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Objectives: (i) To estimate the intra-rater, inter-rater and test-retest reliabilities of the Five-Step Test
(FST), as well as the minimum detectable change
in FST completion times in people with stroke. (ii)
To estimate the convergent validity of the FST with
other measures of stroke-specific impairments. (iii)
To identify the best cut-off times for distinguishing
FST performance in people with stroke from that of
healthy older adults.
Design: A cross-sectional study.
Setting: University-based rehabilitation centre.
Participants: Forty-eight people with stroke and 39
healthy controls.
Interventions: None.
Main outcome measures: The FST, along with (for
the stroke survivors only) scores on the Fugl-Meyer Lower Extremity Assessment (FMA-LE), the Berg
Balance Scale (BBS), Limits of Stability (LOS) tests,
and Activities-specific Balance Confidence (ABC)
scale were tested.
Results: The FST showed excellent intra-rater (intraclass correlation coefficient; ICC = 0.866–0.905), inter-rater (ICC = 0.998), and test-retest (ICC = 0.838–
0.842) reliabilities. A minimum detectable change of
9.16 s was found for the FST in people with stroke.
The FST correlated significantly with the FMA-LE,
BBS, and LOS results in the forward and sideways
directions (r = –0.411 to –0.716, p < 0.004). The FST
completion time of 13.35 s was shown to discriminate reliably between people with stroke and healthy
older adults.
Conclusion: The FST is a reliable, easy-to-administer
clinical test for assessing stroke survivors’ ability to
negotiate steps and stairs.
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egotiating steps and stairs is challenging and
demanding for stroke survivors, but essential for
community ambulation and functional independence
(1). Inability to negotiate steps and stairs is common
after stroke (1–3). Deficits in muscle strength, coordination and balance all contribute to reduced capacity

