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upper-limb task training in early poststroke rehabilitation: a ran-
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Objective: To compare the effects of bilateral task training
with unilateral task training on upper-limb outcomes in early
poststroke rehabilitation.

Design: A single-blinded randomized controlled trial, with
outcome assessments at baseline, postintervention (6wk), and
follow-up (18wk).

Setting: Inpatient acute and rehabilitation hospitals.

Participants: Patients were randomized to receive bilateral
training (n=>56) or unilateral training (n=50) at 2 to 4 weeks
poststroke onset.

Intervention: Supervised bilateral or unilateral training for
20 minutes on weekdays over 6 weeks using a standardized
program.

Main Outcome Measures: Upper-limb outcomes were as-
sessed by Action Research Arm Test (ARAT), Rivermead
Motor Assessment upper-limb scale, and Nine-Hole Peg Test
(9HPT). Secondary measures included the Modified Barthel
Index, Hospital Anxiety and Depression Scale, and Nottingham
Health Profile. All assessment was conducted by a blinded
assessor.

Results: No significant differences were found in short-term
improvement (0—6wk) on any measure (P>.05). For overall
improvement (0—18wk), the only significant between-group
difference was a change in the 9HPT (95% confidence interval
[CI], 0.0—0.1; P=.05) and ARAT pinch section (95% ClI,
0.3—5.6; P=.03), which was lower for the bilateral training
group. Baseline severity significantly influenced improvement
in all upper-limb outcomes (P<.05), but this was irrespective
of the treatment group.

Conclusions: Bilateral training was no more effective than
unilateral training, and in terms of overall improvement in
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dexterity, the bilateral training group improved significantly
less. Intervention timing, task characteristics, dose, and inten-
sity of training may have influenced the results and are there-
fore areas for future investigation.

Key Words: Cerebrovascular accident; Motor activity; Ran-
domized controlled trial; Rehabilitation; Upper extremity.
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RM RECOVERY AFTER STROKE is typically poor,

with 20% to 80% of patients showing incomplete recovery
depending on the initial impairment.'-* Upper-limb dysfunction
in stroke is characterized by paresis, loss of manual dexterity,
and movement abnormalities that may impact considerably on
the performance of ADLs.?

Previous research* has typically focused on motor learning
approaches involving unilateral training of the hemiplegic arm.
Recently, however, bilateral training, in which patients practice
identical activities with both upper limbs simultaneously, has been
proposed as a strategy to improve hemiplegic upper-limb control
and function.>® Control of bilaterally identical synchronous
movement appears to occur centrally through bilaterally distrib-
uted neural networks linked via the corpus callosum and involving
cortical and subcortical areas.'® These networks indicate a com-
mon facilitatory drive to both motor cortices thought to lead to
tight temporal and spatial coupling of limb movement observed
during bilaterally identical synchronous voluntary movement.'®!!
Beneficial effects of bilateral training in stroke are assumed to
arise from this coupling effect in which the nonparetic limb
provides a template for the paretic limb in terms of movement
characteristics, facilitating restoration of movement.

Indeed, facilitatory effects observed during bilateral compared
with unilateral paretic upper-limb movement in patients with
chronic stroke have included increased velocity and smoothness of
movement.'>'3 Furthermore, several studies®®'* have indicated
that therapeutic bilateral training programs may improve short-
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ADLs activities of daily living
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ARAT Action Research Arm Test
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HADS Hospital Anxiety and Depression Scale
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and long-term unilateral performance of the hemiplegic arm in
patients in the chronic poststroke period, suggesting a potential
role for bilateral training in influencing poststroke upper-limb
recovery of function. Two of tho%e studies were small RCTs,>'*
whereas others involved case series™° or a single-group design’;
thus, methodologic limitations mean that to date only limited
evidence exists to support bilateral training as a rehabilitation
strate%y Interventions have been dlverse 1nv01v1ng functional
tasks,”® simple prefunctional movements,”*"'* and electromyo-
graphically triggered functional electric stimulation.® As a result
of this diversity, optimal intervention characteristics remain un-
clear, and only limited evidence exists to support bilateral training
as a rehabilitation strategy.

Little is known about the effectiveness of bilateral training
for upper-limb functional outcomes in more acute patients
because studies published to date have mainly involved people
in the chronic poststroke stage. During the early poststroke
period, intensive upper-limb rehabilitation is known to influ-
ence short- and long-term outcomes®; therefore, the need to
determine the effectiveness of bilateral training for patients in
this stage is critical. Impairment severity also influences upper-
limb recoveryls; however, the effects of initial severity on
responses to bilateral training during early rehabilitation are not
known. Furthermore, upper-limb impairment influences post-

stroke quality of life as a 51gn1ﬁcant predictor of low subjective
well- belng at 1 year'® and is associated with poststroke depres-
sion.'” However, the effects of bilateral training on these out-
comes have not previously been examined.

