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Abstract—Individuals with chronic stroke have limited options 
for hand rehabilitation at home. Here, we sought to determine 
the feasibility and efficacy of home-based MusicGlove therapy. 
Seventeen participants with moderate hand impairment in the 
chronic phase of stroke were randomized to 3 wk of home-based 
exercise with either the MusicGlove or conventional tabletop 
exercises. The primary outcome measure was the change in the 
Box and Blocks test score from baseline to 1 mo posttreatment. 
Both groups significantly improved their Box and Blocks test 
score, but no significant difference was found between groups. 
The MusicGlove group did exhibit significantly greater
improvements than the conventional exercise group in Motor 
Activity Log Quality of Movement and Amount of Use scores
1 mo posttherapy (p = 0.007 and p = 0.04, respectively). Partici-
pants significantly increased their use of MusicGlove over time, 
completing 466 gripping movements per day on average at study 
end. MusicGlove therapy was not superior to conventional table-
top exercises for the primary end point but was nevertheless fea-
sible and led to a significantly greater increase in self-reported 
functional use and quality of movement of the impaired hand 
than conventional home exercises.
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INTRODUCTION

Hand impairment after stroke contributes substan-
tially to disability in the United States and around the 
world [1]. Intensive movement practice can reduce hand 
impairment [2–6], but issues such as cost and access may 
limit the dose of rehabilitation exercise delivered one-on-
one with a therapist. Because of these and other factors, 
most individuals do not perform the large number of 
exercise repetitions required during therapy to maximize 
recovery [7–8]. Home-based rehabilitation programs may 
be prescribed after stroke with the intent to increase the 
amount of rehabilitation exercise individuals perform. 
However, the most common approach to home-based 
hand therapy is following a printed handout of exercises. 
This approach is often not motivating and thus is associ-
ated with low compliance and high dropout rates [9–13].

Abbreviations: ANOVA = analysis of variance, AOU = 
Amount of Use, ARAT = Action Research Arm Test, MAL = 
Motor Activity Log, QOM = Quality of Movement.
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To address this problem, other types of home-based 
rehabilitation programs for the hand have been proposed. 
For example, one pilot study explored a modified form of 
constraint-induced movement therapy performed under the 
supervision of a nonprofessional coach in the home and 
found similar benefits to the same program performed with 
a trained therapist in a clinic [14]; a larger study using this 
protocol found that home-based constraint-induced move-
ment therapy led to significantly greater self-reported use of 
the impaired limb than conventional therapy [15]. Another 
common approach is telerehabilitation, which allows a ther-
apist to guide therapy remotely [16]. While this approach is 
gaining popularity, a recent Cochrane systematic review of 
10 trials with 933 total participants found limited evidence 
to support its use and no studies that examined its cost-
effectiveness [17]. Other approaches to home-based hand 
rehabilitation include functional electrical stimulation [18], 
computer gaming with custom devices [19–21], and music-
based therapy [22]. However, despite the variety of
options, few home-based programs have been tested in con-
trolled studies [23]. Further, it is still unclear which methods 
are the most effective and efficient means of providing an 
increased dose of rehabilitation, though the use of computer 
games and music has been found to be highly motivating 
[20,24–26].

We developed the MusicGlove, an instrumented glove 
with sensors on each of the fingertips and the lateral aspect 
of the index finger. The MusicGlove requires the user to 
practice functional gripping movements by touching the 
sensor on the tip of the thumb to one of the other five sen-
sors in time with music through a video game that displays 
scrolling notes on a screen (Figure 1). In previous pilot 
studies performed in a clinical setting, we found that the 
MusicGlove motivated individuals with chronic stroke to 
perform hundreds of functional gripping movements dur-
ing a 30 min training session and that exercise with the 
device led to a significantly greater improvement in hand 
grasping ability, measured with the Box and Blocks test, 
than a time-matched dose of conventional tabletop therapy 
performed with a rehabilitation therapist [27–28]. The 
individuals who used the MusicGlove also reported that 
the exercise was more motivating than conventional ther-
apy and expressed interest in using the device to exercise 
at home. An important question, therefore, was whether 
self-guided exercise with the MusicGlove performed at 
home is feasible and improves hand function compared 
with conventional home therapy.

Figure 1.
MusicGlove device used in study. Users are visually cued by 

scrolling notes on screen (top) to make specific grips in time with 

popular songs, similar to the video game Guitar Hero. Grips 

include (a) key pinch grip; (b) pincer grip; and (c) finger-thumb 

opposition with second, third, and fourth fingers. During game-

play, the user must complete the cued grip when a colored note 

passes over the starred strip shown at bottom of the game screen 

(time window of about 800 ms). If the user is successful, the col-

ored note disappears, providing visual feedback. If the user is 

unsuccessful, a beep is played, providing auditory feedback.

