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Abstract
Background and Purpose—Although constraint-induced movement therapy (CIMT) has been
shown to improve upper extremity function in stroke survivors at both early and late stages post-
stroke, the comparison between participants within the same cohort but receiving the intervention at
different time points has not been undertaken. Therefore, the purpose of this study was to compare
functional improvements between stroke participants randomized to receive this intervention within
3–9 months (early group)to participants randomized upon recruitment to receive the identical
intervention 15–21 months post-stroke(delayed group).

Methods—Two weeks of CIMT was delivered to participants immediately after randomization
(early group) or one year later (delayed group). Evaluators blinded to group designation administered
primary (Wolf Motor Function Test [WMFT], Motor Activity Log [MAL]) and secondary (Stroke
Impact Scale [SIS]) outcome measures among the 106 early participants and 86 delayed participants
prior to delivery of CIMT, two weeks thereafter and 4, 8 and 12 months later.

Results—While both groups showed significant improvements from pretreatment to 12 months
post-treatment, the earlier CIMT group showed greater improvement than the delayed CIMT group
in WMFT Performance Time and the MAL (P’s < .0001) as well as in Stroke Impact Scale Hand
and Activities domains (P <. 0009 and .0214, respectively). Early and delayed group comparison of
scores on these measures 24 months after enrollment, showed no statistically significant differences
between groups.

Conclusions—CIMT can be delivered to eligible patients 3 to 9 months or 15 to 21 months
following stroke. Both patient groups achieved approximately the same level of significant arm motor
function 24 months after enrollment.
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Americans continue to experience more than 780,000 strokes each year with total costs for
care and management estimated at $65.5 billion in 2008 and two thirds demonstrating impaired
function in upper extremity usage.1 Rehabilitation regimens emphasize functional retraining
for these stroke survivors2. Constraint-induced movement therapy (CIMT) requires restraint
of the less impaired upper extremity (UE) through the use of a padded mitt that restricts hand
usage and is coupled with behavioral training (repetitive and adaptive task practice) for up to
6 hours per day.3

The EXtremity Constraint Induced Therapy Evaluation (EXCITE) Trial was the first multisite
randomized controlled study of a non-surgical or pharmacological procedure applied to patients
3–9 months post stroke.4 We found that, in comparison to a group receiving customary care
only, those undergoing two weeks of CIMT showed significantly greater improvement5 that
persisted through another follow up year.6 The control group subsequently was crossed over
to receive CIMT one year after enrollment. In this paper we report the extent to which
improvements in functional recovery following CIMT among this more chronic group(15–21
months post-stroke)would compare to those already reported for participants receiving CIMT
within 3–9 months post-stroke.5

Patients and Methods
Study Population

Between January 2001 and January 2003, 222 participants were randomized to receive CIMT
either at enrollment (earlier, E-CIMT, n= 106) or following a one year delay (delayed, D-CIMT,
n =116). Participants were recruited if they had sustained a stroke 3–9 month prior to
recruitment, could stand from a sitting position, could remain standing for at least 2 minutes
without support and satisfied all inclusion criteria, including initiation of active extension of
the wrist and fingers.4 Patients were excluded if they: were receiving or intended to receive
pharmacological management of spasticity, had terminal diagnoses, were cognitively impaired,
or intended to relocate. Specific joint passive ranges of motion and the Fugl-Meyer Upper
Extremity Assessments, a commonly used 66 point scale to determine upper extremity synergy,
were measured.4, 7

CIMT Therapy
CIMT employs a padded safety mitt worn on the less-impaired upper extremity during 90%
of waking hours over the 2-week CIMT training interval. Laboratory based training was
performed over 10 consecutive days and consisted of 6 hours of monitored behavioral shaping
and repetitive task practice, selected from over 60 tasks using only the impaired limb with the
actual mean time of training within the laboratory. Actual training time increased with patient
endurance, ranging from 1.5 hours on the first day to 4.5 hours on the last day 4 The mitt was
only worn during the two week training interval following randomization (E-CIMT) or 1 year
later (D-CIMT).

