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Despite their importance to stroke rehabilitation, appropriate clinical tests of pa -  
tural control in standing appear to be inadequately developed. Seueral quantita- 
tiz)e clinical tests, therefore, were constructed. nese tests were used to measure 
functionally relevant aspects of postural control in standing in 24 stroke patients 

The ability to control the body over a 
relatively small base in two-legged 
stance is one of the fundamental tasks 
that the stroke patient is required to 
relearn during rehabilitation. Various 
methods of quantifying improvement 
in motor recovery following stroke 
have been reported in the literature 
such as motor assessment scales,l4 
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activities-of-daily-living scales,5 and 
measures of performance in gait.cR 
However, the specific measurement of 
postural control in the standing posi- 
tion appears to be an area requiring 
test development. Indeed, Horak ha5 
noted a need to develop clinical mea- 
sures of postural control in upright 

within a mean time interval of two months following a cerebrovascular accident. 
Subjects were tested in two stance positions (step and parallel) for file tasks that 
assessed their ability to withstand perturbations produced by selfgenerated body 
movements during functional actiuities. Intrasession reliability coeficients were 
very high (r = .94-.99). Intersession reliability coeficients were also high (r = .85- 
.94). Because the test battery requires minimal training and equipment, it can be 
easily applied in the clinical setting. i%e high reliability obtainedjustijies further 
evaluation of these tests, whicb appear to be zlerypomising for use in stroke reha- 
bilitation. [Goldie PA, Matyas TA, Spencer KI, et al: Postural control in standing 
following stroke: Test-retest reliability of some quantitative clinical tests. Phys Ther 
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stance.9 The present study aimed to 
address this issue. 

Postural control has been studied in 
stroke patients with instrumentation 
that is normally available only in the 
research lab~ratory. '~.ll  Goldie et al 
used a force platform to demonstrate 
the significant differences between 
stroke patients and age-matched 
healthy subjects for steadiness, sym- 
metry, and weight transference during 
upright stance.12 Both groups demon- 
strated high within-session retest reli- 
ability for these three characteristics 
of postural control. Because such 
equipment is expensive and requires 
a high level of technical support, it 
seemed valuable to investigate alterna- 
tive methods that can be readily used 
by the clinician. Whether clinical tests 
can show measurement characteristics 
of comparable quality to those offered 
by laboratory tests is at present an 
unresolved issue. In this context, the 
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reliability of the clinical tests is an 
important initial question. 

Extensive research has investigated 
postural control mechanisms under 
conditions of normal quiet stand- 
ing1r15 and under challenging condi- 
t i o n ~ . ~ ~ . ~ . ~ ~  Three approaches have 
been taken to provide a stimulus to 
the postural control system. 

First, postural control has been chal- 
lenged under altered conditions of 
sensory input for the visual,l8 ves- 
tibular,l9 and propri~ceptive~O-~~ sys- 
tems. Although it may be useful to 
evaluate postural control under 
altered conditions of sensory input, 
from a functional point of view the 
stroke patient must perform these 
tasks with such residual visual, vestib- 
ular, and proprioceptive faculties as 
may be intact following the 
cerebrovascular accident (CVA). 

Second, the motor control mecha- 
nisms underlying upright stance have 
been studied by applying unexpected 
perturbations to the standing 
subject." This research has been 
achieved by displacing the supporting 
base and studying the latency, 
sequencing, and pattern of motor 
responses10 and has provided insight 
into the postural control system as a 
feedback system. Differences between 
stroke patients and healthy subjects 
have been demonstrated.10 Although 
the stroke patient may be required to 
maintain upright stance while the sup- 
porting base is moved, from a func- 
tional point of view it seems that the 
most frequent demand made on the 
postural system is to control upright 
stance during perturbations that are 
produced by movements of the 
patient's own body, such as in reach- 
ing for objects and dressing. . 
The third approach has been to study 
the function of the postural control 
system as a "feedforward" system.23.24 
This research has been achieved by 
studying the anticipatory postural 
responses that occur as a result of 
displacements of the subject's own 
body, such as when moving the arm. 
This approach seems best suited to 
address the question of postural con- 

trol during functional activity. Horak 
et a1 found that stroke patients were 
not able to raise the unaffected arm as 
quickly as healthy subjects and specu- 
lated that the differences were due to 
delays in the anticipatory postural 
activity required to stabilize upright 
stance during this dynamic activity.24 

