
 

 

ABSTRACT 

THE EFFICACY OF MIRROR THERAPY IN ADDITION TO 
CONVENTIONAL THERAPY VERSUS CT ALONE IN THE 
ACUTE AND CHRONIC STAGES OF STROKE BASED ON 

THE ACTION RESEARCH AND ARM TEST: 
A META-ANALYSIS 

Background: Stroke is one of the leading causes of long term disability for 

adults and costs the healthcare system 34 billion dollars annually.1-3 Directly after 

a stroke up to 85% of survivors have an impairment of the upper extremity.4 

Previous research has shown mirror therapy (MT) is beneficial for improving 

function in the upper extremity.5-16 Objective: The objective of this meta-analysis 

was to determine the efficacy of MT in addition to conventional therapy (CT) 

versus CT alone in the different stages of stroke rehabilitation including the acute 

and chronic.5,7-17  Methods: A literature review was conducted in the fall of 2018 

and consisted of the following databases: Pubmed, Medline, and CINAHL. The 

studies were assessed and reviewed on the specified inclusion/exclusion criteria. A 

fixed effect size model of 2 groups was used for the included studies to generate 

the Q-value, P-value, effect size, and confidence interval. Results: The results 

favored MT in addition to CT as compared to CT alone in all stages of stroke 

rehabilitation. MT in addition to CT used in the acute stage of stroke rehabilitation 

was favored over MT in addition to CT used in the chronic stage of stroke 

rehabilitation. Conclusion: This meta-analysis supports current literature that MT 

in addition to CT is more effective in improving upper extremity function than CT 

alone in all stages of stroke rehabilitation. The minimal to moderate effect found 

in the acute stage of stroke rehabilitation suggests that MT in addition to CT is 

more beneficial in the acute stage of stroke rehabilitation as compared to use in the 

chronic stage of stroke rehabilitation. The evidence should, however, be 

interpreted with caution until further studies are included.  
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BACKGROUND 

Stroke is one of the leading causes of long term disability for adults and 

costs the healthcare system $34 billion annually.1-3 The National Stroke 

Association classifies stroke as the fifth-leading cause of death in the United 

States.17 Its classification was recently upgraded with improved outcomes due to 

advancement in healthcare treatment of survivors.17,18 The American Heart 

Association estimates an annual occurrence of stroke in 795,000 Americans, 

185,000 of whom will experience a recurrence.1,2 On a global scale, 15 million 

people experience a stroke annually, and 1 out of every 6 individuals will suffer a 

stroke in their lifetime.19 

Many neurologic structures are affected after a stroke including the most 

common, the middle cerebral artery (MCA), which accounts for two-thirds of all 

cerebral infarcts.2,20 The MCA supplies the frontal, temporal, and parietal lobes as 

well as subcortical structures, and an infarct in this area results in many different 

types of neurological deficits.2,20 The primary motor cortex, internal capsule, 

Broca’s cortical area, and Wernicke’s cortical area may be involved in a MCA 

stroke.2 It is important to note that the upper extremity is reported to be more 

involved than the lower extremity, thus making regaining upper extremity 

movement a priority in rehabilitation.2 

Hemiparesis 

Due to the distribution of the MCA, motor deficit is common in patients 

following a stroke.2 It has been reported that 80-90% of individuals have motor 

deficit signs and symptoms after a stroke, and other data indicate about 80% of 

total individuals experience an impairment of the contralateral limb, also known as 

hemiparesis.4,21,22 Hemiparesis is one of the most common disabling conditions 
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after a stroke.23  This is from pyramidal tract disruption or damage, and the 

accompanying cortico-reticulospinal fibers, which usually result in what is known 

as upper motor neuron syndrome (UMNS).21 Cerebrovascular accidents such as 

stroke are often noted to lead to UMNS.24 Classic characteristics of this are 

weakness, loss of dexterity, spasticity, abnormal synergistic movement, and 

exaggeration of reflexes.24 A 2017 study reported that of 8,360 patients who 

experienced an acute ischemic stroke, 8,346 of these subjects had hemiparesis of 

the contralateral side.25 This demonstrates that a large majority of individuals 

present with weakness of the upper and/or lower extremity contralateral to the side 

of the brain that experienced the ischemia.25 

Directly after a stroke around 85% of survivors have an impairment of the 

upper extremity.4 Within 3 to 6 months post stroke, 55-75% of these individuals 

will continue to experience a limitation in their upper extremity function and this 

may lead to a reduction in quality of life.4,26 The upper limb allows for many 

activities of daily living (ADLs) and impairments may compromise the means of 

completing these tasks.27 Fractionated movement, defined as the ability to move 1 

segment independent of other segments, is considered a normal movement pattern, 

and damage to the corticospinal system results in non-fractionated movement.28 A 

reduction in fractionated movement, also known as synergistic movement, occurs 

across all segments of the upper extremity for individuals post-stroke28  

Motor System Reorganization Post Stroke 

While physical effects of a stroke can be widespread and significant, there 

is potential to recover. Strokes cause cellular degeneration which initiates a neural 

reorganization process.29 This process occurs when the neurons, axons, and 

associated synapses die in the affected region, and the regenerative response 
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occurs.29 There is a high potential for reorganization to occur, and for new neural 

connections to arise from this response.29 Degeneration of axons promotes a 

process known as axonal sprouting, and this may occur in conjunction with 

dendritic remodeling and synaptogenesis.29 Reorganization influences changes to 

the somatosensory and motor maps, peri-infarct cortex synaptogenesis, 

corticospinal sprouting, and intracortical sprouting.29  

Neural connections are influenced by our behavioral experiences, which 

can create growth and maturation, and this influence is a major component of 

stroke neurorehabilitation.29 Studies show that earlier behavior interventions may 

be more beneficial than later interventions because of the effect on the processes 

of remodeling and reorganization after a stroke.29 However,  interventions that are 

performed too early may worsen impairments.29 Research indicates that the most 

effective timeframe for implementation of stroke rehabilitation treatment is 

unknown.29  

Current Treatments for Stroke 

Current interventions for stroke rehabilitation include proprioceptive 

neuromuscular facilitation (PNF), Mirror Therapy (MT), flexibility training with 

early mobilization/range of motion (ROM)/positioning strategies, progressive 

resistance training, task specific exercises, constraint-induced movement therapy, 

robot-assisted therapy, bed mobility, gait re-training, balance activities,  functional 

electrical stimulation, orthotics and assistive devices, and aerobic capacity and 

