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Community-Based Upper-Extremity Group Exercise
rogram Improves Motor Function and Performance of
unctional Activities in Chronic Stroke: A Randomized
ontrolled Trial
arco Y. Pang, PhD, Jocelyn E. Harris, MSc, Janice J. Eng, PhD
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ABSTRACT. Pang MY, Harris JE, Eng JJ. A community-
ased upper-extremity group exercise program improves motor
unction and performance of functional activities in chronic
troke: a randomized controlled trial. Arch Phys Med Rehabil
006;87:1-9.

Objective: To assess the effects of a community-based
xercise program on motor recovery and functional abilities of
he paretic upper extremity in persons with chronic stroke.

Design: Randomized controlled trial.
Setting: Rehabilitation research laboratory and a community

all.
Participants: A sample of 63 people (�50y) with chronic

eficits resulting from stroke (onset �1y).
Interventions: The arm group underwent an exercise pro-

ram designed to improve upper-extremity function (1h/ses-
ion, 3 sessions/wk for 19wk). The leg group underwent a
ower-extremity exercise program.

Main Outcome Measures: The Wolf Motor Function Test
WMFT), Fugl-Meyer Assessment (FMA), hand-held dyna-
ometry (grip strength), and the Motor Activity Log.
Results: Multivariate analysis showed a significant group by

ime interaction (Wilks ��.726, P�.017), indicating that over-
ll, the arm group had significantly more improvement than the
eg group. Post hoc analysis demonstrated that gains in WMFT
functional ability) (P�.001) and FMA (P�.001) scores were
ignificantly higher in the arm group. The amount of improve-
ent was comparable to other novel treatment approaches such

s constraint-induced movement therapy or robot-aided exer-
ise training previously reported in chronic stroke. Participants
ith moderate arm impairment benefited more from the
rogram.
Conclusions: The pilot study showed that a community-

ased exercise program can improve upper-extremity func-
ion in persons with chronic stroke. This outcome justifies a
arger clinical trial to further assess efficacy and cost
ffectiveness.

Key Words: Arm; Cerebrovascular accident; Exercise; Re-
abilitation.
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PPROXIMATELY 70% TO 80% of people who sustain a
stroke have upper-extremity impairment.1,2 Many of them

o not regain functional use of the paretic arm,2,3 which can
ead to difficulties in activities of daily living (ADLs) and
ngagement in community life. At 6 months poststroke, a
ubstantial proportion (25%�53%) of people remain depen-
ent in at least 1 ADL task, which often involves the use of
nilateral or bilateral arm movement.4-6

Different approaches have been used to improve upper-
xtremity function following stroke, such as functional train-
ng,7-12 neurofacilitation techniques,8,10,13,14 and strength train-
ng,9,11,15-17 and the results are mixed. The majority of these
tudies have a small sample size and only a few are devoted to
tudying persons with chronic stroke.10,15,16 While increase in
trength has been reported following strength training in per-
ons with chronic stroke, there is no indication of improvement
n the functional use of the affected upper extremity.15,16 Sim-
larly, there was no change in hand function following a 12-
eek program with functional training and muscle strengthen-

ng/facilitation for persons with chronic stroke.10

There is mounting evidence that both motor and functional
hanges in the paretic upper extremity can occur many years
oststroke with forced use.18-23 Indeed, cortical reorganization
as been demonstrated following intensive movement therapy
n persons with chronic stroke.24 Novel approaches such as
onstraint-induced movement therapy (CIMT),18-23 repetitive
ilateral arm training with rhythmic auditory cueing (BAT-
AC),25 and robot-aided exercise training26-31 have been de-
eloped to promote paretic upper-extremity function following
hronic stroke. However, these treatment approaches often
nvolve a one-to-one client-therapist ratio. In case of CIMT, an
xtensive amount of daily therapy is also required.18-23 Con-
idering the current limited health care resources, alternative
ehabilitative programs are needed to reduce the long-term
isability resulting from upper-extremity hemiparesis.
A community-based group program may be a feasible alter-

ative approach to upper-extremity rehabilitation after a stroke.
t is accessible to a large number of people in the community
nd does not require one-to-one supervision, thereby reducing
he cost. The concept of community programs is also compat-
ble with the emerging priority in health care policy to prevent
econdary disabilities for persons living with chronic condi-
ions.32,33 Community-based programs for promoting mobility
nd physical fitness in people with chronic stroke have been
roposed and positive outcomes have been reported.34,35 An
pper-extremity group exercise program for people with
hronic stroke has also been proposed by Dean et al12 (used as

he control group in their study). However, it failed to produce
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A

ositive outcomes, probably due to the small sample size
N�12).

