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Abstract 

Background: To investigate the efficacy of the combination of Constraint Induced Movement Therapy and Mirror 

Therapy on functional outcome of the upper extremity for patients with late subacute and chronic stroke. 

Materials and Method: This study was a single-centre, randomized, single subject blind, 2-way crossover. Recruited 12 

participants who had chronic stroke treated at the University Teaching Hospital, department of physiotherapy, Lusaka. 

Patients were randomly assigned in the group (n=6) of combined therapy or to a group (n=6) of conventional therapy. 

Microsoft Excel was used for randomization and trial group allocation. The data from the same type of treatment in the 

two sequences were combined and analysed.  The primary analysis compared the range of motion and motor function in 

the two groups at 6 weeks of follow-up. 

Results: Constraint Induced Movement Therapy with Mirror Therapy produced a significant improvement in range of 

motion, activities of daily living, and motor function (p<0.016). No significant improvement was observed in the quality 

of life for either treatment group. However, no significant differences were found between the Constraint Induced 

Movement Therapy and Mirror Therapy and conventional physiotherapy in terms of improving range of motion, motor 

function, activities of daily living, and quality of life.  

Conclusion: Overall, the combination of Constraint Induced Movement Therapy and Mirror Therapy showed better 

improvement over conventional physiotherapy in the management of upper extremity impairment in late subacute and 

chronic stroke regarding the range of motion, motor function, and activities of daily living in chronic stroke patients. 

 

Keywords: Stroke, Constraint Induced Movement Therapy, Mirror Therapy, Functional Activity, Upper Extremity, 
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INTRODUCTION  
Stroke continues to be the third-leading 

cause of death and disability combined worldwide 

[1,2]. After a stroke, upper limb motor 

impairments like muscle weakness, loss of 

dexterity, and altered sensation are common [3]. 

The initial severity of motor impairment or 

function seems to be the most significant 

predictor factor for upper limb recovery after 

stroke [4]. Because of the poor prognosis, 

managing the upper extremities after a stroke can 

be challenging [5,6]. Within the first six months, 

only 20% of stroke patients regain function [7].  

Post-stroke rehabilitation is a huge part 

of the stroke recovery process, and it often begins 

as early as 24 hours after the stroke [8,9]. The 

timeframe for stroke recovery is categorized into 

hyper-acute (0-24hours), acute (1-7days), early (7 

days-3 months) and late (3-6months) sub-acute, 

and chronic (> 6 months) [10]. Literature 

recommends various rehabilitation strategies for 

chronic stroke patients, including muscle-

strengthening exercises, constraint-induced 

movement therapy (CIMT), mirror therapy (MT), 

mental practice with motor imagery, high 

frequency-transcutaneous electrical nerve 

stimulation, repetitive transcranial magnetic 

stimulation, transcranial direct current stimulation, 

botulinum toxin, and virtual reality [11,12]. 

Research has focused on improving 

motor impairment recovery during stroke 

recovery, with established methods for mild 

paralysis, but late subacute and chronic stroke 

rehabilitation of upper limb paresis remains a 

challenge [13]. As a result, there is a considerable 

desire for new treatment approaches to restore 

chronic upper limb paresis in stroke survivors 

[13]. The optimal therapy quantity or dose for 

stroke remains unknown due to the lack of better 

outcomes associated with more intensive 

therapies compared to conventional therapy [14]. 

For hemiplegic stroke patients, CIMT and MT 

have been shown to be effective treatment 

interventions [11,12,15,16]. Despite CIMT and 

MT's effectiveness in improving arm movement, 

there is insufficient evidence to justify their 

superiority over other rehabilitation therapies 

[17–19]. Post-stroke rehabilitation is now 

focusing on integrated therapeutic methods for 

long-term upper limb impairments, combining 

two effective methods to maximize therapeutic 

advantages [20,21].  

