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Abstract
Background. Most studies of bilateral arm training (BAT) did not employ a randomized controlled trial design and involved
very limited functional training tasks. Objective. Compare the effects of BAT with control intervention (CI) on motor control
and motor performance of the upper extremity and also functional gains in patients with chronic stroke. Methods. This
2-group randomized controlled trial with pretreatment and posttreatment measures enrolled 33 stroke patients (mean
age = 53.85 years) 6 to 67 months after onset of a first stroke. They received either a BAT program concentrating on both
upper extremities moving simultaneously in functional tasks by symmetric patterns or CI (control treatment) for 2 hours
on weekdays for 3 weeks. Outcome measures included kinematic analyses assessing motor control strategies for unilateral
and bimanual reaching and clinical measures involving the Fugl-Meyer Assessment (FMA) of motor-impairment severity
and the Functional Independence Measure (FIM) and the Motor Activity Log (MAL) evaluating functional ability. Results.
After treatment, the BAT group showed better temporal and spatial efficiency during unilateral and bilateral tasks and less
online error correction only during the bilateral task than the control group. The BAT group showed a significantly greater
improvement in the FMA than the control group but not in the FIM and MAL. Conclusions. Relative to CI, BAT improved the
spatiotemporal control of the affected arm in both bilateral and unilateral tasks, decreased online corrections to perform
bilateral tasks, and reduced motor impairment.These findings support the use of BAT to improve motor control and motor
function of the affected upper limb in stroke patients.
Keywords
cerebrovascular accident, motor activity, kinematics, rehabilitation, randomized controlled trial, upper extremity

Introduction
Stroke survivors are often left with hemiplegia or hemiparesis
of the upper extremity (UE) that makes functioning in their
daily living environment extremely challenging.1 The disruptions caused to motor control of the UE by stroke are persistent
despite usual treatment, and thus, novel intervention techniques
are called for.2 Among the approaches advocated for stroke
motor rehabilitation, bilateral arm training (BAT) has received
considerable attention.3-8 Previous studies of BAT, however,
employed very small sample sizes and limited functional training tasks without randomized controlled trials to investigate
the effects on motor control. This study investigated the effects
of BAT on motor control and performance of the affected UE
and daily function in patients with chronic stroke.
BAT involves repetitive practice of symmetrical bilateral
movements in different forms, including bilateral isokinematic training,3,9-11 which involves spatiotemporally identical
movements with functional activities, and robot-assisted

