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EACH YEAR, MORE THAN 730 000
Americans experience a new or
recurrent stroke, with result-
ing direct and indirect health

care costs totaling $35 billion and $21.8
billion, respectively.1 Up to 85% of the
approximately 566 000 stroke survi-
vors experience hemiparesis, result-
ing in impairment of an upper extrem-
ity immediately after stroke, and
between 55% and 75% of survivors con-
tinue to experience upper extremity
functional limitations, which are asso-
ciated with diminished health-related
quality of life,2 even 3 to 6 months later.3

Although traditional methods for re-
habilitation among patients with lim-
ited upper extremity function after
stroke, such as neurodevelopmental
techniques,4 have not been shown to be
efficacious in controlled studies, more
recent approaches that involve repeti-
tive training of the paretic upper ex-
tremity on task-oriented activities give
evidence of efficacy among stroke sur-
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Context Single-site studies suggest that a 2-week program of constraint-induced move-
ment therapy (CIMT) for patients more than 1 year after stroke who maintain some
hand and wrist movement can improve upper extremity function that persists for at
least 1 year.

Objective To compare the effects of a 2-week multisite program of CIMT vs usual
and customary care on improvement in upper extremity function among patients who
had a first stroke within the previous 3 to 9 months.

Design and Setting The Extremity Constraint Induced Therapy Evaluation
(EXCITE) trial, a prospective, single-blind, randomized, multisite clinical trial con-
ducted at 7 US academic institutions between January 2001 and January 2003.

Participants Two hundred twenty-two individuals with predominantly ischemic stroke.

Interventions Participants were assigned to receive either CIMT (n=106; wearing
a restraining mitt on the less-affected hand while engaging in repetitive task practice
and behavioral shaping with the hemiplegic hand) or usual and customary care (n=116;
ranging from no treatment after concluding formal rehabilitation to pharmacologic or
physiotherapeutic interventions); patients were stratified by sex, prestroke dominant
side, side of stroke, and level of paretic arm function.

Main Outcome Measures The Wolf Motor Function Test (WMFT), a measure of
laboratory time and strength-based ability and quality of movement (functional abil-
ity), and the Motor Activity Log (MAL), a measure of how well and how often 30 com-
mon daily activities are performed.

Results From baseline to 12 months, the CIMT group showed greater improve-
ments than the control group in both the WMFT Performance Time (decrease in
mean time from 19.3 seconds to 9.3 seconds [52% reduction] vs from 24.0 sec-
onds to 17.7 seconds [26% reduction]; between-group difference, 34% [95% con-
fidence interval {CI}, 12%-51%]; P�.001) and in the MAL Amount of Use (on a
0-5 scale, increase from 1.21 to 2.13 vs from 1.15 to 1.65; between-group differ-
ence, 0.43 [95% CI, 0.05-0.80]; P�.001) and MAL Quality of Movement (on a
0-5 scale, increase from 1.26 to 2.23 vs 1.18 to 1.66; between-group difference,
0.48 [95% CI, 0.13-0.84]; P�.001). The CIMT group achieved a decrease of 19.5
in self-perceived hand function difficulty (Stroke Impact Scale hand domain) vs a
decrease of 10.1 for the control group (between-group difference, 9.42 [95% CI,
0.27-18.57]; P=.05).

Conclusion Among patients who had a stroke within the previous 3 to 9 months,
CIMT produced statistically significant and clinically relevant improvements in arm mo-
tor function that persisted for at least 1 year.

Trial Registration clinicaltrials.gov Identifier: NCT00057018
JAMA. 2006;296:2095-2104 www.jama.com
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vivors who retain some ability to ac-
tively extend the fingers and wrist of
their paretic upper extremity.5,6

One approach, which has substan-
tial evidence of efficacy for individu-
als with long-term stroke disabilities
(�1 year after event), involves in-
tense functionally oriented task prac-
tice of the paretic upper extremity along
with restraint of the less-impaired up-
per extremity for most waking hours.
This approach encourages use of the
paretic upper extremity in daily life7 and
is thought to help overcome what Taub8

first described in a deafferented mon-
key model as “learned nonuse” of the
paretic upper extremity. Treatment by
restraining only the less-impaired up-
per extremity, which is typically ac-
complished by placing the entire arm
in a sling or placing the hand in a mitt
for most waking hours for 2 weeks,
without supervised task practice, is re-
ferred to as “forced use” and has been
applied to long-term9-11 and sub-
acute12 stroke patients. Constraint-
induced movement therapy (CIMT) in-
volves ipsilesional limb restraint with
training of paretic arm use conducted
by a clinician following shaping and re-
petitive task practice principles over the
same time course13,14 or less intensely
over several weeks.15

The Extremity Constraint Induced
Therapy Evaluation (EXCITE) Trial
represents the first national, random-
ized, single-blind study to systemati-
cally test a neurorehabilitation therapy
among patients with the ability to ini-
tiate extension movements at the wrist
and fingers and who had experienced
a first stroke within 3 to 9 months prior
to enrollment.16 This time window is
when most available standard rehabili-
tation treatment options have been
completed and the opportunity for
spontaneous recovery to occur is at-
tenuated.17 The trial also tests whether
the previous controlled studies from a
single site7 can be replicated in a larger
sample and extended across multiple
sites. We hypothesized that patients
who received CIMT up to 9 months fol-
lowing stroke would improve upper ex-
tremity function compared with pa-

tients with identical inclusion and
exclusion criteria who received usual
and customary care.

