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Aim: Stroke is a clinically defined syndrome characterized by an acute, focal neurological deficit due to
vascular injury. Strokes can result in various disabilities, including sensory and motor abnormalities, leading
to difficulties with motor control, balance and posture. Physical therapists use various neurorehabilitation
approaches to enhance the functional abilities and independence of stroke patients. The motor relearning
program (MRP) is a task-oriented, self-monitored, structured program based on motor control theories
and neuroplasticity used in the rehabilitation of stroke patients. Therefore, this study aimed to evaluate
the effectiveness of MRP in improving sit-to-stand transfer and activities of daily living in individuals
with chronic stroke. Materials & methods: A prospective, single-blinded, multi-centered randomized
controlled trial was conducted in Saudi Arabia involving 32 chronic stroke patients randomly assigned
to experimental (n = 16) and control (n = 16) groups. The experimental group received 45 minutes
of MRP combined with conventional physical therapy, while the control group received conventional
physical therapy alone. Interventions were delivered thrice weekly over 6 weeks (18 sessions). Outcome
measures included the Barthel Index (BI) and the sit-to-stand component of the motor assessment scale
(MAS), assessed pre- and post-intervention. Results: The experimental group demonstrated statistically
significant improvements in both MAS and Bl scores (p < 0.001), with large effect sizes (r = -0.865; for
MAS, Cohen’s d = 1.46 for BI). ANCOVA analyses revealed that baseline MAS scores (MAS_pre) significantly
influenced post-intervention outcomes (F[1, 29] = 65.33, p < 0.001), and the group effect remained
significant after adjusting for MAS_pre (F[1, 29] = 41.89, p < 0.001). The model explained 72.6% of the
variance in MAS _post scores (adjusted R? = 0.707), confirming the predictive strength of MRP. Similarly,
Bl_post scores were significantly predicted by Bl_pre and group assignment (F[1, 29] = 21.15, p < 0.001),
with the model accounting for 85.8% of the variance (Adjusted R? = 0.849). Conclusion: The motor
relearning program significantly improves sit-to-stand transfer and activities of daily living performance in
chronic stroke patients. Despite the small sample size and baseline MAS imbalance, these improvements
remained robust after statistical adjustment, underscoring MRP’s clinical utility in neurorehabilitation.
Clinical trial registration was done prospectively at https:/clinicaltrials.gov/ with the registration
no: NCT06690073
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Plain language summary

Background: Stroke is a medical condition that can cause problems with movement, balance and daily
activities. Physical therapy helps stroke survivors regain their independence. One approach called the
motor relearning program (MRP) focuses on practicing everyday tasks to improve movement and brain
recovery.

Purpose: This study looked at whether MRP could help people who had a stroke improve their ability to
stand up from a sitting position and perform daily activities.

What was done? Thirty-two stroke survivors in Saudi Arabia were divided into two groups. One group
received MRP along with regular physical therapy, while the other group received only regular therapy.
Both groups had 45-minute sessions, three times a week, for 6 weeks. Researchers measured how well
participants could stand up and carry out daily tasks before and after the treatment.

What was found? People who received MRP showed much better improvement in standing up and doing
daily activities compared with those who had regular therapy alone.

Conclusion: The motor relearning program is a powerful tool that can help stroke survivors improve their
movement and independence in daily life. It may be especially useful for people recovering from the
long-term effects of a stroke.

First draft submitted: 25 August 2025; Accepted for publication: 5 November 2025; Published online:
9 December 2025

Keywords: activities of daily living e motor activity e motor relearning program e physical therapy e stroke
rehabilitation

Stroke is a clinically defined syndrome marked by an acute, focal neurological deficit due to vascular injury, such as
infarction or hemorrhage, in the central nervous system [1]. Globally, stroke is recognized as the third leading cause
of physical disabilities in adults and the second leading cause of death in high-middle income countries 2. The
reported stroke burden in Saudi Arabia ranges from 19 to 57 cases per 100,000 population, with ischemic stroke
being the most prevalent type, followed by intracerebral hemorrhage and subarachnoid hemorrhage (3.