for walking on level ground, as well as for negotiating
steps or stairs (1–3). Compared with level-ground
walking, biomechanical analyses have shown that
greater joint ranges of motion and muscle moments in
the lower extremities are generally required to ascend
and descend stairs, with the knee extensors having
a dominant role (4, 5). Such high physical demands
explain why community-dwelling stroke survivors
rate stair-walking among their most difficult tasks (6).
Approximately 10% of falls in older adults occur on
stairs, with descending generally more hazardous than
ascending (7). Among stroke survivors, decreased ankle
dorsiflexion in the affected leg during the swing phase is
common, probably due to ankle dorsi-flexor weakness
and ankle plantar-flexor spasticity (8). Such reduced
ankle dorsiflexion in stroke survivors could result in a
trip if the toes fail to clear a step when ascending (9).
Stair negotiation is the single best predictor of
free-living physical activity for community-dwelling
people after a stroke (1). The ability to negotiate stairs
alone can predict 48% of the variance in the time they
spend on their feet daily, and 58% of the variance in
their frequency of activity (activity count) (1). Thus,
measuring the ability to get up and down stairs should
be a crucial element in stroke rehabilitation.
Although it is important to assess the functional task
of getting up and down stairs, stairs are not always
available in a clinical testing environment. The ability
to climb at least one step is required to manoeuvre over
a kerb or threshold and to access public transportation
or other public environments (10). The Five-Step Test
(FST) has been developed to assess the ability to get
up and down stairs (11).
The FST measures the length of time (in s) taken to
step forward and up onto a 10-cm high step and then
backward and down 5 times as quickly as possible (11).
This test has demonstrated excellent test–retest reliability (r = 0.97, p ≤ 0.001) in testing with 30 older adults
(11). However, there has been no study investigating
the intra-rater, inter-rater, and test-retest reliabilities of
the FST in people with stroke. In addition, no systemic
study of the relationships among the FST and strokespecific impairments has been published, nor has any
published study compared the performance of FST
between people with stroke and healthy older adults.
This study aimed: (i) to estimate intra-rater, inter-rater and test-re-test reliabilities, as well as the minimum
detectable change (MDC) of FST completion times in
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people with stroke; (ii) to estimate the convergent validity of the FST by exploring any correlations between
FST and other measures of impairments and activity
limitations, including Fugl- Meyer Lower Extremity
(FMA-LE), Berg Balance Scale (BBS), Limits of
Stability (LOS) results and Activities-specific Balance
Confidence (ABC) Scale; and (iii) to identify the best
cut-off times for distinguishing FST performance in
people with stroke from that of healthy older adults.
METHODS
Participants
This was a cross-sectional study. A previous study has demonstrated excellent test–retest reliability (r = 0.97, p<0.001) of
the FST for 30 older adults (11). Assuming that the intra-class
correlation coefficients of the FST for people with stroke is
0.95, power analysis (using version 3.1.7 of G-power software
package) showed that a sample of at least 34 people with stroke
was required to achieve 80% power to detect an intra-class correlation coefficient (ICC) of 0.95 at a confidence level of 0.05
for reliability of the FST.
Participants with stroke were recruited via poster advertisements from a local self-help group for stroke survivors. Participants with stroke were included if they: (i) were aged over 55
years, as incidence of stroke approximately doubles each decade
after this age (12); (ii) had experienced a single stroke at least 12
months previously; (iii) were in stable medical condition without
other chronic disease based on their self-reporting during the
screening assessment, such as heart disease or diabetes mellitus;
(iv) could complete the FST independently; and (v) scored 7 or
more on the Chinese version of the Abbreviated Mental Test
(13), as a score of 7 or 8 out of 10 has been suggested as the
cut-off between cognitive impairment and no impairment (14).
People with stroke were excluded if they had another neurological condition or comorbid disabilities, such as Parkinson’s
disease or arthritis, which could obstruct proper assessment. A
participant’s data was excluded from the analysis if the participant could only finish 1 trial instead of the 3 required, or if
they fell or could not complete a trial independently without
an assistive device.
Healthy controls aged over 55 years were recruited from a
local community centre through poster advertising. Healthy
controls were included if they were able to perform the FST
independently and could understand verbal instructions. They
were excluded if they had any condition that affected the assessment protocol, such as uncontrolled diabetes mellitus, or a
neurological or musculoskeletal problem.
On the basis of the Declaration of Helsinki for human clinical
testing, this study gained approval from the ethics committee
of the The Hong Kong Polytechnic University. The testing was
conducted in a university-based rehabilitation centre. Each
participant was informed of the purpose and procedures of the
study in advance and gave written, informed consent.
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Procedures
Each participant with stroke was assessed by 2 assessors (assessors A and B) in sessions on 2 days, 7–10 days apart, in
order to minimize any learning effect. These 2 assessors were
research assistants who were trained in stroke rehabilitation
for 3 months. The assessors worked independently and were
blinded to each other’s results.
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For the stroke subjects, along with the FST, the Fugl-Meyer
Assessment for Lower Extremity (FMA-LE), Berg Balance Scale
(BBS), and Limits of Stability (LOS) assessments were conducted at each session, and the Activities-specific Balance Confidence (ABC) scale was completed. The healthy controls were
only required to complete the FST in one session. At least one