METHODS
Study Organization

Seven clinical sites participated in this
study. Emory University, Atlanta, Ga,
served as the administrative center
while the University of Alabama at Bir-
mingham served as the training cen-
ter, where all evaluators and interven-
tionists underwent a standardization
process and were reviewed at 6-month
intervals for adherence to protocol pro-
cedures. Washington University, St
Louis, Mo, served as the data manage-
ment center, where all data were trans-
mitted electronically and analyzed. A
steering committee composed of the
principal investigator from each site and
the data management center made all
decisions concerning the conduct of the
study. An independent data and safety
monitoring committee reviewed re-
cruitment, adverse events, and study
progress annually.16 Study procedures
were approved by the respective insti-
tutional review boards of each partici-
pating site. Written informed con-
sent, read to participants by a study
member or caregiver, was obtained on
site prior to enrollment.

Study Participants

Each site attempted to recruit 40 adults
who had experienced a stroke in the
previous 3 to 9 months. Participants had
a first-time clinical ischemic or hem-
orrhagic cerebrovascular accident, as as-
certained from neuroimages or written
medical reports during the screening
procedure, and met either higher- or
lower-functioning motor criteria de-
rived from Wolf and Binder-Macleod18

and Taub et al.19 Higher-functioning
participants demonstrated at least 20°
of wrist extension and at least 10° of ac-
tive extension of each metacarpopha-
langeal and interphalangeal joint of all
digits. Lower-functioning partici-
pants had at least 10° of active wrist ex-
tension, at least 10° of thumb abduc-
tion/extension, and at least 10° of
extension in at least 2 additional dig-

its. These movements had to be re-
peated 3 times in 1 minute.19

Participants also had to demon-
strate adequate balance while wearing
the restraint and transferring to and
from the toilet independently, ability to
stand from a sitting position, and abil-
ity to stand for at least 2 minutes with
or without upper extremity support.
Additional range of motion and inclu-
sion criteria, as well as information on
other neuromuscular and functional
measures, including the modified Ash-
worth spasticity scale, Fugl-Meyer As-
sessment scale, and time to turn 360°,
were also assessed.16

Potential participants were ex-
cluded if they scored less than 24 on
the Mini-Mental State Examination20 or
if physician-determined major medi-
cal problems could interfere with par-
ticipation. Additional exclusion criteria
were previously clinically docu-
mented stroke, excessive pain in any
joint of the paretic extremity, age
younger than 18 years, insufficient
stamina to participate, substantial use
of the paretic arm in daily life as deter-
mined by a score of 2.5 or higher on the
Motor Activity Log (MAL; described be-
low), or previous participation in other
pharmacologic or physical interven-
tion studies.16 Participants were per-
mitted to undergo other forms of physi-
cal or occupational therapy, exclusive
of CIMT, prior to or after receiving
CIMT.

Recruitment

Individuals were recruited from 247 fa-
cilities spanning the 7 participating
sites: 40 from Emory University; 39
from University of Alabama at Birming-
ham; 39 from University of Florida,
Gainesville; 29 from Ohio State Uni-
versity, Columbus; 42 from Univer-
sity of Southern California, Los Ange-
les; 18 from University of North
Carolina at Chapel Hill; and 15 from
Wake Forest University, Winston-
Salem, NC. Participants were ran-
domly assigned to the experimental
(CIMT) or control condition using an
automated, centralized system admin-
istered by the data management cen-

CONSTRAINT-INDUCED MOVEMENT THERAPY AND UPPER EXTREMITY FUNCTION AFTER STROKE

2096 JAMA, November 1, 2006—Vol 296, No. 17 (Reprinted) ©2006 American Medical Association. All rights reserved.



ter. This adaptive randomization
scheme maximized the chances of an
even distribution of 4 characteristics
(sex, prestroke dominant side, side of
stroke, and level of paretic arm func-
tion) across the study conditions.16 Race
was assessed by interview; the infor-
mation was acquired to ensure repre-
sentation indicative of regional demo-
graphics at each site.

Study Design

The control condition was usual and
customary care. Because this care might
affect functional gains among partici-
pants, an attempt was made to track
care received through participant re-
ports collected during monthly phone
calls by project staff and during the
scheduled testing sessions. Usual and
customary care ranged from no treat-
ment to the application of mechanical
interventions (orthotics) or various oc-
cupational and physical therapy ap-
proaches in the home, day treatment
programs, or outpatient hospital vis-
its. Participants in the control condi-
tion were offered the same CIMT regi-
men after the 12-month evaluation
session.

