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Low back pain (LBP) is the most prevalent work-related musculoskeletal 

disorder. Occupational risk factors have been studied for current ergonomic prevention 

strategies; however, other underlying mechanisms may exist since not all workers 

performing the same task develop the same severity. Previous research has identified 

personal and psychosocial risk factors that also contribute to LBP.  Research quantifying 

the interactive effects of the various personal, psychosocial and occupational factors is 

limited, along with research on the effect of risk factor combinations on LBP severity. 

The objectives of this study were to: 1) study the various factors that are known to 

be involved in low back pain and analyze interactions, and 2) develop a model to predict 

low back pain and validate it. In order to address these objectives, 2 studies were 

conducted. 

The first study investigated the effects of various personal, genetic, occupational 

and psychosocial factors on two subjective LBP severity ratings: Oswestry Disability 

Index (ODI) and a Visual Analog Scale (VAS), and three physician-based ratings: MRI 



 

 

severity, canal stenosis and nerve impingement. Personal and psychosocial factors, in 

addition to occupational factors, were found to significantly affect the severity ratings.  

The second study involved building predictive models of LBP severity for each 

risk factor category as well as a combined risk factor model. Results showed that the 

combined risk factor models considering interaction effects both within and across risk 

factor categories were significantly better in predicting severity ratings than the 

individual models. However, validation conducted using 5 random samples showed 

inconsistent accuracies. Results obtained may help to develop a more reliable way to 

predict and, hence, prevent chronic LBP. 
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1 

CHAPTER I 

INTRODUCTION 

1.1 Background 

Work related or occupational low back pain has become an issue of major 

concern in recent years with significant research conducted to identify causal risk factors 

and develop effective interventions. Low back pain is one of the most prevalent work-

related musculoskeletal disorders (WMSD) with a reported 226,000 number of cases 

requiring days away from work in 2011 (BLS, 2012). WMSDs develop gradually, are 

difficult to control in the later stages and recur presents additional challenges. Low back 

pain is described as pain in the lumbosacral region of the spine (Garg & Moore, 1992).  

Low back pain may be acute or chronic. Studies have shown that individuals with 

acute low back pain can be treated and recover within a month (Pengel, Herbert, Maher, 

& Refshauge, 2003), whereas chronic pain is harder to treat and may take longer to 

recover. Factors that are responsible for the transition of low back pain from an acute to 

chronic injury include individual, psychosocial and workplace factors (Fransen, et al., 

2002). Therefore, a research emphasis is required for preventing the transition from acute 

to chronic back pain, as early identification of this transition could help prevent risks 

from persistent pain and disability (Shaw, Pransky, Patterson, & Winters, 2005).  

Current ergonomic prevention strategies involve trying to minimize the impact of 

risk factors, especially occupational risk factors. However, it is believed that other 
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underlying causal mechanisms may exist since not all workers performing the same task 

develop an injury. Further research is required to develop a more reliable way to predict 

and prevent low back pain and injuries.  

Research has identified different factors that are thought to be linked to low back 

pain. Three general classifications of risk factors for low back WMSDs have been 

identified:  personal (associated with the individual predisposing them to the condition—

e.g., age, gender, genetics, etc.), psychosocial (associated with organizational work 

practices—e.g., overtime, stress, etc.) and occupational (associated with the work task—

e.g., repetition, force, etc.) factors. Besides the occupational factors involving lifting, 

bending, twisting etc.; personal factors such age, gender, genes, physical fitness, obesity 

(weight/BMI), smoking, alcohol consumption, medical and family history, as well as 

psychosocial factors such as job stress levels, type of job and job satisfaction have been 

identified as being associated with LBP (Garg & Moore, 1992; van Tulder, Koes, & 

Bombardier, 2002). Research findings are mixed for several personal risk factors, such as 

gender, body weight and alcohol consumption. For example, studies have illustrated that 

LBP development is equally likely for males and females, while others have shown that 

females generally report higher rates of LBP than males (Leboeuf-Yde, Nielsen, Kyvik, 

