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Abstract - This comprehensive review and bibliometric analysis synthesize the recent literature 
and patent landscape regarding purely mechanical anti-vibration systems for mitigating 
debilitating hand tremor associated with Parkinson’s disease (PD). These non-invasive devices, 
which utilize fundamental engineering principles such as passive damping and gyroscopic effects, 
offer substantial practical advantages over mechatronic or pharmacological solutions, including 
energy independence, inherent robustness, and operational simplicity. The analysis validates the 
capacity of these systems, with reported amplitude reductions of up to 93% in some controlled 
studies, to substantially reduce oscillation amplitude, leading to noticeable enhancement of 
patients' daily functioning. However, critical challenges persist. Bibliometric analysis highlights a 
major research gap: the imperative for extensive, rigorous clinical validation studies to prove long-
term efficacy and safety in real-world settings. The primary emerging research directions are 
therefore focused on addressing user-centric needs through advanced design (aesthetics, comfort, 
and miniaturization) and fulfilling the need for robust, long-term clinical trials. Future development 
must prioritize advanced personalization and adaptability to account for the inherent variability of 
Parkinsonian tremor. 
 
Keywords: Parkinson's disease, Tremor management, Anti-vibration systems, Pure-mechanical 
devices, Non-invasive therapy, Passive damping, Gyroscopic effect, Orthoses, Rehabilitation 
technology.  

1. Introduction  
 
Parkinson's disease (PD) is a progressive 
neurodegenerative disorder and the second most 
common neurological condition worldwide. It affects 
around 10 million people and is expected to become 
more prevalent in the coming decades as the 
population ages [1]. PD is characterised by the 
degeneration of dopaminergic neurons in the 
substantia nigra and manifests through four cardinal 
motor symptoms: bradykinesia (slowness of 
movement), rigidity, postural instability and tremor. 
Of these, tremor — especially resting tremor of the 
hands — is one of the most visible and disabling 
manifestations and has a profound impact on 
patients' quality of life [2]. This involuntary tremor, 

predominantly occurring at frequencies between 4 
and 6 Hz, significantly interferes with essential daily 
activities, ranging from basic tasks such as eating 
and personal hygiene to more complex activities like 
writing, using a computer, or performing 
professional duties. The consequences extend 
beyond the physical realm, leading to frustration, 
loss of autonomy, social stigmatisation and increased 
dependence on caregivers [2], [3]. 

Current therapeutic strategies for Parkinsonian 
tremor include pharmacological approaches, 
predominantly dopaminergic (e.g. levodopa and 
dopaminergic agonists), and surgical interventions 
such as deep brain stimulation (DBS) in severe cases 
[3]. While these treatments can substantially 
alleviate motor symptoms, they have significant 
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limitations. Pharmacological therapy can induce 
adverse side effects (e.g. dyskinesia, hallucinations 
and nausea) and may lose efficacy over time, 
necessitating complex dose adjustments. Surgical 
interventions are invasive and associated with 
perioperative and postoperative risks and 
prohibitive costs. They are also not suitable for all 
patients [3], [4]. The considerable number of 
patients with unmet needs or contraindications to 
existing therapies has stimulated the search for 
complementary or alternative solutions. The focus 
has shifted towards lower-risk, non-invasive 
approaches that are more accessible and aimed at 
directly improving tremor symptoms. 

In this context, purely mechanical anti-vibration 
systems have emerged as a promising class of non-
invasive devices, offering a distinct approach to 
tremor suppression based on passive or minimally 
active engineering principles [4]. Unlike 
pharmacological solutions or complex mechatronic 
devices, which integrate active electronics, sensors, 
actuators and software, purely mechanical systems 
rely on the inherent physical and mechanical 
properties to counteract the unwanted oscillatory 
movements of the affected limb. Examples of these 
innovations range from weighted utensils and simple 
orthoses to more sophisticated concepts that utilise 
vibration damping principles, such as tuned mass 
dampers (TMDs) or gyroscopic effects. 

A central and substantial argument in favor of 
purely mechanical systems, compared to 
mechatronic ones, derives from multiple practical 
and usability considerations [5], [6], [7], [8], 
especially for a patient population that is often 
elderly and has potential cognitive deficits 
associated PD. 

First, energy independence is a major advantage 
and an essential simplification; the absence of the 
need to charge batteries eliminates a recurring 
cognitive and logistical burden, ensuring constant 
availability of the device and reducing anxiety 
related to energy autonomy [9]. This is important for 
patients with memory impairment, planning 
difficulties, or diminished executive functions, for 
whom the periodic management of a charging cycle, 
connecting to power outlets, or replacing batteries 
could be an insurmountable challenge, leading to 
non-use of the device. 

Secondly, purely mechanical systems are 
inherently more robust, reliable and durable. The 
absence of sensitive electronic components makes 
them less susceptible to damage caused by water, 
dust, extreme temperatures, voltage fluctuations or 
mechanical shocks, ensuring waterproofing. This 
enables them to be used daily in a variety of 
environments, ranging from kitchens to outdoor 
activities, without the risk of damage [9]. 

A third major benefit is the simplicity of 
operation and lack of complexity in the user 
interface. Eliminating the need for complex 

interfaces, software applications, complicated 
commands or calibration procedures drastically 
reduces barriers to use [10]. Interacting with a 
mechatronic device involving multiple buttons, 
touch screens, or programming procedures can be 
difficult and frustrating for older people or those 
with reduced manual dexterity and coordination. 
Purely mechanical systems facilitate increased 
adoption and adherence through their intrinsic 
simplicity, directly contributing to improving 
patients' autonomy and daily functionality [9]. Thus, 
although mechatronic systems can offer greater 
flexibility in control, the increased complexity and 
energy dependence makes them less ideal for certain 
users with specific needs. 

This review paper aims to provide a 
comprehensive and critical synthesis of recent 
literature and registered patents focusing on the 
evolution and effectiveness of purely mechanical 
systems designed to mitigate hand tremors 
associated with PD. The basic principles underlying 
these technologies will be identified and their 
performance, as demonstrated in existing studies, 
will be discussed. The advantages, limitations and 
challenges associated with their implementation will 
also be examined. Innovations that signal future 
research and development directions will also be 
highlighted. The main objective of this review is to 
structure current knowledge in this field, highlight 
existing research gaps, and propose ways to develop 
more efficient, comfortable, and adaptable 
mechanical solutions that meet the evolving needs of 
people with PD. 

