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Balance is a term frequently used by health professionals working in a wide
variety of clinical specialities. There is no universally accepted definition of
human balance, or related terms. This article identifies mechanical definitions
of balance and introduces clinical definitions of balance and postural control.
Postural control is defined as the act of maintaining, achieving or restoring a
state of balance during any posture or activity. Postural control strategies may
be either predictive or reactive, and may involve either a fixed-support or a
change-in-support response. Clinical tests of balance assess different
components of balance ability. Health professionals should select clinical
assessments based on a sound knowledge and understanding of the

classification of balance and postural control strategies.

Introduction

Balance is a common term, frequently used by
health professionals within a wide variety of clin-
ical specialities. The word balance is often used
in association with terms such as stability and
postural control. Evaluation of balance is consid-
ered to be pertinent to the assessment of many
patients, including those with neurological
deficits, orthopaedic deficits and vestibular disor-
ders. Despite the widespread use of the term,
there is no universally accepted definition of
human balance.!> Thus, although it has been
argued that therapists have an intuitive under-
standing of the term,! concise definitions are not
available.

The production and use of universally accepted
definitions of terms used within clinical practice
is essential for the accurate and precise assess-
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ment, documentation and interpretation of
patient problems. The valid definition of clinical
terminology is fundamental to the formation of
evidence-based practice and to the provision of
optimal patient care. This article aims to explore
the intuitive understanding of human balance,
and to identify concise definitions of balance and
related terms.

Mechanical definitions

Balance

The term balance (or equilibrium), as used in
mechanics, is defined as the state of an object
when the resultant load actions (forces or
moments) acting upon it are zero (Newton’s First
Law).> The ability of an object to balance in a
static situation is related to the position of the
centre of mass (also referred to as the centre of
gravity or CoG*3) and the area of the base of sup-
port (BoS) of that object.* If the line of gravity
of an object falls within the BoS of that object
then the object is balanced.? The object becomes
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unbalanced, and will fall, if the line of gravity is
displaced out of the base of support.® This is illus-
trated in Figure 1.

Stability

The greater the displacement of the line of
gravity before an object becomes unbalanced the
greater the stability of that object. Similarly, the
greater the external force that can be applied to
the object before it becomes unbalanced the
greater the stability of that object.> Thus,
mechanical principles dictate that stability exists
if the line of gravity falls within the BoS, and
increases with a larger BoS, a lower CoG, or a
more central CoG within the BoS.?

Human balance
Postural control

The principles of newtonian mechanics and the
relationships described between stability, the

A. Stability
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BoS, the line of gravity and the CoG are equally
applicable to the balance of humans (or animals)
as they are to inanimate objects. During upright
stance, the human body has a relatively high CoG
and a relatively small BoS, which complicates the
problem of the maintenance of stability.%’” For an
inanimate object, if the line of gravity falls out of
the BoS the force of gravity dictates that that
object will fall (or move). However, when, in a
human, the line of gravity falls out with the BoS
the human body has the inherent ability to sense
the threat to stability and to use muscular activ-
ity to counteract the force of gravity in order to
prevent falling.® Thus, a human has control over
balance (‘balance control’ or, more commonly,
‘postural control’), while an inanimate object
does not.

Postural control is a prerequisite to the main-
tenance of a myriad of postures and activities.
However, the control of balance has been iden-
tified to be associated with three broad classes of
human activity®!°:

o Object is balanced.

e Line of gravity falls in
the BoS.

¢ No movement occurs.

e Object is unbalanced.

B. Instability

C. Increased stability

¢ CoG moves toward the
‘heavier’ end of the seesaw.
e Line of gravity falls out
of the BoS.

e Movement will occur.

U

e Object has moved to
regain balance.

o Line of gravity falls in
the new BoS.

e No movement occurs.
o Stability is increased
with a larger BoS.

Figure 1 Relationship between base of support (BoS), line of gravity and stability.
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1) The maintenance of a specified posture, such
as sitting or standing

2) Voluntary movement, such as the movement
between postures

3) The reaction to an external disturbance, such
as a trip, a slip or a push.

These classifications encompass the acts of
maintaining, achieving or restoring the line of
gravity within the BoS.

The mechanical definition of stability refers to
the ‘inherent ability’ of an object to remain in or
return to a state of balance, with the ‘inherent
ability’ referring to the physical properties of the
object, such as the position of its CoG relative to
the BoS. Human stability can be defined as the
‘inherent ability” of a person to maintain, achieve
or restore a state of balance, but in this case the
‘inherent ability’ encompasses the sensory and
motor systems of the person,®!! in addition to the
physical properties of the CoG and BoS. Maki
and Mcllroy’ described ‘balance control’ as the
ability to regulate the relationship between the
line of gravity and the BoS during activities of
daily life. Postural control can therefore be
defined as the act of maintaining, achieving or
restoring a state of balance during any posture or
activity.