To address this question, we performed a random-
ized, controlled single-blind trial that compared home-
based training with the MusicGlove to home-based con-
ventional tabletop training directed using a pamphlet of 
hand exercises. We hypothesized that the participants in 
the MusicGlove therapy group would improve their hand 
function more than the participants in the conventional 
therapy group when assessed 1 mo after treatment.

METHODS

Study Design and Inclusion Criteria
This study was a home-based randomized controlled 

trial that compared self-guided exercise with the Music-
Glove to self-guided conventional tabletop therapy for 
individuals in the chronic phase of stroke. The study proto-
col was approved by University of California at Irvine’s 
Institutional Review Board and registered at ClinicalTri-
als.gov (#NCT01769326). All participants provided
informed consent. Inclusion criteria were one or more 
strokes with onset >6 mo prior to the study, Box and 
Blocks score of at least 1, ability to understand the instruc-
tions for the home exercise programs, and age <75 yr. 
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Exclusion criteria were severe pain in the affected upper 
limb measured as a score >5 in the visual analog pain 
scale, severe tone in the affected upper limb measured as a 
score >3 in the Ashworth Scale of Spasticity for the wrist 
and elbow, severe loss of sensation of the affected upper 
limb measured as a score <10 in the Fugl-Meyer Sensory 
Examination, concurrent severe medical problems, visual 
deficits, severe neglect or apraxia, and enrollment in other 
upper-limb therapy studies.

Outcome Measures
All assessments were performed at the University of 

California at Irvine by two blinded, experienced evalua-
tors. The primary end point was the change in Box and 
Blocks score, which measures how many blocks a subject 
can pick up and place in a box in 60 s [29–30], from 
baseline to 1 mo posttherapy. Secondary end points
included changes in the Quality of Movement (QOM) 
and Amount of Use (AOU) subscales of the Motor Activ-
ity Log (MAL) [31–32], which is a structured interview 
that asks subjects to rate how well and how much they 
use their upper limb in performing 30 activities of daily 
living outside of the laboratory; the Nine Hole Peg test 
[33], which measures how many pegs a subject can put in 
and remove from holes in 60 s; and the Action Research 
Arm Test (ARAT), which assesses the ability to manipu-
late various sized objects with the impaired arm and hand 
[30,34].

The following tests were also administered at base-
line to characterize subjects: the Geriatric Depression 
Scale [35]; the upper-limb section of the Fugl-Meyer 
score [36], which measures impairment of the hemipa-
retic upper limb; the National Institutes of Health stroke 
scale [37]; and the modified Ashworth spasticity scale for 
the wrist [38]. These measures have established excellent 
sensitivity and reliability.

Interventions
All participants were invited for an initial assessment to 

confirm that they met the inclusion criteria and to establish 
their baseline characteristics. Those who met the inclusion 
criteria were instructed to return 1 wk later for a second 
assessment to measure whether they had a stable baseline. 
Repeating the baseline assessments also accounted for 
familiarization or learning effects that could distort gains 
from true recovery [39–40]. At this time, the participants 
were randomly assigned to either the MusicGlove therapy 
group or conventional therapy group (i.e., the control 

group). To ensure matched levels of impairment between 
groups, subjects were first stratified by their second Box 
and Blocks baseline score (0–30 or 30–60) and then ran-
domized by alternating block allocation, a technique 
referred to as adaptive randomization [41].

Participants randomized to the MusicGlove therapy 
group were given a MusicGlove device and a laptop with 
the software preinstalled. The MusicGlove devices used 
in this study were manufactured by Flint Rehabilitation 
Devices. They received a 15 min instruction on how to put 
on and use the device and how to operate the accompany-
ing software. Participants in the conventional therapy group 
were given a booklet of tabletop exercises for home therapy 
of the hand developed by experienced occupational thera-
pists and implemented in a prior clinical trial [42] and were 
instructed on how to correctly perform each hand exercise 
(see Appendix, available online only). Both groups were 
asked to perform self-guided therapy for at least 3 h/wk 
over at least three sessions per week, for three consecutive 
weeks, for a total of 9 h of therapy; such a dose had been 
found previously to be sufficient to induce significant 
improvements in hand movement ability [8,43–45]. Both 
groups were also asked to manually record the amount of 
time they spent performing their self-guided therapy on a 
written exercise log. The laptops provided with the Music-
Glove also recorded the number of grips completed with 
the device. The participants were contacted by a research 
therapist or nurse at least once a week to address any poten-
tial technical difficulties and to ensure there were no 
adverse health effects from the prescribed therapy.

