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Background. Functional limitation of the upper extremities is common in pa-
tients with stroke. An upper-extremity measure with sound psychometric properties
is indispensable for clinical and research use.

Objective. The purpose of this study was to compare the psychometric proper-
ties of 4 clinical measures for assessing upper-extremity motor function in people
with stroke: the upper-extremity subscale of the Fugl-Meyer Motor Test (UE-FM), the
upper-extremity subscale of the Stroke Rehabilitation Assessment of Movement, the
Action Research Arm Test (ARAT), and the Wolf Motor Function Test.

Design. This was a prospective, longitudinal study.

Methods. Fifty-three people with stroke were evaluated with the 4 measures at 4
time points (14, 30, 90, and 180 days after stroke). Thirty-five participants completed
all of the assessments. The ceiling and floor effects, validity (concurrent validity and
predictive validity), and responsiveness of each measure were examined. Interrater
reliability and test-retest reliability also were examined.

Results. All measures, except for the UE-FM, had significant floor effects or ceiling
effects at one or more time points. The Spearman � correlation coefficient for each
pair of the 4 measures was �.81, indicating high concurrent validity. The predictive
validity of the 4 measures was satisfactory (Spearman �, �.51). The responsiveness
of the 4 measures at 14 to 180 days after stroke was moderate (.52 � effect size
� .79). The 4 measures had good interrater reliability (intraclass correlation coeffi-
cient [ICC], �.92) and test-retest reliability (ICC, �.97). Only the minimal detectable
changes of the UE-FM (8% of the highest possible score) and the ARAT (6%) were
satisfactory.

Limitations. The sample size was too small to conduct data analysis according to
type or severity of stroke. In addition, the timed component of the Wolf Motor
Function Test was not used in this study.

Conclusions. All 4 measures showed sufficient validity, responsiveness, and re-
liability in participants with stroke. The UE-FM for assessing impairment and the
ARAT for assessing disability had satisfactory minimal detectable changes, supporting
their utility in clinical settings.
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Functional limitation of the upper
extremities (UEs) is one of the
most common disabling deficits

after stroke.1,2 At hospital admission
after stroke onset, more than two
thirds of all patients have an arm
impairment resulting in disability af-
fecting daily living,2,3 and only one
third of all patients with stroke have
regained some dexterity at 6 months
after stroke.4 Both impairment and
disability are key elements of the as-
sessment of people with stroke. For
clinicians and researchers studying
and treating UE impairment and re-
sulting disability after stroke, a UE
measure with sound psychometric
properties (ie, reliability, validity, and
responsiveness) is indispensable.

Several measures for assessing UE
impairment or disability have been
developed.5–10 However, no single
instrument is universally accepted
for research or clinical use. Com-
monly used measures include the
UE subscale of the Fugl-Meyer Motor
Test (UE-FM),6 the UE subscale of
the Stroke Rehabilitation Assessment
of Movement (UE-STREAM),7 the
Action Research Arm Test (ARAT),8

and the Wolf Motor Function Test
(WMFT).5

The UE-FM, which is composed of
33 items related to movements of
the proximal and distal parts of the
UEs, is the measure most frequently
used to evaluate UE impairment.6

Several studies evaluating the psy-
chometric properties of the UE-FM in
people with stroke have demon-
strated satisfactory reliability, valid-
ity, and responsiveness.6,10–15 How-
ever, the ceiling and floor effects of
the UE-FM for people with stroke
throughout different recovery stages
—which are crucial to the determina-
tion of whether the measure assesses a
limited range of impairment—have
rarely been reported.16

The STREAM was developed as an
outcome measure for assessing the

motor impairments and basic mobil-
ity of people with stroke.7 It consists
of three 10-item subscales: upper-
limb movements (UE-STREAM), lower-
limb movements, and mobility.7 The
STREAM, which has good interrater
and intrarater reliability and internal
consistency, is sensitive to changes
in people with stroke.17–19 However,
the predictive validity of the UE-
STREAM remains largely unknown, a
fact that could limit its utility for pre-
dicting health outcomes.

The ARAT is a standardized ordinal
scale that was designed to measure
UE disability through the assessment
of 4 basic movements: primary grasp,
grip, pinch, and gross movements of
flexion and extension at the elbow
and shoulder.8,20 The ARAT can be
completed in 10 minutes.14,21,22 How-
ever, the use of the ARAT is not al-
ways feasible because of the require-
ment for specific materials (eg, a
specially designed table).22 The reli-
ability, validity, and responsiveness
of the ARAT for people with stroke
have been established.8,13,23–25 How-
ever, the minimal detectable change
(MDC)26 of the ARAT is lacking, lim-
iting the ability of users to determine
whether there has been real im-
provement (beyond random mea-
surement error) between repeated
assessments for a patient.