The purpose of this study was first to compare effects of
bilateral simultaneous upper-limb task training to conventional
unilateral upper-limb task training on recovery in acute stroke in
terms of upper-limb motor performance and activity and indepen-
dence in ADLs, HRQOL, and mood. Second, we wanted to
determine whether responses in relation to upper-limb recovery
were related to the severity of the initial impairment.

METHODS

Design

This was an RCT with blinded assessment at baseline, post-
intervention assessment at 6 weeks, and follow-up assessment at
18 weeks. Participants were recruited from a cohort of stroke
patients sequentially admitted to Ninewells Hospital, Dundee,
Scotland, a large teaching hospital with acute rehabilitation facil-
ities. Assessment and intervention were conducted there, in asso-
ciated rehabilitation hospitals, or in participants’ homes depending
on their rehabilitation status. The Tayside Committee on Medical
Research Ethics provided ethics approval.

Participants

Participants were identified from medical records by the lead
researcher (JHM) and were screened between 2 and 4 weeks
after stroke onset. Inclusion criteria were as follows: acute
unilateral stroke confirmed by a computed tomography scan;
persistent upper-limb motor impairment, defined by scores of
less than 6 on each of the upper-limb sections of the Motor
Assessment Scale'®; ability to participate in 30-minute phys-
iotherapy sessions; and ability to sit unsupported for 1 minute.
Exclusion criteria were severe neglect, aphasia or cognitive
impairment that would limit participation, previous stroke re-
sulting in residual disability, premorbid arm impairment, hemi-
plegic shoulder pain, or inability to provide informed consent.

Primary Outcome Measure

Action Research Arm Test. The ARAT is a frequently
used, validated, and reliable measure of upper-limb func-
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tion'?2° with 4 subsections: grip, grasp, pinch, and gross. Its

maximum summed score is 57, indicating best performance.
Published guidelines were used.”® ARAT performances were
videotaped and used to assess inter- and intrarater reliability.
Single-measure intraclass correlation coefficients were all
greater than .95 (P<<.001), which could be classified as high.*'

Secondary Outcome Measures

Rivermead Motor Assessment. The RMA upper-limb sec-
tion was selected as a more impairment-oriented measure of
upper-limb performance than the ARAT. Scores range from 0
to 15, with higher scores representing better performance.’**

Nine-Hole Peg Test. The 9HPT assesses fine manual dex-
terity at upper ranges of ability.>** Scores were calculated as
pegs per second.

Modified Barthel Index. The MBI assesses independence
in ADLs.*> Scores range from 0 to 100, and higher scores
indicate greater independence in ADLs.

Nottingham Health Profile. The NHP, part 1,°° assesses
HRQOL across 6 domains: energy, pain, emotion, sleep, social
isolation, and physical mobility. Weighted scores range from O
to 600, with lower scores indicating better HRQOL.

Hospital Anxiety and Depression Scale. The HADS as-
sesses mood.”’ The total score ranged between 0 and 42, with
subscales of anxiety and depression ranging from 0 to 21.
Higher scores indicate greater depression and/or anxiety.

Randomization and Blinding

Participants were randomly assigned to receive bilateral or
unilateral training by using concealed web-based randomiza-
tion, designed by the study statistician (SAO), 2 to 4 weeks
after stroke onset and after provision of written informed
consent and baseline assessment. Stratifying factors included
the side of hemiplegia, stroke classification as determined by
the Oxford Community Stroke Project cla551ﬁcat10n 8 and
baseline upper-limb activity measured by the ARAT.'” Two
therapists (an occupational therapist and physiotherapist)
trained to use the measures, blinded to treatment allocation and
otherwise uninvolved in the trial, collected baseline, postinter-
vention, and follow-up data by using standardized protocols.
Participants were instructed not to indicate their group alloca-
tion to assessors.

Intervention

Bilateral group. Participants allocated to bilateral training
practiced identical tasks with each arm simultaneously. Train-
ing lasted 20 minutes a session 5 weekdays a week over 6
weeks in addition to usual therapy. Participants performed as
many trials as possible in each session to a maximum of 30
trials of each task, a total of 120 trials per session. The duration
and 1nten51ty of training reflected other bilateral training stud-
ies’” and was pragmatic, given the acute stage of recovery and
ongoing usual therapy. Also reflecting the pragmatic nature of
the study, participants discharged home before the end of the
intervention period continued training at home twice a week
through supervised visits of 30 minutes in duration from the
same therapists, in line with the usual discharge and follow-up
procedures.

Equipment and task protocols were standardized and porta-
ble. The program incorporated 4 core tasks typically found
difficult by stroke patients; 3 had been used previously in
bilateral training studies.>® Participants were asked (1) to move
a doweling peg 2cm in diameter by 4cm in height from tabletop
to attach to the underside of a shelf placed at eye level; (2) to
move a 7-cm’ block from the table onto a shelf at shoulder
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height; (3) to grasp an empty glass, take to the mouth, and
return to starting position; and (4) to point to targets raised
30cm from the table and positioned at midline, 40cm to the
right, and 40cm to the left of midline.

The fourth task was included because pointing is an impor-
tant upper-limb function involving proximal and distal control,
for which task constraints could be progressed by using targets
of varying size.

