
O

A
C
S
a
C
S

C
s
c
l

i
f
s

t

7
v

(
i
p

F
t
e
m
H

i
i
g
g
t

i
p

O
D
t
M
R

9

s
o

C
i
T

273
RIGINAL ARTICLE

Randomized Controlled Trial of Modified
onstraint-Induced Movement Therapy for Elderly Stroke
urvivors: Changes in Motor Impairment, Daily Functioning,
nd Quality of Life
hing-yi Wu, ScD, OTR, Chia-ling Chen, MD, PhD, Wen-chung Tsai, MD, PhD, Keh-chung Lin, ScD, OTR,
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ABSTRACT. Wu C-Y, Chen C-L, Tsai W-C, Lin K-C,
hou S-H. A randomized controlled trial of modified con-

traint-induced movement therapy for elderly stroke survivors:
hanges in motor impairment, daily functioning, and quality of
ife. Arch Phys Med Rehabil 2007;88:273-8.

Objective: To examine the benefits of modified constraint-
nduced movement therapy (mCIMT) on motor function, daily
unction, and health-related quality of life (HRQOL) in elderly
troke survivors.

Design: Two-group randomized controlled trial, with pre-
reatment and posttreatment measures.

Setting: Rehabilitation clinics.
Participants: Twenty-six elderly stroke patients (mean age,

2y) with 0.5 to 31 months postonset of a first-ever cerebro-
ascular accident.
Interventions: Twenty-six patients received either mCIMT

restraint of the unaffected limb combined with intensive train-
ng of the affected limb) or traditional rehabilitation for a
eriod of 3 weeks.
Main Outcome Measures: Outcome measures included the

ugl-Meyer Assessment (FMA), FIM instrument, Motor Ac-
ivity Log (MAL), and Stroke Impact Scale (SIS). The FMA
valuated the severity of motor impairment; the FIM instru-
ent and MAL reported daily function; and the SIS detected
RQOL.
Results: The mCIMT group exhibited significantly greater

mprovements in motor function, daily function, and the phys-
cal domain of HRQOL than the traditional rehabilitation
roup. Patients in the mCIMT group perceived significantly
reater percent of recovery after treatment than patients in the
raditional rehabilitation group.

Conclusions: These findings suggest mCIMT is a promising
ntervention for improving motor function, daily function, and
hysical aspects of HRQOL in elderly patients with stroke.
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he mCIMT was well tolerated by the elderly patients even
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T IS ESTIMATED THAT 75% of strokes occur in elderly
patients.1,2 More than 50% of those 65 years and older who

urvive a stroke report persistent impairment of upper-extrem-
ty (UE) movement.3 They have been encouraged to use their
naffected UE to perform tasks and progressively avoid use of
he affected UE during task performance. This behavior may
esult in learned nonuse phenomenon hindering a person’s
ecovery of movement and function in the affected limb.4 One
pproach that has shown great promise for enhancing UE
otor performance and functional use of the affected UE

mong patients with stroke is constraint-induced movement
herapy (CIMT).5 The specific techniques of CIMT involve
estraining the use of the unaffected UE (6�20h/d for 2�3wk)
nd intense motor training (eg, 6h/d on 10�15 consecutive
eekdays) through the use of shaping movements of the af-

ected limb.6 The shaping procedure involves individualized
ask selection, graduated task difficulty, verbal feedback,
rompting, and physically assisting with movements and mod-
ling.7

Although CIMT shows promise for improving motor deficits
fter stroke, converging data suggested that it may not be
lausible in many environments. One possible reason is that
ntense and prolonged practice during CIMT may be less safe
nd more tiring particularly for elderly or deconditioned pa-
ients.8 To address the problems, Page et al8 devised a modified
IMT (mCIMT) with shorter training (eg, 2h/d on 10�15
onsecutive weekdays) and restraint (eg, 6h/d for 2�3wk)
ime.9 The mCIMT program was shown to be applicable in
hronic or subacute patients with a wide variety of motor
isability9-14 and may be especially relevant for the elderly
atients. However, no study has specifically examined the
fficacy of mCIMT in elderly stroke survivors aged over 65.

