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A b s t r a c t

Background. Constraint induced movement therapy (CIMT) is used in the rehabilita-
tion  of an upper limb after stroke. However, its protocol, especially the issue of a dose, 
seems not clear as duration in hours of task practice is used as a measure of dose. 

Aim. The aim of this study is to compare the use of a number of repetitions 
(sCIMT) and duration in hours (tCIMT) of task practice as measures of dose during 
CIMT in chronic stroke patients. 

Method. The sCIMT performed the same 8 functional tasks each of 20 times, 2 times 
a day, 5 times a week for 6 weeks with the affected limb (n=5). The unaffected limb was 
constrained in an arm sling for 90% of the waking hours during the period of the interven-
tion. While tCIMT group performed 2 hours of tasks practice (8 tasks) convenient for them 
with the affected upper limb and constraint of the unaffected upper limb for 5 hours a day, 
5 days a week for 6 weeks (n=5). The study data was collected using Wolf motor function 
test (WMFT) at baseline, 2, 4 and 6 weeks post-intervention. The data was analyzed using 
repeated measures ANOVA, independent t-test, and ANCOVA at p<0.05. 

Findings. The results showed significant difference (p<0.05) in WMFT functional abil-
ity between baseline, and 2, 4 and 6 weeks post-intervention in the sCIMT group. However, 
there were no significant differences (p>0.05) between sCIMT and tCIMT in WMFT func-
tional ability and performance time at baseline, and 2, 4 and 6 weeks post-intervention. 

Conclusion. sCIMT is effective and comparable to tCIMT. However, its protocol seems 
more clear, simple and practicable.
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and task repetition
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I n t r o d u c t i o n

Stroke is a neurological condition characterized by rapidly developing clini-
cal symptoms and/or signs of focal and at times global, loss of cerebral function 
lasting more than 24 hours or leading to death with no apparent causes other 
than of vascular origin (Hatano, 1976). The consequence of stroke is impair-
ment in brain functions; motor, sensory/ perceptual and cognitive functions 
(Hendricks et al., 2002; Lang et al., 2013). These impairments can manifest as 
problems with limb movement, speech problems, neglect and apraxia (Čengić 
et al., 2011; Sun et al., 2014). An important impairment after a stroke is impa-
irment in motor function of the upper limb which occurs in about 80% of the 
cases (Nakayama et al., 1994). In the ensuing years such as after 2-3 years post 
stroke, about 25-45% of the patients may regain some level of functions (Broeks 
et al., 1999); whereas about 50% will continue to have long term functional im-
pairments (Parker et al., 1986; Olsen, 1990). 

One of rehabilitation techniques for upper limb impairment after stroke is 
constraint induced movement therapy (CIMT). Constraint induced movement 
therapy  involves restraining of the sound limb for a certain period, mostly about 
90% of waking hours and encouraging mass practice of functional tasks with the 
affected limb (Taub and Berman, 1963; Ostendorf and Wolf., 1981; Taub et al., 
1993; Wolf et al., 2006). The available evidence showed that the technique is 
effective at improving moderate and mild impairment (Wolf et al., 2006; Sirtori 
et al., 2009; Peurala et al., 2012; Thrane et al. 2014). However, like many rehabi-
litation techniques, CIMT seems to lack clarity of protocols especially as regards 
to dose (Pollock et al., 2014; Abdullahi, 2014). 

The lack of clarity in protocols is evident in the literature which shows diffe-
rent formats concerning the parameters of treatment using CIMT most especially 
regarding the duration of restraint of the sound limb, duration of treatment and 
types of tasks performed with the affected limb. Studies such as the EXCITE trial 
(Wolf et al., 2006) and Uswatte et al. (2006) used 6 hours of tasks practice with 
the affected limb and constrained the unaffected limb for 90% of the waking ho-
urs. Similarly, shorter durations of CIMT such as 3 hours and constraint for 90% of 
the waking hours (Brogardh et al., 2009) and 2 hours and constraint for 6 hours 
(Dromerick et al., 2009) for  2 weeks have also been reported.

