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Abstract— Lumbar disc herniation (LDH) is one of the leading causes 

of low back pain, and disability worldwide. Although increasing age 

remains a major non-modifiable risk factor, accumulating evidence 

suggests that occupational mechanical loading may accelerate disc 

degeneration and contribute to earlier disease onset. This review aims 

to summarise current evidence regarding the influence of occupation 

on lumbar disc herniation and age, with emphasis on biomechanical 

mechanism and occupational exposures. Lumbar disc herniation 

results from a complex interaction between multiple factors including 

biological aging and cumulative occupational mechanical stress. 

Future research should adopt standardised occupational 

classifications and objective workload assessments to better 

characterise this relationship. 
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I. INTRODUCTION 

Low back pain is one of the leading causes of disability 

worldwide, with lumbar disc herniation representing one of the 

most common causes of lumbar radiculopathy and functional 

impairment [1]. Lumbar disc herniation occurs when the 

nucleus pulposus protrudes through a weakened or ruptured 

annulus fibrosus, resulting in nerve root compression and 

symptoms including low back pain, sciatica, sensory deficits, 

and motor weakness. Although lumbar disc herniation has 

traditionally been regarded as a degenerative disease affecting 

adults between 30 and 50 years of age, recent epidemiological 

studies have reported an increasing incidence among younger 

populations, suggesting that environmental and occupational 

factors contribute significantly to disease onset [2]. Age 

remains one of the strongest non-modifiable risk factors for 

lumbar disc herniation because progressive degeneration 

decreases disc hydration, proteoglycan content, and 

biomechanical stability, making the intervertebral disc more 

susceptible to injury. However, recent mechanobiological and 

biomechanical studies have demonstrated that repetitive 

mechanical loading, excessive spinal compression, torsional 

stress, and cumulative microtrauma can accelerate disc 

degeneration independently of chronological age [3]. Finite 

element models further support these findings by showing that 

repetitive loading substantially increases annular stress and the 

likelihood of disc herniation [4]. Occupation is considered one 

of the most important modifiable risk factors affecting lumbar 

disc health. Occupations involving repetitive heavy lifting, 

manual material handling, prolonged bending, awkward 

postures, prolonged sitting, and whole-body vibration expose 

workers to excessive spinal loading, increasing the risk of early 

disc degeneration and lumbar disc herniation [1]. Conversely, 

sedentary occupations may also contribute to lumbar 

degeneration through prolonged static postures and reduced 

trunk muscle endurance [5]. These findings suggest that 

occupational exposure may influence not only the occurrence 

of lumbar disc herniation but also the age at which the condition 

develops. Despite extensive research on aging and occupational 

risk factors independently, limited studies have 

comprehensively examined how occupation modifies the 

relationship between age and lumbar disc herniation. Therefore, 

this literature review aims to summarize current evidence 

regarding the influence of occupation on age-related lumbar 

disc herniation, with particular emphasis on biomechanical 

mechanisms and occupational exposures. 

II. BIOLOGICAL MECHANISM OF LUMBAR DISC HERNIATION 

The intervertebral disc consists of three major components: 

the nucleus pulposus (NP), annulus fibrosus (AF), and 

cartilaginous endplates. Under normal physiological 

conditions, these structures maintain spinal flexibility while 

distributing compressive loads evenly across the vertebral 

column. The NP is rich in proteoglycans and water, allowing it 

to resist compressive forces, whereas the AF is composed of 

concentric collagen fibers that provide tensile strength and 

contain the NP within the disc [3]. The biological process 

leading to LDH begins with intervertebral disc degeneration. 

Aging and repetitive mechanical stress reduce the synthesis of 

extracellular matrix components, particularly aggrecan and type 

II collagen, while increasing the activity of matrix-degrading 

enzymes such as matrix metalloproteinases (MMPs) and a 

disintegrin and metalloproteinase with thrombospondin motifs 

(ADAMTS). These catabolic changes decrease water content 

within the nucleus pulposus, reduce disc height, and weaken the 

annulus fibrosus, making it more susceptible to fissures and 

rupture [3]. Mechanical loading further accelerates 

degeneration by inducing cellular stress and disrupting disc 

homeostasis. Excessive spinal compression, repetitive flexion, 

torsional loading, and cumulative microtrauma stimulate 

nucleus pulposus and annulus fibrosus cells to release 

inflammatory mediators, including tumor necrosis factor-alpha 

(TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6), and 

prostaglandin E2. These cytokines promote extracellular 

matrix degradation, inhibit matrix synthesis, and induce 

apoptosis and cellular senescence, thereby accelerating 

structural deterioration of the intervertebral disc [4]. As 
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degeneration progresses, annular fissures allow nucleus 

pulposus material to migrate outward. Herniated disc tissue not 

only compresses adjacent nerve roots mechanically but also 

initiates a biochemical inflammatory response. Exposure of the 

nucleus pulposus to the epidural space activates macrophages 

and other immune cells, leading to the release of additional pro-

inflammatory cytokines and chemokines. This inflammatory 

cascade sensitizes nociceptors, increases vascular permeability, 

and produces nerve root edema, contributing significantly to 

radicular pain and neurological symptoms [1]. 

