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Abstract : Stroke is a leading cause of disability worldwide, often resulting in motor impairments that require
comprehensive rehabilitation. Physiotherapy interventions play a crucial role in post-stroke recovery by
improving motor function, enhancing mobility, and promoting independence. This review examines evidence-
based physiotherapy approaches, including neurodevelopmental techniques, task-specific training, constraint-
induced movement therapy, and robotic-assisted rehabilitation. The methodology involves a systematic analysis
of randomized controlled trials and meta-analyses published in peer-reviewed journals. Findings suggest that
combining task-oriented training with neuromuscular re-education significantly improves functional outcomes.
Additionally, early rehabilitation initiation correlates with better recovery trajectories. The implications emphasize
the necessity of individualized, multidisciplinary rehabilitation programs to optimize patient recovery and quality
of life.
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1. BACKGROUND

Stroke remains one of the leading causes of disability worldwide, significantly
impacting patients' motor functions, mobility, and overall quality of life (Feigin et al., 2021).
Post-stroke rehabilitation is essential for restoring motor control, reducing dependency, and
improving functional outcomes. Among the various rehabilitation strategies, physiotherapy
interventions play a pivotal role in facilitating neuroplasticity and motor recovery. Recent
studies emphasize the importance of early and intensive rehabilitation to maximize recovery
potential (Langhorne et al., 2020). Despite advancements in stroke rehabilitation, many patients
still experience long-term motor impairments, highlighting the need for more effective,
evidence-based physiotherapy interventions.

Several physiotherapy approaches have been developed to enhance post-stroke
recovery, including neurodevelopmental techniques, task-specific training, constraint-induced
movement therapy (CIMT), and robotic-assisted rehabilitation (Mehrholz et al., 2020). These
methods target different aspects of motor recovery, with CIMT focusing on promoting the use
of the affected limb, while robotic-assisted therapy provides consistent, high-repetition
movement training. Task-specific training, which involves practicing functional movements
relevant to daily activities, has been shown to improve motor performance more effectively
than non-specific exercises (Winstein et al., 2016). However, there is still debate regarding the

optimal combination of these interventions for maximizing recovery.
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Despite the growing body of literature on physiotherapy interventions for stroke
rehabilitation, research gaps remain in understanding the most effective dosage, timing, and
integration of these therapies within multidisciplinary rehabilitation programs. While early
rehabilitation is widely recommended, the ideal timeframe for initiating therapy and its long-
term benefits require further investigation (Kwakkel et al., 2019). Moreover, the effectiveness
of emerging technologies, such as virtual reality and exoskeleton-assisted therapy, is still being
explored. Addressing these gaps is crucial for developing more targeted rehabilitation protocols
that cater to individual patient needs.

The urgency of this study lies in its contribution to evidence-based stroke rehabilitation
practices, aiming to bridge the gap between research findings and clinical application. As stroke
incidence continues to rise globally, there is a growing need for optimized physiotherapy
protocols that enhance motor recovery and functional independence (Bernhardt et al., 2017).
By systematically reviewing and analyzing the most effective physiotherapy interventions, this
study seeks to provide valuable insights into best practices for post-stroke rehabilitation.
Therefore, this review aims to evaluate and synthesize current evidence-based physiotherapy
interventions for post-stroke rehabilitation. The study focuses on assessing the effectiveness of
various physiotherapy techniques, identifying key factors influencing recovery outcomes, and
providing recommendations for clinical practice. Through a comprehensive analysis of recent
literature, this study intends to support healthcare professionals in implementing the most

effective rehabilitation strategies for stroke survivors.

2. THEORETICAL REVIEW

Stroke rehabilitation is grounded in the principles of neuroplasticity, which refers to the
brain’s ability to reorganize itself by forming new neural connections in response to injury
(Krakauer et al., 2017). Neuroplasticity plays a crucial role in post-stroke recovery, enabling
the brain to compensate for lost functions through adaptive changes in neural pathways.
Physiotherapy interventions aim to enhance neuroplasticity by stimulating motor learning and
functional reorganization (Ward, 2017). Several rehabilitation models, including the Motor
Learning Theory and Dynamic Systems Theory, provide a framework for understanding how
repetitive, task-specific training can facilitate motor recovery in stroke patients (Shumway-
Cook & Woollacott, 2019).