Stroke can result in a range of disabilities that present significant challenges for physical therapists. Common
impairments include sensory and motor dysfunctions, particularly involving the proprioceptive system, which affect
motor control, balance and postural stability. Muscle weakness is a prominent issue that compromises the ability
to sit, stand or walk, and its severity often depends on the location and extent of the brain injury. Alterations in
muscle tone are frequently observed due to damage to the cerebral cortex, leading to diminished regulation by
the spinal cord. Additional complications may include aphasia, impaired coordination and balance, convulsions,
hydrocephalus, abnormal reflexes and disruptions in motor programming [4].

Physical therapy is a common rehabilitation method following a stroke. Its main goal is to enhance patients’
functional abilities and independence, ultimately improving their overall quality of life (51. Physical therapists employ
a range of neurorehabilitation approaches to support stroke recovery, including neurodevelopmental treatment
(NDT), motor relearning program (MRP), proprioceptive neuromuscular facilitation (PNF), the Brunnstrom
technique, task-oriented strategies and constraint-induced movement therapy (CIMT). The effectiveness of each
approach may vary depending on factors such as the timing and duration of therapy, the availability of specialized
stroke rehabilitation services and the therapist’s clinical preferences and expertise [6,7].

MRP is a rehabilitation approach used for post-stroke rehabilitation to retrain functional skills based on motor
retraining theory. It is a structured, self-monitored practice which involves caregivers and rehabilitation staff. MRP
divides the tasks into four distinct stages: first, analyzing and observing the task; second, practicing the missing
components of the task with the help of verbal or visual instructions and manual guidance; third, practicing the
entire task, including the previously practiced missing component; and finally, training for transference (8,9].

A recent systematic review evaluating the effectiveness of the motor relearning program on upper limb function
post-stroke concluded that MRP yields short-term improvements in upper limb function among adults. However,
current evidence remains insufficient to establish its superiority over other rehabilitation interventions (7). Addi-
tionally, a randomized controlled trial investigating the impact of MRP on post-stroke balance reported a clinically
meaningful enhancement in patient balance following MRP training [10]. Nevertheless, the effectiveness of MRP
in improving sit-to-stand performance and activities of daily living (ADL) has not been comprehensively explored
in existing literature [10-12].
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Alqahtani ez al., through a cross-sectional survey conducted among physiotherapists in the Riyadh region of
Saudi Arabia, reported that the MRP was not a widely adopted approach for stroke rehabilitation, with only
21.7% of respondents indicating its use in clinical practice [13]. Recently, Alatawi F investigated the prevailing
clinical practices among Saudi physiotherapists in stroke rehabilitation and found that the MRP was the third most
commonly utilized approach, accounting for 25.38% of usage — following the Bobath/NDT and Brunnstrom
methods [14]. Both studies concluded that Saudi physiotherapists tend to use mixed methods instead of a single
rehabilitation approach for stroke rehabilitation.

Accordingly, this study was designed to offer evidence regarding the impact of MRP on enhancing sit-to-stand
transfer and ADL following a stroke. The primary objective is to evaluate the effectiveness of MRP in improving
these functional outcomes among individuals with chronic stroke.

Materials & methods

This study was a prospective, single-blinded, multicentered, randomized controlled trial design. The study took
place at the stroke units of King Saud Medical City and Prince Sultan Bin Abdul-Aziz Humanitarian City in Riyadh,
as well as the Ministry of Health Hospital in the Al-Jouf region, Saudi Arabia. The study included hemiplegic
stroke patients who had experienced a stroke for more than 6 months, aged between 45 and 65 years, of both
genders, with a minimum score of 24 on the Mini-Mental State Examination, and with normal vision. Patients
with unilateral neglect, cognitive impairments or visual impairments were excluded. Assessors were blinded to the
group assignment, and written consent was obtained from all patients for this study.

Sampling calculation & technique

The non-probability convenience sampling technique was used. Based on the previous study [11], we calculated the
sample size of the current study. The following method was applied to obtain the size of the sample. The sample
size we got was 16 in each group, making the total sample required for the study 32.