After the 3 wk exercise period, the participants returned 
for posttherapy assessments. At this assessment, participants 
in the MusicGlove group returned the device, and partici-
pants in the conventional therapy group were instructed to 
discontinue their exercises. Participants then returned 1 mo 
later for follow-up assessments.

Crossover
As part of a secondary aim, participants in the con-

ventional therapy group were given a MusicGlove device 
and laptop and instructed on how to use it after the 1 mo 
posttherapy assessment. These participants were asked to 
repeat the same therapy regimen (3 h/wk for 3 wk) using 
the MusicGlove to exercise at home. At the end of this 
crossover exercise period, these participants returned for 
posttherapy assessments and returned the device. They 
again returned 1 mo later for follow-up assessments.

http://www.rehab.research.va.gov/jour/2016/534/pdf/jrrd-2015-04-0057appn.pdf
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Data Analysis
We anticipated an effect size of MusicGlove therapy of 

1.11 based on an independent samples t-test immediately 
after therapy in our initial pilot study [27]. Thus, 11 partici-
pants in each group would provide an 80 percent chance to 
demonstrate a significant difference between the Music-
Glove and control therapies at the 0.05 significance level 
(one-tailed).

Two-tailed Student t-tests (for continuous data) and 
Fisher exact tests (for categorical data) were used to com-
pare baseline measures between the two treatment groups. 
For each of the outcome measures, if there was no signifi-
cant difference in the group mean from the first to the sec-
ond baseline, we calculated the individual changes at each 
follow-up assessment as the difference from the average of 
the two baseline values. If there was a difference in the 
group mean between baseline assessments for a particular 
outcome measure, indicating a familiarization or learning 
effect, individual changes were calculated from the second 
baseline value only. Note, the MAL was assessed at the first 
baseline assessment only, and thus changes in MAL scores 
were calculated from this single baseline measurement. To 
account for floor effects, the Nine Hole Peg test scores were 
measured in pegs placed and removed in 1 min [46].

The resulting data did not deviate significantly from 
normality for any of the outcome measures at all assess-
ments (Lilliefors test). Thus, a one-tailed t-test was used 
to test for a significant difference in the primary end 
point between the two training conditions at 1 mo post-
therapy. We elected to use a one-tailed test since our pri-
mary goal was to determine whether MusicGlove therapy 
was an improvement over conventional therapy and 
because any other outcome would result in the same con-
clusion that current practice should not be modified to 
include the MusicGlove as a supplement to conventional 
home therapy [47]. To examine the time effect of therapy, 
we performed a repeated-measures analysis of variance 
(ANOVA) of absolute Box and Blocks scores from base-
line through 1 mo posttherapy. Follow-up testing of the 
average changes compared with baseline across all sub-
jects at each assessment was performed using one-tailed 
t-tests with Bonferroni corrections for multiple compari-
sons at the two time points (i.e., α = 0.025) [48].

Secondary end points were analyzed using a repeated-
measures ANOVA of the absolute scores from baseline 
through 1 mo posttherapy. Follow-up tests were performed 
using two-tailed t-tests with Bonferroni corrections to test 
for significant changes within each group compared with 

baseline at both assessments (i.e., α = 0.025) and one-
tailed t-tests to test for significant differences between 
groups at 1 mo posttherapy (α = 0.05).

We performed a post hoc analysis of the amount of 
use data recorded on the MusicGlove laptops, including 
the crossover data. First, we compared the total number 
of grips completed during MusicGlove therapy with a 
target dose of 2,700 total grips, based on a recommended 
dose of 300 repetitions/h suggested elsewhere [49], mul-
tiplied by 9 total hours of prescribed therapy. Then, to 
compare changes in amount of use as the study pro-
gressed, we performed two linear regression analyses for 
each subject using the total cumulative number of grips 
completed as the dependent variable and the day of the 
study as the independent variable for days 1 through 7 
(the first week of therapy) and days 8 through 21 (the 
next two weeks of therapy) for each regression. Here we 
defined the boundary for a “day” as the grips completed 
between midnight on one calendar day and midnight on 
the next. The slopes of the resulting models provided 
estimates of the number of grips each subject completed 
per day during the first week of therapy and the next two 
weeks of therapy. We tested for a significant change in 
grips completed per day between these two periods 
across all subjects using a paired, one-tailed t-test.

