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Abstract

Introduction. A cerebrovascular accident happens when brain cells suddenly die due to insufficient blood flow. One common
result of a stroke affecting the middle cerebral artery (MCA) is the loss of upper limb function, which can have a significant impact
on everyday activities. Mirror therapy (MT) and modified constraint induced movement therapy (mCIMT) are stroke rehabilitation
methods for upper limb function. Mirror therapy stimulates brain areas such as the premotor and motor cortex using visual cues.
In contrast, mCIMT restricts the unaffected arm, encourages repeated task practice, and utilises behavioural techniques to boost
neuroplasticity, aiding in recovery.

Methods. Twenty stroke survivors were assigned randomly to the mCIMT group (n = 10) or the MT group (n = 10). The mCIMT
group received mCIMT, while the MT group underwent mirror therapy over ten weeks with four weekly sessions. Outcome
measures included the Fugl-Meyer Assessment Scale (FMAS) and the Wolf Motor Function Test (WMFT).

Results. The study highlights a significant enhancement in hand function in the mCIMT group compared to the MT group after
10 weeks of therapy. Post-treatment evaluations using the WMFT and FMAS yielded p-values less than 0.001, indicating a nota-
ble difference between the groups.

Conclusions. Analyses within and between groups showed significant impacts, supporting mCIMT’s efficacy in enhancing fine
motor skills among stroke patients with MCA involvement. These results stress the importance of personalised therapies such
as mCIMT in post-stroke recovery, enhancing survivors’ standard of living and improving functional outcomes.
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Introduction

Stroke is a major global health concern, leading to wide-
spread disability and high mortality rates. It is defined as
a sudden neurological deficit caused by localised damage to
the central nervous system resulting from vascular events,
including cerebral infarction, intracerebral haemorrhage, and
subarachnoid haemorrhage [1, 2]. According to the World
Health Organization (WHO), stroke is the third leading cause
of disability-adjusted life years globally and the second most
common cause of mortality. An estimated 13.7 million occur-
rences of stroke occur worldwide each year, and the condi-
tion is thought to be the cause of 5.5 million stroke-related
deaths [3-5]. The middle cerebral artery (MCA), whose seg-
ments M1 through M4 supply the brain’s internal capsule,
basal ganglia, and lateral surface, frequently contributes to
strokes. The basal ganglia, which are crucial to emotions and
motor control, are supplied by the M1 section. The insula,
parietal lobe, inferolateral frontal lobe, and superior tempo-
ral lobe are all supplied by the M2 segment. The opercular
segment (M3) includes the temporal, parietal, and frontal
lobes. Finally, M4, or the cortical segment, is made up of
smaller branches that enter the cerebral cortex and carry
blood to specific regions of the brain [6]. Patients affected by
MCA involvement experience more severe upper limb im-
pairments. During the early stage of a stroke, around 60-80%
of sufferers experience motor difficulties affecting either their
upper or lower extremities. However, only 20% of those with
severe paretic strokes regain normal upper limb function,

compared to 80% of those with milder strokes. This upper
limb dysfunction not only affects the basic motor skills neces-
sary for daily tasks such as walking, balance, and self-defence
reflexes but also leads to deficits in fine motor abilities. Due
to its impairment of fundamental tasks of daily living, including
eating, washing, writing, walking, and manipulating items, this
dysfunction severely reduces the quality of life, restricting
stroke patients’ ability to live independently within society.
The hands and arms play a vital role in performing numerous
tasks in the workplace. With a wide range of physical inter-
vention techniques available, the aim of therapeutic training
is to assist patients in using their affected side and performing
motor skills voluntarily [7]. In recent years, advancements in
acute stroke management — such as thrombolytic therapy,
mechanical thrombectomy, and neurorehabilitation technol-
ogies — have led to improved recovery rates and reduced
long-term disability. Moreover, innovations in robotic exoskel-
etons, assistive devices, and compensatory strategies have
further enhanced the functional capabilities of stroke survi-
vors [8].