A randomized controlled trial (RCT) was conducted to ex-
mine the feasibility and efficacy of a community-based group
xercise program. The participants were randomized into 2
ifferent exercise groups: (1) arm exercise group and (2) leg
xercise group. The trial was originally set out to test the
ffects of a leg exercise program on cardiorespiratory fitness,
alance, and leg muscle strength and the results have been
eported elsewhere.36

However, the study design also allowed us to examine the
esults for the arm group. The purpose of the study was to
etermine (1) whether a community-based group exercise pro-
ram for people with chronic stroke results in functional im-
rovement in the paretic upper extremity, and (2) the relation-
hip between severity of upper-extremity impairment and gain
rom the treatment program. It was hypothesized that the arm
roup would have significantly more functional improvement
n the paretic upper extremity than the leg group.

METHODS

articipants
We recruited community-dwelling persons with stroke on a

olunteer basis through a local rehabilitation hospital database,
ocal stroke clubs, and newspaper advertisements. All potential
articipants were screened by a telephone interview and had to
ulfill the following inclusion criteria: (1) had a single stroke
nly; (2) were in chronic stage of stroke recovery (ie, post-
troke duration of �1y); (3) were independent in ambulation
ith or without an assistive device for at least 10m; (4) were 50
ears of age or older; and (5) were living at home. Potential
articipants were excluded if they (1) had other neurologic
onditions in addition to stroke; (2) had unstable cardiovascular
isease; or (3) had other serious diseases that precluded them
rom undergoing the exercise training. Potential participants
ave informed, written consent to participate in the study. For
hose who were previously admitted to local hospitals, medical
ecords were obtained to confirm the diagnosis of stroke based
n imaging results (eg, computed tomography scan). In addi-
ion, the primary care physician was also required to complete
form to confirm the diagnosis of stroke and provide relevant
edical history of the subject (ie, characteristics of stroke,

ontraindications to exercise, comorbid conditions).
We brought the persons who passed the initial interview into

he research laboratory for further screening. First, we admin-
stered a Folstein Mini-Mental Status Examination (MMSE)
core; a score of 22 or higher was required for inclusion.37

econd, the ability to pedal the cycle ergometera was tested.
he participant had to be able to pedal at 60rpm and raise the
eart rate to at least 60% of maximal heart rate. This was to
nsure to us that the participant would be able to undergo
ardiorespiratory fitness testing on the cycle ergometer, be-
ause the trial was originally set out to evaluate the leg exercise
rogram on cardiorespiratory fitness. The study was approved
y local research ethics committees. The study was conducted
ccording to the Declaration of Helsinki for human experi-
ents.38

andomization
The eligible participants were matched by sex and then

andomly assigned to either the arm exercise group or the leg
xercise group. This procedure was conducted to ensure an
pproximately equal number of men and women in each of the

xercise groups. The randomization procedure was done by fi

rch Phys Med Rehabil Vol 87, January 2006
rawing ballots. The person who performed the randomization
as not involved in enrollment or any of the screening and
utcome assessments.

linding
This was a single-blind pilot RCT. The research personnel

ho performed the outcome assessments were blinded to the
roup assignment. Participants, however, were not blinded to
roup assignment. To minimize systematic bias due to the
onblinding of the participants, participants were instructed not
o tell the assessors about the group assignment or the treatment
hey received.

nterventions
Participants in both the arm and leg groups underwent an

xercise program for 19 weeks (1-h sessions, 3 sessions/wk). A
hysical therapist, an occupational therapist, and an exercise
nstructor supervised each exercise session consisting of 9 to 12
articipants. The exercise programs took place in a community
all.
In the arm group, the participants underwent an exercise

rogram designed to improve upper-extremity function. The
verall aim was to prevent learned nonuse and to improve
unctional abilities of the paretic upper extremity through self-
irected exercises. The participants were required to rotate
hrough 3 exercise stations (fig 1). In station 3, electric stimu-
ation of the wrist extensors was provided to those with less
han 20° of active wrist extension (n�10), by using an electric

uscle stimulatorb (frequency, 100Hz; pulse duration, 150�s;
n time, 10s; off time, 10s; ramp, 1s; treatment time,
0�15min). Each exercise session had a brief (5min) warm-up
nd cool-down period in which the participants performed
pper-extremity stretches and active or self-assisted range of
otion exercises. The specific exercises performed in each

ession were recorded in a log book provided for each partic-
pant. The participants were expected to be more self-directed
s the trial progressed, by following the exercise protocol
ecorded in the log book. Any adverse symptoms (ie, excessive
atigue, pain, injuries) were reported to the therapists. The leg
xercise group participated in a lower-extremity exercise pro-
ram (fig 2). No upper-extremity exercises were performed in
his group.

utcomes
All outcomes were measured by the same trained assessors

mmediately before the initiation of the program (week 0), and
gain immediately after the termination of the interventions
week 19). The assessors were not involved in conducting the
raining program.

