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ABSTRACT: Primary Parkinsonism is one of the most prevalent movement disorders characterized
by hypokinesia, rigidity, and tremor. The number of Parkinson disease (PD) cases is anticipated to
rise globally, making finding effective and affordable interventions crucial. Physiotherapy
interventions have shown promise in managing tremors, but high-quality systematic reviews are
limited. This systematic review aims to evaluate the benefits of physiotherapy treatments in
managing tremors in PD. The study followed the Centre for Reviews and Dissemination, and PRISMA
guidelines. A comprehensive search was conducted using multiple databases, including PubMed,
EMBASE, AMED, and PsycINFO. Keywords related to PD, physiotherapy, and tremors were used. The
eligibility of studies was assessed independently by two reviewers, and the quality of included
studies was evaluated using the JBI risk of bias tool. Data extraction focused on study characteristics,
participant demographics, intervention details, and outcome measures. A total of seven studies met
the inclusion criteria. The sample sizes ranged from 10 to 79 participants, and the interventions
varied from standard exercises to technological interventions. The findings from the included
studies demonstrated positive effects of physiotherapy interventions on tremor reduction and
motor function improvement. However, due to the heterogeneity among the studies in terms of the
classification of PD, outcomes measured, and intervention duration, it was challenging to draw
definitive conclusions. In conclusion, while limited evidence exists, physiotherapy interventions
have shown temporary benefits in reducing tremors and improving motor function in patients with
PD.

Keywords: Exercises, Parkinson’s, Physiotherapy, Rehabilitation, Tremor

©2025 by Narayanasetti et al. for use and distribution in accord with the Creative Commons Attribution (CC BY-
NC 4.0) license (https://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original author and source are credited.

1.0 INTRODUCTION leading to postural instability in later stages (Kouli et al.,
Parkinson’s disease (PD) is a disease that is complex in  2018). The primary clinical characteristics linked to PD
presentation and is progressive. The cardinal signs of the include motor symptoms: tremors, rigidity, and
disease are tremor, rigidity, and bradykinesia, often bradykinesia. Additionally, as the condition advances,
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postural instability may become apparent. Furthermore,
non-motor symptoms can manifest, potentially
occurring before the onset of motor symptoms
(Postuma et al., 2012). Motor and non-motor symptoms
collectively play a substantial role in determining the
level of disability and result in a diminished quality of
life. Moreover, they can serve as predictive indicators of
future dependency, necessitating supportive care (Kouli
et al., 2018).

One study suggested that the onset of tremors,
imbalance, fatigue, depression, constipation, and
urinary tract dysfunctions may occur a few years before
diagnosis (Kouli et al., 2018). Additionally, it has been
reported that those who were presented with tremors
or constipation have a higher risk of developing PD
(Kouli et al., 2018). PD is heterogeneous in presentation,
and two classifications have been suggested: tremor-
dominant and non-tremor-dominant PD. However,
these subtypes have not been met with a consensus.
Individuals with tremors-dominant PD often lack other
motor symptoms and may be more responsive to
dopamine replacement therapy (Kouli et al., 2018).

Although dopamine replacement therapy using
dopamine receptors is the first line of management, this
method has several established side effects. These
include major risks like cardiovascular risks, psychosis,
depression, hepatic and renal insufficiency, and minor
risks like nausea, vomiting, dizziness, and digestive
problems. This family of drugs can significantly decrease
the quality of life of PD patients (Borovac, 2016).

“Tremor is an involuntary, unintended, periodic
movement of the muscles of one or more parts of the
body that affects predominantly the hands”
(Dineshkumar et al., 2022). Tremors in PD can be
detected in the hand muscles (Delrobaei et al., 2018; Xu
et al.,, 2016). Tremors in the hand have a frequency
range where the number of oscillations per time can be
noted (Umesh et al., 2015; Vial et al., 2019). There are
several methods to measure tremors, including a
gyroscope (Vial et al., 2019), accelerator (McKay et al.,
2019) electromyograph (Xu et al., 2016).