Participants in the intervention group
were taught to apply an instrumented
protective safety mitt and encouraged
to wear it on their less-impaired upper
extremity for a goal of 90% of their wak-
ing hours over a 2-week period, includ-
ing 2 weekends, for a total of 14 days.
On each weekday, participants re-
ceived shaping (adaptive task prac-
tice) and standard task training of the
paretic limb for up to 6 hours per day.
The former is based on the principles
of behavioral training21,22 that can also
be described in terms of motor learn-
ing derived from adaptive or part-task
practice.23,24 Standard task practice is
less structured (ie, repetition of tasks
is not conducted as individual trials of
discrete movements); it involves func-
tional activities performed continu-
ously for a period of 15 to 20 minutes
(eg, eating, writing).

Adherence to mitt use while the par-
ticipants were in the research labora-
tory was usually very high. Behavioral

techniques to enhance mitt use out-
side of the laboratory are described in
detail elsewhere16,25 and included use
of a behavioral contract, caregiver con-
tract, mitt compliance device, and daily
schedule. After completing each treat-
ment, participants were encouraged to
practice 2 to 3 tasks daily at home. Ad-
herence to the extralaboratory treat-
ment components was monitored regu-
larly via a physical sensor and timer
placed in the mitt and by a home di-
ary. In the few occasions when patient
home diary reports did not match out-
puts from the mitt monitoring device,
participants were informed of the dis-
crepancy and accurate reports re-
sulted thereafter. Malfunctions in the
monitoring device rarely occurred, but
such devices were replaced immedi-
ately. Participants were encouraged to
perform about 30 minutes of task prac-
tice daily following completion of the
intervention period.

Outcome Measures

Primary outcomes included a labora-
tory -based measure o f upper -
extremity motor function (the Wolf
Motor Function Test [WMFT]9) and a
structured participant interview of real-
world arm use (MAL).7,26 The WMFT
clinometric properties have been pub-
lished.27,28 The test contains 15 timed
and 2 strength tasks (lifting the
weighted limb and grip strength), or-
dered from simple to complex, admin-
istered sequentially to each upper ex-
tremity and controlling for patient
positioning and distance the extrem-
ity segment must traverse. Timed tasks
assessing shoulder movement include
moving the forearm to tabletop start-
ing with the arm in the lap perpendicu-
lar and parallel to the table, as well as
the same tasks except moving the fore-
arm to the top of a box 26 cm in height
placed on the table. Timed tasks in-
volving the elbow include straighten-
ing the elbow while sitting parallel to
the table with and without a 1-lb weight
and reaching to retrieve a 1-lb weight
by bringing it toward the body using el-
bow and wrist flexion. Timed tasks that
engage the entire upper extremity and

are performed while seated and facing
the table include lifting a can, pencil,
and paper clip, stacking 3 checkers,
turning over 3 note cards, and turning
a key in a lock. One bimanual activity
involves folding a towel in a specific
manner, and 1 standing task requires
lifting a basket containing a 3-lb weight
and moving it from one table to an-
other using trunk rotation. The 2
strength tasks include forward flexion
of the shoulder in a seated position to
the top of a box placed on the table us-
ing weights of up to 20 lb strapped to
the forearm, as well as dynamometer
grip strength for 3 seconds with the el-
bow bent to 90°.

Each timed task consisted of a single
trial while the weight-to-box was re-
peated until maximum weight lift was
achieved. The dynamometric task was
averaged over 3 trials. Trained observ-
ers at the University of Alabama at Bir-
mingham, who were blinded to group
assignment and testing occasion, were
sent a videotape of each evaluation ses-
sion, from which they rated quality of
movement using a 6-point functional
ability scale (0 = does not attempt;
5=normal movement). Strength and
performance time were recorded by the
test administrators; maximum time per-
mitted to complete an item was 120
seconds.27,28

The MAL was administered to each
participant and, if available, their care-
giver, who independently rated how
well (11-point Quality of Movement
[QOM] scale) and how much (11-
point Amount of Use [AOU] scale) the
paretic arm was used spontaneously to
accomplish 30 activities of daily living
outside of the laboratory.10,26 Baseline
to posttreatment changes on a prior ver-
sion of the MAL were highly corre-
lated with corresponding changes on an
objective, accelerometer-based mea-
sure of arm movement outside of the
laboratory (r=0.91).29 Among EXCITE
participants, the MAL showed excel-
lent convergent validity (r�0.68)30 with
the hand function domain of the Stroke
Impact Scale (SIS).31 The SIS, a full-
spectrum health status interview that
measures changes in 8 impairment,
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function, and quality-of-life subdo-
mains following stroke, was a second-
ary outcome measure. Administration
of the MAL to caregivers, identifica-
tion of the number of MAL activities on
which participants could score a 3 or
higher at follow-up evaluations, and
tasks that could be completed at that
time and thereafter on the WMFT were
also secondary outcome measures.

All testing was conducted on 5 oc-
casions (baseline, posttreatment, and 4-,
8-, and 12-month follow-up) by trained
staff blinded to group assignment.