endurance training.2 The intervention is prescribed in response to a thorough 

examination of the individual’s specific activity limitations, impairments, and 

goals.2 Motor control strategies and motor learning principles are a significant 

component of rehabilitation to promote resumption of functional activities.2 These 
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techniques facilitate re-organization, adaptation, and require feedback and a large 

amount of practice.2 

Mirror Therapy 

Mirror therapy is a rehabilitative approach where a mirror is placed in the 

midsagittal plane of the patient.6,30 The patient has direct view of the unaffected 

arm and the affected arm is shielded behind the mirror.6,30 The unaffected hand is 

moved and the individual views the unaffected arm in the mirror as if it was the 

affected arm, creating a visual illusion.6,30 MT was originally used in the 1990’s as 

a treatment for phantom limb pain and studies reported reorganization in the brain 

via re-mapping of neural connections.31,32 This was demonstrated in adult brains 

through changes in magnetoencephalography following mirror therapy.31 MT 

applied to individuals with stroke 6 months after the incident was found to be 

beneficial in reversing disuse of the hemiparetic arm.23 Current research shows 

MT is beneficial for improving function in the upper extremity.5-16 A most recent 

meta-analysis demonstrated that MT may also improve motor function and ability 

to perform ADL’s.33 A systematic review showed moderate evidence of MT 

efficacy in the stroke population.34 Lastly, a Cochrane database systematic review 

provided further evidence of MT efficacy in upper extremity motor function 

improvement, and the associated functional improvements.35   

Mirror Neuron System and Its Role in Motor 
Retraining 

The hypothesis for MT effectiveness is the activation of mirror neurons.36 

The concept of mirror therapy is that by observing movements of the non-paretic 

hand or arm, re-wiring of the brain can occur that creates greater neural activity in 

the affected cerebral hemisphere.16,36 This will cause cortical reorganization and 
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improve function in the affected side.16,36 Mirror neurons were first observed when 

electrodes were placed on the ventral premotor cortex of monkeys observing 

researchers eating fruit. The monkeys’ brains demonstrated a “mirror effect,” 

meaning an increase in local brain activity.36 Researchers suggest that there is a 

mirror neuron system, where observing an action activates cortical areas in the 

brain of the observer.36 Furthermore, experiments with electroencephalography 

have shown mirror neurons to be activated in humans when observing 

movement.36 Functional magnetic resonance imaging studies have shown that 

during imitation tasks, activation of neuron cells occur in various cortical areas of 

the brain including the inferior frontal lobe, inferior parietal, premotor cortex, and 

occipital cortex.36 

Motor imagery, action observation, and imitation are 3 pillars of motor 

training in the mirror neuron system.37 Motor imagery is defined as the internal 

reproduction of a certain motor task, and may occur from solely the intention to 

move a segment.36 The motor cortex of the brain stimulates mirror neurons in 

response to the observation of action, and increases corticospinal facilitation to the 

muscles used in order to perform the observed actions.37 Mirror neurons are said to 

be active in both observation and movement executions. Using these 2 techniques 

to activate mirror neurons through mirror therapy training is one of the desired 

goals of the therapy.37 

The neural activation from action observation includes the visual system: 

occipital, temporal, and parietal cortices, and the core mirror neuron system: the 

inferior parietal lobule, ventral premotor cortex, and the inferior frontal gyrus.37 

Observation with intent to imitate is important because it underlies the success of 

using mirror therapy in stroke rehabilitation.37 With practice it helps recover lost 

function in individuals after a stroke and activates the parietal and frontal lobes, 
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middle frontal gyrus, and cerebellum.37 Functional recovery following a stroke 

translates to motor learning with a damaged brain system, and practice helps to re-

learn motor skills using the above stated components of the mirror neuron 

system.37 Rehabilitation after stroke with mirror therapy utilizes the theoretical 

knowledge of the mirror neuron system.36-38 

Purpose 

The purpose of this meta-analysis was to determine the efficacy of MT in 

addition to conventional therapy (CT) versus CT alone in the different stages of 

stroke rehabilitation including the acute and chronic. Currently, there is not a 

comparison of the above-mentioned interventions that measures upper extremity 

function nor the change in this outcome measure in specific stages of stroke 

rehabilitation. Indicating the effectiveness could help clinicians and researchers 

alike determine in what stage it is most beneficial. The null hypothesis is that MT 

in addition to CT is just as effective in all stages based on the Action Research and 

Arm Test (ARAT). The alternative hypothesis is that there will be a greater 

improvement in upper extremity function when MT in addition to CT is initiated 

during the acute stage of stroke as compared to initiation in the chronic stage. 

 



   

 

METHODS 

Search Criteria 

The search protocol and study design were developed in accordance with 

the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

Guidelines (PRISMA). A literature review was conducted in the fall of 2018. The 

literature search consisted of the following databases: Pubmed, Medline, and 

CINAHL. The databases were accessed with the Fresno State Henry Madden 

Library. The search was performed to look further into the effects of MT in 

addition to CT versus CT alone for individuals who suffered a stroke. The articles 

were published from 2008-present day 2018 and included the following 

characteristics: English language, non-animal only human studies, and lastly, were 

peer-reviewed. The search terms included the following: “Upper Extremity” AND 

“Mirror Therapy” AND “Stroke” (see Table 1 for the study selection process). 

Eligibility Criteria 

The studies were assessed and reviewed on the specified inclusion/ 

exclusion criteria. Inclusion criteria in this meta-analysis consisted of age range 

between 18-90, both men and women, unilateral stroke resulting in unilateral 

hemiparesis, Action Research and Arm Test (ARAT) outcome measure, and MT 

in addition to CT as treatment. The exclusion criteria in this meta-analysis 

consisted of severe impairments disabling patients from following instructions, 

previous strokes, and additional comorbidities or musculoskeletal impairments 

that did not allow patients to participate in therapy. Filters included English 

language, from 2008 until 2018, including abstracts, randomized controlled trials, 

and human subjects.  
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Study Selection 

Assessment for eligible studies was performed by 1 reviewer. The titles 

were first reviewed and assessed to ensure relevant topics and aspects of the 

studies fit the criteria for the meta-analysis. The studies needed to be compliant 

with the exclusion and inclusion criteria. Studies were initially assessed and 

filtered out if the abstracts and/or titles did not match the criteria to be included. 

The selected studies were examined and evaluated in further detail to extract 

relevant data and content to be used in this meta-analysis (see Figure 1). 

