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Abstract: Employees are exposed to harmful vibrations in their work environment, which can pose risks to
their health and work performance. Excessive vibrations can negatively impact the musculoskeletal system,
leading to disorders. This study aims to present a conceptual framework that explores the interactions
among external factors such as vibrations, psychosocial elements, workplace risks, and individual
characteristics that interact with the musculoskeletal system. The results of this study provide insight into
how these factors affect the musculoskeletal system, offering suggestions for creating work environments
that can help prevent work-related musculoskeletal disorders.
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1. INTRODUCTION

Musculoskeletal disorders (MSDs) are health
problems that impact muscles, tendons, joints,
nerves, and the skeleton, indicating issues within
the body's movement system. These conditions
often arise from prolonged exposure to different
levels of pressure and can be triggered by both
work-related factors (work conditions) and non-
work-related factors (daily activities) [1].
Research has established a connection between
MSDs and factors like vibrations and
psychosocial influences [2-4].

The human body constantly reacts to
environmental influences, with vibrations being
a key factor that can impact the entire organism
and its systems. Vibrations, especially at low
frequencies and with prolonged exposure, can be
particularly damaging. Mechanical vibrations
can originate from different industrial activities
like transportation, construction, and
agriculture. Whole-body vibration (WBYV)
happens when a person is in contact with a
vibrating surface, like during travel, while
hand-arm vibration (HAV) is transmitted
through the hands when using rotating or
percussive power tools.

Prolonged exposure to vibrations can
heighten the likelihood of musculoskeletal
problems, such as back pain, neck pain, and
muscle fatigue. Research has emphasized the
negative impact of WBV on muscles and the
significant risks associated with HAV in the
development of MSDs among workers who use
vibrating tools like grinders, drills, saws, and
hammers [5-10]. Extended exposure to HAV
can also lead to health issues that impact the
vascular, sensory, and musculoskeletal systems,
known as HAV syndrome [11-14].

Workers report different musculoskeletal
disorders depending on the type of vibration
exposure. Cases linked to whole-body vibration
often involve the lower back and neck, while
hand-arm  vibration is more frequently
associated with upper limb disorders, including
conditions such as HAVS and carpal tunnel
syndrome.

WBYV is more commonly linked to conditions
such as back pain, neck pain, and muscle fatigue,
while HAV is associated with disorders such as
hand-arm vibration syndrome (HAVS), carpal
tunnel syndrome, and other upper limb
conditions [8-11, 14].
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This data emphasizes the specific risks linked
to each type of vibration exposure and the
importance of targeted preventive measures to
protect workers from these health hazards.
Furthermore, the specific frequencies of
vibrations also play a critical role in determining
their health impacts. Exposure to low-frequency
vibrations, ranging from 1 to 20 Hz, has been
linked to lower back pain and sciatica, while
fluctuations at very low frequencies (below 1
Hz) can cause sensations of imbalance and
nausea, like motion sickness [15, 16]. The health
impacts of vibrations can occur at frequencies
ranging from 0.5 to 80 Hz for WBVs, while
disorders of the hand-arm system can be
triggered by frequencies between 6.3 and 1250
Hz [17]. Additionally, the duration and pattern
of exposure, environmental conditions, and the
use of personal protective equipment all
contribute to the harmful effects of vibrations
[18].

Understanding how vibrations, combined
with physical stressors like awkward postures,
excessive force, and repetitive movements, can
result in conditions such as carpal tunnel
syndrome and a higher risk of lower back pain
[2, 19]. Exposure to both physical and
psychosocial workloads can further increase the
likelihood of musculoskeletal injuries [20]. To
comprehend the effects of vibrations on the
body, it is crucial to analyze mechanical factors
like frequency, displacement, acceleration, and
energy to determine their impact on health.

The article introduces a theoretical model that
explains how exposure influences outcomes,
allowing for the quantitative prediction of
external factors' effects on the human
musculoskeletal — system. It  specifically
investigates the impact of workplace vibrations
on worker health, focusing on MSDs. The
research's importance for industry lies in its
potential to enhance safety protocols and protect
workers from MSDs through the application of
this model. The aim is to shed light on MSDs
occurrences, risk factors, and their connections,
aiding in the development of preventive
measures to reduce the prevalence of MSDs
among workers.