Participants were assigned to a core protocol if they were
able to complete the 4 core tasks at the first training session or
to a modified protocol when the core tasks could not be
completed. The modified protocol involved tabletop activities
incorporating components of the core tasks, including reaching,
forearm pronation and supination, wrist extension, and grasp.
Training sessions were organized to enhance skill acquisition
and retention through block practice in the cognitive stage of
learning progressing to random practice in the associative stage
of learning.” Progressive, standardized graded variations of
the core and modified tasks, with specific motor or functional
goals and incorporating a range of everyday objects of differing
shapes and sizes, were piloted and developed to provide a varia-
tion of reaching distances, accuracy, dexterity, and strength re-
quirements. The aim was to encourage active participation
matched to the degree of the impairment. Participants allocated
to the modified protocol who had very little or no active
movement were facilitated in their attempts to achieve goals
with assistance from the therapists who withdrew physical
assistance as soon as the participant showed active involve-
ment. Goals for these participants, within the modified proto-
col, involved simple wrist and hand movement and reaching to
points marked on the tabletop. Progression for all participants
occurred when a participant was successful in 75% of the
randomly scheduled trials. To facilitate self-evaluation of per-
formance and maintain participant engagement, knowledge of
results was provided after 5 trials using systematic feedback
from therapists on goal achievement and movement pattern.*

Two senior stroke rehabilitation physiotherapists each with
15 years of experience conducted the intervention.

Control group. Participants in the unilateral training group
followed the same program as the bilateral training group but
used the paretic upper limb only. The intervention and control
sessions occurred away from normal therapy areas so that
regular therapists were unaware of group allocation.

Procedure

Participants fulfilling the inclusion and exclusion criteria
were provided with study information by the lead researcher
(JHM). After this, written informed consent was obtained from
those wishing to take part in the study, baseline assessments
were conducted, and participants were given an identification
number. To randomize participants to bilateral or unilateral train-
ing, the lead investigator (JHM) entered participant identification
number and stratification factors into the randomization program
and then informed the therapists of group allocation.

Power Calculations

Power calculations were based on the suggestion that a
difference of 10% of maximum ARAT score, 6 Eoints, repre-
sents a minimal clinically significant difference.’' Fifty-three
participants in each group were required for 80% power to detect
this difference on the ARAT at P equal to or less than .05.

Statistical Analysis

Data were analyzed using SPSS.* Change scores were cre-
ated by subtraction of baseline from outcome scores at 6 and 18
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weeks. Groups were examined for baseline differences and
differences in change between baseline and 6 weeks (0—6) and
baseline and 18 weeks (0—18) by using chi-square for cate-
gorical data, independent samples ¢ tests, and Kruskal-Wallis
tests as appropriate.

Additionally, 3 severity subgroups were created according to
baseline ARAT and 9HPT scores. The main and interaction
effects of subgroup and treatment group were examined by
using factorial ANOVA. Change scores between 0 and 6 weeks
and between O and 18 weeks on the ARAT, RMA, and 9HPT
were dependent variables. Subgroup and treatment group allo-
cation were entered as fixed factors, and baseline scores on
each measure were entered as covariates.

RESULTS

Data Screening

No deviations from random allocation occurred. Baseline
data were complete for all participants. The MBI and NHP
baseline scores were skewed and therefore were transformed to
approximate normality using square root. The 9HPT baseline
score remained skewed after inverse and logarithmic transfor-
mation; therefore, nonparametric tests were used for baseline
group comparison. Change scores were all normally distrib-
uted.

Participants

Between October 2002 and June 2005, 1239 patients were
screened for inclusion. One hundred six patients (61 men, 45
women) met criteria and agreed to participate. Ninety-seven
(91.5%) participants completed the intervention and postint-
ervention test at 6 weeks. Five participants from the bilateral
training group and 4 from the unilateral training group
dropped out before 6 weeks for reasons indicated in figure 1.
Eighty-five (80%) patients completed follow-up at 18 weeks
(see fig 1), with 5 in the bilateral training and 7 in the
unilateral training group lost to follow-up. Using 7 tests and,
where appropriate, nonparametric equivalents, no significant
differences at baseline in terms of characteristics or baseline
scores existed between participants completing the interven-
tion and those who did not (P>.05). Reasons for loss to
follow-up are provided in figure 1. There were also no
significant differences in terms of baseline characteristics or
scores on baseline measures between participants who were
lost to follow-up and those who were not. Therefore, anal-
ysis was conducted using the complete 6-week dataset
(n=97) and the complete 18-week dataset (n=85). Blinding
was preserved in all cases.

Group Characteristics

No statistically significant differences were found at base-
line between the bilateral and unilateral training groups
(table 1); however, the hospital length of stay was signifi-
cantly longer for the bilateral training group (P=.03) (see
table 1), as was the number of intervention sessions
(P=.04). These differences occurred because 19 (34%) of
56 participants in the bilateral training group compared with
27 (54%) of 50 in the unilateral training group went home
during the intervention period. The total number of training
trials across the sessions was 1093*711 for the unilateral
training group and 1066*=413 for the bilateral training

Arch Phys Med Rehabil Vol 89, July 2008



1240

BILATERAL UPPER-LIMB TRAINING IN STROKE, Morris

Patients screened for inclusion (N=1239)

!

