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Constraint-induced movement therapy in stroke patients: 
systematic review and meta-analysis

consistent. Larger randomised trials to resolve these 
uncertainties are needed.
Key words: �Recovery of function - Physical therapy modali-
ties - Stroke - Upper extremity - Review literature as topic.

One of the most promising techniques for the re-
covery of upper extremity movement in stroke 

patients who has received much interest over the 
past 15 years is the constraint-induced movement 
therapy (CIMT).1 CIMT is a techniques for patients 
with a good potential of recovery, not excessive 
spasticity and good cooperation. It is based on the 
theory of “learning non-use” 2-4 and has two funda-
mental principles: 1) forced use of the affected arm 
by restraining the unaffected arm, during dedicated 
exercise sections and usual activities of daily living; 
2) massed practice (several hours of exercise) of the 
affected arm through a shaping method, where shap-
ing involves a common operant conditioning method 
in which a behavioural objective (in this case ’move-
ment’) is approached in small steps of progressively 
increasing difficulty. Over the years modified forms 
of CIMT have been developed, reducing the time of 
training during the period of restraint,5, 6 or concen-
trating only on the use of restraint with no additional 

Aim. Upper extremity paresis is a leading cause of 
disability after stroke. A Cochrane review found an 
impact on disability of Constraint-Induced Move-
ment Therapy (CIMT), its modified forms (mCIMT) 
and Forced Use (FU), with a moderate significant 
effect and a large significant effect on arm motor 
function. This article aims to present an update of 
the Cochrane review and assess the effects of CIMT, 
mCIMT and FU on disability and arm motor func-
tion.
Methods. Electronic databases were searched for 
Randomised Controlled Trials (RCT) and quasi-RCTs 
comparing CIMT, mCIMT or FU with other rehabili-
tative techniques, or none, in adult stroke patients. 
The primary and secondary outcomes were disability 
and arm motor function. Two reviewers independently 
screened search results, documented the methodolog-
ical quality and extracted data.
Results. Four new studies were added to the previous 
review, for a total of 18 studies. The updated meta-
analyses no longer indicate a benefit of CIMT mCIMT 
and FU on disability (eight studies, 276 participants, 
Standardised Mean Difference (SMD) 0.21, 95% CI 
-0.08 to 0.50), and a moderate benefit on arm motor 
function (14 studies, 479 participants, SMD 0.44, 95% 
CI 0.03 to 0.93).
Conclusion. New evidence pushes the overall estimate 
of benefit toward the null effect. The majority of stud-
ies were underpowered and imprecise, exposing these 
analyses to small-study bias. This may explain why 
accumulation of evidence makes overall estimates in-
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treatment of the affected arm in a forced use condi-
tion.7, 8

In 2009 we published a Cochrane review to evalu-
ate the efficacy of CIMT, modified CIMT (mCIMT) or 
forced used (FU) as rehabilitative techniques in the 
management of affected upper limb in hemiparetic 
patients after stroke.9 Meta-analysis of the primary 
outcome – disability – (6 trials with 184 subjects) re-
vealed a moderate, statistically significant impact of 
CIMT. A secondary meta-analysis focusing on arm 
motor function (11 studies with 373 participants), an 
outcome considered by the majority of studies in-
cluded, showed a larger, statistically significant ef-
fect. Despite the apparently positive effect, however, 
most trials were small and some had methodological 
shortcomings, so the efficacy of this technique was 
considered with caution.

This article presents the results of the update of 
the previously cited Cochrane review entitled “Con-
straint-induced movement therapy for upper extrem-
ities in stroke patients” 9 concerning the effect of the 
CIMT on disability and arm motor function.

Materials and methods

Inclusion/exclusion criteria

We included randomised or quasi-randomised 
studies that compared CIMT or mCIMT or FU with 
other rehabilitative techniques, occupational therapy 
or physiotherapy in adults with ischemic or haemor-
rhagic stroke.

All interventions were considered irrespective of 
numbers of hours of training and number of hours 
of constraint per day, duration of treatment, type of 
exercise used in training sessions and were pooled 
and discussed under the heading of CIMT.