Fejer, & Hartvigsen, 2009). Other studies have shown that hormonal and reproductive 

factors may have a role in higher reported rates of LBP in women (Frymoyer, et al., 

1983; Mogren, 2008; Wijnhoven, de Vet, Smit, & Picavet, 2006). Associations between 

body weight and LBP could not be established due to insufficient data (Leboeuf-Yde, 

2000b), but an increased prevalence in LBP with increasing body mass index (BMI) has 

been reported (Orvieto, Rand, Lev, Wiener, & Nehama, 1994). Alcohol consumption 
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showed no relation to LBP, but it cannot be ignored as a factor unless further larger 

studies are conducted (Leboeuf-Yde, 2000a). Smoking was also not found to have a 

strong association with low back pain but studies exist that do show a relation (Leboeuf-

Yde, 1999). Increasing age did not necessarily show higher LBP incidence rates 

(Leboeuf-Yde, et al., 2009), potentially due to older individuals transitioning outside of 

the working population for high risk jobs (Dionne, Dunn, & Croft, 2006).  

Genes were also studied as risk factors for low back pain (Ala-Kokko, 2002; 

Manek & MacGregor, 2005). In general four genes; the collagen gene, the aggrecan gene, 

the interleukin 1 gene and the Vitamin D receptor gene; have been shown to be related to 

low back pain (Kawaguchi, et al., 1999; Paassilta, et al., 2001; Solovieva, et al., 2004; 

Videman & Battie, 1999). It is not known whether a single gene has a major effect on 

LBP or whether the condition is due to effects of several genes, though the latter idea is 

more likely (Kalichman & Hunter, 2008). 

Psychosocial factors such as low job satisfaction, monotonous tasks, social 

relations, perceived demands, self-reported stress, and work pace, on the other hand, 

seem to show a strong association with low back pain (Hoogendoorn, van Poppel, 

Bongers, Koes, & Bouter, 2000; Linton, 2001). Though psychosocial factors may not be 

an actual cause of low back pain, studies show that it could lead to chronicity (Gatchel, 

Polatin, & Mayer, 1995).  

From the literature available it is evident each factor can contribute to LBP in and 

of themselves, but these factors are not mutually exclusive and interaction effects also 

need to be studied to fully explain the incidence of low back pain (Marras, 2005). Further 

research is required to study interactions of the various personal, psychosocial and 
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occupational factors and their effects on low back pain in order to identify a combination 

of factors that may increase injury risk and also to address the question of why some 

workers are at a higher risk of injury than others doing the same task. 

1.2 Objectives 

The long term goal of this research is to develop a predictive model of LBP that is 

inclusive of multiple risk factors. Considering risk factors from multiple categories and 

their interactions could help describe why some individuals are more susceptible to LBP 

development. The objective of the research was to study various factors that are known to 

be involved in low back pain, analyze their interactions, develop a model to predict low 

back pain and validate it. Once the model predicting low back pain has been validated, 

extending this to other WMSDs would follow. 

1.3 Research Outline 

The main objective of the study was to identify factors involved in occupational 

low back pain and to develop a predictive LBP model. The dissertation work studied 

various personal (age, gender, obesity, genes, physical activity level, alcohol and 

smoking), psychosocial (perceived stress and job stress) and occupational factors that 

have been found to contribute to low back pain. 

Literature Review: A literature review was conducted to learn more about the 

different factors that were found to be involved in low back pain. It also helped in 

developing suitable methods for the study. 

Study 1: The first study involved data collection from a participant population 

already suffering from LBP. A demographic questionnaire was used to obtain personal 
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information. Gene information was obtained by analyzing and/or sequencing the 4 genes 

to look for polymorphisms that may be responsible for LBP. A perceived stress 

questionnaire and a Job Content Questionnaire (JCQ) were used to collect psychosocial 

related information. Questions from the demographic questionnaire were used as 

occupational factors.  Low back pain intensities were obtained through MRI 

interpretations (objective) as well as pain questionnaires (subjective) completed by the 

participants. The cumulative gene effects were also measured using the pain 

questionnaires as well as genetic data. This was done by comparing the reported incidents 

and severity of the low back pain with the extent of the involvement of each gene. 

