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Objective: To help clinicians and researchers interpret change
scores of the simplified Stroke Rehabilitation Assessment of
Movement measure, we estimated the minimal detectable
change of the 3 subscales (including upper-limb movements,
lower-limb movements, and mobility) of the measure.
Design and patients: The measure was tested on 102 patients
with chronic stroke by a single rater twice, with a 7–14-day
interval for the test-retest study, and on 54 patients with subacute stroke by 2 raters twice, with a 2-day interval for the
inter-rater study.
Methods: The minimal detectable change was calculated on
the basis of standard error of measurement. Furthermore,
the intraclass correlation coefficient was used to examine
the agreement between test and retest and between different
raters.
Results: The minimal detectable changes were from 12.5 to
13.2 points for the 3 subscales in the test-retest study and
from 16.6 to 18.5 points in the inter-rater study. The testretest agreement and the inter-rater agreement were sufficient (intraclass correlation coefficient = 0.88–0.96).
Conclusion: The minimal detectable changes of the simplified Stroke Rehabilitation Assessment of Movement measure
are useful for both clinicians and researchers to determine
whether the change score of an individual patient is real.
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For estimating measurement error between repeated measurements (called random error), minimal detectable change
(MDC), or so-called “smallest real difference”, is proposed
(4). The MDC is the smallest threshold of change scores that
are detectable and beyond random error at a certain level of
confidence (usually 95%) (5). Both clinicians and researchers can use the MDC as a threshold to determine whether
the changed score on a measure of an individual patient has
reached a real improvement (or deterioration) or is due to the
measurement error. Thus the MDC of a measure is critical to
interpret data in clinical or research settings.
The Stroke Rehabilitation Assessment of Movement measure
(STREAM) was developed to evaluate the motor and basic
mobility function of patients after stroke. The STREAM has
3 10-item subscales, including upper-limb movements, lowerlimb movements, and mobility subscales (6). To improve the
efficiency of administration, the 15-item Simplified STREAM
(S-STREAM) was developed with sufficient psychometric
properties (including Rasch reliability, concurrent validity,
predictive validity, and responsiveness) (7, 8). These observations indicate that the S-STREAM shows promise in measuring
motor and mobility deficits for patients with stroke. However,
the MDC of the S-STREAM is largely unknown; a defect
which limits its utility.
The purpose of this study was to estimate the MDC of the
3 subscales of the S-STREAM in patients after stroke, using
a commonly-used confidence level at 95% for the MDC. We
estimated the MDCs of the S-STREAM administered by a
single rater (test-retest) and by different raters (inter-rater). In
addition, we examined the test-retest agreement and inter-rater
agreement of the S-STREAM.

Introduction
Motor and mobility deficits are common in patients after stroke
and seriously interfere with their activities of daily living
(ADL) (1). Although several measures are available to assess
the motor and mobility function of patients with stroke, the
measurement error of the measures remains largely unknown,
thus limiting their interpretability (2, 3).