Primary outcomes. We used the Wolf Motor Function
est (WMFT) to assess upper-extremity function.39 It consists
f 15 tasks and quantifies upper-extremity movement through
imed joint-segment movements (tasks 1�7) and functional
asks (tasks 8�15). The higher the score, the closer the move-

ent appears to be normal. A score from 0 to 5 was given for
ach task (0, does not attempt with upper extremity being
ested; 3, movement is influenced to some degree by synergy or
s performed slowly or with effort; 5, movement appears to be
ormal). The scores for the 15 tasks were summed and then
veraged to yield the mean functional ability score. In addition,
he time (in seconds) required to complete each task was
ecorded. If the participant was unable to complete a particular
ask within 2 minutes, the task was considered unachievable for
hat participant and a time of �120 seconds was assigned. The

nal time score would be the median time required for all timed
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3UPPER-EXTREMITY TRAINING IN STROKE, Pang
asks executed, as per the WMFT protocol.40 Because the
edian time was used, all scores above the median have the

ame weight. Therefore, the inability to perform a particular
ask would not translate into a disproportionately large change
n the final time. WMFT has been shown to have high interrater
eliability (intraclass correlation coefficients, �.88), internal
onsistency (Cronbach ��.86), and test-retest reliability
r�.90) in people with stroke.39,40

We used the Fugl-Meyer Assessment (FMA) to evaluate the
everity of motor impairment in the paretic upper extremity.41

t was based on the performance of 33 tasks, which assessed
he quality of movements, reflex activity, and coordination. A
core based on a 3-point ordinal scale (0�2) was given to each
ask, with a higher score indicating less impairment (maximum
core, 66). The FMA has been shown to have high interrater
eliability (r�.99).42

Secondary outcomes. Grip strength was measured by us-
ng the Jamar dynamometer.c Measurement of grip strength by
he Jamar dynamometer has been shown to have high test-retest
eliability (r range, .88�.93) and interrater reliability
r�.99).43 The standard testing position recommended by the
merican Society of Hand Therapists was used.44 Each partic-

pant was seated in a chair with back support, with the shoulder
dducted and neutrally rotated, elbow flexed at 90° with neutral

Station 1: Shoulder exercises  

1. Theraband exercises.           
Movements: flexion, abduction, 
extension, external rotation 
(progressed by increasing the 
resistance of theraband and 
increasing repetitions from 2 sets of 
10 to 3 sets of 15). 

Station 
bearing
exercise

1. Pas
mot
acti

2. UE
pus
ups

3. Dum
Mo
exte
the 
from

Station 3: Hand activities and functional t

1. Hand muscle strengthening: 
Exercises using putty, grippers (movem
grip, finger extension) (progressed by in
resistance of the putty and grippers and
repetitions from 2 sets of 10 to 3 sets of

2. Functional activities: playing cards, pic
objects of various sizes and shapes, reac
fine motor tasks. 

3. Electric stimulation to wrist extensors (
those with less than 20° of active wrist 
upination and pronation, and wrist in a neutral position. The t
articipant was then instructed to squeeze the dynamometer as
ard as he/she could for 5 seconds and the force value (in
ilograms) was recorded. Three trials were performed and the
orce data were averaged and converted to newtons.