Recent mechanobiological studies have demonstrated that 

biological degeneration and biomechanical loading are closely 

interconnected. Abnormal mechanical stress alters intracellular 

signaling pathways, including nuclear factor-kappa B (NF-κB) 

and mitogen-activated protein kinase (MAPK), which regulate 

inflammatory responses and matrix metabolism. Persistent 

activation of these pathways promotes chronic inflammation 

and progressive disc degeneration while reducing the 

regenerative capacity of disc cells. These findings have led to 

increasing interest in regenerative therapies, including stem cell 

transplantation, growth factor delivery, and tissue-engineering 

approaches aimed at restoring extracellular matrix integrity and 

slowing disease progression [3]. Overall, lumbar disc herniation 

results from a complex interaction between degenerative 

biological processes, inflammatory responses, and mechanical 

stress. 

III. OCCUPATIONAL EXPOSURE 

Occupational exposure occurs through actions such as 

heavy lifting, frequent bending, twisting, vibration, prolonged 

sitting and repetitive movements. Manual labor occupations, 

including construction workers, warehouse personnel, and 

agricultural and factory workers, often involve repetitive 

biomechanical loading of the lumbar spine which stress may 

accelerate intervertebral disc degeneration, increasing the 

likelihood of herniation and potentially contributing to an 

earlier clinical presentation. Heavy lifting and extreme lumbar 

flexion or extension are particularly important risk factors, 

while the combination of lifting with trunk rotation may impose 

greater mechanical stress on the intervertebral discs [7]. 

Cumulative occupational lumbar load has also demonstrated a 

dose–response relationship with lumbar disc herniation. 

However, prolonged sitting and repetitive movements should 

be interpreted as potential contributing exposures rather than 

definitive independent causes, because evidence for these 

factors alone remains mixed. A German multi centre case-

control study similarly identified a positive dose–response 

relationship between cumulative occupational lumbar load and 

LDH. Among men in the highest cumulative-load category, the 

adjusted odds ratio was 3.43.43.4 (95% CI 2.2–5.0), compared 

with the lowest exposure category; among women, the highest 

category had an adjusted OR of 2.32.32.3 (95% CI 1.5–3.6) [6]. 

The role of forward bending and load handling was also 

supported by an earlier case-control study, which reported a 

statistically significant association between extreme forward 

bending and symptomatic LDH, as well as between 

cumulative weight lifting/carrying and LDH accompanied by 

osteochondrosis or spondylosis. A systematic review of 

occupational lumbar disorders further describes lifting, 

carrying, bent-trunk work, and lifting while twisting as 

important sources of spinal loading [6]. 

IV. GAPS AND FUTURE DIRECTIONS 

Despite the available literature of the relationship between 

occupational factors to lumber disc herniation and age, there is 

no standardised system for classifying occupational exposure 

across studies, with occupations often categorised broadly or 

described inconsistently, limiting meaningful comparisons and 

analysis. Furthermore, occupational exposure is frequently 

assessed using self-reported job titles without detailed measure 

of cumulative workload, including the intensity, frequency, and 

duration of activities, especially activities such as repetitive 

movements, prolonged sitting or standing, and awkward 

postures. These self assessments may not accurately reflect the 

true mechanical demands placed on the lumbar spine 

throughout an individual’s working life. Additionally, although 

age and occupation are a well recognised risk factor for lumbar 

disc herniation, relatively few studies have explored their 

interaction, measuring these factors independently instead 

of evaluating whether specific occupational exposures 

accelerate disc degeneration or result in an earlier age of onset. 

Addressing these methodological limitations through 

standardised occupational classification systems, objective 

workload measurements and multicenter longitudinal studies 

would provide a more comprehensive understanding. Other 

than age of onset, occupation may also affect treatment due to 

socioeconomic burden and choice, through the cost of certain 

treatments, and the time required to return back to work, which 

can be an alternative perspective to be further investigated. A 

better understanding of these interactions will support more 

effective workplace disease prevention strategies, and 

individualised management of lumbar disc herniation. 

V. CONCLUSION 

Lumbar disc herniation is a multifactorial disorder resulting 

from the interaction between biological aging, intervertebral 

disc degeneration, inflammation and cumulative mechanical 

stress, while advancing age remains an important non 

modifiable risk factor, growing evidence indicates that 

occupational exposures, including heavy lifting, repetitive 

bending, prolonged sitting, awkward postures, and whole-

body vibration, can accelerate degenerative changes within the 

intervertebral disc through biological mechanism. Despite 

increasing recognition of occupational risk factors, current 

evidence remains limited by heterogenous occupational 

classifications and inconsistent and unavailable measurement 

of cumulative mechanical workload. 
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