Action Research and Arm Test Outcome Measure 
(ARAT) 

One of the most common outcome measures for upper limb paresis for 

patients with stroke is the ARAT (see Figure 2).39-41 It is used to assess functional 

limitations for stroke survivors in the upper limb. The test has high intra/interrater 

reliability with an interrater reliability of .98 and test-retest score of .99.40,42 The 

ARAT validity has an r range of .91-.94 and is a responsive and valid outcome 

measure for upper extremity function.40 The test scores 19 items; 0 means no 

movement and 3 signifies normal movement.40 The 4 subscale scores are gross 

motor with 9 points maximum, grasp with 18 points maximum, grip with 12 points 

maximum, and pinch with 18 points maximum.40 The maximum score of 57 would 

indicate normal function of the upper extremity.40 

Data Collection Process 

Data regarding the ARAT were taken from the results section of included 

articles. Aspects of the data from the mirror therapy group and conventional 

therapy (CT) group extracted were pre/post-test mean, standard deviation, and 

sample size. These were utilized for the statistical analysis of this meta-analysis.  
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Quality Assessment 

The articles used in this meta-analysis were assessed using the PEDro scale 

(see Table 1 for PEDro scale). The PEDro scale has a total of 11 questions but 

does not score the first one, therefore scoring a total of 10 items as either present 

or absent. One point is given if the criteria are present and 0 points are given if an 

item is not present.43 This scale looks at internal validity of studies and the 

statistical information to determine how the validity of research can be 

interpreted.44 Quality of studies are interpreted with the following: poor quality: 

≤3, fair quality: 4 to 5, and high quality 6 to 10.45 The PEDro score has been 

accepted as a reliable tool to assess physical therapy randomized controlled 

clinical trials and the methodological quality within the trials.43,46  

Conventional Therapy and Acute/Chronic Stroke 
Defined 

Conventional therapy can encompass a variety of interventions and 

applications. The research authors of the articles included in this meta-analysis 

included manual therapy, several treatment modalities, and therapeutic exercise. 

Invernizzi et al. defined conventional stroke rehabilitation as neurorehabilitative 

techniques, electrical stimulation, and occupational therapy (OT).9 Dohle et al. 

stated that standard therapy was designed to require the execution of arm, hand, 

and finger postures in response to verbal instructions that included ADL training, 

OT, and physical therapy (PT).6 Michielsen et al. reported that all patients 

participated in a training program consisting of bimanual exercises with the level 

of difficulty specific to the patient.16 Thieme et al. defined regular therapy as 

single and group physical therapy, OT, training for ADLs, and according to 

specific individual impairments, sports therapy, speech and language therapy, 

and/or neuropsychological therapy.35 For purposes of this meta-analysis, 
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conventional or standard therapy was defined as any therapy interventions other 

than MT used by the stated authors. Acute stroke was defined as the time period 

from 0 to 3 months and chronic stroke was defined as the time period 6 months or 

greater post stroke. 

Statistical Analysis 

The number of participants, post-test standard deviations, and post-test 

means of the ARAT were inputted into an Excel spreadsheet to determine the 

confidence intervals and effect size of MT in addition to CT as compared to CT 

alone in the acute and chronic stages of stroke rehabilitation. Additionally, to 

determine the pre to post mean change for MT in addition to CT in the acute and 

chronic stages of stroke rehabilitation, the number of participants for the MT 

group, average of pre/post-test standard deviations, and the pre/post-test difference 

of the ARAT were inputted into an Excel spreadsheet to determine the confidence 

intervals and effect size. A fixed effect size of 2 groups model analysis was used 

for the data to determine the Q-value, P-value, effect size, and confidence interval. 

Forest plots were created to determine the total effect size between the studies (see 

Figures 3-5 for forest plots). The homogeneity and heterogeneity between studies 

were determined using the Q-value and P-value statistics. A P-value below .05 

signifies that the results are interpreted as statistically significant, as well as a Q-

value that is less than the degrees of freedom. The effect size is determined to be 

minimal if it is below 0.3, moderate if it lies between 0.3-0.8, and large if above 

0.8. The outcome measure used was the ARAT. A positive number signifies MT 

in addition to CT is more beneficial, whereas a negative number signifies that CT 

alone is superior. 



   

 

RESULTS 

The electronic database search (PubMed, Cinahl, and Medline) yielded a 

total of 313 articles. The keywords “mirror therapy,” “upper extremity,” and 

“stroke” were inputted into the databases to produce the article search. Two 

hundred-forty-seven articles were then excluded for a remaining 66 due to the 

following criteria: older than 10 years, non-human subjects, non-peer reviewed, 

not a randomized controlled trial, non-English language, and duplicates. The 

remaining 66 titles, abstracts, and articles were read and 62 were excluded because 

they did not answer the PICO question, match inclusion/exclusion criteria, or have 

the appropriate outcome measure (see Table 1 for study selection process). Four 

articles were fully read, analyzed, and included in this meta-analysis.  

Risk of Bias 

The criteria qualifications for the included 4 studies were determined by 1 

reviewer. Quality assessment scores revealed a range from 5/10 to 8/10 on the 

PEDro scale. The studies by Michielsen et al. and Thieme et al. had the highest 

scores included in this meta-analysis (both scored an 8/10 on the PEDro scale). 

These 2 studies were not rated with a higher score due to the lack of 

subject/therapist blinding. The study by Dohle et al. scored a 6/10 on the PEDro 

scale because of the following: lack of patient/therapist blinding, the large dropout 

rate did not allow outcome measure collection from 85% of subjects, and intention 

to treat was not mentioned in their study.  Invernizzi et al., which scored a 5/10, 

was the lowest of all 4 articles, and did not receive a higher score because of: lack 

of subject, assessor, and therapist blinding, allocation was not concealed, and data 

from at least 1 key outcome was not stated to be analyzed with intention to treat.  
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Description of Studies 

