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Introduction
Stroke can result in impairment of the upper 

and lower limb motor function.. The impairment 
in the lower limb motor function can cause 
reduced gait parameters, such as walking speed, 
and shifting of the centre of pressure and mass 
to the unaffected limb [1], This in turn may 
result in disability in walking, which can impose 
participation restriction and reduce the quality of 
life. 

The motor impairment resulting from stroke 
can be managed using an effective rehabilitation 
technique known as constraint-induced movement 
therapy [2]. This technique originated from 

a translational study in rhesus monkeys [3], which 
was subsequently piloted in humans and provided 
encouraging results [4].

Although the original technique focused on 
constraint of the unaffected limb and forced use 
of the affected limb, there have been tremendous 
modifications over the years which included mass 
task or shaping practice and transfer package [5]. 
Consequently, there are many studies on CIMT 
which earned it a strong theoretical foundation in 
terms of neurophysiological, kinematic and motor 
performance or function evidence [6-8]. However, 
almost all the studies were performed on the upper 
limb; the studies carried out on the lower limb 
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Abstract
During constraint-induced movement therapy (CIMT), the tasks practiced have been traditionally 

measured using hours. Recent studies have indicated that it is equally effective and easier when the number of 
repetitions is used for this purpose.

Aim: The aim of this study is to compare the use of number of repetitions and hours of task practice as 
measures of dose during lower limb CIMT in patients ≤6 months post-stroke. 

Methods: The sCIMT group performed the same 4 functional tasks, 40 times each, 2 times a day; the 
tCIMT group performed the tasks for 2 hours a day. In both groups, the unaffected limb was constrained 
for 90% of waking hours. The control group received conventional therapy, 2 hours per day. Both the 
interventions and the control were carried out 5 times in a week for 4 weeks. Data were collected using the 
Fugl-Meyer Assessment (FMA) scale for motor function of the lower limb at baseline and post-intervention. 
The data obtained were analyzed using descriptive statistics, the Kruskal-Wallis test, Mann-Whitney U test 
and Wilcoxon signed- rank test at p<0.05. 

Results: The results showed significant improvement in Fugl Meyer motor scores in sCIMT and tCIMT 
groups post-intervention, though higher in the sCIMT group (p<0.05). 

Conclusion: sCIMT improves the  impairment after stroke.
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in stroke are scarce [1, 9-10] and their protocols 
involved one-off practice and measurement [1], 
practice and casual observation of a single patient 
[9] and forced use [10]. Similarly, there was a case 
series study regarding 4 patients with multiple 
sclerosis [11]. Its results have demonstrated 
substantial improvement in perceived lower 
extremity use and minor improvement in true 
motor function following the use of 3.5 hours of 
task and shaping practice, transfer package and 
procedures discouraging the use of unaffected 
limb for 3 weeks. 

Likewise, in a group of stroke patients, forced 
use was given for 1.5 hours per day, 5 times 
a  week for 2 weeks [10].  However, this protocol 
involving the use of duration in hours of task and/
or shaping practice as a  dose measure of CIMT 
has been argued not to clearly specify how much 
task is being practiced in upper limb rehabilitation 
[12]. Consequently, the protocol using the number 
of repetitions of task and/or shaping practice as 
a measure of dose was proposed, which has been 
shown to be very effective in previous studies 
[13-14] in chronic patients and patients within 
4 months post stroke, respectively. Furthermore, 
studies delineating the required dosage for recovery 
are needed [15]. The aim of this study is to remodel 
the protocol of lower limb CIMT and compare the 
effectiveness of the protocols using duration in 
hours and number of repetitions of task/shaping 
practice as measures of dose. 

Material and Methods
Participants

A  randomized controlled trial (RCT) was 
carried out to demonstrate the comparative 
effects of lower limb CIMT using the number of 
repetitions of task practice (sCIMT) and duration 
in hours of task practice (tCIMT) as measures of 
dose during CIMT. The study population consisted 
of stroke patients attending physiotherapy at the 

Murtala Muhammad Specialists Hospital (MMSH) 
and Muhammad Abdullahi Wase Specialists 
Hospital in Kano, Nigeria. The study was approved 
by the Kano State Hospitals Management Board 
Ethics Committee (HMB/GEN/488/VOL.1). 
Additionally, it was registered with Pan African 
Clinical Trial Registry (PACTR201730020732205) 
available on www.pactr.org.

