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Abstract.

[Purpose] This study investigated the intra-rater, inter-rater and test-retest reliability of the sideways

step test (SST), its correlation with other indicators of stroke-specific impairment, and the cut-off count best dis-
criminating subjects with stroke from their healthy counterparts. [Subjects and Methods] Forty-three subjects
with chronic stroke and 41 healthy subjects older than 50 years participated in this study. The SST was adminis-
tered along with the Fugl-Meyer motor assessment for the lower extremities (FMA-LE), the five-times sit to stand
(STSTS) test, the Berg Balance Scale (BBS), the movement velocity (MVL) by the limits of stability (LOS) test,
the ten-metre walk (10mW) test, the timed “Up and Go” (TUG) test and the Activities-specific Balance Confidence
(ABC) scale. [Results] The SST showed good to excellent intra-rater, inter-rater and test-retest reliability. The SST
counts correlated with 5STSTS times, 10mW times, TUG times, and the FMA-LE and BBS scores. SST counts of
11 for the paretic leg and 14 for the non-paretic leg were found to distinguish the healthy adults from subjects with
stroke. [Conclusion] The sideways step test is a reliable clinical test, which correlates with the functional strength,

gait speed, and functional balance of people with chronic stroke.
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INTRODUCTION

Stroke is one of the leading causes of functional impair-
ment, resulting in permanent disability in 15 to 30% of its
survivors!. For those who regain mobility, more than 80%
have permanent impairment of walking?. Walking is a com-
plex motor task®. Dynamic standing balance, strength, mo-
tor control and precise movement of the center of pressure
(COP) are all required for achieving a normal walking gait.
During walking, the COP shifts forward after heel strike and
laterally to the stance leg during the stance phase. The COP
then shifts forward and laterally to the opposite leg for the
subsequent heel strike®. Thus, the ability to maintain bal-
ance while undertaking a forward and lateral destabilizing
force during self-generated limb movement is a prerequisite
for walking and functional mobility*7.

Deficits in dynamic standing balance during external per-
turbation, as well as self-initiated limb movement, have been
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reported in previous studies of stroke survivors® 9. The step
test was developed to assess the dynamic standing balance
of subjects with stroke'?). The step test was devised by Hill
et al.!9, and it measures the number of times an individual
is able to place one foot on and off a low step placed at the
front within 15 seconds. The step test assesses the ability to
stabilize the body over the stance leg while undertaking a
forward destabilizing movement. However, there is a lack of
reliable and valid outcome measures for assessing the ability
to maintain dynamic standing balance while undertaking a
lateral destabilizing movement.

The sideways step test (SST) is a modification of the step
test!?), The difference between the SST and the ST is the
direction of stepping. In the ST the subject is required to step
up onto a step in the forward direction® '9), whereas in the
SST the subject steps up sideways. Thus, the SST challenges
lateral stability and the results better reflect the ability of
the stance leg to maintain dynamic standing balance while
undertaking a lateral destabilizing force!V. It also requires
anticipatory postural adjustment and adaptive reactions,
revealing the subject’s ability to maintain dynamic balance.

The aims of this study were: to determine the intra-rater,
inter-rater and test-retest reliability together with the mini-
mal detectable change (MDC) of the SST with subjects with
stroke; to examine the relationship between SST results and
stroke-specific impairment; and to determine the sensitivity
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of the SST and a cut-off score differentiating between sub-
jects with stroke and age-matched healthy subjects.

SUBJECTS AND METHODS

Forty-three subjects with stroke aged over 55 were
recruited from local self-help groups for patients with
stroke via poster advertisement, as the incidence of stroke
approximately doubles after the age of 55'2. Subjects with
stroke were included if they: were older than 55 years; were
at least 9 months post-stroke; were medically stable; were
able to walk more than 10 meters with or without an assis-
tive device; and had an Abbreviated Mental Test'® score
of 7 or above. Subjects were excluded if they had another
neurological diagnosis in addition to stroke, had co-morbid
disabilities, or had other musculoskeletal problems that
might have affected mobility and the assessment protocol.

Forty-one healthy older adults aged over 55, comparable
with those of the stroke survivors, were recruited from lo-
cal community centers through poster advertisements. The
healthy older adults were recruited in order to determine the
cut-off scores of STT counts between healthy older adults
and subjects with stroke. Healthy older adults were excluded
if they had any condition which might have affected their
mobility or the assessment protocol, such as uncontrolled
diabetes mellitus.

All of the subjects gave their written informed consent
before the assessment. Ethical approval for the study was
obtained from the ethics committee of The Hong Kong Poly-
technic University and the study was conducted following
the guidelines of the Declaration of Helsinki.

The subjects with stroke were assessed in 2 separate ses-
sions (session 1 and session 2) 3 to 10 days apart. The SST
was conducted in both sessions and each time was assessed
simultaneously by the same 2 independent raters (rater A and
B) who were trained in stroke rehabilitation. The procedures
are illustrated in Fig. 1.