Excluded (n=1133):

No upper-limb deficit (n=499)
Previous upper-limb disability (n=54)
Died (n=99)

A

A

Medically unwell (n=157)

Impaired cognition or communication (n=82)
Unable to sit unsupported (n=27)

Severe neglect (n=9)

2-4 weeks after stroke onset
Met inclusion criteria and agreed to participate (n=106)

Refused consent (n=9)

|

Lived or transferred to hospital outside the
area (n=134)
= Miscellaneous other comorbidities (n=63)

Baseline Measures
(n=106)

Randomized (n=106)

!

.

.

(n=97)

Bilateral Training Unilateral Training
(n=56) (n=50)
v
Withdrew
= Died (n=3) v v .
= Moved away Completed Completed Withdrew
(n=1) intervention intervention = Died (n=1)
= Requested (n=51) (n=46) = Moved away
withdrawal (n=1) (n=1)
l l = Requested
withdrawal
6-week outcome measures (n=2)

A 4

(n=85)

Follow-up measures at 18 weeks

Lost to follow-up

Lost to follow-up

= Too unwell (n=2)
= Unable to contact (n=2)
= Refused (n=1)

= Too unwell (n=2)

= Unable to contact
(n=3)

= Refused (n=2)

v
Completed Trial (n=46)

v
Completed Trial (n=39)

Fig 1. Progress of participants
through the trial.

group, which was not significantly different between the
groups (P=.34); therefore, we can be fairly certain that the
dose of therapy was similar for participants in each group.
Additionally, there were no significant differences at base-
line in terms of any characteristics or outcome measures
between participants in the bilateral training group and those
in the unilateral training group who were discharged during
this period (P>.05). At baseline, 39 (69%) patients of 56 in
the bilateral training group and 28 (56%) of 50 in the
unilateral training group were allocated to the modified task
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protocol (see table 1), a difference that was not significant
(P=.15). During the study, 12 patients in the bilateral train-
ing group and 13 in the unilateral training group progressed
to one or more of the core tasks so that by the end of the
study, of the participants who completed the intervention, 27
(52%) of 51 in the bilateral training group and 15 (33%) of
46 in the unilateral training group had undertaken the mod-
ified task protocol, again a difference that was not signifi-
cantly different (P=.06). The mean number of sessions
before progression occurred was 15.1+6.0 in the bilateral



BILATERAL UPPER-LIMB TRAINING IN STROKE, Morris

Table 1: Baseline Characteristics and Outcome Scores

Bilateral Unilateral
Characteristic Training (n=56) Training (n=50)
Male/Female (n) 34/22 27/23
Age (y) 67.9+13.1 67.8+9.9
Side of deficit (left/right) 27/29 27/23
Ischemic/hemorrhagic stroke 3/53 6/44
Handedness (left/right) 27/29 25/25
Dominant hand affected (yes/no) 49/7 43/7
Nottingham Sensory
Assessment upper limb
(max, 84) 71.3+145 65.2+19.2
Motor Assessment Scale,
median (range) (max, 18) 2.0 (0.0-14.0) 5.5(0.0-12.0)
Oxfordshire Community Stroke
Project classification
Total anterior circulation 3 2
Partial anterior circulation 31 28
Lacunar 21 18
Posterior circulation 1 2
Days to intervention 22.6+5.6 23.2+5.7
Intervention sessions 21.3+5.3 19.0+5.6%
Core task allocation/modified
task allocation 17/39 22/28
Hospital stay, median (range) 80 (3-259) 47 (9-284)*
Upper-limb measures, baseline
scores
ARAT total (max, 57) 13.4+£15.3 18.56+17.2
Grasp (max, 18) 4.9+6.0 6.7+6.5
Grip (max, 12) 2.7+3.3 4.0+4.0
Pinch (max, 18) 2.2+3.9 3.1+x5.4
Gross (max, 9) 3.6*+3.2 4.6+3.1
RMA (max, 15) 3.4+3.3 4.3+3.1
9HPT, pegs/s (median, IQR) 0.00 0.00
(0.00—-0.02) (0.00—-0.05)
Other measures, baseline scores
MBI (0—100) 58.5+25.3 65.7+23.56
NHP (0—600) 180121 174+118
HADS mood: anxiety (0—21) 6.6+4.8 5.9+3.3
HADS mood: depression
(0—21) 6.2+3.2 6.6+3.7

NOTE. Values are mean * SD unless otherwise stated.
*P<.05.

training group and 14.1*=5.4 in the unilateral training group,
a difference that was not significant (P=.68). Review of the
usual therapy records indicated that bilateral training was
used by regular therapists in only 1 case.