We also analyzed every participant’s performance in 
the MusicGlove game throughout the study (again includ-
ing the crossover data), measured as the percentage of 
grips completed successfully out of the total number of 
grips requested during therapy. We compared each sub-
ject’s average percentage on the first day of therapy with 
his or her percentage on the second day to test for a famil-
iarization effect. We then compared each subject’s average 
percentage on the second day of therapy with his or her 
percentage on the last day of the study to test for long-term 
improvements. In order to better understand why some 
participants did not comply with the prescribed regimen, 
we used a t-test to compare the change in percentage from 
day 1 to day 2 between the participants who did not meet 
the target dose of 2,700 total grips and those who did.

Finally, we performed an exploratory analysis of the 
relationship between the number of grips completed with 
the MusicGlove and the changes in the outcome mea-
sures. We did not include the crossover data in this analy-
sis to eliminate any confounding effect of performing 
conventional therapy before MusicGlove therapy. For 
each outcome measure, we performed a linear regression 
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analysis with the change in score compared with baseline 
at 1 mo posttherapy as the dependent variable and the 
number of grips completed as the independent variable.

RESULTS

Twenty three volunteers were assessed for eligibility in 
this study (see Consolidated Standards of Reporting Trials 
diagram, Figure 2). Of these, five subjects did not return 
for the second baseline assessment for unrelated reasons. 
One subject was excluded from analyses because of 
absence of follow-up data since the participant did not 
return for follow-up assessments.

Baseline characteristics for the remaining 17 subjects 
are presented in Table 1 and indicate no significant 
differences between the two treatment groups for any 
demographic or baseline measures except the Geriatric 
Depression Scale, which showed that the participants in the 
MusicGlove group had significantly greater levels of self-
perceived depression at study start (p = 0.03, Table 1), 
though average scores in both groups fell short of the cutoff 
used to indicate major depression. One participant in the 
MusicGlove group had a Geriatric 

Figure 2.
Consolidated Standards of Reporting Trials flow diagram for study.

Depression Scale score 
of 11, indicating severe depression. Two of the participants 
in the conventional therapy group had a history of prior 
stroke, compared with none in the MusicGlove group.
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No adverse events or safety issues occurred during the 
course of the study, and the participants reported no 
increase in pain after either training protocol. Participants in 
both groups typically required one follow-up call from the 
research therapist to solve technical issues or clarify the 
exercise regimen. Both groups reported close adherence to 
their respective training programs during the 3 wk exercise 
period, but some participants in the conventional therapy 
group reported persisting in their exercises after the exer-
cise period ended, against the instructions of the research 
therapist.

For the Box and Blocks score, a significant difference 
was found between the two baseline assessments for all
study participants, indicating a familiarization effect
(increase of 2.2 ± 3.1 blocks, p = 0.009). Thus, the 
change in Box and Blocks score was calculated from the 
second baseline assessment. No significant differences 
were found between the two baseline assessments for all 
secondary end points.

Analysis of the study’s primary end point did not 
indicate a significant difference between groups at 1 mo 
posttherapy, with the MusicGlove group improving by 
2.3 ± 6.2 blocks and the conventional therapy group 

improving by 4.3 ± 5.0 blocks (Table 2). Repeated-
measures ANOVA revealed that the main effect of time 
was significant on change in Box and Blocks score
(F(2,30) = 3.85, p = 0.03), but the group-time interaction 
effect was not significant (p = 0.23). Follow-up analysis 
revealed a significant change compared with baseline of 
3.2 ± 5.6 blocks averaged across all subjects at 1 mo 
posttherapy (one-tailed t-test, p = 0.02; Figure 3).

Repeated-measures ANOVA of the secondary end 
points revealed that the main effect of time was significant 
on change in MAL QOM score (F(2,30) = 6.98, p = 0.003) 
and MAL AOU score (F(2,30) = 9.45, p < 0.001). There 
was also a significant group-time interaction effect on 
change in MAL QOM score (F(2,30) = 3.96, p = 0.03) and 
a marginally significant group-time interaction effect on 
change in MAL AOU score (F(2,30) = 2.44, p = 0.10). 
Repeated-measures ANOVA did not reveal any significant 
effects of treatment on Nine Hole Peg test or ARAT scores.