To determine correlations between the SST results and the
results of other stroke-specific impairment tests, tests were
conducted in one of the two sessions by one of the raters, A
or B. The tests included the Fugl-Meyer motor assessment
for the lower extremities (FMA-LE)'¥, the five-times sit to
stand (5TSTS) test!®), assessment using the Berg Balance
Scale (BBS)!9, the movement velocity (MVL) by limits of
stability (LOS) test!”), the ten-meter walk (10mW) test!® at
a comfortable speed, the timed ”Up and Go” (TUG) test'?,
and rating using the Activity-specific Balance Confidence
(ABC) scale?®. The order of testing was randomized by
drawing lots. Two minutes rest was allowed between each
assessment to avoid fatigue.

For the healthy subjects, the SST was administered once
by either rater A or B in the same assessment period as the
subjects with stroke. The data collected were used for the
calculation of cut-off scores. All the tests were carried out in
a university laboratory.

Descriptions of the tests.

Sideways Step Test (SST): The SST starts with the sub-
ject standing unsupported with the feet shoulder width apart,
with a 10 cm high wooden step (35 cm wide and 65 cm
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Fig. 1. Schematic diagram of the data collection and reliability
estimation procedures of the sideways step test

deep) next to the foot to be tested. The subject is asked to
repeatedly put their tested foot on the step and then back to
the floor as quickly as possible in 15 seconds. The number
of steps was counted by both rater A and rater B working
independently. Only completed steps, with the whole foot
stepping on the wooden step and then back on the floor, were
counted. Walking aids are not allowed in this test. The test
was stopped if the subject lost his or her balance or needed
assistance with balance. After two practice trials, three timed
trials were then conducted with each foot. A 30-second rest
was allowed between trials to minimize the effects of fatigue.
The test began with the non-paretic leg, and was followed by
the paretic leg. Among the healthy subjects the dominant leg
was tested first.

Fugl-Meyer Motor Assessment for the Lower Extremities
(FMA-LE): The FMA-LE tests movement synergy, reflexes
and coordination'?. The assessment consists of 17 items
scored 0 to 2, and has a maximum score of 34. It has excel-
lent inter-rater reliability for subjects with chronic stroke
(1CC=0.93)?1-22),

Five-times Sit To Stand Test (5TSTS): The STSTS test
assesses the functional muscle strength of the lower limbs!3).
It has excellent intra-rater, inter-rater and test-retest reliabil-
ity (ICC=0.97 to 0.99) for subjects with chronic stroke?).
The subjects were asked to stand up and then sit down as
quickly as possible 5 times from an armless chair (seat
height, 45 cm) with their arms folded on the chest. After 2
practice trials, the total time needed was recorded 3 times,
and the average time needed was used in the analysis.

Berg Balance Scale (BBS): The BBS assesses static
and dynamic balance. It consists of 14 items rated using



a 5-point scale, with a maximum score of 56'9). Excellent
inter-rater and test-retest reliability (ICC=0.98 to 0.99) have
been shown for subjects with acute stroke??.

Movement Velocity (MVL) of Limits of Stability Test
(LOS): Movement velocity (MVL) is the average speed of
the centre of pressure (COP) displacement in degrees per
second when the subject tries to shift their COP toward a
given target'?. It is measured by dynamic posturography,
and in this study a SMART Balance Master® system was
used. The system comprises a computer screen which pro-
vides the subject with a visual representation of their COP’s
movement, a pair of force platforms to monitor the COP,
and an overhead body harness for safety. Previous studies
of subjects with stroke have shown that the LOS test has
good test-retest reliability (ICC=0.78-0.91) for patients with
stroke?>> 29),

In this study each subject was asked to wear the harness
and stand on the platform facing the screen. They were then
instructed to chase the target on the computer screen by
transferring their body weight to move the cursor forward,
right, backward and left, in that order. Only the right and left
shift data were analyzed.

Ten-meter Walk Test (10mW): The 10mW test measures
the time taken to cover 10 m at a self-selected walking
speed on a 14-metre track, allowing 2 meters at each end
for acceleration and deceleration. It has excellent reliabil-
ity (ICC=0.94) for subjects with chronic stroke!®). The test
was performed in triplicate and the average was used in the
analysis.

Timed “Up and Go” Test (TUG): The TUG test was used
to assess the subjects’ functional mobility'?. It has excel-
lent test-retest reliability (ICC=0.95-0.96) for subjects with
chronic stroke!®: 27), and excellent inter-rater and intra-rater
reliabilities (ICC=0.99) for frail elderly persons'®. The sub-
jects were instructed to stand up from a chair, walk for 3
meters, turn around, walk back to the chair and sit down.
After 1 practice trial, three trials were carried out and the
average was used in the analysis.

Activities-specific Balance Confidence Scale: The ABC
scale is a self-administered questionnaire which examines
perceived confidence in maintaining balance while perform-
ing 16 ambulatory activities common in daily life using a 0
to 100% scale?”. The Cantonese version of the ABC scale
used in this study has been demonstrated to have very good
inter-rater and test-retest reliabilities (ICC=0.850-0.990)
when administered to frail elderly persons®®.

