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Abstract

Background and Objective: Musculoskeletal disorders (MSDs) are among the
most common occupational health problems, with whole-body vibration
(WBYV) recognized as a significant contributing factor. This study aimed to
investigate the relationship between WBV exposure and musculoskeletal
discomfort among operators of construction machinery.

Materials and Methods: In this cross-sectional study, 150 construction
machinery operators were evaluated. The Cornell Musculoskeletal
Discomfort Questionnaire (CMDQ) was used to assess discomfort levels, and
WBYV was measured using the SV106D device in accordance with ISO 2631
standards. The collected data were analyzed using descriptive statistics,
Pearson correlation, and multiple regression tests.

Results: The mean vibration acceleration was measured at 0.54 = 0.37 m/s ,
which was below the national 8-hour exposure limit. Nevertheless, 65.3% of
the participants reported moderate discomfort and 2% reported severe
discomfort. The neck, lower back, and shoulders showed the highest levels of
discomfort. A positive and significant correlation was observed between
musculoskeletal discomfort scores and WBV (r=0.521, P<0.001), work
experience (r=0.410, P<0.001), and age (r=0.271, P=0.001). In the multiple
regression model, WBV alone predicted 27.8% of the variance in
musculoskeletal discomfort scores, which increased to 42% after adding work
experience and age.

Conclusion: Even exposure to WBV below permissible limits, if prolonged and
under poor ergonomic conditions, can lead to considerable musculoskeletal
discomfort.
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Extended Abstract

Background and Objective

Musculoskeletal disorders are among the most
common  work-related  health  problems
worldwide and have a significant impact on
workers' health and organizational productivity.
These disorders are particularly prevalent in
environments characterized by poor postural
conditions, repetitive movements, and exposure
to physical factors such as vibration. Hand-arm
vibration and whole-body vibration are
recognized as the two primary types of vibration
exposure, both of which can lead to a variety of
musculoskeletal and neurological impairments.
In the construction industry, where vibrating
machinery and tools are extensively used,
exposure to whole-body vibration is of
particular concern. The present study was
conducted to assess the level of exposure to
whole-body vibration and its association with
musculoskeletal discomfort among operators of
mobile construction machinery.

Materials and Methods

In this descriptive-analytical study, a total of 150
active operators working on construction
projects in Tehran were selected as the study
population. All participants had at least one year
of continuous experience operating mobile
construction  machinery  that generates
vibration, ensuring that the long-term effects of
exposure could be adequately assessed.
Individuals with a history of musculoskeletal
disorders due to non-occupational causes or
unrelated health conditions, as well as those
unable to complete the questionnaire, were
excluded from the study. To evaluate
musculoskeletal discomfort, the validated
Persian version of the Cornell Musculoskeletal
Discomfort Questionnaire (CMDQ) was used.
This  self-report  tool  assesses  three
dimensions—frequency, severity, and
interference with work activity—across 20
different body regions. The score for each
region was calculated by multiplying these three
factors. To compute an overall musculoskeletal
discomfort index, the total score of all
responded body regions was divided by the
number of regions answered. Based on the final
scores, participants were classified into four
categories: no discomfort, mild discomfort,
moderate discomfort, and severe discomfort.
Exposure to whole-body vibration was
measured using the SVANTEK SV106D triaxial
vibration meter, in accordance with ISO 2631
standards. The sensor was mounted on the
driver's seat, and vibration acceleration was
recorded along the X, Y, and Z axes. The
resultant acceleration was then calculated, and
to assess long-term exposure, the equivalent 8-
hour daily vibration acceleration was also
determined.
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Results

In this study, 150 operators of construction
machinery participated, with a mean age of 39.04
+ 7.34 years and an average work experience of
8.61 +4.02 years. The mean resultant whole-body
vibration acceleration was 0.54 + 0.37 m/s , which
is below the national permissible limit of 0.87
m/s . The results of the CMDQ indicated that the
highest average discomfort scores were
reported in the neck (9.65 = 10.73) and lower
back (10.28 + 12.52). In contrast, the arms,
forearms, wrists, and lower limbs (knees, calves,
and feet) showed lower levels of discomfort,
mainly classified as mild. Among all participants,
65.3% reported moderate to severe discomfort,
with only 2% experiencing severe discomfort. A
positive and significant correlation  was
observed between musculoskeletal discomfort
scores and whole-body vibration (r = 0.521, P <
0.001), work experience (r = 0.410, P < 0.001), and
age (r = 0.271, P = 0.001). In the multiple
regression model, whole-body vibration alone
predicted 27.8% of the variance in
musculoskeletal discomfort scores, which
increased to 42% after adding work experience
and age. Whole-body vibration remained the
strongest predictor.

Discussion

The findings of this study indicate a high burden
of musculoskeletal discomfort among operators
of mobile construction machinery. Moreover, a
direct and significant association was observed
between the intensity of whole-body vibration
and the severity of musculoskeletal symptoms.
These results are consistent with those reported
by Zare et al., who also identified a significant
relationship between exposure level to whole-
body vibration and the occurrence of
musculoskeletal disorders among construction
equipment operators. Although the average
vibration acceleration measured in this study
was below the permissible limit, the results
highlight that prolonged exposure at such levels
can increase the risk of developing
musculoskeletal disorders. Similarly, the study
by Neghab et al. reported a positive association
between the duration of vibration exposure and
the severity of musculoskeletal disorders,
emphasizing the critical role of exposure
duration and work experience in the
development of these conditions. The pattern of
discomfort distribution in this study indicates
that the trunk regions—including the neck,
back, and shoulders—as well as the seating
areas, such as the buttocks and thighs, are the
most vulnerable anatomical sites. This pattern
suggests that chronic exposure to whole-body
vibration can lead to persistent pain and
structural disorders in the spine and joints of
these regions. In line with this, a study by
Podlaha et al. on heavy equipment operators in
the construction industry reported that the most
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common pain areas were the lower back (53%),
mid-back (42%), followed by the neck,
shoulders, and buttocks (37%), which is
consistent with the findings of the present
study. Although the correlation between age
and musculoskeletal discomfort was weaker
compared to the associations with vibration
intensity and work experience, it remained
statistically ~ significant.  This  suggests a
cumulative effect of vibration-induced damage
combined with the aging process on
musculoskeletal health. This finding aligns with
previous studies, including those conducted by
Kashif et al. and Afshari et al. However, the
present study faced several limitations. The
cross-sectional  design  prevented  causal
inferences, and reliance on self-reported
questionnaires introduced the possibility of
response bias. Additionally, vibration exposure
was measured only once, without accounting for
the diversity of machinery or environmental
conditions. Future research should employ

longitudinal designs, utilize more objective
assessment tools, and incorporate multifactorial
analyses of ecological and occupational
variables. This approach will provide a clearer
understanding of the relationship between
vibration  exposure and musculoskeletal
disorders, thereby facilitating the development
of more effective interventions.

Conclusion

The results of this study indicate that whole-
body vibration, even at levels below the
permissible exposure limit, can be a significant
risk factor for the health of construction
machinery operators. Given the high prevalence
of musculoskeletal discomfort and the influence
of ergonomic factors, preventive measures, such
as improving seat and equipment design,
reducing  exposure  duration, providing
ergonomic training, and conducting regular
screening, can play an effective role in
mitigating these issues.
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