A further gap in knowledge about the therapeutic benefits of
CIMT lies in the limited scope of outcome measures in prior

esearch. Based on the International Classification of Func-
ioning, Disability and Health framework15 measurements at
he impairment, activity, and participation levels may reflect
he full range of domains affected by stroke. Nevertheless,
CIMT studies in general tend to capture effects on impair-
ent level measures and activity level measures without eval-

ating outcomes of activity participation (eg, health-related
uality of life [HRQOL]). The impairment level measure in-

olved measures of synergy patterns, muscle strength, or motor

Arch Phys Med Rehabil Vol 88, March 2007
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fficiency such as Fugl-Meyer Assessment (FMA), maximum
rip strength,9,16 Wolf Motor Function Test (WMFT), and Nine
ole Peg Test.9,11,12,14 The activity level (or the functional

evel) measure involved assessment of performance of daily
ctivities including objective measures such as FIM instrument
nd patient-oriented measures (eg, self-reported Motor Activity
og [MAL]).9-12,14 Functional performance after stroke may
ot correlate with level of HRQOL.17

One recent study18 investigated the effects of the CIMT on
otor function (grip force for strength, Modified Ashworth
cale [MAS] for spasticity), daily function (WMFT and MAL
or function in daily living), and HRQOL (Stroke Impact Scale
SIS]). As stated by these researchers, this study lacked a
ontrol therapy and the operation of other nonspecific effects
annot be ruled out. Cumulative data on comprehensive out-
ome measures for intervention effects are essential for evi-
ence-based clinical decision making, research, and appropri-
te clinical management of stroke survivors.19 To examine the
enefits of mCIMT in different aspects of health in elderly
troke survivors, we used FMA to reflect the improvement of
otor function, FIM and MAL to objectively and subjectively

epresent daily function, and SIS to reflect HRQOL. This
esearch used a randomized controlled trial to overcome the
revious concern regarding research methodology in the study
f Dettmers et al.18 The hypothesis was that patients receiving
weeks of mCIMT would exhibit substantially better perfor-
ance in their affected UEs reflected by these 4 measures than

atients receiving traditional rehabilitation.

METHODS

articipants
We recruited 26 elderly stroke patients (15 men, 11 women;
ean age, 71.69y; range, 65�87y) from the rehabilitation

epartments of 3 medical centers and obtained informed con-
ent. The subjects were right-handed before stroke by self-
eport, and were 0.5 to 31 months post onset of a first-ever
erebrovascular accident (mean, 7.5mo). To be included, the
ubject had to reach Brunnstrom stage III20 for the proximal
art of UE or above. The other inclusion criteria were as
ollows: (1) no serious cognitive deficits (a score �63 on the
odified Mini-Mental State Examination [MMSE]21); (2) con-

iderable nonuse of the affected limb (an amount of use [AOU]
core �2.5 on the MAL22); (3) no balance problems sufficient
o compromise safety when wearing the project’s constraint
evice; and (4) no excessive spasticity in any of the joints of
he affected UE (shoulder, elbow, wrist, fingers) (MAS score

2 in any joint).23 The institutional review board for human
tudies approved this protocol. All potential subjects received
ndependent examinations by a physiatrist and an occupational
herapist to determine their eligibility for inclusion.

utcome Measures
We used FMA (maximum score, 66) to assess several di-
ensions of motor impairments by using a 3-point ordinal

cale (0, cannot perform; 1, can perform partially; 2, can
erform fully).24 Test-retest reliability, interrater reliability,
nd construct validity have been well established.25,26

The FIM instrument was used to objectively measure changes
n activity performance through performance observation, and the

AL was used to subjectively measure changes in activity per-
ormance through self-report. The FIM instrument (maximum
core, 126) consists of 18 items grouped into 6 subscales mea-
uring self-care, sphincter control, transfers, locomotion, com-

unication, and social cognition ability.27 Each item is rated t

rch Phys Med Rehabil Vol 88, March 2007
ith a score from 1 to 7 (1, complete assistance to perform
asic activities of daily living [ADLs]; 2, maximal assistance;
, moderate assistance; 4, minimal assistance; 5, supervision; 6,
odified independence; 7, complete independence in perform-

ng basic ADLs). The FIM has established good interrater
eliability.28-32

The MAL is a semistructured interview that obtained infor-
ation about how patients use their affected limbs during 30

mportant ADLs. Patients used a 6-point AOU scale (score
ange, 0�5) to rate how much the arm is being used and a
-point quality of movement (QOM) scale (score range, 0�5)
o rate how well they are using their affected UEs.22