Adherence to mitt use was high in the laboratory environment and reinforced in the home
through daily “homework”, behavioral contracts for both the patient and the caregiver, and a
mitt compliance device that measured hand contact time within the mitt. The device was a
contact plate that measured time of hand contact. The time output was continuously updated
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to a microprocessor housed within the mitt. The less affected limb was free to move to protect
from loss of balance. During the training period, participants wore the mitt at home and the
contact time was recorded and used as a surrogate for unimanual activity. Due to technical
problems, the data are only available for a subset of participants undergoing training, but no
differences between E-CIMT and D-CIMT groups were found.

Study Design
The EXCITE Trial was a masked cross-over design. After enrollment, the E-CIMT participants
underwent 2 weeks of CIMT therapy (follow-up evaluations for 23.5 months). The D-CIMT
participants received CIMT therapy after 12 months (follow-up evaluations for 11.5 months).
D-CIMT participants could seek any rehabilitative therapy except CIMT during the treatment
delay year after study enrollment. Information about these therapies was documented, but
neither the quality nor the quantity was ascertained. All participants were administered primary
outcome assessments every four months (baseline-Pre1; 0.5 month-Post1; 4 month; 8 month;
12 month-Pre2; 12.5 month-Post2; 16 month; 20 month; 24 month). Some measures were not
administered at every visit.

Outcome Measures
Wolf Motor Function Test (WMFT)—The WMFT consists of 15 time-based and 2 strength
items sequenced from requiring use of more proximal UE joints to more complex tasks
requiring more UE joints and fine motor skills and allowing a maximum of 120 seconds per
timed item completion. All items were videotaped and subsequently scored on a 6 point quality
of movement scale, called the Functional Ability Scale, by trained raters masked to group
assignment and session. This scale rates the task from not being initiated, through assistive use
of the less impaired upper extremity to independent normal motion. Functional level refers to
the amount of active wrist and finger extension demonstrated during three repetitions of active
movement performed over one minute. Extension of all wrist and all digits by at least 20 degrees
from a resting gravity –eliminated position or the ability to extend the wrist, thumb and two
additional digits by 10 degrees over the same time interval defined higher and lower functional
levels, respectively. Properties of the WMFT8 have been previously published.

Motor Activity Log (MAL)—The MAL is a structured interview containing 30 ADL
(activities of daily living) items administered independently to participants who rated each item
on an 11-point scale for Quality of Movement (QOM) and for Amount of Use (AOU) of the
paretic limb. The MAL exhibits good convergent validity (r>.68)9 and has been validated with
the Hand Function domain of the Stroke Impact Scale (SIS)10 and with accelerometry
measurements9.

Stroke Impact Scale (SIS)—The SIS, a secondary outcome measure, is a comprehensive,
health status patient-report that measures changes in a summary measure and 8 sub-domains
of impairment, function and quality of life, including strength, memory, emotion,
communication, activities of daily living (ADLs), mobility, hand function, and participation.
11

Defining Clinically Important Improvements
Clinically important improvement was defined as a change in the number of WMFT tasks that
could be completed (under 120 seconds) after CIMT treatment. A score of “3” or greater on
both the QOM and AOU MAL provides the first indication of ADLs item initiation without
use of the less impaired limb. Therefore, the change in number of MAL items that are rated ≥3
following CIMT was also assessed.6
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Statistical Analysis
The effects of CIMT on functional outcomes between E-CIMT and D-CIMT groups were
compared in the year following treatment. An intent-to-treat plan was used so that all data were
included in analyses. The main analysis was a mixed effects repeated measures (MERM)
analysis(SAS PROC MIXED). Factors included treatment group (E-CIMT or D-CIMT),
functional ability (high or low, based on active wrist and finger motion4) as between-subject
factors, and evaluation time point as a within-subject repeated measure variable. Least-squares
means, used to ensure that missing values did not distort means and to incorporate covariate
adjustments in the means, were computed for each separate evaluation for each group. The
WMFT items are timed, with shorter times indicating better performance, and were analyzed
using log transformed values(back-transformed values are presented for interpretability). For
count variables, Poisson-link GEE models12 were used. Specific comparisons were tested using
pre-planned contrasts. These included comparisons of pre-and post-treatment values (to assess
treatment effect), pre-treatment to 12 months post-treatment values (to assess persistence of
treatment), change from Pre1 to Pre2 for the D-CIMT group (to examine natural, non-specific
changes), and difference between intervention and no-intervention intervals for the D-CIMT
group. All queries were pre-specified and performed at the nominal significance level of α=.
05. A Bonferroni adjusted test was used to evaluate a posteriori comparisons and interactions
between covariates (gender, concordance [agreement of hemiparetic upper extremity side with
pre-stroke dominant side], and functional level), with a corrected p-value of .05/18 = .0028.
Statistical analyses were validated by last observation carried forward (LOCF)methods(results
are equivalent and not presented).

