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Parkinson's Disease (PD) is a slowly progressive 
neurodegenerative disorder with motor symptoms 
including tremor, rigidity, bradykinesia and postural 
instability resulting from the loss of dopamine-producing 
neurons in the brain. In addition to these motor symptoms, 
PD also has a range of non-motor symptoms including 
cognitive impairment, depression, anxiety, sleep disorders 
and autonomic dysfunction [1]. Non-motor symptoms 
present so severely that they signi�cantly impair patients' 
quality of life and complicate disease management, and 
therefore require holistic and adaptable therapeutic 
approaches [2, 3]. Innovative, technology-driven and 
multimodal approaches to address the complex nature of 
PD have been emerging trends in neuro-physiotherapy. 

Balanced training and cognitive stimulation are being done 
with the use of virtual reality and gaming technologies, 
while dual-task training combines motor and cognitive 
exercises to improve overall functionality [4]. A more 
robust approach to rehabilitation is multimodal exercise 
programs, that include aerobic, strength, and �exibility 
exercises. Also, AI-powered tools are adding a layer of 
personalized therapy plans, making it possible for 
therapists to consider individual patient's needs for their 
treatment [5]. The purpose of this review is to explore new 
neuro-physiotherapy approaches in PD that may enhance 
motor and cognitive rehabilitation. This paper reviews the 
state of the science of PD rehabilitation, with a discussion 
of the limitations of traditional therapies and the bene�ts 
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Parkinson's Disease (PD) is a progressive neurodegenerative disorder that affects motor and 

non-motor functions, including cognitive, emotional and autonomic systems, severely 

impacting quality of life. The motor symptoms of PD are successfully treated by traditional 

physiotherapy, but such treatments often fail to address the complexity and variety of PD. 

Advancements in exercise-based neuro-physiotherapy are reviewed, with a focus on innovative 

and multimodal approaches combining motor and cognitive rehabilitation. Technology-driven 

interventions like virtual reality, robotics and AI add real-time feedback and personalized care to 

therapy, while cognitive strategies like dual-task training and mindfulness practice address 

cognitive impairments. Comprehensive bene�ts of multimodal exercise programs that include 

aerobic, strength and �exibility exercises are targeted to achieve both physical and mental 

health. Comparative analysis of traditional, emerging and multimodal approaches shows their 

strengths and weaknesses and highlights the need for tailored interventions. Future directions 

are directed at longitudinal research, a combination of pharmacological and surgical 

treatments, and the use of biomarkers and AI to design personalized therapy to enhance 

outcomes and quality of life of PD patients.
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of innovative solutions. It is anticipated that it will 
demonstrate how these advances can address the PD 
problem and improve patient outcomes.
Pathophysiology Basis of Parkinson's Disease
P a r k i n s o n ' s  d i s e a s e  ( P D )  i s  a  p r o g r e s s i v e 
neurodegenerative disorder of the motor system 
characterized by a progressive degeneration of dopamine-
producing neurons in the substantia nigra. PD is a complex 
pathology that  consists  of  several  interrelated 
mechanisms leading to motor and non-motor symptoms 
[6]. 
Neurodegenerative Mechanism
The loss of dopaminergic neurons in the substantia nigra 
pars compacta of the basal ganglia is the hallmark feature 
of PD. De�ciency of dopamine is essential for smooth, 
coordinated movement and results in the characteristic 
motor symptoms of PD, including bradykinesia (slowness 
of movement), rigidity, resting tremor, and postural 
instability [7]. This loss of dopamine arises because the 
neurons that release dopamine into the striatum, the 
brain's main motor control center, undergo progressive 
degeneration [8]. 
Lewy Bodies and Protein  Mis-folding
Another signi�cant component of PD pathology is the 
appearance of additional Lewy bodies and abnormally 
formed protein lumps found in neurons. Primarily, they are 
made up of alpha-synuclein, a protein that functions in 
normal synaptic vesicle function and regular dopamine 
release. PD involves a mis-folding and aggregation of 
alpha-synuclein, which ultimately characterizes the 
formation of Lewy bodies [9]. Deposition of alpha-
synuclein in other brain regions is thought to interfere with 
neuronal function and contribute to neuronal death or 
degeneration. Cognitive decline and psychiatric symptoms 
in PD patients result, over time, from the spread of these 
aggregates from the substantia nigra to other parts of the 
brain, including the cortex [10]. 
Mitochondrial Dysfunction and Oxidative Stress
Dysfunction of the mitochondria is critical to PD 
pathogenesis. The cells release energy for their host cell, 
and mitochondrial dysfunction implies reduced energy 
delivery to neurons, demanding high-energy neurons of the 
substantia nigra. Oxidative stress contributes by 
accumulating reactive oxygen species (ROS), which 
damage cellular components (lipids, proteins, and DNA). 
One reason neurons die or degenerate in PD cases is the 
inability of neurons to repair oxidative damage [11]. 
Neuro-In�ammation 
Neuro-in�ammation is another important pathological 
feature in PD. Exacerbation of neuronal damage is due to 
activated microglia (brain immune cells) and the release of 
pro-in�ammatory cytokines. These neuro-in�ammatory 
responses can be the cause as well as the consequence of 
neurodegeneration, constituting a vicious cycle of cellular 
damage. Neuro-in�ammation has been associated with 
the progression of both motor and non-motor symptoms 