movement training involving assistive exercise on the arm
trainer with5,12-14 or without6,15-17 auditory cueing. A basic
assumption of BAT is that symmetrical bilateral movements
activate similar neural networks in both hemispheres when
homologous muscle groups are simultaneously activated.
Bilateral symmetrical movements, therefore, may allow for
the activation of the undamaged hemisphere, thus promoting
neural plasticity to increase activation of the damaged hemisphere and facilitate movement control of the impaired limb.18
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A number of studies have shown that BAT can reduce
motor impairment of the affected arm as measured by the
Fugl-Meyer Assessment (FMA)5,6,12,14,15,17 and enhance
motor function as evaluated by the Wolf Motor Function
Test.12,14 Only a few studies5,12,13 have investigated the
impact of BAT on functional performance during daily
activities, and the results were inconclusive. To clarify
whether and how the BAT involving functional activities
may affect motor control during the performance of functional tasks, Mudie and Matyas9,10 visually observed
kinematic aspects of movements (eg, spatiotemporal characteristics of movement), and subsequent studies7,19
objectively and directly measured the movement kinematics to underscore the spatial and temporal efficiency and
control strategy (preplanning control vs online error correction control) of movements. However, Mudie et al employed
a single-subject design, and the test tasks were the same as
the training tasks. The positive effects of BAT might be
owing to practice effects. Another 2 studies7,19 involved
short treatment duration of 1 week and did not show beneficial effects of bilateral training on movement kinematics.
One study14 that used robot-assisted BAT with auditory
cues showed beneficial effects of BAT on kinematic measures such as movement efficiency and smoothness.
In addition to the 2 kinematic studies,7,19 some other
research8,11,13,16 also failed to demonstrate the effects of
BAT, though several studies5,6,9,10,12,15,17 showed the benefits
of BAT for improving movement performance after stroke.
The small sample size, degree of initial impairment, time
since stroke onset, or intensity of treatment might have contributed to the lack of significant effects in these negative
studies. For example, Lewis and Byblow11 recruited only 6
stroke patients across the 3 phases of recovery (acute, subacute, and chronic) and used a low-intensity treatment
protocol involving 11 repetitions of each task, 3 tasks at
each training session, for a total of about 10 sessions of
bilateral training. Lum et al16 recruited only 5 stroke patients
in the bilateral training group, and the study groups were
not matched on level of baseline performance. To overcome
the limitations in prior research,5-7,9,10,12,15,17,19 we used a
larger sample and implemented a more intense and longer
(eg, 3 weeks) treatment protocol in the BAT program.
Because current approaches to stroke rehabilitation
emphasize the importance of task-oriented training,20 our
BAT program used repetitive practice on a variety of functional tasks with spatiotemporally identical movements.
Although some previous studies of BAT have adopted functional activities for training, most7-11,19 included only 1 to 4
types of functional tasks (eg, simulated drinking, picking up
a cup). In addition, we used kinematic analysis to investigate
the effect of BAT on motor control of reaching and reach-tograsp movements in experimental tasks that were not
practiced during the treatment period. Study of motor control
strategy is important for understanding the mechanisms

underlying therapeutic gains. Combining kinematic analysis
and clinical evaluation might enable comprehensive assessment of the change in control strategies and motor
performance after BAT.14
We predicted that BAT might confer therapeutic benefits
for enhancing motor control strategy during upper limb
activity and reduce motor and functional deficits in stroke
patients. Specifically, we hypothesized that stroke patients
receiving 3 weeks of BAT, compared with patients receiving control intervention (CI), would exhibit better motor
control performance in the affected UE during unilateral
and bilateral testing tasks (ie, increased movement efficiency and better control strategy) and achieve greater
motor (higher FMA scores) and functional gains (greater
functional independence).

Methods
Design
This study was a randomized pretest and posttest control
group design. Participants were individually randomized to
the BAT group or a control group (Figure 1). All patients
were blind to the study hypotheses. The outcome measures
were administered before and after a 3-week intervention.
Training took place during regularly scheduled occupational therapy sessions, and all other routine stroke
rehabilitations (eg, physical therapy or speech therapy) that
did not involve UE training proceeded as usual.

Participants
We recruited 33 stroke patients (19 men, 14 women; mean
age = 53.85 years) after onset of an ischemic or hemorrhagic stroke (onset mean = 13.52 months; range = 6-57
months) from the rehabilitation departments of 3 participating hospitals. All patients signed informed consent forms
approved by the institutional review board. The patients
were all right-hand dominant before the stroke by
self-report.
Inclusion criteria were as follows: (a) clinical diagnosis
of a first or recurrent unilateral stroke; (b) the ability to
reach Brunnstrom stage III or above in the proximal and
distal part of arm21; (c) no serious cognitive deficits (MiniMental State Examination score ≥24); (d) no excessive
spasticity in the affected arm, including shoulder, elbow,
wrist, and fingers (Modified Ashworth Scale22 score ≤2 in
any joint) that might preclude the functional movements;
(e) no other neurologic, neuromuscular, or orthopedic disease; and (f) lack of participation in any experimental
rehabilitation or drug studies. Patients would have been
excluded if they had a stroke relapse or seizure attack during
the intervention but none did. All potential participants
received independent examinations by 4 occupational therapists to determine their eligibility for inclusion.
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Assessed for eligibility
(n = 381)

Randomized (n = 33)

Bilateral Arm Training
(n = 16)

Analyzed (n = 16)

Excluded (n = 348)
Not meeting inclusion criteria
(n = 287)
Refused to participate (n = 61)

Control Intervention
(n = 17)

Analyzed (n = 17)

Figure 1. Flow diagram of the randomization procedure.