Change in Upper-Limb Outcomes and ADLs

Both groups improved during the intervention period (table 2);
however, no significant differences were found between groups
in the mean change between baseline and 6 weeks on the total
ARAT score (P=.68), ARAT subsections grasp (P=.43), grip
(P=.53), pinch (P=.41), and gross (P=.77) or in the change in
the RMA (P=.06), 9HPT (P=.51) (see table 2), and the MBI,
the measure of ADL independence (P=.27) (table 3). For the
85 participants who completed the follow-up assessment at 18
weeks, the difference between groups in the mean change
between baseline and 18 weeks on the pinch subsection of the
ARAT (95% CI, 0.3—5.6; P=.03) and on the 9HPT (95% CI,
0.0—0.1; P=.05) reached significance, indicating poorer recov-
ery for the bilateral training group (fig 2). No significant
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differences were found in the mean change in the total ARAT
score (P=.16), ARAT grasp (P=.45), grip (P=.21), or gross
(P=.52) or on the RMA (P=.41) (see table 2) or MBI (P=.13)
(see table 3) over this period.

Change in HRQOL and Mood

There were no significant differences between bilateral and
unilateral training groups between baseline and 6 weeks in
change in quality of life (NHP) (P=.25), in HADS anxiety
(P=.19), and HADS depression (P=.42) (see table 3). Simi-
larly, no significant differences were found in change between
baseline and 18 weeks on the NHP (P=.34), HADS anxiety
(P=.43), and HADS depression (P=.42) (see table 3).

The Effects of the Severity of the Impairment on
Upper-Limb Outcomes

We were interested in the effects of baseline severity on
outcomes; therefore, 3 severity subgroups were created from
ARAT and 9HPT baseline scores. Participants in subgroup 1
scored O to 3 on the ARAT (n=38), had little or no upper-limb
movement, and had no manual dexterity as evidenced by an
inability to place any pegs in the 9HPT; participants in sub-
group 2 scored between 4 and 28 on the ARAT (n=42) and
showed some upper-limb motor control but no fine manual
dexterity as evidenced by the inability to place any pegs.
Participants in subgroup 3, scoring between 29 and 56 on the
ARAT (n=26), could with 4 exceptions place some or all pegs,
indicating good manual dexterity.

Using the factorial ANOVA, from baseline to 6 weeks, no
significant interaction effect between the ARAT subgroup and
group allocation was found for change in the upper-limb vari-
ables (P>.05) (table 4). However, there were 3 significant
main effects in which baseline severity predicted recovery on
the ARAT (P<.01), RMA (P=.02), and 9HPT (P<.01) (see
table 4). From baseline to 18 weeks, no significant interaction
effect between the ARAT subgroup and group allocation was
found for change on the upper-limb variables (P>.05) (see
table 4). Again, 3 significant main effects existed in which
baseline severity on the ARAT predicted recovery over this
period on the ARAT (P=.01), RMA (P=.04), and 9HPT
(P<.01).

DISCUSSION

This study compared the effects of bilateral and unilateral
upper-limb task training on upper-limb outcomes, ADLs,
HRQOL, and mood during early poststroke rehabilitation. It
also examined whether responses to upper-limb training were
related to the severity of the initial impairment. To our knowl-
edge, this is the largest RCT to date to investigate bilateral
upper-limb training in participants with acute stroke. Although
both groups improved, we found no beneficial effects of bilat-
eral over unilateral training in terms of upper-limb recovery
over 6 weeks of intervention or at the 18-week follow-up,
regardless of the initial severity. In fact, recovery of dexterity,
measured by the ARAT pinch subscale and 9HPT between
baseline and 18 weeks, was significantly poorer for participants
receiving bilateral training. Furthermore, there were no bene-
ficial effects of bilateral training over unilateral training in
terms of performance in ADLs, HRQOL, or mood.

Although direct comparisons with other bilateral training
studies are difficult because of diverse methodologies and
outcomes, our findings do not support previous studies in
which participants with predominantly chronic stroke exhibited
improved motor and functional outcomes with bilateral train-

ing.>" Our findings may differ from those studies for 2 possible
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Table 2: Change Scores on ARAT Total, Grasp, Grip, and Gross Subsections and RMA (upper-limb section) for Bilateral and Unilateral
Training Groups