We used the Motor Activity Log (MAL) to evaluate how
uch and how well a person used the paretic upper extremity

n daily activities.45 The MAL consisted of 30 functional tasks
eg, putting on shoes, opening a drawer) and was administered
s a semi-structured interview.45 Two scores, based on a
-point ordinal scale, were given for each item, one for the
mount of use (AOU) (0, paretic arm not used; 3, paretic arm
sed about half as much as before the stroke; 5, paretic arm
sed as much as before the stroke), and one for the quality of
ovement (QOM) (0, inability to use the paretic arm; 3, fair

bility to use the paretic arm; 5, ability to use the paretic arm
s well as before the stroke). The scores for the 30 items were
veraged to obtain a mean score. The AOU and QOM scores
ere summed and then averaged to yield a single MAL score

or each participant. The MAL has been shown to have high
nternal consistency (Cronbach ��.88), and reasonable con-
truct validity (Spearman ��.63) in persons with stroke.45

atient Satisfaction
We asked each participant to fill out a questionnaire to rate

ange of motion, weight-
ities, and elbow/wrist 

r self-assisted range of 
or joints with no or minimal 
ovement. 

ht-bearing activities (eg
down on a physio ball, push-
e armrest of chair). 

ll/wrist cuff weight exercises. 
nts: elbow/wrist flexion, 
n (progressed by increasing 
ht and increasing repetitions 
ets of 10 to 3 sets of 15). 

ing 

 pinch, 
sing the 
asing 

 

up 
 tasks, 

for 
sion). 

Fig 1. Exercise training proto-
col: arm group. Participants in
the arm group were required
to rotate through 3 exercise
stations to work on different
upper-extremity (UE) tasks.
2: R
 activ
s

sive o
ion f
ve m

 weig
hing 
 on th

bbe
veme
nsio
weig
 2 s

rain

ents:
crea

 incre
 15).

king 
hing

only 
exten
he facility (location, accessibility) and the program (class size,
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A

requency, duration, being beneficial) based on an ordinal scale
f 1 to 5 (1, poor; 2, satisfactory; 3, good; 4, very good; 5,
xcellent). Participants were also required to indicate their
ikelihood of participating in a similar community program in
he future (not at all likely, somewhat likely, likely, or very
ikely). Additional comments on the program were also re-
orded.

tatistical Analysis
We compared the baseline characteristics of the 2 groups

sing independent t tests (for continuous variables) and chi-
quare tests (for categoric variables). We found that the arm
roup had significantly greater impairment in the paretic upper
xtremity at baseline than the leg group indicated by the

MFT functional ability and FMA scores. To test the overall
ffect of treatment and to reduce the probability of type I error
ue to multiple comparisons, a multivariate analysis of covari-
nce (MANCOVA) incorporating all outcome measures
FMA, WMFT functional ability score, WMFT time score, grip
trength, MAL) was performed (within-subject factor time;
etween-subject factor: group). Baseline WMFT functional
bility and FMA scores were entered as covariates because of
he between-group difference in these measures.

If the MANCOVA demonstrated a significant effect, fol-
ow-up analyses would be done using univariate 2-way analysis
f covariance (ANCOVA).46 While the MANCOVA could
etect whether there was a significant overall treatment effect,

Stati

1. W
2. T
3. W

c
4. S

w
5. W

(
6. S

w
7. S

o
8. K

Prog
and i

Station 1: Cardiorespiratory fitness and  
mobility  

1. Brisk walking.  
2. Sit-to-stand: progressed by reducing the  

height of chair.  
3. Alternate stepping onto low risers:  

progressed by increasing the height of  
the stepper and/or reducing arm  
support.   

Duration: started at 10min, with increment  
of 5min every week, up to 30min of  
continuous exercise.  

Intensity: started at 40%–50% Heart rate 
reserve (HRR), with increment of 10%  
HRR every 4 weeks, up to 70%–80% HRR, 
as tolerated.    

Station 3: Lower-extremity muscle strength  

1. Partial squats: progressed by increasing move
2. Toe rises: progressed from bilateral rises to u

leg  

Progressed by increasing the number of  repetition
sets of 15) and by reducing arm support.  
t could not indicate what particular outcome variable showed p

rch Phys Med Rehabil Vol 87, January 2006
ignificant changes following the arm exercise therapy. To
etermine the effect of arm therapy on individual outcome
ariable, post hoc univariate 2-way ANCOVA was performed
or each outcome variable (within-subject factor: time; be-
ween-subject factor: group), with the baseline measurement of
ach respective outcome entered as the covariate. To specifi-
ally test the effect on performance of functional activities, a
eparate univariate 2-way ANCOVA based on the mean score
rom tasks 8 through 15 in the WMFT was also performed.

To calculate effect size, the mean change scores (posttest
cores – pretest scores) for each outcome variable in the arm
nd leg groups were extracted. For each outcome, the baseline
tandard deviations (SDs) in the 2 groups were used to calcu-
ate the pooled population SD.47 The standardized effect size
SES) was established by calculating the difference between
ean change scores of the arm and leg groups divided by the

ooled population SD.47 The 95% confidence interval (CI) for
ach SES was also computed.