[12, 13]. 
Genetic and Environmental Factors
Most PD cases are sporadic, but genetic mutations in 
speci�c genes, including LRRK2, PARK7, PINK1, and SNCA 
(encoding for alpha-synuclein), make one more prone to PD 
[14]. PD is also reported to be triggered by environmental 
factors like exposure to toxins like pesticides. The age of 
onset and severity of the disease may be in�uenced by 
genetic and environmental factors [1]. 
Neuroplasticity and Compensatory Mechanisms
One of the most important features in the progression of 
PD is the brain's attempt to compensate for dopaminergic 
neuron loss. Neuroplasticity is how the brain recruits other 
brain regions to take over lost functions [15]. However, 
these compensatory mechanisms stop working overtime 
as the disease progresses, and more severe symptoms 
become more apparent. Exercise enhances the formation 
of new neural connections and may slow down the 
progression of the disease [16]. 
Non-motor  symptoms  and  Systemic  Involvement
Although motor symptoms are the de�ning feature of PD, 
non-motor symptoms are often more associated with 
inducing disabling symptoms. Non-motor symptoms 
generally include cognitive decline, sleep disturbance, 
autonomic dysfunction (e.g., orthostatic hypotension), and 
psychiatric symptoms such as depression and anxiety. 
They are believed to involve widespread brain areas, 
including the cortex, the limbic system, and the brainstem 
[17]. Cognitive decline in PD is usually expressed as 
executive dysfunction (problems with planning and 
decision-making) and later dementia (problems with 
memory and reasoning) [18]. 
Motor Rehabilitation Through Exercise-Based Neuro-
Physiotherapy
Management and improvement of movement require 
exercise-based motor rehabilitation. Body weight-
supported treadmill training (BWSTT) is helpful for patients 
to train in walking, correct abnormal gait patterns, and 
increase walking speed and balance [19]. Doing these types 
of resistance exercises, such as with elastic bands or 
weights, will strengthen muscles and might slow the 
progression of PD when done regularly [20]. The methods 
increase motor skills like precision and strength, but they 
must be continued long-term to retain that bene�t. Other 
therapies can be combined with these exercises to make 
them more effective. However, each patient's best 
intensity and duration still require more research [16, 21]. 
Using robotic aids and virtual reality (VR), people with PD 
are being helped with improving movement and balance 
using technology-assisted physiotherapy. VR creates 
interactive environments for balance and coordination 
training, while robotic devices, such as exoskeletons and 
treadmills, help with walking and good posture. However, 
these technologies are expensive or unsuitable for some 
patients, making therapy more engaging and effective. 
However, it is important to remember that traditional 
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exercises such as knee extensions, sit-to-stand, and 
backward walking remain important to improving strength, 
balance, and stability. Combined, these methods present a 
better approach to managing PD and a better quality of life 
for patients [16, 19]. It overviews key techniques such as 
body weight, body-supported treadmill training (BWSTT), 
resistance training, robotic assistance, virtual reality (VR) 
therapy, and dance therapy and describes their features, 
bene�ts, and limitations. Studies have been conducted 