P (95% CI for

P (95% CI for

Upper-Limb Measures Bilateral Unilateral difference in mean Upper-Limb Measures Bilateral Unilateral difference in mean
6-Week Scores and Training Training change between 18-Week Scores and Training Training change between
Change 0 to 6 Weeks (n=51) (n=46) groups) Change 0 to 18 Weeks (n=46) (n=39) groups)
ARAT total (max, 57) 27.9+x19.5 34.3+19.8 ARAT total (max, 57) 29.0+21.9 37.6+21.2
Change 14.3+13.2 15.4+12.6 0.68(—4.1t06.3) Change 14.3+13.2 18.6+13.6 0.16(—1.7 to 1.3)
Grasp (max, 18) 9.5+6.6 11.6+6.8 Grasp (max, 18) 9.8+7.5 12.2+7.0
Change 4.2+4.4 4.9+5.1 0.43(—-1.2to 2.7) Change 4.3+5.3 5.1+4.8 0.45 (—1.4 to 3.0)
Grip (max, 12) 6.0+4.3 7.6+4.3 Grip (max, 12) 5.9+4.7 8.2+4.6
Change 3.2x2.9 3.6+3.3 0.53(—-0.9to 1.7) Change 3.0+£3.3 3.8+£3.0 0.21 (-0.51t0 2.2)
Gross (max, 9) 5.3£3.2 6.3+3.1 Gross (max, 9) 5.6+x3.5 6.2+3.4
Change 1.7x2.4 1.8+1.8 0.77 (—0.7 to 1.0) Change 1.8+2.6 1.56+1.6 0.52 (—1.3 t0 0.6)
RMA (max, 15) 5.5+3.5 7.1+3.8 RMA (max, 15) 6.0+4.1 7.3+4.0
Change 1.9+2.3 2.8+2.7 0.06 (—0.1 to 2.0) Change 2.3+3.1 2.8+3.0 0.41 (-0.8to 1.9)

NOTE. Values are mean =+ SD.

reasons: the nature of the intervention tasks and the timing of
the intervention.

In our study, participants were trained in complex multijoint
functionally relevant tasks, whereas other bilateral training
studies have involved protocols using simple repetitive move-
ments with electric stimulation® or auditory cueing.”'* Such
augmentation of bilateral movement may provide more effec-
tive upper-limb coupling and consequent facilitation of the
paretic arm than was possible with the free movements prac-
ticed in our study, suggesting that the effects of bilateral
training may be influenced by task constraints. Furthermore,
visualizing and processing information from the nonparetic
limb, while simultaneously attempting to perform new, pro-
gressively changing, relatively complex precise motor goals
with both arms may have provided a dual-task challenge
greater than in other studies. Evidence suggests that stroke
participants find tasks requiring divided attention difficult,*
and aimed movements of the hemiplegic arm require greater
attentional resources than aimed movements in healthy sub-
jects.>® Anecdotally, participants receiving bilateral training in
our study reported difficulty in attending to both limbs during
practice, suggesting that attentional demands and task com-
plexity may have influenced outcomes.

Intervention timing may also have influenced outcomes. We
found no effects of bilateral training with acute stroke partic-
ipants, whereas studies showing positive effects were con-
ducted mainly with participants with chronic stroke.”'
Stroke appears to alter normal transcallosal inhibition, resulting
in increased intact hemisphere excitability during hemiparetic
arm movement that may be inhibitory in nature, thus suppress-
ing output from the damaged hemisphere.** Depending on the
lesion site and size, this overactivation appears transient, and
more normal contralateral activation patterns resume over
time.*> Identical motor commands generated in each hemi-
sphere during bilateral movement may modulate transcallosal
inhibition, balancing stroke-related interhemispheric overactiv-
ity and facilitating output from the damaged hemisphere as
well as from normally inhibited ipsilateral pathways of the
undamaged hemisphere to augment movement of the paretic
arm.”>® The extensive disruption of normal transcallosal inhi-
bition soon after stroke may, however, render bilateral training
less effective than in chronic stages when interhemispheric
interactions have resumed a more normal balance; therefore,
the effects of bilateral training may be time dependent. There-
fore, future studies should investigate cortical activation pat-
terns during bilateral training in the early poststroke period.
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We found no significant between-group differences in the
change in dexterity between baseline and 6 weeks; however,
participants receiving unilateral training showed significantly
better longer-term improvement in dexterity, suggesting that
this group showed accelerated dexterity gains in the posttreat-
ment phase. Given that training specificity is thought to be
critical to training effect,* bilateral practice of dexterity tasks in
which both arms perform identical movement may be some-
what artificial and probably insufficiently related to everyday
life dexterity requirements to provide a training effect. Tasks
involving fine finger control are most commonly performed
unilaterally or with hands performing bimanually different but
coordinated tasks (eg, when tying shoelaces or typing). A
mismatch between practice mode and performance require-
ments for dexterity tasks in everyday life may thus have led to
the lower transfer of training effects to recovery of long-term
dexterity in the bilateral training group.

Furthermore, anatomically, distal upper-limb muscles in-
volved in dexterity show predominantly contralateral cortico-
spinal control, and contributions of ipsilateral and bilateral
control mechanisms to dexterity performance are limited.’”
Ipsilateral pathways from the undamaged hemisphere thought
to become accessible for hemiparetic arm motor control during
bilateral training® are therefore unlikely to be involved in
dexterity, which may explain poorer dexterity recovery of the
bilateral training group. However, results must be interpreted
carefully because many participants could not perform the
dexterity tests (38% at 6wk, 26% at 18wk) because of poor
finger control, reflecting floor effects of the tests.

