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INTRODUCTION 
Worldwide, stroke ranks among the foremost 
causes of long-term disability, with over 12 
million new cases each year and more than 100 
million survivors living with lasting impairment1. 
Global burden-of-disease estimates likewise 
rank stroke among the leading contributors to 
disability-adjusted life years across all age 
groups2. The upper limb is affected more often 
than any other body region after stroke, with 
weakness present in roughly 55-85% of 
survivors during both the acute and chronic 
phases3-4. This typically appears as weakness, 
altered muscle tone, impaired coordination, and 

reduced dexterity, all of which limit a person’s 
capacity to manage daily activities 
independently and erode quality of life3. Despite 
improved survival after acute stroke, only a 
small proportion of patients regain full use of the 
paretic arm, underscoring the ongoing need for 
effective, evidence-based approaches to upper 
limb rehabilitation5. 
 
A range of neurorehabilitation approaches, 
each grounded in a distinct neurophysiological 
rationale, is used to promote upper-limb 
recovery after stroke. Mirror therapy (MT) 
provides visual feedback that creates the 
illusion of normal movement in the affected 
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ABSTRACT 

Background: The majority of stroke survivors have upper-limb weakness, which reduces their functional independence in the real 
world, but there is limited evidence from trials that directly compare upper-limb rehabilitation interventions. The study compared 
the efficacy of three types of therapies (Mirror Therapy (MT), Proprioceptive Neuromuscular Facilitation (PNF), and Constraint-
Induced Movement Therapy (CIMT)) in restoring motor function of the affected upper limb after stroke, when combined with 
conventional physiotherapy.  
 
Methods: This was a three-arm parallel-group trial of 90 adults with post-stroke upper-limb hemiparesis, with blinded outcome 
assessment. The participants were allocated in a 1:1:1 ratio to MT, PNF, or CIMT, each with conventional physiotherapy, 6 days 
per week. The Action Research Arm Test (ARAT), Fugl-Meyer Assessment of the Upper Extremity (FMA-UE), Modified Ashworth 
Scale (MAS), and grip strength were measured by a blinded assessor at baseline and at 12 weeks.  
 
Results: All 90 participants completed the trial with significant improvements from baseline on all four measures (p<0.001). A 
between-group difference at week 12 emerged only for the ARAT (one-way ANOVA, F=9.335, p<0.001): CIMT scored higher than 
both MT (p=0.002) and PNF (p<0.001), whereas MT and PNF were statistically indistinguishable. FMA-UE, MAS, and grip strength 
showed no between-group differences. 
 
Conclusion: All three interventions improved upper-limb function with CIMT showing the greatest benefit in task performance, as 
measured by the ARAT. When CIMT is not feasible, MT and PNF are effective alternatives. This highlights the need to tailor 
therapy choices to each patient’s goals and resources. 
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https://ojs.amrj.net/index.php/1/14
mailto:dr.subhangondal@gmail.com
https://doi.org/10.59564/amrj/04.03/001
https://orcid.org/0009-0002-4879-296X


Gondal et al. 2026 

Page | 4  

 

limb, a mechanism thought to drive cortical 
reorganization and motor relearning6. Trials of 
MT, whether delivered conventionally or 
through virtual-reality enhancement, have 
repeatedly shown clinically meaningful gains in 
motor function, sensorimotor integration, and 
daily functioning when added to conventional 
therapy6-9. PNF instead relies on diagonal and 
spiral movement patterns, paired with 
proprioceptive stimulation, to enhance 
neuromuscular efficiency and reduce spasticity, 
and has been shown to improve motor control 
and functional independence in stroke 
survivors10.  Among the most extensively 
studied approaches is constraint-induced 
movement therapy (CIMT), which restrains the 
unaffected limb to force intensive, repetitive 
practice with the paretic limb, thereby reversing 
learned non-use through use-dependent 
cortical plasticity11-13. Each of these three 
approaches outperforms conventional 
physiotherapy alone, though they act on distinct 
facets of neuroplasticity, motor learning, and 
behavioral adaptation. 
 