The seemingly contestable claim in the literature is that, shorter duration of 
CIMT has been reported to be superior to the longer duration of CIMT (Nijland et 
al., 2011; Peurala et al., 2012; Sirtori et al., 2009) in acute and sub-acute and chro-
nic patients. However, a retrospective analysis (Kaplon et al., 2007) of signature 
CIMT which gives 6 hours of task practice and constraint for 90% of the waking 
hours, found only 3.5 hours as the actual time spent by patients in carrying out 
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task practice. Similarly, Stock et al. (2015) reported that only 33% of the total time 
of a session of rehabilitation during CIMT was spent on pure motor activity. The 
remaining time was used for feedback, task set up and rest. These suggest, that 
it does not matter how long patients stay during a rehabilitation session. 

Recently, there have been reports (Birkinmeier et al., 2010; Abdullahi et al., 
2014; Abdullahi & Shehu, 2014; Abdullahi et al., 2015) of a simple, clear and cost 
effective method of administering CIMT. This method uses number of repeti-
tions of task practice spread over sessions per day as a measure of dose during 
CIMT. The reports (Birkinmeier et al., 2010; Abdullahi et al., 2014; Abdullahi & 
Shehu, 2014; Abdullahi et al., 2015) showed that repetition of task practice per 
day in the region of 300 and 320 is sufficient for motor recovery, and that it is 
comparable (Abdullahi & Shehu, 2014) in terms of effectiveness with the CIMT 
using duration in hours of task practice as a measure of dose. However, the use 
of number of repetitions, of task practice and duration in hours as measures of 
dose has not been compared in chronic stroke patients.  The aim of this study is 
to answer the following questions:

1. What will be the effect of the use of number of repetitions, of task practice 
as a measure of dose during CIMT on motor function in patients who are ≥ 6 
months post-stroke?
2. What will be the effect of the use of number of repetitions, of task practice 
as a measure of dose compared with the use of duration in hours of task prac-
tice as a measure of dose during CIMT on motor function in patients who are 
≥ 6 months post-stroke?

M e t h o d s

The study is a randomized controlled trial (RCT) with pretest-posttest design 
approved by the Research Ethics Committee of Aminu Kano Teaching Hospital. The 
population of the study was chronic stroke patients (≥6 months post-stroke) atten-
ding physiotherapy department, Aminu Kano Teaching Hospital (AKTH). The stu-
dy inclusion criteria include clinical diagnosis of haemorrhagic or ischemic stroke, 
patients who are ≥6 months post-stroke at the start of the study, patients with no 
significant cognitive impairment as indicated by scores of ≥17 on Mini-Mental State 
Examination (MMSE), patients with ≥ 20° of wrist and ≥ 10° of all digits extension, 
patients with no severe aphasia and severe shoulder pain that can affect therapy.

Twenty three stroke patients were assessed for the eligibility to participate in 
the study. Out of this number, only 13 patients fulfilled the study inclusion criteria. 
The remaining 10 patients did not fulfill the study inclusion criteria and were exclu-
ded from the study. For the patients who fulfilled the study inclusion criteria, only 
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10 gave their consent to participate in the study and they were randomized into 
the standardized CIMT (sCIMT) group (n=5) and traditional modified CIMT (tCIMT) 
group (n = 5) using sealed opaque envelopes. See figure 1 for the study flow chart.

The instruments used in the study are full circle goniometer, Wolf Motor Func-
tion Test (WMFT), Mini-Mental State Examination (MMSE), Stop Watch, Visual Ob-
servation and Counting of repetitions of tasks practice. The WMFT consists of 15 ti-
med functional tasks and two strength-based tasks (Wolf et al, 1989). It is a reliable 
and valid test of upper limb motor function (Sawaki et al, 2008). The rating of the 
functional ability is on a scale ranging from 0 to 5, with higher scores representing 
better function. Performance time was rated in seconds using a stop watch.

Study participants were assessed at baseline, 2, 4 and 6 weeks post-interven-
tion in both sCIMT and tCIMT groups. The sCIMT performed the same 8 functional 
tasks each 20 times, 2 times a day, 5 times a week for 6 weeks with the affected 
limb. The details of the functional tasks performed are described in a previous stu-
dy (Abdullahi et al., 2014). The unaffected limb was constrained in an arm sling for 
90% of the waking hours during the period of the intervention. While tCIMT group 
performed 2 hours of tasks practice (8 tasks) convenient for them with the affected 
upper limb and constraint of the unaffected upper limb for 5 hours a day, 5 days 
a week for 6 weeks. No additional therapy was given to the upper limb during the 
study period in both groups.