The WMFT was developed to assess
UE disability in people with chronic
stroke and receiving constraint-
induced movement therapy.5,27 It
was reduced to 17 items, including
2 strength (force-generating capac-
ity) measurements and 15 function-
based tasks, in the most recent ver-
sion.27 The 15 function-based tasks
of the WMFT are divided into 2
scales: performance time and func-
tional ability. Studies exploring the
psychometric properties of the
WMFT have focused largely on peo-
ple with subacute and chronic
stroke and mild hemiparesis, and the
results have shown that the WMFT

has high interrater and test-retest re-
liability for both performance time
and functional ability.28,29 The cri-
terion validity is supported by the
significant relationship between
UE-FM and WMFT scores for the af-
fected limb in people with chronic
stroke.27 Nevertheless, to date, the
responsiveness and MDC of the
WMFT have not been fully exam-
ined. Therefore, further research on
the psychometric properties of the
WMFT is warranted.

Although the psychometric proper-
ties of these 4 measures have been
investigated, at least 2 limitations
can be noted. First, few studies have
compared the psychometric prop-
erties of the different UE measures
in the same cohort of patients with
stroke.13,24,30–33 Because psycho-
metric properties are sample depen-
dent,34,35 it is difficult to interpret
the results of studies comparing UE
measures across samples with dif-
ferent characteristics. Second, the
scopes of the psychometric proper-
ties of the UE measures examined in
previous studies are limited, notable
omissions being predictive validity
and measurement errors (eg, MDC)
within the same raters or among dif-
ferent raters.16 These limitations
make interpretation of the resulting
UE measures difficult, particularly in
determining whether a difference
represents real change or measure-
ment error. Thus, a comprehensive
comparison of the psychometric
properties of commonly used UE
measures is warranted.
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The purpose of this study was to
compare the reliability (test-retest
reliability, interrater reliability, and
MDC), validity (concurrent validity
and predictive validity), and respon-
siveness of the UE-FM, UE-STREAM,
ARAT, and WMFT in people with
stroke at different recovery stages.

Method
Participants
The study protocol consisted of 2
stages. In the first stage of the study,
the interrater reliability, validity, and
responsiveness were tested in peo-
ple with stroke who were admitted
consecutively to the Department of
Neurology at Kaohsiung Medical
University Hospital from September
1, 2006, to August 31, 2007. A total
of 120 people with stroke were con-
tacted through a neurologist and
were invited to participate in this
stage of the study if they met the
following criteria: a diagnosis of ce-
rebral hemorrhage or cerebral infarc-

tion, first onset of stroke, stroke on-
set within 2 weeks before hospital
admission, and ability to follow in-
structions to complete the testing.
We excluded people with other ma-
jor diseases (eg, cancer, dementia,
severe rheumatoid arthritis), preex-
isting disabilities, or another stroke
during the follow-up period and peo-
ple living outside a 30-km radius
from the hospital.

In the second stage of the study, test-
retest reliability was examined. We
recruited another independent sam-
ple of people with chronic stroke
and undergoing outpatient therapy
in the rehabilitation department.
These people had had a stroke at
least 1 year before recruitment and
voluntarily participated in the study.
We excluded people with unstable
medical conditions and people who
were unable to follow instructions.

A total of 53 people who met the
selection criteria participated in the
study. However, 11 individuals who
either had a recurrent stroke during
hospitalization or declined to partic-
ipate were not evaluated further. An-
other 6 individuals were lost to
follow-up at 90 days after stroke, and
another individual was lost to
follow-up between 90 and 180 days
after stroke. A total of 35 participants
completed all of the assessments. Ta-
ble 1 shows the basic characteristics
of the participants at different time
points (14, 30, 90, and 180 days) and
the participants who completed
follow-up at 180 days, as well as the
participants who did not complete
follow-up at 180 days.

Written informed consent was ob-
tained from each individual before
participation in this study.