Outcomes

Primary outcome was disability, secondary out-
come was arm motor function. CIMT is a behavioural 
approach to neurorehabilitation derived from basic 
neuroscience.10, 11 It fosters the use of the paretic arm 
in daily life 12 with the aim of exploiting all residual 
motor potential. On the basis of this rationale, we 
preferred to use a measure of disability (i.e., func-
tional independence measure) as primary outcome 
to better identify the arm use in real life.

If a study included in the review used more than 
one scale for the assessing the same outcome cat-
egory, the analysis was performed by considering the 
scale most frequently used across included studies.

Search strategy

An electronic search previously undertaken in any 
language for MEDLINE, EMBASE, CINAHL and the 
Physiotherapy Evidence Database (PEDro) have been 
updated (April 2010). To identify further published, 
ongoing and unpublished studies reference lists of 
relevant papers were searched and researchers in the 
field of CIMT have been contacted.

Data selection and statistical analysis

Two reviewers independently screened search re-
sults for eligibility, assessed methodological quality 
and extracted data.

A contact with the authors of studies was activat-
ed for clarification or for the request of unpublished 
data. The quality of eligible studies was assessed 
using the Cochrane Handbook for Systematic Re-
views of Interventions.13 Results at the end of treat-
ment were extracted. Standardised mean difference 
(SMD) was used to cumulate results across stud-
ies. The degree of heterogeneity among the trials 
in the analysis was assessed by the I2 statistic for 
each outcome;14 heterogeneity was judged as sub-
stantial with I2 >50%.13 Overall estimates were cal-
culated using a random-effects model, irrespective 
of statistical heterogeneity, since the studies differ 
in intensity, duration of intervention and measure 
of outcomes. In the meta-analysis graphs studies 
were ordered by publication year. Cochrane Review 
Manager software (RevMan) was used for statistical 
analysis.15

Results

From January 2009 (when the search for eligible 
articles for the Cochrane review stopped) to April 
2010, seven new potentially eligible RCTs have 
been published. Four 8, 16-18 met the inclusion crite-
ria. Eighteen studies with a total of 674 participants 
were considered in this update. Studies included 
patients with ischemic or haemorrhage stroke, with 
time since stroke between 14 days and 92 months. 
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The motor inclusion criterion was the movement ca-
pacity of the arm, evaluated as the ability to extend 
the metacarpophalangeal and interphalangeal joints, 
or as arm movement assessed with the National In-
stitutes of Health Stroke Scale (NIHSS), Brunnstrom 
scale or Chedoke McMaster Impairment Inventory 
(CMMII).

Other inclusion criteria were the absence of cog-
nitive impairment, no excessive spasticity and no 

balance problems, including walking. See Table I 
for participants’ characteristics.

Intervention

Interventions in studies are heterogeneous: the 
time of restraint ranged between 5 and 8 hours/day, 
the duration of exercise with the affected arm varied 
approximately from 5 to 45 hours/week with the 

Table�I.—�Participants’ characteristics.

Study Sample 
Size

Participants’ characteristics

Time since 
stroke Motor inclusion criteria %  

Female
Age range 

(years) Stroke details

% Right side  
affected

Intervention Control

Atteya A 25 4 3-9 Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

50 45-67 NR 50 50

Brogardh 
C 16

24 0-3 Months Active extension 10° at wirst and two 
fingers, abduction 10° of thumb

33 Near 49-55 NR 16 33

Dhal AE 20 30 9> Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

23 Near 36-83 Ischemic or 
hemorrhagic

78  
D

58  
D

Dromerick 
AW 26

20 0-3 Months Score 1 or 2 on the motor item of NIHSS 50 47-83 Only ischemic 75 63

Dromerick 
AW (b) 17

52 0-3 Months Score 1-3 on the motor item of NIHSS, 
score ≥3 in the arm item of the MAS scale

