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Quality-of-Life Change Associated
With Robotic-Assisted Therapy to
Improve Hand Motor Function in
Patients With Subacute Stroke:
A Randomized Clinical Trial
Nancy G. Kutner, Rebecca Zhang, Andrew J. Butler, Steven L. Wolf, Jay L. Alberts

Background. At 6 months poststroke, most patients cannot incorporate their
affected hand into daily activities, which in turn is likely to reduce their perceived
quality of life.

Objective. This preliminary study explored change in patient-reported, health-
related quality of life associated with robotic-assisted therapy combined with reduced
therapist-supervised training.

Design and Setting. A single-blind, multi-site, randomized clinical trial was
conducted.

Participants. Seventeen individuals who were 3 to 9 months poststroke participated.

Intervention. Sixty hours of therapist-supervised repetitive task practice (RTP) was
compared with 30 hours of RTP combined with 30 hours of robotic-assisted therapy.

Measurements. Participants completed the Stroke Impact Scale (SIS) at base-
line, immediately postintervention, and 2 months postintervention. Change in SIS
score domains was assessed in a mixed model analysis.

Results. The combined therapy group had a greater increase in rating of mood from
preintervention to postintervention, and the RTP-only group had a greater increase in
rating of social participation from preintervention to follow-up. Both groups had statis-
tically significant improvement in activities of daily living and instrumental activities of
daily living scores from preintervention to postintervention. Both groups reported sig-
nificant improvement in hand function postintervention and at follow-up, and the
magnitude of these changes suggested clinical significance. The combined therapy group
had significant improvements in stroke recovery rating postintervention and at follow-up,
which appeared clinically significant; this also was true for stroke recovery rating from
preintervention to follow-up in the RTP-only group.

Limitations. Outcomes of 30 hours of RTP in the absence of robotic-assisted
therapy remain unknown.

Conclusion. Robotic-assisted therapy may be an effective alternative or adjunct to
the delivery of intensive task practice interventions to enhance hand function recov-
ery in patients with stroke.
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Stroke is the most prevalent cause
of adult-onset disability in the
United States. An estimated 5.8

million people who have had a stroke
have residual neurological deficits.1,2

At 6 months poststroke, about 65% of
patients cannot incorporate their af-
fected hand into their usual activities,1

a limitation of distal motor function
that understandably is associated with
reduced perception of quality of life.3

There has been limited research on
quality of life and rehabilitation ther-
apies among people with conditions
such as stroke that limit mobility.

Repetitive task practice (RTP) strate-
gies, developed for use in constraint-
induced movement therapy (CIMT),
can improve hand function and indi-
viduals’ perception of their health-
related quality of life (HRQOL).4

Support for the use of RTP as a fun-
damental basis for retraining upper-
extremity function has been ad-
dressed in 2 excellent reviews.5,6

Briefly, RTP consists of breaking a
task down into specific segments.
These segments then are practiced
individually and require successful
completion before the entire task is
“put together.” The activities the pa-
tient performs and the feedback pro-
vided are consistent with models of
a massed RTP practice schedule.7

Repetitive task practice–based inter-
ventions, however, are labor-intensive
therapies. Robotic devices continue
to improve in design, control, and
usability and may offer a solution to
decrease the therapist time demands
necessary for the delivery of RTP-

type interventions. The ability of
several device-oriented approaches
to facilitate improvement in move-
ment capability among patients fol-
lowing stroke has been explored.8–11

In this regard, sophisticated upper-
extremity robotic systems (eg, MIT-
Manus*) have been developed.8,12,13

The vast majority of upper-extremity
robotic systems (eg, MIT-Manus/
InMotion 2.0,* GENTILE/s,† MIME,‡

and others) are focused on improv-
ing gross reaching movements of the
upper extremity.14–18 These devices
have shown effectiveness in improv-
ing proximal upper-extremity func-
tion and motor control10 and have
yielded useful data for understanding
recovery mechanisms.8,9

A systematic review of the rehabili-
tation literature indicates strong evi-
dence that intensity and task speci-
ficity are primary indicators of an
effective treatment program follow-
ing stroke.19,20 In addition, training
should be repetitive, functional, mean-
ingful, and challenging to the pa-
tient; these are characteristics of
task practice interventions that have
been shown to improve upper-
extremity function in patients with
stroke.4,21,22 Despite their effective-
ness, widespread implementation of
RTP interventions in their current
forms faces substantial obstacles
(primarily cost of delivering the ser-
vice and the duration of each ses-
sion) that limit the potential for clin-
ical acceptance. The use of a robotic
device as a therapeutic adjunct to
task practice is appealing because
this approach may enhance the re-
covery process and potentially de-

crease the time spent in therapist-
directed task practice.