Results
Study Population

At randomization, there were 106 E-CIMT (mean time post-stroke, 178±64 days and 116 D-
CIMT (mean time post-stroke, 187±67 days) participants, 86 of whom received treatment.
Participant loss is shown in the CONSORT diagram (Figure 1).

D-CIMT Prior Treatment
During the year following randomization, 24% (21/86) of D-CIMT participants received some
form of therapy.7 There were no significant interactions for the WMFT (p =.25) or the MAL
AOU (p =.99), or the MAL QOM (p=.73) between these D-CIMT subgroups. This “external
treatment” factor was ignored for other analyses. D-CIMT participants showed significant
improvement on the WMFT, MAL scores including the number of tasks scored as ≥ 3, and the
SIS Meaningful Activities and Typical Activities subscales(Tables 1 and 2, D-CIMT, Pre1 v
Pre2). Collectively, these results suggest that D-CIMT participants experienced some recovery
prior to receiving CIMT. Although 30 D-CIMT subjects withdrew from the EXCITE trial prior
to the training period (Figure 1), there were no pre-randomization differences in any
demographic variables measured between those who withdrew from the trial and those who
started training (results not shown).

Within Group Improvements
Both groups improved significantly with treatment for primary outcome variables (Table 1,E-
CIMT, Pre1 vs. Post1; D-CIMT, Pre2 vs. Post2). Similar improvements were seen 12 months
post-treatment (Table 2, E-CIMT, Pre1 v Pre2; D-CIMT, Pre2 v 24 M). These improvements
are shown graphically for the WMFT and the MAL AOU (Figures 2A, 2B) and indicate that
D-CIMT participants can achieve a level comparable to E-CIMT participants. Differences post-
training between values at time points were assessed between groups. These tests were not
significant, indicating that only minor differences between groups occurred after training
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(results not shown). Tests comparing results for time points separately for each group were not
significant using Bonferonni-corrected tests (results not shown).

Between Group Differences
There were no differences in patient demographics between groups when they were initially
randomized.5 Several significant between-group differences were found between the E-CIMT
Pre1 data and the D-CIMT Pre2 data (Table 1), including: log mean WMFT time, WMFT
Functional ability, Weight, Grip, MAL scores including the number of tasks scored as ≥ 3, and
the SIS Hand Function and ADL/IADL (Meaningful) subscales, reflecting improvement in
function in the D-CIMT group over the year long delay.

Table 2 presents the least squares means for all primary and secondary outcome measures for
the time points relative to the year of intervention. For the E-CIMT group, Pre1, Post1, and
Pre2 values are shown, while comparable time points are shown for the D-CIMT group (4
month, 8 month, 16 month and 20 month values are omitted from the table for simplicity). The
primary test of the null hypothesis of no difference over time between groups adjusted for
functional level is also presented (Table 2, “Interaction”). This test compares the results 12
months post-baseline between groups while adjusting for the pre-training level. The WMFT
(all components except Weight), MAL (all components), and the SIS 7 Hand Function domain
all show a significant interaction, where E-CIMT demonstrates a larger improvement than D-
CIMT. For the SIS Hand Function domain, the E-CIMT improved by 24.2(Pre2-Pre1)
compared to 5.6 (24M-Pre2) for the delayed group (p<0.0001) and improvements for the E-
CIMT group’s SIS 8 ADL/IADL were marginally significant (p = 0.0507). A subsequent
analysis that examines differences between the groups 24 months after enrollment (Table 1,
column 3) indicates no significant differences on the WMFT and both MAL measures. In the
SIS hand function (7), ADL/I ADL (8), and communication (4) domains, however, the E-CIMT
group reports significantly higher function than the D-CIMT group (means for the E-CIMT
group at 24 months are not shown).

