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Abstract

Objective: To identify the baseline motor characteristics of the patients who responded to 3 prominent intervention programs.

Design: Observational cohort study.

Setting: Outpatient rehabilitation clinics.

Participants: Individuals with chronic stroke (NZ174).

Interventions: Participants received 30 hours of constraint-induced movement therapy (CIMT), robot-assisted therapy, or mirror therapy (MT).

Main Outcome Measures: The primary outcome measure was the change score of the Upper Extremity Fugl-Meyer Assessment (UE-FMA). The

potential predicting variables were baseline proximal, distal, and total UE-FMA and Action Research Arm Test scores. We combined polynomial

regression analyses and the minimal clinically important difference to stratify the patients as responders and nonresponders for each intervention

approach.

Results: Baseline proximal UE-FMA scores significantly predicted clinically important improvement on the primary outcome measure after all 3

interventions. Participants with baseline proximal UE-FMA scores of approximately <30 benefited significantly from CIMT and robot-assisted

therapy, whereas participants with scores between 21 and 35 demonstrated significant improvement after MT. Baseline distal and total UE-FMA

and Action Research Arm Test scores could also predict upper limb improvement after CIMT and MT, but not after robot-assisted therapy.

Conclusions: This study could inform clinicians about the selection of suitable rehabilitation approaches to help patients achieve clinically

meaningful improvement in upper extremity function.
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Stroke is a leading cause of disability that affects millions of
people worldwide.1 More than 60% of stroke survivors have upper
extremity (UE) impairment that strongly influences their activities
of daily living and quality of life.2 Several innovative

interventions have been developed in the past 2 decades to reduce
UE motor deficits and enhance functional abilities after stroke.
Among these contemporary intensive rehabilitation approaches,
constraint-induced movement therapy (CIMT), robot-assisted
therapy, and mirror therapy (MT) are the 3 emerging in-
terventions that improve UE motor recovery significantly in pa-
tients with stroke.3-8 Constraint-induced movement therapy, one
of the most popular rehabilitation approaches, was developed with
the aim to overcome the learned nonuse phenomenon by immo-
bilizing the nonparetic UE and forcing use of the paretic UE to
perform functional tasks.4,9-11 Robot-assisted therapy is an
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intensive training approach with high repetition of guided move-
ments, and strong evidence showed that highly repetitive practice
is an active ingredient for significant motor recovery.12,13 Sys-
tematic reviews8,14-16 showed that the visual feedback and bilat-
eral arm movement during MT have significant benefits for
patients with UE impairment and function as well as activities of
daily living. Despite the effectiveness of these interventions, there
is discussion pertaining to which patient population could benefit
the most from what therapy.17

Research studies18 that aim to determine the specific charac-
teristics of patients who respond to each therapy may further
facilitate clinicians to target the appropriate patient population for
rehabilitation. A systematic review19 summarized that baseline
UE motor impairment, functional abilities, and neurophysiological
measures are the most important prognostic factors for UE re-
covery after rehabilitation. Neurophysiological measures, such as
activation of ipsilesional primary motor cortex20 or presence of
motor evoked potentials,21 are important predictors of motor and
functional outcomes after task-oriented UE training. However,
accurate neurophysiological measures rely on high technology
devices, which might not be accessible in every clinic. Therefore,
clinical methods that assess motor impairment and functional
performance are more feasible to predict UE recovery after stroke.

Baseline motor impairment, as measured by active finger
extension and the Upper Extremity Fugl-Meyer Assessment (UE-
FMA), was found to significantly predict UE functional
improvement after CIMT.10,22,23 The Action Research Arm Test
(ARAT), a measurement of paretic arm function, also predicted
improvement in daily activities after CIMT.24 As for robot-
assisted therapy, poststudy observations suggested that partici-
pants with a baseline UE-FMA score between 20 and 55
demonstrated greater improvement in sensorimotor function than
did those with scores of >55 or <20.25 To our knowledge, no
studies have investigated the baseline motor characteristics of
patients with stroke who benefit from MT.