Intervention
The intervention was provided at 3 participating hospitals
under the supervision of 3 occupational therapists. The
treating therapists were trained in the administration of the
BAT protocol by the investigators and completed a written
competency test before subject treatment.
Bilateral arm training group. The BAT group concentrated
on both the affected and unaffected UEs moving simultaneously in functional tasks with symmetric patterns for 2 hours
per day, 5 days a week, for 3 weeks. The subjects had one-onone supervision as they practiced on a variety of functional
tasks typically found difficult by stroke patients. The participants were instructed to lift 2 cups, stack 2 checkers, pick
up 2 small dried beans with a diameter of 0.5 to 1 cm, fold
2 towels, turn 2 large screws, manipulate 2 coins simultaneously by each hand, or use both hands to hold a sprinkler can
to water plants.
Control intervention group. With equivalent intensity and
duration, participants in the control group also received the
treatment program for 2 hours per day, 5 days a week, for 3
weeks. This group received standard occupational therapy
treatment that also focused on UE training and included
neurodevelopmental techniques, trunk–arm control (ie,
practice UE tasks during standing), weight bearing by the
affected arm, fine motor tasks practice, and practice on
compensatory strategies for daily activities.

Outcome Measures
Changes in motor control, motor performance, and functional ability were evaluated using kinematic analysis and

clinical evaluation, which were administered within 7 days
before and after the 3-week intervention. During evaluation, the participants took rest breaks whenever they
requested. Four occupational therapists blind to group allocation were trained to provide the evaluations. The training
for the clinical assessment tools included careful examination of written instructions and repeated practice. The
training for conducting the kinematic analysis was based on
standardized procedures described as follows. Rater competence for performing kinematic and clinical evaluations
was assessed by the senior authors. After the 4 raters finished the clinical evaluation of all participants, we calculated
the post hoc interrater reliability for FMA and Functional
Independence Measure (FIM) and obtained high reliability
(intraclass correlation coefficients23 >.95 for both measures).24 Patients were advised not to indicate their treatment
assignment to the evaluator.
Kinematic analysis. Experimental tasks used in the kinematic analysis included 1 unilateral task and 1 bimanual task.
The unilateral task involved pressing a desk bell, and the bilateral task involved opening a box to retrieve a sticky note.
During the tasks, each participant sat on a height-adjustable
chair with seat height set to 100% of the lower leg length,
measured from the lateral knee joint to the floor, with the participant standing. The table height was adjusted to 2 inches.
below the elbow. The participant rested his or her hands on the
edge of the table. The trunk was harnessed to the chair back to
minimize trunk flexion and rotation.
The target object (desk bell or box) was located along
the participant’s midsagittal plane, and the reaching distance was standardized to the participant’s functional arm
length. Functional arm length was defined as the distance
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from the medial border of the axilla to the distal wrist
crease.25 If the maximum distance the patient could reach
was less than the functional arm length, the reaching distance to the target was adjusted to the maximum reachable
distance.
For the unilateral task, participants reached to press a desk
bell 3 cm in length and width and 0.5 cm in height. The participant was instructed to use the index finger of the affected
hand to reach and press the task bell as fast as possible. For
the bilateral task, participants used the affected hand to open
a 10 × 10 × 8 cm (length × width × height) box by holding
the lid and used the unaffected hand to retrieve a sticky note
(7 × 3 × 6 cm) inside the box at a comfortable speed. Only
reaching movements of the affected hand were recorded
during this task. After a practice trial, 3 data-producing trials
were performed.
During the 2 tasks, an 8-camera motion analysis system
(VICON MX; Oxford Metrics Inc, Oxford, UK) was used in
conjunction with a personal computer to capture the movement of a marker attached on the ulnar styloid. The system
was calibrated to have averaged residual errors not exceeding
0.5 mm for each camera before data acquisition. For the unilateral task, 1 channel of analog signals was collected to
signal the end of the movement when the bell was pressed.
The experimenter said “ready’ to remind the participant
to prepare performing the experimental task and then
pressed the desk bell to indicate the start of the task. The
time between the warning and start signal was not a fixed
length. Movement onset was defined as a rise of tangential
wrist velocity above 5% of its peak value for both testing
tasks. This practice was based on the proposals of previous
reports.26-28 During the unilateral task, end of movement
was defined as the time when the participant pressed the
desk bell. During the bilateral task, movement offset was
defined as a fall of tangential wrist velocity below 5% of its
peak value. Movements were recorded at 120 Hz and
digitally low-pass filtered at 5 Hz using a second-order Butterworth filter with forward and backward passes.
Clinical assessment. We used the 66-point, UE section of
the FMA to evaluate motor impairment of the affected UE.
This instrument assesses several dimensions of motor
impairment using a 3-point ordinal scale: 0 = cannot perform; 1 = can perform partially; 2 = can perform fully.29 A
higher FMA score indicates less motor impairment. Test–
retest reliability, interrater reliability, and construct validity
of the test are well established in stroke patients.30,31
We used the FIM instrument to measure the functional
ability of participants. It consists of 18 items grouped into 6
subscales measuring self-care, sphincter control, transfer,
locomotion, communication, and social ability.32 Each item
is rated with a score from 1 to 7, for a maximum score of
126: 1 = complete assistance to perform basic activities
of daily living; 2 = maximal assistance; 3 = moderate assistance; 4 = minimal assistance; 5 = supervision; 6 = modified