Follow-up testing revealed participants in the Music-
Glove group had significant changes compared with 
baseline in MAL QOM and AOU scores both immedi-
ately posttherapy (two-tailed t-test, p = 0.03 and p = 0.01,

Measure Conventional MusicGlove p-Value

Participants (n) 8 9 —
Mean Age, yr (range) 59 (35–74) 60 (45–74) 0.71
Sex (n) 0.63

3 4
5 5

Time Poststroke, yr (mean ± SD) 3.17 ± 1.66 5.33 ± 4.14 0.21

Geriatric Depression Scale (>10 indicates depression) 1.8 ± 1.4 4.6 ± 2.9 0.03
Upper Extremity Fugl-Meyer Score (max: 66)* 56.4 ± 6.3 53.8 ± 8.9 0.53
NIH Stroke Scale Score (normal: 0) 1.8 ± 1.7 1.4 ± 1.2 0.69
Modified Ashworth Spasticity Scale, Wrist (normal: 0) 1.3 ± 1.0 1.9 ± 1.2 0.28

Box and Blocks Test (blocks/min)* 32.6 ± 10.3 33.0 ± 10.6 0.85
Motor Activity Log (max: 5)*

2.54 ± 1.09 2.31 ± 0.74 0.64
2.58 ± 0.90 2.33 ± 0.83 0.58

Nine Hole Peg Test (pegs/min)* 18.3 ± 13.7 15.6 ± 10.0 0.39
ARAT Score (max: 57)* 51 ± 9 44 ± 17 0.42

Table 1.
Participant demographics and baseline measures.

Demographics

Female
Male

Baseline Characteristics (mean ± SD)

Baseline Outcome Measures (mean ± SD)†

Quality of Movement
Amount of Use

*For these scales, higher score is better.
†Values reported are from first baseline assessment.
ARAT = Action Research Arm Test, max = maximum, NIH = National Institutes of Health, SD = standard deviation.
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Outcome
MusicGlove

(n = 9)
Conventional

(n = 8)
Mean Difference

(95% CI)
p-Value

(one-tailed)
Box and Blocks Test 2.3 ± 6.2 4.3 ± 5.0 1.9 (–6.7 to 2.9) 0.25
Motor Activity Log

0.82 ± 0.48* 0.09 ± 0.58 0.72 (0.27 to 1.17) 0.007
0.86 ± 0.64* 0.26 ± 0.69 0.60 (0.04 to 1.16) 0.04

Nine Hole Peg Test 1.3 ± 6.9 0.2 ± 6.0 1.5 (–4.1 to 7.1) 0.33
Action Research Arm Test 0.7 ± 2.3 0.6 ± 2.9 1.2 (–1.0 to 3.4) 0.29

respectively) and at 1 mo posttherapy (two-tailed t-test, 
p < 0.001 and p = 0.004, respectively; see Figure 3). No 
significant changes compared with baseline were found 
for either outcome measure after conventional therapy. 
Subjects in the MusicGlove group had significantly 
greater improvements in both MAL QOM score and 
AOU score than subjects in the conventional therapy 
group at 1 mo posttherapy (mean differences of 0.72 and 
0.60 points, one-tailed t-test, p = 0.007 and p = 0.04, 
respectively; Table 2).

Subjects were asked to fill out an activity log to 
record the amount of time they spent exercising during 
the 3 wk training period. Seven of the nine participants 
from the MusicGlove group and four of the eight partici-
pants from the control group filled out the activity log as 
requested. Participants in the MusicGlove group reported 
exercising for an average of 1.9 h total more than the 
control group during the training phase (10 h vs 8.1 h, 
respectively), but this difference was not significant.

The total number of grips completed with the Music-
Glove during the exercise period was recorded for each 
participant on the laptops provided. Data were not recov-
ered for two of the participants due to technical errors. Of 
the remaining 15 participants (8 from the original Music-
Glove group, 7 from the crossover group), 11 completed 
the target dose of 2,700 grips. Four individuals com-
pleted over 10,000 grips, with two of these completing 
over 30,000 grips (Figure 4(a)).

When we examined the time course of practice, we 
found that the cumulative number of grips completed 
each day was well represented by two lines, with an aver-
age R2 value for a line fit across all subjects of 0.82 ± 
0.14 during the first week of therapy and an average R2

of 0.86 ± 0.16 for a line fit to the data during the next two 

weeks. Using the slopes from these linear models, we 
estimated that the participants completed an average of 
213 ± 301 grips per day during the first week of therapy 
and 466 ± 641 grips per day during the next two weeks of 
therapy, a significant difference (p = 0.04; Figure 4(b)). 
That is, the participants intensified their use of the 
MusicGlove after the first week of exposure.

We also examined the participants’ performance in the 
MusicGlove game throughout the study, measured as the 
percentage of notes hit correctly. Performance increased 
throughout the study, with a significant increase of 11 ±
13 percent from day 1 to day 2 of therapy (t-test, p = 0.01) 
and a nonsignificant increase from day 2 to the end of the 
study of 6 ± 15 percent.

