubtful that this class of lever may be found in the human body. 

Because of this arrangement, this class of levers magnifies force at the expense of range and speed.

3. Third Class Lever:

In this arrangement, the effort is located between the fulcrum and the resistance. The effort arm is always less than the resistance arm. To support the resistance, the effort must be of greater magnitude than the resistance, but the effort moves less distance than the resistance. So, there is a loss of effort but a gain in distance and speed.

The direction of movement of the effort and resistance will be the same. 

Anatomical example is the biceps muscle acting on a flexed forearm.

In general most of the anatomic levers are of this class ( Fig 2).

The principle of levers:
A lever of any class will balance when the product of the effort and the effort arm equals the product of the resistance and the resistance arm.

2. Pulleys

A pulley is a simple mechanical machine and consists of a wheel that turns readily on an axle.

The wheel is usually grooved for a rope or a wire cable.

· There are three types of pulleys:

1. A single fixed pulley.

2. A single movable pulley.

3. Pulley combination.

1. A single fixed pulley:  It changes the direction of the force acting on it and its magnitude remains the same on either sides of the pulley rope irrespectively to the angle of pull of the force.

It’s mechanical advantage is (1). Fig.4.

2. A single movable pulley: It acts as a second-class lever. It’s mechanical advantage is (2) as it magnifies force. Fig. 5.

3. Pulley combination: There are many combinations and the simplest one is a combination of one fixed and one movable pulley as used in the Guthrie-Smith suspension frame.

The mechanical advantage of pulley combination will be equal to the number of strands supporting the movable pulley. Fig.6.

Anatomical Pulleys:

In the human body, in most cases the pulley is replaced by a bone, cartilage or ligament and the cord is replaced by a muscle tendon.

The tendon is lubricated in a manner so that it may easily slide over the pulley.

 Classification of  anatomical pulleys :

 There are four classes of pulleys, the first three of them are examples of fixed pulleys and the fourth one is an example of a movable one.

· Class I: 

An improved muscle action comes from the muscle tendon passing over an external support, the external support serving as pulley.

e.g. The presence of the patella ( the pulley) improves the efficiency of the quadriceps muscle as the pulley will increase the angle of insertion of the patella ligament into the tibial tuberosity.

· Class II:

The action of the muscle at the joint is altered because of the pulley: 

e.g. 1: The pulley is a bone : e.g. the lateral malleolus of the fibula acts as a pulley for the perobneus longus muscle. If it was not for the malleolus, this muscle instead of passing behind the lateral malleolus to be inserted in the base of the first metatarsal and to produce ankle plantar flexion and eversion, it would have produced ankle dorsiflexion and eversion because of its passage in front of the ankle joint.

      2: The pulley is a cartilage : e.g. The trochlea of the eye allows the superior oblique muscle of the eye when it passes over it to rotate the eye obliquely. Without this pulley, the muscle would have little effect on the eye.

3: The pulley is a ligament: e.g. the flexur retinaculum of the hand acts as a pulley for the flexors of the fingers to prevent its bowstring. Without this action, these muscles will not be effective in moving these joints.

Class III: 

The joint serves as the pulley. The size of the epicondyles of the femur gives the gracilis tendon a favorable angle of insertion as the tendon insert on the tibia. Or the middle part of the deltoid as it passes over the shoulder joint.

Class IV:

The muscle acts as a pulley the muscle is its own pulley e.g. as the biceps muscle increases in size, its angle of insertion will increase.

The muscle underneath acts as pulley for another muscle, which passes over it e.g. brachialis ms., will raise the biceps giving it a better angle of insertion. For this to be effective, the overriding ms. must not have the same insertion as the bulky ms.

4. Wheel & Axle

It is a machine that consists of a wheel attached to a central axle about which it revolves. Forces may be applied to the wheel either at the rim or at the axle.

· Class I: 

The force is applied at the rim it resemble second-class lever & magnify force at the expense of speed & distance. Its mechanical advantage is more than ( 1 ).

The larger the diameter of the wheel the greater the magnitude of force. The turning effect of the wheel is the product of the force & radius. In this class the resistance is applied close to the axle. (Fig 7).

· Class II:

The effort is applied to the axle and the resistance is applied to the rim of the wheel. It resembles a third class lever and its mechanical advantage is less than one. 

This class favors speed and range at the expense of force. 

Most of the examples of the wheel and axle in the body are of the second class, however both kinds are represented ( Fig. 8).

Examples of wheel and axle: 

· When taking a cross section of the upper trunk, the rib cage represents the wheel and the spinal column represents the axle.

In Class I Wheel and axle, the oblique abdominal muscles exert their force on the rim of the wheel (the ribs) and the small rotators of the vertebral column (multifidus) provide the resistance to the axle (vertebral column) during the rotation of the rib cage.

In Class II Wheel and axle, the effort is applied by the small rotator of the spine to the axle and the resistance is provided by the thoracic cage.

· Also a cross section of the arm or thigh presents the characteristics of a wheel and axle. The long bone will be the axle and the surrounding tissues will be the wheel. Rotation of the limb about its mechanical axis constitute a movement of the wheel and axle. With the effort being provided by the muscles producing the rotation and the resistance by the antagonistic muscles or external resistance. In this arrangement, the resistance is applied to the axle from the same distance like the effort.
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