Methods
Participants
Test-retest approach. Patients were recruited from the Departments
of Physical Medicine and Rehabilitation at 2 hospitals in Taiwan. The
following criteria were used to determine whether patients could be
included in this study: (i) stroke onset more than 6 months prior to the
start of the study (i.e. stable patients); (ii) able to follow simple instructions without severe cognitive deficits; (iii) absence of other major
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deficits (e.g. brain tumour, fracture, amputation, or severe rheumatoid
arthritis) that would reduce or limit a subject’s ability to perform movements. The study was approved by local ethics committees.
Inter-rater approach. The data were obtained from a previous study
examining inter-rater reliability of the STREAM (9). Patients who met
the diagnosis of cerebral haemorrhage or cerebral infarction and were
admitted to the Departments of Physical Medicine and Rehabilitation
at a hospital in Taiwan were recruited using the same criteria as those
in the test-retest except for the first criterion.
All participants gave informed consent prior to their inclusion in
the study. Demographic and diagnostic information about participants
was collected from medical records.
Procedure
Test-retest approach. The STREAM was administered by a trained
rater twice at an interval of 1–2 weeks to patients in stable conditions
in each of the 2 hospitals. To ensure that the patients’ conditions were
stable during the study periods, we excluded patients who developed
recurrent strokes or other medical conditions that might result in
patients’ poorer performances in motor or mobility function during
the test-retest periods.
Inter-rater approach. The STREAM was administered to the same
patient by 2 physical therapists in a random order in the same physical environment within a 2-day period (9). The 2-day period was
established to minimize the effect of a possible spontaneous recovery,
a confounding variable that could affect the result. Both physical
therapists were blinded to the results of each other’s assessments
during the study period.
Prior to the study, the raters familiarized themselves with the
STREAM and its clinical application (9). Both raters reviewed the
original literature describing the test and received 2 h of in-service
training on the administration of the measure. To improve the raters’
efficiency we asked both raters to use this measure daily in their clinical
practice for at least one week before participating in the study.
Measure. The 15-item S-STREAM was developed on the basis of the
original 30-item STREAM, expert opinions and Rasch analysis (7). The
15 items are equally distributed among the 3 subscales and are listed
in Appendix I. The limb movement items are scored on a 3-point scale
(0 = unable to perform the test movement, 1 = able to perform the test
movement only partially, and 2 = able to complete the test movement).
Mobility items are scored on a 4-point scale (0 = unable to perform
the test movement, 1 = able to perform the test movement only partially, 2 = able to complete the test movement with a mobility aid, and
3 = able to complete the test movement without an aid). Furthermore,
the ordinary raw scores of the S-STREAM can be transformed into
interval Rasch scores using a computer program (available from http://
homepage.ntu.edu.tw/~clhsieh/s-stream/) (7). For easier interpretation,
the possible Rasch score of each subscale was further transformed to
0–100 (7). Higher scores indicate better performance.
The Barthel Index (BI) was used to indicate ADL function in our
participants (10). The BI has 10 items of fundamental ADL: feeding,
grooming, bathing, dressing, bowel and bladder care, toilet use, ambulation, transfer, and stair climbing. The total score ranges from 0
to 20 (11), with higher scores implying greater independence in basic
ADL function. The reliability, validity, and responsiveness of the BI
in patients after stroke are well validated (12, 13).
Data analysis. All the data for the S-STREAM were retrieved from
the patients’ scores on the STREAM. The Rasch transformed score for
each subscale of the S-STREAM (7) was used for data analyses.
MDC based on the standard error of measurement (SEM) is calculated using the following formula (14):
MDC = z-score level of confidence × √2 × SEM
SEM = SD all testing scores× √ (1－r)
In these formulae, the z-score represents the confidence interval (CI)
from a standard normal distribution (i.e. 1.96 for 95% CI in this study).
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The SD means the standard deviation of all scores of the 2 assessments, and r is the coefficient of the test-retest or inter-rater reliability,
which is estimated by the intraclass correlation coefficient (ICC). The
multiplier of √2 indicates the additional uncertainty caused by the use
of different scores from measurements at 2 time-points.
The ICC was employed to examine the extent of agreement between
repeated measurements rated twice by the same rater (test-retest) or by
the 2 raters individually (inter-rater). A random effect 2-way ANOVA
was employed to compute the variance needed to estimate the interrater or test-retest reliability (15). An ICC value of more than 0.80
indicates high reliability (16).
In addition, the agreement between test-retest measurements can
be visualized by Bland-Altman plots with 95% limits of agreement
(LOA) (17). In these plots, the differences (d) between each pair of
observations are presented against the average value for each pair of
observations. Assuming that differences follow the standard normal
distribution, 95% of the differences will lie between d ± 1.96 × SD (i.e.
LOA), where SD represents the standard deviation of differences.

Results
Test-retest approach
A total of 102 patients after stroke completed both assessments.
Their mean age was approximately 60 years, and 63% of the
patients were male. The median length of time after stroke onset
of these subjects was approximately 2 years, which indicates that
they were in the chronic stage of stroke. The BI scores indicate
that most of the patients had mild disability. Further information
on the characteristics of the patients is shown in Table I.
Table II shows the Rasch transformed scores of the 102 patients rated twice by the rater with the S-STREAM. The mean
differences of the Rasch transformed scores were –0.1, –0.4
and –0.1 points for the upper-limb movement subscale, lowerlimb movement subscale and mobility subscale, respectively.
The MDCs were 13.5, 13.2 and 12.5 points, correspondingly.
The magnitude of MDCs around 13% in proportion to the
possible scores of the S-STREAM indicates limited random
measurement errors (18).
The ICCs for the 3 subscales were ≥ 0.95, indicating very
high test-retest reliability. In Figs 1–3 the differences of scores
are plotted against mean scores of the 2 sessions (17). The