Mirror therapy (MT) is applicable to severely paretic stroke
survivors who are fully paralysed, unlike many other therapies
that necessitate some voluntary movement. This is possible
because MT utilises visual cues instead of somatosensory
inputs to elicit the desired response in the affected limb. Mirror
therapy works by creating the illusion of movement in the
affected limb through reflection or visual input from the unaf-
fected limb. This is typically achieved by placing a mirror be-
tween the limbs. However, these methods have their limita-
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tions and require personalised treatment strategies to achieve
the best results. Newer therapies, such as transcranial mag-
netic stimulation (TMS) and virtual reality-based rehabilitation,
have shown potential in further improving motor recovery
[9, 10]. Functional brain imaging studies indicate that when
a healthy participant observes a mirror reflection of their hand
while performing unilateral hand movements, there is an in-
crease in excitability within the primary motor cortex. Regions
of the affected hemisphere may contribute to post-stroke
motor recovery, particularly near the ipsilesional stroke site.
The supplementary motor area, premotor cortex, and bilateral
inferior parietal area are all activated during motor tasks. Post-
stroke central modifications in networks governing paretic
and nonparetic lower limbs were shown by. the premotor and
parietal regions, basal ganglia, and the cerebellum are the
main sites where motor imagery activates overlapping neu-
ronal networks that mimic movement laws found in real mo-
tions Luft et al [11].

Modified constraint induced movement therapy (mCIMT)
is a commonly used rehabilitation method aimed at enhanc-
ing upper limb motor recovery following a stroke. The typical
CIMT protocol includes intensive daily practice of up to six
hours with the affected limb, alongside restraining the unaf-
fected limb to promote neuroplastic changes and functional
recovery. However, its rigorous nature often poses challenges,
including fatigue, poor compliance, and difficulty adapting to
patients with moderate-to-severe impairments. These limita-
tions necessitated the development of mCIMT, a protocol de-
signed to enhance feasibility while maintaining therapeutic
efficacy. The mCIMT protocol differs from the standard CIMT
in several key aspects. First, it significantly reduces the ther-
apy duration, often requiring 2-3 hours of practice per day
over a shorter treatment period, e.g., 10 workdays [12, 13].
Second, mCIMT incorporates a ‘transfer package’, a struc-
tured program aimed at ensuring the integration of motor gains
into daily functional tasks. Third, it emphasises task-specific
functional activities tailored to individual needs and allows
rest breaks to minimise fatigue. Importantly, mCIMT contin-
ues to employ the principle of limiting the unaffected limb to
stimulate neuroplasticity but does so in a manner that is more
manageable for patients. Evidence indicates that mCIMT is as
effective as CIMT in promoting upper limb recovery, while
also offering additional advantages in terms of patient adher-
ence and practicality. For instance, studies have demon-
strated that mCIMT enhances upper extremity (UE) function
and daily activity usage, with patients finding it more toler-
able due to its shorter and more flexible therapy sessions
[14, 15]. In contrast to MT, which relies on visual feedback via
mirrored illusions to stimulate motor recovery, mCIMT actively
engages the affected limb through voluntary tasks while re-
stricting the unaffected side. Both approaches effectively
enhance motor function and participation in daily activities,
but mCIMT provides a more direct mechanism for promoting
voluntary motor control [16]. By overcoming the limitations
of standard CIMT, mCIMT provides a practical and effective
alternative for promoting motor recovery in stroke patients,
especially those in the subacute phase of rehabilitation.

The FMAS is a widely regarded tool for assessing motor
function in individuals with post-stroke hemiparesis. It is known
for its strong psychometric properties, including high validity,
responsiveness, and reliability. Each item in the FMAS indi-
cates a motion, from proximal to distal joints, that is critical for
motor function in hemiparesis after a stroke. Assessing the
level of difficulty for each task on the FMAS is crucial for accu-
rately diagnosing upper extremity paresis and effectively
guiding rehabilitation strategies. Clinicians frequently use