Oral medications are the first line of treatment for
tremor. However, patients often discontinue
medications due to the negative side effects (Lees et al.,
2010). It has been estimated that the number of patients
who discontinue first-line medications is as high as 53%,
resulting in a cascading increase in symptoms (Louis et
al., 2010). Similarly, a large number of patients (33-80%)
discontinued second-line medications, indicating that

there were many side effects (Diaz & Louis, 2010). Other
methods include deep brain stimulation and, surgery,
which are beset by high costs, lack of accessibility, and
secondary complications (Bronstein et al., 2011; Hariz,
et al., 2008a; Hariz et al., 2008b).

These factors suggest the need to identify meaningful
and effective methods that do not have the side effects
and are economical. Moreover, it is established that
physiotherapy is an integral part of management even
when optimal medical and surgical care is given Keus et
al., 2009). A systematic review by O’Connor and Kini
(2011) identified neuromuscular physiotherapy,
strength training, and functional electrical stimulation
for controlling tremors, while other physiotherapy
methods like weighted orthotics, limb cooling, and
vibration therapy may have limited application.
However, the authors cautioned that the evidence base
was scanty and further research was necessary
(O'Connor & Kini, 2011).

The number of PD patients in India is estimated at 0.58
million, with the numbers expected to increase
exponentially in the next decade (GBD 2016 Parkinson's
Disease Collaborators, 2018; Rajan et al., 2020). It is
imperative to find meaningful interventions to address
these patients' difficulties. The annual incidence of PD is
around 1.5 to 2 per 10,000 people, and its cost burden
is significant, with treatments like deep brain
stimulation and tremor gloves being prohibitively
expensive for many patients (Dhiman et al., 2021). The
economic burden of PD in India is significant, with
patients spending a median of INR 27,315 per year on
direct out-of-pocket (OOP) health costs, and INR
18,712.8 on medications alone. The cost escalates as the
disease progresses, with patients in advanced stages (3
and 4) spending over a third of their income on drugs.

Additionally, indirect costs, such as income loss due to
job cessation, amount to a median of INR 60,000 per
year, further intensifying the financial strain on patients
and their families (Ola et al., 2022). The prevalence of PD
is similarly expected to increase in other countries as
well and state-of-the-art interventions like deep brain
stimulation (DBS) and tremor gloves may be inaccessible
to many these sufferers. Hence, it is necessary to find
affordable, evidence-based interventions, and
physiotherapy methods are one such area. Though there
are studies on the efficacy of physiotherapy
interventions to minimize tremors, high-quality
systematic reviews are scarce.
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2.0 METHODOLOGY

2.1 Research question

What is the role of physiotherapy in reducing tremors
and improving motor function in patients with
Parkinson's disease?

2.2 Study design

This systematic review is conducted in adherence to the
Centre for Reviews and Dissemination (Booth et al.,,
2010) and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Page

et al., 2021).

2.3 Databases and information sources

A comprehensive literature search was conducted on
electronic  databases using a  predeveloped
comprehensive search strategy. The databases used for
the systematic review were Medline (Ovid), Excerpta
Medica Database (EMBASE), Allied and Complementary
Medicine Database (AMED), and PsycINFO. Additionally,
a citation search and a hand search were performed.
The bibliography of the included articles was also
searched to identify any potential articles.

2.4 Search strategy
The keywords were determined through various
approaches. The search strategy is given in Table S1.

2.5 Study selection

A single reviewer conducted a literature search across
various databases, and the resulting citations were
exported to reference management software
(Mendeley). The eligibility of the trials was assessed
independently by two reviewers. Any discrepancies that
arose were resolved through discussion until a
consensus was reached. A third reviewer was available
for consultation in the event of unresolved
disagreements.

2.6 Eligibility criteria

This study encompassed primary research studies,
specifically randomized controlled trials (RCTs), quasi-
experimental studies, and controlled before-after
studies. The target population consisted of individuals
diagnosed with PD, irrespective of age, gender, or
severity of disease. The intervention focused on
physiotherapy approaches to reduce tremors and
enhance motor function, delivered by qualified
physiotherapists. The detailed eligibility criteria are
given in Table S2.

2.7 Assessment of methodological quality
The Joanna Briggs Institute (JBI) risk of bias tool was
used as the quality appraisal tool (Barker et al., 2023).

2.8 Data extraction

Two reviewers autonomously extracted pertinent data
from the studies included in the study. A predefined
data extraction form was used to collect key
information. Any discrepancies or disagreements in the
extracted data were sorted in a reviewer meeting.