Table I. Characteristics of the patients after stroke
Characteristic

Test-retest study Inter-rater study*
n = 102
n = 54

75/27
Gender (male/female), n
Age, years (mean (SD))
59.1 (13.6)
Days after onset (median (IQR)) 731 (457–1225)
Diagnosis, n
55
Cerebral haemorrhage
47
Cerebral infarction
Side of paresis, n
43
Right
59
Left
–
Bilateral
BI (median)
17.5 (13–20)

30/24
60.3 (12.8)
74 (37.5–136.5)
29
25
25
26
3
10 (5.8–15)

*Part of the data had been reported previously (9).
SD: standard deviation; IQR: interquartile range (1st quartile to 3rd
quartile); BI: Barthel index.
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Table II. Test-retest reliability indices of the simplified Stroke Rehabilitation Assessment of Movement (S-STREAM) instrument (n = 102)
Subscale

First test
Mean (SD)

Second test
Mean (SD)

Difference
Mean (SD)

ICC
(95% CI)

SEM

MDC

UE
LE
Mobility

51.6 (21.5)
52.7 (22.0)
59.9 (26.7)

51.5 (21.4)
52.3 (21.9)
59.8 (21.9)

–0.1 (7.0)
–0.4 (6.8)
–0.1 (6.5)

0.95 (0.92–0.96)
0.95 (0.93–0.97)
0.96 (0.94–0.97)

4.9
4.7
4.5

13.5
13.2
12.5

UE: upper extremity; LE: lower extremity; ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error or measurement;
SD: standard deviation; MDC: minimal detectable change.

LOAs of the 3 subscales ranged from 13.6 to –13.8 for the
upper-limb subscale, 12.9 to –13.7 for the lower-limb subscale
and 12.6 to –12.8 for the mobility subscale.
Inter-rater approach

Fig. 1. Bland-Altman method for plotting the differences in scores
against the mean scores of the upper-limb movement subscale of the
Simplified Stroke Rehabilitation Assessment of Movement measure
(S-STREAM). The 2 bold lines define the limits of agreement (mean of
difference ± 1.96 × SD).

A total of 54 patients after stroke were recruited to this study.
Their mean age was approximately 60 years, and 56% were
male. The median length of time after stroke onset of these
subjects was approximately 75 days, which indicates that they
were in the sub-acute stage. The BI scores indicate that most of
the patients had moderate disability. Further information about
the characteristics of the patients is shown in Table I.
Table III shows the Rasch transformed scores of the SSTREAM of the 54 patients rated twice by the 2 raters. The
mean differences of the Rasch transformed scores were 2.1,
4.6 and 3.1 points for the upper-limb subscale, lower-limb
subscale, and mobility subscale, respectively. The MDCs
were 18.5, 18.0 and 16.6 points, correspondingly, indicating
acceptable random measurement errors (4).
In addition, the ICCs for the 3 subscales were ≥ 0.88, indi
cating high inter-rater reliability.

Fig. 2. Bland-Altman method for plotting the differences in scores
against the mean scores of the lower-limb movement subscale of the
Simplified Stroke Rehabilitation Assessment of Movement measure
(S-STREAM). The 2 bold lines define the limits of agreement (mean of
difference ± 1.96 × SD).

Fig. 3. Bland-Altman method for plotting the differences in scores
against the mean scores of the mobility movement subscale of the
Simplified Stroke Rehabilitation Assessment of Movement measure
(S-STREAM). The 2 bold lines define the limits of agreement (mean of
difference ± 1.96 × SD).
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Table III. Inter-rater reliability indices of the simplified Stroke Rehabilitation Assessment of Movement (S-STREAM) instrument (n = 54)
Subscale

Rater A
Mean (SD)

Rater B
Mean (SD)

Difference
Mean (SD)

ICC
(95% CI)

SEM

MDC

UE
LE
Mobility

42.7 (19.3)
44.1 (20.4)
51.8 (17.7)

40.7 (18.6)
39.4 (17.5)
48.7 (16.1)

2.1 (9.3)
4.6 (8.1)
3.1 (8.0)

0.88 (0.79–0.93)
0.88 (0.73–0.94)
0.88 (0.78–0.93)

6.7
6.5
6.0

18.5
18.0
16.6

UE: upper extremity; LE: lower extremity; ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error or measurement;
SD: standard deviation; MDC: minimal detectable change.