Existing research has yet to integrate these
diverse factors into a single model that captures
how vibration exposure interacts with

psychosocial and organizational conditions to
affect musculoskeletal health.

2. METHODS

The research focused on three companies
operating in the energy, tire manufacturing, and
maritime platform sectors. These sectors were
chosen due to the significant exposure of
workers to vibrations. Rather than solely
assessing the level of vibration exposure in the
workplace, the study aimed to develop a
conceptual framework to understand how
vibration exposure, combined with psychosocial
influences, workplace-specific risks, and
individual worker characteristics, impacts the
musculoskeletal system and contributes to the
development of work-related MSDs.

The study employed a cross-sectional
approach, analyzing data on vibration exposure
types, WBV and HAV, and their effects on the
musculoskeletal system. The findings indicated
that WBYV, experienced when a worker is in
contact with vibrating surfaces such as machine
seats or floors, and HAV, transmitted through
tools held by the worker, both lead to various
MSDs, including back pain, neck pain, muscle
fatigue, and hand-arm vibration syndrome
(HAVS). The interaction between these
vibrations and factors like awkward postures,
repetitive motions, and psychosocial stress
significantly heightens the risk of developing
MSDs.

The conceptual framework developed in the
study provides a model illustrating how various
external factors, including vibration exposure,

psychosocial ~ stressors, and  individual
characteristics, interact and influence the
musculoskeletal system. It highlights the

importance of a holistic approach to prevent and
manage MSDs, considering both direct and

indirect effects of these factors on
musculoskeletal health.

Based on these insights, the study
recommends ergonomic interventions,

comprehensive training programs, and regular
monitoring of vibration levels as essential
strategies to mitigate the risks associated with
prolonged vibration exposure in the workplace.
By addressing these combined risk factors,
employees can better protect workers from



MSDs, improve workplace safety, and promote
overall well-being.

3. RESULTS

3.1 Occupational exposure to vibration

Daily exposure to workplace vibrations is
common for employees in different job fields.
Vibration is a rapid, back-and-forth or
oscillating movement. In the workplace, such
exposures are generally classified into two
types: whole-body vibration (WBV) and hand-
arm vibration (HAV). A comparison between
these two types of exposure, including typical
sources, associated disorders, and affected body
regions, is presented in Table 1. Contact with a
vibrating surface, such as a machine handle,
equipment surface, or moving machine seat, can
cause vibrations to be felt throughout the human
body. WBYV typically occurs when a person sits
on a vibrating floor or seat. The vibrations
experienced by body parts in contact with
surfaces, such as tool seats, backrests, or floors,
are the same as those from the vibration source.
However, damping can affect different body
areas in different ways. Studies have shown that
muscles exhibit damping properties determined
by the attenuation coefficient. As a result, WBV
can influence comfort, performance, and health,
with outcomes depending on the intensity,
waveform, and duration of exposure.

The level of vibration energy transmitted
through the body is also influenced by the
stiffness and damping properties of the
musculoskeletal system, causing vibration levels
to vary as they move through different regions

of the body.
Consequently, various body regions may
experience different levels of vibration
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exposure. It is important to note that this
exposure can fluctuate continuously or occur at
discrete intervals, depending on factors such as
the vibration source's parameters, the properties
of the body's structure, and the distance from the
source.

Various sensors in the human body respond
to vibrations, including the body parts in direct
contact with the vibrating surface, internal
receptors such as skin receptors detecting
vibrations, various tissue systems, and the
auditory system reacting to WBYV. The
distribution of vibrations across the body affects
how workers move, depending on the frequency
and direction of the vibrations and the extent to
which the body is connected to the vibration
source. WBYV is most intensely felt by humans
within the 1 to 20 Hz frequency range, although
sensitivity varies with the direction of the
vibration [21].