independence; and 7 = complete independence in performing basic daily living. The FIM has established good
interrater reliability, construct validity,33,34 and discriminate
validity.35 We also used the Motor Activity Log (MAL), a
semistructured interview of patients, to assess the amount
of use (AOU) and quality of movement (QOM) of the
affected UE in 30 important daily activities using a 6-point
ordinal scale. Higher scores indicate better performance.
This scale shows good reliability and validity in stroke
patients.36-38

Data Reduction for Kinematic Variables
An analysis program coded by LabVIEW (National Instruments, Inc, Austin, TX) language was used to process
kinematic data. Kinematic variables for reaching included
normalized movement time (nMT), normalized total distance (nTD), and the percentage of movement time where
peak velocity occurs (PPV):
1.

2.

3.

Normalized movement time (nMT): Movement
time (MT) refers to the time for execution of
the reaching movement. It is the interval
between movement onset and movement offset,
representing temporal efficiency.25,39,40 Because
the task distance varied across subjects, MT
was normalized to correct for variations in
reaching distance.
Normalized total distance (nTD): Spatial efficiency was characterized by nTD, which refers
to the path of hand in 3-dimensional space and
normalized by the direct distance between hand
at start position and target in each participant.
The smaller the nTD was the more direct the
movement path would be.40
The percentage of movement time at which
peak velocity occurs (PPV): This variable was
used to characterize the control strategy of
reaching. It reflects the percentage of movement time used for the acceleration phase. The
acceleration phase represents the major preplanned aspect of the movement.41 A higher
PPV value indicates a longer acceleration
phase, suggesting less online error correction
and more preplanned control of the reaching
movement.42-44

Data Analysis
Analysis of covariance (ANCOVA), controlling for pretreatment differences, was used to compare the 2 groups’
improvement for each outcome variable (kinematic values and
FMA, FIM, and MAL scores). Pretest performance was the
covariate, group was the independent variable, and posttest
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performance was the dependent variable. Statistical significance was determined based on 1-tailed tests with an a of .05.
To index the magnitude of group differences in performance,
h2 = SSb/SStotal was calculated for each outcome variable. The
value of h2 represents the variability in the dependent variable
(posttest performance) that can be explained or accounted for
by the independent variable (group).20 A large effect is represented by an h2 of at least .138, a moderate effect by an h2 of
.059, and a small effect by an h2 of .01.45

Results
Characteristics of Participants
After being randomly assigned, 16 participants received
BAT intervention, and 17 were in the control group. Table 1
summarizes the demographic and clinical characteristics of
the participants in the 2 groups. Baseline characteristics
were comparable across these 2 groups. There were no significant differences between the groups for age, months
since stroke, side of stroke lesion (left/right), or Brunnstrom
stage of proximal/distal part.