3.0 RESULTS
3.1 Study selection
The process of study selection is outlined in Figure 1.

3.2 Characteristics of studies

The inclusion process yielded 7 published studies which
were published within the last decade. Participants' ages
were distributed 62 (n=147) to 68 (n=91) vyears
intervention and control groups respectively.

3.3 Assessment of bias

As seen from Table 1, the methodological quality of
articles was moderate to good when overall scores were
considered. There were differences between articles on
individual constructs. The descriptions of PD by various
authors varied (Table 2). Four of the seven articles were
from Asia, and the others were from North America and
Europe. Except for the study from the USA, the sample
sizes of other studies were moderate to adequate. Most
studies reported positive outcomes in all interventions
(Table 3) with small effect sizes. Moreover, the effects
were temporary in most of the interventions (Table 4).

4.0 DISCUSSION

This systematic review explores the role of
physiotherapeutic interventions in tremors associated
with PD, uses standard methods to identify articles, and
follows stringent quality appraisal and data extraction.
The JBI tools for quality appraisal are commonly used
due to their versatility and the availability of tools for
various types of study designs (Barker et al., 2023).

Although PD is a commonly researched subject, as
evident from the initial search results of over 800
articles, most were not included in this systematic
review due to various factors, such as the study design
not being specific to tremors and pharmacological
agents being studied. The fact that only seven articles
met the criteria for inclusion suggests that this is an area
that requires further research.
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Figure 1: The study selection process

Table 1: Risk of bias appraisal

Risk of bias appraisal item

Author and year 4 5 6 7 10 ag;f;?sl;

Kashif et al., 2022 + + + + + - - + + + Include
Kadkhodaie et al., 2020 + + + + + - = + + + Include
Ridgel et al., 2012 + + + + + + + + - + Include
Cikajlo & Peterlin, 2019 + + + + + - - + + + Include
Malling et al., 2019 + + + + + + + + + + Include
Jitkritsadakul et al., 2017 + + + + + - - + - + Include
Jitkritsadakul et al., 2015 + + + + + = = + = + Include
+: Yes, -: No
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Table 3: Treatment-related characteristics

Treatment characteristics

Follow up

duration

Kashif et al.,
2022

Kadkhodaie
etal., 2020

Ridgel et al.,
2012

Cikajlo &
Peterlin,
2019

Malling et
al., 2019

Jitkritsadakul

etal., 2017

Jitkritsadakul

etal., 2015

Virtual reality (VR) and motor imagery (MI)
training: Participants received 60-minute
sessions every other day for 12 weeks,
combining standard physical therapy with VR
and motor imagery MI training. The sessions
included 40 mins of basic physical therapy, 10—
15 mins of VR, and 5—-10 mins of M.

Pure eccentric training: Eccentric training was
conducted for a duration of 6 weeks, with
sessions occurring three days per week and
lasting approximately 35—-45 minutes each.

Actively assisted cycling: 40 minutes of actively
assisted cycling using a submaximal cycle
ergometer.

Immersive 3D virtual reality: Participants
engaged in 10 sessions of immersive 3D virtual
reality for 3 weeks. Each session had a duration
of up to 30 minutes, providing ample time to
complete the VR task five times.

Transcranial pulsed electromagnetic therapy:
Transcranial pulsed electromagnetic fields daily
for 8 weeks.

Sham glove group: Sham gloves were applied to
the hand with the most pronounced tremors for
30 minutes during each testing session.

Electrical muscle stimulation (EMS): 50 Hz EMS
over the abductor pollicis brevis and
interosseous muscles for 10 seconds.

NA: Not applicable

Control group: Standard physiotherapy
for 12 weeks, with sessions occurring
three days a week. It included
stretching exercises and walking.

Control  group: No  additional
interventions other than maintaining
the usual physical activity for 6 weeks.

NA

Immersive 2D exergaming: Participants
completed 10 sessions of non-
immersive 2D exergaming within 3
weeks. Each session had a duration of
up to 30 minutes, allowing for the
completion of the exergaming task five
times.

Sham transcranial pulsed
electromagnetic  therapy: Sham
transcranial pulsed electromagnetic
fields daily for 8 weeks.