The robotic device used in this
project focuses on improving distal
motor function by enhancing active
range of motion (AROM) of the wrist
and fingers and reducing spasticity
(exaggerated reflex response to slow
or fast stretch of wrist or finger
flexor muscles) about the wrist. The
device is based on principles of mo-
tor learning, as it engages and pro-
vides feedback to the individual dur-
ing the performance of repetitive
activities that are intended to trans-
fer to functional distal motor activi-
ties. The robotic device provides
consistent and precise therapy for
long durations without fatigue. Pre-
vious studies have shown that the
quantity and quality of afferent infor-
mation are greater during consistent
and larger-amplitude movements.23–25

The resultant increase in the quantity
and quality of afferent information
provided to the patient during ro-
botic device use may facilitate motor
learning or relearning. Augmenting
the motor learning or relearning pro-
cesses with a robotic device may al-
low for a reduction in the duration
of therapist-directed RTP without
compromising improvements in mo-
tor function or HRQOL in patients
with stroke.

A meta-analysis of robot-assisted ther-
apy effects on upper-limb function in
patients with stroke concluded that
robotic therapy typically improves
proximal limb control.18,26 However,
there is limited clinical acceptance
of robot-assisted therapy.9 Although
the motor effects of robotic-assisted
therapy are beginning to be docu-
mented, there is little evidence to
date about the effects on patient-
assessed HRQOL when robotic-
assisted therapy is used in conjunc-
tion with an RTP intervention.

This article reports HRQOL out-
comes that were gathered as part of

* Interactive Motion Technologies Inc, 37
Spinelli Place, Cambridge, MA 02318.
† This system is not commercially available. It
has been and is currently being used in re-
search protocols at the University of Reading
in the United Kingdom.
‡ This system is not commercially available;
developed at the VA-Rehabilitation Research
and Development Center at Palo Alto,
California.
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a preliminary randomized clinical
trial. The primary aim of the clinical
trial was to determine the clinical
effectiveness of using a distally fo-
cused robotic device in conjunction
with an abbreviated duration of RTP
to improve upper-extremity motor
function in 2 groups of patients with
stroke: (1) an RTP-only group whose
participants received 60 hours of
therapist-supervised RTP and (2) a
combined therapy group whose par-
ticipants received 30 hours of
robotic-assisted therapy and 30
hours of therapist-supervised RTP.
The well-validated Stroke Impact
Scale (SIS)27 was used as the primary
outcome measure to assess HRQOL.
This preliminary study was con-
ducted to estimate the magnitude of
change and standard error between
the 2 treatment groups in order to
determine the sample size needed
for a larger randomized clinical trial.
Based on preliminary data that sug-
gested HRQOL benefits associated with
the combined therapy, we wanted to
explore the relative HRQOL benefits
of receiving therapist-supervised
RTP only compared with receiving
combined therapy among patients
with reduced hand function second-
ary to stroke.

Method
Design Overview
A prospective, parallel group, ran-
domized clinical trial with blinded
assessments was conducted. All par-
ticipants gave written informed con-
sent prior to inclusion in the study.

Setting and Participants
A total of 109 patients with subacute
stroke were assessed for eligibility.
Participant eligibility criteria includ-
ed: first clinical stroke diagnosis; sta-
tus 3 to 9 months poststroke; Mini-
Mental Status Examination28 score of
�24; ability to stand independently
for 2 minutes; passive range of mo-
tion (PROM) of �45 degrees for ab-
duction, flexion, or external rotation
of the shoulder or pronation of the

forearm; active extension of the
wrist of �10 degrees; active exten-
sion of the metacarpophalangeal
and interphalangeal joints of the
thumb; and �10 degrees of exten-
sion in at least 2 additional digits.
Of the 109 patients assessed, 72 did
not meet the inclusion criteria (in
most cases due to overly high or low
functional levels based on the speci-
fied criteria), 4 refused to partici-
pate, and 12 were excluded for other
reasons (eg, lack of transportation,
anticipated move to another area).
Twenty-one patients with stroke
were recruited at Emory University
and at the Cleveland Clinic Founda-
tion. Three patients withdrew after
randomization due to transportation
difficulties, and 1 patient did not com-
plete the 2-month follow-up evalu-
ation. Twelve patients completed
training and evaluation at Emory Uni-
versity, and 5 patients were trained
and evaluated at the Cleveland Clinic.

Randomization
and Interventions
After screening by the study coordi-
nator, participants were randomly
assigned by the sealed envelope
method to receive either 60 hours of
RTP or 30 hours of RTP � 30 hours
of robotic-assisted (ie, Hand Mentor§

[HM]) therapy over the course of
3 weeks. Therapists and evaluators
had occupational or physical ther-
apy backgrounds. Staff at the 2 re-
search sites were trained to deliver
standardized treatment and patient
evaluation procedures. Research staff
blinded to treatment assignment con-
ducted interview-based outcome as-
sessments. The participants were not
blinded to their assignment but were
not informed of the study hypotheses
or primary outcome measures.