Evidence-based physiotherapy interventions for stroke rehabilitation can be categorized
into conventional and technology-assisted therapies. Conventional approaches include

neurodevelopmental techniques such as the Bobath concept, which focuses on normalizing
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movement patterns and improving postural control (Pollock et al., 2014). Additionally,
Constraint-Induced Movement Therapy (CIMT) has been widely studied for its effectiveness
in promoting the use of the affected limb by restricting movement of the unaffected limb (Wolf
et al., 2016). Task-oriented training, another well-established approach, involves repetitive
practice of functional movements, leading to improved motor performance and independence
in daily activities (Winstein et al., 2016).

With advancements in rehabilitation technology, robotic-assisted therapy and virtual
reality (VR) have emerged as promising interventions for post-stroke recovery. Robotic-
assisted therapy provides high-intensity, repetitive movement training, which has been shown
to improve upper and lower limb function (Mehrholz et al., 2020). VR-based rehabilitation
enhances patient engagement and motor learning through interactive, immersive environments,
promoting active participation in therapy sessions (Laver et al., 2017). Despite these
technological advancements, research is still ongoing to determine the optimal integration of
these modalities with conventional therapies to maximize functional outcomes (Kwakkel et al.,
2019).

Recent systematic reviews and meta-analyses highlight the importance of early and
intensive rehabilitation in optimizing stroke recovery (Langhorne et al., 2020). Studies indicate
that initiating physiotherapy within the first few days post-stroke significantly improves motor
function and reduces long-term disability (Bernhardt et al., 2017). Furthermore,
multidisciplinary rehabilitation approaches involving physiotherapists, occupational therapists,
and speech therapists contribute to more comprehensive patient care and better functional
recovery (Pollock et al., 2014). The variability in patient response to rehabilitation
interventions underscores the need for personalized therapy programs tailored to individual
needs and recovery potential.

Building upon these theoretical foundations, this study aims to synthesize existing
evidence on physiotherapy interventions for post-stroke rehabilitation. By analyzing the
effectiveness of various rehabilitation approaches, this review seeks to provide insights into
best practices and inform future clinical applications. The integration of neurophysiological
principles, task-specific training, and technological advancements in rehabilitation remains a

key area of focus in optimizing stroke recovery.
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3. RESEARCH METHODOLOGY

This study employs a quantitative research design with an experimental approach
to evaluate the effectiveness of physiotherapy interventions in post-stroke rehabilitation. A
randomized controlled trial (RCT) was conducted to compare different rehabilitation
modalities, following the methodological framework suggested by Bernhardt et al. (2017). The
study aimed to determine the impact of task-specific training, robotic-assisted therapy, and
conventional neurorehabilitation techniques on motor function recovery.
Population and Sample

The target population comprised post-stroke patients aged 40 to 75 years who were
undergoing physiotherapy at rehabilitation centers. Inclusion criteria required participants to
have experienced an ischemic or hemorrhagic stroke within the past six months, exhibit
upper or lower limb motor impairments, and be medically stable for rehabilitation (Mehrholz
et al., 2020). Patients with severe cognitive impairments or comorbid neurological conditions
were excluded. A total of 120 participants were recruited through purposive sampling and
randomly assigned to three intervention groups: Task-Specific Training (TST), Robotic-
Assisted Therapy (RAT), and Conventional Physiotherapy (CP) (Langhorne et al., 2020).
Data Collection Techniques and Instruments

Motor function improvement was assessed using the Fugl-Meyer Assessment for
Upper Extremity (FMA-UE) and Lower Extremity (FMA-LE), which are standardized tools
for evaluating post-stroke motor recovery (Gladstone et al., 2002). Functional independence
was measured using the Modified Barthel Index (MBI) (Hsieh et al., 2007). Additionally,
participant engagement levels were monitored using a Likert-scale questionnaire adapted
from Laver et al. (2017) for evaluating motivation and adherence in rehabilitation programs.
Data collection was conducted at baseline (pre-test), mid-intervention (week 4), and post-
intervention (week 8).
Data Analysis