Vibrations felt throughout the body can
influence the collection of sensory information,
levels of interest, fatigue, and intentional
behaviors. To understand their movement
environment, the brain must integrate these
sensory signals into a cognitive model. A
worker's perception of their body's position and
sense of stability can also be affected. The point
of contact between the body and the vibrating
source plays a crucial role in how vibrations are
experienced. The body's reaction to vibrations
involves a combination of forces and
movements that can vary depending on the
frequency and direction of the vibration.

Hand-arm vibration (HAV) may occur when
individuals use handheld power tools or hand-
guided equipment, where the vibrations travel to
the worker's hands and arms through the palms
and fingers.

Table 1. Comparison between whole-body vibration (WBV) and hand-arm vibration (HAV).

Vibration Typical sources Common MSDs Affected body
type regions
Whole-body Vehicle seats, vibrating floors, heavy Lower back pain, neck pain, Spine, lower
vibration (WBV) machinery platforms muscle fatigue back, neck, pelvis
Hand-arm Power tools (drills, grinders, Carpal tunnel syndrome, HAVS, Hands, wrists,
vibration (HAV) | hammers), vibrating hand-held equipment finger blanching, upper limb pain arms, fingers

Touch perception involves a combination of
various sensory pathways. Factors such as the
duration of exposure to vibrations, the manner of
exposure, the tools or vehicles generating the

vibrations, environmental conditions, the body's
response to vibrations, and individual
characteristics all influence how vibrations
impact the forearm-hand system. Prolonged



1068

exposure to HAV from powered tools can lead
to increased symptoms and signs of disorders in
the vascular, neurological, and musculoskeletal
systems of the upper limbs [22]. Hand-arm
vibration syndrome (HAVS) encompasses all
these disorders.

When body parts encounter a vibrating tool
or surface, they experience the same level of
vibration as the source. However, the exposure
of body parts to vibration can vary due to
damping effects. Studies have shown that
muscles have damping characteristics, with the
damping factor influenced by the attenuation
coefficient [23]. Musculoskeletal stiffness and
damping play crucial roles in determining how
much vibration energy is transmitted. As
vibration travels between different body parts,
its intensity changes, leading to varying levels of
vibration exposure across different areas of the
body.

3.2 The interaction between vibrations and
the musculoskeletal system

When the human body is viewed as an
integrated mental and musculoskeletal system, it
becomes clear that external factors can trigger
responses that may harm its structures. The
musculoskeletal system is composed of bones
(skeleton), muscles, cartilage, tendons,
ligaments, blood vessels, nerves, joints, and
other connective tissues [24]. These
interconnected components work together to
support movement, stability, and overall
physical function. However, when exposed to
external stressors such as physical strain,
vibrations, or psychological stress, the system
can respond in ways that may lead to injury or
disorders.

The conceptual framework established in this
research is based on Armstrong et al.'s (1993)
[25] approach to show how external factors
contribute to the development of work-related
MSDs. Therefore, this conceptual framework
focuses on identifying body structure
breakdowns and considering the adverse effects
of vibration. The level of exposure is influenced
by various external factors and their specific
parameters, such as psychosocial factors,
workplace-related risk factors, and individual
factors such as the worker's age or health status.

The proposed conceptual framework
includes a model illustrating how vibrations and
other  external factors influence  the
musculoskeletal system and its outcomes, as
shown in Figure 1. This model integrates
existing theories and research to demonstrate
how factors such as vibrations, psychosocial
influences,  workplace-related risks, and
individual characteristics affect musculoskeletal
health.

While the model highlights a selection of key
risk factors, these examples are not exhaustive
and are meant to be illustrative. By examining
how vibration exposure, alone or combined with
other factors, impacts various components of the
musculoskeletal system, including the skeleton,
muscles, tendons, ligaments, and nerves, it
provides a comprehensive understanding of the
associated risks.

Understanding the interactions among these
factors is crucial for developing effective
strategies to prevent and manage MSDs
resulting from vibration exposure. The model
emphasizes the need for a holistic approach that
considers both direct and indirect influences on
musculoskeletal health, laying the groundwork
for targeted interventions to reduce the incidence
of MSDs in the workplace.