Although evidence supports the efficacy of 
each approach individually, few trials have 
directly compared MT, PNF, and CIMT head-to-
head within a single, adequately powered 
study. Most existing research has evaluated 
these therapies in isolation or against 
conventional therapy alone rather than against 
one another, leaving clinicians without a solid 
evidence base for choosing among them for a 
given patient14,15. This gap matters most in 
resource-limited settings, where selecting the 
most time- and cost-efficient option can shape 
both patient recovery and resource use. Adding 
to the uncertainty, many earlier comparative 
studies have relied on small sample sizes, a 
single outcome measure, or short follow-up 
periods, limiting the extent to which their 
conclusions about long-term upper limb 
recovery can be generalized.  
 

Closing this gap calls for a well-designed, 
adequately powered randomized controlled trial 
that compares these three widely used 
interventions head-to-head using standardized, 
validated outcome measures. This study was 
therefore undertaken to determine how mirror 
therapy, proprioceptive neuromuscular 
facilitation, and constraint-induced movement 
therapy, each added to conventional 
physiotherapy, affect upper-limb motor 
recovery, functional performance, spasticity, 
and grip strength in people with post-stroke 
upper-limb hemiparesis. 
 

 

METHODOLOGY 
 

Study Design and Setting  
This study was designed as a three-arm, 
parallel-group, assessor-blinded randomized 
controlled trial conducted in the Department of 
Physiotherapy, Ikram Hospital, Gujarat, 
Punjab, Pakistan, between July 2025 and 
January 2026. Eligible participants with post-
stroke upper-limb hemiparesis were randomly 
allocated in equal numbers to one of three 
groups; Mirror Therapy (MT), Proprioceptive 
Neuromuscular Facilitation (PNF), or 
Constraint-Induced Movement Therapy 
(CIMT); each delivered alongside conventional 
physiotherapy. 
 
Calculation of Sample Size 
The number of samples was determined based 
on a previous trial comparing CIMT versus MT 
for hand function recovery after stroke, which 
found between-group Fugl-Meyer Assessment 
(FMA) scores of 27.461 ± 2.757 for the CIMT 
group and 24.923 ± 2.253 for the MT group16. 
The number of subjects needed was estimated 
using the standard formula for comparing two 
independent means: 

 
n = 2σ²(Z_α/2 + Z_β)² / (μ1 − μ2)² 

 
Where: 

 Z_α/2 = 1.96 (95% confidence level, 
two-tailed) 

 Z_β = 0.84 (80% statistical power) 

 σ = pooled standard deviation of the 
two groups 

 (μ1 − μ2) = difference between group 
means 

 
This indicated that each group should have 
about 16 participants, based on a pooled SD of 
2.518 and a mean difference between groups 
of 2.538. This number was increased to 30 
participants per group to account for drop-off 
and increase statistical power, for a total of 90 
participants across the three arms. 
 
Randomization and Allocation Concealment 
A computer-generated random number 
sequence was used to assign eligible 
participants to one of the three intervention 
groups (MT, PNF, or CIMT). To conceal 
allocation, sequentially numbered, opaque, 
sealed envelopes (SNOSE) were prepared in 
advance and opened only after a participant 
had enrolled and completed baseline 
assessment; this step was carried out by an 
investigator with no role in delivering treatment 
or assessing outcomes. 
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Participants 
Ninety participants with post-stroke upper-limb 
hemiparesis, aged 25–65 years, of either sex, 
were recruited from the Department of 
Physiotherapy, Ikram Hospital, Gujarat. 
 
Inclusion Criteria: 

 Clinically or radiologically confirmed 
stroke patients 

 Both male and female participants 

 Age range of 25–65 years 

 Presence of unilateral upper limb 
hemiparesis 

 
Exclusion Criteria: 

 Inability to perform prescribed 
exercises 

 Lack of willingness or denial  to provide 
informed consent 

 Cognitive impairment has already been 
diagnosed, affecting comprehension or 
protocol compliance 

 
Interventions 
All three groups received their assigned 
intervention in addition to conventional 
physiotherapy (passive/active range-of-motion 
exercises, positioning, and functional mobility 
training), delivered five sessions per week for 
six weeks, with outcome assessment repeated 
at the 12-week mark. 
 