Table 1.
Basic Characteristics of Participants With Strokea

Characteristic

Valueb at Indicated Days After Stroke (No. of
Participants) Valueb for Participants Who:

14 (53) 30 (42) 90 (36) 180 (35)

Completed
Follow-up at

180 Days
After Stroke

(n�35)
Dropped Out

(n�18)

Sex, no. of men/women 31/22 26/16 20/16 21/14 21/14 10/8

Age, y 64.3 (11.7) 63.9 (11.2) 64.0 (11.6) 64.0 (12.5) 64.0 (12.5) 64.7 (10.3)

Diagnosis, no. of participants

Cerebral hemorrhage 19 16 12 12 13 6

Cerebral infarction 34 26 24 23 22 12

Side of stroke, no. of participants

Right 29 21 17 14 26 3

Left 24 21 19 21 9 15

BI 9.1 (5.6) 13.8 (5.8) 16.8 (4.7) 16.6 (5.0) 9.2 (5.6) 8.9 (5.8)

UE-FM score 32.0 (25.9) 43.9 (25.3) 48.0 (23.7) 46.0 (24.0) 32.4 (26.2) 31.2 (26.0)

UE-STREAM score 10.0 (7.8) 13.1 (7.7) 14.7 (7.1) 14.5 (7.0) 9.8 (7.8) 10.3 (8.2)

ARAT score 18.6 (22.7) 31.4 (24.2) 37.7 (23.4) 36.3 (23.6) 18.5 (22.5) 18.7 (23.7)

WMFT score 33.7 (30.6) 49.0 (29.2) 55.3 (26.9) 53.1 (27.4) 33.3 (30.7) 34.4 (31.4)

a BI�Barthel Index, UE-FM�upper-extremity subscale of the Fugl-Meyer Motor Test, UE-STREAM�upper-extremity subscale of the Stroke Rehabilitation
Assessment of Movement, ARAT�Action Research Arm Test, WMFT�Wolf Motor Function Test.
b Data are reported as X (SD), unless otherwise indicated.
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Procedure
For validity and responsiveness, the
4 UE measures and the Barthel Index
(BI) were administered by a physical
therapist (therapist A) to the partici-
pants at 14, 30, 90, and 180 days
after stroke. The BI score at 180 days
after stroke was used as the criterion
for examining the predictive validity
of the 4 measures administered at 14
days after stroke.

For interrater reliability, 2 specially
trained physical therapists (thera-
pists A and B) individually adminis-
tered the 4 measures to the partici-
pants at 14 days after stroke. Both
therapists individually administered
the 4 measures within a 2-day pe-
riod to minimize the effects of a pos-
sible spontaneous recovery. The se-
quence of testing was random and
counterbalanced for both therapists.
For test-retest reliability, therapist B
administered the 4 measures twice,
1 week apart, to an independent
sample of participants with chronic
stroke.

During the testing periods, partici-
pants could rest as much as they
wanted. Participants’ demographic
details and major comorbidity data
were collected from medical records.

Measures
The FM consists of the 33-item
upper-extremity subscale (UE-FM)
and the 17-item lower-extremity
subscale.6 The items of the FM are
mainly scored on a 3-point scale,
from 0 to 2. The total score on the
UE-FM ranges from 0 to 66.

The STREAM consists of three 10-item
subscales: upper-limb movements (UE-
STREAM), lower-limb movements, and
mobility.7 Extremity movements are
scored on a 3-point scale, from 0 to 2.
The total score on the UE-STREAM
ranges from 0 to 20.

The ARAT8 comprises 19 items in 4
categories: grasp, grip, pinch, and

gross movements. Each item is graded
on a 4-point scale, from 0 to 3. The
total score on the ARAT ranges from 0
to 57.

The 15 function-based tasks of the
WMFT5,28 are divided into 2 scales:
performance time and functional
ability. In this study, only the func-
tional ability scale was used to assess
UE movement components required
for daily tasks. We did not include
the timed component of the WMFT
because most of the participants in
our pilot test took longer than 2 min-
utes to complete the required tasks,
a finding that obviously would cause
a floor effect. The quality of move-
ment is scored with a 6-point scale,
with scores ranging from 0 (not at-
tempted) to 5 (normal movement).
The total score on the WMFT ranges
from 0 to 75.

The BI is a measure of function in
basic activities of daily living (ADL).36

Scores on the BI range from 0 to 20.
The reliability, validity, and respon-
siveness of the BI in subjects with
stroke are well established.37,38 The
key features and detailed items of
the 4 measures are summarized in
the Appendix.