The inclusion criteria were ≤ 6 months post-
stroke, lower limb impairment, ability to follow 
verbal and visual instructions, no significant 
cognitive impairment (Minimental state 
examination score ≥ 17) and low risk of fall (Tinetti 
gait and balance score ≥24). Participants were 
randomized into 3 groups using simple random 
sampling. A research assistant blinded to the aim of 
the study and the randomization process was asked 
to write numbers 1 to 22 on the pieces of opaque 
paper. The numbers represented each of the study 
participants. The papers with numbers were folded, 
mixed up severally in a small bowl; subsequently, 
3 intern volunteers (who were blinded to the 
aim of the study and the randomization process) 
representing sCIMT, tCIMT and control groups 
were asked to choose 7 folded pieces of papers each, 
which left one piece of paper. The assistant wrote 0 
on 2 pieces of papers, folded them, mixed them up 
severally with the remaining one in the bowl and 
subsequently asked each of the representatives of 
the 3 groups to pick one piece of paper. Whenever 
the number other than zero was picked up, the 
participant corresponding to that number was 
added to the study group.  
Intervention and Comparator

The sCIMT group performed sit-to-stand, 
as well as forward and backward stepping, stair 
climbing and descending (only the first stair was 
used), and side-to-side stepping with the affected 
limb, 40 times each per session for 2 sessions a day, 
5 times a week for 4 weeks. Thus, each participant 
in the group performed 240 repetitions per 
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session (480 repetitions in 2 sessions). Similarly, 
the tCIMT group practiced the same tasks as 
the sCIMT group, but for 2 hours a  day, 5 times 
a week for 4 weeks. In both groups, the unaffected 
limbs were constrained using a  tight knee brace 
for about 90% of waking hours throughout the 
study duration. The control group received usual 
physical therapy including passive movement, 
therapeutic positioning, strengthening exercise 
and over-ground gait training for 2 hours a  day, 
5 times a week for 4 weeks. All tasks were initially 
administered by a physiotherapist, but patients and 
relatives were taught how to carry out the tasks 
at home. Additionally, logbooks were designed 
to monitor and evaluate compliance at home. 
Moreover, the patients came on a weekly basis for 
monitoring and evaluation. 

Results
The instrument used for data collection was 

the lower limb Fugl-Meyer scale (motor function 
subscale), which has been reported to be valid and 
reliable [16-17]. The motor function subscale has 17 
items which are scored on a 3-point ordinal scale (0–
2); therefore, the total scores of the subscale range 
from 0 to 34. Outcomes were assessed at baseline 
and 4 weeks post-intervention by a therapist who 
was blinded to the groups. The data obtained 
were analyzed using descriptive statistics for the 
demographics and inferential statistics (ANOVA) 
for inter-group differences in age and time since 
stroke and the Kruskal-Wallis test for differences 
in the side affected, type of stroke and sex). The 
Kruskal-Wallis with Mann-Whitney U  test for 
post-hoc comparisons (when there is a significant 

Fig. 1: The study flow chart
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difference across the groups) was used for inter-
group differences and the Wilcoxon signed rank 
test for intra-group differences in the Fugl-Meyer 
lower limb scores (motor function subscale) at 
baseline and 4 weeks post intervention. In each 
case, the effect sizes were calculated. A  total of 
18 patients completed the study; sCIMT (n=5), 
tCIMT (n=6) and control (n=7) with the age range 
40-65. The patients did not differ significantly for 
age, sex, time since stroke, type of stroke and side 
affected (p>0.05) ( Table 1, fig.1) 

Intra-group analysis
The Wilcoxon signed rank test revealed 

a  statistically significant improvement in motor 
impairment in the sCIMT group; p<0.05 - a large 
effect size. There was no statistically significant 
improvement in motor impairment observed in 
the tCIMT group; p>0.05  - a moderate effect size. 
Similarly, there was no statistically significant 
improvement in motor impairment in the control 
group: p>0.05 - a moderate effect size ( Table 2)

Inter-group analysis
At baseline, the Kruskal-Wallis test revealed no 

significant inter-group differences in lower limb 
motor impairment measured by the lower limb 
Fugl-Meyer scale (p>0.05). However, at 4 weeks 
post-intervention, there were significant inter-
group differences ( p>0.05). 

The  post-hoc analysis using the Mann-Whitney 
U  test revealed a  significant difference between 
sCIMT and tCIMT; p<0.05 -a large effect size, and 
between sCIMT and Control; p<0.05 - a moderate 
effect size. However, there was no significant 
difference between tCIMT and Control; p>0.05 - 
a small effect size. (Table 3).

Discussion
The study findings showed significant 

improvement in motor impairment in the 

sCIMT and tCIMT groups compared with the 
control group, with the sCIMT group showing 
a  significantly higher improvement. The previous 
studies in both stroke and multiple sclerosis have 
demonstrated the benefitial effects of lower limb 
CIMT on various rehabilitation outcomes. Gray 
and Culham have reported shifting of the centre 
of pressure and mass towards the unaffected limb 
following the use of CIMT strategies in patients 
with stroke [1]. Similarly, the best effort (motor 
function) and real world arm use (perceived 
motor function) have been reported to improve 
following the use of 3.5 hours of lower limb CIMT 
for 3 weeks in patients with multiple sclerosis [18]. 
Additionally, gait parameters, including speed 
and symmetry, mobility and quality of life have 
been shown to improve following 1.5 hour of task 
practice per day for 2 weeks [10]. 