This article is structured as follows: Section 2 will 
detail the various mechanical principles employed in 
tremor attenuation and present specific types of 
devices and their mechanisms. Section 3 will analyse 
key studies and results regarding the effectiveness of 
these systems. Section 4 will provide an overview of 
the patent landscape, highlighting protected 
innovations. Section 5 discusses the advantages and 
challenges of adopting and using these mechanical 
solutions. Finally, Section 6 will conclude by 
summarising the main contributions of the review 
and outlining future research directions in this 
emerging field. 

 

2. Mechanical Principles and 
Classification of Anti-tremor Devices 
 

Purely mechanical approaches to suppressing 
Parkinson's tremor are based on the fundamental 
principles of structural dynamics and vibration 
control theory. These approaches aim to modify the 
dynamic characteristics of the affected limb or 
dissipate the energy of the tremor, eliminating the 
need for external electrical power sources or 
complex electronic controls. The primary objective is 
to minimise unwanted oscillation amplitude through 
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physical interactions such as inertia, friction, 
damping or resonance. These devices can be 
classified according to their primary vibration 
attenuation mechanism; each has a distinct physical 
basis and specific engineering implementation. 

One of the most widespread and fundamental 
mechanical principles applied in vibration 
attenuation is that of the mass-spring-damper 
(MAD) system, also known as a passive vibration 
damper. The theory behind these systems is 
relatively simple: by attaching an auxiliary mass to a 
vibrating system (in our case, the hand or wrist), and 
this mass being connected by an elastic element (a 
spring or a flexible component) and an energy 
dissipation element (a damper, which can be friction, 
a viscous fluid, or an energy-loss interface), a 
secondary system is created. The central idea is to 
tune the natural frequency of this secondary system 
(auxiliary mass, spring, and damper) to the 
dominant frequency of the tremor. Thus, when the 
tremor occurs, the kinetic energy of the oscillations 
is efficiently transferred to the auxiliary mass. Once 
transferred, the energy is dissipated by the damper, 
transforming into heat or other harmless forms of 
energy, significantly reducing the amplitude of the 
oscillations of the main member [11]. 

The practical implementation of this principle 
varies. One study investigated the effectiveness of 
applying a vibration damper to the wrist and 
demonstrated a significant reduction of up to 93% in 
the amplitude of angular displacement within the 
frequency range specific to Parkinson's tremor 
(approximately 4–7 Hz) [11]. This exceptional 
performance highlights the potential of this basic 
concept. Another research project resulted in the 
creation of a wearable device designed to suppress 
hand tremors, incorporating a mass-spring-damper 
system. Tests indicated an average reduction of 
57.25% in angular displacement amplitude at the 
wrist [12]. These results, obtained under controlled 
conditions, validate the concept of mechanical 
resonance attenuation. They also highlight that, 
although the principle is simple, the devices require 
precise engineering to effectively tune to the tremor 
frequencies and maximise energy dissipation. The 
major advantages of these solutions are their 
structural simplicity, relatively low production costs 
and operation independently of energy sources, 
which makes them attractive for widespread 
distribution and accessible use. 

TMD technology is a highly advanced and 
effective subcategory of passive vibration dampers. 
The TMD principle was originally designed to 
stabilise large structures, such as skyscrapers and 
bridges, against oscillations caused by wind or 
earthquakes. Applying this principle on a smaller 
scale to biomechanical applications has opened up 
new possibilities in tremor reduction. A TMD 
consists of a relatively small auxiliary mass, a spring 
and a damper, all of which are meticulously tuned to 

the dominant frequency of the main system (i.e. the 
frequency of the tremor). The operating mechanism 
is fascinating: when the main system (the hand) 
begins to vibrate at its natural frequency (or the 
resonance frequency of the tremor), the TMD enters 
antiphase resonance. This out-of-phase movement 
enables the TMD to absorb a significant amount of 
kinetic energy from the main system and dissipate it 
in the form of heat through its internal damper. The 
result is a substantial reduction in the amplitude of 
the main system's vibrations, achieved without 
imposing rigid constraints. 

Several notable implementations of TMD 
technology exist in the context of tremor 
suppression: 

• Tremelo: This wrist-worn system integrates 
two or four vibration absorption panels. Each panel 
contains a mass-spring-damper system that is tuned 
to the frequency of the tremor. This system absorbs 
kinetic energy and converts it into thermal energy. 
Its purely mechanical design eliminates the need for 
batteries or external power sources. The modular 
design allows for adaptation to some individual 
tremor characteristics. 

• Steadi-One and Steadi-Two: These wearable 
devices, which take the form of gloves or wrist 
accessories, represent an evolution of the TMD 
concept. Steadi-One uses a tuned mass damper with 
a magnetic mechanism, while the newer Steadi-Two 
model incorporates a non-Newtonian fluid into its 
TMD system. This fluid's viscosity changes 
depending on the applied forces, providing damping 
that adapts to the tremor's intensity. Both versions 
are purely mechanical, operating without a 
continuous power supply, and demonstrate the 
versatility and ingenuity of applying the TMD 
principle to portable solutions. However, the 
effectiveness of these devices critically depends on 
their ability to be tuned to the specific frequency of 
the patient's tremor. 

Another innovative approach in the category of 
purely mechanical systems exploits the gyroscopic 
effect to counteract involuntary movements. The 
operating principle is based on the inherent 
property of a rapidly rotating body (a gyroscope) to 
resist any change in its axial orientation. When an 
external force attempts to alter the gyroscope's 
plane of rotation, it generates a perpendicular 
precession force, which, in anti-tremor applications, 
can be used to counteract unwanted movement. By 
integrating a rotating element (a disc with 
considerable mass, set in rotation at high speeds) 
into a portable device (e.g., a glove or orthosis), the 
gyroscopic forces generated can act as a resistance 
to tremor movements, stabilizing the affected limb 
[13], [14]. 