min rest was allowed between tests to minimize muscle fatigue.
The sequence of assessment was randomized by drawing lots.
Outcome measures
Five-Step Test. Based on the standardized protocol of the FST
(11), the participant was required to stand in front of a 10-cm
high wooden step, then step up and forward, and backward and
down, 5 times as quickly as possible without losing balance.
They could lead with either leg. Timing was begun as soon as
the first step was initiated and stopped after both feet were on
the floor again after the fifth step. To ensure safety, the assessors stood slightly behind, but not beside the subjects, so as to
avoid influencing their performance. The assessment stopped if
the participant needed help to maintain balance, generating an
unsuccessful trial, which was not counted, but the participant
was encouraged to try again. No walking aid was allowed in the
period of assessment. Shorter FST completion times indicate
better performance of FST. Each participant was required to
perform 3 trials in each session with at least 1 min rest between
trials to avoid possible fatigue. FST completion times of each
assessor’s second and third trials were used for data analysis.
Fugl-Meyer Assessment for Lower Extremity. The FMA-LE
was used to assess motor impairments of the lower extremities
affecting reflexes, movement synergies and coordination (15).
The FMA-LE consists of 17 items, each scored on a scale of
0–2, yielding a maximum score of 34. Higher scores indicate
lesser motor impairment. The FMA-LE has excellent reliability
(ICC = 0.83–0.95) in people with stroke (16).
Berg Balance Scale. The BBS was used with stroke survivors
to assess balance performance during functional activities (17).
The BBS consists of 14 items, with each item scored on a 0–4
scale, yielding a maximum score of 56. Higher scores indicate
better balance performance. The BBS has excellent reliability
(ICC = 0.98–0.99) in older adults (17).
Limits of Stability Test. The dynamic posturography (Balance
Master, Neurocom International, Clackarnas, OR, USA) was
used to assess postural stability by quantifying voluntary displacement of the centre of pressure (COP) in a designated direction without losing balance (18). The device has a pair of force
platforms to locate the position of COP, and an eye-level screen
to display a visual cursor corresponding to the participant’s COP
when standing on the force platforms (18).
The participant, wearing a safety vest and overhead body
harness, stood barefoot on the force platform facing the computer screen, displacing the position of their COP. At first, the
participant was required to maintain the cursor in the centre of
the computer screen, before each trial started. Upon hearing a
sound signal, the participant shifted their body weight as far as
possible in a direction indicated on the screen without changing
their base of support (18). Four movement directions were assessed, including forward and backward, and to the affected and
unaffected side. The maximum excursion (MXE) of the LOS
was measured. MXE (% of the target distance) was defined
as the maximum displacement of the COP for reaching each
target position (18). Higher MXE values indicate higher limits
of stability and better balance performance. The LOS test has
good reliability (ICC = 0.84–0.88) for people with stroke (19).
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Activities-specific Balance Confidence questionnaire. The Chinese version of the ABC questionnaire was used to evaluate each
subject’s perception of their balance confidence in activities of
daily living (20). The ABC questionnaire contains 16 items related to indoor and outdoor activities, with self-ratings from 0%
(no confidence) to 100% (complete confidence) on each item.
Higher scores indicate greater subjective balance confidence.
It has shown moderate intra-rater reliability (ICC = 0.85) for
Chinese older adults (20).
Statistical analysis
Statistical analysis was conducted with IBM SPSS Statistics 23
software package. Descriptive statistics were compiled summarizing the subjects’ demographic characteristics. Shapiro–Wilk
tests were used to check the normality of all data collected.
Homogeneity of variance was assessed with Levene’s test for
the quality of variance. Non-parametric statistics were used
with data that were not normally distributed.
Model 3 ICCs were computed to quantify the intra-rater
(ICC3,1) and inter-rater (ICC3,2) reliabilities, with both the
raters and the subjects treated as random effects. The degree
of intra-rater reliability (ICC3,1) of the FST completion times
for each assessor (A and B) was analysed between FST times
of each assessor’s second and third trials, on Days 1 and 2,
respectively. The inter-rater reliability (ICC3,2) was analysed
between the mean FST completion times of the second and third
trials between both assessors, on Days 1 and 2, respectively.
The ICC model 2 quantified the test-retest reliability (ICC2,1),
as both raters and subjects were considered as a random effect
with a single rating (21). The test-retest reliability was analysed
between the mean FST completion times of the second and third
trials separately of each assessor, on Days 1 and 2, respectively.
The minimal detectable change (MDC) in FST completion times was calculated using the formula: MDC 95% = 1.96 × SEM ×
√2 , where SEM is the standard error of measurement. The SEM
was estimated as SEM = S × √1-rxx, where Sx is the standard
deviation (SD) of the FST completion times and rxx is the testretest reliability coefficient (21).
For convergent validity, correlations between FST and other
outcome measures were quantified in terms of Spearman’s rho
correlation coefficients (r). There were 6 primary outcome
measures: the FMA-LE scores, BBS scores and MXE in the
forward, backward and sideways directions, and the p-value
for significant correlation was therefore 0.0083 (0.05/6) after
the Bonferroni adjustment (22). ABC was considered as a
secondary outcome. An r < 0.25 was categorized as little or no
correlation. r = 0.25–0.50 was termed fair; moderate-to-good
was r = 0.50–0.75; and good-to-excellent was r > 0.75 (21).
Two receiver operating characteristic (ROC) curves were
generated, based on the results of the within-group and betweenTable I. Demographics of people with stroke and healthy controls
Descriptor