These three methods have provided 
valuable insight into the sensory and 
motor mechanisms underlying pos- 
tural control, and such information is 
needed for planning appropriate 
treatment strategies. Despite the 
increasing body of knowledge about 
postural control provided by labora- 
tory methods, however, there is an 
important need to develop measure- 
ment techniques that can be applied 
in the clinical setting. The physical 
therapist requires reliable, relatively 
simple, and functional measures that 
give quantitative information about 
postural control with minimal time 
and equipment. 

A number of simple tests are 
frequently used in clinical practice. 
Modifications of the Romberg test, 
originally described in 1851, are 
included in the conventional neuro- 
logical examinatione25 This test pro- 
vides subjective information about the 
decrement in steadiness that occurs as 
a result of closing the eyes in various 
stance positions. The clinician is 
required to make a judgment about 
whether the observed decrement is 
greater than normal. This test does 
not provide quantitative information 
and may lack reliability, given its sub- 
jective nature. An important feature of 
the Romberg test is its ability to assess 
the effect of eye closure on postural 
control. This assessment does not 
seem to be the most relevant informa- 
tion required by the physical therapist 
to plan treatment strategies for stroke 
patients. The problems faced by the 
physical therapist most frequently 
concern control of posture in upright 
stance during dynamic motor function 
asks with the eyes open because 
these conditions most closely resem- 
ble those of functional activities. 

Another approach has been to alter 
the base of support by varying foot 

position or by requiring one-legged 
stance. This method has been used 
with healthy children26 and adults27.28 
and can provide quantitative informa- 
tion about how long the subject is 
able to maintain a particular stance. 
These stance positions, however, may 
be too difficult for the stroke patient. 
Certainly it seems prudent to first 
assess the ability of less difficult stance 
positions to provide reliable and dis- 
criminative data. 

Bohannon, using modifications of the 
two-legged stance, constructed a sim- 
ple rating scale for stroke patients.29 
The five-point scale rates the patient's 
ability to maintain for up to 30 sec- 
onds an upright stance both with 
their feet apart and then together. The 
scale used in Bohannon's postural 
control test offers the advantage of 
simplicity, but lacks scale resolution, 
which could prove a limiting factor in 
further development of the test. Fur- 
thermore, it seemed premature to 
confine the activities that could be 
used in the construction of a new test 
to simple standing in parallel stance. 
In terms of face validity, analysis of 
functional dynamics suggests that a 
number of other activities that require 
postural control in standing may be 
required. 

The Fugl-Meyer stroke assessment 
scale contains a balance subscale con- 
sisting of sitting and standing tasks.3 
The sitting tasks investigate the 
patient's ability to sit independently 
and the ability to react to perturba- 
tions. The standing tasks examine the 
amount of support required, the 
length of standing time, the quality of 
steadiness in the upright position, and 
the ability to maintain stance postures 
in one-legged stance. The score of 
this balance subscale is obtained by 
adding values on a three-point rating 
scale from each of the seven tasks. 
Although the seven items describe 
different aspects of postural control, it 
has been assumed that they can be 
combined with a simple additive 
scale. This assumption has received 
neither theoretical nor empirical justi- 
fication. Furthermore, the subscale 
does not discriminate between perfor- 
mance in sitting and standing, 
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whereas the clinician may need sepa- 
rate information for planning treat- 
ment and monitoring change. The 
Fugl-Meyer balance subscale results 
were correlated with measurements 
of postural control in standing 
obtained from a force platform.11 
Many of the correlations were nonsig- 
nificant, however, and the remainder 
were generally of only moderate 
strength. These findings could be due 
to the lack of specificity of the Fugl- 
Meyer subscale when compared with 
the different aspects of postural con- 
trol assessed by the force platform 
measures. As a clinical test, the Fugl- 
Meyer balance subscale does not 
address the issue of specific problems 
of postural control in standing. Hence, 
the problem of developing a clinically 
viable, but reliable and valid, test of 
postural control in standing remains. 

