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Abstract—In this study, we compared the responsiveness and 
validity of the Box and Block Test (BBT), the Nine-Hole Peg 
Test (NHPT), and the Action Research Arm Test (ARAT). We 
randomized 59 patients with stroke into one of three rehabilita-
tion treatments for 3 weeks. We administered six outcome mea-
sures (BBT, NHPT, ARAT, Fugl-Meyer Assessment [FMA], 
Motor Activity Log [MAL], and Stroke Impact Scale [SIS] 
hand function domain) pretreatment and posttreatment. We 
used the standardized response mean (SRM) to examine 
responsiveness and the Spearman rank correlation coefficient 
(rho) to examine concurrent validity. The BBT, NHPT, and 
ARAT were moderately responsive to change and not signifi-
cantly different (SRM = 0.64–0.79). The correlations within the 
BBT, NHPT, and ARAT were moderate to good at pretreatment 
(rho = –0.55 to –0.80) and posttreatment (rho = –0.57 to –0.71). 
The BBT and ARAT showed fair to moderate correlations 
with the FMA, MAL, and SIS hand function domain at pretreat-
ment and posttreatment (rho = 0.31–0.59), whereas the NHPT 
demonstrated low to fair correlations with the FMA and MAL 
(rho = –0.16 to –0.33) and moderate correlations with the SIS 
hand function domain (rho = –0.58 to –0.66). Our results indi-
cate that the BBT, NHPT, and ARAT are suitable to detect 
changes over time. While simultaneously considering the 
responsiveness and validity attributes, the BBT and ARAT can 
be considered more appropriate for evaluating dexterous func-
tion than the NHPT. Further studies with larger samples are 
needed to validate these findings.
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INTRODUCTION

The paretic hand is a common motor impairment 
after stroke. At 6 months poststroke, 38 percent of 
patients regained some dexterity in manipulative tasks 
but only 11.6 percent reached a complete functional 
recovery in dexterity of the paretic hand [1]. Dexterous 
hands are important for most activities of daily living 
(ADLs), such as food preparation and grooming. Loss of 
hand dexterity might limit ADL performance and social 
participation and thus reduce quality of life in patients 
with stroke [2]. The recovery of the use of a paretic hand 
is the main determinant of functional improvement of the 
affected arm [2]. Therefore, improvements in dexterous 
function to promote functional recovery are major goals 
of stroke rehabilitation.

Evidence suggests that constraint-induced therapy 
(CIT) [3] and bilateral arm training (BAT) [4] improve 
function of the upper limb (UL) after stroke, but clini-
cians and researchers need to identify appropriate mea-
sures that have sound clinimetric properties (i.e., 
reliability, validity, and responsiveness) to determine the 
effects of UL training on dexterity of the paretic hand. 
Use of appropriate measures for outcome evaluations 
would enhance the methodologic quality of controlled 
trials in stroke rehabilitation research [5]. Clinimetric 
research is needed to identify a sound measure of hand 
dexterity to facilitate interpretation and comparison of 
the results of controlled trials.

In the past 5 years, a number of UL function tests 
have been examined for their psychometric and clinimet-
ric properties in people with stroke, including the Fugl-
Meyer Assessment (FMA) [6–8], Wolf Motor Function 
Test (WMFT) [6,9–11], Box and Block Test (BBT) 
[7,12–14], Nine-Hole Peg Test (NHPT) [12,15–17], 
Action Research Arm Test (ARAT) [6–8,11,16–18], and 
Stroke Impact Scale (SIS) [16,19–20]. The comparisons 
of outcome measures of UL motor function have been 
investigated in patients with stroke [6–7,16,21]. The find-
ings of Van der Lee et al. suggest that the ARAT is more 
responsive to improvement in UL function than the FMA 
in patients with chronic stroke undergoing forced-use 
treatment [21]. In contrast, Hsieh et al. reported that the 
FMA may be a better measure of motor function with 
respect to responsiveness and validity than the ARAT and 
WMFT [6]. Differences in the usage of responsiveness 
indices, training paradigms, and time after onset of stroke 
may contribute to the conflicting results among studies.