The RTP tasks were selected by each
participant, in collaboration with the

trainer, on the basis of personal pref-
erence, relevance, and interest. Most
importantly, the tasks were selected
so that the participant was chal-
lenged, rather than simply complet-
ing activities because of their appar-
ent ease. Impairment training was
not part of the RTP protocol for ei-
ther group. Some typical activities
were: ironing, potting a plant, hold-
ing cards, and so on. In the present
context, the variables manipulated
were related to the temporal and
spatial domains for task completion.
Upon selection, the tasks were bro-
ken into segments that required suc-
cessful completion before the entire
task was “put together.” For exam-
ple, for the activity of potting a plant,
the first component was reaching to
grasp and release a hand shovel, then
raising the shovel to the top of a pail
and placing it back on the table.
These individual actions were rein-
forced through RTP. Ultimately, the
entire complement of movements in-
cluded shoveling dirt into the pot
and placing seedlings or plant stems
in the pot. As can be deduced, this
sequence placed progressively
greater demands on multijoint con-
trol and sequencing. Improvements
in spatial control were accomplished
by having the therapist progressively
move the object farther from the par-
ticipant, thus imposing greater joint
ranges of motion. Temporal domain
elements were engaged by requiring
the participant to repeat the task
components or total task activity as
frequently as possible during a de-
fined time interval. The activities
that the participant performed and
the feedback provided were consis-
tent with models of a massed RTP
practice schedule.29 An RTP ap-
proach in which summary feedback
is provided avoids potential compli-
cations related to feedback type and
schedule for patients with stroke,
especially as the optimal feedback
schema for this population is
unknown.

§ Kinetic Muscles Inc, 2103 E Cedar St, #3,
Tempe, AZ 85281 (http://www.kineticmuscles.
com).
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Participants in the combined therapy
group divided their time equally be-
tween the RTP activities with a ther-
apist and supervised HM use. The
selection of RTP tasks for this group
was identical to task selection for the
RTP-only group, and all RTP training
was delivered in the same manner
(eg, increasing temporal and spatial
requirements of the activity over
the course of practice based on the
participants’ performance). Partici-
pants did not wear or use the HM
during the performance of any RTP
activities.

The HM and its components are il-
lustrated in Figure 1, and the system
has been described in detail previ-
ously.30 Briefly, an air muscle (pneu-
matic actuator) provides the force
necessary to extend the wrist and
resist wrist flexion. Activation of the
air muscle rotates a bar about a pivot
point positioned in line with the axis
of rotation about the wrist. This ac-
tion extends the wrist and fingers.
Wrist extension position is measured
by a potentiometer, which is cen-
tered in-line with the pivot point and
the axis of wrist flexion. Resistance
to wrist flexion is measured by force-

sensitive resistors (FSRs). The FSR
output is a measure of the resistance
offered by multijoint stiffness attrib-
utable to changes in viscoelastic
properties and muscle length stretch
sensitivity in both the finger and
wrist flexor muscle groups. Exces-
sive force on the hand is prevented
in several ways. A microcompressor
has a maximum output pressure of
28 psi, thus limiting the maximum
force produced by the air muscle. To
prevent excessive extension of the
wrist, a physical stop also is provided
that limits motion of the activation
bar at 60 degrees of wrist extension.
The HM provided biofeedback to the
participant during various activities
requiring varying levels of wrist con-
trol. The therapist monitored HM us-
age and provided assistance in the
donning and doffing of the device.
The therapist also adjusted difficulty
levels based on participant perfor-
mance and comfort level.

The primary goal of the HM is to
improve AROM about the wrist and
fingers (flexion-extension), wrist con-
trol, and initiation of distal move-
ment. The 3 HM protocols used

were: motor control, recruitment,
and spasticity reduction.30,31

Briefly, the goal of the motor control
protocol was to increase AROM at
the wrist. The participants started
with the wrist in a neutral posi-
tion. Real-time wrist position was
represented by a horizontal row of
light-emitting diodes (LEDs) on the
control box. Participants were in-
structed, via the ARM control box,
to extend their wrist to the target
LED. Once that target was achieved,
the participants actively performed
a wrist flexion, past neutral, to ob-
tain the wrist flexion target. There
were 2 motor control modes: a wrist
flexion-extension mode and an
extension-flexion mode. If a partici-
pant was unable to achieve the wrist
extension goal, the air muscle would
be activated and slowly extend the
wrist to the target position. The dif-
ficulty of the task (eg, range of mo-
tion necessary to reach the LED tar-
gets) was systematically increased
as a participant had multiple consec-
utive successful trials. By changing
the sensitivity, success across the
difficulty levels encapsulated a wrist
AROM between 11 and 76 degrees.

The aim of the recruitment protocol
was to increase active wrist extensor
muscle activity via feedback and as-
sistive motion of the fingers and
wrist. The participants were asked to
relax their wrist and hand; this point
was considered the initial starting
position. Participants had to actively
extend their hand and wrist to their
maximum and hold their hand and
wrist at that position for approxi-
mately 10 seconds. Over the next 20
seconds, the air muscle was inflated;
during this time the fingers and wrist
were extended to 60 degrees (or less
if significant flexor tone [velocity-
dependent resistance to stretch] was
present). The resulting position was
held for 10 seconds, after which air
pressure was released and the hand
and fingers returned to the initial po-

Figure 1.
Hand Mentor robotic system and its components.
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sition. This process was repeated for
10 to 20 cycles. The electromyo-
graphic (EMG) activity of the wrist
extensors was presented as a line in
the LED display. After each cycle,
participants were encouraged to in-
crease the height of the EMG and
position lines on subsequent cycles
using visual biofeedback.