the FMA-UE to assess impairment both prior to intervention
and during follow-up sessions. The FMA-UE scale ranges
from 0 to 66 points, with higher scores reflecting better motor
function [17, 18]. The interpretation of each item may vary
depending on the clinician’s assessment. In addition to eval-
uating the impairment itself, it is essential to have an accurate
and sensitive evaluation of functional activities to assess the
effectiveness of therapeutic interventions in improving upper
extremity weakness. The Wolf Motor Function Test (WMFT)
is a reliable and frequently used evaluation tool for assessing
functional capability in the upper limbs. It includes two strength
tests and a set of fifteen functional exercises that start with
basic motions at closer joints and advance to more intricate
actions at farther joints. Each of these 15 tasks needs to be
finished within a time limit of 120 s. The evaluation also pro-
vides sub-scores indicating the movement quality during
these tasks. Studies have validated the reliability and accu-
racy of the WMFT in gauging upper limb function, but chal-
lenges in its application, as well as the potential integration of
novel technologies, should be considered to optimise reha-
bilitation outcomes [19].

Subjects and methods
Participant recruitment and assessment

A total of 20 patients, comprising both males and females,
were enlisted from the neurology outpatient department of
a tertiary care hospital, where screening for stroke history
was conducted. Each participant was thoroughly briefed on
the study protocols. This research focused on individuals who
exhibit, at minimum, a 20-degree angle of active wrist exten-
sion and a 10-degree angle of active finger extension, includ-
ing those in the subacute phase of their first MCA stroke.
Inclusion criteria also involved participants with Brunnstrom
stages of stroke recovery greater than 5 and aged 40 and
above, of any gender, and who have a Mini-Mental status
examination score exceeding 24. Their Modified Ashworth
Scale (MAS) score should also fall between 1 and 3. Finally,
the participants had to have stable medical conditions that
allow their participation in the testing and intervention pro-
cesses, and the ability to understand and follow instructions
from the physical therapist [20]. Exclusion criteria included
individuals with neurological or orthopaedic conditions that
may interfere with the study, those diagnosed with complex
regional pain syndrome or secondary adhesive capsulitis,
and individuals with psychological disorders [21].

Demographic details
Procedures and interventions

Each participant was provided with detailed information
regarding the nature, purpose, and potential benefits of the
study, along with their right to refuse or withdraw from par-
ticipation at any point, and the assurance of data confidenti-
ality. The study was carried out at a tertiary hospital in South-
ern India, specifically targeting individuals in the subacute
stage of recovery from strokes affecting the MCA as the study’s
focus group. The research involved 20 participants aged 40
and above who had suffered a MCA stroke, comprising 8
females and 12 males. Their ages varied as follows: 4 were
near 40, 3 were close to 45, 4 were near 50, 5 were nearing
55, and 4 were nearing 60.

Based on the specific inclusion and exclusion criteria, in-
dividuals who met the eligibility criteria, including a minimum
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of 20° of finger extension and 10° of wrist extension, were
included in the study. Participants were then randomly as-
signed to either the mCIMT group or the MT group using the
closed envelope method, with ten participants in each group.
The mCIMT group, consisting of individuals with arm pare-
sis following a first-time stroke in the MCA area, participated
in treatment sessions at a tertiary care hospital. Before the
procedure began, each participant gave written consent after
being fully informed about the study. Using the closed en-
velope method, participants were randomly assigned to one
of the two groups (MCIMT and MT), with each group com-
prising ten subjects. Remarkably, no participants withdrew
from the study post-randomisation. Furthermore, to maintain
participant blinding regarding group allocation, a tertiary care
hospital, facilitated by an independent researcher, managed
the allocation process.

The sessions, lasting 45 min, were conducted four times
a week for 10 weeks, during which the unaffected arm was
restricted. Participants were also encouraged to wear a re-
strictive mitten for at least three hours at home after each
treatment session. During the sessions, participants per-
formed nine upper limb function tasks specifically designed
for the study, such as peg transferring, ball grasping and re-
leasing, spoon feeding, block or cup stacking, clothing fasten-
ing, pouring and stirring, small object manipulation, book page
turning, and scissor cutting. The number of repetitions for
each task was meticulously documented during the ses-
sions (Table 1).