Kinematic Analysis
Table 2 summarizes the descriptive statistics and the results
of the ANCOVA that tested the effects of BAT relative to CI
on kinematic variables during the unilateral and bilateral
tasks.
For kinematic variables in the unilateral functional task,
the ANCOVA results showed that nMT and nTD were significantly less in the BAT group than in the control group
(F1,30 = 3.601, P = .034, h2 = .107; F1,30 = 3.352, P = .039,
h2 = .101, respectively). A nonsignificant and small effect
was found for the kinematic variable of PPV (F1,30 = .071,
P = .396, h2 = .002). The results of the kinematic analysis
indicated that the BAT group showed higher efficiency in
the temporal and spatial aspects after treatment than the
control group during the unilateral task, but there was no
difference in relative time for online error correction.
The effects of BAT on reaching kinematics of the affected
UE were significant and moderate for the bilateral functional
task. The results of ANCOVA showed significantly lower
nMT (F1,30 = 5.268, P = .015, h2 = .149), lower nTD (F1,30 =
5.046, P = .016, h2 = .144), and higher PPV (F1,30 = 11.811,
P = .001, h2 = .282) after BAT relative to CI. The BAT group
showed higher efficiency in the temporal and spatial aspects
and less online error correction control after treatment than
the control group during the bilateral task.

Motor Performance
Table 3 summarizes the descriptive statistics and the results of
the ANCOVA that tested the effects of BAT relative to CI on

the FMA (ie, degree of motor impairment). The BAT group
demonstrated a significantly greater improvement on the FMA
than the control group (F1,30 = 3.257, P = .041, h2 = .098).

Functional Ability
Table 3 also presents the descriptive statistics and the results
of the ANCOVA in functional ability as measured by the
FIM and the MAL. No significant differences were noted in
FIM total scores (F1,30 = 0.839, P = .18, h2 = .027) or in any
domains of the FIM between the 2 groups. No significant
differences were found in the AOU or QOM (AOU: F1,30 =
1.436, P = .12, h2 = .046; QOM: F1,30 = 1.495, P = .17, h2 =
.047) between the 2 groups.

Discussion
Only a few randomized controlled trials3,19 have studied the
effects of BAT without robot assistance on motor control,
motor impairment, and functional abilities. However, these
previous studies involved very low intensity of training (eg,
30 minutes per session). The present study used a more
intensive BAT program (ie, 2 hours per day) for comparison
with a dose-matched control intervention. The results are
consistent in part with the a priori hypotheses that patients
with BAT would have better motor control, show less motor
impairment, and obtain a greater gain in functional abilities
than the control group. The BAT group showed a greater
efficiency of reaching in the temporal and spatial aspects
(less nMT and less nTD) during both the unilateral and
bilateral tasks. The BAT group also showed better (more
preplanned) control strategy (ie, higher PPV) than the control group in the bilateral task. In addition, the BAT group
achieved greater gains in FMA scores than did the control
group but not in the FIM and MAL.