Among the UL function tests, the BBT [7,12–14,22–
23], NHPT [5,12,14,17,24–26], and ARAT [1,5,7,16–
17,27] are three commonly used clinical measures to 
assess hand dexterous function in patients with stroke. 
Limited research directly compared the clinimetric prop-
erties between pairs of the BBT, NHPT, and ARAT in 
patients with stroke [7,12,14,16].
  • Higgins et al. evaluated the efficacy of a task-oriented 

intervention in enhancing arm function and concluded 
that the BBT was substantially more responsive to 
improvement in UL function than the NHPT for 
patients within 1 year of a first or recurrent stroke [14].

  • Chen et al. investigated the test-retest reproducibility 
and smallest real difference of five hand function 
domain tests (BBT, NHPT, grip strength, palmar pinch 
strength, and lateral pinch strength) in 62 patients with 
stroke [12]. All five tests demonstrated satisfactory 
test-retest reproducibility, but levels of measurement 
error were higher for patients with hypertonicity of 
the affected hand.

  • Desrosiers et al. validated the BBT as a measure of 
dexterity in 34 elderly patients with UL sensorimotor 
impairments from stroke and other conditions, includ-
ing rheumatoid polyarthritis, osteoarthritis, multiple 
sclerosis, Parkinson disease, fracture, Friedreich 
ataxia, and carpal tunnel syndrome [23]. They 
reported that the BBT had high test-retest reliability 
and good construct validity, as shown by significant 
correlations between the BBT, ARAT, and functional 
independence measures.

  • Platz et al. estimated the reliability and validity of the 
BBT, ARAT, and FMA UL subscale in 56 participants 
with UL paresis from stroke, multiple sclerosis, or 
traumatic brain injury [7]. The BBT, ARAT, and FMA 
had very high interrater and test-retest reliability, and 
high correlations were demonstrated among the three 
tests.

  • Beebe and Lang examined the relationships and 
responsiveness of six UL function tests (ARAT, 
NHPT, grip strength test, pinch strength test, Jebsen-
Taylor Hand Function Test, and SIS hand function 
domain) during the first 6 months poststroke [16]. All 
tests, including the ARAT and NHPT, were correlated 
with each other and moderately responsive to change 
over time.
In general, the relative capacity among the BBT, 

NHPT, and ARAT to detect a change in dexterous func-
tion in patients with chronic stroke after interventions 
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remains unclear. No consensus exists on the optimal dex-
terous function measure for stroke intervention trials. 
Gaining knowledge about whether the BBT, NHPT, and 
ARAT are responsive to change after stroke interventions 
and how tests are related to each other and to other well 
developed measures over time would be crucial and bene-
ficial to clinical practice and sound research. Therefore, 
the goal of our study was to investigate and compare the 
relative responsiveness and the concurrent validity of the 
BBT, NHPT, and ARAT for patients after stroke rehabili-
tation interventions.

METHODS

Participants
We randomized a cohort of 59 eligible participants 

into distributed CIT (dCIT), BAT, or control treatment for 
2 hours per weekday for 3 weeks. The inclusion criteria 
comprised a first-ever stroke onset at least 6 months pre-
viously, demonstration of Brunnstrom stage IV to VI for 
the proximal and distal UL, no excessive UL spasticity 
(Modified Ashworth Scale score 2.5), and no cognitive 
impairment (Mini-Mental State Examination score  23).

Interventions and Procedures
Therapy in the dCIT group involved placing the 

unaffected hand in a mitt to restrict movement and inten-
sive training of the affected UL in functional tasks, 
including reaching forward or upward to move a cup, 
picking up coins or a utensil to eat, and other functional 
movements simulating ADLs. To discourage use of the 
unaffected hand outside of therapy sessions, participants 
wore a restrictive mitt for a target of 6 hours per day dur-
ing the treatment period. The BAT group concentrated on 
both ULs moving simultaneously in functional tasks by 
symmetrical or alternated patterns. The functional tasks 
emphasized both ULs moving synchronously, such as 
lifting two cups, picking up two pegs, reaching forward 
or upward to move two blocks, and grasping and releas-
ing two towels. Control treatment applied neurodevelop-
mental techniques with emphasis on functional tasks. 
Therapy included stretching of the affected limb and 
training for strength, hand function, and coordination, as 
well as practicing functional tasks.