A notable example is the gyroscopic smart glove, 
which uses a rotating brass disc to generate this 
effect. This technology has demonstrated an 
impressive ability to suppress resting tremor, 
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achieving reductions of up to 90% for fixed signals 
within the frequency range typically associated with 
Parkinson's tremor (3–7 Hz) [13]. While the 
gyroscopic element initially requires an initial 
motion (which can be provided manually, via a 
winding mechanism or a low-power motor that is 
only used at startup), once the rotor is spinning, its 
vibration-attenuating action is purely mechanical 
and passive. The effectiveness of these systems is 
directly proportional to the rotational speed and 
mass of the gyroscopic element, requiring a balance 
between the stability, weight and size of the device. 
Challenges include managing energy losses through 
friction and ensuring sufficient rotation time without 
reactivation. 

In addition to advanced systems that exploit the 
principles of damping and gyroscopy, simpler 
fundamental mechanical approaches offer basic 
tremor management solutions. These approaches 
often form the basis for the development of more 
sophisticated devices and can be highly effective in 
certain contexts. 

• Although rudimentary, these mechanical 
devices are surprisingly effective. Examples include 
eating utensils (such as spoons and forks) and 
writing implements that are significantly heavier 
than standard ones [15]. The operating principle is 
based on increasing inertia by adding mass to an 
object held in the hand to increase its resistance to 
rapid, involuntary tremors. Greater mass requires 
greater force to accelerate, which reduces the 
amplitude of oscillations. These tools have the 
advantages of being extremely simple, inexpensive 
and easy to use, and requiring no prior training. 
While they do not eliminate tremors entirely, they 
can significantly improve patients' ability to perform 
delicate tasks such as feeding without spilling. 

Passive biomechanical orthoses: These are 
external structures that are usually worn on the 
affected limb, such as support devices, gloves, or 
lightweight exoskeletons. Unlike active orthoses, 
which use motors or actuators to generate 
movement, passive orthoses work through 
mechanical constraints, springs, friction-controlled 
hinges or damping systems integrated into their 
structure. They provide support, restrict certain 
degrees of freedom of movement and dissipate 
tremor energy through their material and structural 
properties. A recent patent describes a passive 
biomechanical orthosis based on springs that is 
specifically designed to suppress wrist tremors. This 
smart orthosis uses specific spring configurations 
that oppose rapid tremor movements while allowing 
a full range of voluntary movement. The system aims 
to reduce tremor on both the flexion-extension axis 
and the radio-ulnar deviation axis, achieving a 
balance between tremor suppression and 
functionality preservation [11]. Passive orthoses are 
appealing due to their mechanical simplicity and 
ability to be customised to the user's anatomy. These 

mechanical principles underpin a diverse range of 
solutions, each with its own performance 
characteristics, applicability, and engineering 
complexity. The selection of the most appropriate 
approach depends on the specific characteristics of 
the patient’s tremor, individual preferences, and the 
context of use. The following sections will examine 
the demonstrated effectiveness of these devices and 
explore the landscape of innovation through patents. 

 

3. Evidence from Clinical Studies 
 

It is essential to assess the effectiveness of purely 
mechanical anti-tremor systems in order to establish 
the validity and utility of these interventions. This 
involves the objective quantification of reductions in 
tremor amplitude and/or frequency, as well as 
assessing the impact on patients' ability to perform 
daily activities. While large, randomised, controlled 
clinical trials remain limited for many of these 
solutions, a number of feasibility studies, pilot 
studies and technical evaluations in vitro or on small 
patient cohorts have provided promising results and 
demonstrated the concept. 

Initial research has indicated significant potential 
for tremor attenuation with passive vibration 
dampers and mass-spring-damper systems. One 
study reported an impressive reduction of up to 93% 
in wrist angular displacement when a vibration 
damper tuned to the tremor frequency was applied. 
This substantial reduction demonstrates these 
systems' remarkable ability to dissipate energy at 
frequencies specific to Parkinsonian tremor. Another 
wearable device based on similar mass-spring-
damper principles was tested and showed an 
average reduction of 57.25% in wrist angular 
movement amplitude [12]. While these studies are 
often conducted in laboratory conditions or on small 
groups of subjects, they validate the engineering 
basis of the concept of mechanical resonance 
attenuation and highlight the importance of 
precisely tuning the system to the individual 
characteristics of the tremor. 

The ability of TMD technology, transposed from 
structural to biomechanical applications, to 
specifically cancel out the resonance frequencies of 
tremors has been evaluated. Notable commercial 
implementations of this principle include devices 
such as Tremelo and Steadi-One/Two. Their 
effectiveness is often measured by the reduction in 
the variation of movement amplitude during 
essential functional tasks such as eating, drinking, 
writing or using keys. Steadi-type devices, for 
example, have been reported to reduce tremor by up 
to 80%. Preliminary data, often from user studies 
and clinical feedback, suggests noticeable 
improvements in hand stability and reduced tremor. 
This translates into better performance in daily 
activities and increased patient confidence. 
However, the performance of TMD technology is 
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highly dependent on precise tuning to the patient's 
dominant tremor frequency, which is challenging 
given the variability of tremor, both between and 
within individuals. 

Gyroscopic devices have also demonstrated 
remarkable effectiveness, particularly in suppressing 
resting tremors. A smart glove with a rotating 
gyroscopic disc has recorded reductions of up to 
90% in tremor amplitude for signals with 
frequencies between 3 Hz and 7 Hz, a typical range 
for Parkinsonian tremor [13]. These results are 
impressive and suggest that gyroscopic forces can 
generate significant resistance to rapid oscillatory 
movements. Efficacy is influenced by the rotational 
speed of the gyroscopic mass and the system's ability 
to maintain this rotation during use, which raises 
questions about long-term autonomy without 
reactivation. Current studies on these devices focus 
on optimizing the design to minimize size and weight 
while maintaining robust performance. 

When it comes to basic solutions and passive 
orthoses, the effectiveness of weighted utensils is 
usually judged by how much better people can do 
things like write or eat [15]. Although precise data 
on the percentage reduction in tremor is lacking, 
patient testimonials and clinical observations 
suggest that hand stability and coordination are 
increased. Passive spring-based biomechanical 
orthoses are a more recent area of research. Initial 
evaluations focus on attenuating movement on 
multiple axes (e.g. flexion–extension and radio-ulnar 
deviation) while maintaining acceptable comfort and 
range of motion for the user [16]. Concept studies 
demonstrate the technical feasibility of these 
approaches, but rigorous clinical validation is 
ongoing. 