In practical terms, this model can support
workplace assessments by identifying specific
combinations of risk factors that contribute to
musculoskeletal strain. It can also inform
training content, job design, and equipment
selection by making visible the links between
external exposures and internal health outcomes.

Furthermore, the model may be used as a
reference framework in future studies aiming to
quantify the relative contribution of each factor
to MSD development. This can guide both
preventive and corrective actions in occupations
with high vibration exposure.

The model (Figure 1) integrates
biomechanical factors, such as prolonged static
postures, repetitive movements, and heavy load
handling, with psychosocial factors like
occupational stress, job satisfaction, and
organizational climate. These elements can
either amplify or mitigate the effects of vibration
exposure, providing a more detailed
understanding of how different risk factors
interact to affect worker health.



1069

Monotony and fatigue

Sudden/forced efforts

Uncomfortable postures

‘Workplace-
related risk
factors

Pra—

Performing a hight
number of task

Psychosocial
factors

Vibrations

Improper use of work
techniques unhealthy
condition, and insufficient
rest, and recovery

Individual
factors

repetitions

Musculoskeletal . MDS
system exposure

Fig. 1. Conceptual framework of vibration exposure and external risk factors for musculoskeletal disorders.

Additionally, personal factors such as age,
sex, physical condition, and health history
influence individual vulnerability to MSDs.

A comprehensive understanding of the
interplay between physical and psychosocial
factors is essential for accurate risk assessment.
Workers exposed to prolonged vibrations,
especially when combined with poor ergonomic
practice or elevated psychosocial stress, face a
higher risk of severe MSDs.

The model highlights the necessity for
integrated interventions that address both
ergonomic improvements and psychosocial
support, establishing a strong foundation for
developing occupational safety and health
policies aimed at preventing MSDs and
enhancing overall worker well-being.

Moreover, it is imperative to consider the
adaptability of the musculoskeletal system to
vibrations. The system’s tolerance to repeated or
sustained exposure can vary depending on
factors such as overall health, physical fitness,
and previous vibration exposure. This
adaptability influences the body's response to
vibrations, which can fluctuate over time.
Additionally, the nature and intensity of
vibrations, whether high or low, affect the body's
response differently. A detailed understanding
of these factors facilitates the design of more
precise and effective interventions and

rehabilitation programs, thereby
worker health and resilience.

According to the proposed conceptual
framework, the musculoskeletal system always
responds to vibrations, even when they are
combined with other external factors. The body
can adapt by either increasing or decreasing its
tolerance to repeated or consecutive exposure.
The response at any specific moment reflects the
adaptability at that time, which can vary from
one moment to the next. This adaptability is
affected by factors such as the individual's
general health, fitness level, and past exposure
to vibrations. It is important to consider these
factors when evaluating how the body responds
to vibrations to enhance training or rehabilitation
programs.

In addition, the body's response can be
impacted by the type and intensity of the
vibrations being felt. For example, high-
intensity vibrations may elicit a different
response  than  low-intensity  vibrations.
Reflecting on these factors can contribute to the
design of more effective interventions for those
exposed to vibrations.

Implementing ergonomic interventions and
providing comprehensive training can help
reduce the risks associated with long-term
exposure to workplace vibrations. To ensure a
safe work environment, employers need to

improving



1070

recognize and address these risk factors.
Regularly monitoring vibration levels, gathering
feedback from employees, and evaluating the
situation can help pinpoint areas that need
improvement to prevent MSDs.

4. DISCUSSIONS
This study has demonstrated a clear
association between vibrations and the

prevalence of MSDs among workers. The
findings provide insights into how exposure to
vibrations, along with other external factors such
as psychosocial and workplace-related risks, as
well as individual psychological factors,
interacts with internal body structures to affect
the musculoskeletal system, leading to MSDs.
The approach taken in this study builds on
previous models, which suggest that the human
body consistently responds to repeated exposure
to vibrations. According to this concept,
vibrations directly affect the musculoskeletal
system, while psychosocial factors have an
indirect influence on it.