that were intended to enhance PD patients' strength, 
balance, gait, coordination, and �exibility, thereby 
contributing to perhaps achieving mobility and/or better 
quality of life. The table further addresses the challenges 
these therapies can encounter, for example, its cost, 
patient-speci�c, and others, and uses insights from recent 
research sources on these issues. A summary of various 
motor rehabilitation strategies for PD patients is shown 
(Table 10.

Table 1: Motor Rehabilitation Techniques in Parkinson's Disease

Physical Therapy (PT)

Technique Key Features Bene�ts Limitations Sources

Involves exercises to improve strength, �exibility, 

balance, and gait. Tailored to individual needs

 based on PD stage

Improves motor 

function, reduces

 rigidity,increases

 mobility, enhances 

balance and posture

May require frequent 

sessions for long-term

 improvement. Limited

 by physical space

 or resources

[20,21]

Gait Training

Focuses on walking improvements, including 

cadence, stride length, and reducing

 freezing of gait (FOG). Can use auditory

 or visual cues to aid movement

Reduces FOG episodes,

 improves walking speed

 and stability, 

decreases fall risk

May require continuous

 practice to maintain

 gains. Some patients 

may not respond to cues

[22,23]

Strength Training

Involves resistance exercises designed to 

build muscle mass and strength, often using 

weights or resistance bands

Enhances muscle

 strength, reduces

 rigidity, improves 

overall mobility, 

and reduces falls

Potential for 

overexertion or injury

 if not properly managed. 

Requires supervision

[24,25]

Dance and Rhythm

 Therapy

Dance styles (e.g., tango, ballet) or rhythmic 

exercises (e.g., drumming) that focus on

 coordination, posture, and rhythm

Improves coordination,

 balance, �exibility, and

 motor planning.Reduces

 motor symptoms 

and boosts mood

May be di�cult for 

patients with advanced 

PD or severe rigidity. 

Accessibility issues

[26,27]

LSVT BIG Therapy

Amplitude-based therapy with exercises 

emphasizing large, exaggerated movements 

to overcome rigidity and bradykinesia

Increases motor 

amplitude, improves

 gait, reduces 

bradykinesia, enhances

 balance and overall

 mobility

Requires intensive and 

sustained effort over

 weeks/months. May be 

tiring for some patients

[28]

Cueing Techniques

Use of external auditory, visual, or tactile cues

 to help patients initiate and perform movements,

 especially during freezing episodes

Reduces freezing 

episodes,improves 

movement initiation 

and execution, 

enhances motor control

Not all patients respond 

equally to cues. May 

not be effective in 

severe PD cases

[29]

Aquatic Therapy

Exercises performed in a pool, 

using water resistance and buoyancy 

to reduce joint impact while enhancing

 strength, �exibility, and motor coordination

Enhances strength, 

balance,and �exibility. 

Provides a low-impact

alternative to 

land-based exercises

Limited availability of 

facilities. May be 

challenging for 

those with severe

 mobility issues

[30]

Robotic-assisted 

Gait Training

Use of robotic devices or exoskeletons 

that assist in walking, helping patients 

relearn gait patterns through 

repetitive movements and support

Promotes 

neuroplasticity,

 improves gait, walking

 speed, reduces 

bradykinesia and 

fall risk

High cost, limited 

availability in clinics, 

may require training to

 use effectively

[31]

Treadmill Training

Walking exercises performed on a treadmill with or 

without body support. Often includes high-speed 

walking to improve gait and cardiovascular

 endurance

Improves cardiovascular

 �tness, walking speed,

 gait, and endurance.

