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Abstract

Low back pain (LBP) is a common musculoskeletal complaint among workers, including
commercial airline pilots. The aviation work environment is characterized by prolonged static
sitting, whole-body vibration, mild hypoxia, low cabin humidity, and individual factors such
as age and body mass index (BMI), all of which may contribute to the development of LBP.
This study aimed to determine the prevalence of LBP and to analyze the association between
total flight hours, age, and BMI with the occurrence of LBP among commercial fixed-wing
pilots in Indonesia. An analytic observational study with a cross-sectional design was
conducted at the Indonesian Civil Aviation Medical Center. The study population consisted
of commercial fixed-wing pilots flying pressurized aircraft who underwent routine medical
examinations (MEDEX). A total of 410 pilots met the inclusion criteria and were analyzed.
Data were collected using structured questionnaires and medical records, including
demographic characteristics, total flight hours, BMI, and LBP assessed using the Oswestry
Disability Index (ODI). Data analysis included univariate, bivariate (Chi-square test), and
multivariate logistic regression analyses. The prevalence of LBP among commercial fixed-
wing pilots in Indonesia was 5.85%. No significant association was found between total flight
hours, age, or BMI and the occurrence of LBP (p > 0.05). However, female pilots showed a
significantly higher risk of LBP compared to male pilots (OR = 6.85; 95% CI: 1.47-31.81; p
= 0.01). The prevalence of LBP among commercial fixed-wing pilots in Indonesia was
relatively low. Total flight hours, age, and BMI were not significantly associated with LBP,
whereas sex was the most influential factor. These findings highlight the importance of
gender-sensitive ergonomic and occupational health strategies in the prevention of LBP
among commercial pilots.

Keywords: low back pain, commercial pilots, flight hours, body mass index, occupational
health

INTRODUCTION

Low back pain (LBP) is one of the most prevalent musculoskeletal disorders worldwide and a
leading cause of disability and reduced work productivity. It is estimated that 60-90% of
individuals will experience LBP at least once in their lifetime, with a substantial proportion
developing chronic symptoms that impair functional capacity and quality of life. In
occupational health, LBP is of particular concern because it is closely associated with work-
related physical demands, posture, and environmental exposures.
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Commercial airline pilots represent a unique occupational group with specific risk factors for
LBP. Their work involves prolonged static sitting with limited mobility, exposure to whole-
body vibration, reduced cabin pressure resulting in mild hypoxia, low cabin humidity, and
exposure to cosmic radiation. These factors may induce degenerative changes in the lumbar
spine, particularly in the intervertebral discs, thereby increasing the risk of LBP. In addition to
occupational exposures, individual factors such as age and body mass index (BMI) may further
increase mechanical loading on the lumbar spine and accelerate degenerative processes.

Several international studies have reported a high prevalence of LBP among civil aviation
pilots, ranging from 40% to more than 80%, particularly for chronic LBP. LBP among pilots
not only affects individual health and comfort but may also impair work performance, slow
reaction times, and increase the risk of sudden incapacitation, potentially compromising flight
safety. Therefore, LBP in pilots represents an important occupational health and aviation safety
issue.

In Indonesia, research on musculoskeletal disorders among aircrew remains limited and has
primarily focused on cabin crew. Data specifically addressing the prevalence and risk factors
of LBP among commercial fixed-wing pilots are scarce. Differences in operational
characteristics, flight duration, flight frequency, and flight hour regulations may result in a
distinct risk profile compared to pilots in other countries. Consequently, this study aimed to
determine the prevalence of LBP and to analyze the relationship between total flight hours,
age, and BMI and the occurrence of LBP among commercial fixed-wing pilots in Indonesia.

LITERATURE REVIEW

Low back pain (LBP) is pain or discomfort in the lower back region and is commonly
classified as acute, subacute, or chronic based on duration. Most LBP cases are non-specific,
with no identifiable pathological cause. Globally, LBP is a leading cause of disability,
particularly among working-age populations, and results from a multifactorial interaction of
individual, biomechanical, and occupational factors.