The 4 studies utilized in this meta-analysis incorporated MT in addition to 

CT in comparison to CT alone. The ARAT was used to assess upper extremity 

motor function across all studies, and pre/post measures were taken from the 

therapy timeframes described in each study. All participants in MT groups of each 

study underwent a CT program as well. In each study, both groups received either 

MT or sham MT. Michielsen et al. had 8 subjects drop out from the MT group due 

to study-unrelated medical conditions, study-unrelated social issues, 

noncompliance, and inability to contact.16 Thieme et al. had 5 subjects drop out 

due to discharge prior to study, withdrawal of consent, and study-unrelated 

death.35 Invernizzi et al. had 1 subject drop out due to discontinued treatment from 

a new stroke episode.9 Dohle et al. had 12 subjects drop out due to the following: 

transfers to acute hospital, medical worsening, lack of cost approval by the health 

insurance, and withdrawal of patient’s consent (see Table 2 for study 

characteristics).6 

Description of Individual Studies 

Michielsen et al. included subjects in the chronic stage of stroke 

rehabilitation (MT group: average of 4.7 years since onset of stroke with SD of 3.6 

years; and CT group: average of 4.5 years since onset of stroke with a SD of 2.6 

years since the initial onset of stroke) with a total n=40. Patients were randomly 

assigned to the MT or CT group, and the outcome measurements were assessed by 

a blinded investigator.16 Their intervention was a 6-week training program, 1 day a 

week with a physical therapist at a rehabilitation center and an additional 5 days a 

week for 1-hour sessions at home. The CT intervention consisted of bilateral and 

functional exercises in which both groups participated. The MT group performed 

MT by viewing the unaffected arm in the mirror while the affected arm was 
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covered. The CT group had sham MT with direct view of both hands.16 Home 

rehabilitation included a book with videos and photos of exercises to be carried 

out.16 Michielsen et al. stated that regular phone calls were made to the 

participants to ensure compliance, and patients kept diaries of their rehabilitation 

schedules and experiences which were inspected by the physical therapist once a 

week.16 This study suggested neuronal organization occurs with MT that was 

assessed with functional magnetic resonance imaging.16 

Thieme et al. included subjects in the acute stage of stroke rehabilitation 

(MT group: average of 47.6 days since onset of stroke with SD of 25.8 days; and 

CT group: average of 36.2 days since onset of stroke with a SD of 21.1 days). 

They examined 3 groups of subjects post stroke including: individual mirror 

therapy, group mirror therapy, and control therapy.35 Only individual MT and CT 

(total n=39) were included in this meta-analysis to keep results consistent with 

other selected studies.35 All subjects had CT, which included single/group physical 

therapy (PT), occupational therapy (OT), and ADL training. CT also included 

individualized therapies tailored to certain patients as described in the study which 

included: neuropsychological therapy, sports therapy, speech therapy, and 

language therapy.35 The individual MT group was defined as 1 therapist treating 1 

patient.35 The patient viewed the unaffected arm in the mirror, and the affected 

arm was covered behind the mirror.35 The patient was then told to move both arms 

while looking at the mirror as much as possible.35 The CT group had sham MT 

that consisted of a group intervention with a piece of wood instead of a mirror to 

block the affected arm, and the patient was asked to move both arms while 

viewing the unaffected arm.35 The MT and CT groups had mirror therapy or sham 

mirror therapy for 30 minutes, respectively.35 The intervention was 3 to 5 times a 

week, performed by a physical therapist or physical therapy student in their last 
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year of physical therapy school.35 The outcome measures were videotaped and 

then rated by 1 of the 2 observers who were blinded. The ARAT score increased 

significantly for all participants in this study.35 

Invernizzi et al. included subjects in the acute stage of stroke rehabilitation 

(MT group: average of 23 days since onset of stroke with SD of 3 days; and CT 

group: average of 24 days since onset of stroke with a SD of 2 days).9 Both groups 

received 1-hour CT sessions, 5 days a week, for 4 weeks that focused on the upper 

limb.9 The CT group consisted of OT, electrical stimulation, and neurological 

rehabilitation.9 Both groups received 30 minutes per session of either MT or sham 

MT for the first 2 weeks, and 1-hour sessions for the last 2 weeks. MT consisted of 

viewing their unaffected arm in the mirror, and sham MT occurred while viewing 

their unaffected arm with a piece of paper over the mirror (no view to affected 

arm); they performed flexion/extension of the wrists, elbow, shoulder, and 

pronation/supination of the forearm. This study showed that 4 weeks of treatment 

demonstrated a substantial effect on the ARAT.9 

Dohle et al. included subjects in the acute stage of stroke rehabilitation (MT 

group: average of 26.2 days since onset of stroke with SD of 8.3 days; and CT 

group: average of 27.8 days since onset of stroke with a SD of 12.1 days).6 

Patients had 6 weeks of MT or sham MT for 30 minutes, 5 days a week.6 CT 

included ADL training, OT, and PT, and consisted of finger, hand, and arm 

movement with verbal instructions. Conventional therapy was over an average 

duration of 47 days for the CT group, and 45.8 days for the MT group.6 The CT 

group had 12.3 hours of OT, 23.8 hours of PT, and 8.55 hours of ADL training. 

The MT group had 14.7 hours of OT, 24.7 hours of PT, and 4.4 hours of ADL 

training. MT consisted of the patient being able to view their unaffected arm in the 

mirror while the affected arm was behind the mirror, and CT or sham MT subjects 



 

 

15 15 

had a view of both arms.6 MT was favored and reported to produce significant 

therapy effects.6   

Synthesis of Results 

The null hypothesis is that MT in addition to CT is just as effective at 

increasing UE function in all stages of stroke rehabilitation based on the ARAT. 

The alternative hypothesis is that there will be a greater improvement in upper 

extremity function when MT in addition to CT is initiated during the acute stage of 

stroke as compared to initiation in the chronic stage. The data from the 4 studies 

were compared and analyzed between groups based on the ARAT to measure 

upper extremity motor function. MT in addition to CT versus CT alone was 

favored in both stages of stroke rehabilitation. Initiation of MT in addition to CT 

in the acute stage of stroke rehabilitation was minimally to moderately favored 

over initiation of MT in addition to CT in the chronic stage of stroke.  

Primary Analysis: Effect Size of Pre to Post Mean 
Change for Acute Versus Chronic Stroke 

Rehabilitation for MT in addition 
to CT Including Invernizzi et al., 

Dohle et al., Thieme et al., 
and Michielsen et al. 

The confidence intervals, individual effect sizes, Q-value, P-value, and 

combined effect size of all ARAT data are shown in Table 3. Confidence intervals 

were based on a 95% interval. The data were pooled by including 4 studies used in 

this meta-analysis to assess MT in addition to CT in the acute and chronic stages 

of stroke. Each acute stroke rehabilitation was paired with the single chronic 

stroke rehabilitation study included in this meta-analysis. The data yielded a 

moderate combined effect size of 0.35, Q-value of 4.43, and 2 degrees of freedom. 