(021 4022/K) (z1 —0/2+ 21 — )2
h A2
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~(0.52+0.52/1) (1.96 + 0.84) 2
- 0.52

nl

nl =16

n2=Kxnl=16

A = |n2 — w1| = absolute difference between two means

o1, 02 = variance of mean #1 and #2

nl = sample size for group #1

n2 = sample size for group #2
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Figure 1. CONSORT diagram-flow of study participants in the study.

o = probability of type I error (usually 0.05)

B = probability of type II error (usually 0.2)

z = critical Z value for a given a or

k = ratio of sample size for group #2 to group #1
The CONSORT diagram is shown in Figure 1, explaining the flow of participants in this study.
Ethical considerations

The study was conducted after obtaining the institutional review board approval from the following hospitals: King
Saud Medical City (KSMC); approval no.: HIRE-24-May22-01, Al-Jouf Health Affairs; approval no.: 2022.19 and
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Prince Sultan Bin Abdul-Aziz Humanitarian City (SBAHC); approval no: 85-2022-IRB. The study was registered
at ClinicalTrials.gov (registration ID: NCT06690073).

Randomization & blinding

Chronic stroke patients from the three aforementioned hospitals were screened based on inclusion and exclusion
criteria. Written informed consent was obtained from individuals who met the eligibility criteria and agreed to
participate in the study. Eligible participants were then randomly assigned to either the experimental or control
group using a lottery method. Sealed envelopes were used to ensure an equal probability of group assignment.
To maintain allocation concealment, opaque, sequentially numbered envelopes were prepared by an independent
researcher not involved in participant recruitment or assessment. Importantly, outcome assessors at all three study
sites were blinded to group allocation to minimize assessment bias. They were not involved in any aspect of
participant recruitment, treatment administration or the randomization process, thereby ensuring the integrity of
the blinding procedure throughout the study.

Interventions

The control group received conventional physical therapy (CPT) for 45 minutes/session, three times per week
for 6 weeks (18 sessions). CPT treatments include mat activities, assisted movements, weight-bearing strategies,
stretching exercises, strengthening exercises and gait training [15]. At the same time, the experimental group received
the previously mentioned CPT treatment as well as MRP for sitting to standing and standing to sitting for 6 weeks,
for a total duration of 45 min per session (30 min of CPT treatment followed by 15 min MRP), three sessions per
week (18 sessions). The participants did not receive any concurrent therapies during the study period.

MRP of sitting and standing activities: During the MRP sessions focused on sit-to-stand training, the physical
therapist positioned themselves in front of the participant, who was seated in a chair with armrests. Participants
were guided to place their feet backwards and lean their trunk forward to initiate the movement. The therapist
provided manual assistance by supporting the participant’s hand and shoulder, encouraging a swift anterior trunk
flexion.

Once the forward lean was achieved, participants were instructed to press down through the affected foot and
rise quickly to a standing position while shifting their hips forward. To facilitate this movement, the therapist
applied gentle pressure through the participant’s knee along the shaft of the leg, promoting anterior displacement
and weight transfer during the transition.

MRP of standing to sitting: During the stand-to-sit training, the physiotherapist assisted the participant by
facilitating anterior shoulder movement and guiding knee flexion at the initiation of the descent. Participants were
instructed to maintain weight-bearing on the affected leg throughout the sitting motion to promote symmetrical
loading.

The exercise protocol included variations in seat height, controlled pauses at different points within the movement
range, and adjustments in speed — all tailored by the therapist to challenge motor control and functional stability.
Repetitions and intensity were individualized based on each participant’s physical capacity and progressively
increased over time. Throughout the sessions, therapists provided verbal feedback on weight distribution, movement
speed and performance quality to reinforce correct technique and encourage active participation [9,12].

Progression was standardized across the participants based on predefined performance benchmarks, such as task
completion accuracy and movement quality, assessed weekly. To ensure consistency in intervention delivery, the
principal investigator conducted weekly fidelity checks by reviewing session logs and directly observing selected
therapy sessions. Constructive feedback was provided to therapists as needed to maintain adherence to the protocol.