Of the four participants who did not complete the tar-
get dose of 2,700 grips, three had an average perfor-
mance of 15 percent or less (i.e., for every 100 notes 
presented, they successfully completed only 15 or less). 
Of the 11 participants who completed at least 2,700 grips, 
all 11 had an average performance of 22 percent or more, 
with a group mean of 53 ± 15 percent. Also, the group 
that completed at least 2,700 grips during therapy (n = 
11) had an increase in performance of 14 ± 14 percent 
from day 1 to day 2 of therapy, while the group that did 
not complete the target dose (n = 4) had a decrease in per-
formance of 1 ± 2 percent over the same time span, a sig-
nificant difference (p = 0.008).

In an exploratory analysis (n = 8), we found a signifi-
cant linear relationship between the number of grips 
completed with the MusicGlove and the change in MAL 
AOU score at 1 mo posttherapy, with a slope of 0.05 
points for every 1,000 grips completed with the Music-
Glove (R2 = 0.61, p = 0.02). No other outcome measures 
were significantly related to number of grips completed.

Table 2.
Change in outcome measures compared with baseline at 1 mo posttreatment. Unless otherwise indicated, values are given as mean ± standard 
deviation.

Quality of Movement
Amount of Use

*Significantly difference than baseline (two-tailed t-test, p < 0.03).
CI = confidence interval.
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Figure 3.
(a) Longitudinal changes in Box and Blocks test (B&B), (b) Motor

Activity Log (MAL) Quality of Movement (QoM), and (c) MAL 

Amount of Use (AoU) throughout experiment. MusicGlove 

group (solid blue diamonds) had significantly greater improve-

ments than conventional therapy group (open red squares)

in both MAL scores 1 mo after therapy. Error bars indicate

±1 standard error. *Significant within-group changes compared 

with baseline (two-tailed t-test, p < 0.03). **Significant changes 

across both groups compared with baseline (one-tailed t-test, 

p < 0.03). +Significant differences between groups at 1 mo post-

therapy (one-tailed t-test, p < 0.05).

Finally, we performed two more exploratory analyses. 
First, we noticed that one of the MusicGlove participants 
had a decrease in Box and Blocks score from baseline of 

10 blocks at 1 mo posttherapy and a decrease of only 
2 blocks immediately after therapy. This was a large 
change relative to all other participants (greater than two 
standard deviations away from the group mean), and thus 
we speculated that this decrease may have been due to 
poor motivation on that particular day. When we removed 
this participant from the analysis, the change in Box and 
Blocks score compared with baseline for the MusicGlove 
group increased to 3.9 ± 1.7 blocks at 1 mo posttherapy. 
Second, for all end points, we also analyzed the combined 
data from the MusicGlove group and the data from the 
crossover period for the conventional therapy group, in 
which they also received MusicGlove therapy (resulting 
in an n = 17 for the MusicGlove group). Here, the changes 
in outcome measures for the crossover group were calcu-
lated from the “baseline” of the 1 mo posttherapy assess-
ment after conventional therapy. In this analysis, the 
MusicGlove group had a significantly greater change in 
ARAT score than the conventional therapy group (n = 8) 
at 1 mo posttherapy (mean difference of 2.4 points, one-
tailed t-test, p = 0.046). Thus, both of these exploratory 
analyses supported positive effects of MusicGlove train-
ing, although the first relied on an ad hoc outlier removal 
and the second combined change scores without a prior 
history of participation in conventional training with 
change scores that were dependent on a prior history of 
participation in conventional training.

DISCUSSION

Increased Functional Use of Hand After MusicGlove 
Therapy

Notably, some of the participants in the conventional 
therapy group did not adhere to the study protocol and 
continued exercising after the exercise period. This may 
explain why the conventional therapy group had a sub-
stantial increase in Box and Blocks score at 1 mo post-
therapy after a relatively small increase immediately 
posttherapy (Figure 3). Yet, despite the fact that there 
was a significant increase in Box and Blocks score across 
both the MusicGlove and conventional therapy groups at 
1 mo posttherapy, only the MusicGlove group converted 
this improvement in gripping function into increased 
self-reported functional use of the hand as measured by 
the MAL scores.

One possible explanation for this increased functional 
use of the hand after MusicGlove therapy is that thumb 



465

ZONDERVAN et al. MusicGlove hand rehabilitation
Figure 4.
(a) Number of grips completed with MusicGlove by each study 

participant, including crossover data. Note break in y-axis from 

12,000 to 27,000 grips, which was inserted for readability. 