The within group data in both sCIMT and tCIMT groups was analyzed using 
repeated measures ANOVA, and the between groups data was analyzed using 
independent t-test. All analyses were carried using SPSS version 12 at p<0.05. 
A one-way analysis of covariance (ANCOVA) was also conducted to determine the 
effect of the covariate (baseline scores) on the post-interventions scores in the 
sCIMT and tCIMT groups. This analysis was conducted in order to increase the 
likelihood of detecting differences between groups.

R e s u l t

Ten patients with age range 30-78 years, mean age 58.80±14.33 years, time 
since stroke range, 8-49 months and mean time since stroke, 28.70±12.40. The-
re were 7 females and 3 males, and 6 patients and 4 patients with right sided he-
miplegia respectively in the study. Nine of the patients had ischaemic stroke and 
only 1 had haemorhagic stroke. Analysis of the difference between groups (using 
independent t-test for age and time since stroke, and Mann-Whitney U test for 
type of stroke, side affected and sex), showed that there was significant differen-
ce between groups (p>0.05). See table 1 for this analysis and the characteristics 
of the included study participants. 
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D e t e r m i n a t i o n  o f  w i t h i n  g r o u p  d i f f e r e n c e s 
u s i n g  o n e - w a y  r e p e a t e d  A N OVA 

R e s u l t  f o r  W M F T  ( F u n c t i o n a l  a b i l i t y ) 

For the sCIMT group, there was a significant difference in motor func-
tion between baseline, 2 weeks, 4 weeks and 6 weeks Wilk’s lambda=0.02, 
F=(3,5)=29.20, p=0.03, multi-variate partial eta squared=0.98. Sub-group ana-
lysis revealed significant differences between baseline and 4 weeks (means dif-
ference=- 0.82, 95% CI; -1.13 to -0.52, p=0.001), baseline and 6 weeks (means 
difference=- 1.30, 95% CI; -1.90 to -0.70, p=0.003), 2 and 6 weeks (means diffe-
rence=-0.98, 95% CI; -1.49 to -0.46, p=0.005 and 4 and 6 weeks (means differen-
ce=-0.47, 95% CI; -0.93 to -0.02), p=0.04. 

For the tCIMT group, there was no significant difference in motor func-
tion between baseline, 2 weeks, 4 weeks and 6 weeks Wilk’s lambda=0.l7, 
F=(3,5)=3.21, p=0.25, multivariate partial eta squared=0.83. The result of this 
analysis is presented in table 2.

R e s u l t  f o r  W M F T  ( P e r f o r m a n c e  t i m e )

For the sCIMT group, there was no significant difference in the speed of motor 
activity between baseline, 2 weeks, 4 weeks and 6 weeks. Wilk’s lambda=0.l83, 
F(3,5)=2.97, p=0.26, multivariate partial eta squared 0.82. For the tCIMT, there was 
no significant difference in the speed of motor activity between baseline, 2 weeks, 
4 weeks and 6 weeks, Wilk’s lambda=0.13, F(3,5)=4.54, p=0.19, multivariate par-
tial eta squared 0.87. The result of this analysis is presented in table 2.

E f fe c t i ve n e s s  o f  s ta n d a rd i z e d  c o n s t ra i n t  i n d u c e d 
m ove m e n t  t h e ra py  ( s C I M T )  a n d  t ra d i t i o n a l 
c o n s t ra i n t  i n d u c e d  m ove m e n t  t h e ra py  ( t C I M T ) 
c o m p a re d  u s i n g  i n d e p e n d e n t  t - te s t 

R e s u l t  f o r  W M F T  ( f u n c t i o n a l  a b i l i t y ) 

At baseline, there was no significant difference between the sCIMT 
(mean=2.34, SD=0.52) and tCIMT (mean=3.01, SD=0.48) t (10) =-2.15, 
p=0.06 two-tailed. The magnitude of the difference in the mean (mean diffe-
rence=-0.68, 95% CI; -1.4 to 0.05) was very large, eta squared=0.37. At 2 weeks, 
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there was no significant difference between the sCIMT (mean=2.66, SD=0.77) 
and tCIMT (mean=3.20, SD=0.32) t (10) = -1.45, p=0.19 two-tailed. The ma-
gnitude of the difference in the mean (mean difference= -0.54, 95% CI; -1.4 to 
0.32) was very large, eta squared=0.21. At 4 weeks, there was no significant 
difference between the sCIMT (Mean=3.16, SD=0.52) and tCIMT (mean=3.60, 
SD=0.38) t (10) =- 1.52, p=0.17 two-tailed. The magnitude of the difference 
in the mean (Mean difference 0.44, 95% CI; -1.10 to 0.22) was very large, eta 
squared 0.22. At 6 weeks also, there was no significant difference between the 
sCIMT (mean=3.64, SD=0.66) and tCIMT (mean 3.65, SD=O.40) t (10) =-0.38, 
p=0.97 two-tailed. The magnitude of the difference in the mean (mean diffe-
rence=-0.01, 95% CI; -0.81 to 0.79) was very small, eta squared=0.02. See table 
3 and figure 2 for more details.