Hypotheses:  

1. Presence of the factors being studied contributes to low back pain in 
workers. 

a. Personal factors will significantly affect both subjective and 
objective LBP severity ratings. 

b. High smoking levels and alcohol consumption; as well as low 
physical activity levels will correspond to high severity ratings. 

c. (i) Polymorphisms present in the 4 genes being studied will 
significantly affect objective LBP severity ratings. (ii) Polymorphisms 
may be only present in those with LBP. (iii) Presence of polymorphisms in 
more than 1 gene will correspond to higher severity ratings. 

d. Perceived stress and job stress will significantly affect subjective 
LBP severity ratings with higher stress corresponding to higher ratings. 

e. Occupational factors will significantly affect both subjective and 
objective LBP severity ratings. 

2. Interactions within and between risk factor categories will significantly 
affect severity of LBP. 

3. MRI interpretations and self-assessed pain questionnaire scores will be 
correlated. 
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Study 2: Regression models were developed for each factor and risk factor 

interactions to identify the best predictors of low back pain. A final model to predict the 

risk of low back pain was developed and validated.  

Hypothesis:  

1. Presence of several of these factors increases the risk of low back pain in 
workers. 

2. Interaction of factors will significantly affect severity of LBP.
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CHAPTER II 

STUDY 1: DETERMINING THE EFFECTS OF PERSONAL, PSYCHOSOCIAL AND 

OCCUPATIONAL FACTORS IN THE ASSESSMENT OF LOW BACK PAIN 

2.1 Introduction 

Occupational injuries and disorder prevalence has been a major issue of concern 

for the past few decades. Worker absenteeism and costs associated with the treatment and 

compensation of workers with low back pain and other work-related musculoskeletal 

disorders (WMSDs) have increased, resulting in this increased concern. WMSDs 

accounted for 33% of injuries involving days away from work in 2011 (BLS, 2012). Low 

back pain (LBP) is the most prevalent WMSD and has received significant attention by 

researchers in an attempt to predict and prevent LBP in workers. 

Initial research pointed towards physical damage to the spine as the most 

important factor dictating LBP, but current research on spinal damage as a factor has 

presented controversial results. This led to investigations of other possible causal factors, 

such as psychological, physiological, genetic, biomechanical, etc.  Research on each of 

these factors has shown some degree of association with LBP. However, most studies 

have explored each factor in isolation from the others. Studying risk factor effects in 

isolation of other effects fails to quantify interactive effects of risk factors on LBP 

(Marras, 2005).  



 

11 

A conceptual model designed by Marras (2005) (see figure 2.1) illustrates how 

different factors contribute to LBP both by themselves and through interactions with 

other factors. Research is conducted to test for interrelationships between risk factor 

categories have demonstrated the need for continued research in this area (Marras, 2005).  

Several broad categories of risk factors for LBP have been studied and include personal, 

genetic, physiologic, psychosocial and biomechanical factors. These factors are thought 

to be most likely multidimensional, complex and interactive (Marras, Ferguson, Burr, 

Schabo, & Maronitis, 2007). For example, the genetically determined, personal factors 

that lead to ‘natural progression’ of disc degeneration is probably modified to some 

degree by environmental factors such as lifting heavy weights (Battie, Videman, & 

Parent, 2004). 

 

 

Figure 2.1 Conceptual model of how factors affect low back responses (Marras, 2005) 
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For occupationally induced low back pain, understanding how other factors (e.g., 

personal or genetic factors) may have contributed to LBP is critical in mitigating injuries. 

Also, since WMSDs are difficult to diagnose in early stages, early identification of risk 

would be beneficial. Therefore, the objective of this study was to identify factors and 

interactions that contribute to LBP severity and to quantify them. The factors identified 

here were then used to develop a predictive model for LBP severity. 