Data Analysis
Distribution. The score distribu-
tions of the 4 measures were exam-
ined for floor and ceiling effects. The
floor effect is the percentage of the
sample scoring the minimum possi-
ble points, reflecting the extent to
which scores cluster at the bottom
of the scale range. The ceiling effect
represents the opposite extreme.
Floor or ceiling effects exceeding
20% of the sample size were consid-
ered substantial.39

Validity. Concurrent validity was
established by examining the interre-
lationships of each pair of the 4 mea-
sures at 4 time points with the Spear-
man � correlation coefficient. A �
value of between 0 and .25 was con-

sidered to represent a low associa-
tion, a value of between .25 and .5
represented a fair association, a
value of between .5 and .75 repre-
sented a moderate association, and a
value of greater than .75 represented
a high association.40

Predictive validity was assessed by
examining the linear associations be-
tween the scores on the 4 measures
at 14 days after stroke and the BI
score at 180 days after stroke with
the Spearman � correlation coeffi-
cient. We used the aforementioned
criteria for interpretation.40

Responsiveness. Two approaches
were used to examine the respon-
siveness of each measure during 3
periods: 14 to 30, 14 to 90, and 14 to
180 days after stroke. First, the effect
size was defined as the observed
mean change scores divided by the
standard deviation of the baseline
score. According to the criteria of
Cohen,41 effect sizes of greater than
.8 are large, sizes of .5 to .8 are mod-
erate, and sizes of .2 to .5 are small.
Second, we used the Wilcoxon
matched-pairs signed rank test to de-
termine the statistical significance of
the change scores.

Reliability. The interrater reliabil-
ity and test-retest reliability of the 4
measures were analyzed with the in-
traclass correlation coefficient (ICC).
We used the fixed-effect model of
the ICC42 to examine the degree of
agreement between repeated mea-
surements by the 2 raters for the same
participant. In addition, we used the
random-effect model of the ICC to de-
termine the level of agreement be-
tween test-retest assessments. Intra-
class correlation coefficients of �.80
indicate high agreement.43

We quantified random measurement
errors with the standard error of
measurement (SEM) as follows:
(standard deviation of all test-retest
scores) � �(1�ICC). The MDC
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(1.96 � SEM � �2)44 was used as a
threshold to determine whether the
change score for an individual sub-
ject was real at the 95% confidence
level. The MDC of a measure was
considered satisfactory when the
MDC was less than 10% of the high-
est possible score on the measure.45

Role of the Funding Source
This study was supported by a re-
search grant from the National Sci-
ence Council (NSC95–2314-B-037-
068).

Results
The participants had a wide range of
disability, and their sum scores on
the BI were scattered throughout the
full range of scores (0–20). Compar-
ing the characteristics of the 35 par-
ticipants who completed follow-up
with those of the 18 participants
who did not complete follow-up, we
found no significant differences in
BI, UE-FM, UE-STREAM, ARAT, or
WMFT motor scores at 14 days after
stroke.

Table 2 shows that the UE-STREAM,
ARAT, and WMFT had significant
floor effects (�21% of the partici-
pants) at 14 days after stroke and
notable ceiling effects (�21% of the
participants) at 30, 90, and 180 days
after stroke. The UE-FM was the only
measure that did not exhibit obvious
floor or ceiling effects at any of the 4
time points.

The correlations for each pair of the
4 measures at the 4 time points were
high (��.81–.97) (Tab. 3). The
scores on the 4 measures at 14 days

Table 3.
Concurrent Validity of the 4 Measures at Different Recovery Stagesa

Days After Stroke
(No. of Participants)

UE-FM vs
UE-STREAM

UE-FM
vs

ARAT

UE-FM
vs

WMFT
UE-STREAM

vs ARAT
UE-STREAM
vs WMFT

ARAT
vs

WMFT

14 (53) .96 .90 .93 .89 .95 .92

30 (42) .94 .90 .96 .94 .91 .97

90 (36) .93 .82 .85 .94 .84 .81

180 (35) .94 .92 .94 .87 .90 .92

a Data are reported as Spearman � correlations. UE-FM�upper-extremity subscale of the Fugl-Meyer Motor Test, UE-STREAM�upper-extremity subscale of
the Stroke Rehabilitation Assessment of Movement, ARAT�Action Research Arm Test, WMFT�Wolf Motor Function Test.