R e s u l t  f o r  W M F T  ( p e r f o r m a n c e  t i m e ) 

At baseline, there was no significant difference between the sCIMT 
(mean=3.94, SD=2.10) and tCIMT (mean=4.10, SD=1.60) t (10) =-0.l4, 
p=0.89 two-tailed. The magnitude of the difference in the mean (Mean diffe-
rence=-0.16, 95% CI; -2.88 to 2.56) was very small, eta squared<0.01. 
At 2 weeks, there was no significant difference between the sCIMT (mean=3.63, 
SD=1.84) and tCIMT (mean=3.52, SD=0.67) t (10) =0.12, p=0.91, two-tailed. 
The magnitude of the difference in the mean (mean difference=0.10, 95% CI; 
-1.91 to 2.12) was very small, eta squared<0.01. At 4 weeks, there was no 
significant difference between the sCIMT (mean=2.96, SD=1.99) and tCIMT 
(Mean=3.05, SD=1.10) t (10) = - 0.09, p=0.93, two-tailed. The magnitude 
of the difference in the mean (mean difference=-0.09, 95% CI; -2.44 to 2.25) 
was very small, eta squared=0.01. At 6 weeks, there was also no significant 
difference between the sCIMT (mean=2.22, SD=0.72) and tCIMT (mean=2.19, 
SD=0.74) , t(10) =0.06, p=0.95, two-tailed. The magnitude of the difference 
in the mean (Mean difference=0.03, 95% CI; - 1.03 to 1.09) was very small, eta 
squared <0.01. See table 3 and figure 3 for more details. 

Determinat ion  o f  the  e f fect  o f  a  covar ia te 
(base l ine  scores )  on  the  pos t - in te r vent ion  scores 

R e s u l t  f o r  W M F T  ( f u n c t i o n a l  a b i l i t y )

At 2 weeks, the Levene’s test of equality of error variances has p=0.84. This 
means the variances are equal and thus the assumption has not been violated. 
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After adjusting for baseline scores, the test of between subjects effects showed 
that, there was no significant difference p=0.53, on 2 weeks post intervention, 
F(1,10)=0.44, partial eta squared 0.06. There was also a strong relationship be-
tween the baseline and post-intervention scores at 2 weeks as indicated by par-
tial eta squared value of 0.76. This means that, the covariate explained 76% of the 
variance in the dependent variable. 

At 4 weeks, the Levene’s test of equality of variances has p=0.13. This me-
ans that the variances are equal and thus the assumption has not been violated. 
After adjusting for baseline scores, the test of between subjects effects showed 
that, there was no significant, difference p=0.99, on 2 weeks post-intervention, 
F(l, 10)<0.01 partial eta squared <0.01. There was also a strong relationship be-
tween the baseline and post-intervention scores at 2 weeks as indicated by partial 
eta squared value of 0.51. This means that, the covariate explained 51 % of the 
variance in the dependent variable. At 6 weeks, the Levene’s test of equality of 
error variances has p-value=0.39. This means that the variances are equal and thus 
the assumption has not been violated. After adjusting for baseline scores, the test 
of between subjects effects showed that there was no significant difference, p=0.13 
on 2 weeks post-intervention, F(1,10)=2.99, partial eta squared=0.3. There was also 
a strong relationship between the baseline and post-intervention scores at 2 weeks 
as indicated by partial eta squared value of 0.55. This means that, covariate explained 
55% of the variance in the dependent variable. See table 3 for this analysis.