Tremor's glove group: Tremor gloves
were positioned on the hand with the
most pronounced tremors for 30
minutes per testing session.

NA
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16 weeks

6 weeks

Within 10
minutes of
each session

3 weeks

8 weeks

During
stimulation

During
stimulation



Study

Kashif et al.
2022

Kadkhodaie et
al., 2020

Ridgel et al.,
2012

Cikajlo &
Peterlin, 2019

Malling et al.,
2019

Jitkritsadakul et
al., 2017

Jitkritsadakul et
al., 2015

Table 4: Principal findings

Principal findings

The group that combined virtual reality and motor imagery showed
significant positive changes in various aspects of motor function
compared to the group that only received physiotherapy.
Specifically, the combined group demonstrated significant
improvements in tremors at rest in the 6" week (p = 0.028), 12t
week (p = 0.05), and 16t week (p = 0.001), rigidity in the 6t week (p
=0.03), 12t week (p = 0.001), and 16* week (p = 0.001), posture at
the 12t week (p = 0.005) and 16t week (p = 0.004), and gait at the
6t (p = 0.034) week.

After the trial, the eccentric training group showed a significant
decrease in hand tremor amplitude during rest, following exercise
sessions (p < 0.05). In contrast, no increases in tremor amplitude
were observed in the control group over the 6-week study period.
However, the amplitude of postural tremors remained unchanged in
both groups.

Individuals with PD tolerated the active assisted cycling (AAC)
paradigm well, experiencing minimal fatigue. Furthermore, most
participants exhibited improvements in tremor and bradykinesia
immediately after a single session of cycling.

The 3D intervention group showed statistically significantly better
performance when compared to the immersive 2D group in terms of
average tremor (group x time, p = 0.002) and the Unified Parkinson's
Disease Rating Scale (UPDRS) for the upper limb (U3 = 0.35).

The application of transcranial pulsed electromagnetic fields (T-
PEMF) treatment resulted in a decrease in inter-hand coherence
among individuals with unilateral postural tremors in the PD group,
as compared to the sham treatment.

Significant reductions in the tremor score in UPDRS were observed
during stimulation with the Tremor's glove, compared to the sham
groups (p < 0.05, for each comparison).

The study showed that electrical muscle stimulation was effective in
temporarily improving resting tremors in medically intractable
patients with PD. The UPDRS tremor score decreased significantly
from an average of 10.59 SD=1.74 before stimulation to 8.85
SD=2.19 during stimulation (p < 0.001).

NEUROSCIENCE RESEARCH NOTES | 2025 | VOLUME 8 | ISSUE 1 | ARTICLE 359 | PAGE 7

Effect size

Action/postural tremor score of
UPDRS part lll

(between-group effect size)
6th week: 0.195

12t week: 0.578

16t week: 0.314

(between-group effect size)
Maximum resting tremor

(6t week): 0.490

Mean resting tremor

(6t week): 0.477

Postural tremor (6t week): 0.176

(within-group effect size)
Pre- and post-active assisted
cycling effect size for tremor
score: 0.622

(between-group effect size)
Average tremor indicator: 0.799

(between-group effect size)
Resting tremor: 0.173
Postural tremor: 0.24

(between-group effect size)
UPDRS-tremor during off period:
0.244

UPDRS-tremor during on period:
0.253

(within-group effect size)
Resting tremor: 0.203



Most of the articles included in this review were from
Asian countries. This may suggest that PD is an emerging
public health concern in Asia (Muangpaisan et al., 2009).
The incidence of PD in Asian countries has been
reported to be less than that in Western countries, but
the incidence is increasing and the burden of the disease
is also substantial, with the years lived with disability
(YLD) increasing with an increase in life expectancy (Ou
et al., 2021). Overall, there was no difference between
men and women represented in the studies. PD affects
both genders but with almost twice the rate in men
compared to women (Cerri et al., 2019). This fact was
not evident from the study participants as there were
often almost equal numbers of men and women.
Tremor is reported to be a prominent symptom in
women (Cerri et al., 2019) and clear gender differences
have been reported in PD symptoms. However, the
included studies generally had fewer women
participants than men. The included articles have used
various classifications for PD with overlapping salient
features, which is again an impediment to drawing
overall conclusions (Pedrero-Sanchez et al., 2023).