The P-value was 0.11 at a 95% confidence interval, and the upper and lower 
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confidence intervals were 0.74 and -.03, respectively. The P-value did not 

demonstrate statistical significance, and the studies were heterogeneous due to 

above stated values.  

Primary Sub-Analysis: Effect Size of Pre to Post Mean 
Change for Acute Versus Chronic Stroke 

Rehabilitation for MT in Addition 
to CT Including Dohle et al., 

Thieme et al., and 
Michielsen et al.  

The confidence intervals, individual effect sizes, Q-value, P-value, and 

combined effect size of all ARAT data are shown in in Table 4. Confidence 

intervals were based on a 95% interval. The data were pooled by including 3 

studies used in this meta-analysis to assess MT in addition to CT in the acute and 

chronic stages of stroke. Each acute stroke rehabilitation was paired with the 

single chronic stroke rehabilitation study included in this meta-analysis. The data 

yielded a small combined effect size of 0.11, Q-value of 0.003, and 1 degree of 

freedom. The P-value was 0.96 at a 95% confidence interval, and the upper and 

lower confidence intervals were 0.56 and -0.34, respectively. The P-value did not 

demonstrate statistical significance, and the studies were homogeneous due to 

above stated values.  

Secondary Analysis: Effect of MT in addition to CT as 
Compared to CT Alone in the Acute and Chronic 

Stages Based on the ARAT 

The confidence intervals, individual effect sizes, Q-value, P-value, and 

combined effect size of all ARAT data are shown in Table 5. Confidence intervals 

were based on a 95% interval. The data were pooled by including all studies used 

in this meta-analysis to assess MT in addition to CT versus CT alone in the acute 

and chronic stages of stroke. The data yielded a small combined effect size of 
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0.28, Q-value of 1.85, and 3 degrees of freedom. The P-value was 0.60 at a 95% 

confidence interval, and the upper and lower confidence intervals were 0.61 and -

.06, respectively. The P-value did not demonstrate statistical significance, and the 

studies were homogenous due to above stated values.  

 

 



   

 

DISCUSSION 

The purpose of this meta-analysis was to determine the effects of MT in 

addition to CT versus CT alone in the acute and chronic stages of stroke 

rehabilitation. All studies within this meta-analysis showed that MT in addition to 

CT versus CT alone resulted in a better outcome on the ARAT. A small to 

moderate effect size demonstrated that acute stroke rehabilitation was favored for 

MT in addition to CT when initiated in the acute stage of stroke rehabilitation as 

compared to initiation in the chronic stage of stroke rehabilitation. The null 

hypothesis was rejected, with the evidence demonstrating a difference with MT in 

addition to CT in the acute and chronic stages of stroke rehabilitation. The 

alternative hypothesis was accepted due to a minimal to moderate improvement in 

the acute stage of stroke rehabilitation as compared to the chronic stage. The 

discussion provides explanations and delves deeper into the results of the analyses. 

Additionally, the discussion will review current literature, meta-analysis results, 

reasons for heterogeneity of the primary analysis, dosage of interventions, length 

of time since stroke, conventional therapy methods, severity of stroke, limitations, 

future research suggestions, clinical applications, and a conclusion for this meta-

analysis.  

Review of Meta-Analysis Results 

MT in addition to CT has been shown by multiple authors to be more 

effective than CT alone.5-16,33 The current literature reports that implementing MT 

with other therapeutic treatments results in an improved outcome.33 Studies from 

this meta-analysis all buttress the conclusion that MT in addition to CT is more 

effective than CT alone. The results from the primary analysis included all 4 

studies by Michielsen et al., Dohle et al., Invernizzi et al., and Thieme et al.6,9,16,30 
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These studies demonstrated a moderate effect size (ES=.35), indicating that MT in 

addition to CT was more favorable initiated in the acute stage of stroke 

rehabilitation based on the ARAT. The primary analysis resulted in a Q-value 

measured as 4.43 at 2 degrees of freedom and a P-value of 0.10, indicating that 

these studies were heterogeneous in nature. A high degree of heterogeneity 

indicates that the studies have dissimilarities which will be explored further. 

The primary sub-analysis included studies by Dohle et al., Michielsen et al., 

and Thieme et al., and compared the effects of MT in addition to CT in the acute 

and chronic stages. Invernizzi et al. was excluded within this sub-analysis because 

it appeared as an outlier compared to the other included studies. More information 

is described in the heterogeneity of the primary analysis and homogeneity of the 

primary sub-analysis section below. The results from the secondary analysis 

demonstrated a minimal effect size (ES=.11), indicating that MT in addition to CT 

within the acute stages of stroke rehabilitation minimally improved the ARAT 

outcome measure score. The secondary analysis resulted in a Q-value measured as 

0.003 at 1 degree of freedom, and a P-value of 0.95, indicating that the 3 studies 

were homogenous in nature.  

The secondary analysis included studies by Dohle et al., Invernizzi et al., 

Thieme et al., and Michielsen et al. that compared MT in addition to CT versus CT 

alone in the acute and chronic stages of stroke. The results from the primary sub-

analysis demonstrated a minimal effect size (ES=.28), indicating that MT in 

addition to CT versus CT alone was favored in both the acute and chronic stages 

of stroke rehabilitation. The primary sub-analysis resulted in a Q-value measured 

as 1.85 at 3 degrees of freedom, and a P-value of 0.60, indicating that these 4 

included studies were homogeneous. 
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Reasons for Acceptance of Alternative Hypothesis: 
Healing and Brain Re-wiring After Stroke 

Initiation of MT in addition to CT in the acute stage of stroke rehabilitation 

appears to demonstrate minimal to moderate improved outcomes in upper 

extremity function as compared to initiation in the chronic stage of stroke 

rehabilitation based on the ARAT. This may be in part due to the recovery and 

repair process of the brain that occurs post-stroke. There is a high degree of 

neurotransmission recovery in the surviving tissue at the stroke location as well as 

surrounding areas of tissues that were affected.47 Recovery on a molecular and 

cellular level has been shown to occur most in the first 3 months post-stroke.48 A 

study by Nakayama et al. demonstrated that within 3 weeks of stroke onset 80% of 

individuals attained the most upper extremity function, and within 9 weeks 95% of 

individuals reached the best possible upper extremity function.48,49 These pieces of 

information may help interpret why implementing mirror therapy in the acute 

stage of stroke may be more beneficial than in the chronic stage. After a stroke 

occurs, the contralateral side of the brain region that was affected is activated 

more, also known as increased cortical activity at distant sites. MT likely provides 

more cortical activation during the acute stage to the ipsilateral or affected side of 

the brain which improves upper extremity motor function.5,29,33,48 The evidence 

demonstrates that there is a high rate of healing and re-wiring that occur post-

stroke, and for this reason MT in addition to CT likely has a better window of 

opportunity for functional improvement in the acute stage of stroke rehabilitation 

of the upper extremity as compared to the chronic stage of stroke 

rehabilitation.29,47,48  
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Heterogeneity in the Primary Analysis 