R e s u l t  f o r  W M F T  ( p e r f o r m a n c e  t i m e ) 

At 2 weeks, the Levene’s test of equality of error variances has p=0.54. This 
means that the variances are equal and thus the assumption has not been viola-
ted. After adjusting for the baseline scores, the test of between subjects effects 
showed that there was no significance difference, p=0.54 on 2 weeks post-inte-
rvention F(1,10)=0.42, partial eta squared=0.06. There was also a strong relation-
ship between the baseline and post-intervention scores at 2 weeks as indicated by 
partial eta squared value of 0.92. This means that the covariate explained 92% of 
the variance in the dependent variable. At 4 weeks, the Levene’s test of equality 
of error variances has p=0.63. This means that the variances are equal and thus 
the assumption has not been violated.  After adjusting for the baseline scores, the 
test of between subjects effects showed that there was no significance difference, 
p=0.92, on 2 weeks post-intervention, F(1,10)=0.01 partial eta squared =0.001. 
There was also a strong relationship between the baseline and post-intervention 
scores at 2 weeks as indicated by partial eta squared value of 0.77. This means that 
the covariate explained 77% of the variance in the dependent variable. 
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At 6 weeks, Levene’s test of equality of error variances has p=0.65. This me-
ans that the variances are equal and thus the assumption has not been violated. 
After adjusting for the baseline scores, the test of between subjects effects sho-
wed that, there was no significant difference p=0.19 on 2 weeks post-interven-
tion F(1,10=2.99 partial eta squared 0.23). There was also a strong relationship 
between the baseline and post-intervention scores at 2 weeks as indicated by 
partial eta squared value of 0.62. This means that the covariate explained 62% 
of the variance in the dependent variable. See table 4 for more details.

Table 1. Characteristics of the study participants

Characteristics 
sCIMT

(n=5)

tCIMT

(n=5)
p-value

Mean age (years) 57.20±9.50 56.40±12.27 0.94

Mean time since stoke 

(months)
25.60±12.34 31.80±13.03 0.46

Sex (M/F) 2/3 1/4 0.51

Side affected (L/R) 1/4 3/2 0.22

Type of stroke (I/H) 5/0 4/1 0.32

Key: R/L=Right/Left, M/F=Male/Female, I/H=Ischaemic/Haemorrhagic

Table 2. Within group difference between baseline, and 2, 4 and 6 weeks post-intervention

Scale Time period sCIMT tCIMT

n Mean±SD F p-value n Mean±SD F p-value

WMFT 

FA
Baseline 5 2.34±0.52 29.20 0.03* 5 3.01±0.48 3.21 0.25

2 weeks 5 2.66±0.77 5 3.20±0.32

4 weeks 5 3.16±0.52 5 3.60±0.38
6 weeks 5 3.64±0.66 5 3.65±0.40

WMFT 

time
Baseline 5 3.94±2.10 2.97 0.26 5 4.10±1.60 4.54 0.19

2 weeks 5 3.63±1.84 5 3.52±0.67
4 weeks 5 2.96±1.99 5 3.05±1.10

6 weeks 5 2.22±0.72 5 2.19±0.74
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Table 3. Between groups differences at 2, 4 and 6 weeks post-intervention with baseline 
scores as the covariates

Scale Time period sCIMT tCIMT

n Mean±SD F p-value n Mean±SD F p-value

WMFT 

FA
Baseline 5 2.34±0.52 29.20 0.03* 5 3.01±0.48

2 weeks 5 2.66±0.77 5 3.20±0.32 0.44 0.53

4 weeks 5 3.16±0.52 5 3.60±0.38 0.000 0.99

6 weeks 5 3.64±0.66 5 3.65±0.40 2.99 0.13

WMFT 

time
Baseline 5 3.94±2.10 2.97 0.26 5 4.10±1.60

2 weeks 5 3.63±1.84 5 3.52±0.67 0.42 0.54

4 weeks 5 2.96±1.99 5 3.05±1.10 0.01 0.92

6 weeks 5 2.22±0.72 5 2.19±0.74 2.13 0.19

Table 4. Between groups differences at baseline, 2, 4 and 6 weeks post-intervention

Scale Time period sCIMT tCIMT

n Mean±SD n Mean±SD t-value p-value

WMFT FA Baseline 5 2.34±0.52 5 3.01±0.48 -2.15 0.06

2 weeks 5 2.66±0.77 5 3.20±0.32 -1.45 0.19

4 weeks 5 3.16±0.52 5 3.60±0.38 -1.52 0.17

6 weeks 5 3.64±0.66 5 3.65±0.40 -0.38 0.97

WMFT time Baseline 5 3.94±2.10 5 4.10±1.60 -0.14 0.89

2 weeks 5 3.63±1.84 5 3.52±0.67 0.12 0.91

4 weeks 5 2.96±1.99 5 3.05±1.10 -0.09 0.93

6 weeks 5 2.22±0.72 5 2.19±0.74 0.66 0.95
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Fig.1. The study flowchart
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Fig. 2. Comparison of WMFT functional ability scores between groups at baseline, 2, 4 and 6 
weeks post-intervention