The control group (MT) participated in mirror therapy ses-
sions lasting 45 min, held four times a week over the same
10-week period. During these sessions, participants sat be-
side a table with a mirror placed vertically along the plane
dividing it into left and right halves. The affected limb was
positioned behind the mirror, while the unaffected limb was
aligned with the mirror. Participants engaged in nine upper

limb function tasks tailored for the study, such as peg trans-
ferring, ball grasping and releasing, spoon feeding, block or
cup stacking, clothing fastening, pouring and stirring, small
object manipulation, book page turning, and scissor cutting.
Participants were instructed to observe the reflection of their
unaffected limb in the mirror and to attempt to replicate the
same movements with their affected limb. Before starting the
treatment, pre-test evaluations using the FMA-UE and WMFT
were conducted, and post-test assessments were carried out
after the 10-week treatment period (Table 1).

Outcome measures

The FMAS comprises four distinct categories, each with
a maximum score contributing to a total of 126:

— motor function (max score = 66)

— sensory function (max score = 12)

—range of motion in joints (max score = 24)

— joint pain (max score = 24)

These sections evaluate various aspects of upper limb
abilities, and the combined scores provide an overall assess-
ment of upper limb function.

Wolf Motor Function Test

The WMFT is split into 17 items, grouped into the Time,
Functional Ability, and Strength categories (FAS). There are
15 tasks related to function and 2 related to strength. Perfor-
mance time is designated as WMFT-time, while capability
to perform tasks is denoted as WMFT-FAS. Tasks 1-6 are
functional and timed, tasks 7—14 focus on strength, and the
remaining 9 evaluate movement quality. The evaluator should
start by assessing the less impacted upper extremities be-
fore progressing to the more affected side. Ratings are given
on a 6-point scale, ranging from ‘0’ (no effort made with the

Table 1. Tasks performed and descriptions for both intervention groups

Task Experimental group undergoing mCIMT

Control group undergoing MT

1. Peg transferring

Participants transferred pegs from one container
to another using their affected hand.

Participants watched the reflection of their
unaffected hand as it transferred pegs, while per-
forming the same task with their affected hand.

2. Ball grasping and releasing

Participants grasped a ball with their affected
hand and released it into a container.

Participants mirrored the grasping and releasing
of a ball with their unaffected hand while using
their affected hand.

3. Spoon feeding

Participants practiced scooping food with
a spoon using their affected hand.

Participants used a spoon to scoop food,
observing their unaffected hand’s movements
in the mirror.

4. Block/cup stacking

Participants stacked blocks or cups using
their affected hand.

Participants observed stacking blocks or cups
with their unaffected hand while attempting
the same with their affected hand.

5. Clothing fastening

Participants practiced buttoning or fastening
clothing with their affected hand.

Participants mirrored the movement of fastening
clothing with their unaffected hand.

6. Pouring and stirring

Participants poured water from one cup into
another and stirred it using their affected hand.

Participants observed pouring and stirring
motions of their unaffected hand while
attempting to replicate with the affected hand.

7. Small object manipulation

Participants manipulated small objects

Participants manipulated small objects,

(e.g., coins, buttons) with their affected hand.

observing their unaffected hand in the mirror.

8. Book page turning

Participants turned the pages of a book using
their affected hand.

Participants practiced turning the pages of a book,
mirroring the action with their unaffected hand.

9. Scissor cutting

Participants practiced cutting paper with
scissors using their affected hand.

Participants observed scissor-cutting movements
with their unaffected hand while using their
affected hand.

mCIMT — modified constraint induced movement therapy, MT — mirror therapy
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affected arm) to ‘5’ (movement appears normal), with a to-
tal score of 75 indicating better function. Lower scores indi-
cate lower levels of functioning. The WMFT-time protocol
allocates 120 s per task, making clinical assessments more
efficient.

Statistical analysis

1. Statistical analyses were performed using the SPSS
software. Data were presented as mean values with corre-
sponding standard deviations for each outcome measure.
A prior power analysis ensured the adequacy of the sample
size, providing 90% power with a 5% significance level for
both the experimental (mCIMT) and control (MT) groups.