The SIS is a comprehensive measure of health outcomes in
troke populations. The evaluation of SIS involves a person’s
articipation in the activities that the person usually does in
is/her life situation and relevant skills such as communication,
emory, and mobility for participation in personal meaningful

ctivities.33 The SIS was, thus, appropriate to be used to
easure changes in HRQOL and participation performance

hrough self-report.
The SIS, version 2, is a 64-item self-report scale designed to

ssess 8 functional domains including strength, memory, emo-
ions, communication, ADLs and instrumental ADLs (IADLs),
obility, hand function, and participation, with established

eliability and validity.33,34 Patients responded to items in each
omain using a 5-point rating scale. Aggregated scores in each
omain were generated and scores for each domain were com-
uted using procedures published previously.33 A higher score
eans better performance.33

One question for assessing the patient’s global perception of
ercentage of recovery was included in the SIS. After patients
nished the questions of the 8 domains, they were required to
ate their percent recovery since their stroke on a visual analog
cale of 0 to 100, with 0 indicating no recovery and 100
ndicating full recovery.33

esign and Intervention
We applied a randomized pretest and posttest control group

esign. Subjects were individually randomized into the
CIMT or the traditional rehabilitation group by using a table

f random numbers (fig 1).35 Before and after the 3-week
ntervention period, the tests were administered in random
rder by a blinded rater. Prior to administration of clinical
easures (FMA, FIM), the blinded rater was trained to prop-

rly administer these 2 measures. This training included careful
xamination of written instructions and repeated practice. Rater
ompetence was assessed by a senior certified occupational
herapist.

For both groups, the study treatment occurred during the
egularly scheduled occupational therapy (OT) session and all
ther routine interdisciplinary stroke rehabilitation proceeded
s usual. When 2 or more study subjects were in the OT clinic
t the same time, they were assigned to different treatment
reas without opportunities to observe each other or rearranged
o receive therapy at different times to prevent unintended
rossover.

Each subject assigned to mCIMT participated in individual-
zed, 2-hour therapy sessions, 5 times a week for 3 weeks.
haping and adaptive and repetitive task practice techniques
ere used during the training sessions. Therapy concentrated
n the affected limb use in functional tasks chosen by patients
nd the treating therapist, including turning on and off a light
witch, reaching forward to move a jar from one place to
nother, picking up a cup and drinking from it, picking up a
airbrush and combing hair, and other activities similar to

hose performed on a daily basis. Approximately 15 minutes of
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herapy was spent on normalization of muscle tone of the
ffected limb as needed. During the 3-week period, the pa-
ients’ unaffected hands and wrists were placed in mitts with
elf-adhesive (Velcro) straps every weekday for 6 hours iden-
ified as a time of frequent arm use.

With equivalent time and intensity of treatment, patients in
he traditional rehabilitation group received standard therapy.
uring a 2-hour therapy session, approximately 75% of tradi-

ional rehabilitation focused on neurodevelopmental techniques
mphasizing functional task practice when possible, as well as
tretching of the affected limb, weight bearing with the affected
imb, and fine motor dexterity activities. Approximately 25%
f traditional rehabilitation focused on compensatory tech-
iques using the unaffected limb to perform functional tasks
nd assist the affected limb during task performance.

tatistical Analysis
For all variables, we used analyses of covariance

ANCOVAs)36 to test whether, when controlling for pretreat-
ent differences, the intervention improvement in the mCIMT

roup was greater than that in the traditional rehabilitation
roup. For each analysis, the pretest performance was the
ovariate, group was the independent variable, and posttest
erformance was the dependent variable. Effects sizes were
alculated for each individual variable and indexed by using
he effect size r.37 According to Cohen, a large effect is
epresented by an r of at least .50, a moderate effect by .30, and
small effect by .10.38

RESULTS
After being randomly assigned to 1 of the 2 groups, 13

ubjects were included in the mCIMT group and 13 in the
raditional rehabilitation group. The demographic and clinical

ig 1. Flow diagram of the
andomization procedure.
haracteristics of subjects in the 2 groups were comparable
t
W

table 1). Because the natural recovery of stroke patients with
nset less than 6 months might be a confounder for study
ffects,39 we compared the onset time (mean onset: for
CIMT, 1.76mo; for traditional rehabilitation, 2.44mo) of

atients whose onset was less than 6 months (mCIMT group,
�9; traditional rehabilitation group, n�8) between the 2
roups and found no significant differences (P�.385) between
he groups.