Kinematic Analysis
Consistent with previous studies,4,7,17 the BAT group participants performed the reaching task more efficiently (less
nMT) and more directly (less nTD) with the affected arm in
both unilateral and bilateral tasks. This study extended previous research9,10 by using test tasks different from the
training tasks. The possibility that the therapeutic effects
could be specific to the task being trained is ruled out in the
present study. The beneficial effects might be attributed to
bilateral simultaneous movements promoting interhemispheric disinhibition and allowing for cortical reorganization
by sharing normal movement commands from the undamaged hemisphere.9,46 When the intact arm performed the
same spatiotemporal pattern as the affected arm, the “template” from the undamaged hemisphere would be generated,
which could be applied to both limbs in bilateral actions9,10,47
and thus lead to more efficient performance of the affected
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Table 1. Demographic and Clinical Characteristics of the Participantsa

Gender (male/female)
Age (years)
Months since stroke
Side of stroke lesion (right/left)
Brunnstrom stage of proximal part of UE (median [range])
Brunnstrom stage of distal part of UE (median [range])

BAT (n = 16)

Control (n = 17)

10/6
52.08 ± 9.60
13.94 ± 12.73
7/9
5 (3-5)
4 (3-6)

9/8
55.50 ± 13.17
13.12 ± 8.13
9/8
5 (4-5)
5 (4-6)

Pb

Statistic
.041
-.842
.222
.279
111.50
90.00

.839
.406
.826
.732
.297
.080

Abbreviations: BAT, bilateral arm training; UE, upper extremity.
a
Values are mean ± standard deviation or as otherwise indicated.
b
P associated with the c2 test for categorical variables, with the independent t test for continuous variables, and with the Mann–Whitney U test for
ordinal variables.

Table 2. Descriptive and Inferential Statistics for Analysis of Reaching Kinematicsa
Pretreatment
BAT (n = 16)
Unilateral task
nMT (s/cm)
0.04 ± 0.03
nTD (unit)
1.38 ± 0.46
PPV (%)
36.74 ± 12.72
Bilateral task
nMT (s/cm)
0.17 ± 0.12
nTD (unit)
1.57 ± 0.07
PPV (%)
22.97 ± 10.36

Posttreatment

Adjusted Meansb

ANCOVA

Control (n = 17) BAT (n = 16) Control (n = 17) BAT (n = 16) Control (n = 17) F1,30

P

h2

0.01 ± 0.02
1.26 ± 0.26
36.45 ± 10.84

0.03 ± 0.03
1.34 ± 0.35
40.75 ± 15.00

0.01 ± 0.02
1.19 ± 0.16
41.33 ± 10.40

0.02
1.23
40.63

0.03
1.30
41.44

3.60 .034c .107
3.35 .039c .101
0.071 .40 .002

0.13 ± 0.13
1.41 ± 0.34
21.64 ± 10.24

0.09 ± 0.03
1.31 ± 0.26
29.02 ± 11.90

0.10 ± 0.06
1.36 ± 0.20
20.54 ± 9.35

0.09
1.29
28.44

0.11
1.39
21.09

5.27 .015c .149
5.05 .016c .144
11.81 .001c .282

Abbreviations: ANCOVA, analysis of covariance; BAT, bilateral arm training; nMT, normalized movement time; nTD, normalized total displacement; PPV,
percentage of movement time to peak velocity.
a
Values are mean ± standard deviation or as otherwise indicated.
b
Adjusted means (ie, adjusted posttreatment means) are usually part of ANCOVA output and obtained from altering the original means to control for
the covariates (ie, pretreatment values).23,24
c
P < .05.

arm. The postulated mechanism for the effects of BAT
requires further study using functional brain imaging techniques. A second possible explanation for the beneficial
effects lies in the limb-coupling mechanism for symmetric
tasks. During the bilateral symmetric tasks of daily living,
the temporal and spatial parameters of the 2 arms are substantially similar, and the coupling mechanism is maximally
operative.18 Accordingly, the performance of the affected
arm improved in the spatial and temporal aspects (movement straightness and efficiency) for both bilateral and
unilateral tasks.
However, differences in the control strategy between the
BAT and control group were found in the bilateral task but
not in the unilateral task, consistent with a previous study.3
The BAT group used less online correction control strategies to implement the bilateral task than the control group.
Both groups used less online control in the unilateral task
posttreatment with no significant between-group differences.44 The possible explanation for the differential
performance of the unilateral versus bilateral task pertains
to the concept of interhemispheric disinhibition triggered

by bilateral movements. When the intact arm was resting
during the unilateral task, the undamaged hemisphere was
not activated to generate the “template” of firing organization to guide the affected arm during skilled actions.9,10,47
Another possible account is that the unilateral and bilateral
experimental tasks involved different task objects (ie, target
size and shape) that may affect the control strategy.48 The
bilateral task involved movement sequencing and might be
easier to induce different strategies between the 2 groups
than the unilateral task.