Owing to the wide range of prognostic variables and outcome
measures used across studies, it is difficult to draw a consensus and
identify the common variable(s) that can determine which inter-
vention approachmay bemore beneficial for themotor or functional
recovery of a given patient admitted to the clinic. The overall goal of
this study was to determine a common clinical measure that can
effectively identify patients with chronic stroke for each interven-
tion approach (ie, CIMT, robot-assisted therapy, and MT).

Methods

Participants

This study was a secondary analysis of data from 174 individuals
diagnosed with stroke who were involved in multiple intervention

programs from previous randomized controlled trials12,26-28 and in
ongoing projects. The participants were recruited from multiple
clinical settings and had similar characteristics (eg, disease
severity and years after stroke). Of these participants, 56 received
CIMT-based intervention, 54 received robot-assisted therapye
based intervention, and 64 received MT-based intervention. They
signed an informed consent approved by the local review boards
before participating in the studies. The participants had a first
unilateral stroke, time since stroke onset >6 months, a baseline
UE-FMA score of >16, ability to follow instructions to perform
motor tasks, and no other neurological disorders.

Treatment interventions

All participants received 30 hours of training distributed across 3
to 4 weeks. Participants in the CIMT-based intervention group
received individualized 2-hour training sessions, 5d/wk for 3
weeks, focused on the functional training of the paretic UE.
During therapy, the nonparetic UE was restrained with a mitt
while the participants practiced functional tasks with their paretic
limb. The functional tasks were selected on the basis of daily
activities, such as carrying a full cup of water or using a hairbrush
to comb hair. Besides the 2-hour training in clinics, the nonparetic
UE was confined in the mitt for another 5 to 6 hours at home. Of
the 56 participants in the CIMT-based intervention group, 20
(35.71%) practiced CIMT with trunk restraint whereas the other
36 (64.29%) did not have trunk restraint during therapy. The
participants with trunk restraint wore a harness that secured them
to the back of the chair to reduce potential compensatory move-
ments from the trunk. Preliminary analysis revealed no significant
group differences in UE-FMA improvement after these 2 types of
CIMT, supporting the merging of the data.

The participants in the robot-assisted therapyebased inter-
vention group received 1.5-hour training sessions, 5d/wk for 4
weeks. The participants practiced forearm pronation-supination
and wrist flexion-extension with the Bi-Manu-Tracka robotic
system.29 Twenty-five participants (46.30%) practiced bilateral
arm movements in 3 modes: passive-passive, active-passive, and
active-active. In the passive-passive mode, both arms were guided
passively by the robot arm. In the active-passive mode, the non-
paretic arm actively moved the robot handle whereas the paretic
arm was passively guided by the device. In the active-active mode,
both arms performed active movements, with resistance provided
by the robot. The other 29 participants (53.70%) received unilat-
eral paretic UE practice with modified training modes: passively
moved by the device, actively moved the handle without resis-
tance, and moved the handle against a preset resistance. After 70
to 80 minutes of robot-assisted therapy, all participants received
10 to 20 minutes of functional task training to facilitate transfer of
the acquired motor ability to daily activities. No significant dif-
ferences were noted in UE-FMA improvement between bilateral
and unilateral robot-assisted therapy interventions; thus, the data
of these 2 approaches were merged.

For the MT-based intervention, the participants were trained
for 1.5-h/session, 5d/wk for 4 weeks. Within each session, the
participants received 60 minutes of MT with a wooden mirror box
and 30 minutes of functional task training. During MT, the par-
ticipants performed intransitive and transitive movements with the
nonparetic hand and were required to imagine that the mirror
reflection of the nonparetic hand was the paretic hand performing
the movements. Simultaneously, the participants were encouraged
to move their paretic hand along with the nonparetic hand.26 Of
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