 Mirror Therapy (MT) Group: Participants 
were seated in front of a mirror box oriented 
in the mid-sagittal plane with the unaffected 
limb positioned in front of the mirror facing 
the participant and the affected limb behind 
the mirror. The participants performed a 
series of movements with the non-affected 
hand while observing the reflection of their 
own hand; this mechanism produced the 
illusion of normal motor function in the 
affected hand. Sessions lasted 
approximately 30 minutes and included 10-
15 repetitions of each movement pattern, 
with rest breaks to reduce fatigue. It has 
been hypothesized that this visual input 
activates mirror-neuron networks and 
activates the premotor cortex in the 
affected side, thus promoting motor 
relearning and reorganization6. 

 

 Proprioceptive Neuromuscular 
Facilitation (PNF) Group: Participants 
were given manually resisted exercises 
based on Kabat’s diagonal movement 
patterns (D1 and D2 Flexion/Extension 
patterns of the upper limb) as well as 
facilitation techniques such as rhythmic 
initiation, slow reversal, hold-relax, and 

contract-relax. The number of repetitions 
begun at each diagonal pattern was 10-15 
per set, for a total of approximately 30 
minutes of each session, and manual 
proprioceptive input (stretch, traction, and 
approximation) was applied to the 
shoulder, elbow, and wrist to maximize the 
recruitment of neuromuscular units, 
improve coordination, and decrease 
spasticity via reciprocal inhibition, 
respectively10. 

 

 Constraint-Induced Movement Therapy 
(CIMT) Group: Therapists prescribed 
wearing a padded mitt to restrict use of the 
non-affected upper limb for approximately 
90% of waking hours during treatment and, 
if possible, during structured CIMT at 
home. Supervised sessions lasted 
approximately 30 minutes. They included 
intensive, repetitive, task-oriented practice 
with the affected limb using the “shaping” 
technique, which involves dividing 
functional tasks (e.g., reaching, grasping, 
transferring objects, and manipulating daily 
items) into successive approximations of 
increasing difficulty. The forced and 
repetitive use of the paretic limb is designed 
to reverse learned non-use and foster use-
dependent reorganization of the cortex11,12. 

 
Outcome Measures 
All outcome measures were recorded at 
baseline and after 12 weeks of intervention by 
a blinded assessor not involved in treatment 
delivery. 
 

 Action Research Arm Test (ARAT): This 
is an observational test that consists of 19 
items across four subtests (pinch, grasp, 
gross movement, and grip) with each 
subtest scored on an ordinal scale from 0 
(no movement at all) to 3 (normal 
movement), for a maximum of 57 points, 
with higher scores indicating a better upper 
arm function. Both the Fugl-Meyer scale 
and the ARAT have good criterion validity 
in post-stroke patients with known motor 
impairments, and the ARAT exhibits 
excellent internal consistency across its 
items in this patient population17. 

 

 Fugl-Meyer Assessment for Upper 
Extremity (FMA-UE): This is a 33 Item 
performance-based assessment of motor 
impairment involving reflexes, movement 
within and outside of synergy, wrist and 
hand function, and movement speed and 
coordination. They are rated on a 3-point 
scale (0 = unable to perform, 1 = partial 
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performance, 2 = full performance), with a 
maximum possible score of 66, where a 
higher score indicates less impairment. 
This is considered the gold-standard stroke 
rehabilitation research tool because of its 
reliability, validity, and responsiveness18. 

