Exercise for Impaired Balance

Key Terms and Definitions



Balance

e Balance, or postural stability, is a generic term
used to describe the dynamic process by which
the body’s position is maintained in equilibrium.

* Equilibrium means that the body is either at rest
(static equilibrium) or in steady-state motion
(dynamic equilibrium).

* Balance is greatest when the body’s center of
mass (COM) or center of gravity (COG) is
maintained over its base of support (BOS).



Center of mass

* The COM is a point that corresponds to the

* center of the total body mass and is the point
at which the body is in perfect equilibrium.

* |tis determined by finding the weighted
average of the COM of each body segment
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Center of gravity

 The COG refers to the
vertical projection of the
center of mass to the
ground.

* |nthe anatomical
position, the COG of
most adult humans is
located slightly anterior

* to the second sacral ot It it Bty Rl A A LA g

vertebra or edn

approximately 55% of a
person’s height.
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Center of Mass

(This would also be center of
Gravity since the objectis in
uniform gravitational field)
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Momentum

e Momentum is the product of mass times
velocity.

* Linear momentum relates to the velocity of
the body along a straight path, for example, in
the sagittal or transverse planes.

* Angular momentum relates to the rotational
velocity of the body.



Base of support

 The BOS is defined as the perimeter of the
contact area between the body and its support
surface; foot placement alters the BOS and
changes a person’s postural stability.

* A wide stance, such as is seen with many elderly
individuals, increases stability, whereas a narrow

BOS, such as tandem stance or walking, reduces
it.

* So long as a person maintains the COG within the
limits of the BOS, referred to as the limits of
stability, he or she does not fall.



Limits of stability

* “Limits of stability”
refers to the sway
boundaries in which an
individual can maintain
equilibrium without
changing his or her BOS

e These boundaries are
constantly changing
depending on the task,
the individual’s
biomechanics, and
aspects of the
environment.




Ground reaction force and center of
pressure

* |n accordance with Newton’s law of reaction,
the contact between our bodies and the
ground due to gravity (action forces) is always
accompanied by a reaction from it, the so-
called ground reaction force



The floor pushes
upward on the
person

Gravity pulls
downwards on

the person






The center of pressure (COP) is the location of the vertical projection of
the ground reaction force.

It is equal and opposite to the weighted average of all the downward
forces acting on the area in contact with the ground.

If one foot is on the ground, the net COP lies within that foot.
When both feet are on the ground, the net COP lies somewhere

between the two feet, depending on how much weight is taken by each
foot. When both feet are in contact, the COP under each foot can be
measured separately.

To maintain stability, a person produces muscular forces to continually
control the position of the COG, which in turn changes the location of the
COP. Thus, the COP is a reflection of the body’s neuromuscular responses
to imbalances of the COG.

A force plate is traditionally used to measure ground reaction forces (in
Newtons [N]) and COP movements

(in meters [m]).






Balance Control

e Balance is a complex motor control task involving
the detection and integration of sensory
information to assess the position and motion of
the body in space and the execution of
appropriate musculoskeletal responses to
control body position within the context of the
environment and task.

* Thus, balance control requires the interaction of
the nervous and musculoskeletal systems and
contextual effects



teractions of the musculoskeletal and nanvous systems and contextusl effects for balance control.



Nervous system

* The nervous system provides the (1) sensory
processing for perception of body orientation in
space provided mainly by the visual, vestibular,
and somatosensory systems; (2) sensoriomotor
integration essential for linking sensation to
motor responses and for adaptive and
anticipatory (i.e., centrally programmed postural
adjustments that precede voluntary movements)
aspects of postural control; and (3) motor
strategies for planning, programming, and
executing balance responses.



Musculoskeletal system

* Musculoskeletal contributions include
postural alignment, musculoskeletal flexibility
such as joint range of motion (ROM), joint
integrity, muscle performance (i.e., muscle
strength, power, and endurance), and
sensation (touch, pressure, vibration,
proprioception, and kinesthesia).



Environmental system

* Contextual effects that interact with the two
systems (sensory and motor) are the
environment whether it is closed (predictable
with no distractions) or open (unpredictable and
with distractions), the support surface (i.e., firm
versus slippery, stable versus unstable, type of
shoes), the amount of lighting, effects of gravity
and inertial forces on the body, and task
characteristics (i.e., well-learned versus new,

predictable versus unpredictable, single versus
multiple tasks).