60 Near 49-78 ischemic or 
hemorrhagic

51 53

Hammer A 8 30 1-6 Months Active extension 20° at wirst, 10° at 
fingers

23 Near 31- 
83

NR 73 53

Lin kC 21 32 9> Months Brunstrom stage >3 on arm section 34 Near 39-73 Ischemic or 
hemorrhagic

53 60

Lin kC (b) 18 40 > 6 Months Brunstrom stage >3 on arm section 45 30-75 Ischemic or 
hemorrhagic

40 55

Myint M 22 43  0-3 Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

58 Near 50-76 Ischemic or 
hemorrhagic

48d 70d

Page SJ 6 4 3-9 Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

50 44-58 Only ischaemic 50 50

Page SJ 
(b) 27

10 0-3 Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

20 49-72 Only ischaemic NR NR

Page SJ (c 
) 28

25 9> Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

37 47-76 Only ischaemic NR NR

Ploughman 
M 7

23 0-3 Months Stage 2 < CMMII < Stage 6 34 Near 47-68 ischemic or 
hemorrhagic

60 31

Taub E 12 9 9> Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

77 NR NR 100 d 100 d

Wittenberg 
GF 29

16 9> Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

18 41-81 only ischaemic NR NR

Wolf SL 19 199* 3-9 Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

36 Near 48-75 ischaemic or 
haemorrhagic

47.2d 51.7d

Wu CY 23 30 9> Months Active extension 20° at wirst, 10° at meta-
carpophalangeal and iterphalangeal joints

43 Near 48-62 NR 40 33

Wu CY 
(b) 24

26 0,5-31 Months Brunstrom stage >3 on arm section 42 65-87 ischaemic or 
hemorrhagic

46d 54d

NR: not reported; D: dominant side *= Based on statistical calculation

M
IN

ERVA
 M

EDIC
A

COPYRIG
HT®



CORBETTA CONSTRAINT-INDUCED MOVEMENT THERAPY IN STROkE PATIENTS

540 EUROPEAN JOURNAL OF PHYSICAL AND REHABILITATION MEDICINE December 2010

majority of studies from 10 to 20 hours/week. All 
studies used functional or ADL tasks (mainly done 
through shaping techniques). The intervention last-
ed between two and ten weeks. See Table II for 
more details of the included studies.

Outcomes
All studies considered pretreatment and post-treat-

ment measures for outcomes. Disability was evalu-
ated in nine studies using the Functional Independ-
ence Measure (FIM) or the Barthel Index (BI). Arm 
motor function was evaluated in 14 studies using the 
Action Research Arm Test (ARAT), Wolf Motor Func-
tion Test (WMFT), Emory Function Test (EMF) and 
the Motor Assessment scale (MAS).

Risk of bias
Randomization was described and appropriate in 

12 studies. The allocation concealment was described 
and appropriate in six RCTs. The outcome assessor 
was blinded in all studies except one. In all studies 
post-treatment withdrawals were less than 10%; only 
two studies reported information about of the reasons 
for withdrawing from treatment. All scales used in the 
studies for primary and secondary outcomes were sup-

ported by references about their psychometric prop-
erties. The majority of studies were small and likely 
to be underpowered: the median sample size was 15 
patients (interquartile range 10 to 23). The sample size 
was based on prior statistical power calculations only 
in the trial by Wolf et al.19 See Table III for details of 
methodological quality of the included studies.

Primary outcome DISABILITY: CONSTRAINT versus 
CONTROL

Eight studies recruiting 276 participants measured 
disability immediately after the experimental and 
control interventions.7, 17, 18, 20-24 On disability CIMT 
seemed to have no significant effect (SMD 0.21, 95% 
CI -0.08 to 0.50; Figure 1). We found no relevant 
heterogeneity among studies (I2=29%).

Secondary outcomes ARM MOTOR FUNCTION: CON-
STRAINT versus CONTROL

Fourteen studies recruiting 479 participants meas-
ured arm motor function.6-8, 12, 16, 17, 19, 20, 22, 25-29 CIMT 
had a moderate effect on upper limb function (SMD 
0.44, 95% CI 0.03 to 0.84; Figure 2). We found sub-
stantial heterogeneity among studies (I2=63%).