 

 Modified Ashworth Scale (MAS): This is 
a clinician-rated spasticity test designed to 
assess resistance to passive stretch of the 
shoulder adductors, elbow flexors, and 
wrist flexors. A 6-point scale (0, no increase 
in tone; 1, 1+, 2, 3, 4, affected part rigid in 
flexion or extension) is used; the modal 
grade is recorded from three passive 
movement trials (one per muscle group), 
and higher scores indicate greater 
spasticity. This is because its standardized 
scoring protocol has demonstrated good-
to-excellent reliability, both within and 
between the scorers19. 

 

 Grip Strength: The maximal isometric grip 
strength of the affected hand was 
measured with the hand-held 
dynamometer setup when the participant 
sat with the shoulder adducted, elbow 
flexed at 90°, and forearm neutral. The final 
value was the mean of three trials with a 
short break between trials. This has been 
shown to have high test–retest and inter-
rater reliability (ICC > 0.9) among stroke 
patients20. 

 
Statistical Analysis 
SPSS (version 24.0) was used to analyze the 
data. Descriptive statistics (mean ± SD) were 
calculated for each outcome variable, and the 
Shapiro-Wilk test was performed to assess 
normality. The one-way analysis of variance 
(ANOVA) was used with Tukey’s post hoc test 
for pairwise comparisons to compare the 
groups at baseline and at the end of the 
intervention. Changes within groups over time 
(baseline to week 12) were evaluated using 
paired t-tests or the Wilcoxon signed-rank test, 
depending on the data distribution. All outcome 

tabulations were presented as 95% confidence 
intervals (CIs), and statistical significance was 
defined as p<0.05. 
 
Ethical Considerations 
Approval for this study was obtained from the 
Institutional Review Board of Ikram Hospital, 
Gujrat (IRB No. IKG-002/24) prior to 
recruitment and registered prospectively with 
ClinicalTrials.gov (Registration No. 
NCT07683130).All procedures adhered to the 
ethical principles set out in the Declaration of 
Helsinki and its subsequent amendments. Each 
participant, or their legal attendant where 
relevant, provided written informed consent 
after receiving a complete explanation of the 
study procedures and their potential risks and 
benefits, and all participants were informed that 
they could withdraw at any time without 
affecting their ongoing clinical care. 
 
 

RESULTS 
 
Participant Flow and Baseline 
Characteristics 
A total of 90 participants with post-stroke upper-
limb hemiparesis were enrolled and evenly 
distributed across the Mirror Therapy (MT, 
n=30), Proprioceptive Neuromuscular 
Facilitation (PNF, n=30), and Constraint-
Induced Movement Therapy (CIMT, n=30) 
groups, each receiving their assigned 
intervention alongside conventional 
physiotherapy. Every participant completed 
both the six-week intervention and the 12-week 
follow-up assessment, and none dropped out of 
any arm. The three groups were similar at 
baseline in demographic and clinical 
characteristics (Table 1); one-way ANOVA 
found no significant differences in age (F = 
0.20, p = 0.821) or time since stroke (F = 1.18, 
p = 0.311), supporting adequate randomization, 
and gender, affected side, and stroke type were 
likewise distributed similarly across groups. 
 
 

 

†One-way ANOVA 

Table 1: Baseline demographic and clinical characteristics of the three treatment groups. 

Characteristic 
Mirror Therapy 

(n=30) 
PNF 

(n=30) 
CIMT 
(n=30) 

p-value 

Age, years 
(mean ± SD) 

46.20 ± 8.12 46.83 ± 9.77 47.83 ± 8.52 0.821† 

Time since stroke, months (mean ± SD) 7.22 ± 3.10 6.63 ± 3.12 6.11 ± 3.37 0.311† 

Gender, Male / Female, n 16 / 14 18 / 12 18 / 12  

Affected side, Left / Right, n 15 / 15 17 / 13 15 / 15  

Stroke type, Ischemic / Hemorrhagic, n 19 / 11 28 / 2 23 / 7  
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Figure 1. CONSORT diagram showing participant enrollment, group allocation, follow-up, and analysis 

 

Baseline Comparability of Outcome 
Measures 
None of the four outcome measures differed 
significantly between groups at baseline: ARAT 
(p=0.175), FMA-UE (p=0.487), MAS (p=0.483), 

and grip strength (p=0.689) (Table 2), one-way 
ANOVA, confirming that the three groups were 
closely matched on motor impairment and 
function before treatment began.  