The aim of the spasticity protocol
was to decrease flexor tone of the
fingers and wrist via feedback and
assistive motion of the fingers and
wrist. The initial position of the hand
was at approximately 30 degrees of
flexion. The air muscle was inflated
to bring the wrist to approximately
half of the participants’ available
PROM. The amount of force neces-
sary to achieve this position was
measured by FSRs within the ARM
device while a potentiometer pro-
vided wrist position. A flexor stiff-
ness ratio (ratio of force to position)
was calculated and displayed on the
LCD graph, and the participants’
goal was to decrease the amount of
wrist flexor activity during the next
60 seconds. If flexor activity was re-
duced, the height (number) of illu-
minated LEDs, which was scaled to
each participant, also decreased while
wrist extension increased. After 60
seconds, the air pressure was re-
leased from the air muscle, and the
wrist returned to its initial flexed po-
sition. Participants were encouraged
to decrease the height of the line
through relaxation on subsequent
trials. They started in the easiest
mode (ie, least amount of active
wrist extension and flexion neces-
sary to achieve the goal) and pro-
gressed to more difficult levels (ie,
more active control of wrist exten-
sion and flexion) after consistently
achieving an 85% success rate on a
specific protocol.

Participants in both groups adhered
to all procedures and protocols
and completed all of the training

sessions. No adverse events were
reported.

Outcome Measures
Data for the outcome measures were
collected before the intervention,
immediately postintervention, and 2
months postintervention.

Primary outcome measure. Health-
related quality of life was assessed by
the 8 subscales and overall stroke
recovery rating of the Stroke Impact
Scale (SIS) version 3.0.32 The SIS
version 3.0 comprises 59 items and
assesses the domains of strength,
memory/thinking, mood, communi-
cation, activities of daily living/in-
strumental activities of daily living
(ADL/IADL), mobility, hand func-
tion, and social participation. An
overall rating of stroke recovery also
is included. Each domain contains a
general description of the type of
questions that follow and a state-
ment with a reference to a specific
time period (1, 2, or 4 weeks). Re-
spondents score their performance
on a 5-point scale (eg, “no strength”
to “a lot of strength”; “none of the
time” to “all of the time”). Duncan et
al27 have shown the SIS to be valid,
reliable, and sensitive to change, and
other investigators also have con-
cluded that the SIS has good psycho-
metric properties.33 A 10- to 15-point
change in a domain score may rep-
resent a clinically significant change.34

Covariates. Symptoms of depres-
sion are prevalent among patients
who have had a stroke.35 Depressed
mood was assessed by the 20-item
Center for Epidemiologic Studies–
Depression (CES-D) Scale.36 Addi-
tional covariates included in the anal-
yses were age, sex, and race.
Depressed mood, age, sex, and race
influence reported HRQOL.3,33 Al-
though the randomization process
may ensure that intervention groups
are not significantly different on
these variables at baseline, with a
small sample size, it is difficult to

ensure that intervention groups are
balanced with respect to these
characteristics.

Follow-up. Follow-up was at 2
months postintervention for both
groups.

Sample Size
Data to determine sample size were
derived from an analysis of grasping
kinetics among patients who partic-
ipated in a previous CIMT study,4 in
which an effect size of 1.0 was
present from pretreatment to post-
treatment. Using 1.0 as the estimated
effect size, with a sample of 8 partic-
ipants in the combined therapy
group, pretreatment to posttreat-
ment change could be detected with
power of 0.68 using a 2-sided signif-
icance level of .05. In addition, as-
suming the same effect size, the test
for time � treatment interaction ef-
fects (with treatment being either
combined therapy or RTP alone) had
power of 0.67 using a 2-sided signif-
icance level of .05 with 8 partici-
pants per group.

Data Analysis
Internal consistency reliability of
each of the 8 SIS domains was eval-
uated by Cronbach alpha. All do-
mains had adequate reliability (alpha
exceeded 0.7). Baseline characteris-
tics of the 2 intervention groups
were compared by t test (continuous
variables) and chi-square analysis
(categorical variables). The HRQOL
outcomes for the 2 groups, as mea-
sured by average change in SIS
scores, were examined in a mixed-
effects model, with random effects
for patient and the estimate of inter-
est being the time � treatment inter-
action. The 2 factors—treatment (RTP
only, combined therapy) and time
(preintervention, postintervention, and
follow-up)—were included in the
model, and the average response for
each combination was modeled.
The SIS scores were adjusted for par-
ticipants’ age, sex, race, and baseline
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CES-D Scale score. Analyses were
performed using SAS proc MIXED in
SAS version 9.0.�

Role of the Funding Source
This study was funded by a grant
(R21 HD057020) from the National
Institute of Neurological Disorders
and Stroke, National Institutes of
Health (NIH), to Dr Alberts. The
study sponsor had no role in the
study’s conduct or reporting. Rec-
ommendations received from NIH
reviewers in the application phase
were taken into consideration in the
study design.

Results
Figure 2 details the recruitment and
passage of participants through the
trial. At 2 months postintervention, 7
participants in the RTP-only group
and 10 participants in the combined
therapy group had successfully com-
pleted the study.

Randomization resulted in a distribu-
tion of patient demographic and clin-
ical characteristics that was not sta-
tistically different at baseline for the
2 intervention groups (Tab. 1). The
average age of the participants who
were randomly assigned to the RTP-
only group was 51 years, and the
average age of the participants who

� SAS Institute Inc, PO Box 8000, Cary, NC
27513.