 Reduces fall risk

May cause discomfort 

or fatigue, especially

 in advanced stages 

of PD.Requires careful 

monitoring

[32]
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Cognitive Rehabilitation: Neuro-Physiotherapy's Dual Role
These cognitive problems memory loss, or trouble planning or multitasking in PD can make daily life harder and make 
movement worse [34]. Many cognitive challenges like focus, planning movements and remembering motor patterns can 
reduce the success of therapy [35]. This neuro-physiotherapy addresses the cognitive as well as the motor problems 
together. Often, it uses exercises that increase attention, memory, problem-solving, and movement tasks. Patients can work 
on both thinking and movement at the same time via techniques such as dual-tasking training or virtual reality. The 
combination of approaches improves independence and quality of life for people with PD [33, 36]. Advanced neuro-
physiotherapy techniques for PD address both motor and non-motor symptoms (Table 2). Dual-task training involves 
movement and thinking tasks, and patients learn to multitask, pay attention, and become more independent [4, 37, 38]. 
Meditation and yoga are mindfulness practices that reduce anxiety and depression and increase emotional stability and 
movement [39-42]. In addition, these methods may also produce positive brain changes, such as increased grey matter in 
important areas. Although a promising but new method, neuro-feedback, which uses brain activity feedback to improve 
control has been used [43-46]. But these techniques look promising and further research is needed to validate their long-
term bene�ts and develop effective treatment plans.

Table 2: Summary of cognitive rehabilitation strategies and their neurophysiological targets.

Dual-task Training

Technique Key Features Bene�ts Limitations Sources

Combines cognitive and motor tasks

 to improve overall function

Improves multitasking ability 

Enhances attention and executive

 functionPromotes independence

 in daily activities

Optimal protocols still

 under research Challenging for 

advanced  cognitivedecline

 patients

[4, 37, 38]

Mindfulness

 Interventions

Incorporates mindfulness meditation

 and yoga to address psychological 

and motor symptoms

Reduces anxiety and 

depressionImproves emotional 

stability and cognitive

performance Enhances motor 

symptom management

E�cacy varies among 

individuals Long-term

effects need more study
[39,41]

Neuro-feedback

Uses real-time brain activity feedback

 to improve self-regulation of 

neural processes

May improve motor control and 

reduce tremors Enhances

 cognitive and emotional regulation

Research in early stages

 Long-term effectiveness

 remains unclear

[43,44]

Role of Multimodal Exercise Programs
PD holistic rehabilitation combines exercises to assist in 
movement and general health. These programs combine 
aerobic exercises (heart disease, brain protection), 
strength training (muscle building and balance), and 
�exibility exercises (reduce stiffness and improve motion). 
Group-based or individualized programs are also available 
to patients. Social interaction and motivation are 
signi�cant in group sessions, while an individual can focus 
on his needs and speci�c symptoms in the case of 
personalized plans. It is a case of some centers using both 
approaches. The best results come together. This 
combined method helps manage PD symptoms and 
improves quality of life [47]. Multimodal exercise programs 
have shown signi�cant bene�ts for managing various 
conditions, including PD and cancer. In a randomized trial in 
Hong Kong, 138 PD patients were assigned to mindfulness 
yoga or stretching and resistance exercises. The yoga 
group had signi�cant improvements in depression, anxiety, 

motor function (MDS-UPDRS III scores reduced from 34.9 
to 21.1), and quality of life [40]. For pancreatic cancer 
patients, a study of six older individuals undergoing 
chemotherapy found that �ve completed the program, 
showing increases or maintenance in lean mass (0.1%-
4.4%), reduced fat mass (0.4%-8.6% in four patients), 
improved muscle strength (7.1%-75% in four to �ve 
patients), and better physical abilities like sit-to-stand and 
backward walking [48]. A trial in Spain with 44 cancer 
patients (mean age 63.46 years) also showed that those in a 
multimodal exercise program experienced lower fatigue, 
better functional capacity (SPPB scores), and reduced 
dependency (Barthel Index) over the control group [49]. 
These experiments reveal that both physical and mental 
health are enhanced by multimodal exercise programs for 
diverse patient populations. 
Technology and Innovation in Neuro-Physiotherapy
The �eld of neuro-physiotherapy has begun to transform 
its approach to the rehabilitation of Parkinson's Disease 

Neurofeedback

A technique that trains patients to self-regulate

 brain activity using real-time feedback on

 brainwave patterns. Often used to reduce

 tremors and improve focus

Reduces tremors, 

improves motor function, 

enhances focus and

 attention,potentially

 improves cognitive

 functions

Expensive, may require 

specialized equipment 

and trained clinicians. 