Data analysis was performed with the aid of version 20
of the SPSS software package (IBM®SPSS®Statistics, IBM
Corporation). The significance level was chosen as 0.05 for
all the analyses unless otherwise specified. Descriptive sta-
tistics were compiled to evaluate the subjects” demographic
characteristics. The ICCs model 3 (ICCs; and ICC;,) was
used to calculate the degree of intra-rater and inter-rater reli-
ability, respectively, as either raters or subjects were consid-
ered as random effects. The ICC model 2 (ICC, ;) was used
to calculate the degree of test-retest reliability as both raters
and subjects are considered as random effect with single rat-
ing??. The results of the test-retest reliability and standard
deviation were then used to calculate the standard error of
measurement (SEM) and minimal detectable change (MDC)
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Table 1. Mean values of the characteristics of the stroke patients

and healthy elderly

Parameters Mean values
Healthy (n=41) Stroke (n=43)

Age (yrs) 61.6 £5.2 60.4+5.5
Gender (M/F) 5/36 31/12%
Paretic side (R/L) NA 23/20
Non-dominant side (R/L) 3/38 NA
Height (cm) 156.0+7.4 160.7+6.6*
Weight (kg) 59.049.1 65.9+8.6*
Body Mass Index (kg/m?) 24.343.5 25.542.6

Values are mean + SD.

R: right; L: left

*Indicates a difference significant at the 5% level of confidence
between healthy elderly and subjects with stroke.

using the following formulas3? with the estimation based on
the 95% confidence interval:

SEM = S /1— r,
Where S is the standard deviation of the SST counts and r,,
is the reliability coefficient.

MDC = 196 * SEM *y/2

The correlations between the SST counts and the results
of the stroke specific impairment tests were established
using Pearson correlation coefficients when the data were
normally distributed, or Spearman correlation coefficients if
they were not. After Bonferroni’s adjustment, correlations
were considered statistically significant when the p-value
was greater than 0.0125 (0.05/4), as 4 outcome measures
(FMA-LE, 5TSTS Test, BBS and LOS) were considered as
the primary outcomes.

Receiver operating characteristic (ROC) curves were
plotted, and the balance between sensitivity (true positives)
and specificity (false positives) was examined?. The area
under the ROC curve (the AUC) quantified the accuracy of
using the SST as an assessment tool to distinguish healthy
older adults from subjects with stroke based on their perfor-
mance using a null hypothesis that the AUC equals 0.529,
The best cut-off score was sought using the Youden index for
the trade-off between sensitivity and specificity®".

RESULTS

The forty-three subjects with stroke (31 males, 12 fe-
males) had a mean age of 60.4 (SD=5.5) and the mean of
the 41 healthy subjects (5 males, 36 females) was 61.6 (SD
=5.2). The demographic data and the outcome measures are
presented in Tables 1-3.

For the subjects with stroke, the mean SST counts of the
non-paretic and paretic lower limbs as stepping legs were
8.7 (SD=2.4) and 7.4 (SD=2.5), respectively. For the healthy
subjects, the mean SST counts of the dominant and non-
dominant lower limbs as stepping legs were 16.3 (SD=3.7)
and 15.9 (SD=3.8), respectively (Table 2).

The SST counts of both lower limbs of the subjects
with stroke were significantly fewer (p<0.0001) than those
of the healthy subjects. A significant difference in average
SST count (p<0.0001) was found between the paretic and
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Table 2. Mean values of the Sideways Step Test (SST) of the stroke patients in subjects

with stroke and healthy elderly

Mean values

Stroke (n=43)

Healthy (n=41)

Paretic / non-dominant side (counts)
Non-paretic / dominant side (counts)

p values

7.442.5 15.9+£3.8%*
8.7+2.4 16.3+£3.7*
<0.0001* 0.077

Values are mean + SD.

*Indicates a difference significant at the 5% level of confidence between the healthy

elderly and stroke patients.

Table 3. Mean values of the outcome measures of the stroke patients

Outcome measures Paretic Non-paretic
Sideways Step Test (counts) 7.442.5 8.7£2.4
Fugl-Meyer Motor Assessment — LE 23.6+4.0
Five-times Sit to Stand Test (sec) 15.5+4.6
Berg Balance Scale 52.7£2.9
Movement velocity (deg/sec) 65.5+21.4 77.3£12.3
Ten-meter Walk Test (sec) 12.9+4.2
Timed “Up and Go” Test (sec) 17.7£5.1
Activities-specific Balance Confidence Scale 74.8+14.3
Values are mean + SD.
Table 4. Reliability of the Sideways Step Test for subjects with stroke
Mean values (counts) ICC (95% CI)
Reliability ICC Rater Session Paretic Non-paretic Paretic Non-paretic
side side side side
Intra-rater ICC (3,1) A 1 7.3+2.5 8.6+2.4 0.92 (0.88—-0.96) 0.89 (0.82-0.93)
2 7.5+2.5 9.7+2.6 0.89 (0.82—-0.93) 0.92 (0.87-0.95)
B 1 8.0£24 8.9+£2.4 0.91 (0.85-0.94) 0.89 (0.83-0.94)
2 8.242.7 10.0£2.6 0.90 (0.84-0.94) 0.92 (0.87-0.95)
Inter-rater ICC (3,2) A-B 1 N/A N/A 0.99 (0.99-1.00) 0.99 (0.98-0.99)
2 N/A N/A 0.99 (0.99-1.0) 0.99 (0.98-0.99)
Test-retest ICC (2,1) A 1-2 N/A N/A 0.92 (0.79-0.96) 0.84 (0.54-0.93)
B 1-2 N/A N/A 0.93 (0.80—0.97) 0.82 (0.51-0.92)