Stroke
(n = 48)

Controls
(n = 39)

Age, years, mean (SD)
Sex, M/W, n
Height, cm, mean (SD)
Weight, kg, mean (SD)

61.4 (6.6)
32/16
164.4 (7.4)
67.6 (10.7)

64.2 (7.5)
0.065
12/27
< 0.0001*
159.8 (9.2)
0.012*
57.6 (10.8) < 0.0001*

24.8 (3.0)
85.4 (5.5)
24/24
32/16

22.5 (3.6)
82.7 (6.3)
NA
NA

Body mass index, kg/m2, mean (SD)
Leg length, cm, mean (SD)
Paretic side, L/R, n
Stroke nature, I/H, n

p-value

0.002*
0.033*
NA
NA

*Indicates a difference significant at the p ≤ 0.05 level of confidence.
SD: standard deviation; M: male; F: female; L: left; R: right; I: ischaemic; H:
haemorrhagic; NA: not applicable.
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Table II. Mean values of outcome measures for people with stroke
and healthy controls
Outcome measures

Stroke (n = 48)

Controls (n = 39)

FST, s, mean (SD)
FMA-LE, median (IQR)
BBS, median (IQR)
LOS (MXE) (%), median (IQR)
Forward
Backward
Paretic
Non-paretic
ABC, median (IQR)

21.3 (7.8)
27 (23, 29)
53 (51, 55)

10.8 (3.4)
N/A
N/A

62 (50.5, 81.5)
41.5 (36, 55.5)
70 (58, 79)
81.5 (70, 90)
77.2 (65.3, 84.4)

N/A
N/A
N/A
N/A
N/A

SD: standard deviation; IQR: interquartile range; FST: Five-Step Test; FMA-LE:
Fugl-Meyer Assessment for the Lower Extremity; BBS: Berg Balance Scale;
LOS: Limits of Stability Test; MXE: maximum excursion; ABC: Activities-specific
Balance Confidence Scale.

group comparisons (23). The Youden index was used to specify
a cut-off value for the FST that best discriminates between
healthy controls and people with stroke (22). The area under
the ROC curve (AUC) provided a quantitative measure of the
accuracy of using the FST to distinguish the performance of
healthy controls from that of people with stroke on the basis of
the null hypothesis of the AUC being 0.5 (23).

RESULTS
A total of 48 people with stroke (32 men, 16 women),
mean age 61.4 years (standard deviation (SD) 6.6)),
and 39 healthy controls (12 men, 27 women), mean
age 64.2 (SD 7.5) years participated in this study.
Demographic statistics for all subjects and the mean
values of all of the outcome measures are presented
in Tables I and II, respectively.
Excellent inter-rater reliability (ICC = 0.998), intrarater reliability (ICC = 0.866–0.905) and test-retest
reliability (ICC = 0.838–0.842) were found for the FST
completion times of people with stroke (Table III). The
MDC value of FST was 9.16 s. The optimum cut-off
time of 13.35 s for the FST was found to best discriminate healthy controls from people with stroke. The
AUC was 0.935, with sensitivity 93% and specificity
82% (Fig. 1).
The correlation between the FST and other outcome
measurements are shown in Table IV. Significant negative correlation was found between FST completion
times and FMA-LE scores (r = –0.541, p < 0.0001),
Table III. Reliability of Five-Step Test (FST) in people with stroke
Reliability

FST time, s,
Assessors Day Mean (SD)

Intra-rater- ICC3,1 A
B
Inter-rater- ICC3,2 A-B
Test-retest- ICC2,1 A
B

1
2
1
2
1
2
1–2
1–2

22.6
20.1
22.5
20.1
22.6
22.6
21.4
21.3

(9.3)
(7.0)
(9.4)
(7.0)
(9.3)
(9.3)
(8.3)
(8.4)

ICC (95% CI)
0.866
0.905
0.887
0.905
0.998
1.000
0.842
0.838

(0.780–0.921)
(0.834–0.946)
(0.814–0.934)
(0.838–0.945)
(0.996–0.999)
(0.999–1.000)
(0.694–0.915)
(0.690–0.913)

SD: standard deviation; ICC: intra-class correlation coefficient; 95% CI: 95%
confidence interval.