Limited long-term data

[33]
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(PD) patients concerning technology. Technology offers 
personalized, engaging, adaptive therapies that improve 
motor and cognitive rehabilitation. Speci�c technologies 
applied directly include virtual reality (VR), rehabilitation 
robotics, wearable devices and sensors, arti�cial 
intelligence (AI) and machine learning, brain-computer 
interfaces (BCIs), and neuro-feedback, as well as 
integrating technology with traditional therapies [50-52]. 
Virtual  Reality  (VR)
VR is a valuable tool for PD patient's motor and cognitive 
r e h a b i l i t a t i o n.  V R  sys t e m s  p r ov i d e  i m m e r s i v e 
environments where patients can practice movements, 
balance, and coordination tasks in a controlled and safe 
space. For example, on virtual trails or obstacle courses, 
walking will also improve gait and decrease the frequency 
of PD freezing episodes, a typical motor symptom of PD. 
Furthermore, VR systems include cognitive challenges, 
such as dual tasking (e.g., walking and solving puzzles), to 
train executive functioning and multi-tasking [4]. Studies 
have demonstrated that VR-based therapies can improve 
motor symptoms such as stride length, walking speed, and 
balance, as well as non-motor symptoms such as apathy 
and depression. VR also provides immediate feedback and 
engaging exercises, thus increasing patient motivation and 
adherence to therapy. In the advanced stages of PD, 
however, VR is likely to have di�culties in sensory 
integration and cognitive overload, so the effectiveness of 
VR at this stage of PD needs to be investigated [49]. 
Robotics  in  PD  Rehabilitation
One of the signi�cant roles played by robotic devices such 
as exoskeletons, robotic arms, and treadmills is to help PD 
patients regain functional independence. For example, 
robotic-assisted gait training (RAGT) assists patients in 
learning walking patterns again by simulating natural gait 
mechanics. These devices provide a form of high-intensity 
training that is also consistent, which helps improve 
postural  control,  decrease tremors,  and reduce 
bradykinesia (slow movement) [52]. Additionally, robotic 
systems can enable genuine time assistance and 
resistance oriented to the patient's abilities to promote 
neuroplasticity and muscle strengthening. Biofeedback 
systems have also been integrated with robotic therapies, 
allowing PD patients to see their movements and chronic 
their progress. Although these devices are quite effective, 
their high cost and limited accessibility hinder their 
widespread use [53]. 
Wearable  Devices  and  Sensors
Accelerometers, gyroscopes, and smartwatches have 
become wearable technologies that can help monitor and 
treat symptoms of PD. In real-time, these devices track 
movement and tremors as well as gait patterns so that the 
therapists can track the progression of symptoms and the 
effectiveness of their interventions. For instance, 
wearables can pick up on the freezing of gait episodes to 
deliver auditory or vibratory cues to patients to make it 