2. Descriptive statistics: Descriptive statistics, including
mean and standard deviation, were calculated for baseline
and post-treatment outcomes to summarise participant char-
acteristics and outcome measures.

3. Within-group analysis: Changes within each group from
baseline to post-treatment were evaluated using the Wilcoxon
signed-rank test. This non-parametric test was selected due
to the small sample size and non-normal distribution of the
data, ensuring a reliable analysis of paired samples (Table 2).

4. Between-group analysis: The Mann-Whitney U test was
used to compare outcomes between the mCIMT and MT
groups. This test is appropriate for the independent groups
in this study and the characteristics of the data (Table 3).

5. Effect sizes and confidence intervals: Effect sizes (2.67)
and 95% confidence intervals were calculated to offer further
context to the statistical significance, quantifying the mag-
nitude of the changes observed in the outcome measures.

6. Significance level: All statistical tests were conducted
at a significance level of p < 0.05.

The analyses of the statistics revealed significant im-
provements in fine motor function of the upper limb among
MCA stroke patients following mCIMT compared to the MT
group (Table 3).

Results

The effectiveness of the mCIMT and MT in restoring fine
motor function among MCA stroke patients was evaluated
using the FMA-UE and the WMFT. Both groups showed sig-
nificant improvements in outcome measures post-treatment,
with the mCIMT group demonstrating considerably greater
gains than the MT group.

Fugl-Meyer Assessment (upper extremity)

For the FMA-UE, the mCIMT group showed an increase in
mean scores from a pre-treatment value of 89.9 (SD 3.212)
to a post-treatment value of 99.1 (SD 2.766). The Wilcoxon
signed-rank test revealed a test statistic (t-value) of 55.00
and a statistically significant p-value of < 0.002. Similarly, the
MT group demonstrated an improvement from a mean pre-
treatment score of 89.3 (SD 2.983) to a post-treatment mean
of 94.2 (SD 2.529), with a t-value of 55.00 and p-value of
<0.002. However, the mCIMT group exhibited larger post-treat-
ment gains, suggesting a more pronounced effect on motor
recovery for the upper extremity.

Wolf Motor Function Test

For the WMFT, the mCIMT group improved from a pre-
treatment mean score of 28.4 (SD 2.065) to a post-treatment
mean of 49.1 (SD 2.806). The Wilcoxon signed-rank test
yielded a t-value of 55.00 and p-value of < 0.002. In the MT
group, the mean score increased from 28.5 (SD 2.013) to 36.0
(SD 4.189), with a t-value of 53.50 and p-value of < 0.004.
Although both groups exhibited significant within-group im-
provements, the mCIMT group showed a significantly greater
improvement in WMFT scores compared to the MT group.

Table 2. Analysis of pre-test and post-test results of the WMFT and FMA for both groups

Outcome measure Group Test Mean + SD t-value p-value
pre 89.9 + 3.212
mCIMT 55.00 < 0.002
post 99.1 £ 2.766
FMA (upper extremity)
pre 89.3 +£2.983
MT 55.00 < 0.002
post 94.2 + 2.529
pre 28.4 £2.065
mCIMT 55.00 < 0.002
post 49.1 + 2.806
WMFT
pre 28.5+2.013
MT 53.500 < 0.004
post 36 +4.189
WMFT — Wolf Motor Function Test, FMA — Fugl-Meyer Assessment
mCIMT — modified constraint induced movement therapy, MT — mirror therapy
Table 3. Results of analysis comparing the two groups
Outcome measure Group Test Mean + SD t-value p-value
mCIMT post 99.1 + 2.766
FMA (upper extremity) 145.500 < 0.002
MT post 94.2 + 2.529
mCIMT post 49.1 + 2.806
WMFT 155.00 < 0.001
MT post 36 +4.189

WMFT — Wolf Motor Function Test, FMA — Fugl-Meyer Assessment

mCIMT — modified constraint induced movement therapy, MT — mirror therapy
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Between-group comparison

A between-group comparison further confirmed the su-
periority of mMCIMT over MT. Post-treatment FMA-UE scores
revealed a mean value of 99.1 (SD 2.766) in the mCIMT
group, significantly higher than the MT group’s mean score of
94.2 (SD 2.529). The Wilcoxon signed-rank test produced
a t value of 145.50, with a p-value of < 0.002. Similarly,
post-treatment WMFT scores for the mCIMT group (mean =
49.1, SD 2.806) were significantly greater than those of the
MT group (mean = 36.0, SD 4.189), with a T value of 155.00
and a highly significant p-value of < 0.001.