In view of the paucity of empirical 
data supporting some of the tests in 
the current literature and the task 
characteristics that may be required to 
obtain a valid and sensitive clinical 
test, this study investigated the appli- 
cation of several specific tasks of pos- 
tural control in standing in the stroke 
population. A central requirement in 
the construction of the tasks was the 
need to assess the ability of the pos- 
tural control system to withstand per- 
turbations produced by self-generated 
body movements. One factor that 
influenced the construction of the 
tasks was the finding by Horak et a124 
that stroke patients differed from 
healthy subjects in the velocity of rais- 
ing the unaffected arm while main- 
taining upright stance. A range of 
dynamic functional activities was 
selected for the test battery. 

The tasks were selected to vary in 
level of dificulty in order to satisfy 
the measurement requirements that 
may arise from differences in the 
severity of postural dysfunction. 
Because the occurrence of either 
floor or ceiling effects is undesirable, 
several tasks were investigated to 
ensure that at least some would have 
an appropriate level of difficulty. The 
tasks varied in level of difficulty from 
a relatively easy task of controlling the 
body during upright stance without 

hand support to tasks involving arm 
raising, target reaching, and weight 
shifting. Two stance position+paral- 
lel and s t e p w e r e  chosen because 
they varied the support base at a level 
that seemed appropriate for the 
stroke population. 

This study was planned as the initial 
work in a test-development series 
aimed at resolving the problem of the 
paucity of reliable and valid clinical 
tests of postural control in standing. 
Consistent with fundamental princi- 
ples of measurement?O the test-retest 
reliability was investigated. Reliability 
is an important issue in clinical tests 
because it is necessary to have confi- 
dence that observed changes in per- 
formance do not reflect merely mea- 
surement error. Furthermore, the 
validity of any test is necessarilv con- 
strained by its reliability. 

Apparatus 

All tests were performed with the 
subject standing with the nonaffected 
side alongside a rail that was either 
freestanding or attached to the wall at 
approximately waist level (Fig. 1). A 
stopwatch was used to time the ta5ks. 
A variable load monitor (Fig. 2), 
designed for this study, was used in 
the weight-shifting tasks to monitor 
how frequently the subject was able 
to shift 50% of body weight to the 
affected leg. The variable load moni- 
tor is a variable capacitance 
transducer similar in design to other 
commercially available load monitors 
such as the Limb Load Monitor* and 
the Portable Limb Load   on it or.' A 
grid for aligning the feet in both par- 
allel and step stance positions wa5 
marked on the floor with a washable 
marking pen or  tape (Fig. 3). A walk- 
ing frame was used as the target rail 
in the reaching task. Masking tape was 
used for the targets. 

Method 

Procedure 
Twenty-four patients (15 male, 9 
female), with a mean age of 65 years 
(s = 16), were tested after a mean 
time interval of 59 days (s = 55) since 
CVA. Eleven subjects were right- 
hemiplegic, and 13 subjects were left- 
hemiplegic. The first 24 patients who 
were referred by the physical therapy 
staff at three metropolitan rehabilita- 
tion hospitals and who satisfied the 
following criteria were included in 
the study: 1) first CVA, 2) unilateral 
brain damage affecting the cortical or 
subcortical region, 3) ability to give 
informed consent, and 4) participating 
in a rehabilitation program. The fol- 
lowing exclusion criteria were 
applied: 1) no brain-stem, cerebellar, 
or subarachnoid lesions; and 2) no 
orthopedic or other neurological con- 
ditions known to affect postural 
control. 

The purpose of the study, which was 
approved by the Lincoln School of 
Health Sciences Ethics Committee and 
each of the participating hospitals' 
ethics committees, was explained to 
the subjects, and informed consent 
was obtained. Each subject was tested 
one day and retested at the same time 
on the following day. The protocol 
was followed in the same order each 
day, with half the subjects performing 
the tasks in parallel stance first and 
half in step stance first. 