Independence in ADLs improved for both groups but did
not differ between groups during the study, despite greater
unilateral training group recovery in dexterity. The MBI is
probably too insensitive to detect dexterity changes, and
participants may also have compensated with the unaffected
upper limb to achieve independence in ADLs, a recognized
phenomenon.*’

The change in HRQOL and mood did not differ between
groups despite greater unilateral training group recovery in
dexterity, suggesting that change in dexterity was not suffi-
ciently clinically significant to influence these outcomes. Al-
though upper-limb outcomes are known to influence HRQOL
and well-being a year poststroke,'® they may have little impact
on HRQOL and mood in acute stroke when ambulation may be
a greater concern to the patient.”>



Table 3: Change Scores on the MBI, NHP, and HADS for Bilateral and Unilateral Training Groups

P (95% CI for difference

Unilateral Training

Measure 18-Week Scores and Bilateral Training

P (95% CI for difference

Unilateral Training

Bilateral Training

Measure 6-Week Scores and

in mean change)

(n=39)
86.3+18.4

(n=46)
86+16.9
24.9+23.5
122.0+110.0
—54.5+15.0

Change 0 to 18 Weeks

MBI (0—100)
Change

in mean change)

(n=46)
85.1+19.2
19.6+17.1

104.0+85.0
—73.7+£95.3

=51)

(n
83.0+16.2

23.4+17.0
126.0+101.0
—50.8+99.0

Change 0 to 6 Weeks

MBI (0—100)
Change

0.13 (—15.6to 2.0)

18.1+£15.7
92.0+92.0
—77.5+105.1

0.27 (-10.7 to 3.1)

NHP (0—600)

Change

NHP (0—-600)

Change

0.34(-70.8t0 4.7)

0.25(—62.3t0 16.3)

4.6+3.6
—0.5%3.1

5.6+4.5
-1.1£3.6

HADS anxiety (0—21)

Change

5.7+3.9
—0.4+3.5

5.2+4.1
—1.4+3.5
5.8+3.3
-0.3+3.2

HADS anxiety (0—21)

Change

0.43(-0.9to0 2.1)

0.19(-0.5t0 2.3)
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45+3.2
—-1.4+2.1

5.4+4.5
-0.9+3.8

HADS depression (0—21)

Change

5.7+3.5
-0.8+2.9

HADS depression (0—21)

Change

0.42(-1.9100.8)

0.42(-1.8t00.7)

NOTE. Values are mean = SD.
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Fig 2. Change in dexterity in (A) 9HPT and (B) ARAT pinch between
baseline, 6 weeks, and 18 weeks for bilateral (BT) and unilateral
training (UT) groups. *Significant at P<.05.

Study Limitations

In terms of study limitations, participants presented with
various sites, types of lesion, and severity of motor deficits,
leading to high variability in upper-limb scores that may have
masked significant results. To account for influences of sever-
ity on responses to training, we created severity subgroups.
Results suggest no benefits for bilateral over unilateral training
for the subgroups, but baseline severity did influence recovery,
supporting previous evidence.*® Participant numbers in each
subgroup may have been too small to detect significant differ-
ences in relation to the effects of training group allocation.

The bilateral training group showed lower baseline scores on
all physical measures, which may have contributed to the
findings. Although not statistically different, the difference in
total ARAT scores was probably clinically significant.*' Pa-
tients were allocated to modified or core tasks depending on
their performance at the first training session. Each protocol
involved standardized tasks and progression and either unilat-
eral or bilateral practice. The main difference between proto-
cols was that in the modified protocol, when participants could
not achieve a task, physical assistance was provided by the
therapist until the patient was able to perform the task inde-
pendently, thus adding additional variables that may have in-
fluenced results to the otherwise carefully standardized therapeutic
program. The difference between groups in the proportion of
participants allocated to or completing the core and modified
protocols did not reach statistical significance, and there was no
significant difference in the number of sessions taken to
progress to the core protocol on one or more tasks. Nonethe-
less, a greater proportion of patients in the bilateral training
group received modified training throughout, probably reflect-
ing the baseline clinical characteristics of that group.

In line with other upper-limb studies in stroke,” change
scores were the variable of interest in the study because they
account for heterogeneity within the sample at baseline. The
use of change scores for subgroup analysis may be a less than
optimal approach because it eliminates the variable of time as
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Table 4: Change Scores and Main and Interaction Effects for Severity Subgroups

Bilateral Training Unilateral Training ANOVA
Subgroup n Change n Change Source of Variance df F P
Change 0 to 6 weeks

ARAT (max, 57) 1 12 10.7%£15.3 23 8.4+12.0 Main effects: treatment group 1,89 0.04 .85
2 22 20.1£11.2 17 20.4+13.1 subgroup 2,89 7.94 .00*

3 12 13.5+8.3 11 13.4+8.3 Treatment group by subgroup 2,89 0.13 .87

RMA (max, 15) 1 12 2.0+2.8 23 1.7+3.0 Main effects: treatment group 1,89 2.48 12
2 22 1.9+1.8 17 3.6+2.6 subgroup 2,89 4.12 .02*