In earlier clinical trials, CIMT and MT 

were combined and proved to be more beneficial 

than monotherapy [22,23]. The combination of 

CIMT and mirror treatment in late subacute and 

chronic stroke patients has limited evidence, as 

these trials primarily focused on subacute stroke 

rehabilitation and there is limited evidence that 

these techniques enhance range of motion. A 

systematic review suggests that combining MT 

with another rehabilitation therapy for the upper 

extremity in stroke patients is more effective than 

using only one therapy [21]. Therefore, this study 

aimed to assess the effectiveness of combining 

CIMT and MT on the upper extremity of stroke 

patients, focusing on their range of motion, motor 

function, daily activities, and quality of life. 

 

MATERIALS AND METHODS 

Study design  

This was a single-centre, randomized, 

double-subject blind, 2-way crossover study 

conducted among patients with chronic stroke at 

the University Teaching Hospital (UTH) in 

Lusaka, Zambia. Participants in Group A began 

with CIMT and MT before switching to CP. 

Participants in Group B began with CP before 

moving on to CIMT and MT. The study was 

approved by the University of Zambia School of 

Health Sciences Research Ethics Committee 

Board (protocol ID number 20203101083).  

Study participants 

The study focused on stroke patients in 

the late subacute and chronic stage aged 18 or 

older with a stroke lasting over 3 months, those 

with a 10° extension of their affected joints, those 

receiving care from guardians or caregivers, and 

those maintaining a sitting position for more than 

30 minutes. The study excluded patients with 

severe aphasia, depression, musculoskeletal 

problems, or severe shoulder pain that could limit 

therapy.  

The study was conducted at the 

University Teaching Hospital's Physiotherapy 

Department, which treats various musculoskeletal 

and neurological conditions, with stroke being the 

common, with an average of 208 stroke patients 

seen annually. 

Interventions 

The therapy regimen consisted of two 

groups (Group A and Group B). For 12 weeks, all 

participants attended three treatment sessions per 

week. The intervention was administered at UTH 

by a qualified physiotherapist who has been in 

practice for at least two years and works full-time.  

The conventional physiotherapy (CP) 

intervention was performed with no specific 

requirements. The techniques employed included 

proper positioning, conducting group training, 
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performing self-range of motion exercises, 

avoiding the use of overhead pullies that appear to 

contribute to shoulder tissue injury, and use of 

external support during exercises for those that 

need support. For six weeks, CP was conducted 

for 45 minutes per day, three days per week. The 

patients of the CIMT combined with the mirror 

therapy group did not receive the convention 

therapy, and the mirror therapy was performed 

during hours when the CIMT was not done. 

Before performing CIMT and MT, the following 

items were required: a sling combined with a 

resting hand splint, a glove, a mirror, a plastic 

bowl filled with sand, temperature stimuli, and 

various brushes. During MT, patients performed 

unilateral movement of the non-affected arm, 

bilateral movement with or without an object, 

guiding of the affected arm by the therapist, and 

guiding of both arms by the therapist in high 

sitting on a chair. MT was performed for 30 

minutes per day, three days per week, for six 

weeks.  For the CIMT approach, patients 

performed repetitive, structured, practice 

intensive therapy in the more affected arm, 

restraint of the less affected arm, and application 

of a package of different techniques in various 

positions. CIMT was performed for 6 hours per 

day, three days per week, for six weeks. 

Outcomes 

The co-primary endpoints were the 

improvement in range of motion and motor 

function from baseline. The goniometer was used 

to measure the range of motion, and the Motor 

Activity Log was used to assess motor function. 

The secondary outcomes were Activities of Daily 

Living (ADL) and Quality of Life. The Barthel 

Index was used to assess ADL, while the SF-36 

Questionnaire was used to assess the quality of 

life. The parameters were measured at baseline, 

crossover, and the end of the treatment. 