through. Furthermore, wearable devices allow for ongoing 
monitoring in a nonclinical setting, providing important 
information about daily motor �uctuations and non-motor 
symptoms such as sleep disturbance and fatigue. 
Therefore, this data supports the customization of therapy 
plans and precision of care for PD patients [54]. 
Arti�cial Intelligence (AI) and Machine Learning
Analysis of patient data opens the doors of AI as a game 
changer in PD rehabilitation to personalize therapy plans. 
Machine learning algorithms can predict PD symptoms' 
progression, determine what works best for different 
individuals,  and help select  the most effective 
interventions. Therefore, AI-driven systems can analyze 
gait patterns based on the treadmill settings or determine 
the proper robotics assistance levels for speci�c therapy 
sessions. AI also helps make early diagnoses by analyzing 
imaging and biomarker data so early interventions can be 
started sooner. Additionally, it enables remote care via 
virtual coaching systems, which enable AI to provide real-
time feedback on how exercise performance can be 
improved and thus recommend an adjustment, ensuring 
consistency and quality of therapy provided to PD patients 
in the home [52, 53]. 
Brain-Computer Interfaces (BCIs) and Neuro-feedback
The solutions to PD symptoms are promising solutions 
given by BCIs and neuro-feedback systems. PD patients 
can, with BCIs, use brain signals to control assistive 
devices like robotic arms, giving independence to people 
who are severely motor impaired. Instead, Neuro-feedback 
trains patients to control brain activity that could reduce 
tremors, mood, and cognitive functioning. Speci�cally, 
these systems are helpful for non-motor symptoms in PD, 
depression, and anxiety, which are very common in PD. In 
addition to modulating brain activity, neuro-feedback may 
also improve executive functions, including attention and 
memory, which are impaired in PD patients [43]. 
Combining Technology with Traditional Therapies
Although technological innovations may bring many 
b e n e � t s ,  t h e i r  c o m b i n a t i o n  w i t h  m a i n s t r e a m 
physiotherapy practice provides the best results for PD 
patients. For example, with strength training exercises, VR 
and robotics can be combined, or wearables can provide 
biofeedback to a person during yoga or mindfulness 
sessions. The hybrid approach guarantees that motor and 
non-motor symptoms are treated holistically [55]. 
Comparative Analysis of Approaches
Each traditional, emerging, and multimodal approach has 
strengths and challenges (Table 3). It is simple, cost-
effective, and easy to use but not �exible and scalable. In 
addition to VR and AI, other emerging approaches offer 
personalized treatments, real-time feedback, and greater 
engagement, but are expensive, complex, and have limited 
long–term e�cacy data. Combining different methods in 
multimodal approaches can improve accuracy and 
engagement but is resource-intensive, more challenging 
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Table 3: Comparative Analysis of Neuro-Physiotherapy Paradigms Based On Key Parameters

E�cacy

Variables Traditional Approaches Emerging Approaches Multimodal Approaches

Effective for speci�c tasks but lacks

 contextual adaptability

Highly effective with personalized

 treatments but limited long-term data
Comprehensive and robust but 

may overwhelm some patients

Cost Low Cost High cost due to advanced technology Very high cost

Accessibility Widely accessible in most settings
Limited accessibility in resource-

constrained settings
Variable accessibility depending

 on resources and expertise

Engagement Limited patient engagement
High patient engagement with real-time 

feedback

Enhanced engagement through 

diverse methods

Flexibility Low �exibility Moderate �exibility Highly �exible for various needs

Resource Requirements Minimal resource requirements High resource requirements Very high resource requirements

Parkinson's disease (PD) is a complex motor and non-motor 
challenge that requires holistic and creative rehabilitation. 
Motor symptoms respond well to traditional physiotherapy, 
but the need remains for more adaptive physiotherapy for 
cognitive impairments and the progressive nature of the 
disease. Among emerging technologies, virtual reality, 
robotics, arti�cial intelligence, and multimodal exercise 
programs promise personalized, engaging, and complete 
care. These advancements combine motor and cognitive 
rehabilitation to provide physical and mental health. 
Nevertheless, resource demands and accessibility remain 
intractable. Longitudinal research, integrating therapies 
with pharmacologic and surgical treatments, and using 
biomarkers and AI to personalize interventions are the 
future directions for this work. A balanced, patient-centred 
approach to PD can signi�cantly improve outcomes and the 
quality of life of PD patients.
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to implement, and may be overwhelming for some patients. The high costs of diagnosis and treatment, limited access, and 
patient compliance are challenges that call for a balanced approach that combines traditional and innovative methods and is 
appropriate for the patient and resources [56].
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