Motor Performance
The results showed that BAT demonstrated greater reduction of motor impairment as measured by the FMA than the
control treatment. Simultaneous activation of both hands
may have rebalanced interhemispheric activation and inhibition, causing an additional facilitation in the affected
hemisphere and positive after effects for reducing the motor
impairment of the affected UE.18,46,47 In addition, a variety
of functional symmetric tasks were incorporated into the
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Table 3. Descriptive and Inferential Statistics for Analysis of Motor Impairments (FMA) and Functional Ability (FIM and MAL)a
Pretreatment

Posttreatment

Adjusted Meansb

ANCOVA

BAT (n = 16) Control (n = 17) BAT (n = 16) Control (n = 17) BAT (n = 16) Control (n =17) F1,30
FMA
48.00 ± 12.35 53.53 ± 7.58
57.63 ± 1.03
54.99 ± 1.00
FIM
Self-care
37.38 ± 5.49
36.94 ± 7.30
38.38 ± 5.48
37.41 ± 6.69
Sphincter
13.37 ± 2.03
14.00 ± 0.00
13.50 ± 2.00
14.00 ± 0.00
Transfer
20.06 ± 2.38
20.47 ± 1.07
19.94 ± 2.35
20.35 ± 1.06
Locomotion
13.13 ± 1.78
13.24 ± 0.90
13.19 ± 1.83
13.00 ± 1.32
Communication 13.63 ± 0.72
13.00 ± 1.84
13.69 ± 0.60
13.06 ± 1.78
Social cognition 19.81 ± 1.52
19.00 ± 3.50
20.19 ± 1.38
19.35 ± 2.40
Total
117.38 ± 12.09 116.65 ± 10.82 118.88 ± 11.75 117.18 ± 9.63
MAL
AOU
1.06 ± 0.83
1.27 ± 0.91
1.25 ± 0.92
1.70 ± 1.04
QOM
1.18 ± 0.80
1.54 ± 1.18
1.42 ±0.97
1.99 ± 1.10

P

h2

3.26 .041c .098

57.63

54.99

38.36
13.49
19.93
13.19
13.70
20.18
118.84

37.39
13.99
20.34
13.01
13.07
19.35
117.14

0.97
0.61
0.03
1.21
0.17
0.79
0.84

.17
.22
.43
.14
.34
.19
.18

1.34
1.56

1.61
1.86

1.44
1.50

.12 .046
.17 .047

.031
.020
.001
.039
.006
.026
.027

Abbreviations: FMA, Fugl-Meyer Assessment; FIM, Functional Independence Measure; BAT, bilateral arm training; ANCOVA, analysis of covariance; MAL,
Motor Activity Log; AOU, Amount of Use; QOM, Quality of Movement.
a
Values are mean ± standard deviation.
b
Adjusted means (ie, adjusted posttreatment means) are usually part of ANCOVA output and obtained from altering the original means to control for
the covariates (ie, pretreatment scores).23,24
c
P < .05.

BAT program in the study that allowed repetitive practice
on skilled movements. Our findings are consistent with previous studies5,6,12,15,17 that found improvements after BAT.
In contrast, some studies8,11,16 did not corroborate the benefits of BAT, possibly because these studies were based on
a small trial with heterogeneous characteristics of study
subjects (eg, time after onset of stroke).