 

Table 2: Baseline and week-12 scores, within-group change, and between-group comparison for all outcome 
measures, by treatment group. 

Outcome 
measure 

Group 
Baseline 

(mean ± SD) 
Week 12 

(mean ± SD) 

Mean 
change ± 

SD 

Within-
group 

p-value 

Between-
group, 

baseline 

Between-
group, 

week 12 

ARAT 
(0–57) 

Mirror 
Therapy 

20.73 ± 7.41 29.17 ± 6.81 8.43 ± 3.19 <0.001 
F = 1.777, 
p = 0.175 

F = 9.335, 
p < 0.001 PNF 21.37 ± 7.63 28.47 ± 8.67 7.10 ± 3.33 <0.001 

CIMT 23.93 ± 5.69 36.10 ± 7.08 12.17 ± 4.84 <0.001 

Enrolled and randomized  
(n=90) 

Post-stroke upper limb 
hemiparesis, met eligibility 

criteria 

Mirror Therapy + 
Conventional 
Physiotherapy  

(n=30) 

PNF + Conventional 

Physiotherapy  

(n=30) 

CIMT + 

Conventional 

Physiotherapy  

(n=30) 

Lost to Follow-up / 

Discontinued 

Intervention 

(n=0) 

Lost to Follow-up / 

Discontinued 

Intervention 

(n=0) 

 

Lost to Follow-up / 

Discontinued 

Intervention 

(n=0) 

 

Analyzed 
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Analyzed 
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Analyzed 
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FMA-UE 
(0–66) 

Mirror 
Therapy 

30.97 ± 9.56 43.20 ± 9.05 12.23 ± 3.46 <0.001 
F = 0.725, 
p = 0.487 

F = 0.105, 
p = 0.900 PNF 32.97 ± 10.60 42.60 ± 11.39 9.63 ± 5.04 <0.001 

CIMT 30.03 ± 8.66 43.87 ± 11.45 13.83 ± 5.64 <0.001 

MAS 
(0–4)‡ 

Mirror 
Therapy 

1.20 ± 0.90 0.98 ± 0.88 −0.22 ± 0.39 0.005 
F = 0.735, 
p = 0.483 

F = 0.788, 
p = 0.458 PNF 1.28 ± 0.99 1.13 ± 0.96 −0.15 ± 0.33 0.017 

CIMT 1.47 ± 0.71 1.27 ± 0.78 −0.20 ± 0.39 0.008 

Grip 
strength 

(kg) 

Mirror 
Therapy 

9.04 ± 3.40 11.89 ± 3.62 2.85 ± 1.12 <0.001 
F = 0.374, 
p = 0.689 

F = 1.337, 
p = 0.268 PNF 8.33 ± 3.63 10.97 ± 3.85 2.65 ± 1.01 <0.001 

CIMT 8.49 ± 2.91 12.42 ± 2.82 3.92 ± 1.17 <0.001 

‡MAS grades were coded numerically (0, 1, 1+ = 1.5, 2, 3, 4) for statistical analysis. Within-group p-values are from paired       

t-tests (ARAT, FMA-UE, grip strength) or the Wilcoxon signed-rank test (MAS); between-group p-values are from one-way 

ANOVA (df = 2,87). 

‡MAS grades were coded numerically (0, 1, 1+ = 1.5, 2, 3, 4) for statistical analysis. 

 

Action Research Arm Test (ARAT) 
From baseline to week 12, all three groups 
showed significant within-group gains in ARAT 
score (paired t-test, p < 0.001 for each group; 
Table 2, Figure 2). The CIMT group gained the 
most (12.17 ± 4.84 points), ahead of Mirror 
Therapy (8.43 ± 3.19 points) and PNF (7.10 ± 
3.33 points). One-way ANOVA identified a 
significant between-group difference in ARAT 
score at week 12 (F = 9.335, p < 0.001). 
 