Table�II.—�Characteristics of studies.

Study Type of  
intervention

Characteristic of treatment

Time of restraint Anatomical  
region restraint

Time of exercise Type of exercise Dosage of 
practice

Atteya A 25 mCIMT 5 hours/day Arm plus hand Less than 5 hours/week PNF ≤ 30 hours
Brogardh C 16 mCIMT 90% of waking hours Hand 30 to 45 hours/week Shaping ≤ 30 hours
Dhal AE 20 CIMT 90% of waking hours Hand 30 to 45 hours/week Shaping >30 hours
Dromerick AW 26 CIMT 6 hours/day Hand 10 to 20 hours/week Task oriented >30 hours
Dromerick AW 
(b) 17

mCIMT 90% of waking hours (n=16)  
and 6 hours/day (n=19)

Hand 10 to 20 hours/week Shaping ≤ 30 hours

Hammer A 8 FU 6 hours/day Arm plus hand 10 to 20 hours/week Task oriented ≤ 30 hours
Lin kC 21 mCIMT 6 hours/day Hand 10 to 20 hours/week Shaping ≤ 30 hours
Lin kC (b) 18 mCIMT 6 hours/day Hand 10 to 20 hours/week Shaping ≤ 30 hours
Myint M 22 CIMT 90% of waking hours Arm plus hand 10 to 20 hours/week Shaping >30 hours
Page SJ 6 mCIMT 5 hours/day Arm plus hand Less than 5 hours/week PNF ≤30 hours
Page SJ (b) 27 mCIMT 5 hours/day Hand Less than 5 hours/week PNF ≤30 hours
Page SJ (c ) 28 mCIMT 5 hours/day Arm plus hand Less than 5 hours/week Shaping ≤30 hours
Ploughman M 7 FU Less than 3 hours/day Hand Less than 5 hours/week skilled-task ≤30 hours
Taub E 12 CIMT 90% of waking hours Arm plus hand 30 to 45 hours/week Shaping >30 hours
Wittenberg GF 29 CIMT 90% of waking hours Arm plus hand 30 to 45 hours/week Motor task perfor. >30 hours
Wolf SL 19 CIMT 90% of waking hours Hand 30 to 45 hours/week Shaping >30 hours
Wu CY 23 mCIMT 6 hours/day Hand 10 to 20 hours/week Shaping ≤ 30 hours
Wu CY (b) 24 mCIMT 6 hours/day Hand 10 to 20 hours/week Shaping ≤30 hours
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Discussion

Eighteen RCTs with a total of 674 participants are 
discussed in this updated review. The majority of 
studies happened to be in people who had com-
promised but residual ability of the upper arm and 

hand, with limited pain or spasticity and no cognitive 
impairment. While the meta-analysis on the second-
ary outcome (arm motor function) shows a moderate 
benefit, the primary outcome (disability) indicates no 
evidence of a benefit of the CIMT. The addition of 
four new studies with 146 patients partially contra-

Table�III.—�Methodological quality of included studies.

Study Type of 
intervention

Sample 
size Description of randomisation Allocation concealment Blinded Assessor Scales Withdrowals 

<10%

Atteya A 25 mCIMT 4 No Unclear Yes Supported Yes
Brogardh C 16 mCIMT 24 Yes Unclear Yes Supported Yes
Dhal AE 20 CIMT 30 Yes Unclear Yes Supported Yes
Dromerick AW 26 CIMT 20 Yes Unclear Yes Supported Yes
Dromerick AW (b) 17 mCIMT 52 No Unclear Yes Supported Yes
Hammer A 8 FU 30 Yes Unclear No Supported Yes
Lin kC 21 mCIMT 32 Yes Adequate Yes Supported Yes
Lin kC (b) 18 mCIMT 40 Yes Adequate Yes Supported Yes
Myint M 22 CIMT 43 Yes Adequate Yes Supported Yes
Page SJ 6 mCIMT 4 No Unclear Yes Supported Yes
Page SJ (b) 27 mCIMT 10 Yes Unclear Yes Supported Yes
Page SJ (c ) 28 mCIMT 25 Yes Unclear Yes Supported Yes
Ploughman M 7 FU 23 Yes Unclear Yes Supported Yes
Taub E 12 CIMT 9 No Unclear Yes Supported Yes
Wittenberg GF 29 CIMT 16 Yes Unclear Yes Supported Yes
Wolf SL 19 CIMT 199 Yes Adequate Yes Supported Yes
Wu CY 23 mCIMT 30 No Unclear Yes Supported Yes
Wu CY (b) 24 mCIMT 26 Yes Unclear Yes Supported Yes