Age and body mass index (BMI) are important individual risk factors for LBP. Increasing age
is associated with degenerative changes in the spine, while higher BMI increases mechanical
loading on the lumbar spine, potentially accelerating disc degeneration. Although many
studies report a positive association between elevated BMI and LBP, findings remain
inconsistent across different populations.

Commercial pilots face unique occupational risks for LBP due to prolonged sitting, limited
movement, and cockpit ergonomics during flight operations. Exposure to whole-body vibration
and cumulative aviation-related stressors may further contribute to spinal degeneration. Total
flight hours reflect cumulative exposure to these risk factors and have been suggested as a
determinant of musculoskeletal disorders, including LBP, although reported associations vary.

Research on LBP among commercial fixed-wing pilots in Indonesia is limited. Differences in
flight operations, regulations, and demographic characteristics highlight the need for country-
specific studies. This study aims to examine the relationship between flight hours, age, BMI,
and the occurrence of LBP among commercial fixed-wing pilots in Indonesia.
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METHODS
Study Design and Setting

This study was an analytic observational study with a cross-sectional design. The research was
conducted at the Indonesian Civil Aviation Medical Center during routine aeromedical
examinations (Medical Examination for Pilotss MEDEX). The study evaluated the relationship
between total flight hours, age, and body mass index (BMI) and the occurrence of low back
pain (LBP) among commercial fixed-wing pilots in Indonesia.

Study Population and Sample

The study population consisted of commercial civil pilots operating fixed-wing, pressurized
aircraft in Indonesia. Eligible participants were pilots who underwent routine aeromedical
examinations during the study period.

Inclusion criteria were:
1. Active commercial fixed-wing pilots operating pressurized aircraft
2. Undergoing routine aeromedical examination (MEDEX)
3. Willing to participate in the study

Exclusion criteria were:
1. History of spinal surgery
2. Diagnosed spinal deformities or neurological disorders affecting the spine
3. Incomplete questionnaire or medical record data

A total of 410 pilots met the inclusion criteria and were included in the final analysis.
Variables and Measurements

The dependent variable was the occurrence of low back pain, assessed using the Oswestry
Disability Index (ODI). An ODI score greater than 20% was used to indicate functionally
significant low back pain.

The independent variables included:

1. Total flight hours, obtained from official flight log records and categorized based on
cumulative exposure

2. Age, recorded in years and analyzed as a categorical variable

3. Body mass index (BMI), calculated as weight in kilograms divided by height in meters
squared (kg/m?) and classified according to World Health Organization criteria

Additional variables included sex and history of spinal trauma, which were considered potential
confounders.

Data Collection

Data were collected using structured self-administered questionnaires and verified through
medical records during the aeromedical examination. Information obtained included
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demographic characteristics, flight experience, anthropometric measurements, and
musculoskeletal complaints.

The Oswestry Disability Index questionnaire used in this study has been widely validated and
is considered a reliable instrument for assessing disability related to low back pain.

Statistical Analysis

Data analysis was performed using statistical software. Descriptive (univariate) analysis was
conducted to summarize demographic characteristics and study variables. Bivariate analysis
using the Chi-square test was applied to evaluate the association between independent
variables and the occurrence of low back pain.

Variables with p-values < 0.25 in bivariate analysis were included in the multivariate analysis.
Multivariate logistic regression was used to identify factors independently associated with low
back pain, with results presented as odds ratios (ORs) and 95% confidence intervals (Cls). A
p-value < 0.05 was considered statistically significant.

Ethical Considerations

This study was conducted in accordance with the principles of the Declaration of Helsinki.
Ethical approval was obtained from the appropriate institutional ethics committee. All
participants provided informed consent prior to participation, and confidentiality of personal
data was strictly maintained.

RESULT AND DISCUSSION
Result

A total of 410 commercial fixed-wing pilots met the inclusion criteria and were included in
the analysis. All participants operated pressurized aircraft and underwent routine aeromedical
examinations (MEDEX). The majority were male (96.1%), with a mean age of 34.25 years.
More than half of the participants were classified as overweight or obese based on BMI
(84.15%), and the mean total flight time was 6,253 hours.