Earlier studies on MSDs have predominantly
focused on the combined effects of
psychological and physical factors [26-29].
Huang et al. (2002) [30] also explored how
biomechanical and psychological factors can
impact the human body. Compared to prior
research, this study introduces a conceptual
framework that emphasizes the interaction
between various external factors, particularly the
effects of vibrations on the musculoskeletal
system. It also considers indirect factors, such as
psychological and individual characteristics, and
their potential impact on musculoskeletal health.

While earlier studies typically concentrated
on either work-related or non-work-related
factors in isolation, the conceptual model
introduced in this study provides a more
comprehensive view by considering the
interactions and cumulative impacts of these
factors on the musculoskeletal system. This
approach offers a holistic understanding of
MSDs and their prevention. By considering all
factors that can interact with vibrations in the
workplace, the study provides valuable insights
for developing effective intervention strategies.

Despite ongoing efforts, understanding how
vibrations and other external factors affect

worker safety and health outcomes remains
challenging, particularly due to a limited
understanding of the underlying biological
mechanisms. Nonetheless, it is widely
acknowledged that the harmful effects of using
vibrating tools or machines are well-
documented, though they are often
underestimated. Occupational diseases can
result from injuries caused by mechanical
vibrations affecting the musculoskeletal system,
leading to conditions such as carpal tunnel
syndrome and tendonitis, which may cause
chronic pain and disability for workers. It is
crucial for employers to implement ergonomic
practices and provide adequate training to
prevent these occupational diseases.

Prolonged exposure to vibrating tools can
lead to HAV syndrome and carpal tunnel
syndrome, causing pain, numbness, and reduced
grip strength. To minimize these risks, workers
need proper training and appropriate equipment.
Employers can help prevent long-term health
issues by educating workers on the risks
associated with vibrating tools and safe usage
practices. Using anti-vibration gloves and tools
with dampening technology can also reduce
strain on workers' hands and arms. Ensuring a
safe and healthy work environment requires
actively addressing the risks linked to vibrating
tools. Regular assessments for signs of HAV
syndrome, along with breaks and task rotation,
can further lower exposure. Prioritizing
employee health and safety can prevent injuries,
boost productivity, and enhance workplace
morale. Investing in training and equipment is
essential for fostering a culture of safety and
well-being.

To reduce the impact of vibrations
transmitted to the hand-arm system, several
preventive measures are necessary. These
include informing users about associated risks,
conducting regular medical check-ups, selecting
equipment with low vibration levels, and
ensuring it is used correctly.

Continuous or frequent exposure to WBV can
lead to MSDs such as back pain and joint issues
[31]. Although back pain is the primary health
issue associated with WBYV, other effects
include sciatica, digestive issues, genitourinary
problems, hearing loss, and changes in
peripheral circulation [22, 32]. Vibration can



also affect blood circulation, leading to muscle
fatigue and discomfort. To protect workers'
safety and well-being, employers should
proactively reduce WBYV risks through regular
risk assessments, appropriate training, and the
use of personal protective equipment. Setting up
ergonomic workstations and allowing frequent
breaks can further lower the risk of MSDs.
Encouraging open communication and
prompting employees to report discomfort or
symptoms can also enhance workplace safety.

Beyond its use in risk assessment, the
conceptual model developed in this study could
serve as a training tool to improve awareness of
vibration-related MSDs among workers,
supervisors, and occupational health
professionals. Its visual structure and emphasis
on interacting factors can support workplace
discussions about exposure, job design, and
early signs of musculoskeletal strain.
Embedding this model in professional training
programs may strengthen prevention efforts by
linking theoretical risk factors with day-to-day
work realities.

Mitigation strategies for WBV effects include
minimizing vibrations along transmission paths
using specially designed chairs, vibration-
insulating platforms, and personal protective
equipment. Regular maintenance of machinery
and equipment is essential to reduce vibration
levels, and training workers on proper posture
and ergonomic practices can further help.

Despite ongoing research, understanding the
impact of vibrations and other external factors
on worker safety and health remains challenging
due to limited knowledge of the underlying
biological mechanisms. While previous studies
have typically examined either work-related or
non-work-related factors in isolation, the
conceptual model in this study offers a more
comprehensive approach by considering both
types of factors and their cumulative effects on
the musculoskeletal system.