Figure 2.
Flow of participants through the trial. RTP�repetitive task practice.

Table 1.
Characteristics of Study Participants as a Whole and by Intervention Groupa

Variable
Total

(n�17)

RTP-Only
Group
(n�7)

Combined
Therapy Group

(n�10) P

Mean age (SD) 57.4 (13.4) 51.0 (11.3) 61.9 (13.4) .10

Men/women 10/7 5/2 5/5 .38

White/African American 9/8 3/4 6/4 .49

Days after stroke, mean (SD) 234.4 (121.8) 184.1 (126.5) 269.6 (111.1) .16

Ischemic stroke/hemorrhagic stroke 12/5 5/2 7/3 .95

MMSE score, mean (SD) 28.5 (1.4) 29.0 (1.3) 28.2 (1.5) .27

CES-D Scale score, mean (SD) 9.6 (6.2) 7.3 (3.8) 11.3 (7.2) .20

a RTP�repetitive task practice, MMSE�Mini-Mental State Examination, CES-D�Center for Epidemiologic Studies–Depression.
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were randomly assigned to the com-
bined therapy group was approxi-
mately 62 years (P�.10). Partici-
pants in the RTP-only group were,
on average, 184.1 days poststroke,
and participants in the combined
therapy group were, on average,
269.6 days poststroke (P�.16). Aver-
age CES-D Scale baseline scores for
participants in the 2 groups did not
differ significantly (P�.20) and were
below the suggested cutoff (16) for
possible clinical depression.36 As
measured by the Fugl-Meyer Motor
Assessment (maximum score�66),37

participants were similar in severity
of upper-limb motor impairment at
baseline, with a mean (SD) score of
39.4 (6.6) in the RTP-only group and
33.6 (9.7) in the combined therapy
group.

Mean (SD) SIS scores for participants
in the 2 groups at baseline, postint-
ervention, and 2-month follow-up
are shown in Table 2. Baseline SIS
scores were not significantly differ-
ent for the participants in the 2 treat-
ment groups.

When average SIS score changes ob-
served in the 2 groups were com-
pared, group � time interaction ef-
fects were evident for 2 SIS domains
(Tab. 3). First, compared with aver-
age change in mood ratings in the
RTP-only group, the average change
in mood ratings in the combined
therapy group was greater from pre-
intervention to postintervention. The
estimated effect was �8.0 (P�.03).
Second, compared with average
change in social participation ratings
in the combined therapy group, the
average change in social participa-
tion ratings in the RTP-only group
was greater from preintervention to
follow-up. The estimated effect was
18.4 (P�.008). The data reported in
Table 2 provide information about
the nature of these changes in the 2
groups.

As indicated in Table 4, both RTP
only and the combined therapy were
associated with a statistically signifi-
cant improvement in rating of the
ADL/IADL domain from preinterven-
tion to postintervention, but the es-
timated changes did not meet the
criterion for potential clinical signif-
icance. Both RTP only and the com-
bined therapy were associated with
a statistically significant improvement
in rating of hand function at postin-
tervention and at follow-up, and the
magnitude of these changes sug-
gested clinical significance for both
intervention groups. Combined ther-
apy was associated with a statisti-
cally significant improvement in
stroke recovery rating postinterven-
tion and at follow-up, and both of
these changes suggested clinical sig-

nificance. The RTP-only intervention
was associated with a statistically sig-
nificant improvement in stroke re-
covery rating at follow-up, and this
change suggested clinical significance.

Discussion
Patients who have had a stroke can
experience accelerated gains in qual-
ity of life after participating in tar-
geted interventions that focus on im-
proving upper-extremity strength.38

Our study indicated improvement
in ratings of hand function from
baseline to follow-up among patients
whose therapy time was divided be-
tween the HM and RTP, as well as
among patients who received twice
as much RTP. Based on ratings ob-
tained with the SIS, assessment of
hand function improved over time,

Table 2.
Mean (SD) Stroke Impact Scale (SIS) Domain Scores and Mean (SD) Stroke Recovery
Rating, by Intervention Group and Study Visita

SIS Domain

RTP-Only Group (n�7)

Baseline Postintervention Follow-up

Strength 58.0 (11.2) 56.3 (12.0) 60.7 (17.2)

Memory 86.2 (19.4) 85.7 (14.9) 86.7 (16.7)

Mood 89.3 (5.9) 90.1 (5.8) 89.3 (7.1)

Communication 90.4 (14.4) 87.8 (16.2) 90.3 (14.8)

ADL/IADL 67.9 (15.8) 80.0 (16.3) 75.7 (21.3)

Mobility 75.4 (17.7) 80.2 (17.2) 74.2 (26.0)

Hand function 40.0 (31.4) 57.9 (26.9) 57.9 (27.5)

Social participation 51.8 (15.5) 61.2 (22.2) 67.9 (20.3)

Stroke recovery 42.9 (24.8) 55.7 (21.3) 63.6 (23.0)

SIS Domain

Combined Therapy Group (n�10)