Values are mean + SD, or as otherwise indicated.

ICC: intraclass correlation coefficient; CI: confidence interval

non-paretic lower limbs as stepping legs of the subjects with
stroke, but no such difference was found between the non-
dominant and dominant lower limbs of the healthy subjects.

The data reveal that the SST has good to excellent
reliability for subjects with chronic stroke (Table 4). The
inter-rater reliability (ICC=0.99-1.00) was excellent, and
the intra-rater reliability (ICC=0.89-0.92) and test-retest re-
liability (ICC=0.82—0.93) were both good. The MDC values
were 1.9 and 2.7 for the paretic and non-paretic lower limbs
as stepping legs, respectively.

After applying Bonferroni’s adjustment, the SST counts
were found to be negatively correlated with STSTS and
TUG completion times (r=—0.54 to —0.72, p<0.0001) of both
lower limbs. Furthermore, the average SST counts of the
paretic lower limbs demonstrated significant and moderate

correlation with BBS ratings (r=0.51, p<0.0001) and 10mW
test times (r=—0.64, p<0.0001). A fair, but still significant
association was found between SST count of the non-paretic
lower limb and BBS score and MVL toward the paretic side
(r=0.45-0.48, p=0.003), and 10mW time (r=—0.45, p<0.01).
The average SST counts of both sides correlated with the
FMA-LL results (r=0.41-0.44, p<0.0001). The correlation
results are summarized in Table 5.

An average SST count of 11 of the paretic or non-domi-
nant leg as the stepping leg (sensitivity = 90.7% ; specificity
=90.2%), and of 14 (sensitivity = 100% ; specificity = 78%)
of the non-paretic or dominant leg as the stepping leg was
found to best distinguish the two groups of subjects. The
area under the receiver operating characteristic curve was
0.951 for the paretic and non-dominant lower limbs as step-
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Table 5. Spearman’s correlation of the Sideways Step Test counts with other outcome measures of

stroke patients

Outcome measures

SST of paretic side ~ SST of non-paretic side

Spearman’s rho Spearman’s rho

Fugl-Meyer Motor Assessment — LE
Five-times Sit to Stand Test (sec)

Berg Balance Scale

Movement Velocity (deg/sec)

Paretic side

Non-paretic side

Ten-meter Walk time (sec)

Timed “Up and Go” time (sec)
Activities-specific Balance Confidence Scale

0.44* 0.41*
—0.62* —0.58*
0.51* 0.45%
0.28 0.48*
0.17 0.15
—0.64* —0.45*
—0.72* —0.54*
0.14 0.08

P: paretic side; NP: non-paretic side.

*Indicates a significant difference after Bonferroni adjustment at (a p value < 0.05/4; p<0.01).

ping legs, and 0.943 for the non-paretic and dominant lower
limbs as stepping legs.

DISCUSSION

This is the first published study to investigate the reli-
ability and discriminatory power of the sideways step test,
and the correlations between its counts and stroke-specific
impairment assessments of subjects with stroke.

The subjects with stroke had an average step count on the
paretic side (7.4+2.5) that was significantly lower (p<0.0001)
than that on the non-paretic (8.7+2.4) side, but no such dif-
ference was found in the healthy subjects (16.3+3.7 and
15.9£3.8) (Table 2). This finding is consistent with those of
previous studies® 19. Stepping sideways reflects the ability
to maintain dynamic standing balance while undertaking a
lateral destabilizing movement, which needs a certain level
of strength, coordination and standing balance. As previous
studies have demonstrated that weakness, spasticity, and co-
ordination and balance deficits exist in the lower limbs after
stroke? 3% 3%, SST performance of the paretic leg is expected
to be poorer than that of the non-paretic side.

Comparison of the average SST counts of the two sub-
ject groups showed that the SST count was significantly
(p<0.0001) lower for both the paretic and non-paretic lower
limbs of the subjects with stroke. This difference is consis-
tent with previous findings® ! 27) and is presumably the re-
sult of the decreased muscle strength of both lower limbs®¥.
It might also be due to decreased speed of muscle activation
and increased time to reach peak torque. Ipsilateral weakness
following stroke appears multifactorial®®. In fact, motor
control of one limb is controlled by both brain hemispheres
via the cortical spinal tract, so a lesion in one hemisphere
may influence the limbs on both sides differently®>). In ad-
dition, the impairment on the paretic side definitely hinders
stepping sideways compared to the non-paretic side, as the
paretic lower limb has to bear weight and maintain balance
during the single-leg stance phase of each step.