The prevalence of LBP assessed using the Oswestry Disability Index (ODI) with a disability
threshold greater than 20% was 5.85% (24 out of 410 pilots). Most pilots did not report
functionally significant LBP.

Bivariate analysis demonstrated no significant association between age and LBP (p = 0.619),
total flight hours and LBP (p = 0.834), or BMI and LBP (p = 1.000). However, sex was
significantly associated with LBP, with female pilots showing a higher risk compared to male
pilots (OR =4.10; 95% CI: 1.08-15.50).

Multivariate logistic regression analysis confirmed that female sex was the strongest factor
associated with LBP (OR = 6.85; 95% CI: 1.47-31.81; p = 0.01), while age, total flight hours,
BMI, and history of trauma were not significantly associated with LBP.
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Discussion

This study demonstrated a relatively low prevalence of LBP (5.85%) among commercial
fixed-wing pilots in Indonesia. This prevalence is considerably lower than that reported in
many international studies, which have documented LBP prevalence rates ranging from 40%
to over 80%. This discrepancy may be attributed to differences in LBP assessment methods,
diagnostic criteria, and population characteristics. The use of the Oswestry Disability Index
with a functional disability threshold in this study likely identified only clinically meaningful
cases of LBP.

The absence of a significant association between total flight hours and LBP contrasts with
biomechanical theories suggesting that prolonged static sitting and cumulative flight exposure
increase musculoskeletal risk. However, similar findings have been reported in studies
indicating that the relationship between flight hours and LBP is not consistently significant.
Possible explanations include physiological adaptation, improved cockpit seat ergonomics,
strict flight hour regulations, and adequate work-rest schedules in commercial aviation.

Age was not significantly associated with LBP in this study. Most participants were relatively
young, and clinically significant degenerative spinal changes may not yet have developed.
Furthermore, pilots undergo rigorous medical screening, which may exclude individuals with
severe musculoskeletal disorders from active flying duties.

BMI was also not significantly associated with LBP, despite the high prevalence of
overweight and obesity among participants. High physical fitness requirements and regular
aeromedical assessments may mitigate the biomechanical effects of increased body weight on
the lumbar spine.

The most notable finding was the strong association between female sex and LBP. Female
pilots had a significantly higher risk of LBP compared to male pilots. This finding is
consistent with previous studies suggesting that women are more susceptible to
musculoskeletal disorders due to differences in anatomy, muscle composition, hormonal
factors, and ergonomics. Cockpit design based primarily on male anthropometry may result in
suboptimal posture and increased lumbar strain among female pilots.

Overall, these findings suggest that individual factors—particularly sex—may play a more
prominent role in LBP occurrence than occupational exposure factors such as total flight
hours. This highlights the importance of gender-sensitive ergonomic design and targeted
occupational health interventions for female pilots.

CONCLUSION

The prevalence of low back pain among commercial fixed-wing pilots in Indonesia was
relatively low. Total flight hours, age, and body mass index were not significantly associated
with the occurrence of low back pain, whereas female sex was identified as the most influential
factor. These findings emphasize the need for gender-specific ergonomic considerations and
targeted musculoskeletal prevention strategies to support pilot health and aviation safety.

The lack of significant associations between low back pain and total flight hours, age, and
body mass index may be partly explained by contextual factors during the study period. Data
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collection was conducted during the COVID-19 pandemic, a time when flight operations were
substantially reduced, resulting in decreased cumulative exposure to occupational risk factors.
In addition, pilots undergoing routine aeromedical examinations may have received timely
medical treatment and rehabilitation for musculoskeletal complaints, potentially leading to
symptom resolution at the time of assessment. These factors may have contributed to the
relatively low prevalence of functionally significant low back pain observed in this study.

Future studies with longitudinal designs conducted under normal flight operation conditions
are warranted to further clarify the long-term effects of cumulative flight exposure and
individual risk factors on the development of low back pain among commercial pilots.
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