Baseline Postintervention Follow-up

Strength 47.5 (18.4) 54.4 (9.3) 55.7 (18.5)

Memory 73.6 (21.8) 76.1 (19.4) 76.1 (16.1)

Mood 74.7 (13.2) 81.9 (13.0) 70.2 (11.5)

Communication 79.3 (17.7) 84.3 (14.9) 82.1 (14.9)

ADL/IADL 58.8 (18.8) 67.5 (17.7) 62.6 (17.3)

Mobility 58.1 (17.5) 63.3 (16.1) 62.2 (20.8)

Hand function 24.0 (16.0) 52.0 (17.5) 47.0 (22.3)

Social participation 49.1 (22.0) 52.8 (14.0) 48.7 (21.4)

Stroke recovery 48.0 (18.6) 67.0 (13.8) 66.0 (19.1)

a RTP�repetitive task practice, ADL/IADL�activities of daily living/instrumental activities of daily living.
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with no significant difference be-
tween the 2 intervention groups. In
addition, the combined therapy group
reported improvement in perceived
overall stroke recovery postinterven-
tion and at follow-up, and the RTP-
only group reported improvement in
perceived overall stroke recovery at
follow-up. The clinical significance
of hand function improvement may
generalize to a more positive percep-
tion of individuals’ poststroke level
of functioning.

Among the participants in this study,
hand function was rated lower at en-
rollment than any of the other do-
mains measured by the SIS. This ob-
servation also was true of the 222
patients who were enrolled into the
EXCITE trial.4 Involuntary activation
of flexor muscles coupled with ex-
tensor paresis affects hand function,
impeding the ability to perform dex-
terous activities that require skilled
hand use (ie, control and coordina-
tion of grasping forces and appropri-
ate opening and closing of the hand).
A qualitative study of patients who
were �7 months poststroke showed
that residual impairments in ability
to handle newspapers, use paper
clips, put things in envelopes, and

hang clothes in the closet were a
source of great distress and reduced
perception of life quality.3

Although the neurophysiologic bases
for motor recovery after stroke are
not completely understood, neuro-
nal cortical connections and cortical
representation areas appear modifi-
able by sensory input, experience,
and learning.39–41 Rehabilitation ther-
apies that incorporate principles of
motor learning, such as RTP, can fa-
cilitate cortical reorganization.42

Robotic devices, such as the HM,
that use motor learning principles
(ie, engaging the user, providing
meaningful feedback during the per-
formance of repetitive activities that
are intended to transfer to functional
distal motor activities, and utilizing a
massed practice training schedule)
may be a valuable component of or
adjunct to task practice interventions.
Although the exact mechanism re-
sponsible for improved rating of
hand function following an abbrevi-
ated RTP intervention while using
the HM is unknown, it is likely that
an increase in the AROM of the wrist
and fingers and a possible reduction
in spasticity of the hemiparetic limb

may result in an improved percep-
tion of hand function. The consis-
tent, repetitive, and progressive na-
ture of the HM may increase the
quantity and quality of sensorimotor
information provided to the patient,
which has been shown to modulate
motor cortex function and excitabil-
ity43,44 and to promote motor learn-
ing.45 An increase in quantity and
quality of afferent information pro-
vided to the patient during robotic
device use may facilitate motor learn-
ing or relearning.

It is fully acknowledged that sole
use of the HM, in the absence of
therapist-directed RTP, would not be
expected to result in the same mag-
nitude of improvement in hand func-
tion rating that was seen in the com-
bined therapy group in the current
study. It is not envisioned that the
introduction of a robotic system will
replace therapist-directed rehabilita-
tion approaches. Rather, the appeal
of robotic systems such as the HM is
that they can provide consistent
and precise therapy for long dura-
tions without fatigue while generally
requiring relatively minimal super-
vision. Therefore, we envision the
HM as providing a “helping hand” to

Table 3.
Estimated Intervention Group � Time Interaction Effects on Stroke Impact Scale (SIS) Domain Scores and Stroke Recovery
Ratinga

SIS Domain

From Preintervention to Postintervention From Preintervention to Follow-up

Estimate 95% CI P Estimate 95% CI P

Strength �9.2 �20.7 to 2.3 .11 �5.0 �23.0 to 13.0 .56

Memory �4.2 �10.1 to 1.7 .15 �0.9 �8.5 to 6.6 .79

Mood �8.0 �15.3 to �0.7 .03b 5.9 �4.7 to 16.5 .25

Communication �8.3 �22.9 to 6.2 .24 �2.1 �16.8 to 12.6 .76

ADL/IADL 1.6 �8.8 to 12.0 .74 5.6 �7.2 to 18.5 .36

Mobility �1.9 �10.9 to 7.1 .65 �4.1 �16.5 to 8.3 .48

Hand function �11.6 �29.9 to 6.7 .19 �3.7 �25.6 to 18.1 .71

Social participation 3.4 �12.1 to 19.0 .64 18.4 5.7 to 31.1 .008b

Stroke recovery 4.3 �25.1 to 9.3 .34 4.3 �16.7 to 25.3 .66

a All analyses were adjusted for the effects of age, sex, race, and baseline Center for Epidemiologic Studies–Depression Scale score. 95% CI�95% confidence
interval, ADL/IADL�activities of daily living/instrumental activities of daily living.
b Average change over time in repetitive task practice–only group and average change over time in combined therapy group significantly different.
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Table 4.
Estimated Differences in Mean Stroke Impact Scale (SIS) Domain Scores and Mean Stroke Recovery Rating, by Time and
Intervention Groupa