Consistent with the results of the conventional step test,
our results demonstrate that the SST has excellent inter-
rater reliability, and generally good intra-rater and test-retest

reliabilities for subjects with chronic stroke. The good to
excellent reliability must result at least in part from the well-
defined assessment protocol, standardized procedure and
clear instructions. Sufficient rest between trials and between
sessions is also be important. The MDC values obtained in
our study were 1.9 and 2.7 for the paretic and non-paretic
lower limbs, respectively. This indicates that changes in
SST counts greater than these values is unlikely to be due
to random variation in measurement3?), but rather changes
in the performance of the subjects??. This should be particu-
larly useful for the estimation of subjects’ progress during
rehabilitation.

FMA-LE Scores: The significant correlations demon-
strated by FMA-LE scores and SST scores of the paretic
and non-paretic lower limbs could be explained by the fact
that FMA is a comprehensive quantitative measure of motor
impairment following stroke?!, while the SST is a measure
of functional balance requiring good lower limb motor func-
tion. Indeed, several items of the FMA-LE (tests Ila, IIb
and VI) involve components of sideways stepping, so the
correlation is not surprising.

STSTS Times: Stepping sideways and upward needs
functional muscle strength and balance ability as it involves
single-leg stance and lifting of the lower leg. The STSTS test
is a quantitative measure of functional strength of the lower
limbs which has previously been shown to have a strong
negative correlation with the BBS score3®. The significant
negative correlation observed between the SST counts and
the STSTS test times (r=—0.583 to —0.620, p<0.0001) is,
therefore, not unexpected.

BBS Scores: SST counts significantly correlated with
BBS scores, as the BBS assesses dynamic standing balance
and it includes items which are similar to the SST protocol.
For example, items 12—14 involve stepping, tandem stands
and single-leg stands. In addition, BBS scores are known to
correlate with the TUG test times'® 2737, possibly explain-
ing the significant correlation between SST counts and BBS
scores.

MVL: The major difference between the LOS test and
the SST is the speed and base of support during weight shift.
Subject performing the LOS test shift their COP in a double-
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leg stance position at a self-selected speed, while in the SST,
they have to perform weight shift in the single-leg stance at
the fastest possible speed. The different positions and speed
requirement might explain the fair correlation observed.

Gait Velocity: The SST count of the paretic lower limb
significantly correlated with gait velocity. A previous study
demonstrated a significant correlation between gait veloc-
ity, balance performance and FMA-LE results’®. This may
explain the significant correlation of SST with gait velocity.

TUG times: The significant correlation between SST
counts and TUG times (r=—0.544 to —0.715, p<0.0001) can
be explained by the fact that the TUG test is a functional
balance assessment tool involving shifts of the COP in dif-
ferent directions while standing up, walking and turning. In
addition, the TUG times of subjects with chronic stroke are
known to be strongly associated with the amount of lateral
displacement of the pelvis and asymmetry in single limb
stance during walking®, which are also some of the impair-
ments affecting sideways stepping.

ABC Scores: ABC scores do not correlate well with stair
walking ability or walking performance*® #D. ABC scores
are self-rated, subjective assessments of balance ability when
performing ambulatory tasks, and subjects’ perception of
balance may not reflect their actual skill or performance*?.

This is the first published study to determine cut-off SST
counts reliably distinguishing subjects with stroke from
healthy subjects. A cut-off count of 11 steps for the paretic
or non-dominant lower limb has a sensitivity of 90.7% and
yields an AUC of 94.3%. The cut-off count of 14 steps for
the non-paretic or dominant side has a sensitivity of 100%
and an AUC of 95.1%. The discriminatory power is very
satisfactory.

This study had several limitations. First, the SST protocol
focused entirely on the number of steps successfully com-
pleted in 15 seconds; therefore, the quality of the action was
not taken into account, and some compensatory strategies
might have been overlooked. Second, the results only apply
to subjects fulfilling the same inclusion criteria; they should
not be too readily generalized to other populations with
different demographic characteristics. Third, as no walking
aid was allowed during the testing, only those subjects at
a certain functional level could complete the test, and the
results should not be applied to subjects with lower mobility.

The cut-off scores need to be interpreted with caution
because of the unequal distribution of males and females
in the two subject groups. Gender differences in muscle
strength* and the performance of functional tasks* have
been reported, and this might have affected the results. The
sample size was small, and it might not have been of suf-
ficient size to detect significant correlations with the stroke-
specific impairment assessments. This study had 4 primary
outcome measures, which resulted in a higher threshold for
significance, and the need for more subjects to detect true
correlations*.

No causal relationships could be established because this
was a cross-sectional study and only functional strength of
the lower limbs was measured. Future studies should look
at hip and knee strength, spasticity and proprioception to in-
vestigate additional correlations with SST performance. The
influence of step height should also be examined to optimize

and standardize the SST. In addition, the investigation of the
predictors of SST is worthy of further study as they could
identify the key component affecting sideways weight-shift
performance and guide stroke rehabilitation.