The subjects were weighed with bath- 
room scales to measure body weight, 
and the variable load monitor was 
calibrated so that an audible signal 
was heard when loaded with 50% of 
body weight. The foot alignment grid 
was outlined on the floor 25 cm from 
the side rail (Fig. 4). At the beginning 
of each task, the subjects watched a 
demonstration performed by a physi- 

'Krusen Research Center, Moss Rehab~litation Hospital, 12th St and Tabor Rd, Philadelphia, PA 
19141. 

t B a r ~ e d  Proprietary Ltd, PO Box 1090, Collingwood, Victoria. Australia 3066 

Physical TherapyNolume 70, Number 4/April 1990 



F1g. 1. Testing arrangement for weight-shping task 

cal therapist. The subjects performed 
the following series of tasks twice 

with a short rest interval between 
each trial: 1) standing, 2) arm lift, 3) 
reach, and 4) weight shift. 

Standlng. The standing duration was 
counted (in seconds) for the subjects' 
ability to maintain upright stance with 
no hand support (maximum 60 sec- 
onds) in parallel and step stances. 
Feedback was given at 15-second 
intervals. 

Arm Ilfi. The frequency during 60 
seconds was counted for the subjects' 
ability to raise the unaffected arm 
from a starting point on the side rail, 
which was determined by asking the 
subject to reach forward without lean- 
ing (Fig. 4) to a target (masking tape) 
placed on the wall at shoulder level 
directly above the starting point. Alter- 
natively, if the side rail was not 
attached to a wall, the therapist's 
hand, placed in a similar position to 
the masking tape, was used as the 
target. The test was performed in 
both p a d e l  and step stances, and 
feedback was given by counting each 
lift. 

Reach. The frequency during 60 sec- 
onds was counted for the subjects' 
ability to reach from a target placed 
on the side rail to a target placed on a 
front rail (Fig. 4). The side target 
(masking tape) was placed on the 
side rail opposite the greater 
trochanter of the unaffected side. The 
front target (masking tape) was placed 
on a walking frame that was 
positioned 15 cm in front of the out- 
stretched arm and at the same height 
as the side rail. The distance between 
the outstretched arm and the walking 
frame was determined by measuring a 

Parallel 

Affected 
forward 

Unaffected 
rear 

Step 

F1g. 2. Variable load monitor. Fig. 3. Alignment of feet for two stance positions. 
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distance 15 cm from the furthest 
point the subject could reach along 
the side rail without leaning forward 
in each of the stances. After the walk- 
ing frame was positioned, the mask- 
ing tape was placed on the front rail 
opposite the affected shoulder. The 
subjects were instructed to follow 
their hand movement with their eyes 
as they touched from the front 
marker to the side marker. The tasks 
were performed in both parallel and 
step stances, and feedback was given 
by counting each time the front target 
was touched. 

Weight shift. The frequency during 
60 seconds was counted for the sub- 
jects' ability to shift 50% of body 
weight to the variable load monitor 
(Fig. 1). Prior to this task, subjects 
were weighed, the sole of the variable 
load monitor was placed inside the 
shoe of the affected leg, and the vari- 
able load monitor was adjusted so 
that an auditory signal was given 
when the subject loaded 50% of body 
weight on the affected leg using a set 
of bathroom scales for calibration. 
After the calibration procedure, the 
subjects performed five practice trials 
on the floor so that they became 
familiar with loading the affected leg 
to 50% of body weight. The subjects 
were instructed to shift their hips and 
shoulders during the weight-shifting 
task. The task was completed with the 
subject holding on to the side rail in 
both parallel and step stances and 
then repeated without hand support 
in both stances. Feedback was given 
by counting each time the auditory 
signal was heard. 

Instructions were standardized for all 
subjects. The subjects were asked to 
concentrate on performing each task 
as frequently as possible during the 
60-second test period. For the weight- 
shifting tasks, the subjects were manu- 
ally guided through the movement 
five times to ensure understanding of 
the task. No practice trials were 
allowed for the other tasks. Care was 
taken that the subjects' feet did not 
move from the standardized position 
during all tasks, and the affected foot 
was stabilized in step stance by plat- 
ing the therapist's foot behind the 

Fig. 4. Testing arrangement for reaching task. In this study, a walkingframe was 
used for placement offront tatget. Altematiuely, the near surface of a freestanding mir- 
ror can be used. 

Front target opposite 
affected hip at waist level 

heel during the arm-raising and 
target-touching tasks and by placing 
the feet on each side of the affected 
foot during the forward weight- 
shifting task. If foot movement 
occurred, a retest was performed 
immediately. 