SIS Domain and
Stroke Recovery

Preintervention to Postintervention Preintervention to Follow-up

RTP-Only
Group

Combined
Therapy Group

RTP-Only
Group

Combined
Therapy Group

Strength

Estimate �2.86 6.32 2.58 7.57

95% CI �11.84 to 6.12 �1.08 to 13.74 �11.22 to 16.38 �4.02 to 19.16

P .50 .09 .69 .18

Memory

Estimate �2.93 1.27 0.29 1.22

95% CI �7.54 to 1.67 �2.53 to 5.06 �5.49 to 6.07 �3.65 to 6.09

P .19 .48 .91 .60

Mood

Estimate �2.38 5.61 �0.29 �6.19

95% CI �8.09 to 3.33 0.89 to 10.21 �8.43 to 7.85 �13.03 to 0.65

P .38 .02 .94 .07

Communication

Estimate �4.17 4.18 �0.15 1.95

95% CI �15.48 to 7.14 �5.21 to 13.56 �11.44 to 11.14 �7.54 to 11.45

P .44 .35 .98 .66

ADL/IADL

Estimate 8.49 6.89 7.53 1.88

95% CI 0.39 to 16.60 0.18 to 13.61 �2.35 to 17.40 �6.42 to 10.17

P .04 .04 .12 .63

Mobility

Estimate 1.91 3.82 �1.45 2.64

95% CI �5.16 to 8.98 �2.00 to 9.65 �10.92 to 8.02 �5.32 to 10.61

P .57 .18 .74 .48

Hand function

Estimate 14.85 26.47 17.58 21.37

95% CI 0.64 to 29.06 14.69 to 38.26 0.84 to 34.22 7.31 to 35.44

P .04 �.001 .04 .006

Social participation

Estimate 4.93 1.48 15.67 �2.74

95% CI �7.07 to 16.94 �8.49 to 11.46 5.95 to 25.39 �10.93 to 5.45

P .39 .75 .004 .48

Stroke recovery

Estimate 9.31 17.20 20.39 16.08

95% �4.08 to 22.7 6.12 to 28.27 4.32 to 36.46 2.56 to 29.60

P .16 .005 .02 .02

a All analyses were adjusted for the effects of age, sex, race, and baseline Center for Epidemiologic Studies–Depression Scale score. RTP�repetitive task
practice, 95% CI�95% confidence interval, ADL/IADL�activities of daily living/instrumental activities of daily living.
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the therapist, thereby decreasing the
time necessary for RTP interventions,
which—despite their effectiveness—
have not been adopted clinically on a
widespread basis.

At the same time, the degree to
which hand function and stroke re-
covery rating outcomes may reflect
the particular skills or personality of
the therapists who worked with the
patients remains unknown. In addi-
tion, the relatively small sample size
of this study demands that additional
studies be conducted to specify the
amount of RTP and robotic-assisted
intervention time that is both effective
and acceptable to patients. Change
over time in reported HRQOL of pa-
tients who have had a stroke may
reflect response shift rather than
true change, as Ahmed et al46 have
discussed. Based on their study of a
large number of patients with stroke
and controls, however, Ahmed et al
concluded that improvement in
HRQOL over time is likely to be real
rather than the result of individuals’
reconceptualization or recalibration
over the first 6 months poststroke.46

Stroke is increasingly recognized as a
significant and expensive medical
and societal problem.47 Even pa-
tients who are highly recovered fol-
lowing stroke may report significant
residual disability in hand function,48

indicating that rehabilitation inter-
ventions that target this dimension of
upper-extremity functioning should
be made widely available. Robotic-
assisted therapy has an important
role in technologic intervention in
the modern neurorehabilitation set-
ting.49 Patients in the combined ther-
apy group in the current study used
the HM device under the supervision
of a therapist. Based on feedback from
the therapists and patients who par-
ticipated in this study, we believe
that the HM device could be used in
a home environment or in a group
setting in which the therapist over-
sees a number of patients with stroke

who use HM systems simultaneously.
A home and group clinical mode of
HM use has the potential to dramati-
cally reduce the amount of therapist-
directed RTP without compromising
perceived gains in hand function asso-
ciated with a more traditional time-
and labor-intensive RTP intervention.
Reduced therapist-directed rehabilita-
tion time without loss in quality of
life ratings suggests that incorpora-
tion of robotic-assisted therapy may
be an effective approach to enhancing
motor recovery in patients who have
had a stroke, while decreasing labor,
the most costly aspect of delivering
physical therapy interventions. This
reduction in cost may promote greater
acceptance of RTP approaches in
clinical environments and the accep-
tance of robotic systems that func-
tion as adjuncts to therapist-directed
interventions.