ACKNOWLEDGEMENTS

This study was supported by General Research Grant
(Ref: 562413) from Research Grants Council, Hong Kong to
Shamay S. Ng and her team. I would like to send my sincere
thanks to Mr. David Fong Yat-Fai for assisting with subject
recruitment and the data collection of this project, and Dr.
Raymond Chung for his statistical advice.

REFERENCES

1) Goldstein LB, Bushnell CD, Adams RJ, et al. American Heart Association
Stroke Council Council on Cardiovascular Nursing Council on Epidemiol-
ogy and Prevention Council for High Blood Pressure Research Council on
Peripheral Vascular Disease, and Interdisciplinary Council on Quality of
Care and Outcomes Research: Guidelines for the primary prevention of
stroke: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke, 2011, 42: 517-584.
[Medline] [CrossRef]

2) Verma R, Arya KN, Sharma P, et al.: Understanding gait control in post-
stroke: implications for management. J Bodyw Mov Ther, 2012, 16: 14-21.
[Medline] [CrossRef]

3)  Winter DA: Human balance and posture control during standing and walk-
ing. Gait Posture, 1995, 3: 193-214. [CrossRef]

4)  Tyson SF, DeSouza LH: Reliability and validity of functional balance tests
post stroke. Clin Rehabil, 2004, 18: 916-923. [Medline] [CrossRef]

5) Tyson SF, Hanley M, Chillala J, et al.: Balance disability after stroke. Phys
Ther, 2006, 86: 30—38. [Medline]

6) HwangsS, Woo Y: Assessment of the influence of balance on gait of persons
with stroke. J Phys Ther Sci, 2012, 24: 249-252. [CrossRef]

7) Asakura T, Usuda S: Effects of directional change on postural adjustments
during sit-to-walk task. J Phys Ther Sci, 2013, 25: 1377-1381. [Medline]
[CrossRef]

8) Geurts AC, de Haart M, van Nes 1J, et al.: A review of standing balance
recovery from stroke. Gait Posture, 2005, 22: 267-281. [Medline] [Cross-
Ref]

9) Hong SJ, Goh EY, Chua SY, et al.: Reliability and validity of step test
scores in subjects with chronic stroke. Arch Phys Med Rehabil, 2012, 93:
1065-1071. [Medline] [CrossRef]

10) Hill KD, Bernhardt J, McGann AM, et al.: A new test of dynamic stand-
ing balance for stroke patients: reliability, validity and comparison with
healthy elderly. Physiother Can, 1996, 48: 257-262. [CrossRef]

11) Al Saif AA, Alsenany S: The efficiency of the sideways stepping test in
detecting unilateral vestibular hypofunction. J Phys Ther Sci, 2014, 26:
1719-1722. [Medline] [CrossRef]

12) Feigin VL, Lawes CM, Bennett DA, et al.: Stroke epidemiology: a review
of population-based studies of incidence, prevalence, and case-fatality in
the late 20th century. Lancet Neurol, 2003, 2: 43-53. [Medline] [CrossRef]

13) Hodkinson HM: Evaluation of a mental test score for assessment of men-
tal impairment in the elderly. Age Ageing, 1972, 1: 233-238. [Medline]
[CrossRef]

14) Fugl-Meyer AR, Jadsko L, Leyman I, et al.: The post-stroke hemiplegic pa-
tient. 1. a method for evaluation of physical performance. Scand J Rehabil
Med, 1975, 7: 13-31. [Medline]

15) Csuka M, McCarty DJ: Simple method for measurement of lower extrem-
ity muscle strength. Am J Med, 1985, 78: 77-81. [Medline] [CrossRef]

16) Berg KO, Wood-Dauphinee SL, Williams JI, et al.: Measuring balance in
the elderly: preliminary development of an instrument. Phys Can, 1989, 41:
304-311.

17) Anonymous: Limits of stability (LOS): NeuroCom® http:/www.re-
sourcesonbalance.com/neurocom/protocols/motorImpairment/los.a  spx.
(Accessed Sep. 22, 2013)

18) Flansbjer UB, Holmbiack AM, Downham D, et al.: Reliability of gait per-
formance tests in men and women with hemiparesis after stroke. ] Rehabil
Med, 2005, 37: 75-82. [Medline] [CrossRef]

