Balance and Coordination

I. Balance = the ability to control the center of gravity over the base of support in a given sensory environment

A. Biomechanical Components of Balance

1. Base of Support (B.O.S.): the area within the perimeter of the contact surface between the feet

a. wide base = greater stability, narrow base = less stability

2. Center of Gravity (C.O.G.): the central point within the limits of stability area

a. Centralized C.O.G = greater sway boundaries; abnormal C.O.G = unstable within sway boundaries

3. Limits of Stability (L.O.S.): the greatest distance in any direction a person can lean away from midline without changing the original base of support

a. To maintain balance, the C.O.G must be kept within the limits of stability

b. Postural strategies are used to restore balance if sway occurs outside the limits of stability

B. Components of Balance Maintenance

1. Postural strategies – for standing balance

a. Ankle strategy – ankle flexor/extensor muscles are activated to counter anterior and posterior sway



      
b. Hip strategy – hip flexion and extension used to redistribute C.O.G within the B.O.S.

                          


c. Stepping strategy – taking a step to widen the B.O.S and create a new sway boundary                     

                                                   



2. Protective reactions – includes the above strategies for standing balance and use of upper extremities for sitting balance

3. Equilibrium reactions – includes head/trunk postural movements in sitting and standing

C. Clinical guidelines

1. Biomechanical deficits

a. Postural impairments – kyphosis, for example

2. Musculoskeletal Deficits 

a. Muscular weakness

b. Inadequate range of motion

3. Sensory Deficits– any one area, combination of areas impacts balance

a. Impaired proprioception – from joint or skin receptors, muscles ( problems with assessing limb position in space

b. Impaired visual processing of physical surroundings ( problems with orienting visual input in relation to surrounding objects

c. Impaired vestibular system (internal gravitational reference that determines the orientation of the head in space) ( problems with postural control, eye-head coordination

4. Other factors affecting balance – fear, drug side effects, shoe type, pain, environmental factors (poor lighting), cognitive impairments (poor attention)

D. Balance exercises and activities

1. Purpose and Goals

a. Postural control and alignment

b. Improve use of balance strategies

c. Address sensory impairments

d. Habituation

e. Teach substitution strategies

f. Improve quality of gait

g. Returning to functional activities, sports

2. Key terms for balance exercises
a. Types of stances

a. Bilateral – two legs planted (includes narrow, wide, lunge, tandem)

b. Tandem – specifically one foot planted directly in front of the other planted foot, heel near or against toe

c. Single Limb – one leg planted on surface only

b. Types of surfaces

a. Compliant surface – generally a softer surface, that “gives” or complies to the feet 

b. Noncompliant surface – a firm, hard surface that does not “give” or comply to the feet

c. Unstable surface – could be either a soft or hard surface but is unstable (ex: BAPS board)

c. Types of perturbations – disturbances to one’s balance

a. Degree of force

i. small/light

ii. moderate/medium

iii. large/heavy

b. Speed applied

i. slow

ii. moderate/medium

iii. rapid

c. Client’s awareness of its application

i. expected/predictable

ii. unexpected/unpredictable
3. Guidelines for progression – moving from basic to advanced

a. Sitting

a. Gradually remove upper extremity support – both hands on ( one hand free ( two hands free

b. Make the seating surface less stable –BAPS board, therapy ball

c. Modify lower extremity support – sitting cross-legged, one leg up

d. Modify trunk support – not using chair back rest to lean on

e. Add upper extremity activities – reaching, throwing

f. Add manual resistance

g. Add visual challenges, head movements

b. Standing

a. Decrease the level of external device use: parallel bars ( walker ( quad cane ( cane (( no device

b. Move from bilateral stance to single limb stance

c. Add upper extremity or functional activities

d. Make the standing surface less stable

e. Add vertical changes to the standing surface – steps, etc.

f. Increase the distance moved away from midline

g. Change the speed of movement

h. Add manual resistance

i. Change the base of support: wide ( narrow

j. Add movements of the head and/or eyes

k. Challenge the visual system: close eyes, etc.

c. Walking

a. Decrease the level of external device use: parallel bars ( walker ( quad cane ( cane (( no device

b. Make the walking surface less stable, change the angles of surfaces

c. Add obstacles, distractions, objects to carry or manipulate

d. Increase the speed of walking

e. Add manual resistance

f. Add sudden directional changes 

g. Add movements of the head and/or eyes

h. Challenge the visual system: dimly lit hallway

d. Other positions to consider - long sitting, kneeling, half-kneeling, quadraped

II. Coordination = the ability to effortlessly perform smooth and controlled movements (optimal interaction of muscle function).   Agility is the combination of coordination and speed that allows the ability to perform activities that require a rapid change in movement or direction.      Coordination and agility are tied closely to balance.

A. The cerebellum is the primary center in the brain for coordination of movement

B. Causes of coordination impairments

1. Neurological – brain injuries, movement disorders, spinal/peripheral nerve injuries

2. Other – alcohol/drug intoxication, poisoning, infectious diseases

C. Types of coordination 

1. Fine motor skills

a. Require coordinated movement of small muscles (hands, face)

b. Examples include writing, drawing, buttoning a shirt, blowing bubbles

2.  Gross motor skills

a. Require coordinated movement of large muscles or groups of muscles (the trunk and extremities)

b. Examples include walking, running, lifting a grocery bag

3. Hand-eye skills

a. the ability of the visual system to coordinate visual information received and then control or direct the hands in the accomplishment of a task

b. Examples include catching a ball, sewing, computer mouse use

D. Guidelines for progression

1. Increase speed of activity

2. Increase number of obstacles to negotiate

3. Alter the size of the objects being manipulated

4. Change the activity surface

5. Increase the number of tasks in an activity