Outcome measures

Motor assessment scale: The motor assessment scale (MAS) is a clinical tool designed to evaluate motor function
in stroke patients. It evaluates eight functional activities: turning in bed, sitting, standing up, walking, balance
in sitting and activities of the upper arm, the wrist and the hand. The ninth item notes the general tone of the
body. Each item is scaled from 0 to 6, with a total possible score of 54, indicating normal function. The MAS
is considered a reliable and valid tool, making it a valuable tool for assessing disability levels according to WHO
criteria [9,16]. In this study, the ‘standing up’ component of the MAS was specifically used to evaluate participants’
ability to perform sit-to-stand transfers.
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Barthel Index: The Barthel Index (BI) is a widely used 10-item assessment tool that evaluates the level of assistance
required by stroke patients for mobility and daily living activities. Individual item scores are weighted and combined
to yield a total score ranging from 0 to 100, where a score of ‘0’ signifies complete independence in all ten activities.
The assessment typically takes 5-10 minutes to complete and is recognized for its strong validity and reliability in
the stroke population [17].

Data collection

The demographic data of the subjects were recorded on individual data entry sheets. The Mini-Mental State
Examination assessment was conducted for screening purposes, and regular neurological evaluations were performed
to inform treatment decisions. Outcome measures, including the MAS and BI, were assessed before and after 6
weeks of treatment.

Data analysis

All statistical analyses were performed using SPSS version 28. Descriptive statistics were calculated for all outcome
variables. Assumptions of normality were assessed using the Shapiro—Wilk test. BI scores were normally distributed,
allowing for the use of parametric tests. Within-group changes from pre- to post-intervention were analyzed
using paired-samples #-tests, and between-group comparisons of post-intervention scores were conducted using
independent-samples rtests. Effect sizes were calculated using Cohen’s 4, interpreted according to conventional
benchmarks (small: 0.2, medium: 0.5, large: 0.8). MAS scores were not normally distributed, necessitating the
use of nonparametric tests. Within-group changes were evaluated using the Wilcoxon Signed-Rank Test, and
between-group comparisons of post-intervention scores were assessed using the Mann—Whitney U test. Effect
sizes were calculated using 7, with values interpreted as small (0.1), medium (0.3) and large (0.5). To control for
baseline differences and assess the independent effect of group assignment, analysis of covariance (ANCOVA) was
conducted for both BI and MAS post-intervention scores, using pre-intervention scores as covariates, respectively.
Model fit was evaluated using R? and adjusted R?, and statistical significance was set at p < 0.05 for all analyses.

Results
A total of 32 patients were included in this study, and they were randomly allocated into two groups. The
participants’ demographic and baseline characteristics are given in Table 1.

A Wilcoxon signed-rank test was conducted to compare the pre- and post-intervention MAS scores within each
group (Table 2 & Figure 2). The experimental group revealed a statistically significant change in MAS scores from
pre- to post-intervention, Z = -3.46, p = 0.001. Out of 16 participants, 15 showed improvements in MAS score, a
positive rank and 1 no change (tie). The mean rank of the positive differences was 8.00, and a total sum of ranks of
120.00, indicating a consistent and meaningful change in MAS score after MRP. The effect size (7) was calculated
to assess the magnitude of the change, which yields a value of -0.865, reflecting a larger effect size, suggesting
MRP has a substantial effect in improving MAS scores. In contrast, the control group showed no statistically
significant change in MAS scores from pre- to post-intervention, Z = -1.73, p = 0.083. Out of 16 participants, 3
showed improvement (positive rank) and 13 showed no change (tie). The mean rank of the positive differences was
2.00, and a total sum of ranks of 6.00, indicating a limited improvement in MAS score after CPT. The calculated
effect size was -0.43, reflecting a moderate effect, suggesting that CPT may have had a meaningful but statistically
inconclusive impact on MAS scores

To compare post-intervention MAS scores (MAS_post) between groups, a Mann—Whitney U test was performed
(Table 3 & Figure 3). The results indicated no statistically significant difference, U = 81.00, Z = -1.85, p = 0.065.
The experimental group had a higher mean rank (19.44) compared with the control group (13.56), suggesting
a trend toward greater improvement in MAS scores following MRP. The effect size () was calculated as -0.33,
indicating a small to moderate effect, although the difference in MAS_post scores between groups was not statistically
significant (p = 0.065), the effect size suggests a potentially meaningful clinical difference favoring the experimental
group.