Overall, the available evidence indicates that 
purely mechanical systems can significantly reduce 
tremor. However, it is important to note that most 
studies are small-scale pilot or feasibility studies 
which often lack control groups or a sufficient 
number of participants. These limitations highlight 
the urgent need for rigorous, randomised, controlled 
clinical trials with large, long-term samples to 
confirm the results' efficacy, safety and 
generalisability in real-life settings, and justify their 
adoption in clinical practice. 
 

4. The Landscape of Anti-shake Patents 
 

The patent landscape offers a comprehensive, 
forward-looking overview of the direction of 
innovation and development strategies in the field of 
anti-tremor mechanical systems. Unlike published 
literature, patents often detail sophisticated 
engineering principles, design features and 
operating mechanisms that protect intellectual 
property, even if the corresponding products have 
not yet reached the market, which is why patent 
analysis is crucial. This section will explore some of 

the most relevant patents, grouping them by 
operating principle. 

A notable example is patent US20190059733A1 
and its international equivalent WO2018044381A1, 
which describe a portable device for reducing 
tremors [17], [18]. This patent focuses on an 
ingenious system that internally generates forces 
intended to cancel or reduce the magnitude of 
tremors. The device is designed with a modular 
design, allowing it to be worn on various segments of 
the affected limb, including the wrist, arm, ankle, or 
foot. The key to the innovation lies in the integration 
of several housing elements, each containing a mass 
that can move freely along a predetermined axis, 
between a proximal and a distal limit, with a 
predetermined neutral position. The movement of 
this inertial mass, controlled by mechanical limits 
and, implicitly, by the kinetic energy of the tremor, 
allows for the efficient dissipation of oscillation 
energy. This concept is a clear example of a purely 
mechanical system, based on inertial and passive 
damping principles to attenuate oscillatory 
movements without requiring active electronic 
components. 

In a similar vein to inertial damping, patent 
US6458089B1 outlines methods and devices for 
reducing tremor by suspending a limb mass [19]. 
This fundamental concept involves using an auxiliary 
mass suspended by a specific configuration of 
springs, dampers, or flexible links. Through inertia 
and dynamics, the suspended mass counteracts the 
tremor movements of the limb. The flexibility and 
adjustability of the suspension configuration are key 
elements that allow it to adapt to the individual 
characteristics of the tremor (frequency and 
amplitude) and the comfort of the wearer. The 
principle of 'suspended inertial mass' is a variation 
on the idea of damping, whereby the auxiliary mass 
is strategically positioned and connected to optimise 
energy transfer and dissipation, providing a passive 
solution for stabilising movement. 

The patent landscape in the field of gyroscopic 
devices is particularly rich. One patent of interest is 
US6730049B2, which describes a hand tremor 
stabiliser based on a gyroscope that can be adjusted 
and tuned. Although it mentions an electric motor to 
drive the gyroscope, which implies the need for a 
power source, the fundamental stabilisation 
principle, based on resistance to changes in 
orientation, is purely gyroscopic [20]. A series of 
patents assigned to GyroGear Limited (e.g. 
US11079225B2 [14] and WO2016102958A1 [21]), 
the company behind the GyroGlove, focus on devices 
and methods for stabilising tremors using gyroscopic 
technology integrated into wearable items. These 
patents often detail how the gyroscope is mounted 
(e.g. on a hinged mount or a rotating plate) to allow 
precession relative to the housing, thereby ensuring 
the effective counteraction of tremor forces across 
multiple planes of motion. Although these systems 
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may require initial activation of the gyroscope's 
rotation, they are purely mechanical and passive in 
their anti-vibration action during operation. This 
technology shows promise for suppressing tremors 
with variable frequencies and directions. 

A recent innovation that has been explored at the 
patent and feasibility study levels is the passive 
biomechanical orthosis based on springs, which has 
the potential to suppress wrist tremors [16]. The 
patent in question describes an orthosis structure 
that uses the elastic properties of integrated springs 
to reduce involuntary movements. Unlike rigid 
orthoses, which can restrict voluntary movement, 
the spring-based design strikes an optimal balance: 
the springs resist rapid, repetitive tremor 
movements while allowing a full range of slow, 
voluntary movement. The system is designed to 
mitigate tremor on both the flexion-extension and 
radio-ulnar deviation axes, demonstrating an 
innovative approach to maintaining hand function 
[16]. 

Other patents address more general aspects of 
vibration damping that can be adapted for tremor 
suppression. For instance, CN104907951B outlines a 
mechanical arm equipped with a tremor suppression 
feature. In this design, the damping coefficient of a 
magnetorheological damper can be adjusted to 
modify the damping and inertia properties of a joint 
(e.g. the elbow) [4]. Although a magnetorheological 
damper uses an electronic component to control the 
magnetic field, the basic principle of manipulating 
biomechanical properties remains mechanical. Even 
historical patents demonstrate the persistence and 
refinement of fundamental mechanical principles 
over time. For example, US989958A from 1911 
describes a general vibration damping device that 
cancels the resonance of the main body using the 
secondary resonance vibrations of an auxiliary body [22]. 

 In conclusion, the patent landscape clearly shows 
a trend towards developing anti-tremor devices that 
are mechanically effective, discreet, adaptable and 
easy to integrate into patients' daily lives.  

 Innovations focus on optimising mechanical  

efficiency, reducing device size and weight, and 
improving wearer comfort — all of which are 
essential for long-term acceptance of, and adherence 
to, therapy. The diversity of patented solutions 
highlights the engineering complexity of tremor 
suppression and the necessity of multidisciplinary 
approaches to address the unique variability of 
Parkinson's tremor. 
 

5. Mapping the Research Landscape 
 

In the context of rapid expansion of research and the 
urgent need to develop non-invasive and efficient 
solutions for managing hand tremor associated with 
PD, analysing the scientific literature is crucial for 
identifying current and future research directions.  

This section outlines the methodology employed 
for the bibliometric analysis, which was used to map 
the scientific landscape, pinpoint significant thematic 
trends, and assess research endeavours within the 
field of purely mechanical anti-vibration systems for 
PD tremor. A precise search formula was used to 
query the Web of Science (WoS) database and 
extract relevant publications. The rationale behind 
each step of the formula is detailed in Table 1.  

The bibliometric data was retrieved from the 
WoS Core Collection database on September, 2025. 
The initial query yielded 193 records. The data was 
then exported for further processing. 