Functional Ability
Consistent with some previous research,5,8,13,16 this study
found no significant differences between the treatment
groups in daily function as measured by the FIM and the
MAL. This result might be due to the measurement tool that
we used for assessing ADL. Although the FIM is a commonly used evaluation tool in the efficacy research of stroke
rehabilitation, it is a measure of level of assistance and is not
specific to use and function of the paretic limb. The FIM
might not be sensitive to detect changes for high functioning
patients of stroke as studied in this present research. Furthermore, patients in the BAT group did not perceive increased
paretic UE use or better quality of UE movements as measured by the MAL than those in the CI group. It is possible
that we did not specifically recruit patients with the learned
nonuse phenomenon who demonstrated to habitually use the
unaffected UE although the affected UE has the potential to
perform the task. Furthermore, the BAT program did not
emphasize mass practice of the affected UE as constraintinduced therapy does, but involved bilateral symmetrical
activities. In daily life, many bimanual tasks are bilateral

complementary tasks that require a differentiated role for
each hand, for example, opening a jam jar.18 Practice on symmetric bilateral tasks might not be sufficient for improving
functional performance. The findings suggest that other
activities of daily living (ADL) instruments that measure
specific daily functional abilities that depend on the improved
UE function (eg, the Klein-Bell ADL scale49) should be
employed in future research to study the effects of BAT on
daily functions. In addition, stroke patients may need to
relearn various types of bimanual skills, including bilateral
symmetric and complementary tasks, to achieve improvement in the wide variety of daily activities. Whitall et al12
reported greater gains in functional ability after bilateral
training. Of note, their study involved no control group for
comparison and thus failed to provide compelling evidence
to support the benefits of BAT for improving daily function.
The overall findings of this study suggest that BAT
might be a better approach than conventional rehabilitation
to improve motor impairment and enhance motor control,
especially during bilateral arm movements. However, the
benefits of BAT for improving functional ability need further examination using appropriate measurements that may
specifically detect changes in functional performance of the
UE as a result of the treatment.
A few limitations of the present study warrant considerations when generalizing the results beyond the study. First,
there is a lack of follow-up data to address whether the benefits of BAT persist. The advantages of BAT for motor
control and motor performance over CI might be reversed
over time, and follow-up study is required to examine this

Downloaded from http://nnr.sagepub.com at NATIONAL TAIWAN UNIV LIB on January 13, 2010

49

Lin et al
possibility. Second, this study only used a bilateral complementary task to evaluate the changes in motor control after
intervention. Whether the effects of BAT on such a bilateral
task can be generalized to bilateral symmetrical tasks
remains to be scrutinized. Third, PPV used in this study
may not fully represent the control strategy of movement.
Future research may measure the number of acceleration
and deceleration phases to study the control strategy.39
Finally, although we used a sample larger than previous
trials,7,8,11,13,16,19 our study subjects were higher functioning
patients and represented only a small percentage of all eligible patients. Further research should recruit a larger
sample and study patients differing in severity of motor
impairment. Future research also needs to identify factors
that may affect study findings, including premorbid hand
dominance and cognitive function relevant for stroke rehabilitation such as divided attention50 and sequencing.
Future work should also address optimal dose and training
characteristics for BAT and use outcome measures relevant
for daily life situations (eg, the accelerometry system51,52 that
monitors activity of the bilateral UEs53 in the community). In
addition, brain imaging research is needed to verify the suppositions regarding brain plastic change after BAT.

Conclusion
Extending previous research on BAT after stroke, this study
incorporated a variety of bilateral symmetrical and functional
tasks into a BAT program in chronic stroke patients who are
not expected to show spontaneous recovery. The study
showed the effects of the BAT program for improving some
aspects of motor control strategies of the affected arm in both
bilateral and unilateral tasks and reducing motor impairments.
The findings suggest that the BAT should be a favorable
approach if improving motor control and motor performance
of the affected UE in stroke patients is the primary treatment
goal. Future research might consider coupling bilateral with
unilateral approaches to further improve the control strategy
of the affected arm in unilateral functional tasks.
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