The Q-value was larger than the degrees of freedom and the P-value was 

greater than 0.05. This indicated that there was a degree of heterogeneity within 

this analysis. The reason for this lies within the study by Invernizzi et al. This 

study had the most change from baseline to follow-up on the ARAT score, the 

subjects had the least amount of severity, and it had the least number of subjects 

drop out. They reported that limitations of the subjects included were less severe 

as compared to the study by Dohle et al., and this could have led to improved 

scores on the ARAT.6,9 Additionally, they were the only study in this meta-

analysis to use electrical stimulation (ES). ES has been shown in a recent 2017 

systematic review to improve upper extremity function for individuals post stroke 

in the acute stage of rehabilitation, especially within the first 2 months of 

recovery.50 Invernizzi et al. also had only 13 subjects in the MT group, which was 

the lowest number compared to the other studies. This heterogeneity led to 

performing a secondary analysis excluding the study by Invernizzi et al., in which 

the studies demonstrated homogeneity.  

Homogeneity in the Primary Sub-Analysis 

The secondary analysis without Invernizzi et al. is more likely a 

representation of the effects of MT in addition to CT for severely impaired 

individuals post stroke in the acute and chronic stages of stroke rehabilitation. The 

MT group from Michielsen et al. included 20 participants, Thieme et al. included 

18 participants, and Dohle et al. included 18 participants. The impairment 

severities between these studies were more similar as compared to the primary 

analysis. The Q and P-values demonstrated a high degree of homogeneity between 

the studies indicating similarity. The limitation of all the studies will now be 

discussed. 
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Dosage of Interventions 

The studies included in this meta-analysis had variable treatment timespans 

(MT group versus CT group). Minutes of treatment ranged from 30 to 90 per 

session, days per week ranged from 4 to 5, and weeks of treatment ranged from 4 

to 6. Thieme et al. stated that the patients had a maximum of 30 minutes of 

treatment for MT or CT, indicating that the exact amount of time was not 

documented.30 Twenty treatment sessions were provided to patients over 5 weeks, 

indicating that the total maximal treatment time for each group was 20 hours.30 

They also reported that an additional 10 hours of treatment was given to attain a 

difference between groups.30 The author stated treatment time included: 

transferring, preparation time, and rest breaks.30 Limitations with this study are 

lack of known hours, which could lead to unequal intervention duration between 

groups, and the 10 hours of additional interventions that were not clearly 

described.30 

Invernizzi et al. provided patients CT 1 hour each day, 5 days a week, for 4 

weeks.9 The MT and CT group both received 30 minutes of MT (the reflective 

side of the mirror was turned down for the CT group) for the first 2 weeks and 1 

hour for the last 2 weeks.9 This adds up to 35 hours of therapy. Dosage was the 

same for both groups.9 Dohle et al. provided MT or sham MT for 30 minutes 5 

days weekly for 6 weeks, totaling 15 hours.6 CT included ADL training, OT, and 

PT, and consisted of upper extremity movements with verbal instructions. CT was 

over an average duration of 47 days for the CT group, and 45.8 days for the MT 

group.6 The CT group had 12.3 hours of OT, 23.8 hours of PT, and 8.55 hours of 

ADL training totaling 44.65 hours. The MT group had 14.7 hours of OT, 24.7 

hours of PT, and 4.4 hours of ADL training totaling 43.8 hours. This study did not 
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clarify total hours of individual CT, MT, and sham MT, but rather added the total 

amount of time for each day, equaling 30 minutes.6 

Michielsen et al. included 6 weeks of treatment, 1 day a week in the clinic 

for 1 hour, and 5 days a week for 1 hour at home independently, totaling 30 

hours.16 A Physical Therapist was assigned to make regular phone calls to the 

patient to ensure the patient was participating in therapy, and that the patients kept 

detailed logs of their schedules which were inspected once a week in clinic.16 This 

study contains a limitation due to the independent nature of therapy for 5 days per 

week at home. Current evidence demonstrates that a higher dosage of 

interventions for stroke rehabilitation will improve and enhance motor recovery.51 

Overall, the studies ranged from 20 to 59.65 hours of total intervention time. This 

large difference in intervention strategies, each having a different number of hours 

for treatment, makes the intervention dosage not uniform throughout. 

Length of Time Since Stroke 

The focus of this meta-analysis was to illustrate the different results 

produced utilizing MT in the acute and chronic stages of stroke, and to determine 

when MT in addition to CT has the most benefit for clinical use. To classify the 

acute or chronic stage of stroke rehabilitation, studies were acute in nature when 

the time lapse since stroke was less than 3 months and chronic when the time lapse 

since stroke was greater than 6 months. Invernizzi et al., Dohle et al., and Thieme 

et al. had both groups (MT and CT) start treatment post stroke within an average 

of 2 days, 1.6 days, and 3.8 days, respectively. The MT group in the study by 

Michielsen et al. started interventions 73 days later than the CT group, however 

this was not seen to be a major limitation because the average start of interventions 

post stroke was 1,679 days.16 Overall, both groups (CT and MT versus CT) in all 4 
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studies were close in time elapsed from onset of stroke to start of treatment. This 

therefore was not seen to be a major limitation for this meta-analysis.  