2.2 Literature Review 

2.2.1 Musculoskeletal Disorders and the Low Back 

The vertebral column consists of an articular triad that forms its basic anatomical 

and functional unit.  The articular triad is composed of the fibrous intervertebral joint and 

the two synovial vertebral joints. The triad is stabilized by a ligamentous apparatus and 

spine movements are possible by the action of complex muscle function coordination and 

gravity. The fibrous intervertebral joint consists of two intervertebral bodies and the 

intervertebral disc. The disc in turn is composed of the nucleus pulposus and annulus 

fibrosus. The annulus fibrosus mainly consists of collagen fibers. Small amounts of 

collagen are also found in the nucleus pulposus. Proteoglycans, especially aggrecan, are a 

major component of the nucleus pulposus. Collagens provide tensile support for the disc 

and proteoglycans provide tissue resistance to compressive forces on the spine (Ala-

Kokko, 2002). When the spine is flexed or extended, bilateral sliding movements in the 

lumbar articular processes and displacement of the nucleus pulposus takes place. Sliding 

movements in the vertebral joints are also responsible for lateral bending of the spine 

(Hirsch, Ingelmark, & Miller, 1963).  
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One main source of low back pain that was accepted widely years ago was the 

degenerative changes in the lumbar discs (Hirsch, et al., 1963). The pathology of LBP is 

still not fully known, though some possibilities suggested are anular ruptures, irritation of 

nerve roots due to mechanical entrapment, immunologic reactions from exposure to 

substances from the nucleus pulposus and neuropathic changes. Loss of water content in 

the nucleus pulposus and anular tears are involved in early degenerative changes and are 

commonly associated with endplate irregularities and disc herniation (Videman & Battie, 

1999). The low back is subjected to loads, torsion, flexion, and extension and the effect 

on the anatomical structures may be significant. The effects of these forces on structures; 

such as muscles, tendons, ligaments, and joints; could lead to poor postural control and 

altered kinematics that facilitate LBP (Bhandary, Chimes, & Malanga, 2010). 

A specific diagnosis for LBP is complicated because almost all lumbar 

abnormalities are possible sources of pain (Kjaer, Leboeuf-Yde, Korsholm, Sorensen, & 

Bendix, 2005). LBP is thought to be multifactorial with many possible etiologies. LBP is 

a symptom that a person reports and cannot be validated by an external standard. 

Therefore, epidemiology of LBP is not clear. Studying the epidemiology can help in 

identification of risk factors by providing a link between pain and risk factor exposures. 

LBP is considered acute if discomfort persists 6 weeks or less and chronic if pain lasts 

longer than 12 weeks. The upper body is supported by the lumbar spine by transmitting 

forces and maintaining mechanical stability which is an energetically costly process. 

During physical work, changes in postures and loads may result in the sudden need for 

the spine to regain stability which may consequently result in excessive muscle activity 
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and tissue overload. When such activities are prolonged, e.g., increasing the load to 

maintain stability, they may lead to chronic LBP (Cholewicki & McGill, 1996) 

2.2.2 Factors Contributing to Low Back Pain 

In industry, back pain is referred to as ‘back injury’. This implies that back pain is 

caused due to work-related factors only. Although, the amount heavy lifting present in 

occupations has declined in the recent years, LBP reporting has not (Videman & Battie, 

1999). Therefore, it is evident that the onset of low back pain (LBP) could be due to 

various reasons (Table 2.1) Several risk factors have been identified and further research 

is being conducted to prove causation (Manchikanti, 2000). Few studies indicate that a 

history of LBP could be a predictor of serious LBP in the future. Other studies suggest 

that morphology of the intervertebral disc establishes the presence and severity of LBP, 

while still others point towards psychosocial factors as a cause for disabling LBP. A 

study concluded that psychological factors may not be important in the incidence of LBP 

and may be a consequence rather than a cause of occurrence (Roland & Morris, 1983). 

Yet another study found that persistence of symptoms was associated with low physical 

activity, smoking and job dissatisfaction (Thomas et al., 1999). 