No demographic or baseline characteristics predicted study withdrawal during the year
following treatment. Withdrawal post-treatment was examined using logistic regression and
for time to event (Cox regression). Using Bonferroni-corrected p-values, no predictor was
significant for either method.

Covariate analyses
For three important variables (gender, concordance, and functional ability), the 3-way
interactions between treatment, evaluation and covariate were examined for outcome variables.
Using Bonferonni-corrected tests, one interaction was significant (functional level for Variable
MAL QOM > 3; results not shown).

Clinically Important Improvements
The ability to successfully complete tasks in the WMFT and use the affected upper limb in
everyday activities (rating of MAL items ≥3) was considered evidence of clinically important
improvements (see Table 2). The E-CIMT condition showed larger improvements in WMFT
completion (E-CIMT: -.89;D-CIMT:-.20), AOU/MAL ≥ 3 (E-CIMT: 26, D-CIMT: 8), and
QOM/MAL ≥ 3 (E-CIMT: 28; D-CIMT: 8). All interactions are significant (Table 2), indicating
that the change for the E-CIMT group is larger than that for the D-CIMT group.

Safety
Severe adverse events (SAEs) occurring during the first year were presented previously.5 From
Pre 1 to Pre 2, E-CIMT participants experienced 2 deaths and 14 SAEs. During the Pre 2 to 24
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month interval, D-CIMT participants sustained one death and 10 individual SAE
hospitalizations (emphysema, internal bleeding, second stroke, cancer, congestive heart failure,
subdural hematoma, hypertension, chest pain, hip arthroplasty, two fractures). None of those
events was related to the intervention. In a generalized linear model that controlled for the
repeated events within individuals, comparison of adverse event rates between groups showed
no statistically significant difference (p = .58).

Discussion
Until now, there has been little to no level I evidence to inform the hypothesis that earlier CIMT
is better than later. Indeed, evidence from other animal 13 and human14 stroke studies suggest
that limb rehabilitation within days of a stroke may be detrimental to recovery. Some studies
indicate CIMT delivered to chronic stroke survivors resulted in far more substantial
improvements than those seen in acute patients.15

In the EXCITE Trial, patients responded favorably to CIMT. While both groups improved,
those participants receiving treatment within 3–9 months post-stroke demonstrated
significantly greater changes from immediately before to 12 months after treatment. This
finding supports other studies showing that rehabilitation applied sooner during the recovery
phase results in a faster rate of change;16 however, increasing CIMT from 2 to 3 hours per day
applied within a few days after stroke does not necessarily produce superior outcomes.17

Functional improvements following CIMT have been associated with cortical plasticity as
mapped using transcranial magnetic stimulation to motor cortex,18–20 fMRI,21, 22 including a
subset of EXCITE participants,22 and MRI23 ;the extent to which the magnitude of
reorganization is influenced by relative chronicity is under investigation. To date, structural
reorganization associated with early training has been characterized by maintenance of the
original focus of motor control (primary motor cortex); while training in the chronic phase was
characterized by increases in bilateral sensory-motor, premotor and hippocampal activity23.
Recovery in the chronic state may be influenced by the loss of hand and expansion of non-
hand representation areas within the primary motor cortex during the delayed period that
contribute to atypical movement patterns and compete with subsequent neural reorganization
during later training periods24, resulting in smaller treatment effects in the chronic versus the
acute periods25 as seen in this study.