Limitations
The combined therapy group re-
ceived 30 hours of RTP compared
with 60 hours for the RTP-only
group. A limitation of the study was
the lack of understanding about the
necessary dose of RTP to elicit the
current level of improvements in
motor function.50 Limiting training
to 30 hours of RTP might be suffi-
cient for patients to reach a plateau
in terms of improved motor func-
tion. In this case, the robotic device
may not be contributing to change
in the perception of hand function.

We are currently engaged in studies
examining the dose response of
RTP and RTP�HM to dissociate the
contributions of task practice and
robotic therapy to enhanced per-
ception of hand function. Although
a potential benefit of utilizing a ro-
botic device is the reduction of
the amount of therapist-directed
RTP, thereby potentially providing a
cost savings to the delivery of RTP
interventions, the results from the
current study do not directly assess
the potential cost savings. In the cur-

rent study, the HM was used in a
clinical environment and under the
supervision of a therapist. It is un-
clear whether the same level of in-
tensity and adherence would occur if
a patient used the device in a home
environment.

Future studies in which the HM is
used in a home environment to
complete outpatient RTP will be
conducted. These subsequent stud-
ies will provide important data re-
garding any cost savings associ-
ated with the HM, feasibility of
home use, and patient adherence to
intended use of the system. It also
will be important to continue to as-
sess the potential effect of decreased
therapist time on patients’ rating of
the social participation dimension
of their perceived quality of life. At
the same time, the current data are
the first to show that HRQOL mea-
sures specific to distal hand function
can be improved following a com-
bined robotic and RTP therapeutic
approach.

Conclusion
Receipt of 30 hours of therapist-
supervised repetitive task practice
combined with 30 hours of robotic-
assisted therapy during the subacute
phase of stroke recovery resulted in
patient-rated improvement in hand
function similar to that observed with
receipt of 60 hours of therapist-
supervised repetitive task practice.
Patients assigned to the 2 interven-
tions also reported a higher level of
overall stroke recovery at follow-
up compared with baseline, and
patients in the combined therapy
group reported higher overall stroke
recovery postintervention as well.
Incorporating robotic-assisted ther-
apy may be an effective approach to
enhancing motor recovery in pa-
tients who have had a stroke while
decreasing labor, which is the most
costly aspect of delivering physical
therapy interventions. A potential
decrease in therapist labor may en-
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hance the clinical acceptance and
potential reimbursement of task
practice approaches such as CIMT
and modified CIMT.
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Invited Commentary Alma S. Merians

There is an increasing interest in the
use of robotic-assisted therapy to
facilitate and augment upper-
extremity movement for people
with hemiparesis. This focus is an
attempt either to improve patients’
rehabilitation outcomes beyond our
current capabilities or, as Kutner et
al1 suggest, to decrease the therapist
time demands necessary for the de-
livery of repetitive task practice. The
robotic assistive devices have been
used in accordance with current
neuroscience literature in animals
and motor control literature in hu-
mans. They take advantage of recent
improvements in robotic design, the
development of haptic interfaces,
and the use of virtual reality simula-
tions, interfaced with the robots.
Most of the robots have been de-
signed to train the shoulder and el-
bow, supporting the limb as needed,
with the limb moved either passive-
ly2,3 or requiring active movement.4–7

Far fewer robots have been designed
to train the arm and wrist7 or arm
and hand together.8–12 Some of the
robots emphasize impairment-based
practice,3,4 whereas other robots
focus on more task-based prac-
tice,7,9,10 with the complexity of sen-

sory feedback ranging from simple4

to complex, 2- and 3-dimensional,
interactive simulations.9–14

Two reviews found that robot-
assisted therapy showed potential to
improve upper-extremity func-
tion15,16 and improve strength.16

However, neither review could con-
firm evidence for improvement in ac-
tivities of daily living, which may re-
flect an inability of activities of daily
living scales to accurately demon-
strate changes in paretic limb
function.15

In this study, Kutner et al showed
that 30 hours of therapist-supervised
repetitive task practice combined
with 30 hours of robotic-assisted
therapy resulted in similar reports of
improvement in hand function, as
measured by the patients’ responses
to 5 questions on the Stroke Impact
Scale (ie, carrying heavy objects,
turning a knob, opening a can/jar,
tying a shoelace, and picking up a
dime), as well as improvement in the
measure of overall stroke recovery.
The robotic device used in this ex-
periment was the Hand Mentor.

The Hand Mentor has prepro-
grammed activities that provide con-
tinuous stretch of preset durations to
the finger flexors (termed “anti-
spasticity program”), a wrist flexion
or extension strengthening protocol,
and a muscle recruitment protocol,
where the patient receives feedback
regarding the intensity of the electro-
myographic signal related to wrist
and finger movement. As this is an
impairment-based system, it appears
that, in addition to comparing the
use of the robot as a therapeutic ad-
junct to task practice, the authors
also were comparing particular ther-
apeutic principles, specifically task-
based training with a combination of
task-based training and impairment-
level interventions. The authors’
findings of similar improvements in
reported hand function and stroke
recovery raise several interesting
questions. What is the role of
impairment-level interventions ver-
sus functional training? Is the combi-
nation important, and if it is impor-
tant, what is the ideal dosing for each
component? Is the total intensity or
amount of practice more important
than the difference in approach?
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