 Although there seems to be no studies comparing 
the two different protocols of lower limb CIMT 
prior to this study, there is an emerging evidence 
of the use of number of repetitions as a measure 
of dose for the upper limb [13, 19-20].  According 
to one study (Birkinmeier et al. (2010),  about 
300 repetitions of task was possible and effective 
within just 1 hour. Thus, it is clear that the time 
spent in the study was much shorter, as compared 
to the studies by Yu et al. [10] and Mark et al. [18]. 
Therefore, knowing how much task needs to be 
practiced rather than the hours spent carrying it 
out may help to reduce time as well as financial and 
personal costs during CIMT.  Previously, a device 
known as automated constraint-induced therapy 
extension (AUTOCITE) was used to relieve 
therapists [21]. The device yielded a  tremendous 
success. However, one may be tempted to ask 
about making efforts to relieve patients by making 
the rehabilitation time and cost effective.

Furthermore, repetition in stroke rehabilitation 
is important. An increase in the amount of 
practice can help improve motor recovery [15]. 
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Consequently, techniques such as treadmill gait 
training have been used to achieve massive task 
repetition [22]. Similarly, repetitive facilitation 
exercise to the tune of 100 repetitions for 2 weeks 
has been shown to improve the motor function of 
the hemiplegic upper limb [23]. Additionally, the 
protocol using number of repetitions as a measure 
of dose of task practice seems to be simple, easy 
to track by both patients and relatives, and easy to 
determine how much task practice is required for 
functional improvement.

In this study, we used constraint of the knee 
of the unaffected limb for 90% of waking hours. 
Although constraint of the unaffected limb 
during lower limb CIMT was used in children 
with cerebral palsy (CP) [24] and in a  forced 
use study in stroke patients by Yu et al. [10], the 
previous studies [9, 18] about stroke did not use 
any constraint, which could be due to the fact that 
those studies involved adults who can comply with 
the instructions on discouraging the use of the 
unaffected limb. Additionally, it has been shown 
that the use of constraint in upper limb CIMT may 
not be necessary as there is no significant difference 
when constraint is used or otherwise [25]..

Furthermore, the study by  Shumway-Cook et 
al. included patients with a  moderate risk of fall 
having scores ≥ 24 [26].  However, gait and balance 
are intricately interdependent and inseparable. 
Thus, further studies should consider enrolling 
patients with a moderate risk of fall and determine 
whether there is improvement in balance following 
the new protocol of CIMT. 

Conclusion
The use of number of repetitions of task 

practice as a measure of dose of lower limb CIMT 
seems to be simple and more effective than the 
use of duration of task practice.. However, this 
result should be interpreted with caution since the 
sCIMT group seems to be much younger and less 

impaired than the other two groups, even though 
no statistically significant inter-group differences in 
these variables were observed. Nonetheless, further 
research to confirm our results is warranted.
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Table 1: Demographic characteristics of the study participants

SN Variable sCIMT
(n=5)

tCIMT
(n=6)

Control 
(n=7) p-value

1 Age 48.20±7.89 55.67±9.00 54.14±6.87 0.292

2 Sex (M/F) 1/4 2/4 6/1 0.058

3 Time since stroke 41.20±33.54 74.67±55.93 75.50±47.88 0.124

4 Type of stroke (I/H) 4/1 4/2 7/0 0.287

5 Side affected (L/R) 3/2 4/2 2/5 0.362

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

Table 2: Differences between baseline and post- intervention according to Fugl-Meyer Scores

Baseline Post-intervention Z p r

sCIMT
(n=5) 24.00 28.00 -2.070 0.038* 0.92

tCIMT
(n=6) 24.50 25.00 -1.518 0.129 0.62

Control
(n=7) 24.00 24.00 -1.190 0.234 0.45

*=significant at p<0.05

Table 3: Inter-group differences in Fugl-Meyer scores at baseline and post-intervention

sCIMT
(n=5)

tCIMT
(n=6)

Control
(n=7) X2 p

Baseline 24.00 24.50 24.00 0.115 0.94

Post-intervention 28.00 25.00 24.00 7.261 0.03*

Post- hoc analysis
sCIMT vs tCIMT, U=2.000, Z=-2.407, p=0.016*, r=0.73
sCIMT vs Control, U=4.000, Z=-2.216, p=0.027*, r=0.64
tCIMT vs Control, U=15.000, Z=-0.809, p=0.418, r=0.22

*=significant at p<0.05




