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ABSTRACT

Background: Low back pain (LBP) is a pervasive musculoskeletal disorder significantly affecting workforce productivity,
particularly in the transport sector. Night bus drivers are theoretically at high risk due to prolonged static loading and non-
ergonomic postures. However, the specific contribution of these biomechanical factors remains debated in the context of
long-haul driving.

Obijective: This study aimed to determine the prevalence of LBP and analyze the correlation between sitting duration and
sitting posture with the incidence of LBP among night bus drivers on the Bali-Java route.

Methods: An observational analytic study with a cross-sectional design was conducted involving 68 male night bus drivers
selected via purposive sampling. Data regarding sitting duration, sitting posture, and LBP symptoms (measured via the
Nordic Musculoskeletal Questionnaire) were collected and analyzed using Chi-Square and Fisher’s Exact tests with a
significance level p < 0.05.

Results: The prevalence of LBP was 36.8%. There was no significant association between sitting duration (p =
0.650) or sitting posture (p = 0.527) and LBP. Age (p = 0.947) and BMI (p = 0.333) were also not significantly
associated with LBP.

Conclusion: LBP affects more than one-third of night bus drivers on the Bali-Java route. The absence of a significant

correlation suggests that sitting duration and sitting posture alone are not the primary determinants of LBP in this group.
Keywords: low back pain, prevalence, sitting duration, sitting posture, night bus drivers.

INTRODUCTION:

Low back pain (LBP) has emerged as a critical global health
challenge and continues to be one of the leading contributors to
years lived with disability (YLDs). Epidemiological estimates
from 2019 indicated that approximately 568.4 million people
were living with LBP, alongside 63.7 million YLDs worldwide.
In Southeast Asia, the burden remains substantial, affecting more
than 54.5 million individuals." Although national prevalence
estimates in Indonesia—yparticularly in Bali—have been reported,
there has been no comprehensive population-based research
conducted in the past five years. Low back pain (LBP) contributes
to significant socioeconomic consequences, including reduced
productivity, increased healthcare costs, and a rising trend in
disability-adjusted life years over the past decade.

http://ojs.unud.ac.id/index.php/eum
d0i:10.24843.MU.2026.V15.i5.P07

In occupational settings, LBP was commonly categorized as
a work-related musculoskeletal disorder (WMSD), as workplace
exposures played a significant role in accelerating mechanical
strain and musculoskeletal degeneration. More recent analyses
emphasized that occupational LBP was influenced not only by
physical load but also by psychological and systemic factors, such
as stress, sleep deprivation, and lifestyle habits.>® Bus drivers
represented one of the occupational groups with the highest risk,
given the combination of prolonged static sitting, limited
variability of posture, restricted cabin ergonomics, and long-term
exposure to mechanical vibration. Recent studies reported in
several Asian countries prevalence rates of 60.4% in Malaysia
and 67.4% in India.* In the Middle East, up to 73.9% among
commercial bus drivers, with even higher rates in drivers aged
over 50 years.®
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In the Indonesian context, the prevalence of LBP among
bus drivers also demonstrated considerable variation. Prior studies
reported LBP rates of approximately 45.5% among drivers
operating 500-km inter-city routes and 53.75% among inter-
provincial drivers in Bali.”® These differences were believed to
reflect variations in route characteristics, road conditions, and
driver work cycles, including the growing use of relay driving
systems on longer routes. Despite this variability, the consistently
elevated prevalence underscored the need for continuous
occupational health surveillance and targeted ergonomic
interventions.