An ANCOVA was conducted to compare post-intervention MAS scores between the experimental and control
groups, while controlling for baseline MAS scores (MAS _pre). The overall model was statistically significant, F(2,
29) = 38.47, p < 0.001, indicating that the combination of group assignment and baseline motor function
significantly predicted MAS_post outcomes. The covariate MAS_pre had a strong and statistically significant effect
on MAS _post, F(1, 29) = 65.33, p < 0.001, confirming that baseline motor ability was a major determinant of
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Table 1. Demographical and baseline characteristics of the participants (n = 32).
Variables

Mean =+ SD, frequency (%), median (range)

Experimental Control

Gender

Male 9 (56.2%) 14 (87.5%)

Female 7 (43.8%) 2 (12.5%)
Type of stroke

Ischemic 13 (81.2%) 12 (75%)

Hemorrhagic 3(18.8%) 4(25%)
Post-stroke duration (months) 8 (6-95) 16 (6-84)
Affected side

Left 5(31.2%) 8 (50%)

Right 11 (68.8%) 8 (50%)

Hypertension

Yes 12 (75%) 13 (81.2%)

No 4 (25%) 3(18.8%)
Diabetes

Yes 13 (81.2%) 10 (62.5%)

No 3(18.8%) 6 (37.5%)
Smoking

Yes 6 (37.5%) 4 (25%)

No 10 (62.5%) 12 (75%)
Age (years) 57.31 £ 5.86 52.31 £ 6.37
BMI (kg/m?) 30.2+7.24 28.48 +5.39
MMSE score 26.56 + 2.8 28.47 +£5.39
Barthel Index

Pre-test 58.75 + 15.21 63.13 + 15.04

Post-test 71.56 + 17.86 65.01 + 17.22
MAS score

Pre-test 2 (1-4) 4 (1-5)

Post-test 5 (2-6) 4 (1-5)

BMI: Body mass index; MAS: Motor assessment scale; MMSE: Mini-mental state examination; SD: Standard deviation.

Table 2. Paired-samples t-test results for Barthel Index scores (pre- and post-intervention).

Group Mean difference SD t (df) 95% Cl p-value Cohen’s d
Experimental 12.81 75 5.86 (15) 8.15, 17.48 <0.001 1.46
Control 1.88 03 1.86 (15) -0.27, 4.02 0.083 0.47

df: Degrees of freedom; SD: Standard deviation; CI: Confidence interval.

post-intervention scores. Importantly, the group effect was statistically significant, F(1, 29) = 41.89, p < 0.001,
suggesting that participants in the experimental group achieved significantly greater improvements compared with
those in the control group, even after adjusting for baseline differences. The model explained 72.6% of the variance
in MAS_post scores (R? = 0.726, Adjusted R? = 0.707), indicating strong predictive power and excellent model fit
(Table 4).

A paired-samples #-test was conducted to compare pre- and post-intervention BI scores within each group
(Table 5 & Figure 4). In the experimental group, the analysis revealed a statistically significant improvement in
BI scores, t(15) = 5.86, p < 0.001. The mean difference was 12.81 (SD = 8.75), with a 95% ClI ranging from
8.15 to 17.48, indicating a reliable enhancement in functional independence. The magnitude of this change was
quantified using Cohen’s d, which yielded a value of 1.46. This reflects a large effect size, suggesting that the MRP
had a substantial positive impact on participants” ability to perform ADLs.

In contrast, the control group showed no statistically significant change in BI scores from pre- to post-intervention,
t (15) = 1.86, p = 0.083. The mean difference was 1.88 (SD = 4.03), with a 95% CI ranging from -0.27 to 4.02.
Although not statistically significant, the Cohen’s & of 0.47 suggests a moderate effect size, indicating a potentially
meaningful improvement following CPT.

An independent-samples #-test was conducted to compare post-intervention BI scores (BI_post) between the
experimental and control groups (Table 6 & Figure 5). The results showed no statistically significant difference in
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Figure 2. Comparison of median in motor assessment scale scores between experimental and control groups.

Table 3. Independent-samples t-test comparing Barthel Index post-intervention scores between groups.
Comparison Mean Difference SE 95% ClI t (df) p-value Cohen’sd
Bl_post (experimental vs control) 6.56 6.20 -6.11, 19.23] 1.06 (30) 0.299 0.37

df: Degrees of freedom; SD: Standard deviation; Cl: Confidence interval; BI: Barthel index.