Table 2 shows the descriptive statistics for each outcome
easure. The SIS score (P�.039) and the scores of participa-

ion (P�.004) and perceived recovery (P�.012) domains of
he SIS showed significant differences between the groups at
retreatment time point. No other outcome measures showed
ignificant differences between the groups before treatment.

Table 1: Characteristics of Study Participants

Characteristics mCIMT (n�13) TR (n�13) P*

Sex (male/female) 8/5 7/6 .691
Age (y) 71.44�6.42 71.94�6.79 .849
Side of lesion (right/left) 6/7 7/6 .695
Months after stroke 6.70�8.99 8.32�7.97 .616
Brunnstrom stage of proximal

part of UE (median) 4.5 4.5 .312
Modified MMSE 82.92�11.21 83.08�11.41 .973
AOU MAL 0.80�1.38 1.37�1.71 .356
MAS 0.26�0.32 0.32�0.34 .588

OTE. Values are mean � standard deviation (SD) or as otherwise
ndicated.
bbreviation: TR, traditional rehabilitation.
P associated with the chi-square test for categorical variables, with

he independent t test for continuous variables, and with the Mann-

hitney U test for ordinal variables.

Arch Phys Med Rehabil Vol 88, March 2007
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Table 3 shows the results of the ANCOVAs that tested the
ffects of mCIMT relative to traditional rehabilitation. The
esults showed significant and moderate-to-large effects in
avor of the mCIMT group on FMA, FIM, and MAL. Patients
n the mCIMT group reported greater improvements in AOU
nd in QOM of their affected limbs during daily activities. The
CIMT group reported using the affected UE for an average of

4 activities and the traditional rehabilitation group for an
verage of 16 activities before treatment, and the mCIMT for
4 and the traditional rehabilitation for 22 after treatment.

The results also showed significant and moderate effects of
CIMT on the overall SIS and some aspects of the SIS. These

reater improvements were shown in a few QOL domains on
he SIS including strength and ADLs and IADLs. There were
mall and nonsignificant differences between the 2 groups on
and function, the memory and thinking, emotion, communi-
ation, participation, and mobility domains. Finally, patients

Table 2: Performance on the Outcom

Pretreatment

Measures mCIMT (n�13)

FMA (UE) 41.85�11.33 47
FIM 95.08�15.24 98
MAL

AOU 0.80�1.38 1
QOM 0.79�1.29 1

SIS 53.13�8.95 63
Physical function

Strength 35.58�17.19 48
Hand function 19.42�28.94 38
Mobility 61.35�25.85 70
ADLs/IADLs 52.59�18.07 62

Memory 77.91�14.06 76
Communication 88.05�20.28 90
Emotion 60.08�14.56 68
Participation 30.10�17.13 54
Stroke recovery 38.46�18.53 58

OTE. Values are mean � SD.

Table 3: Results of Inferential Statistics on the
Outcome Measures

ANCOVA

Measures F1,23 P Effect Size r

FMA (UE) 6.87 .008* .48
FIM 4.94 .018* .42
MAL

AOU 9.75 .003* .55
QOM 14.76 �.001* .63

SIS 3.29 .042* .35
Physical function

Strength 5.33 .015* .43
Hand function 0.71 .204 .17
Mobility 1.63 .107 .26
ADLs/IADLs 3.12 .045* .35

Memory 0.02 .444 .03
Communication 0.59 .226 .16
Emotion 0.01 .464 .00
Participation 0.98 .167 .20
Stroke recovery 13.36 .001* .59
hP�.05.

rch Phys Med Rehabil Vol 88, March 2007
eported significantly greater percent of recovery using the
isual analog scale after treatment in the mCIMT group than in
he traditional rehabilitation group.