Time course plays an important role in regaining function after stroke. One 

study by Jørgensen et al. looked at 1,197 individuals who experienced a stroke and 

followed them from the time of acute admission to the end of their stroke 

rehabilitation.52 They saw that in mild, moderate, severe, and very severe strokes 

functional recovery was reached in 8.5 weeks, 13 weeks, 17 weeks, and 20 weeks, 

respectively.52 In 95% of all patients functional recovery was reached within 12.5 

weeks after onset.52 They reported that after these timespans of functional 

recovery were completed no significant changes occurred, stating that a prognosis 

can be made within 12 weeks after stroke onset.52 The conclusion of Jørgensen et 

al. was that additional functional and neurological recovery is minimal after 5 

months post stroke.52  

Conventional Therapy 

Each study had similarities and differences in their CT interventions 

leading to possible limitations in this meta-analysis. Invernizzi et al. used 

neurorehabilitation techniques, electrical stimulation, and OT, although did not 

detail specific treatment. This does not give a clear and concise understanding of 

the exact therapy that was performed since these are umbrella terms that could 

entail many different types of treatment methods. Dohle et al. used exercises that 

required execution of the arm and hand, finger postures, ADL training, OT, PT, 

and defined this as the standard, or conventional therapy.6 The reader is unclear as 

to the exact treatment used, and since treatment was directed towards the upper 

extremity, the use of one treatment over another could give patients an advantage 

leading to a higher ARAT score.  
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Thieme et al. defined CT as regular therapy that included OT, training of 

ADL’s, sports therapy, speech and language therapy, neuropsychological therapy, 

and therapy according to individual impairments.30 This study provides the most 

eclectic approach for conventional therapy as compared to other studies which 

may give these patients an advantage over other studies. Michielsen et al. defined 

CT as a training program consisting of bimanual and functional exercises.16 This 

study is similar to Dohle et al. in that they both focused CT on upper extremity 

functionality and movement, although the exact treatment approach is vague to the 

reader. Overall, all 4 studies do not conform to the same conventional therapy, 

which impacts the outcomes and any comparison between them within this meta-

analysis.   

Severity of Symptoms  

The severity of hemiparesis at the start of treatment varied in the 4 included 

studies. Invernizzi et al. described in their research that they included subjects in 

the acute stroke stage resulting in moderate to severe hemiparesis in the same 

stage of stroke as those subjects included by Dohle et al. However, Invernizzi et 

al. likely had better outcomes with motor function per the ARAT because their 

patients had less severe hemiparesis to start with.9 Subjects in the study by Dohle 

et al. started with severe hemiparesis which differed from Invernizzi et al.30 

Theime et al. included patients with severe arm paresis, and Michielsen et al. 

included patients with moderate upper extremity paresis.16,30 It has been shown 

that the amount of functional recovery after stroke in the acute stage correlates 

highly with initial severity.48,52,53 This may be the reason why Invernizzi et al. had 

the largest improvement in the ARAT.  
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Limitations 

Intervention duration for the included studies ranged from 20-59.65 hours, 

which could be a limitation to this meta-analysis in that the amount of treatment 

may affect the outcome. Thieme et al. stated in their research that a maximum of 

30 minutes of treatment was given, and within these 30 minutes preparation time 

was included. This may limit the findings when comparing studies because the 

exact time of intervention was not identified. Michielsen et al. had the patients 

work with a Physical Therapist 1 day a week in person, and for 5 days patients 

were on their own at home. Although the patients kept a journal of their home 

activities, this is a limitation due to questionable compliance. In the other 3 

included studies, the patients were treated in person by therapists, ensuring their 

completion of activity. Sample size was the lowest for Invernizzi et al. (CT=12 

and MT=13) possibly skewing the results in favor of a large effect size.9 The 

sample sizes from Dohle et al., Thieme et al., and Michielsen et al. ranged from 

16-21 for the CT group, and 16-21 for the MT group. All studies had a relatively 

low sample size although Invernizzi et al. had the largest effect size and lowest 

sample size for both groups (MT and CT versus CT), which is a possible 

limitation.  

Each study defined conventional therapy differently and included different 

forms of treatment. For example, Invernizzi et al. included electrical stimulation, 

while none of the other studies provided this modality. Thieme et al. and 

Invernizzi et al. both provided occupational therapy and Dohle et al. focused the 

conventional therapy on the upper extremity. The trend here is that there is no 

standard to conventional therapy. It is defined as anything besides MT, and it 

varied greatly from study to study. The literature provided 3 acute stroke 

rehabilitation studies and 1 chronic study that were compared against each other. 
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This was a major limitation and limits the amount of external validity that can be 

applied. However, this meta-analysis does provide results that may be interpreted 

with caution.  

Future Research 

Suggestions for future research should be implemented and would assist in 

standardizing research approaches; thus, comparisons would be more accurate.  

Examining the long-term effects of MT would be useful in determining which 

stage of stroke benefits the most, and how long the effects of MT last. All 4 

studies included in this meta-analysis used the ARAT during the treatment time 

and only Michielsen et al. looked at effects 6 months post treatment. Michielsen et 

al. reported an improved ARAT score from baseline for both groups 6 months 

after interventions ended, and the MT group had a higher score than the CT 

group.16 It would be a better comparison if more studies repeated measurements at 

the 6-month mark to determine if upper extremity function was retained. One 

study by Meyer et al. stated that clinicians need to improve the techniques used for 

individuals with stroke to attain long-term retention of function.54 The same study 

also found that at 5 years post-stroke, individuals revealed the same functional and 

motor outcome that was observed at 2 months post stroke.54 This indicates that it 

is important to find techniques that will produce long-lasting effects, and that 

researchers should document long-term effects to determine if function is retained. 

Secondly, having the same dosing across future studies would eliminate 

limitations in this area. Thirdly, having a universal classification system of 

symptom severity used by all studies would prove to be useful in determining 

which patients to be included. This would eliminate severely impaired individuals 

who suffered from a stroke from being included in the same study as slight to 
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moderately affected individuals, and it would be a standardized objective measure. 

Limiting the inclusion and exclusion criteria by age and other characteristics 

would be beneficial for future research. Classifying patients based on age would 

allow clinicians to better develop a prognosis with MT. For example, Dohle et al. 

included patients that were 25 to 80 years of age, and this is a large age range. 

Narrowing down the age range and categorizing patients would allow a likely 

upper extremity functional prognosis based on age. Lastly, designing a study 

examining the effects of a combination of MT in addition to CT in the acute, sub-

acute, and chronic stages of stroke rehabilitation with a large sample size (n=at 

least 100) would be useful in extrapolating the data.  

Clinical Applications 

MT is a cost-effective treatment for individuals post stroke. Necessary 

equipment can be purchased over the counter for as little as $10.5,55,56 It is an 

attractive form of neurological rehabilitation because treatment is simple to 

administer.33,57 Additionally, it can be performed in all settings of rehabilitation 

including: hospital, outpatient, and the home setting.33 The study by Michielsen et 

al. demonstrated that if patients are in the chronic stage of rehabilitation and 

independent, they may administer MT at home independently, making it’s 

utilization very appealing to clinicians.16 Current literature indicates that MT will 

benefit patients regardless of whether they are in the acute or chronic 

stages.6,9,16,30,33 This meta-analysis supports the utilization of MT in addition to CT 

for the acute and chronic stages of stroke, providing evidence that clinicians 

should incorporate these strategies regardless of the stage the patient is in. 