BI_post scores between groups, t(30) = 1.06, p = 0.299. The mean difference was 6.56 (SE = 6.20), with a 95% CI
ranging from -6.11 to 19.23, suggesting that the true difference could range from a slight advantage for the control
group to a moderate benefit for the experimental group. Cohen’s & was approximately 0.37, indicating a small to
moderate effect. Although the difference in BI_post scores was not statistically significant (p = 0.299) between the
groups, the effect size suggests a potentially meaningful clinical difference favoring the experimental group.

An ANCOVA was conducted to compare BI_post scores between the experimental and control groups, while
controlling for baseline BI scores (BI_pre). The overall model was statistically significant, F (2, 29) = 87.83,
p < 0.001, indicating that the combination of group assignment and baseline BI_pre scores significantly predicted
BI_post outcomes. The covariate Bl_pre had a strong and significant effect on BI_post, F (1, 29) = 168.29, p < 0.001,
confirming that baseline functional status was a major determinant of post-intervention scores. Importantly, the
group effect was statistically significant, F (1,29) = 21.15, p < 0.001, suggesting that participants in the experimental
group achieved significantly higher BI_post scores compared with those in the control group, even after adjusting
for baseline differences. The model explained 85.8% of the variance in BI_post scores (R? = 0.858, Adjusted
R? = 0.849), indicating excellent model fit and strong predictive power (Table 7).

Discussion

Chronic stroke individuals often struggle with sit-to-stand transfers, a key activity of daily living, which increases
their fall risk. ADL dependency affects 35% of stroke survivors within the first year [18], highlighting the importance
of targeted rehabilitation for this population. This study is a single-blinded, multicenter, randomized controlled
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Figure 3. Comparison of median in MAS _post scores between experimental and control groups.

Table 4. Analysis of covariance results for the Barthel Index post-intervention, controlling for the

pre-intervention scores.

F (df) p-value
Overall model 87.83 (2, 29) <0.001
Bl_pre (covariate) 168.29 (1, 29) <0.001
Group (effect) 21.15(1, 29) <0.001
R?/adjusted R? 0.858,/0.849 —

df: Degrees of freedom.

Table 5. Wilcoxon signed-rank test results for motor assessment scale scores (pre- and post-

intervention).

Group Z-value p-value Positive ranks Mean rank Sum of ranks Effect size (r)
Experimental -3.46 0.001 15 8.00 120.00 -0.865
Control -1.73 0.083 3 2.00 6.00 -0.43

trial that aims to evaluate the effectiveness of MRP in improving sit-to-stand transfer and ADL of the chronic
stroke population. The study group received 6 weeks of MRD, specifically sit-to-stand transfer training, and the
control group received CPT, whereas both groups completed 18 sessions of treatment in total for a duration
of 45 min per session. The results of this study found that MRP is more effective in improving sit-to-stand
transfer and ADL than the CPT in chronic stroke patients, as evidenced by the improvements in the MAS and
BI scores.

The MRP is a task-oriented rehabilitation approach that promotes purposeful movement through repetitive,
focused practice of functional activities. It utilizes sensory feedback to help the brain ‘rewire’ itself and improve motor
control [10,19]. In our study, we applied MRP specifically to the sit-to-stand transfer, a critical activity for daily living,
in chronic stroke patients. The experimental group, which received MRP combined with CPT, showed significant

Research Article

10.57264/cer-2025-0133



Research Article

Alfaleh, Shaik, Balasubramanian et al.

100.00 - Bl_Pre
BI_Post

80.00
]
° 60.00
(2
(7]
o
c
©
=

40.00

20.00

0.00 T T
Experimental Control

Group

Figure 4. Comparison of the mean in Barthel Index scores between experimental and control groups.

Table 6. Mann-Whitney U test comparing motor assessment scale post-intervention scores between

groups.

Comparison U-value Z-value p-value Mean rank Effect size (r)
Experimental Control

MAS_post 81.00 -1.85 0.065 19.44 13.56 -0.33

improvements in both sit-to-stand performance and ADL compared with the control group, which received
CPT alone. CPT interventions included mat activities, assisted movements, weight-bearing strategies, stretching,
strengthening exercises and gait training. Our findings align with those of Sherin U ez 4/, who evaluated MRP
combined with mirror therapy and motor imagery techniques in chronic stroke patients. Their study demonstrated
enhanced sit-to-stand performance, supporting the effectiveness of MRP-based interventions. Similarly, Ghrouz
et al. investigated MRP’s impact on balance and postural control when paired with CPT, concluding that MRP
was more effective than CPT alone and had lasting benefits — further validating our results [10,12]. In our study,
the mean difference in MAS scores for the sit-to-stand component of MRP between pre-test and post-test in the
experimental group was 2.17. This is consistent with Sherin U et al’s reported mean differences of 2.9, 1.1, and
2.17, reinforcing the reliability of our findings [12].