We provided the interventions at rehabilitation clin-
ics under the supervision of three certified occupational 
therapists who were trained in the administration of the 

intervention protocols. We assessed the therapists and 
administered a written competency test before the thera-
pists treated and assessed the participants. Three raters 
masked to the participant group and trained to properly 
administer the outcome measures administered outcome 
evaluations pre- and posttreatment.

Outcome Measures

Main
The three main outcome measures we used for evalu-

ating hand dexterity were the BBT, NHPT, and ARAT. 
The BBT assesses gross manual dexterity by counting the 
number of blocks that can be transported individually 
from one compartment of a box to another within 
1 minute. Higher scores are indicative of better manual 
dexterity [28]. The reliability, validity, and responsive-
ness of the BBT have been established in patients with 
stroke [7,12–13,23,28]. The NHPT is a timed test of fine 
manual dexterity [29]. Participants place nine pegs in 
nine holes and then remove them as quickly as possible. 
The time needed to complete the task is measured in sec-
onds, and a lower score indicates better dexterity. The 
NHPT has been demonstrated to have high reliability, 
validity, and responsiveness in patients with stroke 
[12,24,29]. The ARAT assesses the ability to handle 
objects, with 19 items divided into 4 subscales of grasp, 
grip, pinch, and gross movement by using a 4-level ordi-
nal scale [30] ranging from 0 (no movement) to 3 (nor-
mal movement). A total scale score maximum of 57 
indicates normal performance. The ARAT has estab-
lished reliability, validity, and responsiveness in patients 
with stroke [6–8,21].

Secondary
We administered three other well developed outcome 

measures—the FMA, the Motor Activity Log (MAL), 
and the SIS—to test the concurrent validity of the BBT, 
NHPT, and ARAT. Improving motor impairment, 
increasing daily function, and enhancing quality of life 
are the primary goals of stroke rehabilitation. The FMA 
assesses motor impairment, the MAL evaluates daily 
function, and the SIS determines quality of life; all have 
adequate reliability and validity and are widely used 
measures in stroke rehabilitation [6–7,31–33]. Thus, we 
considered the FMA, MAL, and SIS appropriate for vali-
dating the three main outcome measures.
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We used the UL subscale of the FMA to assess motor 
impairment with a 3-point ordinal scale (0 = cannot per-
form, 1 = performs partially, 2 = performs fully) [31]. 
The 33 UL items measure the movement and reflexes of 
the shoulder, elbow, forearm, wrist, and hand and mea-
sure coordination and speed. The psychometric proper-
ties of the FMA have been established [6–8].

The MAL is a focal measure of self-perceived daily 
functions on tasks requiring UL use. It is a semistructured 
interview for assessing how much (amount of use [AOU]) 
and how well (quality of movement) patients use the 
affected UL. The MAL evaluates 30 tasks using a 6-point 
scale and scores each item ranging from 0 to 5 [32]. Ade-
quate interrater reliability and internal consistency have 
been reported [32].

The SIS is a self-report questionnaire and a compre-
hensive measure of health-related quality of life in popu-
lations with stroke [33]. SIS version 3 includes 59 items 
that assess the effect of stroke in 8 functional domains by 
using a 5-point Likert scale. Test-retest reliability has 
been established for the hand function domain in patients 
with stroke [19]. We collected data for all domains of the 
SIS but only used the hand function domain subscale to 
investigate the validity of the three main outcome mea-
sures. Questions in the hand function domain assess the 
ability to carry heavy objects, turn a doorknob, open a 
can or jar, tie a shoelace, and pick up a dime.