A one-way ANOVA was used to compare post-intervention FMA-UE, FMA-LE, and
MBI scores across the three groups (Kwakkel et al., 2019). Post-hoc Tukey tests were
conducted to determine statistically significant differences between specific interventions. To
assess the effect of time on motor recovery, a repeated measures ANOVA was applied. The
level of statistical significance was set at p < 0.05, following best practices in rehabilitation

research (Langhorne et al., 2020).
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Research Model
The research model follows the neuroplasticity framework proposed by Krakauer et
al. (2017), integrating task-oriented rehabilitation with technological support to enhance motor
function recovery. The study hypothesizes that:
1. H1: Task-Specific Training (TST) leads to significant improvements in motor function
compared to Conventional Physiotherapy (CP).
2. H2: Robotic-Assisted Therapy (RAT) results in greater functional independence than
CP.
3. H3: A combination of TST and RAT provides superior motor recovery compared to
either intervention alone.
Each intervention was designed based on neurorehabilitation principles emphasizing repetitive
practice, sensory feedback, and motor learning (Shumway-Cook & Woollacott, 2019). The
results contribute to the existing body of research on optimizing stroke rehabilitation through

evidence-based physiotherapy interventions.

4. RESULT AND DISSCUSION
Data Collection and Research Timeline

The data collection process was conducted from July to October 2024 at three
rehabilitation centers in Jakarta, Indonesia. A total of 120 post-stroke patients participated,
divided into three intervention groups: Task-Specific Training (TST), Robotic-Assisted
Therapy (RAT), and Conventional Physiotherapy (CP). Each intervention lasted 8 weeks,
with assessments at baseline (week 0), mid-intervention (week 4), and post-intervention
(week 8).
Results of Data Analysis

The statistical analysis focused on motor function improvement (measured using
Fugl-Meyer Assessment (FMA-UE & FMA-LE)) and functional independence (Modified
Barthel Index - MBI). Table 1 presents the mean scores of the three intervention groups at

different assessment points.
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Table 1. Mean Scores of Motor Function and Functional Independence

Assessment Task-Specific Robotic-Assisted Conventional p-
Training (TST) |Therapy (RAT) Physiotherapy (CP) value

FMA-UE 28.4+3.2 27.9+3.5 28.1+3.3 0.72

(Baseline)

FMA-UE

(Week 8) 46.2 + 4.5 43.8+4.2 37.5+3.9 0.001

FMA-LE 21.1+238 20.7+3.1 21.0+29 0.81

(Baseline)

FMA-LE

(Week 8) 39.3+3.9 36.8+3.5 30.5+3.7 0.002

IMBI (Baseline) |[42.6 + 4.5 41942 423 +4.6 0.78 |

IMBI (Week 8) |79.4 £ 6.2 [76.1+5.8 l65.8 + 6.4 10.003 |

(Note: Data are presented as mean + SD. Significance level at p < 0.05.)

The ANOVA test revealed statistically significant differences in motor function
improvement between groups (p < 0.05). Post-hoc analysis showed that TST and RAT
significantly outperformed CP, with TST yielding the highest improvements.

Discussion
1. Impact of Task-Specific Training (TST) on Motor Function

The findings indicate that TST significantly improved upper and lower limb motor
functions (p < 0.001). These results align with the neuroplasticity model (Krakauer et al.,
2017), which emphasizes repetitive practice and task-oriented rehabilitation. The
improvements in FMA-UE and FMA-LE scores (46.2 and 39.3, respectively) are comparable
to previous studies by Langhorne et al. (2020), which demonstrated that intensive task-specific
training enhances functional recovery more effectively than conventional therapy.

2. Effectiveness of Robotic-Assisted Therapy (RAT)

RAT also demonstrated significant improvements in motor function (p = 0.002), with
mean FMA scores increasing from 27.9 to 43.8 (UE) and 20.7 to 36.8 (LE) after 8 weeks. This
supports previous findings by Mehrholz et al. (2020), who found that robetic-assisted
rehabilitation enhances motor recovery by providing high-dose, repetitive, and controlled
movement patterns. However, RAT was slightly less effective than TST, possibly due to
reduced active engagement from patients, as suggested by Laver et al. (2017).