Dashed line represents target dose of 2,700 total grips. (b) Mean 

cumulative number of grips completed as function of day in study 

for all study participants, including crossover data. Dashed line 

represents expected progression of cumulative number of grips if 

subjects practiced 300 repetitions/h, 3 h/wk, for 3 wk. Average 

number of grips completed per day across all subjects increased 

significantly from first week of therapy to next 2 wk of therapy (p = 

0.04). *Transition point (i.e., day 8). Error bars show ±1 standard 

error. ND = data not available for participants.

opposition is critical for functional use of the hand, and the 
MusicGlove is more effective at promoting intensive train-
ing of thumb opposition than conventional therapy. Another 
more general possibility is that functional use of the hand 
requires several fundamental movement patterns of the 
fingers and thumb and that the MusicGlove is effective at 
training these patterns. Indeed, a study that used principal 
component decomposition to analyze the movement 
patterns associated with functional use of the hand found 
that >90 percent of the variance in hand kinematics could be 
explained by nine finger-thumb movement patterns similar 
to ones trained by the MusicGlove [50]. In this framework, 
practicing a key movement component that is used in a 
range of daily tasks may be more efficient at inducing func-
tional recovery than practicing the individual tasks them-
selves [51–53], a hypothesis one could call “component-
specific training” in order to contrast it with the widely 
advocated approach of “task-specific training.” A third pos-
sibility is that practice with the MusicGlove simply made 
the participants pay more attention to their hand, and thus 
they were more inclined to report an increased use of it in 
daily tasks.

Comparison with Previous Hand Therapy Studies
Our previous clinic-based study of the MusicGlove 

[27–28] included participants with a chronic stroke of 
similar duration and similar levels of initial hand impair-
ment as the current study. However, in that study, sub-
jects trained for 2 wk in six 1 h sessions with the 
MusicGlove under continuous supervision. The change 
in Box and Blocks score was 3.2 blocks after 6 h of clini-
cal therapy versus 2.3 blocks after 9 h of home-based 
therapy in the current study. Thus, the gains achievable at 
home were comparable to those achieved in the clinic, 
though there is a mild indication that clinic-based therapy 
is more efficient at improving gripping function.

The largest trial of hand therapy reported to date is 
the EXCITE trial, which used large amounts of graded, 
task-oriented exercises [54–55]. Specifically, participants 
in the EXCITE trial received a total of 60 h of therapy for 
up to 6 h/d, 5 d/wk, for 2 wk, during which they were 
prevented from using their nonimpaired limb. In the pres-
ent study, the functional gains following MusicGlove use 
were 0.82 for MAL QOM and 0.86 for MAL AOU. Fol-
lowing the EXCITE trial, the functional gains were 1.12 
for MAL QOM and 1.07 for MAL AOU. This finding 
that participants who used the MusicGlove achieved 
about 75 to 80 percent of the benefit reported on the 
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MAL for the EXCITE trial despite less training time, 
absence of a constraint on their nonimpaired hand, and 
use of home therapy rather than therapist-supervised 
training is notable.

Comparing the outcomes of the present study with 
other home-based hand therapy trials is difficult because of 
variations in study protocol, amount of therapist guidance 
provided, and outcome measures [14,17–23]. However, 
the improvements in Box and Blocks score seen here are 
similar to the gains observed in a prior home-based telere-
habilitation study with chronic stroke subjects that incor-
porated virtual line-tracking with a finger goniometer, 
which reported changes of 2.0 and 4.9 blocks in the two 
study groups [16]. That study included five video calls 
between the therapist and the patient over a 10 d training 
period, while the present study used less interaction.

Influence of Motivating Factors on Dose of Exercise 
and Long-Term Outcomes

There is growing consensus that individuals typically 
perform far too few exercise repetitions to maximize 
recovery after stroke [7,49,56]. Indeed, our exploratory 
analysis of the relationship between number of grips 
completed and outcomes suggested that, at least in terms 
of increasing self-reported functional use of the hand, 
there is a positive correlation between the dose of therapy 
and outcomes. However, the slope of that correlation was 
small, indicating that thousands of additional exercise 
repetitions are required in order to promote increased 
functional use.

As mentioned in the “Methods” section, a recent study 
suggested 300 repetitions in a 1 h therapy session was an 
appropriate target [49]; this is an order of magnitude more 
than the number of repetitions typically performed in 
guided therapy sessions [7]. Of the 15 participants in the 
present study whose MusicGlove usage data were col-
lected successfully, 11 exceeded this target. Of the four 
participants who did not, three had very low levels of per-
formance in the MusicGlove game, in terms of percentage 
of notes successfully hit, suggesting that the therapy was 
difficult for them. Further, none of these four participants 
improved their performance from day 1 to day 2 of ther-
apy, which could have reduced their motivation to con-
tinue. This is in line with other studies that have shown 
high levels of difficulty or lack of improvement in a task 
can reduce motivation to persist [57–59]. Based on the 
results of this study, a minimum average performance of 
20 percent in the MusicGlove game may be an important 

factor for maintaining motivation during home therapy 
with the device.