Data Analysis

Consistent with the prespecified ana-
lytic plan,16 a modified intention-to-
treat approach was used, with all avail-
able data used for all analyses. A

repeated-measures analysis of vari-
ance model was fit with group assign-
ment (CIMT or usual care) and paretic
arm motor ability (higher or lower) as
between-patient factors and visit as a
within-patient factor. Least-square
means, which adjust for randomly miss-
ing values, were computed for each
group at each time point. Because of the
skewed distribution of the WMFT Per-
formance Time, a logarithmic transfor-
mation was used. Tabled logs were
converted back to seconds to aid inter-
pretation. For counts (eg, number of
WMFT items not completed within the
time limit), a corresponding general-
ized linear model with a Poisson link
function was used.

Specific contrasts were examined to
test predefined hypotheses. The over-

all group-by-time interaction tested
whether the time course differed be-
tween the CIMT and control groups. To
evaluate the effect of treatment at sub-
sequent evaluations, comparisons be-
tween groups were tested by the inter-
action between group and time
considering only the baseline and the
testing occasion of interest. This ap-
proach effectively controlled for any dif-
ferences at baseline between groups. At
12 months, the primary end point, a
within-patient comparison, assessed the
significance of the change from base-
line within each group. Additional pre-
planned comparisons assessed the ef-
fects of treatment within the lower- and
higher-functioning subgroups. Since the
hypotheses were all prespecified, no ad-
justments were made to the reported
P values.

These statistical analyses were vali-
dated by examining alternative analy-
ses; in particular, analysis of covari-
ance at each time point, with the
corresponding baseline value used as
a covariate; repeating the analyses ap-
plying an alternative definition of func-
tional level using scores on the motor
component of the Fugl-Meyer Upper
Extremity Assessment32 to more equally
balance the sizes of the 2 functional
groups; including clinic in the model
and testing for interactions between
clinic and treatment condition; using
a last-observation-carried-forward ap-
proach for missing data; and using only
observations for which the visits were
in the prescribed time window. In ad-
dition, an intention-to-treat analysis was
conducted in which baseline values re-
placed all missing values.

The sample size for the trial was de-
termined by the most demanding hy-
pothesis to detect the interaction be-
tween functional level and treatment.
The effect size was estimated from pi-
lot data for the MAL, using a signifi-
cance level of .01, a power of 85%, and
a dropout rate of 20%.

Secondary outcomes were assessed
using the same set of analyses, and more
complex models were fit in which a
third between-group factor was added
to test whether the treatment effect was

Figure 1. Flow of Patients Through the Trial

505 Excluded

2899 Excluded

105 Completed Treatment98 Completed Treatment

19 Discontinued Study
11 Withdrew Consent
5 Deteriorating
1 Moved
2 Died

15 Discontinued Study
6 Withdrew Consent
3 Deteriorating
2 Second Stroke
2 Died
2 Poor Health

11 Discontinued Study
7 Withdrew
2 Moved
2 Died

8 Discontinued Study
5 Withdrew
1 Moved
1 Stroke
1 Poor Health

86 Completed 12-mo
Follow-up

83 Completed 12-mo
Follow-up

116 Included in Primary
Analysis

106 Included in Primary
Analysis

116 Assigned to Receive
Usual Care

106 Assigned to Receive
Constraint-Induced
Movement Therapy

222 Randomized

727 Completed Physical
Screening Examination

3626 Individuals Screened
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moderated by age (older vs younger
than 65 years), sex, or side of the stroke.
Survival analysis was used to examine
predictors of withdrawal. All statisti-
cal analyses were performed using SAS
version 9.1 (SAS Institute Inc, Cary,
NC).

RESULTS
Between January 2001 and January
2003, 222 of a target number of 240 par-
ticipants were assigned to the treat-
ment (n = 106) or control (n = 116)
groups (FIGURE 1). At baseline, there
were no significant differences be-
tween the study groups on the as-
sessed demographic, stroke-related, and
cognitive characteristics (TABLE 1). Of
11 comorbidities assessed at baseline,
the only significant imbalance was for
diabetes (28% in the CIMT group vs
17% in the control group; P = .05).
There were no differences between
groups in the number of comorbidi-
ties or in the motor characteristics as-
sessed except for number of WMFT
items not completed within 120 sec-
onds for which the CIMT group per-
formed better than the control group
(TABLE 2 and TABLE 3). One hundred
and sixty-nine participants returned for
the 12-month assessment, yielding a re-
tention rate of 76.1% (Figure 1). No
demographic or baseline characteris-
tics predicted study withdrawal.

Effects of CIMT

There were significant changes over
time that differed by group for all pri-
mary and secondary upper-extremity
outcome variables, demonstrating that
CIMT had a broad effect (Table 2 and
Table 3). There were no between-
group differences at any time point for
the less-impaired arm WMFT scores
(data not shown), demonstrating speci-
ficity of the intervention to the paretic
arm.

The CIMT group showed larger im-
provements than the control group on
all primary and secondary measures of
paretic upper-extremity function at
posttreatment (P�.05 for all; Table 2
and Table 3), with the exception of the
2 WMFT strength items. The CIMT

group, however, showed larger im-
provement than controls on these
strength items at 12-month follow-up
(P�.001). The CIMT group also
showed larger improvement than the
control group on WMFT Performance
Time and both participant MAL scales
at all follow-up testing occasions (ie, 4-,
8-, and 12-month follow-up; P�.01 for
all). Differences in gains between CIMT
and control participants on the WMFT
Functional Ability scale were not sig-
nificant at 12-month follow-up. For
long-term secondary outcomes, CIMT
recipients displayed larger gains than
controls on the caregiver MAL scales
and the SIS hand function domain at 12-

month follow-up (P�.001). No treat-
ment effects were present for the SIS
subdomains not directly related to
paretic upper extremity function.