Data Analysis

Examination of Responsiveness
We used two indices to compare the responsiveness 

of the three main outcome measures to change from pre-
treatment to posttreatment. The Wilcoxon matched-pairs 
signed rank test focuses on the statistical significance of 
the observed change in the measures. The standardized 
response mean (SRM), a variant of effect size, is the 
mean change in the score divided by the standard devia-
tion of the change scores [34]. According to Cohen’s cri-
teria on effect size [34], 0.8 is large, 0.5 to 0.8 is 
moderate, and 0.2 to 0.5 is small. The 95 percent confi-
dence intervals for the SRMs were estimated using 
1,000 bootstrap samples with replacement [35]. To test 
for the differences of SRMs between two measures, we 
sorted the differences in SRMs for 1,000 paired bootstrap 
samples of two measures from lowest to highest. We then 
examined whether the value 0 was included between the 

25th and 975th observations; if not, a significant differ-
ence exists between measures [36].

Examination of Validity
We studied concurrent validity to validate the three 

dexterous measures with each other and with the FMA, 
MAL, and SIS hand function domain obtained concur-
rently [37]. We used bivariate correlational analysis to 
examine the concurrent validity of the BBT, NHPT, and 
ARAT. We used the Spearman rank correlation coefficient 
() to examine the relation between the six outcome mea-
sures. We performed analyses separately pre- and post-
treatment. We used the following criteria to interpret the 
magnitude of the correlation coefficients: <0.25 indicated 
low, 0.25 to 0.5 indicated fair, 0.5 to 0.75 indicated moder-
ate to good, and >0.75 indicated good to excellent [37].

RESULTS

Table 1 lists the demographic and clinical character-
istics of the 59 participants. Their mean age was 
55.50 years and 79.7 percent were male. Table 2 reports 

Table 1.
Demographics and clinical characteristics of participants (n = 59).

Characteristic Value
Age (years, mean ± SD) 55.50 ± 11.66
Sex, n (%)

Female 12 (20.3)
Male 47 (79.7)

Side of Lesion, n (%)
Left 28 (47.5)
Right 31 (52.5)

Time Since Stroke (months, mean ± SD) 16.14 ± 13.95
Brunnstrom Stage

Proximal/Distal UL (median) 5/5
Mini-Mental State Examination (mean ± SD) 28.39 ± 1.52
Pretreatment Evaluations (mean ± SD)

BBT 26.64 ± 11.76
NHPT 136.32 ± 99.17
ARAT 45.66 ± 10.40
FMA 50.93 ± 7.24
MAL-AOU 1.25 ± 0.94
MAL-QOM 1.38 ± 0.98
SIS Hand Function Domain 45.17 ± 27.75

ARAT = Action Research Arm Test, BBT = Box and Block Test, FMA = Fugl-
Meyer Assessment, MAL-AOU = Motor Activity Log-Amount of Use, MAL-
QOM = Motor Activity Log-Quality of Movement, NHPT = Nine-Hole Peg 
Test, SD = standard deviation, SIS = Stoke Impact Scale, UL = upper limb.
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the responsiveness indices of the three outcome measures. 
The responsiveness of the BBT, NHPT, and ARAT was 
moderate from pretreatment to posttreatment (SRM = 
0.64–0.79; Wilcoxon Z = 4.77–5.76; p < 0.001), and the 
difference between them was not significant (difference 
in SRM = 0.05–0.15; p > 0.05).

Table 3 reports concurrent validity of the six outcome 
measures at pretreatment and posttreatment. The correla-
tions within the BBT, NHPT, and ARAT were moderate to 
good at pretreatment ( = –0.55 to –0.80) and posttreat-
ment ( = –0.57 to –0.71). In addition, the BBT and ARAT 
had fair to moderate correlations with the FMA, MAL, and 
SIS hand function domain tests at pretreatment (= 0.31–
0.59) and posttreatment ( = 0.32–0.54). The NHPT 
showed relatively low to fair correlations with the FMA 
and MAL at pretreatment ( = –0.16 to –0.27) and post-
treatment (= –0.18 to –0.33). The correlation between 
NHPT and the SIS hand function domain was moderate at 
pretreatment ( = –0.58) and posttreatment (= –0.66).