Discussion
In clinical settings, evaluations of a patient’s condition are routinely administered every week to every 2 weeks. A therapist
evaluates the progress and modifies a treatment programme
based on the results of evaluations. Because random errors
exist in any kind of measurement, however, a difference in
evaluations of characteristics could be viewed as a real change
only when it is beyond the range of random error. In the testretest study, we found that the MDCs of the 3 subscales were
13.5, 13.2 and 12.5 points for the upper-limb movement subscale, lower-limb movement subscale, and mobility subscale,
respectively. This finding means that only a change between
2 concessive measurements rated by a same rater greater than
13.5 points (e.g. for upper-limb movement) can be interpreted
with 95% certainty as a real change.
Furthermore, the MDC can be viewed as the safest threshold
for identifying statistically significant individual changes (3).
That is to say, a score variation of a measure on an individual
patient between concessive measurements greater than the
MDC can be regarded as a change with statistical significance.
Accordingly, we can use the MDC to determine whether an
individual patient has made a significant improvement in
clinical settings.
The MDC can be modified for a group comparison (for
research purposes), depending on the size of the group (n),
as follows (19):
MDCgroup = MDCindividual ÷ √n
However, in research contexts, the MDCgroup is seldom a
concern if the sample size of a study is substantial. For example, if the MDCindividual for the upper-limb movement subscale
is 13.5 points, the MDCgroup will be 2.4 (for sample size = 30),
which is too small to be a concern.
A researcher can use MDCindividual as a threshold to present the
proportion of the study group that achieves a real change (2).
Researchers usually report the mean difference of the study
group in regard to the changes. However, these results are
always confusing to clinicians because they do not guarantee
that all the patients have achieved significant improvement.
That is to say, even though the mean changes within a study
group are significant, the individual change of a substantial
proportion of the study group might not achieve MDCindividual.
Thus, reporting the proportion of patients who have achieved
improvement beyond MDCindividual helps researchers translate
research findings into clinical contexts.
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The ICC represents the extent of consistency between 2
assessments (20, 21). We found that ICCs for the test-retest
agreement of the 3 subscales of the S-STREAM are high.
In addition, the Bland-Altman plots show only small and
indistinctive deviations from 0, indicating that no systematic
differences in scores emerged between the 2 sessions of assessments. The plots also show that the mean scores of assessments scatter entirely within the ranges of the 3 subscales of
the S-STREAM, implying that the subjects have a wide range
of motor and mobility deficits. These results support that the
S-STREAM is reliable in monitoring the changes of motor and
mobility performances of patients after stroke over time when
administered by trained raters.
The MDCs of the 3 subscales for inter-rater investigation
were 18.5 points for the upper-limb subscale, 18.0 points for the
lower-limb subscale, and 16.6 points for the mobility subscale.
As expected, the MDCs obtained from the different raters were
higher than those obtained from an individual rater. These values could help clinicians and researchers to judge whether the
changes after therapy are in fact manifested in motor functions
when the assessments are administered by different raters.
Any measure needs extensive examination to further understand its particular strengths and limitations (22). The scale also
has to be extensively tested in clinical settings. In this study, we
estimated the MDC of the S-STREAM, representing a change
beyond random error, or reaching statistical significance (3).
However, the minimal important difference (MID) (23), which
represents a change that is meaningful to patients, is also critical for decision-making in clinical settings. To further promote
the utility of the S-STREAM, future research to estimate the
MID for the S-STREAM is warranted.
In brief, our results show that the S-STREAM has appropriate MDC, test-retest reliability, and inter-rater reliability for clinicians and researchers to apply it in monitoring changes over
time in patients with stroke. The MDCs of the S-STREAM,
obtained from either a single rater or different raters, are useful for future users to determine whether the change score is
beyond random error.
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Appendix I. The 15 items of the Simplified Stroke Rehabilitation
Assessment of Movement measure
5 items of the upper-limb movement subscale:
• Elbow extension while lying in a supine position
• Scapular protraction
• Making a fist
• Raising arm to fullest elevation
• Fingers total extension
5 items of the lower-limb movement subscale:
• Knee extension while sitting
• Hip flexion while sitting
• Knee flexion while sitting
• Plantarflexion while sitting
• Dorsiflexion while standing
5 items of the mobility subscale:
• Rolling
• Supine to sitting
• Sitting to standing
• 10-m walk
• Walking down 3 stairs
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