In addition, the results were assessed
by alternative analyses, including analy-
sis of covariance at each time using base-
line values as covariates, using the Fugl-
Meyer Motor Assessment for upper and
lower functioning grouping, including
clinic in the model and testing for inter-
actions between clinic and treatment
effect, using last-observation-carried-
forward analysis for missing values, us-
ing only visits in prescribed time, and
substituting baseline values for missing
values.All analyseswereconcordantwith

Table 1. Baseline Participant Characteristics*

Characteristics

Constraint-Induced
Movement Therapy

(n = 106)
Usual Care

(n = 116)

Age, mean (SD), y 61.0 (13.5) 63.3 (12.6)

Female 37 (34.9) 43 (37.1)

Race
White 71 (67.0) 86 (74.1)

African American 28 (26.4) 23 (19.8)

Married 78 (73.6) 85 (73.3)

Paresis of prestroke dominant side 50 (47.2) 60 (51.7)

Ischemic stroke 97 (91.5) 98 (84.5)

No. of days since stroke, mean (SD) 179.8 (66.1) 187.7 (70.8)

Mini-Mental State Examination, mean (SD), points 28.0 (1.9) 27.5 (2.1)

No. of comorbidities, mean (SD) 1.9 (1.4) 1.8 (1.4)

Arthritis 24 25

Asthma 3 8

Cancer 11 9

Chest pain 10 14

Diabetes 30 20

Previous fracture 22 24

High blood pressure 73 73

Heart disease 10 16

Previous myocardial infarction 10 8

Osteoporosis 2 1

Seizures 6 5

Fugl-Meyer Assessment Score, mean (SD)† 42.5 (11.7) 41.1 (12.9)

360° turn, mean (SD), s 6.55 (4.9) 7.05 (4.7)

Nonuse of assistive ambulatory devices at home 53 (50.0) 59 (55.7)

Modified Ashworth Spasticity Scale, mean (SD)‡ 0.88 (0.65) 0.92 (0.67)

Active range of motion, mean (SD), degrees
Shoulder flexion 104 (45) 107 (45)

Elbow extension 66 (32) 65 (35)

Wrist extension 85 (50) 80 (48)

Finger extension 42 (31) 44 (30)
*Data are expressed as No. (%) unless otherwise indicated.
†Maximum score, 66. Higher scores indicate better function.
‡Maximum score, 6. Higher scores indicate better function.
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reported analyses. Furthermore, im-
provements from baseline to 12-month
follow-up within each group on all
paretic upper extremity outcomes also
were statistically significant.

Effects of CIMT for Subgroups
of Participants
Higher- and lower-functioning partici-
pants (based on amount of wrist and digit
extension at baseline) did not have sig-

nificantly different treatment effects;
none of the 3-way interactions among
functional level, group assignment, and
testing occasion were significant. Treat-
ment effects by initial level of function

Table 2. Effect of Constraint-Induced Movement Therapy on Primary and Secondary Outcomes at Baseline Through 12-Month Follow-up and
Change From Baseline to 12 Months (N = 222)