The biomechanical pathway underlying LBP in drivers had
been linked to prolonged sitting duration and non-ergonomic
posture. Static sitting increased intradiscal pressure, reduced disc
perfusion, accelerated fatigue of paraspinal muscles, and limited
the spine’s natural shock-absorbing capacity.>*® However, recent
literature had argued that the relationship between sitting duration
and posture with LBP was not stand alone. Factors such as seat
design, posture variability, driving breaks, physical fitness level,
and vibration exposure significantly also moderated this
association. Large-scale occupational studies between 2020-2024
emphasized that prolonged sitting only became a significant
predictor of LBP when accompanied by inadequate microbreaks,
poor ergonomics, or low physical activity levels.*'**®

Despite the established risk profile, limited research had
comprehensively examined the combined influence of sitting
duration and sitting posture among long-distance night bus drivers
in Indonesia, particularly on the Bali-Java corridor. This specific
population was exposed to prolonged driving hours, variable road
conditions, and operational routines that may differ from short-
distance urban routes. Therefore, the present study aimed to
determine the prevalence of LBP and to analyze the statistical
relationship between sitting duration and sitting posture with the
occurrence of LBP among Bali-Java night bus drivers.
Understanding these relationships in a contemporary operational
context was essential to inform occupational health strategies and
ergonomic improvements tailored to long-haul commercial
drivers.

METHODS

This research employed an observational analytic design
with a cross-sectional approach. This design was selected to
simultaneously assess exposure variables (sitting duration and
sitting posture) and the outcome variable (LBP) at a single point
in time. The study was conducted at the Mengwi Type A
Terminal, Badung, Bali, and various bus pool stations from
March to June 2025.

The target population comprised all night bus drivers
operating on the Bali-Java route. A total of 68 male drivers were
recruited using a purposive sampling technique based on specific
eligibility criteria.

http://ojs.unud.ac.id/index.php/eum
doi:10.24843.MU.2026.V15.i5.P07

Inclusion criteria were male drivers operating on the Bali-
Java route with a work tenure of > 5 years who provided informed
consent. Exclusion criteria were the presence of a history of spinal
trauma or fractures, congenital spinal deformities, prior spinal
surgery, or systemic diseases known to associated with
musculoskeletal pain (e.g., severe diabetes mellitus, osteoporosis,
and malignancy).

The dependent variable in this study was LBP, assessed
using the Standardised Nordic Musculoskeletal Questionnaire
(NMQ), which specifically evaluated LBP symptoms.
Participants were dichotomized into “pain™ or "no pain" groups
based on symptoms experienced during the last 12 months.'® The
independent variables included sitting duration, sitting posture,
age, and body mass index (BMI). Sitting duration was defined as
the cumulative daily driving hours, categorized into low (< 4
hours), medium (4—7 hours), high (8-12 hours), and very high (>
12 hours). Sitting posture was evaluated via observation and self-
report diagrams, classified as either “ergonomic™ (supported,
reclined backrest) or "non-ergonomic" (unsupported, upright, or
kyphotic posture). Covariates included age (stratified as < 40 and
> 40 years) and BMI, which was categorized according to the
Asia-Pacific guidelines.

Data were analyzed using SPSS version 26.0. Univariate
analysis was performed to describe respondent characteristics.
Bivariate analysis employed the Chi-Square test and Fisher’s
Exact test to evaluate the relationship between age and LBP.
Fisher’s Exact test was utilized for variables (sitting duration,
sitting posture, and BMI) where expected cell counts were
insufficient (< 5) for Chi-Square validity. Statistical significance
was established at p < 0.05.

RESULTS

The study included 68 respondents with basic characteristics
comprising the presence of low LBP, sitting duration, sitting
posture, age distribution, and body mass index (BMI).

Univariate analysis was performed to describe the frequency
distribution of LBP as the dependent variable and the independent
variables of sitting duration, sitting posture, age, and BMI, thereby
addressing the first research question regarding LBP prevalence.

The point prevalence of LBP in this study population was
36.8% (n = 25). The majority of drivers, amounting to 63.2% (n =
43) reported no significant LBP symptoms.