The specificity principle in the MRP for stroke rehabilitation emphasizes training in functional tasks that closely
mirror everyday activities. In our study, this principle was applied through sit-to-stand transfers, which simulate
routine movements such as adjusting seat heights, varying speeds, and performing stooping actions. This task-
specific approach led to substantial improvements in lower limb function among post-stroke patients [9]. Several
studies have highlighted sitting and standing as core components of MRP interventions, reinforcing the specificity
principle of exercise training, which states that exercises resembling desired functional outcomes yield more effective
results [20-23]. George Hornby ez al. further emphasized the importance of specificity in post-stroke rehabilitation,
noting that targeted training enhances neuroplasticity, cardiovascular function and lower limb performance. These
findings support our study’s conclusion that MRP-based, specificity-driven interventions significantly contribute
to functional recovery in stroke patients [24].
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Figure 5. Comparison of the mean in Barthel Index scores in Bl_post scores between experimental and control
groups.

Table 7. Analysis of covariance results for motor assessment scale post-intervention scores, controlling

for the pre-intervention scores.

F(df) p-value
Overall model 38.47(2, 29) <0.001
MAS_pre (covariate) 65.33(1, 29) <0.001
Group (effect) 41.89(1, 29) <0.001
R? /adjusted R? 0.726/0.707 —

df: Degrees of freedom.

Difficulty in performing ADL is a common challenge among chronic stroke patients, often contributing to
physical, cognitive and emotional impairments (25,26]. In light of this, our study aimed to evaluate the effectiveness
of the MRP in improving ADL performance in this population. Our findings revealed a significant improvement in
ADL among participants in the experimental group, as measured by the BI. The experimental group demonstrated a
mean difference of 12.81 in BI scores, compared with just 1.88 in the control group. This substantial improvement
is likely attributed to the task-specific nature of MRP, which enhances motor control and functional capacity
by targeting and reinforcing movement patterns relevant to daily activities [27]. To optimize post-stroke recovery,
rehabilitation strategies must incorporate key elements such as task intensity, specificity of training and enriched
sensorimotor experiences. MRP integrates all these components, particularly through sit-to-stand transfer training,
which closely mirrors routine functional tasks. This targeted approach not only improves lower limb function but
also translates into meaningful gains in ADL performance, reinforcing the clinical value of MRP [28]. Furthermore,
the minimal clinically important difference for the BI, as reported by Hsieh ez 4/, is 1.85, highlighting the clinical
relevance of our observed improvement and supporting the efficacy of MRP in promoting functional recovery
among chronic stroke patients [29].

In stroke rehabilitation, various physical therapy approaches have been employed, including the Bobath ap-
proach, PNE Rood’s approach, CIMT and treadmill training 30,31]. Among these, the MRP has shown superior
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outcomes. For instance, Langhammer ¢# /. compared MRP with the Bobath approach in tasks such as sitting and
hand function, reporting better results in the MRP group. Supporting our findings, Kanase ez /. demonstrated
that MRP was more effective than CPT in improving both basic and functional mobility in chronic stroke patients.
Similarly, Singha et 4/. found that MRP led to greater improvements in functional mobility compared with PNF
techniques. While CPT includes therapeutic exercises such as flexibility and strength training, these interventions
alone do not significantly enhance functional mobility [23). Further evidence comes from studies evaluating tread-
mill and robotic-assisted therapies. Despite their emphasis on repetitive movement, these approaches have not
consistently yielded significant functional improvements and are considered less effective than MRP in chronic
stroke rehabilitation [32,33]. Our study is also supported by a recent systematic review by Brown ez al., which
examined the most effective physical rehabilitation strategies for post-stroke recovery. The review concluded that
task-oriented interventions like MRP significantly improve ADL and motor function, with sustained long-term
benefits, reinforcing the clinical relevance and efficacy of MRP in promoting recovery and functional independence
among stroke patients [31].