It was also of interest to determine whether the level of
mpairment at baseline had any impact on the amount of
mprovement in the arm group. The 30 participants in the arm
roup were thus stratified into 3 subgroups of 10 participants
ased on the FMA score at baseline (FMA score range, 0�27:
everely impaired; FMA score range, 28�57: moderately im-
aired; FMA score range, 58�66: mildly impaired). Pretest-
osttest comparisons were made by using paired t tests. For
ach participant, the pretest score was subtracted from the

: Mobility and balance  

ing in different directions  
em walking  
ing through an obstacle  
e 
en stops and turns during  
ng  
ing on difference surfaces  
et, foam)  
ing on a balance disk or  
le board  
ing with 1 foot in front of the  
  
ng ball with either foot  

d by reducing arm support  
sing speed of movement  

t magnitude  
ral rises on either  

m 2 sets of 10 to 3  
Fig 2. Exercise training proto-
col: leg group. Participants in
the leg group underwent a leg
exercise program.
on 2

alk
and
alk

ours
udd
alki
alk

carp
tand
obb
tand
ther
icki

resse
ncrea

men
nilate

s (fro
osttest score to obtain the change score for each outcome
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5UPPER-EXTREMITY TRAINING IN STROKE, Pang
ariable. These change scores were then entered into a
ANOVA (between-subject factor: level of impairment) to

ssess the overall effect of initial upper-extremity impairment
n improvement obtained at the end of the trial. A Tukey test
as then used to analyze the data post hoc. Within each of the
subgroups, the change score for each outcome was divided by

he respective baseline SD to obtain the SES. An SES of 0.2 to
.5 was considered as small, 0.5 to 0.8 as medium, and 0.8 or
igher as large.48 All statistical analyses were performed using
PSS, version 11.5, softwared using a significance level of .05
2-tailed).

RESULTS

ubject Characteristics, Participation, and Retention
Sixty-three persons with chronic stroke (36 men, 27 women)

articipated in the study (fig 3). Three participants dropped out
uring the course of the study and did not undergo the outcome
ssessments at the end of the trial (week 19). Of these 3
articipants, 1 dropped out of the arm group after 8 sessions
ecause of the inability to commit the time. Another 2 dropped
ut of the leg group: 1 withdrew after 6 sessions because of the
nability to commit the time, and 1 withdrew after 9 sessions
ecause he found the exercise too fatiguing. These 3 partici-

77 successfully completed 
initial interview 

63 were enrolled 

31 were randomized to 
arm group 

31 completed baseline 
assessment

30 
completed 
assessment 
at week 19

187 volunteered to 
participate in the study 

110 did not meet
interview (eg, ins

12 were excluded:
bicycle, 2 had MM
uncontrolled blood
permission from p

2 were unab
due to illnes

32 were ran
leg group 

32 complete
assessment

1
dropped 
out 

30 
completed 
assessment 
at week 19

65 successfully completed 
cycle ergometer test and 
MMSE
ants were excluded from data analysis. i
Comparison of baseline characteristics (independent sample
tests or chi-square tests) revealed that there was no significant
ifference in demographics, stroke characteristics, and pres-
nce of comorbid conditions (table 1). Regarding the primary
utcomes, there was no significant difference in WMFT time
core (P�.733). However, the arm group had significantly
ower WMFT functional ability score (P�.042) and FMA
P�.040). Participant attendance was similar in both groups
arm group: 82.6%; leg group: 85.8%; P�.401).

reatment Effect
All participants received treatment and control conditions as

llocated. The results for all outcomes are presented in table 2.
ANCOVA (covariates: baseline WMFT functional ability

nd FMA scores) showed a significant time by group interac-
ion (Wilks ��.729, P�.005). Post hoc analysis (univariate
-way ANCOVA) (see table 2) revealed that the arm group had
ignificantly more improvements in WMFT functional ability
P�.003) and FMA (P�.001) scores than the leg group. The
mprovement in the arm group remained significantly higher
han the leg group when only tasks 8 through 15 (functional
ctivities) in the WMFT were considered (univariate 2-way
NCOVA, P�.011). There was no significant time by group

ria via telephone 
ionalized) 

ere unable to pedal the 
score <22, 1 had 
ssure, 2 could not obtain 
ian 

 participate 

ized to 

seline 

2
dropped 
out 

Fig 3. Study flow chart.
Adapted from Pang et al.36 Re-
printed with permission.
 crite
titut