To ensure the direct relevance of the publications 
to the subject of purely mechanical anti-tremor 
systems, the resulting records will be filtered and 
analysed according to the following criteria: 
• The document type will be restricted to 

Research Articles and Reviews to ensure a 
homogeneous corpus of study. 

• The language will be restricted to English, as the 
majority of scientific publications in this field are 
in this language. 

• The time period will be restricted to the last 10 
years, to reflect the most recent trends and 
innovations in the field. 

 
Table 1. Query formulas and its justification 

Sequence from the query formula Justification and context 

TS = (Parkinson*) 
The primary term to identify the core subject of 

research: Parkinson's disease 

AND (tremor*  

OR vibration*) 

Connects the main subject with the target motor 

manifestation and the underlying physical 

phenomenon (vibration control). 

AND ("anti-vibration" OR "anti vibration" OR 

suppress* OR damp* OR attenuat* OR reduc* OR 

stabiliz* OR mitigat*) 

Includes synonyms and action-based concepts to cover 

all publications focused on the reduction, attenuation, 

or suppression of tremor. 

AND (mechanical OR "pure mechanical" OR 

"passive damping" OR "tuned mass damper" OR 

TMD OR gyroscopic* OR orthos* OR exoskeleton* 

OR "wearable device" OR glove*) 

Restricts the results to mechanical engineering 

solutions and associated devices (orthoses, wearable 

devices) which are the focus of this review, based on 

principles like passive damping and gyroscopic effects. 
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Following this filtering and exclusion process, which will follow the principles of a PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) workflow, a final corpus of 111 publications will be 
obtained for analysis (Figure 1) 
 

 
Figure 1: PRISMA Workflow 

Source: Authors' own research based on the results highlighted by Web of Science database 
 

The study was guided by a set of specific research 

questions, the answers to which were obtained by 

applying a detailed bibliometric analysis 

methodology using VOSviewer software (Table 2). 

This analysis aims to map the scientific landscape, 

identify significant thematic trends, and evaluate 

research efforts in the field of purely mechanical 

anti-vibration systems for Parkinson's tremor. 

The mapping parameters in VOSviewer were 
selected to balance detail with clarity; a minimum 
co-occurrence threshold of 3 for any keyword was 
established to filter out incidental terms and focus 
the analysis on significant research themes. The 
normalisation method used was association 
strength, which provides insights into the relative 
relationships between keywords. This systematic 
approach enabled precise mapping of the scientific 
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landscape, clear identification of thematic trends, 
and objective evaluation of research efforts in the 
field. 

Data analysis was carried out using the 
VOSviewer software, focusing on a co-occurrence 

analysis of keywords to identify the main research 
themes and trends. To answer the first research 
question, an analysis of all keywords from the 
dataset will be performed. 
 

 
Table 2. Research questions and associated bibliometric analyses 

Research question Type of analysis Filters applied Resulting sample 

1. What are the main research themes and 
trends regarding purely mechanical anti-
vibration systems for Parkinson’s tremor? 

Co-occurrence of 
All Keywords 

min. 3 
occurrences 

57 keywords 

2. Which mechanical concepts and device 
aspects have attracted the most academic 
interest? 

Co-occurrence of 

Author Keywords 

min. 3 

occurrences 
18 keywords 

3. What are the emerging research directions 
and technologies in this field? 

Co-occurrence of 

KeyWords Plus 

min. 3 

occurrences 
37 keywords 

 
The analysis of the keyword co-occurrence map, 

generated with a minimum threshold of 3 
occurrences, validates the research landscape as 
interdisciplinary and highly relevant to the study of 

purely mechanical anti-vibration systems (Figure 2). 
The network is fundamentally structured around 
three major thematic clusters. 

 
 

 
Figure 2: Network visualization of co-occurrence of All Keywords 

Source: Authors' own research based on the results highlighted by VOSviewer 
 

The network's core is anchored by the Green-
Yellow Cluster, which grounds the entire research 
domain in its primary clinical context: "Parkinson's 
disease" and "tremor". This cluster clearly associates 
the core topic with established clinical interventions 
such as "deep brain stimulation" (DBS) and 
"levodopa", indicating that mechanical solutions are 
positioned within a broader therapeutic spectrum of 
"management", often serving as a complementary 
therapy for residual symptoms or motor fluctuations. 

The research focus of this paper is strongly 
validated by the existence of the Blue-Violet Cluster, 
which concentrates on engineering solutions and 
devices. Terms like "wearable device", "orthosis", 
and "exoskeleton" confirm that portable, externally 
supported solutions represent a mature and active 
research area—the very category that encompasses 
purely mechanical systems based on passive 
damping and gyroscopic effects. The high 
prominence of the term "design" in this cluster 
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underscores a critical conclusion of the review: the 
success of long-term adoption is critically dependent 
on optimizing device ergonomics, comfort, and 
aesthetics. 

Finally, the Red Cluster, which includes keywords 
such as "tremor suppression", "electrical 
stimulation", and "validation", highlights a major 
challenge in the field. The strong co-occurrence of 
"tremor suppression" and "validation" signals the 
scientific community's major requirement for 
objective evidence. Since this cluster is also linked to 
metrics like "amplitude" and "frequency", it confirms 
the urgent need for rigorous, large-scale, long-term 
clinical trials to substantiate the efficacy of mechanical 

systems —a current limitation explicitly identified in 
the literature. This thematic organisation reinforces 
the paper's central argument regarding the potential 
and current need for validation of these emerging 
mechanical technologies. 

The combined analysis of the keyword co-
occurrence network (Co-occurrence of All Keywords, 
min. 2 occurrences, 57 keywords) and the temporal 
indicator (colour gradient from blue/old to 
yellow/new) reveals a dynamic research landscape 
that is clearly transitioning from traditional clinical 
management toward advanced, user-centric 
engineering solutions (Figure 3).  
 

 

 
Figure 3: Overlay visualization of co-occurrence of All Keywords 

Source: Authors' own research based on the results highlighted by VOSviewer
 

The co-occurrence map validates the paper's 
subject by anchoring the entire field within its 
primary context: "Parkinson's disease" and "tremor". 
The network's older, predominantly blue areas 
highlight foundational clinical terms and established 
treatments, such as "deep brain stimulation" (DBS) 
and "levodopa", confirming that while these remain 
the necessary knowledge base, they are not the 
primary drivers of recent bibliographical growth. 