 

Table 2.1 Potential risk factors for LBP 

Category Risk Factors 

Personal 
Age Gender BMI Family history 

Genetics Smoking Alcohol Physical activity 

Psychosocial 
Perceived stress Job stress Job satisfaction Social relations 
Decision latitude Job security Job demands Organizational level 

Occupational 
Physical load Force Repetition Vibration 

Bending Twisting Lifting Posture 
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Recent studies have found that the relation between abnormalities in the lumbar 

spine and LBP is controversial. A study by Jensen et al. (1994) on individuals with no 

LBP showed that a large percent of the subjects had an abnormality of the spine as seen 

on the MRI (Table 2.2). Based on this, it has been suggested that the presence of an 

abnormality, such as a bulge or protrusion, in the lumbar region of a patient with LBP 

may be coincidental although the prevalence of extrusions in people with symptoms of 

LBP was found to be higher than in people without symptoms (Jensen et al., 1994). 

 

Table 2.2 Abnormalities of lumbar spine in asymptomatic individuals (Jensen, et al., 
1994) 

Intervertebral Disk Abnormalities Non-intervertebral Disk Abnormalities 

Normal 6% Schmorl’s nodes (herniation of the disk 
into the vertebral-body end plate) 

9% 

Bulge (circumferential symmetric extension of 
the disk beyond the interspace) 

52% Annular defects (disruption of the outer 
fibrous ring of the disk) 

14% 

Protrusion (focal or asymmetric extension of 
the disk beyond the interspace) 

27% Facet arthropathy (degenerative disease 
of the posterior articular processes of the 
vertebrae) 

8% 

Extrusion (more extreme extension of the disk 
beyond the interspace) 

1%   

 

Even though degeneration of the disc was only moderately associated with LBP, 

modic changes (MC), were found to be strongly associated with LBP. MC, described by 

(Modic, Masaryk, Ross, & Carter, 1988) for the detection of anomalies, is defined as 

“signal changes in the vertebral bone extending from the vertebral end plate by MRI”. It 

has been suggested that MCs are a possible later stage/step of disc degeneration. In a 

study, it was found that people with both disc degeneration and MC reported LBP more 

than those with just disc degeneration (Kjaer, Korsholm, Bendix, Sorensen, & Leboeuf-

Yde, 2006). 
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2.2.2.2 Personal Factors 

2.2.2.2.1 Age and LBP 

Increasing age has been associated with LBP in some studies but age has still not 

been established as a risk factor because several studies have seen decreases in LBP 

reporting rates in the older population. It is a well known fact that the intervertebral discs 

undergo degenerative changes as age increases (Buckwalter, 1995). The percentage of 

subjects with degenerated disks increased with age in a study and the increase was more 

rapid in subjects with LBP (Paajanen, Erkintalo, Parkkola, Salminen, & Kormano, 1997). 

What is not understood is why decreases in LBP in the older population are seen.  Some 

possible explanations given are cognitive impairment, depression, decreased pain 

perception and increased tolerance to pain. It is also possible that the elderly are under-

represented in the back pain literature. A suggestion is that LBP usually begins in early 

life and has its highest frequency around the working age of 35-55 years (Leboeuf-Yde, 

Nielsen, Kyvik, Fejer, & Hartvigsen, 2009). However, duration of symptoms increased 

with age after this age and the pain lasted longer (Manchikanti, 2000). A literature review 

considering studies dealing with only severe forms of back pain found an increase in 

prevalence with increasing age (Dionne, Dunn, & Croft, 2006). Since aging has known 

effects on the bones and muscles, the older population is at a higher risk of LBP and 

therefore, age is considered a risk factor for LBP.  

2.2.2.2.2 Gender and LBP 

The effects of gender on LBP are yet to be confirmed, but it is a common 

observation that women are more likely than men to report LBP and also more likely to 

have pain for longer periods (Leboeuf-Yde, et al., 2009). Several epidemiological 
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investigations were conducted and only small gender differences were reported in many 

of them. Reasons for women to be more prone to LBP have been linked to menstruation, 

pregnancy, and labor. Use of oral contraceptives has also been associated with incidences 

of LBP (Wreje, Isacsson, & Aberg, 1997). Back pain during pregnancy is usually 

attributed to increased biomechanical strain or an altered hormonal influence 

(Manchikanti, 2000; Wijnhoven, de Vet, Smit, & Picavet, 2006; Wreje, Isacsson, & 

Aberg, 1997). Though, there are several reasons for women to develop LBP, higher 

incidences of LBP are reported in women performing physically demanding jobs (Garg 

and Moore, 1992). 