Interpretation

These findings highlight the superior effectiveness of mClI-
MT in enhancing motor recovery compared to MT. While both
interventions positively contributed to motor function recov-
ery, mCIMT consistently led to greater improvements in upper
limb function, as demonstrated by the significant within- and
between-group differences in FMA-UE and WMFT scores.
The observed effect sizes and confidence intervals further
emphasise the robustness of these findings, supporting the
inclusion of MCIMT in neurorehabilitation programs for MCA
stroke patients.

Discussion

Modified constraint induced movement therapy (mCIMT)
has shown potential as an effective method for enhancing
fine motor skills in individuals post-stroke, with a primary focus
on the upper limb. This feasibility study aimed to assess the
efficacy of mCIMT in restoring fine motor function, particularly
in patients who experienced a stroke in the MCA region. Our
findings suggest that mCIMT significantly improves fine mo-
tor function in the upper limb when compared to mirror ther-
apy [22]. Modified CIMT shows promise as an effective strat-
egy to improve fine motor skills in individuals who have had
a stroke in the MCA area. By restricting the unaffected limb
and promoting intensive training and task-specific activities
for the affected limb, mCIMT leverages neuroplasticity mech-
anisms to improve motor recovery. This is particularly relevant
in MCA stroke cases, where fine motor deficits are often sig-
nificant due to the specific brain areas affected. In contrast,
mirror therapy uses visual feedback to simulate movement
in the affected limb by reflecting the actions of the unaffected
limb. Its goal is to stimulate neural pathways and support mo-
tor recovery by involving the mirror neuron system. In con-
trast, mCIMT involves restricting the use of the unaffected
limb to encourage intensive use of the affected limb through
task-specific activities, thereby harnessing neuroplasticity
mechanisms for facilitate motor relearning. While mCIMT
shows promise, it is essential to consider several limitations
that may impact its effectiveness. The therapy’s intensive na-
ture, requiring patient compliance and motivation, can lead
to decreased adherence, particularly in real-world clinical set-
tings. Additionally, emerging rehabilitation techniques, such
as robotic-assisted therapy and virtual reality-based rehabili-
tation, present alternative approaches that could complement
or, in some cases, surpass mCIMT. Robotic-assisted therapy
offers adaptive and consistent support for motor recovery,
particularly for patients with limited voluntary movement. Vir-
tual reality rehabilitation has shown potential in engaging
patients with immersive, task-oriented environments, which
may reduce the reliance on high patient motivation and en-
hance accessibility.

Our study findings are consistent with previous research,
supporting the effectiveness of mCIMT in improving upper
limb motor function post-stroke, as highlighted by Yadav et al.
[13]. We noted substantial enhancements in FMA and WMFT
scores among participants undergoing mCIMT, indicating
that the intensive, task-focused training regimen of mCIMT
could facilitate neuroplasticity and motor relearning, resulting
in improved motor capabilities [23]. Additionally, the contrast
with mirror therapy offers valuable perspectives on the com-
parative efficacy of various rehabilitation approaches. Mirror
therapy, which leverages visual feedback to enhance motor
imagery and aid in motor recovery, has demonstrated poten-
tial in stroke rehabilitation [24]. However, our results imply
that mCIMT could lead to more substantial enhancements in
fine motor function, as seen in the superior outcomes of the
mCIMT group According to Fleet et al., a 10-week intervention
conducted three times per week, known as modified CIMT
(mCIMT), proved to be a successful approach for enhanc-
ing upper extremity recovery following a stroke [25]. In that
research, a 10-week course of modified CIMT was imple-
mented for individuals who had experienced strokes in the
MCA region. Hijikata et al. [26] assert that the FMA-UE is
a reliable measure for assessing upper extremity fine motor
abilities in individuals who have had long-term strokes, par-
ticularly those with notable impairments. In their study, the
FMA is used to evaluate hand function in patients who have
experienced strokes in the MCA region. Hodics et al. affirm
that the average speed of completing tasks in the WMFT is
a reliable and responsive metric for characterising the func-
tional abilities of stroke survivors with substantial to severe
upper limb deficits [27]. In that research, the Wolf Motor Func-
tion Test is employed as a metric to assess outcomes.