Outcome Variables Baseline*† Posttreatment*‡
4-mo

Follow-up*‡
8-mo

Follow-up*‡
12-mo

Follow-up*‡

Change
From Baseline

to 12 mo§

Constraint-Induced Movement Therapy

WMFT sample size 105 98 89 86 80

Log performance time � 2.96 2.38†† 2.41** 2.35** 2.23** −0.73††

Performance time, s¶ 19.3 10.8 11.1 10.5 9.3 −52%

Functional ability (0-5 scale) 2.39 2.69†† 2.75 0.36††

Weight 4.45 6.04 5.80 7.28 7.32 2.86††

Grip 7.53 9.51 10.13 11.94 12.13 4.60††

MAL sample size 105 98 89 86 80

MAL AOU (0-5 scale) 1.21 2.24†† 2.11‡ 2.13‡ 2.13# 0.92††

MAL QOM (0-5 scale) 1.26 2.17†† 2.13‡ 2.17‡ 2.23** 0.97††

Caregiver MAL sample size 86 74 46

MAL AOU (0-5 scale) 0.91 1.86†† 1.97** 1.06††

MAL QOM (0-5 scale) 0.92 1.84†† 2.00# 1.08††

WMFT mean No. of tasks not
completed within 120 s �

2.20# 0.94†† 1.26* 1.17# 1.20 −1.01††

MAL AOU tasks �3, % 18 43†† 41** 42 42 24††

MAL QOM tasks �3, % 22 44†† 45** 46# 48 26††

SIS hand function, % 28.1 41.6# 47.6# 19.5††

SIS physical function, % 52.5 56.1 54.2 1.7

Usual Care

WMFT sample size 115 104 93 92 86

Log performance time � 3.179 3.100 2.946 2.920 2.873 −0.306**

Performance time, s¶ 24.0 22.2 19.0 18.5 17.7 −26%

Functional ability (0-5 scale) 2.21 2.30 2.47 0.26††

Weight 3.53 4.10 4.16 5.00 5.72 2.19††

Grip 7.23 7.91 9.29 10.30 14.47 7.24††

MAL sample size 116 103 93 92 86

MAL AOU (0-5 scale) 1.15 1.37 1.53 1.48 1.65 0.50††

MAL QOM (0-5 scale) 1.18 1.42 1.57 1.52 1.66 0.48††

Caregiver MAL sample size 99 90 62

MAL AOU (0-5 scale) 0.73 0.99 1.10 0.38#

MAL QOM (0-5 scale) 0.71 1.00 1.18 0.47**

WMFT mean No. of tasks not
completed within 120 s �

3.32 3.00 2.69 2.69 2.58 −0.74#

MAL AOU tasks �3, % 18 25 28 26 31 13**

MAL QOM tasks �3, % 21 27 33 30 34 13††

SIS hand function, % 24.3 31.1 34.4 10.1**

SIS physical function, % 52.2 51.8 52.4 0.2
Abbreviations: AOU, Amount of Use scale; MAL, Motor Activity Log; QOM, Quality of Movement scale; SIS, Stroke Impact Scale; WMFT, Wolf Motor Function Test.
*Values are least-square means from repeated-measures analysis of variance with treatment group, functional level, and visit (time).
†P values noted in this column are for simple comparisons between the 2 treatment groups.
‡P values noted in this column are for comparisons between groups controlling for baseline at each time point by use of an appropriate set of contrasts. The primary outcome time

periods are posttreatment and 12-month follow-up.
§P values noted in this column are for test for change between baseline and 12 months.
�Corresponding generalized linear models were used for WMFT number of tasks uncompleted with a Poisson link function.
¶Performance time is a conversion of the logs to original units (seconds).
#P�.05.
**P�.01.
††P�.001.
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are shown in FIGURE 2. Age and sex also
did not moderate the treatment effect.
The treatment effects were not differ-
ent across clinics. Although 3-way in-
teractions among side of stroke, pre-
morbid hand dominance, group
assignment, and testing occasion were
significant for all of the primary out-
come measures (P�.05 for all), the dif-
ferences in treatment gains between
participants with paresis of their pre-
stroke dominant side (concordant) and
those with paresis of their prestroke
nondominant side (discordant) were
small and not clinically relevant.

Clinically Relevant Changes

Clinically relevant improvements were
ascertained by determining the num-
ber of tasks that participants com-
pleted on the WMFT. Participants re-
ceiving CIMT showed consistent
increases over time in the number of
tasks that could be completed. Com-
pared with the control group, CIMT
participants completed a significantly
greater number of tasks at posttreat-

ment and 4- and 8-month follow-ups,
although the difference between the 2
groups diminished at the 12-month fol-
low-up. Achieving a 3 or higher on the
MAL indicates at least a 50% increase
in use of the impaired arm and hand
than prior to the stroke (frequency;
AOU scale) and without any assis-
tance by the less impaired upper ex-
tremity (independence; QOM scale) in
performing a given functional task. At
12-month follow-up, CIMT partici-
pants had increased the proportion of
tasks performed to a level reported as
at least 50% more use as prior to the
stroke by 24% and had increased the
proportion of tasks performed inde-
pendently with the paretic arm rela-
tive to baseline by 65% (Table 2 and
Table 3; P�.001). The group-by-time
interaction for both measures was sig-
nificant. Moreover, caregiver scores on
the MAL verified the perceptions of
their respective participants. When
stratified by functional level, lower-
functioning participants improved in
their AOU score after treatment and at

12 months, but there was no treat-
ment by functional level interaction.
Higher-functioning participants dem-
onstrated AOU and QOM improve-
ments in the proportion of tasks with
scores of higher than 3 over time (data
not shown).

Adverse Events

Study participants experienced 35
serious adverse events (14 in the
CIMT group and 21 in the control
group) requiring hospitalization dur-
ing the year following enrollment.
Among patients randomized to the
treatment group, only 1 event (a sec-
ond stroke) occurred during the inter-
vention period.

Among the events in the treatment
group, 8 hospitalizations were related to
cardiovascular events (4 strokes, 2 coro-
nary artery bypass graft surgeries, 1 myo-
cardial infarction, and 1 cardiac cath-
eterization), 3 were related to orthopedic
events (2 total hip replacements and 1
fractured humerus), and 3 were due to
other events (1 colon infection, 1 gas-

Table 3. Effect of Constraint-Induced Movement Therapy on Primary and Secondary Outcomes—Difference Between Groups in 12-Month
Changes (N = 222)

Outcome Variables
Difference Between Groups
in 12-mo Changes (95% CI)

Difference Between Groups
in 12-mo Changes (95% CI),

With Baseline Values
Used for Missing Data*

Within-Cell
Standard

Deviation†
Group � Time

P Value‡

WMFT
Log performance time 0.42 (0.13 to 0.72) 0.30 (0.04 to 0.57) 1.37 �.001

Performance time, s 34 (12 to 51) 31 (4 to 79)