The most notable trend is the strong 
concentration of recent, bright yellow-coloured 
terms in the cluster dedicated to device-based 
solutions. Keywords such as "orthosis", 
"exoskeleton", "wearable device", and "tremor 
suppression" are visibly newer, confirming that 
purely mechanical anti-vibration systems represent 
an active research frontier. This strongly supports 
the paper's argument for a shift toward non-

invasive, accessible alternatives based on principles 
like passive damping and the gyroscopic effect.  

Crucially for the future direction of this field, the 

terms "design" and "validation" are among the most 

recent (yellow-tinted) keywords. This signals that 

the latest literature is no longer solely focused on 

technical efficacy but is increasingly prioritizing 

factors critical for adoption. The emergence of 

"design" highlights the urgent need for optimizing 

ergonomics, comfort, and aesthetics for long-term 

patient adherence. Simultaneously, the recency of 

"validation" reinforces the finding that the scarcity of 

extensive, rigorous clinical studies is a known and 

active research gap, which the community is now 

beginning to address. 

In conclusion, the chronological analysis of the 
map confirms a strategic shift in research focus: from 



Pure-Mechanical Anti-Vibration Systems for Hand Tremor in Parkinson's Disease: Review and Bibliometric Analysis 

 

 

International Journal of Mechatronics and Applied Mechanics, 2025, Issue 22, Vol. I 97 

pharmacological/surgical interventions (older) to 
the development of wearable engineering devices 
(newer). This trend is accompanied by a heightened, 
more recent emphasis on objective validation and 
user-centric design, both of which are essential for 
successfully transferring mechanical innovations 
from the laboratory to direct patient benefit. 

The co-occurrence map derived from Author 
Keywords (minimum 3 occurrences) isolates the 
core mechanical concepts and device aspects that 
have captured the most direct academic interest 
(Figure 4), providing a sharp focus on the specific 
terminology researchers use to define their own 
work in the literature.  

 

 
Figure 4: Overlay visualization of the co-occurrence of Author Keywords 

Source: Authors' own research based on the results highlighted by VOSviewer

The network clearly shows the two foundational 
clinical terms, "Parkinson's disease" and "tremor" 
(teal/green, representing the continuous core of the 
literature), are strongly connected to "essential 
tremor" and "tremor suppression". This confirms 
that the research is fundamentally defined by the 
clinical problem, encompassing both PD and related 
tremor conditions. 

The central mechanical and device aspects of 
interest are clustered around "orthosis" and 
"wearable device". These terms are the most 
frequent descriptors for the physical implementation 
of the solutions, indicating a strong academic 
concentration on creating portable, external support 
structures that offer non-invasive therapy. 

The prevalence of terms like "passive damping" 
and the "gyroscopic effect" (implied and known to be 
used by authors alongside keywords like "pure-
mechanical devices" ) further reveals that the 
greatest interest lies in solutions that exploit 
inherent physical properties for counter-action, 
ensuring energy independence, robustness, and 
operational simplicity. 

Furthermore, the temporal trend visible in the 
map provides a crucial insight: terms related to 
practical implementation, such as "wearable tremor 
suppression" (yellow/new), are emerging as the 
latest focus of author-defined research. This shift 
confirms the academic community's intense focus on 

translating the theoretical mechanical principles into 
tangible, user-ready devices that address the "unmet 
needs" of patients who cannot use conventional 
treatments. 

The analysis of the KeyWords Plus co-occurrence 
map, which represents the most cited and relevant 
subjects in the literature, provides a sharp focus on 
the emerging research directions and technologies in 
the field of tremor management. The most critical 
emergent area is the imperative for clinical 
validation, confirmed by the prominence and central 
connections (Figure 5) of the "validation" term. 

This signals that researchers are moving past the 
basic feasibility stage, focusing intensely on closing 
the gap of scarce, rigorous clinical trials to prove 
efficacy and safety in real-life settings, an essential 
step for justifying the widespread adoption of these 
mechanical systems. 

Technologically, the field is converging on 
advanced personalization and dynamic adaptability; 
this is evidenced by the clear emphasis on the 
"design" node and the presence of various tremor 
types, indicating that future research must deliver 
solutions that can easily be adjusted or customized 
to respond to the inherent variability of 
Parkinsonian tremor. This engineering effort is 
strongly coupled with user acceptance, meaning that 
emerging technologies must prioritize optimizing 
comfort, aesthetics, and miniaturization to create 
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genuinely practical and socially acceptable wearable 
devices. 

Finally, the connection to terms like 
"functionalelectrical stimulation" suggests an 
exploration into minimalist hybrid systems that 

combine the mechanical simplicity of passive 
components with micro-electronic elements for fine-
tuning, aiming to achieve an optimal balance 
between effectiveness, simplicity, and affordability, 
thus defining the next wave of innovation in the field.  

 

  
Figure 5: Network visualization of the co-occurrence of KeyWords Plus 

Source: Authors' own research based on the results highlighted by VOSviewer

The temporal analysis of the KeyWords Plus co-
occurrence map (Figure 6) reveals a decisive shift in 
research focus from foundational clinical knowledge 

toward actionable engineering solutions and 
rigorous validation methodologies. 
 

 

  
Figure 6: Overlay visualization of the co-occurrence of KeyWords Plus 

Source: Authors' own research based on the results highlighted by VOSviewer
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The older, blue-tinted nodes primarily represent 
the core clinical context, such as "tremor", "disease", 
and traditional management approaches like 
"levodopa" and aspects of "bradykinesia", confirming 
they are the established foundation. 

The most critical emerging research directions, 
represented by the bright yellow-tinted nodes, are 
centred on two major imperatives: user-centric 
design and methodological rigor. Specifically, the 
nodes "design" and "validation" are among the 
newest, indicating that the current frontier is no 
longer solely about technical feasibility, but about 
ensuring the comfort, aesthetics, and long-term user 
acceptance of devices (miniaturisation and 
ergonomic design) and, most importantly, fulfilling 
the urgent need for robust, long-term clinical trials 
to confirm efficacy and safety in real-world settings.  

Furthermore, the emergent yellow cluster links 
these priorities with specific technologies like 
"exoskeleton" and "rehabilitation", showing that the 
research community is moving toward developing 
adaptable, customizable mechanical systems that can 
address the inherent variability of Parkinsonian 
tremor and extend the applicability of non-invasive 
orthoses beyond primary resting tremor. 

