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Objective: To identify psychometrically robust and clinically feasible measurement

tools of balance activity in people with neurological conditions to recommend for use

in clinical practice.

Data sources: MEDLINE, CINAHL, EMBASE, PEDro and AMED.

Review methods: Independent reviewers selected and extracted data from articles

that assessed the reliability, validity, sensitivity to change and clinical utility of

measures of balance activity in adult neurological conditions. Quality assessment

was based on Jorstad et al. Measures with ‘good’ psychometrics and �9/10

clinical utility scores were recommended.

Results: Nineteen measurement tools were selected. Of these, the Brunel Balance

Assessment, Berg Balance Scale, Trunk Impairment Scale, arm raise and forward

reach tests in sitting and standing, weight shift, step/tap and step-up tests reached

the required standards and are usable in clinical practice. The Brunel Balance

Assessment and its associated functional performance tests have the additional

advantages of being a hierarchical scale with established lack of redundancy.

Conclusion: The measurement tools identified above are psychometrically robust

and feasible to use in clinical practice. Future objective measure development should

consider the theoretical construct of the measure, the minimal detectable change and

use in clinical populations other than stroke.

Introduction

Using objective measurement tools is an accepted
part of evidence-based practice, to the extent that

their use is included in clinical guidelines and core
standards of practice.1–3 Despite this, adoption into
clinical practice is haphazard. A huge range of
objective measurement tools have been developed
but most are designed for research purposes and
many are impractical, irrelevant or inadequately
developed for generalized use with clinical patient
populations.4–8 There is little consistency about
which measurement tools are used and health
care professionals report that lack of resources
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(time, information, money and expertise) makes it
difficult to identify suitable measurement tools and
to learn how to use them.4–6,8 This experience was
shared by neurological physiotherapists in Greater
Manchester. Since 2003, they have worked together
to develop a comprehensive assessment process
using robust, objective measurement tools that
could be implemented across the region to enable
equity of treatment planning and allocation.9 Early
work identified the domains that needed to be mea-
sured9 and then the measurement tools
that measure each domain were systematically
reviewed. This paper reports the first of these sys-
tematic reviews and assesses measures of balance.

‘Balance’ is defined as ‘the ability to maintain a
position within the limits of stability or base of
support’9–11 and so would be classified by the
International Classification of Functioning,
Disability and Health12 as an activity. There are
also a number of measurement tools, such as mea-
sures of weight distribution or postural sway that
measure balance impairments (defined as a pro-
blem in body function, system or structure causing
a significant deviation or loss12). A review of these
measurement tools will be reported separately.
There is currently no recognized gold standard
measure for balance activity in patients with neu-
rological conditions. Previous reviews have focused
on a single measurement tool,13–18 or a limited
selection of measurement tools.19–21 While others
have only considered a single condition22 or only
the psychometric properties. Information on clini-
cal utility is rarely available,23 despite being a factor
that significantly impacts on use in clinical prac-
tice.24 The current review will evaluate the psycho-
metric properties and clinical utility of all available
measures of balance activity in all neurological
conditions.

Method

Study identification and selection
Electronic databases (MEDLINE, CINAHL,

EMBASE, PEDro and AMED) were searched
from their earliest date to June 2008 using the fol-
lowing keywords: ‘assessment or measurement or
outcome measure or measurement tool’ and ‘bal-
ance or equilibrium or postural control or posture
or sit or sitting or seat or seating or seated’ and ‘stroke

or cerebrovascular accident or hemiplegia or multiple
sclerosis or Parkinson’s Disease or Parkinsonism or
head injury or brain injury or Motor Neurone
Disease or Guillain Barre syndrome’.

All searches were limited to English language
and human adults. We excluded articles that
involved people with non-cerebral lesions (such
as spinal cord injuries or peripheral nerve lesions).
We also excluded the following from the analysis:

� articles that only measured psychometric prop-
erties other than those listed in the method
section below (such as predictive validity or
sensitivity/responsiveness using methods other
than the minimal detectable change);

� measurement tools in which only one psycho-
metric property had been assessed and so
clearly did not have sufficient information to
recommend for clinical use;

� measurement tools that included balance
activity as part of wider assessment of general
motor or mobility abilities in which data that
was specific to balance abilities could not be
extracted; and

� any instrumented measurement tool/device that
had no information about how the device could
be obtained or was clearly not commercially
available.