2.2.2.2.3 Obesity and LBP 

A literature review found that 32% of all the studies considered reported 

statistically significant positive, but weak, associations between weight and LBP, 

suggesting that obesity may not be a causal factor of LBP (Leboeuf-Yde, 2000b). One 

study found a strong association of Body Mass Index (BMI) with LBP where an 

increased prevalence was observed with increasing BMI (Orvieto, Rand, Lev, Wiener, & 

Nehama, 1994). The authors suggest that similar studies where weight was used as a 

measure of obesity and failed to show any association since weight alone is not 

considered a true index of obesity. Several biological reasons are put forward as possible 

explanations as to how obesity can influence LBP. First, the additional weight may 

generate higher mechanical stresses and loads on the spine (Orvieto et al., 1994). Second, 

the presence of fatty tissue decreases blood flow and vital nutrients required for healing 

leading to increased LBP. Third, obesity leads to loss of endurance. Obesity in relation to 

herniated lumbar intervertebral discs also showed interesting results. One study 
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concluded that intervertebral disc-herniation symptoms were more common in women 

who were overweight or who had a larger waist circumference (Han, Schouten, Lean, & 

Seidell, 1997). Other studies have also found significant correlations between body mass 

and disc herniation (Manchikanti, 2000). Therefore, although higher body masses may 

not be linked directly to LBP, obesity may be a marker or confounder for some other 

factor which is the actual cause of severe LBP (Leboeuf-Yde, 2000b). 

2.2.2.2.4 Smoking and LBP 

A literature review of smoking effects on LBP found inconsistent results 

(Leboeuf-Yde, 1999). Roughly half of the studies including smoking reported 

associations, though these were weak and were seen only in large samples. There was 

also a tendency of ex-smokers to have less LBP than current smokers. However, 

Frymoyer et al. (1983) found that individuals with severe LBP were more likely to be 

smokers than non-smokers. Several mechanisms by which smoking affects LBP are 

suggested. Significant correlations were found between smoking and intervertebral disc 

degeneration.  Smoking affects the circulatory system outside the disc which in turn 

affects cellular update and metabolic production within the disc (Holm & Nachemson, 

1988). Additionally, intraspinal pressure due to repeated coughing may lead to LBP 

(Gyntelberg, 1974). A study noted breathing ability differences while handing loads may 

contribute to LBP as the muscles used for breathing are also used to maintain the spine.  

Therefore, smokers and others whose lung elasticity has been weakened may be at risk of 

LBP (McGill, Sharratt, & Seguin, 1995). 
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2.2.2.2.5 Alcohol Consumption and LBP 

In a literature review, it was reported that none of the studies reported a positive 

association between LBP and alcohol consumption, but emphasized that further studies 

are needed to fully ascertain that alcohol consumption does not play any role in LBP due 

to lack of ‘well designed alcohol-LBP-centered studies’ (Leboeuf-Yde, 2000a). 

Establishing a link between alcohol consumption on LBP is complicated as the use of 

self-reports may not be accurate due to the possibility of under reporting. Alcohol 

consumption may contribute to LBP by inducing uncoordinated movements altering 

biomechanical loads on the spinal structures. Further, alcohol consumption has been 

associated with psychosocial problems which are thought to contribute to LBP and 

chronicity. 

2.2.2.2.6 Physical Activity and LBP 

The association of physical activity to LBP is not well understood. Several studies 

have reported a higher incidence of LBP and disc herniation in populations that exercised 

regularly, but others reported the opposite results (Manchikanti, 2000). It is not clear 

whether regular physical activity could increase or decrease the risk of LBP though many 

believe it can help reduce symptoms. Regular physical activity could prevent disc 

degenerations by an adaptive increase in annular and ligamentous strength (Porter, 1987). 