Motor Strategies for Balance Control



TABLE 8.1 Characteristics of the Three Movement Systems for Balance Control Following Perturbations

Characteristic
Mediating pathway
Mode of activation

Comparative latency
of responsa

Responso

Fole in balance

Factors modifying
the response

Reflex
Spinal cord
External stimulus

Fasitest

Localized to point of
stimulus and highly
stereotyped

Muscle force regulation

Muscubaskeletal or
neurclogical
abnormalites

Automatic
Brain stem/subcortcal
External stimulus

Intermadiats

Coordinated among leg and

trunk musches; stereotypical
but adaptable

Resist disturbances

Musculoskalatal or
neurclogical abnormalities;
configuration of support;
prior experisnce

Voluntary
Caortcal
External siimules or salf-stimulus

Sloweast

Coordinated and highly variable

Generate purposeful movements

Musculoskeletal or neurological
abnormalities; conscious effort;
prior experience; task complexity



Management of
Impaired Balance

Examination and Evaluation
of Impaired Balance



TABLE 8.3 Balance Assessments and Interventions

Category of Assessment
I. Balance™*

Static

Cynamic

Anticipatory (feedforward)

Reactive (feadback)

Sansory organization

Il. Balance during functional
activities*

lll. Safety during gait, lkocomotion,
or balance*

Clinical Tests/Measuras

Observations of patiant maintaining different
postures; Romberg Test!t, sharpanad
(tandem) Romberg!?; single-Leg Stance
Test1s Stork Stand Tost 74

Observations of patient standing or sitting on
unstable surface or performing postural
transitions and functional activities,
Fiva-times-sit-to-stand Test (5 < TSP

Observations of patient catching ball,
opening doors, lifting cbjects of different
weights, Functicnal Reach Tests?;
Multidirectional Reach Test119; Star
Excursion Balance Tast!4

Observation of patient's responsas to
pushes (small or large, slow or rapid,
anticipated and unanticipated); Pull Test;
Push and release Test (PRTF2, Postural
Stress Test's

Clinical Test of Sansary Integration on
Balance Test (CTSIB) also called the "Foam
and Dome” Test13s

Tinett Performance-Oriented Mobility
Assassment (POMAY, Timed Up and Go Test
(TUGE; Barg Balance Scale (BBS)W; Four
Square step Test (455T)P2; Dynamic Gait Index
(DG, Functional Gait Assessmeant (FGEa)ET,
Community Balance and kobility Scaless;
High Level Mobility Assessment (HiMat)162;
Dizziness Handicap Inventory (DHI™

Observations; home assassments; Activities-
Specific Balance Confidence (ABC) Scale 12
Falls Efficacy Scales

Interventions If Deflcits Present

Vary postures
Vary support surface
Incorporate extemnal loads

Moving support surfaces

Mowve head, trunk, arms, legs

Transiticnal and locomotor
activities

Reaching
Catching
Kicking

i
Obstacke course

Standing sway
Ankle stratogy
Hip strategy
Stepping strategy
Perturbations

Reduce visual inputs
Reduce somatosensory cues

Functicnal activities

Dual or multitask activities (e.g.,
walking with sacondary cognitive
or miotor task)

Balance within stability limits;
envircnmental modifications;
assistive dovices; ecclermial support



Balance Training







RE 8.13 Balance while standing and catching a ball. FIGURE 8.14 Balance while standing on wobble boards.




JRE 8.15 Balance while standing on wobble boards with arm
ements.




RE 8.19 Functional balance during a golf swing.



E 8.20 Rising up on toes to strengthen plantarflexors.












BOX 8.4 The Otego Home Exercise Program**

Lower Extremity Strengthening™
With person sitting in a hard, straight-back chair:

» Perform 5 minutes of active, gentle warm-up exercises to
Mminimize SOreness.

= Add appropriate ankle cuff weight and have patient perform
unilateral knee extension.

» Repeat for the opposite leg.

With person in standing, use a counter or heavy furmiture to

support as needed.

= Add appropriate ankle weight and have patient perform
unilateral knee flexion. Repeat for the opposite leg.

» Adjust cuff weight if necessary and have patient perform
unilateral hip abduction. Repeat for the opposite leg.

* Raise up on toes to strengthen ankle plantarflexors.
= Rock back on heels for ankle dorsifiexors.

*Each axercise |s 0 be done showly (e.g., 2-3 seconds to IIft the
welght and 4-& saconds 0 lower the welght and through the full
functional rangs of meaton. The E'El':'ll I5 10 PR each exarcise for
twio sets of 10 repetiions.