Data extraction
Two reviewers (ST and LC) independently

assessed the titles and abstracts of articles identi-
fied by the search. The selected articles were then
given to volunteers who extracted the necessary
data. They were neurological physiotherapists
working in National Health Service (NHS)
Trusts in the North West of England identified
by previous involvement in the project,9 other
research projects undertaken by the authors and
word of mouth. They worked in pairs, each
reviewing a maximum of six papers. Using stan-
dardized written instructions and data extraction
forms, and with training and support from the
authors, they extracted the following data from
the articles:

� the type of measurement tool and construct
measured;
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� participants on whom it was tested;
� test procedure and analysis methods used;
� psychometric properties tested and the results

of their analysis; and
� clinical utility (cost, time taken to complete,

need for specialist training or equipment and
the portability).

Analysis and strategy for generating
recommendations
After reviewing each paper individually, the

physiotherapists met with their partner to agree a
consensus about the data extracted. The data for
each locality was collated by a member of the pro-
ject team (who provided support and advice
throughout) and was analysed by ST and LC.
Two aspects were analysed; the psychometric
properties and the clinical utility. The psycho-
metric properties reviewed were reliability
(inter-rater and test–retest), concurrent or criter-
ion-related validity and sensitivity to change.
The accepted methods to assess the psychometric
properties were:

� for reliability: intraclass correlations (ICC),
kappa statistics;

� for validity: correlation coefficients; and
� for sensitivity: effect sizes or measures of the

minimum detectable change.

The strength of the psychometric properties
were assessed as recommended by Jorstad et al.25:
� weak reliability or validity¼ scores of 0.4–0.6;

weak sensitivity¼ effect size 0.2–0.5
�moderate reliability or validity¼ scores of 0.6–

0.8; moderate sensitivity¼ effect size 0.5–0.8
� good reliability or validity¼ scores of 0.8 and

above; good sensitivity¼ effect size40.8
A measurement tool needed to obtain ‘good’

scores for reliability, validity and sensitivity before
it could be recommended for use in clinical practice.
For ordinal scales, the scaling properties of a

measure were also considered through an assess-
ment of the hierarchy (coefficients of scalability or
reproducibility) or a Rasch analysis. For the coef-
ficient of reproducibility, a coefficient of 0.9 or
above was acceptable, for the coefficient of scal-
ability a coefficient of 0.6 or above was acceptable

and for Rasch analysis an ‘item fit’ and ‘person fit’
with a mean of zero and a standard deviation of
less than 1.4 was accepted.

The assessment of clinical utility related to the
practical details of using an measurement tool in
clinical practice and is detailed below:

� Time taken to administer, analyse and interpret
the measurement tool: 3¼Less than 10 min-
utes, 2¼ 10–30 minutes, 1¼ 30–60 minutes,
0¼41 hours.

� Cost: 3¼5£100, 2¼ £100–500, 1¼ £500–1000,
0¼4£1000 or unknown.

� Does the measurement tool need specialist
equipment and training to use? 2¼ no, 1¼ yes
but simple and clinically feasible, 0¼ yes and
not clinically feasible/unknown.

� Is the measurement tool portable? Can it be
taken to the patient? 2¼ yes easily (can go in
pocket), 1¼ yes, in a briefcase or trolley, 0¼ no
or very difficult.

Adding the scores gave amaximum score of 10. A
score of 9 or more was required before a measure-
ment tool could be recommended for clinical use.