Table 4.
Responsiveness of the 4 Measures at Different Recovery Stagesa

Days After Stroke
(No. of Participants)

Effect Sizeb Wilcoxon Testc

UE-FM UE-STREAM ARAT WMFT UE-FM UE-STREAM ARAT WMFT

14–30 (42) .37 .33 .49 .44 5.0 4.2 4.5 4.4

14–90 (36) .48 .51 .70 .58 4.3 4.2 4.4 4.2

14–180 (35) .52 .60 .79 .64 4.4 4.5 4.5 4.5

a UE-FM�upper-extremity subscale of the Fugl-Meyer Motor Test, UE-STREAM�upper-extremity subscale of the Stroke Rehabilitation Assessment of
Movement, ARAT�Action Research Arm Test, WMFT�Wolf Motor Function Test.
b An effect size of .2–.5 is small; an effect size of .5–.8 is moderate.
c P�.001 for all values.

Table 2.
Floor and Ceiling Effects of the 4 Measures at Different Recovery Stagesa

Days After Stroke
(No. of Participants)

UE-FM UE-STREAM ARAT WMFT

Floor
Effect

Ceiling
Effect

Floor
Effect

Ceiling
Effect

Floor
Effect

Ceiling
Effect

Floor
Effect

Ceiling
Effect

14 (53) 9.4 5.7 20.8 18.9 41.5 9.4 26.4 17.0

30 (42) 1.9 17.0 5.7 26.4 17.0 20.8 9.4 24.5

90 (36) 5.7 17.0 1.9 30.2 11.3 20.8 3.8 28.3

180 (35) 1.9 17.0 1.9 32.1 11.3 22.6 7.5 24.5

a Data are reported as percentages of participants. UE-FM�upper-extremity subscale of the Fugl-Meyer Motor Test, UE-STREAM�upper-extremity subscale
of the Stroke Rehabilitation Assessment of Movement, ARAT�Action Research Arm Test, WMFT�Wolf Motor Function Test.
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after stroke were moderately corre-
lated with those on the BI at 180
days after stroke (��.51–.59).

Table 4 shows that the 4 measures
had moderate responsiveness (effect
sizes of �.52) in detecting changes
from 14 to 180 days after stroke and
generally low to moderate respon-
siveness during the other periods (at
14–30 days after stroke, effect sizes
ranged from .33 to .49; at 14–90
days after stroke, effect sizes ranged
from .48 to .70), as determined with
the benchmarks of Cohen.41 The
changes in the 4 measures were all
significant (P�.001).

A total of 30 participants were in-
cluded in the interrater reliability
analysis because 23 of the original 53
participants in the sample were ei-
ther unable or unwilling to be re-
tested within 48 hours. This group
consisted of 13 women and 17 men,
with a mean age of 61.7 years
(SD�11.3 years). Table 5 shows that
interrater reliability for the 4 mea-
sures was high (ICC, �.92; lower
limit of 95% confidence interval,
�.85). However, the MDCs of the 4
measures were �10% of their corre-
sponding highest scores.

An independent sample of 30 par-
ticipants with chronic stroke partic-
ipated in the test-retest reliability
study. This group consisted of 14
women and 16 men, with a mean

age of 56.6 years (SD�11.6 years)
and a mean of 693.2 days (SD�56.6
days) from stroke onset to admis-
sion. The test-retest reliability of the
4 measures was high (ICC, �.97;
lower limit of 95% confidence inter-
val, �.94). Only the MDCs of the
UE-FM and the ARAT were below
10% of their corresponding highest
scores.

Discussion and Conclusions
The present study is the first to con-
currently and systematically com-
pare the psychometric properties of
the UE-FM, UE-STREAM, ARAT, and
WMFT in a sample of people with
stroke. In addition, we evaluated par-
ticipants at 4 specific time points up
to 180 days after stroke to assess
how appropriate these measures are
for use. Our findings provide an em-
pirical foundation on which clini-
cians and researchers may base the
selection of UE motor measures for
people at different recovery stages
after stroke.

The distribution of UE motor measures
at different recovery stages after stroke
has rarely been reported.16,24 How-
ever, such information is important
in determining whether a measure
assesses only a restricted functional
range in people with stroke. Hsueh
and Hsieh24 reported that the ARAT
showed notable floor effects in 48
inpatients receiving rehabilitation af-
ter stroke. More recently, the UE-

STREAM showed notable ceiling ef-
fects at admission and discharge in
inpatients undergoing rehabilitation.16

In the present study, all of the UE
motor measures tested, except for
the UE-FM, showed notable floor ef-
fects at 14 days after stroke and ceil-
ing effects at 30, 90, and 180 days
after stroke. The smaller floor effect
seen with the UE-FM may have been
the result of 9 participants scoring
points on some of the flexor and
extensor reflex items at 14 days after
stroke, even though they had no ac-
tive movement. The ceiling effects
of 3 measures at 30, 90, and 180 days
after stroke may have been attribut-
able to the loss of participants with
severe impairments in the follow-up
evaluations. However, compared with
the individuals who dropped out, the
participants who completed follow-
up did not show significant differ-
ences in motor scores on the 4 mea-
sures. These results indicate that the
UE-FM assesses a wider spectrum of
UE motor function and is more dis-
criminative for people with very
poor or very good motor function
than the other 3 measures at differ-
ent recovery stages.