The intervention methods used in the included studies
varied from commonly used physiotherapy methods like
eccentric exercises (Kadkhodaie et al., 2020) and
electrical stimulation (Jitkritsadakul et al., 2015) to
sophisticated virtual reality interventions (Cikajlo &
Peterlin, 2019). Kadkhodaie et al. (2020) focused on
reducing hand tremor intensity in PD patients through
eccentric-based rehabilitation. The primary outcome of
their study was the amplitude of resting tremor, which
was measured using a smartphone-based
accelerometer system, ensuring precise and objective
guantification of tremor levels. The secondary outcome
was postural tremor, which did not change significantly
after the intervention. In contrast, Cikajlo & Peterlin
(2019) examined the effectiveness of virtual reality-
based rehabilitation, with the primary outcome being
the improvement in hand functionality, measured by the
Box & Blocks Test (BBT) and the Unified Parkinson's
Disease Rating Scale (UPDRS). Tremor intensity and
manipulation time were also measured using a Leap
Motion Controller for kinematic analysis.

Interestingly, in the latter study, virtual reality was both
the experimental and control intervention, with the 3D
immersive environment outperforming the 2D control
regarding functional improvement and perceived
competence. These outcomes highlight the range of
available physiotherapy methods in the reporting
countries, with technology playing a significant role in
measuring and delivering the interventions. Moreover,

these studies' primary objective extended from tremor
reduction to overall symptom management in PD.

The follow-up period between studies varied
significantly from the same day to 16 weeks. Overall, the
effects of the studied interventions were largely
temporary, with minimal long-term carry-over,
suggesting the necessity for continuous therapy for
optimal symptom management in PD (Rafferty et al,,
2021). For example, Kadkhodaie et al. (2020)
demonstrated that eccentric-based rehabilitation led to
significant reductions in resting tremor, attributed to
neuroplasticity effects on motor pathways in the basal
ganglia and cortex, which are disrupted in PD. Similarly,
Ridgel et al. (2012) showed that active-assisted cycling
improved both tremor and bradykinesia through
mechanisms likely related to enhanced dopamine
sparing and altered corticomotor excitability. These
studies underscore the importance of targeted, high-
intensity exercise interventions that reduce symptoms
and modulate central neural mechanisms involved in
PD.

The main limitations of this systematic review were the
lack of homogeneity in classification, outcomes, and
duration of intervention (ranging from same day to 16
weeks), which made it difficult to extract firm evidence
from this review. Moreover, the wide variety of
intervention studies also comes in the way of drawing
evidence. Evidence was considered based on several
key criterias: the methodological quality of the included
studies, the consistency and reproducibility of outcomes
across different trials, and the robustness of statistical
analyses used to determine significance. However, the
wide variety of intervention types and outcome
measures introduced substantial heterogeneity, making
it difficult to establish clear patterns or assumptions. To
classify findings as evidence, consistency in study design,
follow-up periods, and comparable outcome measures
across trials would have been necessary, but these
factors were not consistently met across the included
studies, limiting the strength of the conclusions drawn
from this review (Burns et al., 2011).

This systematic review attempted to explore evidence
for physiotherapeutic methods to control tremors in PD.
The seven included studies are vastly heterogeneous in
the classification of PD, outcomes used to quantify/
qualify tremors, and intervention duration, which makes
it difficult to draw conclusions. Overall, it appears that
irrespective of type, physiotherapeutic measures were
temporarily useful in controlling tremors in PD. These
studies should uniformly implement the MDS-UPDRS for
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assessing motor symptoms, which offers a
comprehensive and validated approach to classify PD
severity and tremor. Standardizing intervention
duration and frequency across studies will also enhance
comparability and validity. Future research should focus
on long-term interventions to ascertain sustained
effects, with a frequency of sessions determined based
on preliminary dose-response studies that evaluate the
efficacy of different physiotherapeutic techniques in
controlling PD tremors.

5.0 CONCLUSIONS

In conclusion, this systematic review highlights the
limited but promising evidence supporting the
significance of physiotherapy treatment in managing
tremors associated with PD. The included studies
demonstrated temporary benefits with small effect
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