Results

The searches identified 30 measurement tools that
measured balance activity in the selected clinical
groups, however 11 were subsequently rejected as
only one psychometric property had been tested or
inappropriate tests had been used. The excluded
measures were:

� Trunk Control Test13,26,27

� Sitting balance Scale28

� Sitting balance scale for hemiplegia29

� Advanced Mobility and Balance Scale30

� Postural Stress Test31

� Equiscale13

� Functional Standing Balance Scale32

� PLM test33

� Maximal load test34

� Sensory Organisation Test, also known as the
Clinical Sensory Integration test, and the
‘Foam and Dome’35

� Retropulsion Test.31,36
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Nineteen remaining measurement tools were
assessed on their psychometric properties and clin-
ical utility. There were 12 functional performance
tests, which measure patients’ ability to perform a
functional sitting, standing or stepping task, and
seven ordinal scales.

Each of the measurement tools are briefly
described below, including, where available,
details of the scaling properties (unidimension-
ality, hierarchy, redundancy, floor and ceiling
effects) of the ordinal scales. The data extracted
are shown in Tables 1 and 2 and the assessment
of the psychometric properties and clinical utility
are shown in Tables 3 and 4.

Functional performance tests
The functional performance tests fell into three

main groups: timed tests, reaching and stepping
tests.

Timed tests
These tests time how long a patient can main-

tain a static sitting or standing position and have
been used in people with stroke and Parkinson’s
disease. The length of time tested varies from 15
seconds37 to 30 seconds38,39 and 60 seconds.40–44

Different standing positions have also been used:
Feet in parallel (together and hip distance apart);
one in front of the other (step or tandem stance)
(e.g. sharpened Rhomberg)16 and standing on one
leg (single stance)34,38,39,45 and with eyes open
and closed.38,45

Reaching tests
Most reaching tests are based on the functional

or forward reach test,46 which was developed to
assess dynamic standing balance. It measures the
maximum distance the patient can reach forward
beyond arm’s length (to the limits of stability)
without moving their feet, using a ruler fixed
at shoulder height. The test was originally
designed for, and extensively tested with, the frail
elderly46–51 but has also been tested with people
with stroke, Parkinson’s disease and multiple
sclerosis although less vigorously. Several varia-
tions have been reported. The repeated reach test

measures the number of times the patient can
reach to a set target within 60 seconds, the back-
ward functional reach test assesses the distance a
patient can reach backwards, while the forward
bending reach tests how far the patient can reach
to the floor in front of them. The sitting forward
reach test repeats the forward reach test but in a
sitting, rather than standing position.

The arm raise tests aim to assess static balance;
they measure the patient’s ability to maintain their
position while undergoing a destabilizing force
(raising and lowering the arm). The sound arm is
used for people with stroke and the dominant arm
for bilateral conditions. The arm raise test counts
the number of times the patient can raise and
lower their arm in 15 seconds, while the repeated
arm raise test assesses the number of times the
patient can reach to a standardized target in 60
seconds. The sitting arm raise is the same as the
standing test, but with the patient in a sitting
position.

Stepping tasks
Three stepping tests have been developed. The

step test evaluates dynamic single stance and
involves stepping the stronger (or dominant) foot
on and off a block as often as possible within 15 or
30 seconds.37,52 In this review the test will be
referred to as the tap test to differentiate it from
the step-up test, which assesses how often the
patient can step on to a block (with both feet,
leading with the weaker) and down again within
15 seconds.37 The weight shift test assesses the
ability to transfer weight from one leg to the
other in tandem stance (the weaker leg in front
of, and parallel to, the stronger leg).37,53 In an
early version of this test, a variable load monitor
was fitted inside the subject’s shoe and made an
audible signal when 50% of body weight was
transferred on to the weak leg and the number
of repetitions within 60 seconds counted in parallel
and step stance. More recently, Tyson and De
Souza37 have described a more clinically feasible
version, which counts the number of times the
patient can transfer his/her weight onto their
weaker leg and back again within 15 seconds in
step standing, without using specialist equipment.
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Ordinal scales
Seven ordinal scales were selected, of which

three involve a mixture of sitting, standing and/
or stepping activities; one specifically measured
standing balance and three specifically measured
sitting balance. One was designed to measure
‘trunk impairment’ but on examination the items
related to the ability to perform sitting balance
activities and so is included in this review.