DISCUSSION

We examined and compared the responsiveness and 
validity of the BBT, NHPT, and ARAT in assessing hand 
dexterity after stroke rehabilitation. All three tests are 
moderately responsive to change over time. While simul-
taneously considering the responsiveness and validity 
attributes, the BBT and ARAT may be relatively sound 
dexterous outcome measures in stroke rehabilitation 
compared with the NHPT.

Given the rapid proliferation of randomized con-
trolled trials in stroke rehabilitation, selecting outcome 
measures that are responsive, reliable, and valid is crucial. 
A responsive instrument used as an outcome measure in 
clinical trials should be able to detect change with 
improvement or deterioration and distinguish effective or 

useless treatments [38]. We found that the responsiveness 
of BBT, NHPT, and ARAT was not significantly different, 
as indicated by the three dexterous measures being moder-
ately sensitive to detect changes after stroke interventions. 
The similar degree of responsiveness between the BBT 
and NHPT in this study differs from the findings of Hig-
gins et al., who concluded that the BBT was substantially 
more responsive to improvement in UL function than the 
NHPT for patients with stroke [14]. This difference in 
findings may be because of the difference in participant 
age, number of strokes, time after stroke onset, and inter-
vention protocols. We recruited younger patients with a 
first stroke and onset of at least 6 months for 3-week arm 
interventions in our study, whereas the patients in the Hig-
gins et al. study were older, were within 1 year of having 
sustained a first or recurrent stroke, and received 6-week 
arm and walking interventions [14].

The result of sound responsiveness of the BBT is con-
sistent with the previous study that indicated the BBT was 
responsive for changes in UL function and recovery 
>5 weeks for patients with acute stroke [13]. The finding 
of responsiveness of the NHPT is consistent with the 
results of previous studies [16,24–26]. The NHPT was 
moderately responsive to change of UL function during 
the first 6 months poststroke [16]. It was suggested that 
the NHPT detected further recovery after patients 
achieved maximal scores on the Frenchay Arm test [24]. 
The NHPT was more responsive than the UL Motricity 
Index for patients with stroke with useful UL function 
[25]. The good responsiveness of the ARAT is consistent 
with published responsiveness values that ranged from 
0.51 [21] to 1.02 [18]. The result from this study (SRM = 
0.79) is within this range, and differences in time points of 
testing and statistical methodologies could possibly 
account for variations in values. Previous studies showed 
that the ARAT had good sensitivity to detect change for 
patients with acute stroke [8,18], during the first 6 months 
poststroke [16], and for patients with chronic stroke 
[6,21].

Our findings that the correlations among the tests 
fluctuate only slightly at pretreatment and posttreatment 
suggest that the relationships among the tests are rela-
tively stable over the period of 3-week interventions, 
which reflects constant and true relationships among the 
tests. The results of moderate to good correlations within 
the BBT, NHPT, and ARAT at pretreatment and posttreat-
ment were similar to earlier studies demonstrating signif-
icant correlations between the BBT and the ARAT in 

Table 2.
Responsiveness indices of three outcome measures.

Scale SRM (95% CI)
Wilcoxon Test

Z-value
BBT 0.74 (0.51–1.10) 5.12
NHPT 0.64 (0.41–0.86) 4.77
ARAT 0.79 (0.63–1.10) 5.76

Note: p <  0.001.
ARAT = Action Research Arm Test, BBT = Box and Block Test, CI = confi-
dence interval, NHPT = Nine-Hole Peg Test, SRM = standardized response 
mean.
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elderly patients with UL impairments [7,23] and between 
the ARAT and NHPT during the first 6 months poststroke 
[16]. Despite the differences in sample characteristics 
and time since stroke, findings of our study together with 
results of prior research indicate that the three tests are 
related to each other with significant correlations.