The demographic analysis revealed that the workforce was
predominantly older, with 73.5% of participants aged > 40 years,
placing the majority in the higher-risk age category for developing
musculoskeletal disorders. Nutritional status based on BMI also
showed a concerning pattern, as more than half of the respondents
(54.4%) were classified as obese, which may contribute to
increased biomechanical stress on the lumbar spine.
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Table 1. Low Back Pain Prevalence and Characteristics of Bali-Java Night Bus Drivers

Variable Frequency (n) Percentage (%)

Low back pain

Pain 25 36.8

No pain 43 63.2
Sitting duration

> 12 hours 7 10.3

8-12 hours 15 221

4-7 hours 43 63.2

<4 hours 3 44
Sitting posture

Non-ergonomic 13 19.1

Ergonomic 55 80.9
Age

>40 years 50 735

<40 years 18 26.5
BMI

Obese (>25) 37 54.4

Overweight (23-24.9) 12 176

Normal (14.5-22.9) 16 235

Underweight (< 18.5) 3 44

The demographic analysis revealed that the workforce was
predominantly older, with 73.5% of participants aged > 40 years,
placing the majority in the higher-risk age category for developing
musculoskeletal disorders. Nutritional status based on BMI also
showed a concerning pattern, as more than half of the respondents
(54.4%) were classified as obese, which may contribute to
increased hiomechanical stress on the lumbar spine.

In addition to these individual factors, work-related
characteristics further illustrated potential risks. Most drivers
(63.2%) reported a moderate daily sitting duration of 47 hours,
while a smaller proportion sat for more than 12 hours per day.
Sitting posture assessment demonstrated that 80.9% maintained
an ergonomic posture while driving, although 19.1% reported

Table 2. Analysis of Independent Variables Associated with LBP

non-ergonomic postures that could heighten the strain on spinal
structures. Collectively, these findings provided a comprehensive
overview of the respondent’s baseline characteristics and
supported the interpretation of LBP prevalence within the study
population.The relationship between the independent and
dependent variables was analyzed using the Chi-Square test for
the age variable and the Fisher’s Exact test for sitting duration,
sitting posture, and BMI. Prolonged sitting duration has the
potential to increase the risk of LBP, as remaining seated for
extended periods without stretching or postural changes may
impose excessive pressure on the spinal structures and back
muscles.

LBP
Variable Pain No pain p
n (%) n (%)

Sitting duration

> 12 hours 4 (57.1) 3(42.9)

8-12 hours 6 (40.0) 9 (60.0) 0.650°

4-7 hours 14 (32.6) 29 (67.4) '

<4 hours 1(33.3) 2 (66.7)
Sitting posture

Non-ergonomic 6 (46.2) 7 (53.8) 0527

Ergonomic 19 (34.5) 36 (65.5) '
Age

>40 years 19 (38.0) 31 (62.0) 0.947°

<40 years 6 (33.3) 12 (66.7) '
BMI

Obese (> 25) 12 (32.4) 25 (67.6)

Overweight (23-24.9) 3(25.0) 9(75.0) 0.333°

Normal (18.5-22.9) 8(50.0) 8(50.0)
http://ojs.unud.ac.id/index.php/eum Page 43
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2(66.7) 1(33.3)

2 Fisher's Exact test; : Chi-Square test

Statistical analysis indicated no significant correlation
between sitting duration and LBP (p = 0.650). Similarly, sitting
posture was not significantly associated with LBP (p = 0.527),
although a higher proportion of pain was observed in the non-
ergonomic group (46.2%) compared to the ergonomic group
(34.5%). Individual factors including age (p = 0.947) and BMI (p
=0.333) also failed to demonstrate statistical significance.

Statistical analysis further demonstrated that there was no
significant correlation between sitting duration and LBP (p =
0.650), as the Fisher’s Exact test demonstrated that extended
sitting hours did not consistently correspond to higher pain
incidence among the drivers. Although prolonged sitting was
theoretically associated with increased spinal loading and muscle
fatigue, this relationship was not supported by the statistical
findings.

Similarly, sitting posture was not significantly associated
with LBP (p = 0.527), despite a higher proportion of LBP cases
being observed in the non-ergonomic group (46.2%) compared
with the ergonomic group (34.5%). The lack of statistical
significance may have been influenced by the limited number of
drivers classified as having non-ergonomic sitting postures.
Individual factors also showed no meaningful associations with
LBP. Age did not demonstrate a significant relationship with pain
occurrence (p = 0.947), even though lumbar elasticity and stability
typically decline with increasing age. Likewise, BMI failed to
show statistical significance (p = 0.333), despite its theoretical role
in increasing mechanical load on the lower spine. Notably, the
highest proportion of LBP occurred in the underweight group,
though this finding was likely unreliable due to the very small
sample size within that category. Collectively, these results
suggested that neither occupational nor individual factors
examined in this study showed statistically significant
associations with LBP among Bali-Java night bus drivers.