This temporal shift confirms that the future of the 
field requires advanced engineering innovation 
combined with stringent clinical proof. 

The bibliometric analysis confirms that research 
into purely mechanical anti-vibration systems is a 
highly active and relevant frontier, shifting decisively 
from foundational clinical knowledge toward 
actionable engineering solutions. The literature is 
strongly clustered around "wearable devices" and 
"orthoses" that exploit "passive damping" and the 
"gyroscopic effect", thereby confirming the academic 
interest in energy-independent and robust 
alternatives to complex mechatronic therapies. 
Crucially, the temporal trend reveals that the field is 
currently transitioning toward a phase defined by 
two major imperatives: rigorous clinical validation 
and user-centric design. The strong focus on "design" 
and "validation" in the newest literature 
demonstrates that the most pressing challenges are 
now practical, demanding long-term clinical trials to 
prove efficacy and ensuring optimal ergonomics and 
aesthetics to maximize patient adherence. This 
research trajectory is essential for successfully 
integrating these promising mechanical innovations 
into clinical practice. 

 

6. Advantages, Limitations and 
Challenges 
 

One of the most significant advantages of these 
systems is that they are completely non-invasive. 
Unlike complex surgical procedures such as Deep 
Brain Stimulation (DBS) or pharmacological 
treatments, which can have systemic side effects, 

mechanical devices eliminate the risks associated 
with invasive medical procedures because they do 
not introduce foreign materials into the body or alter 
internal physiology [4], [23]. This significantly 
reduces the burden on the healthcare system and the 
risks to the patient [24]. Another major advantage is 
that they do not require an external power supply or 
battery recharging [23]. This is especially crucial for 
elderly patients with cognitive deficits (such as 
memory or planning difficulties) associated with 
Parkinson's disease progression [25]. The absence of 
a recurring charging task ensures the device is 
always available and eliminates anxiety related to 
energy autonomy [11]. 

Furthermore, the intrinsic simplicity of the 
mechanical operation eliminates the need for 
complex interfaces, software applications or 
complicated controls [24]. This contributes to 
intuitive use, even for patients with reduced manual 
dexterity, and significantly increases adherence to 
therapy, facilitating easier integration into daily 
routines [9]. Purely mechanical systems are 
inherently more robust and reliable than electronic 
ones because they do not contain sensitive electronic 
components [25]. They are much less susceptible to 
malfunctions caused by exposure to water, dust, 
temperature variations, electromagnetic 
interference or accidental mechanical shocks, and 
offer a high degree of waterproofing. This durability 
makes them suitable for everyday use in a variety of 
environments, from the kitchen to outdoor activities, 
without the risk of damage [24]. 

While the research and development of advanced 
prototypes can be costly, the simple design and 
materials used in many of these systems (e.g. 

weighted utensils and passive dampers) can 
significantly reduce production and acquisition costs 

compared to complex mechatronic devices or the 
cumulative costs of long-term pharmacological 
therapies [26]. This can improve accessibility 

globally [23].  
Since they do not involve chemicals or electrical 

stimulation, the risk of side effects is minimal [24]. 
Any discomfort is usually mechanical in nature (e.g. 
weight, pressure or restriction) and can be alleviated 

through optimising the design; there are no drug 
interactions or associated neurological risks [9]. 

Unlike medications, which take time to take effect 
and act systemically, mechanical devices provide an 
immediate reduction in tremor in the affected limb 

[23]. This instant improvement can rapidly enhance 
a patient's ability to perform a specific task [24]. It is 

important to note that these systems are not 
intended to replace existing medical treatments, but 
rather to complement them, providing additional 

support in managing residual symptoms or motor 
fluctuations and maximising the benefits of 

combined therapy [3]. 
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Despite their advantages, purely mechanical 
systems have significant limitations and challenges 
that must be addressed in future research. One such 
limitation is the specificity and variability of 
Parkinsonian tremor, which is a complex movement 
that varies in frequency and amplitude not only 
between individuals, but also within individuals 
depending on factors such as emotional state, 
fatigue, medication or time of day [24]. Mechanical 
systems tuned to a fixed frequency, such as many 
passive TMDs, may be less effective for tremors with 
variable dynamic characteristics, requiring a design 
that allows for a certain frequency band or easy 
adjustment [23]. 

Another major challenge is the trade-off between 
effectively suppressing tremors and maintaining a 
full and natural range of voluntary movement [25]. 
Certain systems, particularly stiffer orthoses or those 
relying on high inertia (such as heavily weighted 
utensils), may limit normal voluntary limb 
movements in an attempt to suppress tremor [16], 
which can compromise the device's overall 
functionality and acceptance [24]. Wearable devices 
must be lightweight, discreet, ergonomically 
designed and comfortable enough to be socially 
accepted and used long term [23]. A design that is 
bulky, cumbersome, noisy, or unsightly can lead to 
social stigma and significant reluctance to use it, 
regardless of its technical effectiveness [15]. This 
means that the use of breathable materials, a 
compact design, and subtle integration is required 
[25]. Although these systems are most effective at 
targeting resting tremor, which is the most common, 
Parkinson's patients may also experience postural or 
action tremor, which have different dynamic 
characteristics [26]. 

Therefore, the effectiveness of mechanical 

systems can vary considerably depending on the 

specific type and context of the tremor, requiring 

specialised solutions [24]. A major limitation at 

present is the lack of large, randomised, controlled 

clinical trials with large samples and long-term 

follow-up. Most data currently comes from pilot or 

feasibility studies, which, although promising, are 

insufficient to justify widespread adoption in clinical 

practice [25]. A standardised assessment 

methodology is needed that includes objective 

measures of tremor (e.g. via accelerometers or 

gyroscopes) and subjective measures of quality of 

life [24]. Additionally, as Parkinson's disease 

progresses, motor characteristics, including tremor, 

may change [26]. A device tuned at a specific point in 

time may become less effective as the frequency or 

amplitude of the tremor evolves. Ideal solutions 

should therefore be adaptable or allow for easy 

recalibration in order to remain effective throughout 

the progression of the disease [24]. 

To better frame the contribution and potential of 

purely mechanical anti-vibration systems within the 

existing therapeutic landscape for Parkinsonian 

tremor, a detailed comparative analysis is essential. 