 7 w
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A

mpact of Severity of Impairment on Changes in
utcome Measures
Another purpose of this study was to identify the participants

ho may benefit the most from this community-based upper-
xtremity exercise program. The participants in the arm group
ere categorized into 3 different subgroups according to the
aseline FMA score. Comparison between the pretest and
osttest scores (paired t tests) revealed that the mildly impaired
roup had significant change in WMFT functional ability
P�.016), FMA (P�.008), and MAL scores (P�.012), but not
n WMFT time score (P�.100) or grip strength (P�.165). The

oderately impaired group had significant change in all out-
omes (WMFT functional ability, P�.002; FMA, P�.001; grip
trength, P�.017; MAL, P�.050) except WMFT time score
P�.463). The severely impaired group had significant change
n FMA (P�.033) and MAL (P�.035), but not others (WMFT
unctional ability, P�.792; WMFT time score, P�.233; grip
trength, P�.317).

Table 1: Subject Characteristics at Baseline

Characteristics
Arm Group

(n�30)
Leg Group

(n�30)
Dropouts

(n�3)

Demographics
Female sex 12 12 2
Age (y) 64.9�8.5 66.0�8.7 61.7�13.2
White/Asian/black 18/12/0 18/11/1 2/1/0
MMSE score 28.1�1.9 27.7�2.4 27.3�1.5
Had inpatient rehabilitation

after acute hospital stay
26 22 2

Had outpatient physical
therapy after discharge

21 20 0

Had outpatient occupational
therapy after discharge

12 10 0

Self-selected gait velocity (m/s) 0.80�0.34 0.83�0.44 1.1�0.28
Stroke characteristics

Paretic side (left) 21 19 1
Paretic side (dominant side) 11 8 2
Ischemic stroke 19 17 1
Poststroke duration (y) 5.1�3.6 5.2�5.0 12.1�11.0

Comorbidity
Hypertension 19 17 1
Diabetes 5 4 1
Arthritis 6 6 0
Depression 8 6 1

OTE. Values are n or mean � SD.

Table 2: Outco

Measurements

Arm Group (n�30)

Pretest Posttest

Primary outcomes
WMFT (functional ability) 2.9�1.6 3.1�1.8
WMFT (tasks 8�15 only) 2.6�1.7 2.9�1.9
WMFT median time (s) 29.7�47.1 26.9�47.5
FMA 40.8�19.6 45.7�19.3

Secondary outcomes
Grip strength (N) 97.3�94.8 113.8�96.7
MAL 1.7�1.5 2.3�1.7

OTE. Values are mean � SD or as otherwise indicated.
P�.005 (group by time interaction, post hoc 2-way ANCOVA).

WMFT time score: a negative effect size means that the median time tak
retest, indicating improvement in arm function.

rch Phys Med Rehabil Vol 87, January 2006
The average change scores and effect sizes are presented in
able 3. There was an overall significant difference in change
cores among the 3 subgroups of participants with different
evels of impairment (MANOVA; Wilks ��.347, P�.003).
ost hoc analysis (Tukey test) revealed that the moderately

mpaired group had the most increase in FMA and this increase
as significantly greater than that of the mildly impaired group

P�.044). These participants also had significantly more im-
rovement than the severely impaired group in WMFT func-
ional ability score (P�.011). On the other hand, there was a
rend for the mildly impaired group to improve more in WMFT
P�.065) and MAL (P�.065) than the severely impaired
roup. The level of upper-extremity impairment had no signif-
cant impact on subsequent improvement of WMFT time score
nd grip strength.

Overall, the moderately impaired group improved most in
he 2 primary outcomes (see table 3). Could the difference in
esults between the arm group and leg group be due to the fact
hat the leg group was on average less impaired and therefore
ad less room for improvement? To address this issue, pretest-
osttest comparisons were also made for the moderately im-
aired participants in the leg group (n�7). Paired t tests re-
ealed that while the moderately impaired participants in the
rm group had significant change in FMA (P�.001) and

MFT functional ability scores (P�.002), their counterparts
n the leg group had no significant change in FMA (P�.094)
nd WMFT functional ability scores (P�.229). Therefore, it is
nlikely that the difference in baseline FMA and WFMT scores
etween the 2 groups could explain our results.