IhJ 
5 
V )  
v 

Affected leg 

25cm ' 

Data Analysis 

+ Side rail adjusted to waist height 

t+ Furthest point reached 
without leaning forward 

3 +- Side target opposite 
greater trochanter 

Scores on 10 tests (five tasks x two 
stances) conducted twice daily on 
each of two days were available. 
Means and standard deviations were 
computed for each of the tests on 
each of the two Day 1 trials and each 
of the two Day 2 trials. These values 
were examined for ceiling or  floor 
effects, which can severely attenuate 
ranges and thus seriously affect the 
apparent reliability.31 Reliability coeffi- 
cients for tests, which were not ham- 
pered by ceiling or  floor effects, were 
obtained using Pearson product- 
moment ~orrelations.3~ Coefficients 
were obtained for both intrasession 
and intersession intervals. Because 
two trials were performed on each of 
two days, two intrasession and two 
intersession coefficients were 
obtained for each test. That is, trials 1 
and 2 for each test were correlated 
within both days to yield the intrases- 
sion coefficients. The data from the 
first trials of each day were correlated, 

as were those from the second trials 
of each day, to provide the two 
intersession coefficients. 

To obtain more stable estimates of 
reliability, the two intrasession coeffi- 
cients were averaged using the Fisher 
Z method,31 as were the two interses- 
sion coefficients. Reliability 
coefficients quantify random error of 
measurement. Because these tasks 
were not practiced by the subjects, 
simulating the typical test situation, it 
was likely that systematic error would 
also occur through series effects. To 
quantify systematic trends attributable 
to practice or  other series effects, we 
examined the mean intertrial and 
intersession differences of all tests that 
were not affected by ceiling effects. 
This systematic error may be inte- 
grated with the random error to pro- 
vide a 95% confidence interval (95% 
c1)3l for estimating individual change 
in the absence of intervention. The 
customary 95% CI formula is as 
follows:31 

95% CI = Md 2 t ,  s,,, drs 

where Md is the mean difference, t, is 
the critical range required to cut off 
the extreme 5% (two-tailed) in the t 
distribution, and s,,, ,, is the standard 
error for measuring change. The stan- 
dard deviation of the dserence score 

Physical Therapyllrolume 70, Number 4/April 1990 



(s,) estimates random individual vari- 
ability in change. Because this study 

- 
measured change in the absence of Table 1. Means and Standard Dwiatiom for Taks  of Postural Conwol in Standing 

- 

intervention, sd becomes a direct esti- 
mator of the s,,, ,,, (Appendix). The 
customary 95% CI," therefore, will 
provide a range estimate for an indi- 
vidual's change score, which contains 
an allowance for both systematic and 
random error. The Md estimates the 
systematic error, and the s,,, ,,, esti- 
mates the random error. One benefit 
of these estimates is that change 
exceeding the limits of the confidence 
interval indicates that the subject 
changed more than can be accounted 
for by error of measurement. The 
confidence interval limits, therefore, 
were computed to provide a frame of 
reference for interpretation of data 
obtained from subjects undergoing 
intervention in future studies. 

Results 

Table 1 presents descriptive statistics 
on each of the 10 tests. As the stan- 
dard deviations indicate, with the 
notable exception of the unaided tests 
in standing, the tests generally 
showed individual differences. The 
maximum duration possible for the 
standing tests was 60 seconds. The 
means and inspection of the raw data 
indicated that values were at or near 
the upper scale limit of 60 seconds 
for the tests in standing. The standard 
deviations strongly confirmed the lack 
of variability for standing in the paral- 
lel stance and for one trial of the step 
stance. Hence, correlational analysis of 
these tests was not pursued. 

Table 2 shows the reliability coeffi- 
cients. The lowest intrasession reli- 
ability was .94, occurring for the 
weight-shift test with hand support. 
Although intersession reliability was 
somewhat lower, coefficients were 
still generally high, ranging from .85 
to .94. Table 2 also reports the aver- 
aged slope and intercept parameters 
for the linear regressions fitted to the 
two data sets pertaining to each test. 
The slopes of the lines of best fit 
were generally very close to unity, 
and some large positive intercepts 
were obtained. 