The validity of a measure is of critical
importance because it represents
whether the measure assesses what
it intends to measure. De Weerdt and
Harrison14 reported that the relation-
ship between scores on the UE-FM
and the ARAT was extremely high at

Table 5.
Interrater Reliability for 30 Participants With Acute Stroke and Test-Retest Reliability for 30 Participants With Chronic Strokea

Measure
(Possible Score Range)

Interrater Reliability Test-Retest Reliability

ICC
(95% CI) MDC MDC%

ICC
(95% CI) MDC MDC%

UE-FM (0–66) .96 (.92–.98) 12.9 20 .99 (.99–1.00) 5.2 8

UE-STREAM (0–20) .96 (.92–.98) 3.9 20 .99 (.97–.99) 2.3 12

ARAT (0–57) .95 (.90–.98) 13.1 23 .99 (.99–1.00) 3.5 6

WMFT (0–75) .92 (.85–.97) 20.2 27 .97 (.94–.99) 12.0 16

a ICC�intraclass correlation coefficient, 95% CI�95% confidence interval, MDC�minimal detectable change, MDC%�MDC/highest possible score of a
measure, UE-FM�upper-extremity subscale of the Fugl-Meyer Motor Test, UE-STREAM�upper-extremity subscale of the Stroke Rehabilitation Assessment of
Movement, ARAT�Action Research Arm Test, WMFT�Wolf Motor Function Test.
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2 (Pearson r, .91) and 8 (Pearson r,
.94) weeks after stroke onset. Hsieh
et al23 demonstrated that the score
on the ARAT was closely correlated
(Pearson r, �.87) with scores on the
other well-validated measures for
evaluating UE impairment and dis-
ability. Wang et al18 found that the
UE-STREAM was closely associated
with the UE-FM (Spearman �, .87) in
people at 25 to 361 days after stroke
onset. In the present study, the asso-
ciation between each pair of mea-
sures was extremely high (��.81–
.97). Our results are generally in
accordance with the findings of pre-
vious studies.14,18,19,23,29,46 These ob-
servations provide strong evidence
of the concurrent validity of the 4
measures for assessing UE motor
function in people with stroke and
demonstrate that for the UE, impair-
ment scores (on the UE-FM or the
UE-STREAM) are closely correlated
with the level of disability (on the
ARAT or the WMFT).

The early prediction of a patient’s
functional status is important for pa-
tient care.47 Chae et al48 found that
the FM score was a good predictor
of disability after rehabilitation for
stroke, as measured with the Func-
tional Independence Measure. Ahmed
et al19 reported that the STREAM
score during the first week after
stroke was able to predict the BI
score after 3 months. Nevertheless,
those 2 previous studies did not ad-
dress the potential impact of UE
subscale scores on ADL. In the
present study, the BI was used as the
criterion for investigating predictive
validity. However, a patient with se-
verely impaired UE function might
still be able to score high on the BI
by performing ADL with compen-
satory strategies. Such a situation
would compromise the relationship
between ADL function and UE func-
tion. Our finding of a moderate rela-
tionship between the BI score and
the scores on the 4 UE measures suf-
ficiently supports the predictive va-

lidity of the 4 UE measures. Our find-
ings further confirm the validity and
clinical utility of the 4 measures.

Responsiveness is important for any
measurement tool designed to eval-
uate change over time.49 To our
knowledge, few studies have com-
pared the responsiveness of the 4
measures.16,19,30,33 A previous study
indicated that the UE-FM and the
ARAT were equally sensitive to
changes during inpatient rehabilita-
tion for acute stroke.30 Another
study showed that the ARAT was
more responsive to improvements
in UE function than the UE-FM in
people with chronic stroke.33 More
recently, both the UE-FM and the
UE-STREAM showed appropriate re-
sponsiveness (effect sizes, .34 and
.38, respectively) in detecting changes
during hospital rehabilitation.16 In
the present study, the ARAT showed
the highest responsiveness among
the 4 measures at different recovery
stages. Furthermore, these measures
showed low responsiveness at the
early stage of recovery (14–30 days
after stroke), according to the cri-
teria of Cohen, but they showed
moderate responsiveness in detect-
ing changes during the other periods
(14–90 and 14–180 days after stroke).
All changes in the 4 measures at each
stage were significant. In other words,
our findings suggest that the 4 mea-
sures are able to detect small changes
in subjects.