DISCUSSION
This randomized controlled study supported in an elderly

ample the effectiveness of mCIMT in stroke patients. Patients
mproved in different aspects of motor function, daily function,
nd participation as reflected by the UE movement patterns,
ndependence in ADLs, and some aspects of QOL. There was
o attrition and full protocol adherence, indicating that the
CIMT is well tolerated for the elderly stroke patients.
The greater improvement in the scores of the FMA and the

IM seen in the mCIMT group than in the traditional rehabil-
tation group corresponded with those of previous stud-
es.9,11,12,14 The substantial improvement in the abnormal move-

ent patterns, reflected by FMA, in the mCIMT group
uggested that mCIMT reversed impairments rather than sim-
ly helped patients to adapt to residual impairments. Accord-
ngly, largely improved daily function, reflected by FIM, in the
CIMT group may result from the reduced motor impairments

ather than developing new compensatory strategies. The score
hanges in FIM were supported by the improvement reported
or the ADL and IADL domain of the SIS.

Patients in the mCIMT group subjectively reported consid-
rably larger improvements in the use and function of their
ffected UEs, as measured by the MAL, than those in the
raditional rehabilitation group. These findings on MAL are
onsistent with previous findings.9,11,12,14 These MAL scores in
he mCIMT group suggested that the learned nonuse phenom-
non observed in the patients can be overcome through a
odified intensive training and mitt wear schedule emphasiz-

ng repeated functional use.
As shown in the descriptive statistics (table 2), the mean

cores of FMA, FIM, and MAL before treatment were slightly
ower in the mCIMT group than in the traditional rehabilitation
roup, though nonsignificant differences were found. However,
he mean scores of these 3 measures after treatment were
igher in the mCIMT group than in the traditional rehabilita-
ion group, demonstrating that patients receiving mCIMT ex-
ibited improvements in reduced motor impairment and en-

asures From Pre- to Post-Treatment

Post-Treatment

�13) mCIMT (n�13) TR (n�13)

10.94 49.54�12.84 49.38�10.18
21.48 104.85�12.13 100.85�20.08

1.71 1.78�1.28 1.57�1.76
1.64 1.99�1.31 1.49�1.58
14.95 62.22�8.71 63.64�15.18

18.78 51.92�17.00 44.71�16.31
39.60 35.58�34.16 44.62�33.88
29.64 70.96�14.91 68.27�28.84
22.23 63.74�17.40 59.74�27.15
20.04 79.58�11.61 79.57�17.57
15.47 91.81�13.72 88.46�18.45
19.44 63.25�15.53 69.45�19.40
21.45 40.90�16.48 54.28�25.65
18.21 49.62�19.31 54.62�24.28
e Me

TR (n

.08�

.31�

.37�

.35�

.70�

.56�

.46�

.77�

.00�

.44�

.93�

.15�

.28�

.08�
anced functional use of the affected UE in daily activities.
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The possible mechanisms responsible for improvement in
otor function and daily function after such a short period of

herapy can be speculated, based on the literature. First, rein-
orcement of using the affected limb and aversive conse-
uences for its nonuse by constraining the unaffected hand may
educe the learned nonuse behavior. Second, repeated practice
f functional tasks of ecologic significance to the patients may
ead to increased reorganization of the brain after stroke. This
se-dependent cortical reorganization may represent the neural
asis of increased use of the affected UE.6 The natural recovery
f stroke patients with onset less than 6 months might be a
onfounder for the explanation of the beneficial effects of
CIMT.39 However, the numbers of subjects with onset less

han 6 months between the 2 groups were similar and the
ifference in mean onset time was nonsignificant. Thus the
bserved effects in favor of mCIMT cannot be attributed to the
onfounding effect of natural recovery after stroke.

The mCIMT group appeared to obtain greater gains in
RQOL than traditional rehabilitation. These gains were
ostly shown in the physical domains (ie, strength and ADLs

nd IADLs), which is partially consistent with the previous
tudy.18 Because the mCIMT program targeted functional
raining of movement, patients should directly obtain gains in
he physical performance and daily function. It should also be
oted that the traditional rehabilitation group showed lower
cores in some domains of HRQOL after treatment. The
osttreatment differences between the study groups are due, in
art, to the posttreatment declines in the traditional rehabilita-
ion group.