Five-Step Test for stroke survivors

times of the stroke survivors showed excellent reliability.
The homogenous sample, the standardized assessment
protocol, sufficient rest between trials to avoid fatigue,
clear guidelines and well-trained assessors may all have
contributed to the excellent reliability observed. The
7–10 day rest interval was apparently sufficient to minimize learning effects, giving good test-retest reliability.
The MDC of the FST calculated in the current study
was 9.16 s, which represents the minimum change
needed to reflect the real changes in completing the
FST. Clinically, the MDC value could be used to determine any real change in ability to negotiate steps and
stairs caused by intervention protocol. Taken together,
our results demonstrated that FST is reliable using
different assessors, and it could be recommended for
assessing people with stroke in clinical practice.
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Fig. 1. Receiver operating characteristic (ROC) curve for the Five-Step
Test (FST) area under the ROC curve (AUC) = 0.935; sensitivity, 93%;
specificity, 82% (p < 0.001).

BBS scores (r = –0.716, p < 0.0001), and LOS-MXE in
the forward, paretic and non-paretic sides directions
(r = –0.411 to –0.513, p < 0.004). No significant correlation was found between FST completion times and
LOS-MXE in the backward direction and ABC scores.
DISCUSSION
This is the first study to estimate the intra-rater, interrater and test-retest reliabilities of the FST for people
with chronic stroke. A MDC of 9.16 s was found for
the FST in people with stroke. The FST correlated
significantly with FMA-LE, BBS and LOS results in
the forward and sideways direction. The FST completion time of 13.35 s was shown to discriminate reliably
between people with stroke and healthy older adults.
Reliability of the Five-Step Test
Consistent with the results of a previous study of 30 older adults (r = 0.97, p ≤ 0.0001) (11), the FST completion
Table IV. Correlations of Five-Step Test (FST) with other outcome
measures
Outcome measures

Correlation coefficient

p-value

FMA-LE
BBS
LOS (MXE)
Forward
Backward
Paretic
Non-paretic
ABC

–0.541*
–0.716*

< 0.00001
< 0.0001

–0.411*
–0.162
–0.450*
–0.513*
–0.178

0.004
0.270
0.001
< 0.0001
0.207

*Significant difference after Bonferroni correction at p < 0.05/6 (p < 0.00833)
FMA-LE: Fugl-Meyer Assessment for the Lower Extremity; BBS: Berg Balance
Scale; LOS: Limits of Stability test; MXE: maximum excursion; ABC: Activitiesspecific Balance Confidence scale.