Task' 

- 
X S 

Stanceb Trlal Day 1 Day 2 Day 1 Day 2 

Stand 

Stand 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support P 1 24.4 28.1 13.1 15.1 

2 29.1 30.0 16.8 17.8 

Weight shift with hand support S 1 23.3 27.2 13.4 16.9 

2 28.0 29.8 14.5 18.8 

Weight shift without hand support P 1 28.3 30.3 17.6 17.1 

2 32.0 30.6 19.4 17.0 

Weight shift without hand support S 1 27.9 30.0 18.5 19.6 

2 29.9 30.5 19.6 21.7 

"Unit of measurement for the Stand tests is seconds. Un~ t  of measurement for all other tests is fre- 
quency of response (during a 60-second trial). 

"P = parallel, S = step 

These systematic differences were 
further investigated by statistical analy- 
sis of the mean difTerences between 
test and retest samples. Table 3 shows 
that significant increases occurred in 
mean values (p < .05) within a ses- 
sion for all tests except that of weight 
shift without hand support. Interses- 
sion increments also occurred for the 
arm lift and reach tests, but not for 
most of the weight-shift tests. Table 3 
presents the mean differences that 
occurred (ie, the estimates of system- 

atic error), together with estimates of 
random error (s,,, and both upper 
and lower bounds of the 95% CIS. 

Discussion 

The results of this study demonstrated 
that the test-retest reliability was high 
within a session and over two consec- 
utive days of testing for all tasks 
except the standing task. In the case 
of the standing task, the means sug- 
gested a ceiling effect that precluded 
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- 
Table 2. Intrase.sion and Intersession Reliabilip Coeficients, Slopes, and Intercepts 

Task 

lntrasesslon lntersesslon 

Stancea r Slope Intercept r Slope Intercept 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support 

Weight shift with hand support 

Weight shift without hand support 

Weight shift without hand support 

"P = parallel, S = step. 

the proper determination of reliabil- 
ity. The test-retest reliability was uni- 
formly high for the dynamic task5 and 
for both step and parallel stance posi- 
tions. Potential sources of error that 
are inherent in clinical testing can 
arise from the patient (concentration, 
fatigue, anxiety, learning), the tester 
(visual observation, instructions), and 
the testing environment (distractions, 
equipment, positioning of patient). In 
this study, the performance values of 
the stroke patients were highly consis- 
tent, despite these potential sources of 
error. 

The intrasession test-retest correla- 
tions for the clinical tests of weight 
shifting were as high as intrasession 
test-retest correlations for laboratory 
tests of weight shrfting (r = .92) in a 
similar group of patients.12 This 
finding is particularly encouraging 
because only minimal equipment is 
required for the clinical test battery. 
With the exception of the variable 
load monitor, all equipment is ea5ily 
available in the clinical setting. Testing 
wa5 disrupted on only one occasion 
because of problems with the variable 
load monitor, which is not commer- 
cially avail'dble at this stage. Neverthe- 
less, further work will be required to 
develop this testing tool. 

All subtests of this test battery can be 
administered once in approximately 
40 minutes. Thus, the tests are not 
only reliable, but also highly practica- 

ble and appear to be very cost- 
effective. Further investigation is 
planned to examine the interrelation- 
ships between the items of the test 
battery. The set of tests investigated in 
this study was deliberately overinclu- 
sive in order to facilitate test develop- 
ment. When further information about 
the discriminative ability of the tests is 
available, it will be possible to select 
the most effective tests and thereby 
reduce the time required for test 
administration. 

Minimal training is required by the 
clinician to learn the testing proto- 
col. In this study, the tests were 
administered by three qualified 
physical therapists, who had no 
experience with the test battery 
prior to the study. We aim to 
develop instructions and a test man- 
ual that should ensure that the test 
battery, when fully developed, can 
be used reliably by qualified 
practitioners. 