Measurement tools 

The Motor Activity Log (MAL) is a 14-

item tool measuring real-world arm use, aiming to 

assess patients' usage of their affected arm outside 

the hospital setting, with a reliability score of 0.91 

and internal validity of 0.81 [24]. The Barthel 

Index is a 10-item performance-based instrument 

used to measure improvement in patients' daily 

activities (ADLs) with a validity and reliability of 

over 0.77 [25]. The SF-36 Questionnaire assesses 

post-stroke quality of life, scoring 36 questions 

from 0 to 100 with validity and reliability 

exceeding 0.70 [26,27]. Patients completed the 

questionnaire at baseline and follow-up, with 

caregivers aiding those with literacy limitations. 

 

Sample Size 

With the use of an online calculator, a 

study group design of two independent study 

groups and a continuous primary endpoint, 

statistical parameters were set as follows; alpha of 

0.05, power of 80%, anticipated mean 1 of 38+/- 

1, anticipated mean 2 of 39.5 and enrolment ratio 

of 1. The sample size of 14 participants was 

concluded with the first group having 7 

participants and the second group having 7 

participants. The calculator site used was 

https://clincalc.com/stats/samplesize.aspx  

 

Randomisation  

With a 1:1 allocation, a randomization 

sequence was generated in Microsoft Excel 19. 

Participants were randomly assigned to treatment 

groups A or B using simple randomization 

procedures and computer-generated numbers, 

with the allocation sequence concealed from 

research assistants using opaque, sealed 

envelopes. Participants' names were written on 

envelopes, opened in a specific sequence, and 

stroke patients were screened for eligibility, and 

those meeting the criteria were invited to 

participate. Patients were informed about the 

trial's purpose, ethical concerns, procedures, risks, 

benefits, and withdrawal option. Written informed 

consent was obtained, and eligible participants 

were enrolled using a simple random sampling 

approach. The study used a double-blind 

technique, with participants unaware of treatment 

group assignment and physiotherapists recording 

outcome measurements without disclosing the 

treatment. 

 

Statistical Methods 

SPSS 26.0 for Windows was used for 

statistical analysis (IBM, Armonk, NY, USA). 

The study used an independent t-test for 

continuous variables meeting normality 

assumptions, the Mann-Whitney Test for non-

normal variables, and the Fisher exact test for 

categorical data to compare demographic data. 

The treatment effects of the two interventions 

were investigated using repeated measure 

ANOVA, and if the ANOVA assumptions were 

not met, a Friedman test was used to test the 

difference. If ANOVA revealed a statistically 

significant difference between group means, a 

paired T-test was used as a post hoc test, and if the 

Friedman test results were statistically significant, 

a Wilcoxon signed-rank test was used as a post 

hoc test. The significance level for the post hoc 

tests was adjusted by dividing it by the number of 

comparisons (0.05/3 = 0.0167; Bonferroni 

correction), resulting in a significance level of 

p=0.017. Changes between the combined CIMT 
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and MT treatment outcome and CP treatment 

outcome were compared, regardless of the 

sequences.  That is, data from the same type of 

treatment in the two sequences were combined 

and analysed. 

 
RESULTS  

Forty-three patients with late subacute 

and chronic stroke were assessed for eligibility, 

and 19 were excluded because they did not meet 

the study inclusion criteria. 14 patients out of 24 

were randomly assigned to one of the two 

treatment groups. However, during the initial 

phase of the cross-over, two patients—one from 

each group—withdrew from the trial because 

one became ill and was hospitalized while the 

other was transferred to another medical facility. 

Twelve patients were therefore included in the 

study's final analysis (figure 1). 

Demographic characteristics 

The study included 12 patients who had 

suffered from a stroke. Table 1 reveals no 

statistical differences in age, stroke duration, 

paralysis side, hypertension, or stroke cause 

between the two groups (p > 0.05). The study 

found significant sex differences between two 

groups, with group 2 primarily consisting of 
female patients (p = 0.015). 