The actual time to complete laboratory tasks (WMFT) and the perceived amount and quality
of limb use in home based-activities (MAL) improved, as did the often neglected quality of
life in hand function and ADL/IADL SIS domains. More significantly, the percentage of
WMFT tasks that could be completed substantially improved in both groups (31% and 8%, E-
CIMT and D-CIMT, respectively). Taken together with the percentage of real world activities
that could be completed using the impaired limb independently (MAL>3)), both groups showed
functionally meaningful gains but with a more profound improvement noted in the E-CIMT
group. Similar to findings from our first year analyses,5 these chronicity effects were not
affected by functional level (amount of active wrist and finger range of motion), concordance
or gender.

The most apparent and likely biggest factor for the greater treatment effect in early vs. late is
the discrepancy in when each group began the intervention. While a subset of D-CIMT received
other interventions during the year prior to CIMT, this did not affect the amount by which they
improved. . The improvement seen in the D-CIMT group when exposed to CIMT one year
later speaks to the potency of this approach but CIMT accounts for some, although not all, of
this improvement. The possibility that the quarterly evaluation visits alone may have focused
attention on paretic limb use during the no-training interval cannot be ruled out.
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The D-CIMT group showed improvements during the year of no training as evidenced by pre-
CIMT outcome measures that were actually better than Pre1 measures in the E-CIMT group
(Figure 1). The magnitude by which this chronic group could improve after CIMT might well
have been limited by: the extent of which they could improve or the extent to which our outcome
measures were sensitive to improvements resulting from continued efforts to use the limb
during the post-enrollment interval; changes in motivation; limitations in motor control caused
by persistence or changes in muscle tone or strength; alterations in self-perception of the
potential for limb use;26 or neuroplastic reorganization of the sort mentioned earlier.
Furthermore, when considering the improvement by the D-CIMT group in the year prior to
CIMT plus the year after CIMT (i.e., outcome 24 months after enrollment), D-CIMT outcomes
on the WMFT and MAL are very similar to those for E-CIMT at the same time point. Therefore,
while one can conclude from the data that CIMT produces improvement in motor measures
that are greater when administered 3 to 9 months after stroke compared to one year later, our
data also suggest that comparable results for both groups may occur after the full period of
training and evaluation. In fact, both groups demonstrated significant gains at the end of their
respective 10 sessions CIMT and then maintain these gains throughout the subsequent year.

Results from this trial and other investigations into the “signature” CIMT developed by
Taub27 raise several issues. In addition to uncertainties about the optimal delivery28 and
intensity of CIMT training29,30, alternative forms of delivery using distributed rather than
intense blocked practice models need to be explored. For example, small scale studies by
Page31 and Wu32 offer the potential for comparable results with less intense individualized
training. However, the optimal modification of CIMT needs to be defined first followed by a
direct comparison to the present mode using a large enough sample size to undergo the rigors
of an intention-to-treat analysis.

The results from this study show that the improvements persist, and none of the severe adverse
events were related to CIMT. Yet the percent of stroke survivors who meet our inclusion criteria
ranges from 5–23%, based upon how the degree of impairment is defined.32 Inevitably, the
prospects for bolstering the value of this intervention for a larger population of patients may
reside in better understanding of the causal and nonlinear relationships between limb function
and daily use that will only emerge from proper translational research at both the theoretical
and practical levels.

Acknowledgments
We express our profound appreciation to all the trainers and evaluators across the 7 participating EXCITE facilities
for their diligence and commitment to excellence during this clinical trial which was funded by NIH Grant R01
HD37606 from the National Center for Medical Rehabilitation Research (National Institute of Child Health and
Development) and from the National Institute of Neurological Diseases and Stroke.