Although it is inconclusive without more support from future research to 

extrapolate the information in this meta-analysis as to when to best implement 
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MT, these techniques do improve upper extremity function, have no adverse 

effects, no known risks, and therefore therapists should apply MT in their practice.  

Conclusion 

The current literature presented in this meta-analysis demonstrated that MT 

in addition to CT was more effective in improving upper extremity function than 

CT alone in all stages of stroke rehabilitation. There is a minimal to moderate 

effective size depending on severity which suggests that MT in addition to CT is 

more beneficial when initiated in the acute stage of stroke rehabilitation as 

compared to the chronic. The evidence should, however, be interpreted with 

caution and not be extrapolated because more studies would need to be performed. 

In conclusion, mirror therapy is a cost-effective way to improve motor function for 

individuals’ post-stroke. 
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Table 1. PEDro Scale 
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Table 2. Summary of Study Characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study 

Level of Evidence/Study 

Design 

 

Sample Size 

 

Intervention Frequency 

 

Intervention Type 

Invernizzi et al. Level 1; A randomized 

controlled trial 

(N=26) 

Mean age: 

MT group: 62 y.o. 

CT group: 71.1 y.o. 

Both groups: 1-hour CT, 5 days a week, for 4 

weeks 

 

CT group: 30 minutes of MT for the first 2 weeks 

and 1 hour for the last 2 weeks (5days/wk) 

 

MT group: 30 minutes of sham MT for the first 2 

weeks and 1 hour for the last 2 weeks (5days/wk) 

CT that is patient specific and 

consisted of 

neurorehabilitative techniques, 

ES,  and OT, MT for MT 

group, and sham MT for CT 

group 

 

Dohle et al. Level 1; A randomized 

controlled trial 

(N=36) 

Mean age: 

MT group: 54.9 y.o. 

CT group: 58 y.o. 

CT group CT: OT=12.3 hrs, PT=23.8 hrs, 

ADL=8.55 hrs 

 

CT group sham MT: 30 minutes 5 days/wk for 6 

wks of CT 

 

MT group CT: OT=14.7 hrs, PT=4.4 hrs, 

ADL=5.9 hrs 

 

MT group MT: 30 minutes 5 days/wk for 6 wks of 

CT 

 

CT (arm, hand, and finger 

postures), ADL 

training/OT/PT for both groups 

MT for MT group, and sham 

MT for CT group 

Thieme et al. Level 1; A randomized 

controlled trial 

(N=39) 

Mean age: 

MT group: 63.8 y.o. 

CT group: 68.3 y.o. 

Both groups: 20 sessions over 5 weeks for a 

maximum of 30 minutes/session 

-Author stated an additional 10 hours of treatment 

was given to attain a difference between groups 

CT (single/group PT, OT, and 

training of ADL’s), MT for 

MT group, and sham MT for 

CT group 

Michielsen et al. Level 1; A Phase II 

randomized controlled trial 

(N=40) 

Mean age: 

MT group: 55.3 y.o. 

CT group: 58.7 y.o. 

Both groups: 6 wk CT (included MT or sham MT) 

1d/wk in clinic and 5 days at home 

 

(5 days/wk) 

Bimanual and functional 

exercises for both groups. MT 

for MT group, and sham MT 

for CT group 
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Table 3. Results for: Effect Size of Pre to Post Mean Change for Acute Versus 

Chronic Stroke Rehabilitation for MT in Addition to CT Including Invernizzi 

et al., Dohle et al., Thieme et al., and Michielsen et al. 

 

Table 4. Results for: Effect Size of Pre to Post Mean Change for Acute Versus 

Chronic Stroke Rehabilitation for MT in Addition to CT Including Dohle et 

al., Thieme et al., and Michielsen et al.  

 

 

 

Study Effect Size CI Lower CI Upper 

Dohle et al. 2008/Michielsen et al. 

2011 

0.13 -0.51 0.76 

Invernizzi et al. 2013/Michielsen et 

al. 2011 

1.06 0.30 1.82 

Thieme et al. 2013/Michielsen et al. 

2011 

0.09 -0.55 0.73 

Total 0.35 -0.03 0.74 

 

Q-value 4.43   

Study Effect Size CI Lower CI Upper 

Dohle et al. 2008/Michielsen et 

al. 2011 

0.09 -0.51 0.76 

Thieme et al. 2013/Michielsen 

et al. 2011 

0.09 -0.55 0.73 

Total 0.11 -0.34 0.56 

Q-value .003   

P-value .96   
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Table 5. Results for: Effect of MT in addition to CT as Compared to CT 

Alone in the Acute and Chronic Stages Based on the ARAT. 

 

 

 

 

 

Study Effect Size CI Lower CI Upper 

Dohle et al. 2008 0.08 -0.58 0.73 

Invernizzi et al. 2013 0.77 -0.04 1.59 

Michielsen et al. 2011 0.23 -0.39 0.86 

Thieme et al. 2013 0.21 -0.42 0.85 

Total 0.28 -0.06 0.61 

Q-value 1.85   

P-value 0.60   
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Figure 1. Study selection process 
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Figure 2. Action research and ARM test 
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Figure 3. Effect size of pre to post mean change for acute versus chronic 

stroke rehabilitation for MT in addition to CT including Invernizzi et al., 

Dohle et al., Thieme et al., and Michielsen et al. 

 

 

Figure 4. Effect size of pre to post mean change for acute versus chronic 

stroke rehabilitation for MT in addition to CT including Dohle et al., Thieme 

et al., and Michielsen et al.  

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

-1.00 -0.50 0.00 0.50 1.00 1.50 2.00

Thieme et. al/Michielsen
et. al

Invernizzi et.
al/Michielsen et. al

Dohle et. al/Michielsen
et. al

Grand total ES

Favors MT in the Chronic Stage                    Favors MT in the Acute Stage

0

0.5

1

1.5

2

2.5

3

3.5

-1.00 -0.50 0.00 0.50 1.00

Favors MT in the Chronic Stage                          Favors MT in the Acute Stage

Thieme et. al/Michielsen et. al

Dohle et. al/Michielsen et. al

Grand Total ES



 

 

 

46 46 

 

Figure 5. Effect of MT in addition to CT as compared to CT alone in the 

acute and chronic stages based on the ARAT  
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