Post hoc Tukey testing confirmed that CIMT 
scored significantly higher on the ARAT than 
Mirror Therapy (mean difference = 6.93, 95% CI 
2.28–11.59, p = 0.002) and PNF (mean 
difference = 7.63, 95% CI 2.98–12.29, p < 
0.001), whereas Mirror Therapy and PNF did 
not differ significantly from one another (mean 
difference = 0.70, 95% CI −3.96–5.36, p = 
0.932) (Table 3, Figure 2). 
 

Table 3: Tukey's post hoc pairwise comparison for ARAT at week 12, the only outcome measure showing a significant 
overall between-group effect. 

Group-wise comparison (ARAT, Week 12) Mean difference 95% CI p-adj (Tukey) 

CIMT vs Mirror Therapy 6.93 2.28 to 11.59 0.002** 

CIMT vs PNF 7.63 2.98 to 12.29 <0.001*** 

Mirror Therapy vs PNF 0.70 −3.96 to 5.36 0.932 

**p < 0.01, ***p < 0.001. 
 

Figure 2: Mean ARAT scores (± SD) at baseline and week 12 across the Mirror Therapy, PNF, and CIMT groups. **p < 
0.01, ***p < 0.001 (Tukey post hoc, Week-12 comparison vs CIMT). 
 

Fugl-Meyer Assessment – Upper Extremity 
(FMA-UE) 
All three groups improved significantly on the 
FMA-UE between baseline and week 12 
(paired t-test, p < 0.001 for each group; Table 2, 
Figure 3), with average gains of 13.83 ± 5.64 
points for CIMT, 12.23 ± 3.46 points for Mirror 

Therapy, and 9.63 ± 5.04 points for PNF. The 
between-group comparison at week 12 was not 
significant (F = 0.105, p = 0.900), meaning the 
three interventions led to similar reductions in 
motor impairment as captured by the FMA-UE. 
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Figure 3: Mean FMA-UE scores (± SD) at baseline and 
week 12 across the three groups. One-way ANOVA 
showed no difference in the results between the 

groups at week 12 (p = 0.900). 
 

Modified Ashworth Scale (MAS) 
Spasticity, measured by the MAS, decreased 
significantly from baseline to week 12 in all 
three groups (Wilcoxon signed-rank test; p = 
0.008 for CIMT, p = 0.005 for Mirror Therapy, p 
= 0.017 for PNF; Table 2), though the reduction 
was modest in every group. No between-group 
difference emerged at week 12 (F = 0.788, p = 
0.458), pointing to a similar degree of spasticity 
reduction across all three treatment 
approaches.  
 
Grip Strength 
Maximal isometric grip strength of the affected 
hand rose significantly over the 12 weeks in 
every group (Table 2, paired t-test, p < 0.001 in 
each group). CIMT produced the largest within-
group gain (3.92 ± 1.17 kg), ahead of Mirror 
Therapy (2.85 ± 1.12 kg) and PNF (2.65 ± 1.01 
kg). Although this pattern favored CIMT, the 
difference between groups at week 12 was not 
statistically significant (F = 1.337, p = 0.268). 
 

DISCUSSION  
This three-arm trial aimed to compare Mirror 
Therapy, Proprioceptive Neuromuscular 
Facilitation, and Constraint-Induced Movement 
Therapy for upper-limb motor recovery in 
people with post-stroke hemiparesis. Every 
intervention led to significant within-group gains 
across all four outcomes, ARAT, FMA-UE, 
MAS, and grip strength demonstrating that 
each approach can drive meaningful recovery 
over a 12-week course. However, only the 
ARAT, which captures performance on 
functional tasks, revealed a statistically 
significant difference between groups: CIMT 
improved more than either Mirror Therapy or 
PNF, while the latter two produced similar 

gains. FMA-UE, MAS, and grip strength 
showed no between-group differences, 
suggesting the three interventions had broadly 
comparable effects on motor impairment, 
spasticity, and strength. 
 