Adequate validity has been established for the BBT 
in patients with acute stroke, multiple sclerosis, and trau-
matic brain injury and in elderly patients with UL impair-
ment [7,13,23]. The ARAT has good construct validity in 
measuring UL motor function for patients with chronic 
stroke [6]. We found that the BBT and ARAT had better 
concurrent validity than the NHPT in patients with 
chronic stroke at pretreatment and posttreatment, with 
better correlations with the FMA and MAL. These find-
ings attest to the relationships among the dexterous mea-
sures and motor impairment or daily functions. 
Understanding these relationships is particularly impor-
tant in rehabilitation trials that are designed to improve 
impairments and real-world performance. It is of interest 
that the BBT and ARAT are more related to motor 
impairment and movement of the affected arm in daily 
functions than the NHPT. One possible reason for these 
differences might be the measurement criteria for the 
three tests. The BBT and ARAT both assess activity limi-
tations for patients with UL paresis [7]. The BBT counts 
the number of blocks transported in 1 minute as a mea-
sure of gross manual dexterity [28]. The ARAT includes 

diverse items that involve gripping, pinching, and trans-
port tasks relevant for daily life and, therefore, can be 
considered as an arm-specific measure of activity limita-
tion [30]. The NHPT scale is a timed performance test to 
insert and remove nine pegs in nine holes as fast as possi-
ble [29]. Because it documents the speed of execution, it 
is possibly less sensitive to ADLs.

The magnitude of the correlations between the BBT 
and the FMA and between the ARAT and FMA at pre-
treatment and posttreatment was lower than the values 
reported by Platz et al. [7]. Differences in the populations 
studied may partly account for the discrepancies. Our 
sample included people with chronic stroke, whereas the 
sample of Platz et al. included individuals with various 
neurologic disorders, including stroke, multiple sclerosis, 
and traumatic brain injury [7]. Significant correlations 
between the BBT and MAL echo the previous studies 
[39–40] with regard to the importance of performance-
based hand function tests and manual dexterity as corre-
lates of functional dependence in the elderly. However, 
the results showing fair correlations between the ARAT 
and the MAL were different from the study by Dromer-
ick et al., who demonstrated that patients with high 
scores on the ARAT still had residual disability on every-
day affected arm use [11]. A difference in study sample 
and the ceiling effect might explain this discrepancy. 
Dromerick et al. chose patients who completed 3 months 
of an acute rehabilitation treatment trial as participants, 

Table 3.
Concurrent validity (Spearman rank correlation coefficient) of dexterous function measures and criterion measures at pretreatment and posttreatment.

Scale
Pretreatment Posttreatment

BBT
(95% CI)

NHPT
(95% CI)

ARAT
(95% CI)

BBT
(95% CI)

NHPT
(95% CI)

ARAT
(95% CI)

NHPT –0.80*

(–0.69 to –0.88)
— — –0.71*

(–0.56 to –0.82)
— —

ARAT 0.63*
(0.45 to 0.76)

–0.55*
(–0.34 to –0.71)

— 0.64*
(0.46 to 0.77)

–0.57*
(–0.37 to –0.72)

—

FMA 0.44*
(0.21 to 0.63)

–0.27†
(–0.02 to –0.49)

0.49*
(0.27 to 0.66)

0.35*
(0.10 to 0.56)

–0.18
(–0.42 to 0.08)

0.54*
(0.33 to 0.70)

MAL-AOU 0.37*
(0.13 to 0.57)

–0.16
(–0.40 to 0.10)

0.31†
(0.06 to 0.52)

0.49*
(0.27 to 0.66)

–0.23
(–0.46 to 0.03)

0.32†
(0.07 to 0.53)

MAL-QOM 0.52*
(0.31 to 0.68)

–0.26†
(–0.48 to –0.01)

0.39*
(0.15 to 0.59)

0.52*
(0.31 to 0.68)

–0.33†
(–0.54 to –0.08)

0.35*
(0.10 to 0.56)