The test-retest reliability in this study 
appeared to be higher for tests 
repeated within one session on the 
same day than for the tests repeated 
across two consecutive days. This 
effect wa5 expected. Longer intertest 
intervals are subject to additional 
sources of random variation and nor- 
mally yield lower reliability coeffi- 
cients. We recommend the interses- 
sion reliability estimates as the more 
appropriate coefficients to consider 

when estimating the ability of the test 
to detect the occurrence of true 
change a5 opposed to error of mea- 
surement. Recovery processes are 
generally expected to occur over rela- 
tively long time spans, and current 
practice in rehabilitation settings 
seems to use the daily session as the 
basis for treatment planning. Thus, the 
daily session can be reasonably 
regarded as the appropriate small unit 
of intervention, although some may 
prefer to define longer units of inter- 
vention. Because test instability tends 
to be greater across longer time inter- 
vals, it can be reasonably argued that 
test-retest reliability over even longer 
time spans, such as several weeks, is 
required. In practice, an empirical 
assessment of reliability over that time 
span cannot be conducted because it 
seems impossible to argue that genu- 
ine changes in the patient have not 
occurred. Therefore, any test instabil- 
ity observed could not be clearly 
attributed to error sources. In these 
circumstances, the short-term interses- 
sion reliability coefficient remains the 
best estimate of intersession unreli- 
ability, particularly because most of 
the sources of variation in procedure 
that would occur over several ses- 
sions seem to have an opportunity to 
manifest themselves over any interses- 
sion interval. 

There was a ceiling effect in the data 
for the relatively ea5y standing task, 
whereas for the dynamic taks the 
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Table 3. Scaled Estimates of systematic (Mean) and Random Error with Upper and Lower Limits of 9 5% Confidence Intenla1 for 
Measuring Change 

Task 

Standard Error Confidence Interval 
Mean of Measuring 

Stancea Difference Difference Lower Llmlt Upper Limlt 

lntrasession estimates-Day 1 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support 

Weight shift with hand support 

Weight shift without hand support 

Weight shift without hand support 

lntrasession estimates-Day 2 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support 

Weight shift with hand support 

Weight shift without hand support 

Weight shift without hand support 

lntersession estimates-first trials 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support 

Weight shift with hand support 

Weight shift without hand support 

Weight shift without hand support 

lntersession estimates--second trials 

Arm lift 

Arm lift 

Reach 

Reach 

Weight shift with hand support 

Weight shift with hand support 

Weight shift without hand support 

Weight shift without hand support 

- 

"P = parallel, S = step. 

'Statistically signiticant ( p  < .05) by two-tailed t test. 

data showed a range of individual task should be retained as a part of to note that the two tasks based on 
differences. This finding confirms the the test battery until studies have duration of static standing are closest 
decision to investigate a wider range been completed with other samples in character to the test proposed by 
of tasks with varying difficulty. At this of stroke patients, particularly in the Hohannon.29 
stage, nevertheless, the easy standing early post-CVA stage. It is interesting 
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In two of the tasks, performance 
depends on normal arm function and 
will not be applicable in cases where 
normal arm function cannot be 
assumed. These two tests are suited to 
patients with a unilateral lesion and 
no other confounding factors that may 
alter arm function as required in the 
tasks. The instructions are relatively 
simple for the stroke patient to under- 
stand, and the tasks can be easily 
demonstrated. Thus, the test battery 
appears to be suitable for patients 
who may have difficulty understand- 
ing more complex tasks. 

With a few exceptions, the tests we 
investigated showed some systematic 
improvement both within and 
between sessions. Table 3 shows that 
significant mean changes occurred in 
several of the tests. In the light of 
near-unity slopes, the presence of 
some notable positive intercepts also 
suggests that several of the tests were 
susceptible to systematic biases from 
the test to the retest. The near-unity 
slopes obtained from the regression 
analyses further suggest that the sys- 
tematic changes tended to be sample- 
wide. In other words, it appears that 
both subjects with low values and 
those with high values were similarly 
susceptible to the systematic change. 
These improvements were expected 
to occur, given the unpracticed status 
of the subjects; indeed, they are likely 
to occur for any novel functional task 
and thus any clinically useful test. 
However, although these systematic 
effects are to be expected, it is inter- 
esting to note that many other studies 
investigating error of measurement 
have not provided estimates of the 
systematic error or combined them 
with the effects of random error in 
order to facilitate test interpretation 
for the clinician. Table 3 provides cli- 
nicians with our initial estimates of 
the systematic error. Furthermore, the 
limits of the CI provide a frame of 
reference for the interpretation of 
change that takes into account both 
random and systematic error. For 
example, Table 3 indicates that when 
a patient performs the arm-lift task in 
parallel stance and improves within a 
first test session by 19 or  more lifts 
per minute, then the change is 

unlikely to be attributable to error of 
measurement. Similarly, the patient 
would need to show a deterioration 
in excess of seven lifts per minute 
before an interpretation of deteriora- 
tion not attributable to measurement 
error could be made. 