articipant Satisfaction
The median scores for facility location and accessibility

ere 3 and 4, respectively. The upper-extremity exercise pro-
ram itself was also highly rated (median scores for class size,
; frequency, 4.5; duration, 4.5; being beneficial, 5). Ninety-
hree percent of the participants in the arm group indicated that
hey would be likely or very likely to participate in a similar
rogram in the future. When asked about what they liked the
ost about the arm program, 46% of the participants reported

hat the social interaction in the group setting was the most
njoyable.

dverse Symptoms
Two participants in the arm group reported muscle soreness

n the shoulder on the paretic side during the first few weeks of
raining. The symptoms subsided after modifying the program
y reducing the weight lifted in station 2. One participant fell

easurements

Leg Group (n�30)
Effect Size
(95% CI) PPretest Posttest

3.7�1.5 3.7�1.5 .13 (�.38 to 63) .003*
3.5�1.6 3.5�1.8 .18 (�.33 to 69) .011*

25.5�48.4 25.3�48.2 �.05 (�.56 to 45)† .177
51.3�19.2 52.5�18.5 .19 (�.32 to 70) .001*

66.6�128.8 170.7�131.6 .11 (�.4 to 61) .203
3.0�1.7 3.3�1.7 .18 (�.32 to 69) .274
me M

1

en to complete the tasks in posttest was less when compared with
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nce in the arm group during walking. Five falls (4 partici-
ants) occurred in the leg group. No injuries were reported.

DISCUSSION

mprovement in Upper-Extremity Function
The results indicated that the arm group had more gains in

he WMFT functional ability (change from 40.8 to 45.7) and
MA scores (change from 2.9 to 3.1) than the leg group (see

able 2). To our knowledge, no studies have examined the
inimal clinically important difference for these outcome mea-

ures.39,40,49 However, the satisfaction survey has given us
ome insight into the clinical significance of these changes in
MA and WMFT. Some specific comments were “now able to
witch on and off lights, curl my hair, and wash my face,”
now able to take bath myself,” “feel like the arm is part of my
ody again,” “reduced arm pain,” “now able to lift pop can or
lass,” and “able to play tennis, use my weaker hand to drop
all and serve.” The changes in WMFT and FMA seem to be
linically significant from the participants’ perspective.

The effect sizes for primary outcomes such as FMA and
MFT functional ability scores were medium to large (ie, SES
0.5), particularly for the mildly impaired and moderately

mpaired group (see table 3). The gains in primary outcomes in
his study are at least comparable to other treatment methods
sed in chronic stroke. For example, our finding is comparable
o the 3 to 5 point (SES range, .29�.52) increase in FMA found
n studies involving robotic-aided training or BATRAC (1-h
essions, 3 sessions/wk for 6wk to 2mo) in participants with
imilar impairment levels.25,27,29,31 Our finding is also compa-
able to the results from studies on CIMT (for 12 to 14d and
etween 6�7h/d), which has reported a gain of 0.5 to 0.6 (SES
ange, .74�.93) in the WMFT functional ability score.18,19 Our
reatment approach seems to be superior to using force feed-
ack for muscle strengthening (3 sessions/wk for 6wk), which
esulted in no change in FMA.16 The lack of change in motor
unction may be due to the nonfunctional approach of the
rogram. Thus, we have demonstrated that our community-
ased program is a feasible option to enhance arm motor
unction in chronic stroke.

Our study shows differential effects of treatment depending
n the severity of upper-extremity impairment. Those who are
oderately impaired tend to benefit the most (see table 3).
hose with severe impairment, on the other hand, did not

mprove in functional abilities despite a significant increase in
MA score. Previous studies in acute and chronic stroke also
ound that those with less severe impairment in the upper-
xtremity benefit more from treatment.31,50-52

mportance of Community-Based Group Program
Novel approaches such as CIMT18-23 and robot-assisted

Table 3: Impact of Severity of Impair

Outcomes

Mild Impairment (n�10)

Change Score � SD SES

WMFT functional ability 0.3�0.3* .67
WMFT time (s) �0.3�0.5 �.36
FMA 2.5�2.3* .81
Grip strength (N) 15.5�32.5 .19
MAL 1.0�1.0* .65

P�.05 (pretest-posttest comparisons of raw scores, paired t test).
ovement therapy26-31 have been devised to improve upper- f
xtremity function in persons with chronic stroke and positive
utcomes have been reported. However, these approaches are
ot without their drawbacks. For example, robot-aided arm
raining26-31 and BATRAC25 involve the operation of expen-
ive and sophisticated equipment. The constraint of the unaf-
ected upper extremity for a large proportion (up to 90%) of
aking hours in CIMT may impede the performance of many
aily activities that require bilateral arm movements. The in-
ensive training involved (up to 7h/d) may be too demanding
or the participants and clinicians who may not have the avail-
ble resources to administer the program.