The test-retest agreement of the 4
measures was very high (ICC, �.97).
This result is consistent with
those reported in previous stud-
ies.6,10,11,17,28,50,51 Our observations
suggest that the 4 measures are highly
reliable in monitoring changes in pa-
tients’ UE motor function when used by
trained raters.

The values for MDCs are useful for
clinicians in determining whether
an individual patient has achieved
real changes.26 We found that only

the MDCs of the UE-FM and the
ARAT were below 10% of their cor-
responding highest scores, indicat-
ing a satisfactory level of measure-
ment error. Our findings suggest that
changes of more than 6 points, 3
points, 4 points, and 12 points in the
total scores on the UE-FM (highest
possible score: 66), UE-STREAM (20),
ARAT (57), and WMFT (75), respec-
tively, for each patient assessed by
an individual rater are not likely to
be attributable to chance variation
or measurement error and can be
interpreted by clinicians as a real
change with 95% confidence. For ex-
ample, a previous single-case study
reported an improvement in the
UE-FM score of about 9.5 points in a
patient with chronic stroke after
modified constraint-induced move-
ment therapy52; because the im-
provement (9.5 points) in the pa-
tient exceeded the MDC (5.2 points)
of the UE-FM, the treatment effect
could be well justified.

Researchers usually report the mean
change, P value, or effect size of a
study group after intervention. How-
ever, even if the mean changes
within a study group are significant,
the number of participants in the
study group whose changes achieve
the MDC is still unknown. Thus, re-
porting the proportion of partici-
pants who have achieved improve-
ment beyond the MDC helps trans-
late research findings into clinical
practice.

We found that the ICCs for the inter-
rater reliability of the 4 measures
were high (�.92). Similar results
were reported in previous stud-
ies.11,18,27,50 The MDCs for the inter-
rater reliability of the UE-FM, UE-
STREAM, ARAT, and WMFT were
12.9, 3.9, 13.1, and 20.2, respec-
tively. As expected, the MDCs ob-
tained from different raters were
higher than those obtained from a
single rater. The MDC can help clini-
cians and researchers judge whether
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changes after therapy are actually
real changes in UE motor function
when the assessments are adminis-
tered by different raters.

One of the limitations of the present
study was that the sample size was
too small to conduct data analysis
according to type or severity of stroke.
Further studies with a large sample
of subjects with characteristics dif-
ferent from those enrolled in the
present study are necessary to ana-
lyze the effects of the type of stroke
or the level of severity on the psy-
chometric properties of measures.
The ages of the individuals in our
sample also were slightly lower than
the average age of stroke onset in
Taiwan. The reason for this differ-
ence may be that we did not recruit
patients who had more-severe im-
pairments and, therefore, could not
follow instructions to complete the
tests. Such subjects are more likely
to be older. In addition, our decision
not to use the timed component of
the WMFT further limited the scope
of the present study.

In summary, the UE-FM, UE-STREAM,
ARAT, and WMFT showed accept-
able levels of reliability, validity, and
responsiveness. As a measure of arm
impairment, the UE-FM showed more-
acceptable levels of measurement er-
ror than the UE-STREAM in our par-
ticipants. For assessing UE disability,
the ARAT showed more-acceptable
levels of measurement error than the
WMFT.
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Appendix.
Summary of Key Features and Detailed Items of the Upper-Extremity Subscale of the Fugl-Meyer Motor Test (UE-FM), Upper-
Extremity Subscale of the Stroke Rehabilitation Assessment of Movement (UE-STREAM), Action Research Arm Test (ARAT), and
Wolf Motor Function Test (WMFT)a

Parameter UE-FM UE-STREAM ARAT WMFT

No. of items 33 10 19 15

Scale Ordinal 3-point Ordinal 3-point Ordinal 4-point Ordinal 6-point

Score range 0–66 0–20 0–57 0–75

Time required to
administer
(min)