19) Podsiadlo D, Richardson S: The timed “Up & Go™: a test of basic function-


http://www.ncbi.nlm.nih.gov/pubmed/21127304?dopt=Abstract
http://dx.doi.org/10.1161/STR.0b013e3181fcb238
http://www.ncbi.nlm.nih.gov/pubmed/22196422?dopt=Abstract
http://dx.doi.org/10.1016/j.jbmt.2010.12.005
http://dx.doi.org/10.1016/0966-6362(96)82849-9
http://www.ncbi.nlm.nih.gov/pubmed/15609847?dopt=Abstract
http://dx.doi.org/10.1191/0269215504cr821oa
http://www.ncbi.nlm.nih.gov/pubmed/16386060?dopt=Abstract
http://dx.doi.org/10.1589/jpts.24.249
http://www.ncbi.nlm.nih.gov/pubmed/24396192?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1377
http://www.ncbi.nlm.nih.gov/pubmed/16214666?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2004.10.002
http://dx.doi.org/10.1016/j.gaitpost.2004.10.002
http://www.ncbi.nlm.nih.gov/pubmed/22475055?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2011.12.022
http://dx.doi.org/10.3138/ptc.48.4.257
http://www.ncbi.nlm.nih.gov/pubmed/25435685?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1719
http://www.ncbi.nlm.nih.gov/pubmed/12849300?dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(03)00266-7
http://www.ncbi.nlm.nih.gov/pubmed/4669880?dopt=Abstract
http://dx.doi.org/10.1093/ageing/1.4.233
http://www.ncbi.nlm.nih.gov/pubmed/1135616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3966492?dopt=Abstract
http://dx.doi.org/10.1016/0002-9343(85)90465-6
http://www.ncbi.nlm.nih.gov/pubmed/15788341?dopt=Abstract
http://dx.doi.org/10.1080/16501970410017215

20)

21)

22)

23)

24)

25)

26

N

27)

28)

29)

30)

31)

32)

al mobility for frail elderly persons. J Am Geriatr Soc, 1991, 39: 142-148.
[Medline]

Powell LE, Myers AM: The activities-specific balance confidence (ABC)
scale. J Gerontol A Biol Sci Med Sci, 1995, 50A: M28-M34. [Medline]
[CrossRef]

Kim H, Her J, Ko J, et al.: Reliability, concurrent validity, and responsive-
ness of the Fugl-Meyer assessment (FMA) for hemiplegic patients. J Phys
Ther Sci, 2012, 24: 893—-899. [CrossRef]

Park EY, Choi YI: Psychometric properties of the lower extremity subscale
of the Fugl-Myer assessment for community-dwelling hemiplegic stroke
patients. J Phys Ther Sci, 2014, 26: 1775-1777. [Medline] [CrossRef]
Mong Y, Teo TW, Ng SS: S-repetition sit-to-stand test in subjects with
chronic stroke: reliability and validity. Arch Phys Med Rehabil, 2010, 91:
407-413. [Medline] [CrossRef]

Berg K, Wood-Dauphinee S, Williams JI: The Balance Scale: reliability
assessment with elderly residents and patients with an acute stroke. Scand
J Rehabil Med, 1995, 27: 27-36. [Medline]

Liston RA, Brouwer BJ: Reliability and validity of measures obtained
from stroke patients using the Balance Master. Arch Phys Med Rehabil,
1996, 77: 425-430. [Medline] [CrossRef]

Chien CW, Hu MH, Tang PF, et al.: A comparison of psychometric proper-
ties of the smart balance master system and the postural assessment scale
for stroke in people who have had mild stroke. Arch Phys Med Rehabil,
2007, 88: 374-380. [Medline] [CrossRef]

Ng SS, Hui-Chan CW: The timed up & go test: its reliability and associa-
tion with lower-limb impairments and locomotor capacities in people with
chronic stroke. Arch Phys Med Rehabil, 2005, 86: 1641-1647. [Medline]
[CrossRef]

Mak MK, Lau AL, Law FS, et al.: Validation of the Chinese translated
activities-specific balance confidence scale. Arch Phys Med Rehabil, 2007,
88:496-503. [Medline] [CrossRef]

Portney LG, Watkins MP: Foundations of clinical research: Applications
to practice, 3rd ed. Upper Saddle River: Prentice Hall, 2009.

Haley SM, Fragala-Pinkham MA: Interpreting change scores of tests and
measures used in physical therapy. Phys Ther, 2006, 86: 735-743. [Med-
line]

Bohning D, Bohning W, Holling H: Revisiting Youden’s index as a useful
measure of the misclassification error in meta-analysis of diagnostic stud-
ies. Stat Methods Med Res, 2008, 17: 543—554. [Medline] [CrossRef]
Sawacha Z, Carraro E, Contessa P, et al.: Relationship between clinical

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

1845

and instrumental balance assessments in chronic post-stroke hemiparesis
subjects. J Neuroeng Rehabil, 2013, 10: 95. [Medline] [CrossRef]
Mottram CJ, Heckman CJ, Powers RK, et al.: Disturbances of motor unit
rate modulation are prevalent in muscles of spastic-paretic stroke survi-
vors. J Neurophysiol, 2014, 111: 2017-2028. [Medline] [CrossRef]
Adams RW, Gandevia SC, Skuse NF: The distribution of muscle weakness
in upper motoneuron lesions affecting the lower limb. Brain, 1990, 113:
1459-1476. [Medline] [CrossRef]