CIMT: constraint-induced movementtherapy; mCIMT: modified constraint-induced movementtherapy; FU: forced use; for the allocation concealment the 
therm “Adequate” is used when the method of allocation is clearly described while “unclear” when the authors do not report any allocation concealment 
approach. For the scales the therm “supported” is referred to the psychometric properties.

Figure 1.—Effect of CIMT compared with usual care on disability in adult stroke patients.
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dicts previous findings. In 2009 the Cochrane review 
concluded: “Although CIMT appeared to have mod-
erately positive effects on disability assessed at the 
end of treatment, many studies were underpowered 
and indeed at high risk of small-trial and publica-
tion bias”.9 The SMD values on disability changed 
from 0.36 (95% CI 0.06 to 0.65), a moderate effect, 
to 0.21 (95% CI -0.08 to 0.50), not reaching statistical 
significance anymore. The SMD on motor function 
changed from 0.72 (95% CI 0.32 to 1.12) to 0.44, (95% 
CI 0.03 to 0.84), about halving the original benefit. 
This effect size can be considered a modest benefit.

Against this background the evidence of a clin-
ical benefit of CMIT should be considered cau-
tiously. The meta-analysis on disability is incon-
clusive and means that the next published study 
may shift the overall estimate in one direction or 
the other.

Meta-analyses of RCTs are generally considered 
the “gold standard” for intervention comparisons; 
however, they are not error free (i.e., they might risk 
reporting false positive results or important inaccu-
racies in treatment effects). This is generally because 

of random error (“the play of chance”), systematic 
errors (“bias”) or design errors (“wrong design to 
answer the question posed”) in the studies included. 
The risk of random error is higher when data come 
from small-sample trials and can be further exacer-
bated in meta-analysis also when statistical analysis 
are repeatedly performed as new trials provide ad-
ditional data.30-33

In order to reduce the risk of random error, be-
fore beginning a RCT, it is recommended to cal-
culate the sample size to see what size is needed 
to observe a true significant effect. Moreover, stud-
ies with small samples tend to be prone to bias.33 
In small trials the randomisation is affected by a 
major threat: imbalances between intervention and 
control groups on prognostic factors, i.e., with few 
patients the distributions of the factors easily differ 
between groups and the factors are associated with 
outcome. Other imbalances are introduced because 
in some studies (including the larger study) authors 
compared CIMT with an unequal dose of exercise 
(i.e., duration of treatment always longer in the in-
tervention group). Furthermore, the equal dose, in 

Figure 2.—Effect of CIMT compared with usual care on arm motor function in adult stroke patients.
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terms of duration of treatment, may not be sufficient 
for balancing treatment and control groups because 
CIMT is a multifaceted intervention that includes a 
large amount and quality of exercise in addition to 
the restriction.

Conclusions

The effectiveness of CIMT regarding disability is 
still inconclusive, so it can be neither supported nor 
rejected. CIMT had a modest effect on upper limb 
function. To overcome the uncertainty related to this 
intervention the next RCTs need to have accurate 
characteristics in terms of methodological quality, 
larger samples, reliable and relevant measures (i.e., 
disability) and report of adverse events in order to 
avoid spurious results. It would be useful to con-
sider the possibility of national or international mul-
ticenter studies. A single, large RCT could produce 
more reliable evidence than a meta-analysis of mul-
tiple small low-quality RCTs.33
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