Berg Balance Scale
The Berg Balance Scale54 is the best-known bal-

ance measurement tool. It was originally designed
to measure balance in the elderly but has also been
tested with patients with stroke, multiple sclerosis
and Parkinson’s disease55 (see Table 2). It consists
of 14 tasks quantified on a 5-point scale. The items
evaluate the ability to maintain positions of
increasing difficulty by decreasing the base of sup-
port, from sitting to standing, to close standing,
to tandem standing and finally to standing on one
leg. Other items evaluate the ability to perform spe-
cific tasks, such as transfer between positions,
reaching forward, turning round and picking up

an object from the floor. Scoring is based on the
ability to perform the items independently and to
meet certain time or distance requirements. It takes
15–20 minutes to complete. Several recent publica-
tions have modified the assessment by reducing the
number of items or the levels in the subscales56,57

and revising the rating structure using Rasch ana-
lysis.58 Considerable redundancy within the items
and rating structure was demonstrated but it is not
clear which modifications are most efficacious.

Balance section of the Fugl-Meyer
Motor Assessment

The Fugl-Meyer Motor Assessment59 was devel-
oped to assess recovery of motor function in stroke
patients. The balance subscale examines static sit-
ting, ‘parachute reactions in sitting’, standing and
single stance. The seven items are each rated on a
3-point ordinal scale. The scaling properties have
not been reported and it is unlikely to form a hier-
archy as automatic reactions to external perturba-
tions in sitting (parachute reactions) are placed
before static standing balance, which does not
reflect the relative difficulty of the tasks.

Table 3 Clinical utility of the measures of balance activity

Measurement tool Time to
complete

Cost Portability Specialist
equipment

Total
(max¼10)

Timed tests (including Romberg
and Sharpened Romberg)

3 3 2 2 10

Sitting forward reach 3 3 2 2 10
Standing forward reach 3 3 2 2 10
Other standing reach tests (repeated forward

reach, backwards reach, bending
forward reach, repeated arm raise)

3 3 2 2 10

Sitting arm raise 3 2 2 10
Standing arm raise 3 3 2 2 10
Tap (aka step test) 3 3 1 2 9
Step-up 3 3 1 2 9
Weight shift 3 3 1 2 9
Berg 2 3 2 2 9
FMA-B 3 3 2 2 10
Brunel 3 3 2 2 10
Standing Balance Scale 3 3 2 2 10
Sit-MAS 3 3 2 2 10
Trunk Impairment Scale 3 3 2 2 10
Sandin and Smith 3 3 2 2 10

sit-MAS, sitting section of the Motor Assessment Scale; FMA-B, balance section of the Fugl-Meyer Motor
Assessment.
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Brunel Balance Assessment
The Brunel Balance Assessment37 operationa-

lizes the hierarchy of balance tasks that UK phy-
siotherapists use when assessing balance activity;
progressing from sitting to standing and stepping
balance. In an innovative design, it combines a
12-point ordinal scale of balance activity with
functional performance tests at each level of the
ordinal scale. The ordinal scale is arranged into
three subscales (sitting, standing and stepping bal-
ance) that also can be used individually. It forms a
true Guttman scale, indicating that it is unidimen-
sional, a true hierarchy and there is no redundancy
in the included items.

Standing Balance Scale
The Standing Balance Scale40–44 was designed

to quantify independent standing balance, based
on timed measurements. It is a 7-point ordinal
scale, categorizing the ability to maintain different
standing postures for 60 seconds (e.g. 0 – unable
to stand with feet apart, 3 – able to stand with
feet together for up to 60 seconds, 6 – able
to stand unilaterally for 60 seconds). The scale
was later modified to use times of 30 seconds
only and to use single-leg stance of the weak
or sound leg.43 Scaling properties have not been
investigated.