SIS Hand
Function Domain

0.59*

(0.39 to 0.74)
–0.58*

(–0.73 to –0.38)
0.36*

(0.12 to 0.56)
0.52*

(0.31 to 0.68)
–0.66*

(–0.78 to –0.49)
0.45*

(0.22 to 0.63)
*p < 0.01.
†p < 0.05.
ARAT = Action Research Arm Test, BBT = Box and Block Test, CI = confidence interval, FMA = Fugl-Meyer Assessment, MAL-AOU = Motor Activity Log-
Amount of Use, MAL-QOM = Motor Activity Log-Quality of Movement, NHPT = Nine-Hole Peg Test, SIS = Stroke Impact Scale.
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and 41 percent (16/39) of their participants achieved 
maximum scores on the ARAT, which was a significant 
ceiling effect [11]. In our study, only 22 percent (13/59) 
of participants showed perfect scores on the ARAT.

Moreover, fair correlations between the ARAT and 
the SIS hand function domain at pretreatment and post-
treatment were somewhat lower than the correlations 
reported in previous studies (0.57–0.83) [16–17]. Varia-
tions in the magnitude of the correlations between studies 
may arise from differences in time elapsed since the 
stroke and the initiation of intervention protocols. Our 
sample included people with chronic stroke, whereas the 
sample of Beebe and Lang included people with hemi-
paresis early after stroke [16]. Despite low correlations 
between the NHPT and the MAL, our data of moderate 
correlations between the NHPT and the SIS hand func-
tion domain were similar to the published data [16–17]. 
This likely reflects the fact that self-perceived actual use 
(MAL-AOU) captured information that was not assessed 
by the NHPT scale and that fine manual dexterity is an 
important component that determines the hand function 
aspect of quality of life after stroke.

The simplicity and feasibility of an outcome measure 
is also necessary to determine and weigh against the 
time, equipment, and training. The advantages of the 
BBT are its relative simplicity and the shorter time 
required for training and administration [28]. The advan-
tages of the NHPT include simplicity, portability, brevity, 
and its relatively inexpensive cost. However, it is sensi-
tive to changes at the upper level of performance, not 
when impairment is severe [26]. The NHPT should not be 
used to research the effectiveness of treatment to improve 
poor finger dexterity [29]. The main advantage of the 
ARAT is its ability to evaluate multiple tasks of varying 
complexity for a more comprehensive assessment of UL 
movement abilities. Its main limitations are that it is 
time-consuming to administer [24] and requires standard-
ized equipment [8]. The ARAT takes an average of 
8 minutes to complete and requires considerably more 
testing equipment [24]. This information should facilitate 
instrument selection in research and practice in accord 
with test purposes.

When the results of this study are interpreted, some 
potential limitations warrant consideration. First, the 
findings of this study were based on a sample of patients 
who received one of three treatments (dCIT, BAT, control 
treatment). Certain aspects of each form of rehabilitation 
might favor one instrument over the other, which could 

influence study results. Future studies should individu-
ally analyze the specific intervention to rule out this pos-
sibility. Second, we examined patients with chronic 
stroke with mild to moderate motor impairment, which 
might affect the generalization of results. Future studies 
evaluating patients with stroke in different stages are 
needed to determine which instrument is suitable. Third, 
a 3-week intervention might limit the recovery of dexter-
ous function. A longer time to detect improvements in 
dexterity may be needed. Finally, the three dexterous 
measures involve unilateral tasks that are not representa-
tive of ADLs that often require bilateral use of the UL.

CONCLUSIONS

This article comprehensively examined and com-
pared the responsiveness and validity of the BBT, NHPT, 
and ARAT. Our findings should inform clinicians and 
researchers in making decisions to choose appropriate 
tests for measuring hand dexterity in people receiving 
stroke interventions. All three tests are suitable to detect 
changes over the course of interventions. While simulta-
neously considering the responsiveness and validity 
attributes, the BBT and ARAT can be considered appro-
priate for evaluating dexterous function compared with 
the NHPT. Further research based on a larger sample is 
needed to validate the findings.
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