Interestingly, instead of observing a novelty effect in 
which the participants initially used the MusicGlove 
more frequently and then tapered off their use, we instead 
observed that the participants significantly increased 
their use of the device after the first week of therapy, 
completing on average over 200 additional grips per day 
during the next 2 wk. Some of this increase may have 
been due to increased performance in the game (i.e., the 
participants completed a higher percentage of the grips 
that were requested during a given song, resulting in 
more grips per day). However, performance data from the 
laptops showed an average improvement of only 6 per-
cent from the second to the final day of therapy, which 
would have resulted in an increase of only about 30 addi-
tional grips per day if the amount of practice time had 
remained the same. Thus, a better explanation of the 
increase in grips completed per day is that the partici-
pants became more interested and motivated to use the 
MusicGlove after their initial exposure to it.

Indeed, the use of motivating factors such as music 
and video games during therapy may be an important 
approach to improve the long-term outcomes of a reha-
bilitation program. Music has been shown to encourage 
movement via tightly coupled interaction between the 
auditory and motor cortices, which may improve motor 
recovery [26,60–61]. Also, the use of music during ther-
apy may enhance neural reorganization, thus increasing 
functional outcomes from the therapy [25,62–69]. The 
use of video games not only creates an immersive exer-
cise experience but can also encourage a high number of 
repetitions, create an appropriate level of challenge, 
reward progress, and provide feedback on improvements 
over time. The MusicGlove includes each of these fea-
tures, all of which have been linked to improved long-
term outcomes of therapy [58,70–73] and likely contrib-
uted to the significant improvements in motor function 
after MusicGlove therapy in the present study.

Of particular note is that the participants in the 
MusicGlove group had significantly higher levels of self-
reported depression on the Geriatric Depression Scale 
than the conventional therapy group at baseline (i.e., they 
were more likely to respond negatively to questions per-
taining to their quality of life). This may have been 
expected to limit functional improvements in this group 
since depressive symptoms have been shown to reduce 
outcomes from rehabilitation after stroke [74] and are 
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correlated with an inability to carry out many activities of 
daily living [75]. Indeed, one participant did report poor 
adherence to the study protocol because of severe depres-
sion. However, for the rest of the participants, this was 
not the case. We did not reassess the participants’ scores 
on the Geriatric Depression Scale at the 1 mo follow-up, 
but future studies should assess whether exercising with 
the MusicGlove can improve psychological well-being. 
This may in turn promote increased functional use of the 
hand, such as we observed here.

Limitations and Future Directions
Limitations of this study include a small sample size, 

the conventional therapy group’s poor adherence to the 
study protocol by continuing to exercise after the 3 wk 
training period, the lack of an accurate measure of the 
number of exercise repetitions the participants in the con-
ventional therapy group performed during the experi-
ment, subject dropout, and incomplete data collection on 
two of the MusicGlove laptops because of technical 
errors. Common technical difficulties with the Music-
Glove included an inability to double-click the desktop 
icon that opened the MusicGlove application on the lap-
top, difficulties using a tracking pad to control the laptop 
cursor, difficulty properly exiting the MusicGlove appli-
cation, and difficulty turning the computer on and off. 
There were few technical issues with the MusicGlove 
hardware itself.

Future research should explore the use of Music-
Glove therapy in individuals with subacute stroke and 
other populations that exhibit hand impairment, such as 
those with traumatic brain injury and spinal cord injury. 
Other studies could also examine which motivating fac-
tors (e.g., music or video games) are most effective for 
facilitating large amounts of movement practice and 
improving long-term functional outcomes and the mech-
anisms by which these factors influence self-report of 
functional use of the hand. Finally, the ability of the 
MusicGlove to accurately record the number of move-
ment repetitions performed during exercise makes it 
well-suited for use in a study that explores the relation-
ship between dose and therapeutic outcomes. Further 
studies could expand on the small exploratory analysis 
we presented here by examining this relationship across a 
larger sample size and under a more closely controlled 
therapeutic regimen.

CONCLUSIONS

The results of this study confirmed that the Music-
Glove is viable and effective for home therapy, and it 
motivated users to complete a high number of therapeutic 
gripping movements. We did not observe a significant dif-
ference between MusicGlove therapy and conventional 
therapy in the primary end point, but we did observe a 
significant difference in favor of the MusicGlove in two 
of the secondary end points (MAL AOU and QOM).
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