Fig. 3.Comparison of WMFT functional ability scores between groups at baseline, 2, 4 and 6 
weeks post-intervention
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D i s c u s s i o n 

The study showed the feasibility and effectiveness of the use of repetition 
of task practice as a measure of dose during CIMT. Most importantly, it has de-
monstrated no significant difference between the use of number of repetitions 
of task practice and the use of the traditional protocol of CIMT which uses dura-
tion in hours of task practice as measures of dose. The result of the study showed 
steady improvement in WMFT scores at 2 weeks, 4 weeks and 6 weeks from the 
baseline in both the sCIMT and tCIMT groups. At 6 weeks, only the functional 
ability score for the sCIMT group attained minimal clinically significant difference 
(MClD) value (+ l.3). MCID is defined as ‘the smallest difference in score in the do-
main of interest which patients perceive as beneficial and which would mandate, 
in the absence of troublesome side effects and excessive cost, a change in the 
patient’s management’ (Jaeschke et al., 1989). 

Although the tCIMT has been shown to be very effective at improving motor 
function and activities of daily living (Wolf et al., 2006; Sirtori et al., 2009),  its proto-
col seems not to be clear as to how much task is being practiced per session (Kaplon 
et al., 2007; Stock et al., 2015; Abdullahi et al., 2014). Contrastingly, the sCIMT seems 
to have a clear protocol since the number of repetitions per session and/ or per day 
required for motor recovery is known. The number of repetitions per day required 
for motor recovery is reported to be in the region of 300 and 320 per day (Birkinme-
ier et al., 2010; Abdullahi et al., 2014; Abdullahi & Shehu, 2014). This finding is consi-
stent with the findings of previous studies on animals where repetitions of functional 
task of between 400 and ≥ 600 were reported to result in motor learning (Kleim et 
al., 1998; Nudo et al., 1996). Fortunately, 300 repetitions of task practice have been 
shown to be possible within just 1 hour. This casts doubts the appropriateness of the 
use of duration in hours as a measure of dose of task practice during CIMT as high or 
low repetition of task practice may be possible within short or long duration. 

Findings like this are significant to the healthcare system. Stakeholders, such 
as the patients, their informal caregivers, the health professionals and health ma-
nagement organizations (HMOs) will be keen to know the amount of task practi-
ce required for improvement. In Japan for instance, the HMOs only pay for CIMT 
which does not exceed 5 hours (Kagawa et al., 2013; Amano et al., 2015). If the 
HMOs know that the required amount of task practice for motor recovery can be 
performed within fewer hours than they pay, this may help them reduce spendings. 
Thus, patients and their caregivers will also claim for fewer premiums they pay to 
the HMOs. In developing countries where the patients and/ or their relatives pay 
for health services, this finding will be a welcome development for them to claim 
for less charge. This study, however, has some limitations such small sample size.
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C o n c l u s i o n 

The use of number of repetitions of task practice is an effective measure 
of dose of task practice during CIMT. Its effectiveness is comparable to the tradi-
tional CIMT which uses duration in hours as a measure of dose which has been 
previously shown to be effective at improving upper limb motor function and ac-
tivities of daily living (ADL). However, using number of repetitions, of task practi-
ce as a measure of dose during CIMT seems to be clear, simple and cost effective. 

R e f e r e n c e s

1. Abdullahi A. (2014). Is time spent using constraint induced movement therapy an appropriate mea-
sure of dose? A critical literature review. International Journal of Therapy and Rehabilitation, 
21(3): 140-146.

2. Abdullahi A., Shehu S., Dantani B.I. (2014). Feasibility of High Repetitions of Tasks Practice during 
Constraint Induced Movement Therapy in an Acute Stroke Patient. International Journal of Therapy 
and Rehabilitation, 21(4): 190-195. 