Functional ability (0-5 scale) 0.11 (−0.06 to 0.27) 0.06 (−0.08 to 0.20) 3.94 �.001

Weight 0.67 (−1.52 to 2.86) 0.89 (−1.10 to 2.88) 6.30 .32

Grip −2.64 (−6.27 to 0.99) −1.67 (−4.86 to 1.52) 9.70 .20

MAL
AOU (0-5 scale) 0.43 (0.05 to 0.80) 0.33 (−0.02 to 0.68) 1.37 �.001

QOM (0-5 scale) 0.48 (0.13 to 0.84) 0.39 (0.06 to 0.72) 1.35 �.001

Caregiver MAL
MAL AOU (0-5 scale) 0.69 (0.20 to 1.17) 0.32 (−0.06 to 0.70) 1.26 .002

MAL QOM (0-5 scale) 0.60 (0.12 to 1.08) 0.29 (−0.10 to 0.68) 1.27 .001

WMFT No. of tasks (�120 s) −0.27 (−0.67 to 0.10) −0.37 (−0.71 to −0.04) �.001

MAL AOU tasks �3, % 11 (0 to 22) 8 (−2 to 18) 0.92 �.001

MAL QOM tasks �3, % 14 (3 to 24) 11 (1 to 20) 0.93 .007

SIS hand function, % 9.42 (0.27 to 18.57) 7.04 (−0.60 to 14.66) 23.8 .08

SIS physical function, % 1.48 (−5.71 to 8.66) 1.14 (−4.89 to 7.18) 15.6 .35
Abbreviations: AOU, Amount of Use scale; CI, confidence interval; MAL, Motor Activity Log; QOM, Quality of Movement scale; SIS, Stroke Impact Scale; WMFT, Wolf Motor Func-

tion Test.
*Computed from repeated-measures analysis of variance whereby all missing values are replaced with the corresponding baseline value for that participant. This provides a con-

servative estimate of the treatment effect.
†Computed using the sum of the patient-to-patient variance and the residual error variance components.
‡P values are for 2-way interactions between testing occasion (eg, baseline) and group (ie, constraint-induced movement therapy or usual care). This is an overall test of whether

the time course is different between groups.
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trointestinal tract bleed, and 1 renal fail-
ure). Two deaths in this group resulted
following congestive heart failure and ab-
dominal obstruction.

Among the control group, 10 hospi-
talizations were due to cardiovascular
events (6 strokes, 1 hypertension crisis,
1 coronary artery bypass graft sur-
gery, 1 lower extremity vascular sur-
gery, and 1 congestive heart failure), 5
were related to orthopedic events (2 hip
fractures, 2 total hip replacements, and
1 open femoral reduction), and 6 hos-
pitalizations were related to other events
(2 seizures, 1 cancer, 1 respiratory in-
fection, 1 thoracotomy, and 1 celluli-
tis). Four deaths in this group re-
sulted from pancreatitis, cardiac event,
sepsis, and stroke. In a generalized lin-
ear model that controlled for the re-
peated events within individuals, com-
parison of adverse even rates between
groups showed no statistically signifi-
cant difference (P=.44).

COMMENT
The EXCITE Trial represents, to our
knowledge, the first randomized mul-
ticenter trial and the largest trial of
CIMT among participants who had ex-
perienced stroke 3 to 9 months prior.

These results support findings from
other studies that have used CIMT for
participants with long-term (�1 year)
stroke disabilities.7,11,33-37 In our trial, the
CIMT group showed significantly larger
improvements immediately after treat-
ment than the control group in qual-
ity and speed of paretic arm move-
ment (WMFT Functional Ability and
Performance Time) and in the quality
and amount of paretic arm use in daily
life (MAL QOM and AOU scales). Fur-
thermore, the advantages for the CIMT
group on 3 (WMFT Performance Time
and MAL QOM and AOU scales) of
these 4 primary outcomes persisted for
12 months.

Although changes in the control
group were substantially smaller than
in CIMT participants, control partici-
pants also showed significant improve-
ment in most outcomes from baseline
to 12-month follow-up. Given that most
EXCITE participants were within a
9-month poststroke period, some im-
provement due to spontaneous recov-
ery could be expected.3 Test-retest re-
liability studies of the WMFT27,28 and
MAL29 in individuals with long-term
stroke disabilities who are not thought
to experience spontaneous recovery

have shown that WMFT and MAL
scores are stable over approximately
2-week intervals, suggesting that the
changes in the EXCITE control group
were not due to practice effects conse-
quent to repeated testing.