                

             Table 1: Demographic characteristics of study participants 

 

 

Primary Outcome 

Intervention's effect on the range of 

motion  

The co-primary outcome of the 

interventions' effect was improvements in the 

upper extremity range of motion (ROM). A 

repeated measure ANOVA analysis compared the 

degree of change in the mean ROM in each group 

before and after the intervention. The study found 

statistically significant differences in the mean 

ROM in shoulder extension, shoulder internal 

rotation, shoulder external rotation, wrist flexion, 

wrist extension, ulna deviation, radial deviation, 

and phalangeal flexion (p < 0.05) (Table 2). 

Additionally, a Friedman test compared the 

degree of change in the median ROM in each 

group before and after the intervention revealed 

significant differences in the median ROM in 

shoulder abduction, forearm pronation, forearm 

supination, phalangeal extension, distal 

interphalangeal flexion, and finger abduction (p < 

0.05). Furthermore, the test showed no significant 

difference in median ROM of shoulder flexion, 

shoulder adduction, elbow flexion, and proximal 

interphalangeal flexion (p < 0.05 (Table 2).  

In a post-hoc analysis, the t-test results 
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showed that after combined CIMT and MT 

treatment, the mean ROM increased significantly 

for shoulder extension, shoulder external rotation, 

and radial deviation (p < 0.017) (Table 3). The 

Wilcoxon signed-rank test results also showed 

that after CIMT and MT combined treatment, the 

median range of motion significantly increased 

for shoulder abduction, forearm pronation, 

forearm supination, and finger abduction (p < 

0.05) (Table 4). CIMT and MT combined 

treatment, on the other hand, did not significantly 

improve the ROM of the following movements: 

shoulder flexion, adduction, internal rotation, 

wrist flexion, wrist extension, ulna deviation, 

phalangeal flexion, phalangeal extension, distal 

phalangeal flexion, thumb flexion, thumb 

abduction (p>0.017). With regards to CP 

treatment, there was no significant improvement 

in ROM in any of the upper limb movements 

(p>0.017). Furthermore, in comparing the results 

of the ROM between the CIMT combined mirror 

therapy group and the CP group, no significant 

difference was observed in any of the upper limb 

movements (p>0.017). 

 

 

Table 2: Differences in upper limb joint range of motion at baseline and after two treatments 

 
 

 

Effect of Interventions on Motor Function 

Motor Function was the co-primary outcome 

measure used to assess the effectiveness of the 

interventions. A repeated measure ANOVA 

analysis revealed there were statistically 

significant differences in motor activity log scores 

(p = 0.001) (Table 2). A post hoc analysis showed 

that the mean MAL score improved significantly 

after combined CIMT and MT intervention (p = 

0.003) (Table 3). However, no significant 

improvement was observed after CP intervention, 

nor was there a significant difference in MAL 

mean scores between the combined CIMT and 

MT intervention group and the CP intervention 

group (p>0.017) (Table 3)
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Table 3: Paired t-test analysis of the differences in range of motion, motor function and mental health 

after the interventions 

.  
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Secondary Outcome 

The secondary outcomes examined changes in 

ADL performance and improvements in quality of 

life, which was divided into physical and mental 

health. A Friedman test revealed a significant 

difference in the median Barthel index scores 

(p=0.004) (Error! Reference source not 

found.). A Wilcoxon signed-rank test revealed 

that after CIMT and MT combined treatment, the 

median Barthel index score increased 

significantly (p=0.007). The combined CIMT and 

MT intervention group and the CP intervention 

group did not significantly vary in median Barthel 

index scores, and no significant improvement was 

seen post the CP intervention (p>0.017) (Error! 

Reference source not found.). 

Furthermore, the Friedman test and repeated 

measure ANOVA revealed a significant difference 

in the scores of physical health and mental health 

(p < 0.05) (Error! Reference source not found.). 

However, a post-hoc analysis revealed no 

significant variations in physical and mental 

health scores before and after treatment in each 

group, as well as between intervention groups 

(Error! Reference source not found.). 