DISCUSSION

This study examined the prevalence of LBP and its
association with individual and occupational factors among night
bus drivers on the Bali-Java route. The findings contribute to a
broader understanding of LBP risk patterns within this specific
occupational group, while also highlighting areas where empirical
results diverge from established theoretical expectations.

The prevalence of LBP identified in this study (36.8%) was
lower than the rates commonly reported in similar populations,
which frequently ranged from 45.5% to more than 60% in studies
conducted across various Asian regions.*>” Several explanations
may account for this comparatively lower prevalence. First, the
healthy worker effect likely influenced the observed rate, whereby
individuals experiencing severe or persistent LBP tend to exit the
profession, leaving a cohort of relatively healthier and more
resilient workers. Second, the widespread implementation of relay
driving systems on the Bali-Java route may have provided
intermittent periods of spinal unloading due to scheduled driver

http://ojs.unud.ac.id/index.php/eum
doi:10.24843.MU.2026.V15.i5.P07

rotation, thereby reducing cumulative mechanical strain. Finally,
variations in symptom awareness, cultural pain reporting
tendencies, and methodological differences in LBP assessment
may have contributed to prevalence variation, as evidenced by
studies reporting similarly lower figures of 36.6% and
34.51%.**" These findings aligned with systematic reviews
indicating that LBP prevalence among drivers is highly
heterogeneous and influenced by differences in exposure,
population characteristics, and workload patterns.”

Individual characteristics such as age and BMI were also
examined as potential contributors to LBP. However, neither
variable demonstrated a statistically significant association with
LBP (p = 0.947 for age; p = 0.333 for BMI). While age-related
degenerative processes and elevated BMI theoretically increase
mechanical loading on the lumbar spine—thereby reducing
muscle elasticity, diminishing spinal stability, and elevating the
risk of pain."'* The absence of a measurable association in this
study may reflect the relatively homogeneous age distribution of
the sample, which consisted predominantly of middle-aged
drivers. Similar findings have been reported in multiple studies
where age and BMI did not emerge as independent predictors of
LBP, particularly when occupational exposures such as whole-
body vibration (WBV) and static posture were more
influential.>*% Furthermore, the uneven distribution of BMI
categories among respondents may have limited the detection of
meaningful differences. These results indicated that age and BMI
exerted a background physiological influence but were not
decisive determinants of LBP in this population.

In contrast to the theoretical expectation that prolonged
static sitting would increase LBP risk, sitting duration did not
demonstrate a significant association with LBP (p = 0.650). Static
sitting is widely recognized as an ergonomic risk factor because it
increases axial pressure on intervertebral discs, reduces nutrient
diffusion, accelerates disc degeneration, and elevates lumbar
compression forces." Prior studies consistently found that
sitting durations exceeding 7-8 hours were associated with higher
LBP prevalence®” The findings of this study, however,
indicated that the majority of drivers fell within the “medium-
duration” category (47 hours), which may not have exceeded
biomechanical thresholds associated with pathological disc
changes. It was also plausible that self-reported duration did not
capture micro-breaks, posture shifts, or the quality of rest periods,
which are essential for intervertebral disc rehydration and
biomechanical recovery.**? Additionally, unmeasured lifestyle
variables such as physical activity, exercise habits, smoking, and
sleep quality (factors strongly associated with LBP risk) may have
attenuated the relationship between sitting time and LBP.*"*%
These findings support the argument that sitting duration alone is
not a sufficiently sensitive measure of occupational spinal stress
without  considering complementary  biomechanical and
behavioral exposures.