Table 3 suggests that metric estimates 
of both systematic (mean difference) 
and random error (standard error of 
measuring differences) tended to 
diminish with practice within a ses- 
sion. For example, intrasession values 
of systematic and random error were 
generally smaller on Day 2 than on 
Day 1. Intersession values of system- 
atic error for the first trials were gen- 
erally larger than their corresponding 
values obtained from the second tri- 
als, although an equally consistent 
pattern did not occur for the random 
error estimates. Although these esti- 
mates should be interpreted with cau- 
tion given the small sample size, they 
do suggest that a practice trial or two, 
with appropriate rest intervals, could 
be useful with a new patient. This 
practice trial would tend to stabilize 
the change attributable to short-term 
practice and allow a less distorted 
estimate of the therapeutic effect. A 
more definitive statement on the use- 
fulness of a practice trial, however, is 
dependent on obtaining some data as 
a function of therapeutic change. Fur- 
ther data we are currently collecting 
will allow us to address this issue in a 
subsequent report. These metric indi- 
cators of error will be even more use- 
ful once normative data become avail- 
able on the diferences between 
normal and abnormal performance 
and between pre- and post- 
intervention performance. 

The sample of subjects in this study 
was drawn from stroke patients who 
were undertaking a program of reha- 
bilitation in three metropolitan hospi- 
tals following their first CVA, which 
resulted in a lateralized lesion affecting 
the cerebral region. The sample size 
appeared representative enough to 
generalize the results of this study to 
similar populations. Replication in fur- 
ther samples, however, seems prudent 
and--given the clinical practicability of 
the tests-highly feasible. 

Lee et al, in a study reported after we 
completed our data collection, 
described another quantitative 
method of testing postural control in 
standing following a CVA.32 The test 
proposed by Lee et a1 is based on the 
principle of measuring how the pos- 
tural control system can withstand 
external perturbations.3' Subjects 
were scored on the amount of static 
load that could be applied at the waist 
in the sagittal and frontal planes dur- 
ing standing. The principle underlying 
this test seems quite different from 
that described in our study, in which 
a deliberate attempt was made to base 
the tests on self-generated perturba- 
tions and functional movements 
required in daily activities. The two 
methods, therefore, may be assessing 
independent aspects of postural con- 
trol, and it seems sensible at this stage 
to continue to establish the validity 
and reliability of each. A crucial un- 
tested question is the ability of either 
test to predict outcome in stroke 
rehabilitation. At this stage, the only 
comparison that can be made 
between the two tests is based on the 
practicability of using the tests in the 
clinical setting. It appears that the 
tests described in this article could be 
easier to implement than those 
described by Lee and associates.32 

Conclusion 

The major objective of this study was 
to investigate test-retest reliability as 
the first step in a series of studies to 
develop the tests. Reliability is often 
less costly to ascertain and seems to 
raise fewer difficulties than studies 
aimed at addressing the issue of reli- 
ability. Furthermore, measurement 
theory clearly indicates that tests that 
demonstrate low reliability cannot 
possess high validity.31.33 Therefore, it 
was appropriate to commence with 
reliability assessments. The high test- 
retest reliability obtained in this study 
justifies the further studies required 
for proper test development. We are 
currently engaged in collecting data 
on the ability of the tests to detect 
change over the rehabilitation process 
and will report those data in future 
articles. As indicated, a normative 
study is underway, collecting data on 
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samples of both healthy subjects and - 
patients with CVA in order to permit 
discriminant and standardization anal- Appendix. Reliability of Di$eence Scores 

yses. The predictive validity of these 
tests, using the more expensive and 
less practicable laboratory tests as a 
criterion, should also be established, 
and we have commenced data collec- 
tion on that aspect. 
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