Performance of the Five-Step Test in assessing
people with chronic stroke
No previous studies have evaluated the FST completion times of people with stroke. In this study, the
FST completion times of people with stroke (21.3 s
(SD 7.8)) were nearly twice those of healthy controls
(10.8 s (SD 3.4)) (Table II). The FST involves stepping
forward and up, then backward and down from a 10-cm
step. People with stroke have difficulty walking up and
down stairs (3), and take longer to ascend and descend
stairs than their healthy peers (3). Stroke-specific
impairments of the lower limbs commonly include
spasticity, muscle weakness and impaired balance (24)
caused by insufficient motor unit recruitment and reduced firing rate of muscle motor units (25), as well as
poor voluntary activation (26). This could also explain
the longer FST times of stroke survivors. Moreover,
people with stroke tend to be more cautious when stepping up or down, to compensate for their poor balance
performance. This would lengthen both the stance and
swing times of one or both legs during stepping (27).
It is interesting to note that the mean FST time of the
healthy older adults in this study (10.8 s (SD 3.4)) was
much faster than that of older adults in a previous study
(11) with a history of falls (29.2 s (SD 10.8)) and those
without a history of falls (16.2 s (SD 6.1)). The mean
age of our healthy controls was 64.2 years (SD 7.5) and
most were still working. Participants studied by Murphy
et al. (11) were much older (79.6 years (SD 6.5)) for the
fallers; and 71.2 years (SD 7.3) for the non-fallers), and
some of those participants were reported to have diabetes, hypertension, arthritis or cancer, which could have
affected their motor performance. Functional mobility
declines with age (28). These factors might explain the
discrepancies in the FST times between these 2 studies.
An optimum cut-off time of 13.35 s was found to best
discriminate healthy controls from those with stroke.
J Rehabil Med 50, 2018
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The AUC was 0.94, with a sensitivity of 93% and
specificity of 82% (Fig. 1). The high AUC of 93.5%
reflects the fact that FST times could clearly distinguish
the performance of healthy older adults from that of
people with stroke. Based on the fall histories of 50
community-dwelling elderly persons, Murphy et al.
(11) demonstrated that an FST completion time of 21
s could discriminate fallers from non-fallers with both
sensitivity and specificity at 82%. Whether this cut-off
time could be applied to people with chronic stroke
warrants further study.
Convergent validity of the Five-Step Test
As expected, the FST completion times were negatively correlated with FMA-LE scores (r = –0.541 and
p < 0.0001), as the FMA-LE is well accepted as a comprehensive quantitative measure of motor impairment
for people with stroke (15, 16). During paretic leg stepping, coordination of joint movement and muscle contraction in the paretic lower limb is required to perform
a smooth sequence of hip and knee extension. During
non-paretic leg stepping the paretic leg is maintained
in single-leg stance to maintain stability. No published
study has previously investigated the relationship between FST times and FMA-LE scores, but some studies
have yielded similar findings using other types of step
tests, including step test (29) and alternate step test (2).
Consistent with the results of previous studies (2,
29), the FST completion times were negatively correlated with BBS scores (r = –0.716, p < 0.0001). The
FST requires rapid shifting of the centre of gravity
while stepping up and down 5 times. In addition, 3
items among the 14 test items of the BBS are components of the FST; unsupported single- and double-leg
stance, and alternate stepping up (14). The inclusion of
similar items tends to explain the significant correlation between FST completion times and BBS scores.
Indeed, Murphy et al. (11) have demonstrated that FST
significantly correlate with tandem stand, functional
reach and penny picking-up tasks, all of which are
similar to components of the BBS.
Significant negative correlations were found between FST completion times and LOS-MXE results in
forward, paretic and non-paretic directions (r = –0.411
to –0.513, p < 0.004). In a complete FST stepping
manoeuvre, each foot steps forward and upward, then
backward and down. That process involves shifting the
body’s centre of gravity in the anterior-posterior and
medial-lateral directions as in the LOS test.
However, FST completion times were not significantly correlated with the MXE results in the backward
direction. This was probably because the participant
shifted his centre of gravity back to its original posi-
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tion only when stepping down, while the LOS testing
emphasizes backward weight shifting. This could
explain why a significant correlation was found with
the forward and medial-lateral limits, but not in the
backward measurements. It should be noted that
adequate visual perception and sufficient attention is
required for a participant to effectively track the cursor
when shifting the COP in the LOS test. Whether visual
perception and attention span affected the MXE results
in this study needs further investigation.
It is somewhat surprising that the FST completion times did not correlate with the ABC scores, though they
did with BBS results. Previous study has demonstrated
that ABC scores significantly correlate with BBS scores (30). This discrepancy could be explained by the
fact that the ABC measures subjective perception of
balance efficacy, which is different from the objective
physical domain measured by the FST conducted in a
standardized environment. Indeed, lack of correlation
between ABC scores and performance of functional
tests including 12-step ascend and descend test (3), a
timed alternate step test times (2) and a floor transfer
test times (31) were reported with stroke survivors.
Study limitations
In this study, the quality of movement during FST was
not taken into account. Moreover, performing the FST
effectively involves coordination and systems, which
were not assessed, including visual perception and attention span. In addition, the 10-cm high wooden step is not
a standard step height, it may lack ecological validity.
As the primary objective of the current study was to
estimate the reliability of the FST in people with stroke,
the required sample size was estimated based on the
desired reliability. The resulting sample size might not
have been sufficient to identify significant correlations
between FST and other outcome measures. Further
investigations with larger samples would be helpful
for establishing the utility of FST for stroke survivors
with different mobility levels. As it stands, these results should be generalized only to stroke survivors
fulfilling this study’s inclusion and exclusion criteria.
In addition, participants with stroke in our study had
shown satisfactory balance performance, which was
reflected by their high mean BBS scores (52.8 (SD
2.6). Our results may not apply to participants with
poorer balance who have difficulty performing FST.
The majority of the stroke subjects were men
(66.7%), while the majority of the healthy controls
were women (69.2%). Sex difference has been demonstrated in muscle strength (32), postural stability (33)
and performance of functional tasks functional tasks
(21), which may have influenced the results. In addi-
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tion, significant differences in height, body weight and
body mass index existed between 2 comparison groups.
Further investigations with larger sample sizes and even
distribution of demographic data would be essential for
stabling the validity of FST completion time for assessing people with stroke of different mobility levels.
Lastly, the study design was cross-sectional, therefore
no causal relations among the variables can be inferred.
Conclusion
The FST is a reliable and easy-to-administer clinical
tool for assessing ability to negotiate steps and stairs,
with a MDC of 9.16 s for people with chronic stroke.
A FST time of 13.35 s is able to differentiate between
people with stroke and healthy older adults. FST correlates significantly with FMA-LE scores, BBS scores,
MXE in the forward direction and towards paretic and
non-paretic sides. Future studies with larger sample sizes will be essential for establishing the validity of FST
to assess stroke survivors with different mobility levels.