Sitting balance section of the Motor
Assessment Scale

The Motor Assessment Scale60 was developed to
assess everyday motor function in patients with
stroke.60 It comprises eight subscales, only one
of which relates to balance (sitting balance).
Only data specific to the sitting balance section
is presented in this review. The sitting balance
section is scored on a 7-point scale, with patients
assessed on their ability to perform progressively
harder sitting balance activities. A score of 0 indi-
cates a patient is only able to sit with assistance of
another person, whereas 6 indicates they can sit on
a stool unsupported, reach sideways to touch
the floor and return to the starting position.
Scaling properties have not been addressed.T
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Trunk Impairment Scale
The Trunk Impairment Scale16 aims to measure

motor impairment of the trunk after stroke, how-
ever all the items relate to the ability to maintain
sitting balance during different activities, which
fulfils the definition of balance used in this
review. It consists of 17 tasks in three subscales:
static sitting balance, dynamic sitting balance and
coordination. These range from sitting on the edge
of the bed, sitting on the edge with a narrower base
of support, and various selective movements of the
trunk (lateral flexion and rotation). It has been
subjected to Rasch analysis.61 The coordination
section fitted the Rasch model, as did the dynamic
sitting balance section once one of the items
had been adjusted. The static sitting balance
section did not fit the model, probably as it
needs to be tested with more people with very
severe stroke.

Sandin and Smith (1990)
Sandin and Smith62 assessed sitting balance

using a 4-point scale evaluating the amount of
assistance required during static and dynamic
activities. The dynamic tests assessed whether the
patient could withstand external displacement
forces of ‘approximately 5–10 lbs force applied
anteriorally, laterally and posteriorally’. No
further details were given about how this was per-
formed or standardized, nor have the scaling prop-
erties been assessed.

The data extracted from the selected papers are
shown in Tables 1 and 2 (for functional perfor-
mance tests and ordinal scales respectively), the
clinical utility is shown in Tables 3 and the sum-
mary of the psychometric properties are shown in
Table 4. This analysis of the psychometric proper-
ties and clinical utility revealed three ordinal scales
and seven functional performance tests that were
psychometrically robust and feasible for use in
clinical practice. These were the forward reach
and arm raise tests (in sitting and standing),
step/tap test, weight shift test and step-up test,
Brunel Balance Assessment, Berg Balance Scale
and Trunk Impairment Scale. All have been pri-
marily tested in people with stroke, although the
Berg Balance Scale, Trunk Impairment Scale and
functional reach have been tested in other

neurological groups (people with Parkinson’s dis-
ease, multiple sclerosis and traumatic brain
injury), although incompletely. All of the tests
scored highly on clinical utility but for many the
psychometric testing was incomplete. Although all
had some assessment of validity and reliability,
sensitivity to change had been less thoroughly
assessed.

Discussion

The results of this systematic review revealed 10
tests that were psychometrically robust and feasi-
ble to use in clinical practice. They were the for-
ward reach and arm raise tests (in sitting and
standing), step/tap test, weight shift test and
step-up test, Brunel Balance Assessment, Berg
Balance Scale and Trunk Impairment Scale. This
is the first review of balance measures to system-
atically assess the quality of all measures of bal-
ance disability and to consider the clinical utility of
the measure, it is therefore not possible to compare
with previous research.

The robust and feasible tools employed diverse
designs, included a wide range of items and
target different patient groups. This makes it dif-
ficult to identify the most effective measurement
tool for any individual patient group. The Brunel
and Berg Assessments measure sitting, standing
and stepping balance activities but are constructed
differently, while the Trunk Impairment Scale con-
tains items that measure sitting balance alone. The
functional performance tests measure more speci-
fic aspects of balance such as maintaining balance
while moving to the limits of stability or while
withstanding a destabilizing force.

To make a sensible choice about which measure-
ment tool to use, one needs a good understanding
of what the measurement tool measures and why
those measures are important to relate it to one’s
patients and clinical service. This is a challenge for
balance activity measurement tools as the litera-
ture on their development gives scant considera-
tion to any underlying theoretical construct.
In most cases, where any explanation is given,
the choice of items is based on clinicians’ opinions
with no justification or rationale for why they were
included or how they were operationalized.
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Although this atheoretical approach has some
face and ecological validity, it limits evidence-
based decisions about which measurement tool
to use, how to interpret the results and how to
relate them to treatment planning. Further
research is needed to identify develop and articu-
late the theoretical construct behind the clinical
balance assessment and to build a consensus.
This is a challenge, as although discussions of
the theoretical basis of balance problems have
been published,63–65 consistency in the language
and definitions has not been achieved and none
have been widely adopted.
A further limitation of the ordinal scales is that