3 12 1.4*+1.9 11 2.6+2.4 Treatment group by subgroup 2,89 1.30 .28

9HPT (pegs/s) 1 12 0.01+0.04 23 0.01+0.01 Main effects: treatment group 1,89 0.10 .75
2 22 0.08+0.12 17 0.11+0.12 subgroup 2,89 18.16 .00*

3 12 0.19+0.19 11 0.17+0.11 Treatment group by subgroup 2,89 0.84 .43

Change 0 to 18 weeks

ARAT (max, 57) 1 10 11.0£17.2 20 10.9+15.1 Main effects: treatment group 1,78 0.68 41
2 18 17.8£13.7 15 249+13.4 subgroup 2,78 5.41 .01*

3 11 156.7+5.5 11 15.3+x7.0 Treatment group by subgroup 2,78 0.74 .48

RMA (max, 15) 1 10 2.3*+3.9 20 2.5*3.9 Main effects: treatment group 1,78 0.38 .54
2 18 2.1*2.6 15 3.4+2.8 subgroup 2,78 3.27 .04*

3 11 2.6+1.6 11 2.3+24 Treatment group by subgroup 2,78 0.47 .63

9HPT (pegs/s) 1 10 0.02+0.06 20 0.04+0.06 Main effects: treatment group 1,78 2.48 12
2 18 0.09+0.13 15 0.15*0.15 subgroup 2,78 17.91 .00*

3 11 0.21+0.12 11 0.24+0.15 Treatment group by subgroup 2,78 0.48 .62

NOTE. Values are mean *= SD. Subgroup 1 is patients scoring 0 to 3 on the ARAT at baseline. Subgroup 2 is patients scoring 4 to 28 on the
ARAT at baseline. Subgroup 3 is patients scoring 29 to 57 on the ARAT at baseline.

*Significant at P=.05.

a factor in the analysis. We elected to conduct subgroup anal-
ysis in this way to provide consistency with the main analysis,
which addressed change. We can be fairly certain that results of
the ANOVA using change scores was robust given that we
additionally conducted the same analysis of subgroups on
outcome scores at 6 and 18 weeks and found the same pattern
of results, which we have not presented here.

Of the patients who completed the intervention, there were
no deviations from randomized allocation leading to change of
group; therefore, intention-to-treat analysis for protocol viola-
tion was not required. We had no follow-up data for partici-
pants who did not complete the intervention; therefore, their
data were classified as missing. Missing data caused by drop-
outs and losses to follow-up may therefore have influenced our
findings. Given that we found no baseline differences between
those who did not complete the study and the rest of the sample
and we can explain dropout and loss to follow-up (see fig 1),
we can be fairly certain that there were no particular charac-
teristics that predisposed patients to dropout or not to complete
the follow-up tests. We therefore elected to present an analysis
of the complete cases only. To ensure that this was a robust
representation of the findings, we performed analysis using 3
different methods of imputation for the missing data. After testing
that the missing data were randomly distributed, analysis of data-
sets with substitution of the unilateral and bilateral training group
mean values for the missing data on each measure in each of those
groups, carry forward of the last known value, and expectation
maximization using SPSS to generate missing values®® were all
conducted. None of these methods produced findings that were
different from the results in which no method of imputation was
used and provides us with a reasonable degree of certainty that
results from the complete data were not biased by the missing
cases.

Measurements were conducted at 2 endpoints using functional
measures selected for clinical relevance but were relatively crude.
Other studies, performed by using kinematic analysis, have shown
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immediate improvements in the quality and timing of upper-limb
movement during bilateral conditions in chronic stroke'? and in
some cases during subsequent unilateral performance.>®® Imme-
diate and subtle effects of bilateral training on movement param-
eters may have therefore been missed in our study.

Although the training dose was in line with other bilateral
training studies,>’ compared with some recent studies of
other upper-limb intervention,*® the dose of therapy in this
study was low. Given the additional attentional demands
faced by the bilateral training group, the therapy dose may
have been insufficient to provide an effect of bilateral train-
ing.

Future work should examine optimal timing, dose and train-
ing characteristics for bilateral training, and its effects on
patients at different stages of recovery using sensitive measures
of impairment and function. Relationships between tasks prac-
ticed, test tasks, and functional outcomes also need further
investigation, along with the effects of lesion location and the
severity of impairment.

CONCLUSIONS

This study suggests that 20 minutes a day of bilateral train-
ing of functionally related tasks is no more effective than
unilateral training for upper-limb recovery in acute stroke
patients, regardless of the initial severity of the impairment.
Furthermore, for recovery of dexterity, bilateral training actu-
ally appears less beneficial. Independence in ADLs, HRQOL,
and mood were not influenced by bilateral training. Several
other studies have found benefits of bilateral training; there-
fore, this approach cannot be rejected altogether as an upper-
limb intervention in stroke on the basis of our study findings.
The study does suggest that training characteristics, such as the
nature of the tasks trained and the strength of interlimb cou-
pling required for effects, may influence outcomes; therefore,
future work should examine the optimal timing, dose, and
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training tasks that might optimize the already known facilita-
tory effects of interlimb coupling.
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