Previous research consistently confirms the
link between workplace stress and MSDs,
supporting the findings of this study. Eatough et
al. (2012) [26] identified job dissatisfaction, lack
of control, conflicting roles, and emotional
fatigue as factors increasing strain among
workers. When these stressors combine with
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vibration exposure, they significantly contribute
to the development of work-related MSDs,
affecting tendons, muscles, nerves, bursae, and
blood vessels. Raffler et al. (2017) [27]
demonstrated a significant correlation between
back pain and the combined effects of WBV and
awkward postures, emphasizing the critical role
of ergonomic and environmental factors at work.
Frequent exposure to vibrations, along with
repetitive and uncomfortable positions or
strenuous exertion, can lead to fatigue and
increase the risk of musculoskeletal imbalances.
Individual factors such as poor work habits,
compromised health, and insufficient rest further
exacerbate these risks, as shown in this study.

Given this complexity, the model developed
in this study may serve not only as an analytical
tool but also as a foundation for applied
strategies in occupational health. The conceptual
framework may inform the development of
digital tools for early risk detection and adaptive
interventions. By structuring input variables
such as vibration levels, postural data, and self-
reported discomfort, the model could support
predictive analytics in workplace monitoring
systems. Such applications may improve the
timeliness and relevance of preventive actions,
particularly in high-exposure environments.

However, it is important to acknowledge
some limitations in this study, particularly the
lack of outcome measures that include clinical
examinations and self-reported symptoms. To
enhance the study's findings, future research
should incorporate these additional outcome
measures.

Expanding future research beyond symptom
reporting is also necessary to improve
prevention efforts in practice. A
multidisciplinary approach, involving
ergonomics,  occupational  health, and
engineering, may help identify concrete ways to
reduce exposure risks. Individual characteristics
such as age, fitness level, and history of
musculoskeletal disorders may also influence
how workers respond to vibration and should be
better understood. In parallel, organizational
aspects, such as job design, repetitive work
cycles, or lack of recovery time, can increase
vulnerability to MSDs. These should be
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systematically assessed when
vibration-related risks.

Another gap concerns long-term effects.
Longitudinal studies could clarify how risks
accumulate over time and inform better
workplace regulations and exposure limits.

evaluating

5. CONCLUSIONS

This study examined how external factors
affect the musculoskeletal system, focusing on
workplace vibration exposure and its interaction
with  psychosocial, organizational, and
individual risk factors for MSDs. The findings
support preventive measures, including targeted
training, workplace adjustments, and technical
or administrative controls complemented by
personal protective equipment.

This integrated approach considers both
physical and psychosocial dimensions of work-
related injuries and provides a framework for
designing safer work environments and
developing effective MSD prevention strategies.

Future work should aim to translate these
findings into practical tools for occupational risk
assessment (by implementing a collaborative
approach as described in [33]). Developing user-
friendly methods to identify and monitor
vibration  exposure, alongside relevant
psychosocial or organizational stressors, can
improve early detection and inform timely
intervention (similar like the findings in [34-
36]). Structured monitoring systems and regular
evaluation of workplace practices could further
support prevention efforts.
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Vibratiile: un risc ticut in tulburirile musculo-scheletice de origine profesionali

Operatorii umani sunt expusi la vibratii nocive In mediul lor de muncd, care pot reprezenta riscuri pentru sandtatea si
performanta lor la locul de munca. Vibratiile excesive pot afecta negativ sistemul musculo-scheletic, conducand la aparitia
unor afectiuni. Acest studiu 1si propune sa prezinte un cadru conceptual care analizeaza interactiunile dintre factorii
externi, precum vibratiile, elementele psihosociale, alti factori de risc intalniti la locul de munca si caracteristicile
individuale ale lucrdtorilor, care influenteaza sistemul musculo-scheletic. Rezultatele studiului oferd o intelegere a
modului in care acesti factori afecteaza sistemul musculo-scheletic si propun solutii pentru crearea unor medii de lucru
care pot contribui la prevenirea afectiunilor musculo-scheletice de origine profesionala.
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