JRM

Journal of Rehabilitation Medicine

JRM

ACKNOWLEDGEMENT
This study was supported by the Departmental Research Grant
of The Hong Kong Polytechnic University (1-ZVF9) to Dr.
S.S.M. Ng.

REFERENCES
1. Alzahrani MA, Dean CM, Ada L. Ability to negotiate stairs
predicts free-living physical activity in community-dwelling
people with stroke: an observational study. Austral J Physiother 2009; 55: 277–281.
2. Chung MM, Chan RWY, Fung YK, Fong SSM, Lam SSL, Lai
CWK, et al. Reliability and validity of alternate step test
times in subjects with chronic stroke. J Rehabil Med 2014;
46: 969–974.
3. Ng SS, Ng HH, Chan KM, Lai JC, To AK, Yeung CW. 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.
4. Nadeau S, McFadyen BJ, Malouin F. Frontal and sagittal
plane analyses of the stair climbing task in healthy adults
aged over 40 years: what are the challenges compared to
level walking? Clin Biomech 2003; 18: 950–959.
5. Protopapadaki A, Drechsler WI, Cramp MC, Coutts FJ,
Scott OM. Hip, knee, ankle kinematics and kinetics during
stair ascent and descent in healthy young individuals. Clin
Biomech 2007; 22: 203–210.
6. Tsuji T, Sonada S, Domen K, Saitoh E, Liu M, Chino N. ADL
structure for stroke patients in Japan on the functional
independence measure. Am J Phys Med Rehabil 1995;
74: 432–438.
7. Tinetti ME, Speechley M. Prevention of falls among the
elderly. N Engl J Med 1989; 320: 1055–1059.
8. Ng SS, Hui-Chan CW. Contribution of ankle dorsiflexor
strength to walking endurance in people with spastic
hemiplegia after stroke. Arch Phys Med Rehabil 2012;
93: 1046–1051.
9. Benedetti MG, Berti L, Maselli S, Mariani G, Giannini S.
How do the elderly negotiate a step? A biomechanical as-