We developed a community-based group upper-extremity
xercise program. The concept of community-based programs
as many advantages. First, the target population is communi-
y-dwelling chronic stroke survivors. It is thus best to imple-
ent the program in a community center to increase the ac-

essibility of rehabilitation service and to promote integration
nto the community. Second, the program does not require
ne-on-one supervision, which will be more economical when
ompared with other programs that require individual supervi-
ion. Third, our participants reported gains in various out-
omes, regardless of their impairment levels (see table 3). Our
ommunity-based program may thus be able to reach a broader
opulation of people with stroke, when compared with other
reatment programs such as the CIMT. The eligibility criteria
or CIMT are often limited to those who have significant
ecovery in the hand and wrist (ie, 20° of wrist extension).18-22

ased on these criteria, 20 of our 63 participants (32%; before
andomization) would have been excluded. Although our par-
icipants with severe impairment had no change in WMFT
unctional ability score, they still benefited from the program
ie, significant increase in FMA and MAL scores with effect
izes of .71 and .50, respectively). Finally, the participants
njoyed the program and found it beneficial. The group setting
lso provides ample opportunities for social interaction and
any participants found the social aspect particularly enjoy-

ble. This is important, given that the prevalence of poststroke
epression is quite high (�20%).53

More people with stroke are returning home without under-
oing a formal inpatient rehabilitation program.54 Conse-
uently, more people recovering from a stroke may not be
unctioning at an optimal level when they first return to the
ommunity. This may translate into an increased risk of dete-
ioration in function, activity level, and health. Secondary
ebilitating conditions attributable to physical inactivity have
laced enormous burden on the health care system.55 If com-
unity-based programs are able to reduce or prevent these

econdary disabilities, it would presumably lead to health care
ost savings in the long run. The potential of community-based
rograms in reducing health care cost should interest health
are funding agencies (ie, government, insurance agencies). In

t on Changes in Outcome Measures

Moderate Impairment (n�10) Severe Impairment (n�10)

hange Score � SD SES Change Score � SD SES

0.4�0.3* .56 �0.0�0.3 �.04
�1.5�6.2 �.25 �6.6�16.4 �.13

7.4�3.8* .81 4.8�6.0* .71
22.0�23.9* .32 12.0�36.0 .48
0.5�0.7* .40 0.2�0.3* .50
men

C

act, many federal agencies in the United States have taken the
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A

nitiative in supporting projects in health promotion, in which
ommunity-based programs play a key role.33 The cost effec-
iveness and long term effects of the proposed community-
ased program will require further investigations.

tudy Limitations
This was a pilot study to examine the effects of a commu-

ity-based program for improving upper-extremity function in
hronic stroke. Some limitations were identified in this study,
hich could be used to improve the design of a large clinical

rial in the future. First, the baseline characteristics of the 2
roups were different. However, such differences were ac-
ounted for by our statistical analysis (MANCOVA, AN-
OVA) and differences in results between groups remained

ignificant. Nevertheless, future trials may require further strat-
fication of the sample according to severity of upper-extremity
mpairment. Second, some of the variables (eg, gains in grip
trength and MAL) showed trends of greater improvement in
he arm versus leg group, but the difference did not reach
tatistical significance. The study was probably underpowered
o detect a significant difference for these variables between the

groups. A larger sample size is thus called for in the future
tudy. Additionally, the training protocol may not have been
ptimal in producing a significant change in these variables.
raining at a higher intensity (ie, increasing resistance, repeti-

ions, duration or frequency of exercise) may be required in the
uture. Third, future programs need to consider the diversity in
unctional abilities among the participants. The key is to keep
he program challenging to promote improvement and maintain
nterest while ensuring safety. One possibility is to divide the
articipants into subgroups according to the level of impair-
ent. Different activities, exercise intensity, and progression

an be implemented to optimize upper-extremity function for
ach subgroup. Finally, we found that the outcome was some-
hat dependent upon the initial level of impairment. Therefore,

he overall treatment effect may have been diluted because of
he inclusion of the severely impaired group.

CONCLUSIONS
This study shows that the community-based group upper-

xtremity program is feasible and is beneficial for improving
pper-extremity function. It may provide an excellent model
or upper-extremity rehabilitation program for the stroke pop-
lation in the community. Future study is required to further
ssess the efficacy and cost effectiveness of the program.
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