CIMT’s greater gains on the ARAT align with 
the theoretical rationale of forced-use therapy, 
which counters learned non-use by restraining 
the unaffected limb and requiring intensive, 
repetitive, task-oriented use of the paretic 
limb11-13. Since the ARAT closely tracks real-
world manipulative actions such as grasping, 
gripping, and pinching, it may be especially 
responsive to the task-specific, functionally 
grounded practice built into CIMT’s shaping 
technique, where movements are drawn from 
everyday activities rather than isolated 
exercises. This mirrors a recent three-arm RCT 
that, for the first time, directly compared CIMT 
and MT and likewise found a greater, though 
not exclusive, advantage for CIMT in functional 
strength and independence measures21.  
 
It also aligns with a network meta-analysis of 
upper limb exercise interventions after stroke, 
which found task-specific and constraint-based 
training to be the most effective for restoring 
upper limb motor function22, and with a 
separate network meta-analysis of non-
conventional upper limb therapies, in which 
CIMT-based approaches consistently ranked 
among the top performers for activity-level 
outcomes23. 
 
Unlike the ARAT results, the lack of a significant 
between-group difference on the FMA-UE 
suggests that MT, PNF, and CIMT converge on 
a common pathway to recovery in motor 
impairment, rather than diverge. Because the 
FMA-UE assesses reflex activity, synergy 
patterns, and isolated joint movement rather 
than integrated functional performance18, it may 
respond more to the overall amount of active 
practice matched here at five sessions weekly 
for six weeks—than to the particular training 
format (mirror feedback, proprioceptive 
facilitation, or forced use).  
 
A comparative trial of modified CIMT, 
proprioceptive training, and task-oriented 
training reached a similar conclusion, reporting 
significant within-group gains across all three 
approaches with broadly equivalent outcomes, 
and suggesting that the amount and 
consistency of practice, rather than the specific 
technique used, drives recovery at the 
impairment level24. In line with this, a systematic 
review of dosing and timing in upper limb 
interventions after stroke found treatment 
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intensity and duration to be the key drivers of 
motor recovery, regardless of which 
intervention was used25. 
 
Outcomes for Mirror Therapy and PNF were 
statistically indistinguishable across all four 
measures, echoing earlier comparative work 
indicating that these two therapies confer 
similar overall benefit despite working through 
different mechanisms14,15. MT is thought to aid 
recovery by engaging the mirror neuron 
system, recruiting ipsilateral motor pathways, 
and restoring interhemispheric connectivity 
between the two primary motor cortices, as a 
recent resting-state fMRI study has shown26. 
PNF, on the other hand, depends on manually 
resisted diagonal movement patterns and 
proprioceptive facilitation to boost 
neuromuscular recruitment and dampen 
spasticity via reciprocal inhibition10. The fact 
that these mechanistically distinct approaches 
yielded statistically equivalent clinical outcomes 
here implies that, at least in this population, 
several different neurorehabilitative routes can 
converge on similar functional gains when 
matched for intensity and duration. 
 
Spasticity, as measured by the MAS, 
decreased significantly across all three groups, 
with no differences between them, indicating 
that adding MT, PNF, or CIMT to conventional 
physiotherapy produced a similarly modest 
anti-spastic effect. This aligns with a recent 
systematic review and meta-analysis reporting 
that MT reduces spasticity to a degree 
comparable to active exercise-based or 
traditional interventions, without clear evidence 
of superiority27. The modest average change in 
MAS grade seen across all three groups here 
may also reflect a ceiling effect, since baseline 
spasticity was already mild to moderate (1.20–
1.47), leaving limited room for further reduction 
over the 12-week trial period.  
 