21

sessment. Clin Biomech 2007; 22: 567–573.
10. Reuben DB, Siu AL. An objective measure of physical
function of elderly outpatients: the physical performance
test. J Am Geriatr Soc 1990; 38: 1105–1112.
11. Murphy MA, Olsen MA, Protas EJ, Overby AR. Screening
for falls in community-dwelling elderly. J Aging Phys Activ
2003; 11: 66–80.
12. Feigin VL, Lawes CM, Bennett DA, Anderson CS. 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.
13. Hodkinson HM. Evaluation of a mental test score for assessment of mental impairment in the elderly. Age Ageing
1972; 1: 233–238.
14. Burns AS, Lawlor BA, Craig S. Assessment scales in old
age psychiatry. Boca Raton, FL: CRC Press, 2004.
15. Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S. The
post stroke hemiplegic patient: a method for evaluation of
physical performance. Scand J Rehabil Med 1975; 7: 12–31.
16. Duncan PW, Propst M, Nelson SG. Reliability of the FuglMeyer assessment of sensorimotor recovery following cerebrovascular accident. Phys Ther 1983; 63: 1606–1610.
17. Berg K, Wood-Dauphinee S, Williams JI, Gayton D. Measuring balance in the elderly: preliminary development of
an instrument. Physiother Can 1989; 4: 304–311.
18. NeuroCom International. Balance Master operator’s manual. Clackamas: NeuroCom International; 2002.
19. 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.
20. Mak MK, Lau AL, Law FS, Cheung CC, Wong IS. Validation
of the Chinese Translated Activities-Specific Balance Confidence Scale. Arch Phys Med Rehabil 2007; 88: 496–503.
21. Portney LG, Watkins MP. Foundations of clinical research:
applications to practice. 3rd edn. Upper Saddle River:
Pearson/Prentice Hall; 2009.
22. Dancey C, Reidy J. Statistics without maths for psychology:
using SPSS for Windows. London: Prentice Hall; 2004.
23. Kumar R, Indrayan A. Receiver operating characteristic
(ROC) curve for medical researchers. Indian Pediatrics
2011; 48: 277–287.
24. Ng SSM, Shepherd RB. Weakness in patients with stroke:
implications for strength training in neurorehabilitation.
Phys Ther Rev 2000; 5: 227–238.
25. Gemperline JJ, Allen S, Walk D, Rymer WZ. Characteristics of motor unit discharge in subjects with hemiparesis.
Muscle Nerve 1995; 18: 1101–1114.
26. Horstman AM, Beltman MJ, Gerrits KH, Koppe P, Janssen
TW, Elich P, et al. Intrinsic muscle strength and voluntary
activation of both lower limb and functional performance after stroke. Clin Physiol Funct Imaging 2008; 28: 251–261.
27. von Schroeder HP, Coutts RD, Lyden PD, Billings E, Jr,
Nickel VL. Gait parameters following stroke: a practical
assessment. J Rehabil Res Dev 1995; 32: 25–31.
28. Butler AA, Menant JC, Tiedemann AC, Lord SR. Age and
gender differences in seven tests of functional mobility. J
NeuroEng Rehabil 2009; 6: 31–39.
29. Hong S, Goh EY, Chua SY, Ng SS. Reliability and validity
of step test scores in subjects with chronic stroke. Arch
Phys Med Rehabil 2012; 93: 1065–1071.
30. 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.
31. Ng SSM, Fong SSM, Chan CWL, Fung FMC, Pang PKW,
Tsang NNL, et al. Floor transfer test for assessing people
with chronic stroke. J Rehabil Med 2015; 47: 489–494.
32. Miller AE, MacDougall JD, Tarnopolsky MA, Sale DG. Gender
differences in strength and muscle fiber characteristics.
European J Appl Physiol Occup Physiol 1993; 66: 254–262.
33. Masui T, Hasegawa Y, Matsuyama Y, Sakano S, Kawasaki
M, Suzuki S. Gender differences in platform measures of
balance in rural community-dwelling elders. Arch Gerontol
Geriatr 2005; 41: 201–209.

J Rehabil Med 50, 2018