Balance Training**

» Knee bends—10 repetitions

» Backward walking—10 steps, 4 imes

» Walking and tuming around—make figure of "8," 2 times

» Sideways walking—10 steps, 4 times

= Tandem stance—10 seconds

» Tandem walk—10 steps, 2 times

» Heol walking—10 steps, 4 imes

= Toe walking—10 steps, 4 imes

s 5it to stand—5 stands with two hands, 5 stands with one hand
or 10 stands with two hands, 10 stands with one hand, 10
stands with no support, 10 stands with no support repeated

**The easiest leval for the balance exercisas s to use two hands for
sUpport. Progression o harder levels &0 one hand support and no
hands for support) depends on the abllity to complebe the tarpeted
numiber of repetitions or amowunt of Hme using smooth, controlied
MOvVEments. T progress to exercises without holding onto support,
the Instructor must be confident that the person can safely recover
batance using lower-body strategles such as stepping.




BOX 8.5 Balance Exercise Program Incorporating S

Week 1

Flexibility exercises (5 repetitions, 15-s2cond hold)
Hamstring stretch

Glutews maximus and hip flexor stretch

Gastrocnemius and solews stretch

Paraspinal stretch

Strengthening exercises (baseline determination of preferred
elastic-band strengths for lower imb exercises—1 repetition
Mmaximumy

Lower limb muscles (elastic band: 1 set of 810 repetitions for
each leg)

Quadriceps (siting and straight-leg raisas)

Hamstrings

Gluteus maxmus

Gluteus medius

Upper limb muscles (5-10 repetitions)

Push-ups

Abdorminal muscles (5 repetitions)

Curl-ups with arms behind head

Instruction in body mechanics for;
Standing

Sitting

Lying

Lifting

Reaching

Carrying

Arising from floor
Ascending/descending stairs

Basaline walking evaluation {determine maximum comfortable
distance)

Week 2



Week 2

Flexibility exercises (as above)

Strengthening exercises: lower imb muscles (elastic band: 1 set
of 10 repetitions, each leg, upper limb muscles (10 repetitions),
abdominal muscles (5-10 repetitions)

Postural exercises (10 repetitions, 10-s2cond hold)

Head and neck
Trunk

Coordination exercises

Reciprocal leg movements (10 repetitions, eyes closed)
Bridging (10 repetitions)

Sitting/standing (5 repetitions)

Braiding exarcises (2 repetitions)

Reciprocal ankle motion (10 repetiions)

Rung ladder: forward stepping (2 repetitions)

"survival” maneuvers
Floor recovery exercises— how to get up if you should fall”



Week 3

Flexibility exercises (5 repetitions, 20-second hold)
Strengthening exercises: lower limb (2 sets of 10 repetitions),
upper limb (push-ups, 10-15 repetitons), abdominals (curl-wps,
10-15 repetitions)

Postural exercises (15 repetitions, 10-second hold)
Coordination exercises (repetitions increasad)

sundval maneuvers: practice (floor recovery/stairs)

Endurance walking i0-& minutes, comfortable pace)

Week 4

Flexibility exercises (5 repettions, 25-second hold)
Strengthening exercises: lower limb (2-3 sets of 10 repetitions),
upper limb (push-ups, 15 repetitions), abdominals (cur-ups,
15 repetitions)

Postural exercises (20 repetitions, 10-second hold)
Coordination exercises (repetitions increasad)

Reciprocal legs (eves closed)

Braiding (no holding, eves open)

Rung ladder (forward, side, and backward stepping)
sundval maneuvers: practice (floor recovery/stairs)
Endurance walking (3-8 minutes, comfortable pace)



Week 5

Flexibility exercises (S repetitions, 20-second hold)
Strengthening exercises: lower limb (3 sets of 10 repetitions),
upper limb (push-ups, 15-20 repetitions), abdominals (curl-ups,
15-20 repetitions)

Postural exercises (25 repetitions, 10-second hold)
Coordination exercises: as above with increasad repetitions, plus
Braiding (no holding, eyes closad)

Reciprocal ankle dorsisplantar flexion (25 repetitions)

sundval manewvers. practice (floor recovery/stairs)

Endurance walking (&—10 minutes, comfortable pace)

Week &

Flexibility exercises (S repetitions, 20-second hold)
Strengthening exercises: lower limb (3 sets of 10 repetitions),
upger imb (push-ups, 20 repetitions), abdominals (cur-ups,

1520 repetitions)
Postural exercises (25 repetitions, 10-second hold)

Coordination exercises (as above with increasad repetitions)
Endurance walking (8-12 minutes, comfortable pace)
sundval manewvers: practice (floor recovery’stairs)



Thank you