The enhancements seen in fine motor function after mCIMT
are especially important for stroke survivors who struggle with
hand dexterity and coordination, as these challenges greatly
affect their daily activities. By focusing on particular motor
skills and encouraging rigorous practice, mCIMT seems to
meet the specific requirements of individuals post-stroke in
the MCA region, providing a customised and efficient meth-
od for rehabilitation.

In summary, the study provides valuable insights into
the potential effectiveness of mCIMT in restoring fine motor
function in individuals who have experienced strokes in the
MCA region. While mirror therapy may offer certain benefits
in motor rehabilitation, the evidence supporting the effec-
tiveness of mMCIMT in restoring fine motor function in MCA
stroke survivors is more robust. With its focused approach,
intensive training protocol, and neuroplasticity-enhancing
mechanisms, mCIMT stands out as a more effective inter-
vention for promoting significant improvements in upper limb
motor function and enhancing independence in daily activ-
ities among this population. The use of validated assessment
tools such as the FMA-UE and WMFT further bolsters the
credibility of the findings, reinforcing mCIMT as a viable treat-
ment option for individuals with MCA stroke. In conclusion,
while mCIMT remains a promising intervention for motor re-
covery in stroke survivors, a more comprehensive approach
to stroke rehabilitation should include comparisons with
emerging technologies like robotic-assisted therapy and vir-
tual reality rehabilitation. Addressing the intensive demands
of mCIMT, alongside considerations of patient motivation,
accessibility, and individual needs, will provide a more holistic
understanding of its role in stroke recovery.
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Limitations

It is important to acknowledge the limitations of this study.
The small sample size and the short duration of the feasibility
study may limit the broader applicability and long-term effec-
tiveness of the observed outcomes. Furthermore, the lack of
blinding and the potential for bias in group allocation could
have influenced the results. Future research should aim to
address these limitations and explore the optimal parameters
and long-term benefits of mCIMT in stroke rehabilitation.

Conclusions

This study assessed the effectiveness of modified con-
straint induced movement therapy in improving fine motor
function of the upper limb in middle cerebral artery stroke
survivors. The results indicate that mCIMT is a promising and
effective intervention for restoring fine motor skills, enhancing
hand function, and improving dexterity in individuals with
upper limb impairment following a stroke. The results indicate
that mCIMT should be considered a valuable component in
rehabilitation programs aimed at improving fine motor func-
tion in stroke survivors.

However, this study also underscores the need for further
research with larger sample sizes and randomised controlled
trials to fully elucidate the potential long-term benefits of
mCIMT. Future investigations should explore the optimal du-
ration and intensity of mCIMT therapy, assess its effective-
ness across a broader spectrum of patient populations, and
evaluate its impact across various stages of stroke recovery.
Also, qualitative studies investigating patient experiences and
satisfaction with mCIMT could provide essential insights to
refine therapeutic protocols and improve clinical outcomes.

Clinical implications

Clinicians and therapists may consider integrating mCIMT
into rehabilitation programs for MCA stroke patients with
upper limb impairments. This therapy could be particularly
effective when customised to meet individual patient needs,
with an emphasis on task-specific training to optimise func-
tional recovery. Combining mCIMT with other rehabilitation
strategies, such as mirror therapy or physical therapy, could
offer a more comprehensive approach to upper limb motor
recovery.

Further studies will be instrumental in optimising mCIMT
protocols for clinical use, ensuring that this promising inter-
vention can be integrated effectively into routine stroke reha-
bilitation.
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