Strategies of postural control

Postural control strategies may be either ‘reac-
tive’ (compensatory) or ‘predictive’ (anticipa-
tory), or a combination of both.” A predictive
postural control strategy might involve a volun-
tary movement, or increase in muscle activity, in
anticipation of a predicted disturbance; while a
reactive postural control strategy would involve
a movement or muscular response following an
unpredicted disturbance. These responses may be
‘fixed-support’, where the line of gravity is moved
but the BoS remains unaltered, or ‘change-in-
support’, were the BoS is moved so that the line
of gravity intersects it.” Swaying from the ankle
or hip (‘ankle strategy’ or ‘hip strategy’)®'%13 are
commonly described fixed-support strategies,
while grasping with a hand or stepping (‘stepping
strategy’)®!? are common change-in-support
strategies.

Although postural control strategies have tra-
ditionally been considered as reflex-like
responses elicited automatically by a sensory

stimulus, it is now considered that postural
responses to maintain balance are reliant on the
assessment and control of many variables by the
CNS.1 Strategies of postural control therefore
vary depending on an individual’s goals and envi-
ronmental context. This view of postural control
implies that balance control can be considered to
be a fundamental motor skill learnt by the CNS. 14
Thus, like any other motor skill, postural control
strategies can become more efficient and effec-
tive with training and practice.'* Postural control
can therefore be regarded as a complex motor
skill integral to human posture and movement.

Clinical implications

The observation or assessment of a dysfunction
in the ability of a patient to maintain, achieve or
restore a state of balance implies a deficit in pos-
tural control. Any cognitive, sensory or motor
impairment can result in a postural control
deficit. Awareness of the different classifications
of activities requiring postural control, and the
different postural control strategies, should assist
in the accurate and precise assessment, diagnosis,
documentation and interpretation of balance
problems, and lead to improved patient care.
There are a large number of clinical assess-
ments of human balance. These assessments can
provide information on a variety of different
aspects of postural control. For example, the
Rivermead Stroke Assessment! tests the ability
of a patient to sit unsupported (i.e. maintain a
posture); the Motor Assessment Scale (MAS)®
tests the ability of a sitting patient to perform a
voluntary movement (i.e restore a posture fol-
lowing a predictable disturbance) and to move
from sitting to standing (i.e. achieve a new pos-
ture); while Sandin and Smith!” describe a test
that requires a sitting patient to respond to a lat-
eral push to the trunk (i.e. restore a posture fol-
lowing an unpredicted disturbance). While each
of these clinical tests are valid assessments of a
patient’s balance, each test is assessing a differ-
ent aspect of postural control. Rather than an
arbitrary selection of an assessment, knowledge
pertaining to the classification of balance and
postural control strategies should be used to
select a clinical assessment — or assessments — rel-
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evant to each individual patient or medical con-
dition.

Conclusions

The concepts of balance and human movement
are integral and fundamental to rehabilitation in
a wide variety of clinical specialities. Clear and
concise, universally accepted definitions of
balance should therefore be central to clinical
practice. The mechanical concepts and ideas
presented in this article will not be new to the
majority of health professionals who are regu-
larly involved in the assessment and treatment

Table 1 Definitions of balance, human balance and related terms
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Clinical messages

Postural control refers to the act of main-
taining, achieving or restoring the line of
gravity within the BoS.

Postural control strategies may be predic-
tive or reactive, and involve fixed-support
or change-in-support responses.

Clinical assessments of human balance may
test different aspects of postural control.
Relevant assessments should be selected
based on a knowledge and understanding
of balance and postural control.

Term Definition

Balance The state of an object when the resultant force acting upon it is zero.®

Human balance
Centre of gravity (CoG)
Line of gravity

Base of support (BoS)

A multidimensional concept, referring to the ability of a person not to fall.":6
The point through which the vector of total body weight passes.'®
A vertical line running through the CoG.3

The area of the single contact between the body and support surface or, if there is

more than one contact with the support surface, the area enclosing all the contacts

with the support surface.*

Stability The inherent ability of an object to remain in or return to a specific state of balance
and not to fall. The inherent ability referring to the physical properties of that object.

Human stability

The inherent ability of a person to maintain, achieve or restore a specific state of

balance and not to fall. The inherent ability referring to the motor and sensory
systems and to the physical properties of the person.

Postural control

The act of maintaining, achieving or restoring a state of balance during any posture

or activity.
Maintenance of a Voluntary Reaction to external disturbance
posture movement (predicted or unpredicted)

Achievement

Restoration

Threat to balance detected
by afferent (sensory) system

Postural control

Response through efferent
(motor) system

L N

Fixed-support strategy
e.g. ankle strategy, hip strategy.

Change-in-support strategy
e.g. stepping strategy, grasping.

Figure 2 Classes of function requiring postural control and postural control strategies.
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of patients with problems relating to the
maintenance of balance. However, in the
clinical environment the understanding of bal-
ance and postural control has been largely intu-
itive and assessment, documentation and
treatment have lacked a systematic approach.
This article identifies simple clinical definitions of
balance and postural control, which are summa-
rized in Table 1, and outlines the concept of
postural control strategies (Figure 2). It is pro-
posed that these definitions are universally
appropriate and that use of these terms, as
explained in this article, will assist individual
patient care and will promote scientific evalua-
tion of clinical practice.
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