few have considered the scaling properties, parti-
cularly the hierarchy and redundancy of items.
The presence of a true hierarchy has three advan-
tages. It means that the whole measurement tool
does not need to be performed each time it is used
as one can assume that the patient would pass all
the preceding items once one item had been
‘passed’, or would fail all subsequent items once
an item has been ‘failed’. Consequently one can
start the testing at a level that is appropriate for
the patient and a few of the items would need to be
tested. Clearly, this would save time and effort for
both clinician and patient. A true hierarchy also
has no redundant items, which artificially inflate a
score thereby reducing test accuracy and wasting
time and effort by asking the patient to perform
activities that do not contribute to the overall
result. The final advantage is that the score gives
an indication of the subject’s ability. For example,
in the Brunel Balance Assessment, which is hier-
archical, a score of 6/12 indicates someone who
has dynamic standing balance (and will have
passed all sitting balance and static balance tests)
but not stepping or single stance balance. In con-
trast, a score of 46/56 on the Berg Balance Scale,
which is not hierarchical, gives no indication of
which items were passed or failed. A hierarchical
scale is advantageous as the score is more infor-
mative and relevant to clinical practice than one
from a non-hierarchical design. Further research is
needed to assess the hierarchy of the ordinal scales,
and to adjust the construction of the scale when-
ever it is found to be lacking. Development of
future ordinal measurement tools should include

an examination of the hierarchy and redundancy
of items at an early stage as part of the develop-
ment of the construct of the scale.

An alternative type of measurement tool are
functional performance tests, which have many
attractive features. As well as being reliable and
valid, they are very quick to use (most take 2 or
3 minutes), require no specialist equipment and
can easily be incorporated into a full clinical
assessment or treatment session. In addition the
results are meaningful to clinicians and patients;
it is easy to understand the significance being able
to reach a few more centimetres or complete more
repetitions. The disadvantage of these tests is that
each individual test is only relevant for a relatively
narrow band of patients and will exhibit floor and
ceiling effects for people outside this band. For
example, patients who cannot sit unaided would
be unable to perform the sitting forward reach test
(demonstrating a floor effect) but this test would
also show a ceiling effect for more able patients
whose dynamic sitting balance may be within
normal limits. It is therefore important to marry
up the appropriate test to the patient’s level of
ability. To do this, one needs to understand what
the test is measuring: its construct. The functional
performance tests recommended in this review
form a battery of tests which progress by increas-
ing the demands and complexity of the task and by
decreasing the base of support.9,34 They operatio-
nalize the hierarchy of balance activities that phy-
siotherapists use in their clinical assessment,9

which gives a framework for the choice of which
measurement tool to use.

The psychometric property that has received
least attention was the minimum detectable
change, yet this is vital for the clinical interpreta-
tion of scores as it indicates whether a change in
score is due to ‘true change’ in performance or
whether it is merely due to the normal fluctuations
of scoring. Furthermore, it is simple to calculate
from the same data that is used to assess reliabil-
ity. Future measurement tool development should
include assessment of the minimum detectable
change and consider application to clinical
groups other than stroke.

Like all systematic reviews, the quality of the
review is dependent on the papers identified.
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Although we had thorough search strategies, we
only included publications in English. There may
have been relevant publications in other languages
that we missed. We also did attempt to identify
unpublished data or the grey literature, so there
may have been a publication bias in the data
that we identified.

To the authors’ knowledge, this is the first sys-
tematic review to specifically assess the clinical
utility of measurement tools. The system we devel-
oped to assess the utility was based on our clinical
experience and the judgements of quality were
arbitrary. Such judgements can not be assumed
to be appropriate for other health care systems
or other areas of clinical practice. Nevertheless,
they have strong face validity and were acceptable
to neurological physiotherapists working across
the north-west of England, who served a popula-
tion of about 6.8 million people, so we feel they are
reasonably generalizable.
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