12–15 5–8 8–10 10–12

Measure Impairment Impairment Functional ability Functional ability

Grasp

1. Shoulder retraction 1. Scapular protraction
(supine)

1. Block, wood, 10-cm cube
(if score�3, total�18, go
to “Grip”)

1. Forearm to table (side): participant
attempts to place forearm on table
by abduction at shoulder.

2. Shoulder elevation 2. Scapular elevation
(sitting)

2. Pick up 10-cm block of
wood or 2.5-cm cube (if
score�0, total�0, go to
“Grip”)

2. Forearm to box (side): participant
attempts to place forearm on box by
abduction at shoulder.

3. Shoulder abduction 3. Raising arm to
highest elevation
(sitting)

3. Pick up 2.5-cm block of
wood or 5-cm cube

3. Extend elbow (side): participant
attempts to reach across table by
extending elbow (to side).

4. Shoulder abduction to 90° 4. Raising hand to
touch top of head
(sitting)

4. Block, wood, 7.5-cm
cube

4. Extend elbow (to side), with weight:
participant attempts to push
sandbag against outer wrist joint
across table by extending elbow.

5. Shoulder adduction/internal
rotation

5. Elbow extension
(supine)

5. Ball (cricket), 7.5-cm
diameter

5. Hand to table (front): participant
attempts to place involved hand on
table.

6. Shoulder external rotation 6. Forearm supination/
pronation (elbow at
90°)

6. Stone, 10�2.5�1 cm 6. Hand to box (front): participant
attempts to place hand on box.

Grip

7. Shoulder flexion 0°–90° 7. Hand to sacrum
(sitting)

1. Pour water from glass to
glass (if score�3,
total�12, go to “Pinch”)

7. Reach and retrieve (front):
participant attempts to pull 0.45-kg
(1-lb) weight across table by using
elbow flexion and cupped wrist.

8. Shoulder flexion 90°–180° 8. Making a fist
(sitting)

2. Tube, 2.25 cm (if score�0,
total�0, go to “Pinch”)

8. Lift can (front): participant attempts
to lift can and bring it close to lips
with cylindrical grasp.

9. Elbow flexion 9. Finger total
extension (sitting)

3. Tube, 1�16 cm 9. Lift pencil (front): participant
attempts to pick up pencil by using
3-jaw chuck grasp.

10. Elbow extension 10. Opposition (sitting) 4. Washer (3.5-cm
diameter) over bolt

10. Pick up paper clip (front): participant
attempts to pick up paper clip by
using pincer grasp.

Pinch

11. Forearm supination 1. Ball bearing, 6 mm, third
finger and thumb (if
score�3, total�18, go to
“Gross Movement”)

11. Stack checkers (front): participant
attempts to stack checkers onto
center checker.

12. Forearm pronation 2. Marble, 1.5 cm, index
finger and thumb (if
score�0, total�0, go to
“Gross Movement”)

12. Flip cards (front): participant
attempts to flip each card over by
using pincer grasp.

(Continued)
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Appendix.
Continued

Parameter UE-FM UE-STREAM ARAT WMFT

13. Forearm supination/
pronation (elbow at 0°)

3. Ball bearing, third finger
and thumb

13. Turning key in lock (front):
participant turns key fully to left and
right using pincer grasp, while
maintaining contact.

14. Forearm supination/
pronation (elbow at 90°)

4. Ball bearing, first finger
and thumb

14. Fold towel (front): participant grasps
towel, folds it lengthwise, and then
uses tested hand to fold towel in half
again.

15. Hand to lumbar spine 5. Marble, third finger and
thumb

15. Lift basket (standing): participant
picks up basket by grasping handles
and placing it on bedside table.

16. Wrist flexion/extension
(elbow at 0°)

6. Marble, second finger
and thumb

Gross Movement

17. Wrist flexion/extension
(elbow at 90°)

1. Place hand behind head
(if score�3, total�9,
finish)

18. Wrist extension against
resistance (elbow at 0°)

2. Place hand on top of
head (if score�0,
total�0, finish)

19. Wrist extension against
resistance (elbow at 90°)

3. Hand to mouth

20. Wrist circumduction

21. Finger flexion

22. Finger extension

23. Extension of MCP joints,
flexion of PIP or DIP joints

24. Grasp: adduct thumb

25. Grasp: oppose thumb

26. Grasp cylinder

27. Grasp tennis ball

28. Finger-to-nose speed

29. Finger-to-nose tremor

30. Finger-to-nose dysmetria

31. Finger flexion reflex

32. Biceps reflex

33. Triceps reflex

a MCP�metacarpophalangeal, PIP�proximal interphalangeal, DIP�distal interphalangeal.
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