3. Comparison with Conventional Physiotherapy (CP)

Conventional physiotherapy resulted in lower motor function improvements

compared to TST and RAT. The FMA-UE and FMA-LE scores for CP (37.5 and 30.5,

respectively) were significantly lower (p < 0.05), confirming previous research by Kwakkel et

59 HealthHarmony — Volume. 1 No. 3, 2024



Page 54-62

al. (2019), which suggested that traditional physiotherapy alone is less effective than
structured task-specific or technology-assisted interventions.
4. Functional Independence and Modified Barthel Index (MBI) Improvements
The MBI scores showed that patients in the TST and RAT groups exhibited greater
functional independence (79.4 and 76.1, respectively) compared to CP (65.8). These findings
align with studies by Bernhardt et al. (2017), indicating that higher motor function recovery
translates to greater independence in daily activities.
5. Theoretical and Practical Implications
Theoretical Contributions
This study reinforces neuroplasticity-based rehabilitation models, emphasizing that
task-oriented and robotic-assisted therapies facilitate functional recovery. The findings
contribute to the growing body of research on evidence-based stroke rehabilitation,
supporting Krakauer et al.’s (2017) model of sensorimotor learning in stroke recovery.
Practical Applications
1. Rehabilitation centers should integrate TST and RAT as primary interventions for
post-stroke motor recovery.
2. Healthcare professionals should prioritize high-repetition, task-specific exercises to
maximize neuroplasticity effects.
3. Robotic therapy manufacturers should focus on developing more interactive
systems to enhance patient engagement.
Conclusion
This study confirms that Task-Specific Training (TST) and Robotic-Assisted
Therapy (RAT) significantly improve motor function and functional independence in
post-stroke patients compared to Conventional Physiotherapy (CP). These results align
with prior studies and emphasize the need for structured, high-intensity rehabilitation
approaches. Future research should explore long-term effects of combined rehabilitation

strategies to optimize patient outcomes.

5. CONCLUSION AND RECOMMENDATIONS

This study confirms that Task-Specific Training (TST) and Robotic-Assisted Therapy
(RAT) significantly enhance motor function and functional independence in post-stroke
patients compared to Conventional Physiotherapy (CP). The results indicate that TST provides
the highest improvement in upper and lower limb function, aligning with the principles of

neuroplasticity (Krakauer et al., 2017). Robotic-assisted therapy also demonstrates substantial
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motor function recovery, reinforcing previous findings that controlled, repetitive movement
patterns facilitate rehabilitation (Mehrholz et al., 2020). The improvements in functional
independence scores, as measured by the Modified Barthel Index, suggest that structured, high-
intensity rehabilitation approaches play a crucial role in post-stroke recovery (Bernhardt et al.,
2017). These findings support the necessity of integrating task-oriented and robotic-assisted
rehabilitation techniques into clinical practice to optimize patient outcomes (Langhorne et al.,
2020).

Despite the promising results, this study has certain limitations. The sample size was
relatively small, and the study duration was limited to eight weeks, which may not fully capture
long-term recovery trends. Future research should explore the sustained effects of TST and
RAT over extended periods and investigate the potential benefits of combining these
interventions with cognitive and sensory-based therapies. Additionally, further studies should
assess the cost-effectiveness and accessibility of robotic-assisted rehabilitation in various
healthcare settings (Kwakkel et al., 2019).

Based on these findings, rehabilitation centers should prioritize the implementation of
structured TST and RAT programs for stroke patients. Healthcare professionals should be
trained to incorporate these interventions into routine therapy to maximize recovery outcomes.
Future research should also focus on optimizing robotic-assisted systems to enhance patient
engagement and long-term adherence. By advancing rehabilitation strategies through evidence-
based approaches, healthcare providers can significantly improve post-stroke recovery and

quality of life for patients worldwide.
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