Table 4: Wilcoxon signed-rank test analysis of differences in range of motion, Barthel score, and physical 

health of the upper limb after interventions 
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DISCUSSION  

 
The present study aimed to test the 

hypothesis that combined CIMT and MT 

interventions is effective in the management of 

the upper limb in late subacute and chronic stroke. 

The most significant observation of this study is 

that combined CIMT and MT interventions 

produced a significant improvement in range of 

motion, activities of daily living, and motor 

function. 

The study reveals that combined CIMT 

and MT interventions significantly improve upper 

extremity ROM after late subacute and chronic 

stroke. The intervention improved shoulder 

abduction, extension, external rotation, forearm 

pronation, supination, radial deviation, and finger 

abduction. Although there was no significant 

difference in ROM between the CIMT combined 

mirror therapy and CP groups, the results suggest 

that combined CIMT and MT intervention may be 

more effective than CP alone. This finding 

demonstrates the benefit of integrating integrated 

treatment approaches into everyday practice as a 

mix of evidence-based therapies is regarded as 

standard care across the post-acute care 

continuum to achieve the motor goals of stroke 

patients [28]. 

The study indicates that combining 

CIMT and MT can potentially enhance the motor 

function of stroke patients. The study found that 

combined CIMT and MT significantly improved 

upper extremity motor function in late subacute 

and chronic stroke patients after six weeks of 

treatment, whereas CP treatment did not. This is 

consistent with the findings of Anwar et al. which 

found that the CIMT combined MT group 

achieved more significant improvement in motor 

functions of the upper extremity than the CIMT 

only [22]. The observed findings are also 

supported by other studies show that CIMT and 

MT improve upper motor function in stroke 

patients, but are not superior to conservative 

treatment [17,22,29].  

The study revealed that combining CIMT 

with MT significantly improved daily living 

activity performance, a finding not observed after 

CP treatment. This study's findings may be 

explained by the fact that both MT and CIMT 

therapies have been shown to improve daily 

activities [20,29–32]. Therefore, the 

intervention's effect on daily activity performance 

may have been enhanced by combining CIMT and 

MT. Despite the significant improvement in ADL 

performance by CIMT and MT, no significant 

differences were observed between the CIMT and 

MT group and the CP group. In agreement with 

the results of this study, Adelusola, Osundiya, and 

Olawale concluded that neither MT nor CIMT 

significantly improved ADL performance when 

compared to conventional therapy alone [33]. 

Post-treatment, neither treatment group 

showed a significant improvement in quality of 

life. A meta-analysis, for example, found mCIMT 

to be a more effective intervention when 

addressing hemiparesis and quality of life [34], 

which contradicts the findings of this study. There 

may be several reasons for these findings. As 

there is a strong link between arm use and quality 

of life, maximising quality of life gains during 

motor rehabilitation in chronic post-stroke 

patients requires improving arm use during daily 

activities [35]. The 6-week treatment period may 

have been too short to witness a significant 

change in arm use and later quality of life. Stock 

et al’s [36] study also revealed that the early 

CIMT intervention group recovered faster than 

the delayed intervention group, suggesting that 

CIMT may have been less effective in improving 

quality of life for late subacute and chronic stroke 

patients.  

The study had some limitations. The study's 

effectiveness was measured after six weeks of 

treatment, which may not have been enough to 

observe significant recovery. The small number of 

patients limit the generalizability of the findings. 

Larger trials are needed to assess the efficacy of 

the combination of CIMT and MT on the upper 

extremity in patients with late subacute and 

chronic stroke. 
CONCLUSION 

The combination of CIMT and MT in 

managing the upper limb in chronic stroke 

patients significantly improved ROM, ADLs, and 

motor function. However, there was no 

statistically significant difference between the two 

treatments, making it difficult to determine the 

superior treatment approach. Further research is 

needed to determine the best treatment.   
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