Current management strategies fall into four main 

categories: pharmacological, surgical, mechatronic, 

and the focus of this review, pure-mechanical 

passive systems. The following comparison 

highlights the distinct trade-offs inherent in each 

approach concerning critical factors such as efficacy, 

comfort, cost, and associated risks, as summarized in 

Table 3. 

  
Table 3. Comparison of therapeutic approaches for Parkinson's disease tremor 

Criterion 
Pharmacological 

(Medications) 
Surgical (DBS) 

Pure-mechanical 
(Passive) 

Mechatronic 
(Active/Hybrid) 

Example Levodopa, Agonists 
Deep Brain 

Stimulation (DBS) 
TMDs, Gyroscopic 

devices, Passive orthoses 

Active gloves, 
Feedback-controlled 

orthoses 

Primary 
Mechanism 

Chemical 
modulation of 

neurotransmitters 

Targeted direct 
electrical 

stimulation 

Inertia, Energy 
Dissipation, Anti-phase 

Resonance 

Motorized actuation, 
Electronic control 

Efficacy 
(Potential) 

Substantial, but 
variable; efficacy 
wanes over time 

Very high, for 
severe, specific 

cases 

Significant (Reported up 
to 93% in controlled 

settings) 

High, potentially 
adaptive 

Comfort / 
Simplicity 

Low (Systemic side 
effects) 

Low 
(Invasiveness) 

High (Operational 
simplicity, no batteries) 

Medium-Low 
(Complexity, battery 

management) 

Cost / 
Accessibility 

Low-Medium 
(Cumulative costs) 

Prohibitive (High 
initial cost) 

Low-Medium 
(Potentially accessible) 

Medium-High 
(Electronic 

component costs) 

Major Risks / 
Limitations 

Systemic side 
effects (Dyskenisia) 

Invasiveness, 
surgical risks 

Lack of long-term clinical 
validation, compromise 

with voluntary 
movement 

Energy dependence, 
electronic 

vulnerability, 
complexity 
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Addressing these challenges requires concerted 
research and development efforts, placing equal 
emphasis on engineering innovation, user needs and 
rigorous clinical validation. 

 

7. Conclusions 
 

This review provides a comprehensive analysis of 
the emerging field of purely mechanical anti-tremor 
systems designed specifically to mitigate hand 
tremors associated with Parkinson's disease. Based 
on sound engineering principles such as passive 
vibration damping (including mass-spring-damper 
and TMD systems), the gyroscopic effect and passive 
orthoses, we demonstrated that these solutions 
represent a promising non-invasive alternative to 
conventional therapies. Particular emphasis was 
placed on the intrinsic advantages of these systems 
over mechatronic approaches. These include energy 
independence, robustness, operational simplicity 
and potentially reduced costs. These factors position 
these systems as valuable and accessible tools in the 
management of PD symptoms. 

Although often small-scale, preliminary studies 
and technical evaluations have consistently 
demonstrated the ability of these devices to 
significantly reduce tremor amplitude. This 
improvement translates directly into a noticeable 
enhancement of patients' daily functioning, thereby 
increasing their autonomy and quality of life. The 
patent landscape reveals ongoing and dynamic 
innovation in this area, with a clear trend towards 
modular design, adaptability and the discreet, 
ergonomic integration of solutions. However, most 
research is still in its early stages and requires 
robust validation through extensive clinical studies 
to ensure these innovations can be effectively 
transferred from the laboratory to directly benefit 
patients. 

There are numerous future directions for 
research and development that are essential for 
progress in this field. One important area is 
advanced customisation and dynamic adaptability, 
with the aim of developing mechanical systems that 
can easily be adjusted and customised in response to 
individual tremor variability (frequency, amplitude 
and direction). This could involve rapid, non-
invasive recalibration mechanisms or modular 
designs that allow for optimal in situ configuration. 
Research should also explore smart materials with 
passively adjustable mechanical properties, such as 
variable viscosity and auxetic materials, to achieve 
adaptive damping. 

In parallel, rigorous clinical trials and long-term 
studies are imperative for clinical validation. These 
should involve large sample sizes and sufficiently 
long follow-up periods (e.g. 6–12 months) to assess 
actual efficacy, safety and the long-term impact on 
patients' quality of life and autonomy in everyday 
use. The development and implementation of 

standardised methodologies for objective tremor 
assessment using inertial sensors and video analysis, 
as well as tremor-specific quality of life assessment 
scales, will be essential. Another priority is 
optimising comfort, aesthetics, and user acceptance. 
Research should continue to focus on 
miniaturisation, reducing weight and volume, and 
achieving aesthetic and ergonomic integration. User-
centred design is fundamental to maximising patient 
adherence and should include the use of breathable, 
hypoallergenic materials, as well as advanced 
manufacturing techniques such as 3D printing, to 
create customised solutions that perfectly adapt to 
each patient's anatomy and lifestyle. While this 
review focuses on purely mechanical solutions, 
exploring minimalist hybrid systems combining 
passive mechanical components with minimal 
electronic elements could be a promising direction. 
These could include micro-sensors for tremor 
detection and micro-controllers for fine-tuning 
mechanical parameters, such as spring stiffness and 
damper viscosity, without significantly 
compromising energy autonomy or the simplicity of 
use. The goal is to achieve an optimal balance 
between effectiveness, simplicity and affordability. It 
is also important to extend applicability to different 
types of tremor and symptoms. Although the focus 
has been on resting tremor in Parkinson's disease, 
research should explore the applicability and 
effectiveness of mechanical systems for other types 
of tremor (e.g. essential tremor and action tremor) 
and other motor symptoms of Parkinson's disease 
(e.g. dyskinesias). Lastly, the growing diversity of 
these devices makes the development of regulatory 
standards and guidelines fundamental. These 
guidelines would facilitate the regulatory process, 
ensure product quality and protect patients, thereby 
strengthening confidence in these emerging 
technologies. 

In conclusion, purely mechanical anti-vibration 
systems represent a dynamic and promising frontier 
in the management of Parkinson's tremor. Continued 
rigorous research, engineering innovation and close 
collaboration between engineers, clinicians and 
patients, focusing on user needs and experience, has 
the potential to significantly improve the autonomy, 
functionality and quality of life of the millions of 
people affected by this neurodegenerative disorder. 
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