Grip strength rose significantly across all 
groups, most markedly in the CIMT group, 
though the between-group difference fell short 
of significance. This is consistent with a 
modest, though not statistically significant, 
advantage for CIMT on hand-strength 
outcomes relative to MT, and aligns with 
evidence that hand-held dynamometry, while 
more reliable in stroke patients than in healthy 
controls, may lack the sensitivity to detect 
between-group differences of this magnitude 
without a larger sample or longer follow-up.  
 
These findings align with earlier work reporting 
numerically greater hand-function gains with 
CIMT than with MT in cerebrovascular patients, 

without diminishing MT’s value as a widely 
accessible, low-cost alternative16. Taken 
together with the present trial, the broader 
picture is that while CIMT can offer functional 
benefits, MT and PNF remain valuable options, 
particularly for patients unable to tolerate 
CIMT’s demanding training schedule or 
restraint protocol. From a clinical and resource-
allocation perspective, these findings carry 
implications for rehabilitation planning, 
particularly in resource-constrained settings 
such as the one in this study. Where the main 
rehabilitation goal is functional independence in 
activities of daily living (ADLs), CIMT may be 
the preferred choice; MT and PNF, being less 
equipment-, supervision-, and tolerability-
intensive, may be better suited when CIMT is 
impractical due to severe impairment, poor 
adherence to restraint, or limited therapist 
availability9,24.  
 
Given that the three therapies produced 
equivalent effects on impairment, spasticity, 
and strength, therapy selection should hinge on 
patient preference, cognitive and physical 
tolerance, and available resources, rather than 
on the assumption that one approach is 
universally superior. 
 
Strengths and Limitations 
A three-arm randomized design, a sufficient 
sample size, standardized and validated 
outcome measures, blinded assessment, and 
full follow-up at 12 weeks without attrition 
further increase confidence in these results. 
However, there are some constraints to 
consider. First, the single-center design and the 
relatively homogeneous sociodemographic 
profile of participants may limit the 
generalizability of these results to other settings 
and populations. Second, because only 
outcome assessors were blinded, there is a 
possibility of performance bias if the therapist 
and/or participants know which group they were 
assigned to. Third, the 12-week endpoint 
reflects only short-term recovery, and longer 
follow-up would be required to determine 
whether the benefit of CIMT is maintained, 
diminishes, or equals that of MT and PNF over 
time, as seen in similar trials conducted in the 
upper limb. Fourth, because no 
neurophysiological or neuroimaging studies 
were performed, differences between groups 
cannot be definitively attributed to distinct 
underlying mechanisms and may be due to 
differences in training specificity alone.  
 
Further trials using functional MRI or other 
imaging methods, as in mechanism studies of 
MT, may help determine whether the functional 
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benefit of CIMT is due to distinct patterns of 
brain reorganization or to targeted training. 
Lastly, the study did not measure cost-
effectiveness or patient-reported quality of life, 
both of which are important when considering 
implementation in a real-world, resource-limited 
rehabilitation setting. Further studies should 
include multi-center designs with longer follow-
up periods, economic analyses, and hybrid or 
sequential intervention protocols (e.g., CIMT 
after MT) to better balance the functional 
advantages of CIMT with the availability and 
tolerability of MT and PNF.  
 

CONCLUSION 
All three interventions (Mirror Therapy, CIMT, 
and Proprioceptive Neuromuscular 
Facilitation), plus standard physiotherapy, were 
shown to produce statistically significant 
improvements in upper-limb motor function, 
spasticity, and grip strength in patients with 
post-stroke upper-limb hemiparesis over 12 
weeks. CIMT produced a significantly greater 
benefit than either Mirror Therapy or PNF in 
activity level function (ARAT) and similar 
benefits in motor impairment (FMA-UE), 
spasticity (MAS), and grip strength. Based on 
these results, CIMT is more effective in 
improving functional task performance; 
however, Mirror Therapy and PNF are effective 
and well-tolerated when the CIMT’s restraint-
based protocol is not suitable. Therefore, the 
choice of adjunct therapy should be based on 
the individual patient’s clinical situation, 
functional goals, and available clinical 
resources, and should not be made on the 
assumption that any one technique is superior. 
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