References
1. Rosamond W, Flegal K, Furie Kea. Heart disease and stroke statistics-2008 update: A report from the

american heart association statistics committee and stroke statistics subcommittee. Circulation
2008;117:e25–e146. [PubMed: 18086926]

2. Kollen B, Kwakkel G, Lindeman E. Functional recovery after stroke: A review of current developments
instroke rehabilitation research. Rev Recent Clin Trials 2006;1:75–80. [PubMed: 18393783]

3. Taub E, Miller NE, Novack TA, Cook EW 3rd, Fleming WC, Nepomuceno CS, Connell JS, Crago JE.
Technique to improve chronic motor deficit after stroke. Arch Phys Med Rehabil 1993;74:347–354.
[PubMed: 8466415]

4. Winstein CJ, Miller JP, Blanton S, Taub E, Uswatte G, Morris D, Nichols D, Wolf S. Methods for a
multisite randomized trial to investigate the effect of constraint-induced movement therapy in

Wolf et al. Page 7

Stroke. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



improving upper extremity function among adults recovering from a cerebrovascular stroke.
Neurorehabil Neural Repair 2003;17:137–152. [PubMed: 14503435]

5. Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G, Morris D, Giuliani C, Light KE, Nichols-Larsen
D. Effect of constraint-induced movement therapy on upper extremity function 3 to 9 months after
stroke: The excite randomized clinical trial. Jama 2006;296:2095–2104. [PubMed: 17077374]

6. Wolf SL, Winstein CJ, Miller JP, Thompson PA, Taub E, Uswatte G, Morris D, Blanton S, Nichols-
Larsen D, Clark PC. Retention of upper limb function in stroke survivors who have received constraint-
induced movement therapy: The excite randomised trial. Lancet Neurol 2008;7:33–40. [PubMed:
18077218]

7. Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S. The post-stroke hemiplegic patient. 1. A
method for evaluation of physical performance. Scandinavian Journal of Rehabilitation Medicine
1975;7:13–31. [PubMed: 1135616]

8. Wolf SL, Catlin PA, Ellis MD, Archer AL, Morgan B, Piacentino A. Assessing the wolf motor function
test as an outcome measure for research in patients after stroke. Stroke 2001:32.

9. Uswatte G, Taub E, Morris D, Light K, Thompson PA. The motor activity log-28: Assessing daily use
of the hemiparetic arm after stroke. Neurology 2006;67:1189–1194. [PubMed: 17030751]

10. Duncan PW, Wallace D, Lai SM, Johnson D, Embretson S, Laster LJ. The stroke impact scale version
2.0. Evaluation of reliability, validity, and sensitivity to change. Stroke 1999;30:2131–2140.
[PubMed: 10512918]

11. Duncan PW, Bode RK, Min Lai S, Perera S. Rasch analysis of a new stroke-specific outcome scale:
The stroke impact scale. Arch Phys Med Rehabil 2003;84:950–963. [PubMed: 12881816]

12. Hardin, JW.; Hilbe, JM. Generalized estimating equations. Boca Raton: Chapman & Hall; 2003.
13. Humm JL, Kozlowski DA, James DC, Gotts JE, Schallert T. Use-dependent exacerbation of brain

damage occurs during an early post-lesion vulnerable period. Brain Res 1998;783:286–292.
[PubMed: 9507166]

14. Dromerick AW, Lang CE, Birkenmeier RL, Wagner JM, Miller JP, Videen TO, Powers WJ, Wolf
SL, Edwards DF. Very early constraint-induced movement during stroke rehabilitation (vectors): A
single-center rct. Neurology 2009;73:195–201. [PubMed: 19458319]

15. Taub E, Uswatte G, King DK, Morris D, Crago JE, Chatterjee A. A placebo-controlled trial of
constraint-induced movement therapy for upper extremity after stroke. Stroke 2006;37:1045–1049.
[PubMed: 16514097]

16. Biernaskie J, Chernenko G, Corbett D. Efficacy of rehabilitative experience declines with time after
focal ischemic brain injury. J Neurosci 2004;24:1245–1254. [PubMed: 14762143]

17. Dromerick A, Lang CE, Birkenmeier R, Wagner JM, Miller JP, Videen TO, Powers WJ, Wolf SL.
Very early constrint induced movement during inpatient stroke rehabilitation (vectors): A single-
center rct. Neurology 2009;73:196–201.