3. Abdullahi A., Shehu S. (2014). Standardizing the Protocols of Constraint Induced Movement Therapy 
in Patients within 4 months post-stroke: A Pilot Randomized Controlled Trial. International Journal 
of Physical Medicine and Rehabilitation, 2:4. Doi:10.4172/2329-9096.100025.

4. Abdullahi A., Shehu S., Abdurrahman Z., Bello B. (2015). Determination of Optimal Dose of Tasks 
Practice during Constraint Induced Movement Therapy in a Stroke Patient with Severe Upper Limb 
Pain. Indian Journal of Physiotherapy and Occupational Therapy, 9(1):198. DOI: 10.5958/0973-
5674.2015.00039.8.

5. Amano S., Takebayashi T., Hanada K., Umeji A., Marumoto K., Furukawa K., Domen K. (2015). 
Constraint-Induced Movement Therapy After Injection of Botulinum Toxin Type A for a Patient With 
Chronic Stroke: One-Year Follow-up Case Report. DOI: 10.2522/ptj.20140329.

6. Birkenmeier R.L., Prager E.M., Lang C.E. (2010). Translating Animal Doses of Task-Specific 
Training to People With Chronic Stroke in 1-Hour Therapy Sessions: A Proof-of-Concept Study. 
Neurorehabilitation and Neural Repair, 24: 620-635.

7. Broeks J.G., Lankhorst G.J., Rumping K., Prevo A.J. (1999). The long-term outcome   of arm func-
tion after stroke: results of a follow-up study. Disability and Rehabilitation, 21:357-64. 

8. Brogardh C., Monica V., Bengt H. (2009). Shorten Constraint Induced Movement Therapy in Sub-
acute Stroke. Journal of Rehabilitation, 14:231-236.

9. Čengić L., Vuletić V., Karlić M., Dikanović M., Demarin V. (2011). Motor and cognitive impairment 
after stroke. Acta Clin Croat , 50:463-467.

10. Dromerick A.W., Lang C.E., Birkenmeier R.L., Wagner J.M., Miller J.P., Videen T.O., Powers 
W.J., Wolf S.L., Edwards D.F. (2009). Very Early Constraint-Induced Movement during Stroke 
Rehabilitation (VECTORS) : A single-center RCT. Neurology, 73: 195–201.

11. Hatano S. (1976). Experience from a multicentre stroke register: a preliminary report. Bulletin of the 
World Health Organization, 54(5):541-553.

12. Hendricks H.T., van Limbeek J., Geurts A.C., Zwarts M.J. (2002). Motor recovery after stroke:       
a systemic review of the literature. Arch Phys Med Rehabilitation, 83: 1629–1637. 

13. Kagawa S., Koyama T., Hosomi M., Takebayashi T., Hanada K., Hashimoto F., Domen K. (2013). 
Effects of Constraint-induced Movement Therapy on Spasticity in Patients with Hemiparesis after 
Stroke. Journal of stroke and cerebrovascular diseases, 22 (4): 364–370.



Number of repetitions versus duration in hours as dose measures of task practice during constraint 
induced movement therapy: a randomized controlled trial

75
Fizjoterapia – wiedza i doświadczenie

14. Kaplon R.T., Prettyman M.G., Kushi C.L., Winstein C.J. (2007). Six hours in the laboratory:    
Quantification of practice time during Constraint Induced Therapy Clinical  Rehabilitation, 21: 950. 
DOI: 10.1177/0269215507078333.

15. Kleim J.A., Barbay S., Nudo R.J. (1998). Functional reorganization of the rat motor cortex following 
motor skill learning. J Neurophysiol 80(6): 3321–3325.

16. Lang C.E., Bland M.D., Bailey R.R., Schaefer S.Y., Birkenmeier R.L. (2013).Assessment  of upper 
extremity impairment, function, and activity following stroke: foundations for clinical decision mak-
ing. Journal of Hand Therapy, 26(2): 104–117.

17. Nakayama H., Jorgensen H.S., Raaschou H.O., Olsen T.S. (1994). Compensation in recovery of upper 
extremity function after stroke: the Copenhagen Stroke Study. Arch Phys Med Rehabil.75:852–857.

18. Nijland R., Kwakkel G., Bakers J., van Wegen E. (2011). Constraint-induced movement therapy 
for the upper paretic limb in acute or sub-acute stroke: a systematic review. International Journal of 
Stroke, 6: 425-433.