Patients receiving mCIMT did not subjectively exhibit sig-
ificantly greater improvements in hand function than those
eceiving traditional rehabilitation, inconsistent with the find-
ngs of the previous study.18 The possible reason is that hand
exterity and perceptual-motor adaptability decreases with
ge,40,41 especially after the age of 65 years. The potential for
elearning hand function through rehabilitation training is, thus,
imited and no further improvement was found in mCIMT.
anganathan et al42 suggest that skilled finger movement ex-
rcise such as holding 2 metal balls in the palm of the hand and
otating the balls smoothly clockwise or counterclockwise im-
roves hand function in elderly people. Future research may
nvestigate whether incorporating intensive exercise of skilled
nger movements into mCIMT may improve subjective per-
eptions of hand function.

Similar to the findings of previous research,18 patients in the
CIMT group did not perceive further improvement in mobil-

ty than those in the traditional rehabilitation group possibly
ecause the training program did not involve transfer or mo-
ility tasks. No significant differences after treatment between
groups on the memory and thinking, emotion, communica-

ion, and participation domains suggested that the effects of
ntensive physical training such as mCIMT on physical perfor-
ance may not generalize into the effects on cognitive and

sychosocial domains. Because mCIMT is an intensive train-
ng during 2 to 3 weeks, the interaction between therapists and
atients is an important component of this treatment. To en-
ance the psychosocial well-being of individual patients, the
herapist should consider patients’ opinions regarding how the
unctioning gained from mCIMT applies to their social lives.42

CIMT programs that link motor function to social activities
ay enhance social participation more effectively.43,44 Exam-

les of such treatments are those that involve dyadic and group
nteraction on collaborative activities and practice on constit-
ent tasks relevant for community function (eg, simulated
ctivities of grocery shopping). Furthermore, home-based

CIMT45 might also be appropriate for use in the elderly to
acilitate generalization of therapeutic gains in motor function
nd self-care skills to daily life and community function. Con-
iderations of the practice context and activity parameters are
specially relevant for mCIMT to be implemented with success
n the aged populations. Future research may study whether
CIMT using client-valued activities for task-oriented practice

n the home setting or domicile community would be more
eneficial than hospital-based physical training for improving
unction and preventing disability in the elderly.

tudy Limitations
A few limitations to this study warrant consideration. First,

he treatment effects were measured immediately after treat-
ent and the benefits of intervention may not be retained over

ime. Further study is underway that evaluates immediate and
ong-term effects of the treatment using broader functional
utcomes. Second, individually randomizing study subjects
nto the mCIMT or the traditional rehabilitation group seemed
o have resulted in nonequivalency in some of the outcome
easures such as the participation and perceived recovery

spects of the SIS. To correct for this problem, ANCOVAs
ere used to control for the pretreatment differences between
roups. Future research using stratified random sampling46 (eg,
atching groups on baseline characteristics) might serve to

etter control for the problem of pretreatment differences be-
ween groups. A final limitation pertains to a problem that is
haracteristic of all CIMT studies. Although all subjects re-
eived the same intensity and duration of treatment interven-
ion, the CIMT group arguably received more “treatment”
uring restraint wear out of clinic. Future research may use a
ontrol group that receives traditional rehabilitation together
ith restraint wear out of clinic to address this potential bias.
Additional considerations for extended research include
easurements of functional independence in various perfor-
ance contexts (eg, hospital-based measures of self-care and
obility and evaluation for IADLs after hospital discharge).
uture research may also study factors that may affect treat-
ent outcomes (eg, stroke severity, side of hemiplegia, moti-

ation for treatment participation). Such research may reveal
rognostic factors relevant for outcome prediction and patient
election.

CONCLUSIONS
The unique contribution of this study is to investigate the

easibility and efficacy of mCIMT for improving affected limb
se, daily function, and HRQOL in elderly stroke survivors.
he findings suggest that mCIMT improves movement perfor-
ance and ADL abilities as measured by clinical tests, whether

ubjective or objective. mCIMT improved physical aspects of
OL and was well tolerated by the elderly patients although it

s a rigorous training program. Future clinical trials may enroll
larger sample for follow-up study to evaluate the long-term

enefits of mCIMT in the elderly. More focused evaluation of
ehabilitation practice that aims at improving aspects of
RQOL and functional domains at the activity level in the

lderly is needed. This treatment evaluation will contribute to
mproved practice for elderly stroke survivors.
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