Kwon YH, Kim CS, Jang SH: Ipsi-lesional motor deficits in hemiparetic
patients with stroke. NeuroRehabilitation, 2007, 22: 279-286. [Medline]
Ng S: Balance ability, not muscle strength and exercise endurance, deter-
mines the performance of hemiparetic subjects on the timed-sit-to-stand
test. Am J Phys Med Rehabil, 2010, 89: 497-504. [Medline] [CrossRef]
Ng SS: Contribution of subjective balance confidence on functional mobil-
ity in subjects with chronic stroke. Disabil Rehabil, 2011, 33: 2291-2298.
[Medline] [CrossRef]

Nadeau S, Arsenault AB, Gravel D, et al.: Analysis of the clinical factors
determining natural and maximal gait speeds in adults with a stroke. Am J
Phys Med Rehabil, 1999, 78: 123—130. [Medline] [CrossRef]

De Bujanda E, Nadeau S, Bourbonnais D, et al.: Associations between
lower limb impairments, locomotor capacities and kinematic variables in
the frontal plane during walking in adults with chronic stroke. J Rehabil
Med, 2003, 35: 259-264. [Medline] [CrossRef]

Ng SS, Ng HH, Chan KM, et al.: Reliability of the 12-step ascend and
descend test and its correlation with motor function in people with chronic
stroke. J Rehabil Med, 2013, 45: 123-129. [Medline] [CrossRef]

Wong SS, Yam MS, Ng SS: The Figure-of-Eight Walk test: reliability and
associations with stroke-specific impairments. Disabil Rehabil, 2013, 35:
1896—1902. [Medline] [CrossRef]

Botner EM, Miller WC, Eng JJ: Measurement properties of the Activities-
specific Balance Confidence Scale among individuals with stroke. Disabil
Rehabil, 2005, 27: 156-163. [Medline] [CrossRef]

Miller AE, MacDougall JD, Tarnopolsky MA, et al.: Gender differences
in strength and muscle fiber characteristics. Eur J Appl Physiol Occup
Physiol, 1993, 66: 254-262. [Medline] [CrossRef]

Butler AA, Menant JC, Tiedemann AC, et al.: Age and gender differences
in seven tests of functional mobility. J Neuroeng Rehabil, 2009, 6: 31-39.
[Medline] [CrossRef]

Curtin F, Schulz P: Multiple correlations and Bonferroni’s correction. Biol
Psychiatry, 1998, 44: 775-777. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/1991946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7814786?dopt=Abstract
http://dx.doi.org/10.1093/gerona/50A.1.M28
http://dx.doi.org/10.1589/jpts.24.893
http://www.ncbi.nlm.nih.gov/pubmed/25435698?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1775
http://www.ncbi.nlm.nih.gov/pubmed/20298832?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2009.10.030
http://www.ncbi.nlm.nih.gov/pubmed/7792547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8629916?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(96)90028-3
http://www.ncbi.nlm.nih.gov/pubmed/17321832?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2006.11.019
http://www.ncbi.nlm.nih.gov/pubmed/16084820?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2005.01.011
http://www.ncbi.nlm.nih.gov/pubmed/17398252?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.01.018
http://www.ncbi.nlm.nih.gov/pubmed/16649896?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16649896?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18375457?dopt=Abstract
http://dx.doi.org/10.1177/0962280207081867
http://www.ncbi.nlm.nih.gov/pubmed/23941396?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-10-95
http://www.ncbi.nlm.nih.gov/pubmed/24572092?dopt=Abstract
http://dx.doi.org/10.1152/jn.00389.2013
http://www.ncbi.nlm.nih.gov/pubmed/2245306?dopt=Abstract
http://dx.doi.org/10.1093/brain/113.5.1459
http://www.ncbi.nlm.nih.gov/pubmed/17971618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20216059?dopt=Abstract
http://dx.doi.org/10.1097/PHM.0b013e3181d3e90a
http://www.ncbi.nlm.nih.gov/pubmed/21473685?dopt=Abstract
http://dx.doi.org/10.3109/09638288.2011.568667
http://www.ncbi.nlm.nih.gov/pubmed/10088586?dopt=Abstract
http://dx.doi.org/10.1097/00002060-199903000-00007
http://www.ncbi.nlm.nih.gov/pubmed/14664315?dopt=Abstract
http://dx.doi.org/10.1080/16501970310012428
http://www.ncbi.nlm.nih.gov/pubmed/23307269?dopt=Abstract
http://dx.doi.org/10.2340/16501977-1086
http://www.ncbi.nlm.nih.gov/pubmed/23600714?dopt=Abstract
http://dx.doi.org/10.3109/09638288.2013.766274
http://www.ncbi.nlm.nih.gov/pubmed/15824045?dopt=Abstract
http://dx.doi.org/10.1080/09638280400008982
http://www.ncbi.nlm.nih.gov/pubmed/8477683?dopt=Abstract
http://dx.doi.org/10.1007/BF00235103
http://www.ncbi.nlm.nih.gov/pubmed/19642991?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-6-31
http://www.ncbi.nlm.nih.gov/pubmed/9798082?dopt=Abstract
http://dx.doi.org/10.1016/S0006-3223(98)00043-2