Among control participants, 48.8% re-
ceived clinical care during the study, but
the limited improvement in functional
outcomes in this group suggests that tra-
ditional neurorehabilitation interven-
tions have limited effectiveness in pro-
moting motor recovery within the dosing
parameters typically used.6,38 Among par-
ticipants in the CIMT group, 51.2% re-
ceived additional therapies following the
intervention. The percentage of control
group and treatment group partici-
pants receiving treatment, respectively,
included pharmacotherapy for spastic-
ity (4.8% and 4.8%), other neurophar-
macological treatments (3.4% and 2.9%),
mechanical interventions (casting and
splinting; 2.9% and 1.4%), exercise and
other modes (25.4% and 24.9%), acu-
puncture and chiropractic (5.3% and
1.9%), and other structured interven-
tions (personal trainers and commu-
nity exercise; 7.2% and 15.3%).

Clinical relevance of the motor gains
was supported by the finding that the

Figure 2. Back-Transformed Mean WMFT Performance Time and Mean MAL Amount of Use Scores
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number of items on the WMFT that
could be completed by CIMT partici-
pants was substantially greater both im-
mediately and 12 months after treat-
ment. The finding that the paretic upper
extremity was used at least half as much
as before the stroke on twice as many
MAL items by CIMT participants fol-
lowing the intervention and that this be-
havior persisted through the 12-
month follow-up implies long-term use
in daily activities. In addition, the pro-
portion of tasks for which the paretic
upper extremity could be used with-
out the assistance of the less-impaired
upper extremity had almost tripled at
1 year compared with the control group.
These MAL findings were confirmed by
independent reports of comparable
changes from caregivers.

The only SIS domain to show
improvement was use of the paretic
hand. This finding is consistent with
results from another large-scale, multi-
center trial of a fitness intervention in
acute stroke patients39 that found
long-term changes only on those SIS
domains trained (hand function and
ambulation). Those results differ from
findings in a small study40 of long-
term stroke patients that demonstrated
larger MAL changes than we observed
and significant, long-term improve-
ments in physical function, communi-
cation, and social participation on the
SIS. Differences in chronicity and cul-
tural mix among participants might
have accounted for these disparate
observations.

In our study, improvements on the
WMFT Functional Ability scale and
strength items were less robust than
gains in WMFT Performance Time and
MAL scores. This finding is consistent
with CIMT studies in individuals with
long-term stroke disabilities41,42 and is
not surprising considering that the em-
phasis during paretic arm training was
on the number of repetitions of each
task (ie, speed).

Kinetic data from biomechanical
studies performed on a subset of par-
ticipants (n=10) in our study indicate
that over the course of treatment, CIMT
participants gain improved control over

movements involved in complex tasks,
such as turning a key in a lock.43 Neu-
rophysiological studies of cortical ac-
tivity after repetitive task practice us-
ing the paretic upper extremity have
also been performed. Data from a trans-
cranial magnetic stimulation study in-
dicate that following CIMT there is a
substantial increase in the amount of
cerebral cortex representation of paretic
hand muscles.33 A recent report using
serial functional magnetic resonance
imaging and a precision grip task
showed a linear reduction in ipsilat-
eral (contralesional) M1 (motor cor-
tex) activation and that the mid-point
M1 Laterality Index anticipated post-
CIMT changes in time to perform the
WMFT.44 Determining the exact rela-
tionship between the administration of
CIMT and changes in cortical activa-
tion may require examining the influ-
ence of assessment method, training in-
tensity, stroke chronicity, and the
imaging technique used.

Our study has several limitations.
First, the interpretation of outcomes
was limited by the smaller-than-
planned number of lower-functioning
individuals enrolled. While higher-
functioning participants improved at all
posttreatment time points and lower-
functioning stroke survivors im-
proved at posttreatment (2 weeks) and
at 12 months, the sample size of the
lower-functioning group reduced power
to detect interactions between group as-
signment and functional level. Sec-
ond, only 48.9% of control group par-
ticipants received other treatments
throughout the year. Despite the diffi-
culty in accurately monitoring inten-
sity of other treatments, it is unlikely
that intensity of treatment was compa-
rable between groups. Therefore, our
findings do not rule out the possibility
that usual and customary care pro-
vided at the same intensity as CIMT
would be as efficacious. However, stud-
ies of long-term stroke patients sug-
gest that the efficacy of CIMT is not due
to nonspecific factors such as thera-
pist attention, expectations, or time in
the laboratory.7,30 Differentiating the
specific contributions of ipsilesional

arm immobilization from massed prac-
tice of the paretic limb to achieve im-
provements cannot be ascertained from
this study. Third, the investigation of
essential aspects of CIMT, including the
extent to which the intensive CIMT
schedule of delivery can be altered and
is ultimately cost-effective, requires fur-
ther exploration. Fourth, incomplete
detailed information about the ana-
tomical location of each stroke and lack
of information regarding the extent and
use of medications limit our ability to
assess the influence of these relevant
variables on primary outcomes.

CONCLUSION
In summary, among patients who had
experienced a first stroke between 3 and
9 months prior, administration of CIMT
resulted in statistically significant and
clinically relevant improvements in
paretic arm motor ability and use com-
pared with participants receiving usual
and customary care. Improvements were
present following the 2-week interven-
tion, persisted for up to 1 year, and were
not influenced by age, sex, or initial level
of paretic arm function. These findings
suggest that further research exploring
central nervous system changes that ac-
company the observed motor gains and
research on alternate models of CIMT de-
livery are warranted.
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