Similarly, sitting posture did not exhibit a statistically
significant association with LBP (p = 0.527), despite theoretical
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models suggesting that non-ergonomic postures increase lumbar
muscle strain, reduce blood flow to paraspinal musculature, and
accelerate fatigue.”*? Consistent with the theory, it was that found
that bus drivers exposed to non-ergonomic driving postures
exhibited a greater risk of LBP than those adopting ergonomic
postures.”® Conversely, the non-significant finding in this study
were likely due to the dynamic nature of driving, which might
have explained this discrepancy, as drivers frequently adjust their
posture, stretch, or reposition themselves during long trips,
thereby mitigating static load accumulation. Previous research
similarly emphasized that posture variability may be more
protective than strict adherence to static ergonomic postures.”
Furthermore, the categorical posture assessment used in this study
may have lacked the sensitivity required to detect subtle
biomechanical differences, whereas more advanced assessment
methods such as angle-based posture analysis or pressure
mapping might have produced different results.?’

A critical unmeasured confounder influencing both sitting
duration and posture was WBYV, which is widely recognized as a
major determinant of LBP among professional drivers.
Mechanical vibrations transmitted through the seat at frequencies
resonating with the lumbar spine amplify disc compression forces
and accelerate spinal microtrauma.® Numerous studies have
identified WBYV as a stronger predictor of LBP than posture or
sitting duration, with vibration exposure modifying and
potentially overshadowing the effects of static ergonomic
factors.® Modern bus seats equipped with air-suspension systems
reduce WBYV exposure by approximately 10%, which may have
mitigated the impact of non-ergonomic posture in this study.?***
Thus, the lack of significant associations found in this analysis
likely reflected the dominant influence of unmeasured vibration
levels.

Finally, psychosocial factors, which were not examined in
this study, may also have contributed to LBP risk. High job strain,
workload pressure, and low social support have been shown to
exacerbate pain perception and increase the incidence of
musculoskeletal disorders among professional  drivers.**
Chronic stress elevates paraspinal muscle tension, disrupts sleep
quality, and modifies pain modulation pathways, thereby
interacting with physical exposures to influence LBP outcomes.

Overall, the findings of this study suggest that while
individual factors and static ergonomic exposures contributed to
baseline risk, unmeasured biomechanical and psychosocial—
particularly whole-body vibration, posture variability, restorative
sleep, and occupational stress—likely played more dominant roles
in shaping the LBP profile of night bus drivers. These results
underscored the complexity of LBP etiology in occupational
settings and highlighted the need for future research incorporating
objective biomechanical measurements, longitudinal designs, and
comprehensive assessments of lifestyle and psychosocial
factors.®

This study is subject to several limitations. First, the cross-
sectional design precludes the establishment of causality and is
susceptible to reverse causality (e.g., drivers improving their
posture because they developed pain). Second, the reliance on
self-reported data for LBP and driving duration introduces recall

http://ojs.unud.ac.id/index.php/eum
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bias. Third, the study did not objectively measure WBV or
vehicle suspension quality, which are likely critical unmeasured
confounders in the etiology of LBP among professional drivers.

CONCLUSION AND SUGGESTIONS

This study concludes that while low LBP affects a
significant proportion (36.8%) of Bali-Java night bus drivers,
there is no statistically significant correlation between sitting
duration or sitting posture and the incidence of LBP in this
specific population. The individual factors, such as age and BMI,
also did not show a statistically significant correlation. These
findings imply that LBP etiology in this group is multifactorial
and likely driven by unmeasured environmental stressors—such as
whole-body vibration, seat design, posture variability, driving
breaks, and physical fitness level-rather than static postural
factors alone.

Clinical or occupational interventions should move beyond
simple postural education. Bus companies should prioritize the
installation of active suspension seats to dampen whole-body
vibration, which likely poses a greater risk than static posture.

Future research studies should employ longitudinal designs
to establish causality. Crucially, research must incorporate
objective instrumentation (such as accelerometers for vibration
exposure and pressure mats for posture analysis) to build a
comprehensive risk model that accounts for the dynamic reality of
professional driving.
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