19. Nudo R.J., Milliken G.W., Jenkine W.M., Merzerich M.M. (1996). Use-dependent alteration of mo-
vement representation in primary motor cortex of adult squirrel monkey. Journal of Neuroscience, 
16: 785-807.

20. Olsen T.S.. (1990). Arm and leg paresis as outcome predictors in stroke rehabilitation. Stroke, 
21:247–251. 

21. Ostendorf  C.G.,  Wolf S.L. (1981). Effect of forced use of the upper extremity of a hemiplegic patient 
on changes in function. A single-case design. Physical Therapy, 61 (7): 1022–1028. 

22. Parker V.M., Wade D.T., Langton-Hewer R. (1986). Loss of arm function after stroke: Measurement, 
frequency, and recovery. International Journal of Rehabilitation Medicine, 8:69–73.

23. Peurala S.H., Kantanen  M.P., Sjögren T., Paltamaa J., Karhula M., Heinonen A. (2012). Effectiveness 
of constraint-induced movement therapy on activity and participation after stroke:    a systematic review 
and meta-analysis of randomized controlled trials. Clinical Rehabilitation, 26(3): 209–223. 

24. Pollock A., Farmer S.E., Brady M.C., Langhorne P., Mead G.E., Mehrholz J., van Wijck 
F. Interventions for improving upper limb function after stroke. Cochrane Database of Systematic 
Reviews 2014, Issue 11. Art. No.: CD010820. DOI: 10.1002/14651858.CD010820.pub2. 

25. Sawaki L.1., Butler A.J., Leng X., Wassenaar P.A., Mohammad Y.M., Blanton S., Sathian K., 
Nichols-Larsen D.S., Wolf S.L., Good D.C., Wittenberg G.F. (2008). Constraint-induced movement 
therapy results in increased motor map area in subjects 3 to 9 months after stroke. Neurorehabil 
Neural Repair, 22(5):505-513.

26. Sirtori V., Corbetta D., Moja L., Gatti R. (2009). Constraint-induced movement therapy for up-
per extremities in stroke patients. Cochrane Database of Systematic Reviews, 1ssue 4. Art. No: 
CD004433. DOI: 10.1002/ 145651858. CD004433.pub2. 

27. Stock R., Thrane G., Askim T., Karlsen G., Langørgen E., Erichsen A., Gjone R.., Anke A. (2015). 
Norwegian Constraint-induced therapy multisite trial: Adherence to treatment protocol applied early 
after stroke. J Rehabil Med, 47: 816–823.

28. Sun J.H., Tan L., Yu J.T. (2014). Post-stroke cognitive impairment: epidemiology, mechanisms and 
management. Ann Transl Med, 2(8):80. doi: 10.3978/ j.issn.2305-5839.2014.08.05. 

29. Taub E., Berman A.J. (1963). Avoidance conditioning in the absence of relevant proprioceptive and 
exteroceptive feedback. Journal of Comparative and Physiological Psychology, 56 (6): 1012-1016.

30. Taub E., Miller N.E., Novack T.A., Cook I.E.W., Fleming W.C., Nepomuceno C.S., Connel J.S., 
Crago J.E. (1993). Technique to improve chronic motor deficit after stroke. Archive of physical me-
dicine and rehabilitation, 74: 347-354.

31. Thrane G., Friborg O., Anke A., Indredavik B. (2014). A meta-analysis of constraint-induced move-
ment therapy after stroke. J Rehabil, 46(9):833-42. doi: 10.2340/16501977-1859. 

32. Uswatte G., Taub E., Morris D., Barman J., Crago J. (2006). Contribution of the shaping and restraint 
components of Constraint-Induced Movement therapy to treatment outcome. NeuroRehabilitation, 
21(2):147-156.



Hashim Umar Sa’id, Auwal Abdullahi

76
Fizjoterapia – wiedza i doświadczenie

33. Wolf S.L., Lecraw D.E., Barton L.A., Jann B.B. (1989). Forced use of hemiplegic upper extremities 
to reverse the effect of learned nonuse among chronic stroke and head injured patients. Exp Neurol, 
104(2): 125–132.

34. Wolf S.L., Winstein C.J., Miller J.P., Taub E., Uswatte G., Morris D., Giuliani C., Light K.E., 
Nichols-Larsen D. (2006). Effect of constraint induced movement therapy on upper extremity func-
tion 3 to 9 months after stroke: the EXCITE randomized clinical trial. JAMA, 296:2095-2104.

Number of characters with spaces 34 097