18. Liepert J, Bauder H, Wolfgang HR, Miltner WH, Taub E, Weiller C. Treatment-induced cortical
reorganization after stroke in humans. Stroke 2000;31:1210–1216. [PubMed: 10835434]

19. Sawaki L, Butler AJ, Xiaoyan L, Wassenaar PA, Mohammad YM, Blanton S, Sathian K, Nichols-
Larsen DS, Wolf SL, Good DC, Wittenberg GF. Constraint-induced movement therapy results in
increased motor map area in subjects 3 to 9 months after stroke. Neurorehabil Neural Repair
2008;22:505–513. [PubMed: 18780885]

20. Tarkka IM, Kononen M, Pitkanen K, Sivenius J, Mervaalat E. Alterations in cortical excitability in
chronic stroke after constraint-induced movement therapy. Neurol Res 2008;30:504–510. [PubMed:
18953741]

21. Schaechter JD. Motor rehabilitation and brain plasticity after hemiparetic stroke. Prog Neurobiol
2004;73:61–72. [PubMed: 15193779]

22. Dong Y, Dobkin BH, Cen SY, Wu AD, Winstein CJ. Motor cortex activation during treatment may
predict therapeutic gains in paretic hand function after stroke. Stroke 2006;37:1552–1555. [PubMed:
16645139]

23. Gauthier LV, Taub E, Perkins C, Ortmann M, Mark VW, Uswatte G. Remodeling the brain: Plastic
structural brain changes produced by different motor therapies after stroke. Stroke 2008;39:1520–
1525. [PubMed: 18323492]

Wolf et al. Page 8

Stroke. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



24. Barbay S, Plautz EJ, Friel KM, Frost SB, Dancause N, Stowe AM, Nudo RJ. Behavioral and
neurophysiological effects of delayed training following a small ischemic infarct in primary motor
cortex of squirrel monkeys. Exp Brain Res 2006;169:106–116. [PubMed: 16273404]

25. Robey RR. A meta-analysis of clinical outcomes in the treatment of aphasia. J Speech Lang Hear Res
1998;41:172–187. [PubMed: 9493743]

26. Sprangers MAG, Schwartz CE. Integrating response shift into health-related quality of life research:
A theoretcial model. Social Science & Medicine 1999;48:1507–1515. [PubMed: 10400253]

27. Taub E, Uswatte G, Elbert T. New treatments in neurorehabilitation founded on basic research. Nat
Rev Neurosci 2002;3:228–236. [PubMed: 11994754]

28. Turton A, Pomeroy V. When should upper limb function be trained after stroke? Evidence for and
against early intervention. NeuroRehabilitation 2002;17:215–224. [PubMed: 12237502]

29. Dobkin BH. Confounders in rehabilitation trials of task-oriented training: Lessons from the designs
of the excite and scilt multicenter trials. Neurorehabil Neural Repair 2007;21:3–13. [PubMed:
17172549]

30. Wolf SL, Winstein CJ, Miller JP, Blanton S, Clark PC, Nichols-Larsen D. Looking in the rear view
mirror when conversing with back seat drivers: The excite trial revisited. Neurorehabil Neural Repair
2007;21:379–387. [PubMed: 17644651]

31. Page SJ, Levine P, Leonard AC. Modified constraint-induced therapy in acute stroke: A randomized
controlled pilot study. Neurorehabil Neural Repair 2005;19:27–32. [PubMed: 15673841]

32. Wu CY, Chen CL, Tsai WC, Lin KC, Chou SH. A randomized controlled trial of modified constraint-
induced movement therapy for elderly stroke survivors: Changes in motor impairment, daily
functioning, and quality of life. Arch Phys Med Rehabil 2007;88:273–278. [PubMed: 17321816]

Wolf et al. Page 9

Stroke. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Consort diagram monitoring participants through the trial.
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Figure 2.
A: Mean WMFT (seconds, s) and B: MAL AOU (amount of use, range: 0–5) scores, from
enrollment through 24 months with E-CIMT receiving the intervention between 0 and .5
months following enrollment and D-CIMT receiving it one year after enrollment (between 12
and 12.5 months).
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