Previous studies by Kashoo et /. and Alatawi ez al. [14,34] reported that the Bobath/NDT approach remains the
most widely used method among physical therapists in Saudi Arabia, often preferred over newer, evidence-based
techniques. In contrast, our multicenter, prospective randomized trial — conducted across three tertiary hospitals
in Saudi Arabia — demonstrated that the MRP significantly improves sit-to-stand transfers and enhances ADL in
chronic stroke patients. By introducing and validating MRP within the Saudi clinical setting, our study offers
a valuable contribution to stroke rehabilitation. These findings support the use of task-specific, evidence-based
strategies and can help physical therapists improve functional recovery and ADL outcomes for stroke patients across
the region.

Clinical implications

The findings of this multicenter trial support the integration of the MRP into stroke rehabilitation protocols in
Saudi Arabia. Despite the widespread use of traditional approaches like Bobath/NDT among physical therapists,
MRP demonstrated superior outcomes in improving sit-to-stand transfers and ADL in chronic stroke patients [14,34].
Introducing MRP into clinical practice offers a task-specific, evidence-based alternative that can enhance functional
recovery and promote greater independence. These results highlight the need to update current rehabilitation
guidelines to include MRP as a standard intervention for stroke care in the region.

Study limitations

This study has several limitations that should be considered when interpreting the findings. First, the small
sample size of 32 participants may limit the statistical power to detect subtle but clinically meaningful differences
between groups, and restricts the generalizability of results to the broader stroke population. Second, the use of
convenience sampling from selected rehabilitation centers in Saudi Arabia may introduce selection bias and reduce
the representativeness of the sample. Third, despite random assignment, there was a baseline imbalance in MAS
scores between groups. Although ANCOVA was applied to adjust for this difference, the possibility of residual
confounding cannot be entirely excluded. Additionally, the study was conducted within a specific cultural and
healthcare context in Saudi Arabia, where factors such as cultural attitudes toward rehabilitation, family support
systems and healthcare access may influence participation and outcomes, potentially limiting the applicability of
findings to other regions. Future research should address these limitations by recruiting larger and more diverse
samples, using stratified randomization to ensure baseline equivalence, and conducting multinational studies to
enhance external validity.

Conclusion

In conclusion, the MRP demonstrates a significant improvement in sit-to-stand transfers and ADL among chronic
stroke patients compared with CPT alone. Despite the small sample size and baseline MAS imbalance, these
improvements remained robust after statistical adjustment, underscoring MRP’s clinical utility in neurorehabili-
tation. Our findings highlight the importance of integrating the MRP technique to enhance ADL in the chronic
stroke population. This study also encourages physical therapists in Saudi Arabia to adopt MRP as part of their
rehabilitation practices.
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Summary points

e Stroke impacts motor and sensory systems, often impairing balance, posture and independence in daily activities.

e Motor relearning program (MRP) is a task-specific, neuroplasticity-driven approach that uses repetitive,
functional training to restore purposeful movement.

e A multicenter randomized controlled trial was conducted in Saudi Arabia with 32 chronic stroke patients to
evaluate MRP’s effectiveness.

e The experimental group received MRP plus conventional physical therapy, while the control group received
conventional physical therapy alone; both completed 18 sessions over 6 weeks.

e Outcome measures included the sit-to-stand item of the motor assessment scale and the Barthel Index (Bl) for
activities of daily living (ADL).

e The MRP group showed significant improvements in the motor assessment scale and Bl scores (p < 0.001), with a
mean Bl change of 12.81 versus 1.88 in the control group.

e MRP's task-specific training (e.g., sit-to-stand) aligns with the specificity principle, enhancing lower limb function
and activities of daily living performance.

e Compared with other approaches like Bobath, PNF and constraint-induced movement therapy, MRP
demonstrated superior functional outcomes and practical clinical applicability.

e Despite its effectiveness, MRP remains under-utilized in Saudi Arabia, likely due to limited awareness, training
and cultural preferences for traditional methods.

e Integrating MRP into clinical practice — via therapist education, updated guidelines and curriculum reform — may
improve stroke rehabilitation outcomes regionally and globally.
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