It is also commonly believed that inactivity and lack of exercise could lead to an increase 

in LBP and disability and a good fitness level could help with faster recovery. Another 

theory suggested was that certain types of physical activity that are performed to increase 

endurance may lead to the transport of small solutes in and out of the disc, thus 

increasing nutrition and making the back stronger (Porter, 1987; Sward, et al., 1991). 
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Extreme sports, on the other hand were associated with greater disc degeneration 

(Videman, et al., 1995). Therefore, regular physical activity to maintain general physical 

fitness may help reduce the severity of LBP, though activities that put unusual loads on 

the spine may have the reverse effects.  

2.2.2.2.7 Genetics and LBP 

Battié et al (1995) stated that “disc degeneration may be explained primarily by 

genetic influences and by unidentified factors, which may include complex, unpredictable 

interactions” (Battie, et al., 1995). The mechanism through which genetic factors could 

lead to disc degeneration can be explained by its influence on the mechanical properties 

of the spine that may change its shape and size, thus making it vulnerable to external 

forces. Another mechanism is through biological processes, such as the synthesis and 

breakdown of the disc’s structural and biochemical constituents, which is also controlled 

by genetic factors, and, if altered, could lead to faster and unnecessary changes that may 

lead to LBP (Battie & Videman, 2006). Though these are likely explanations, it should be 

understood that disc degeneration is only one mechanism through which genes influence 

LBP (Battie, Videman, Levalahti, Gill, & Kaprio, 2007).  

A review of the literature identified that the following genes are being 

investigated with respect to LBP:  the aggrecan gene, the matrix metalloproteinase-3 

gene, the vitamin D receptor gene, and the interleukin-1 gene (Ala-Kokko, 2002, Chan, et 

al., 2006). Three of these genes are structural genes and one is a gene that is involved in 

inflammatory responses. As stated previously under section 2.2.2, many studies have 

argued that structural changes to the spine is the factor that leads to severe back pain but 
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other studies have shown that there is little correlation between disc degeneration and low 

back pain. Therefore, both types of genes are being studied to investigate the role of each.  

Collagen IX (COL9) gene: The gene codes for collagen IX that forms the 

extracellular matrix present in the cartilage as well as the nucleus pulposus of the 

intervertebral disc and, therefore, is a good candidate to study as changes in the gene 

sequence directly affect the constitution of the intervertebral disc (Cha et al., 2006). 

Studies on the COL9A2 and COL9A3 genes, that code for the α2 and α3 chains of 

collagen IX, identified sequence variations that were associated with disc degeneration 

(Annunen, et al., 1999; Paassilta, et al., 2001). In particular, a gene substitution that leads 

to an amino acid change to tryptophan (trp2 and trp 3 alleles) were studied. Some studies 

showed higher associations of the COL9A3 gene to disc degeneration than the COL9A2 

(Kales, et al., 2004; Solovieva, et al., 2006). For this reason, the COL9A3 gene has been 

chosen for this study. The mechanism of how the products of the trp 2 and trp 3 alleles 

act as risk factors is not clear since the function of collagen IX in the cartilage is still not 

known (Chan, et al., 2006). Since collagen is a major component of the extracellular 

matrix, polymorphisms may lead to defective proteins that may alter the mechanical 

properties of the intervertebral discs making it prone to herniation and LBP (Tegeder, 

2009). 

Interleukin 1 (IL-1) gene: The gene codes for a cytokine, interleukin-1, which is 

produced in response to infection/injury and elicits a neurological response. It has been 

identified that high levels of these inflammatory substances could be responsible for 

greater pain responses and, therefore, is a good candidate to be studied. The IL-1 gene 

family consists of IL-1α, IL-1β (both strong inducers of inflammation) and IL-1RN that 
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modulates the effect acting as a receptor antagonist (Chan, et al., 2006; Solovieva, et al., 

2004). It was found that carriers of the IL-1RN gene had an increased risk of LBP and 

this gene in combination with IL-1α and IL-1β had a higher risk (Solovieva, et al., 2004). 

Therefore, the IL-1RNA1812 region of the gene has been chosen to be studied. It is 

suspected that polymorphisms lead to a defective IL-1RN that fails to modulate the pain 

responses leading to greater pain perceptions in the back. 

Vitamin-D Receptor (VDR) gene: The VDR gene codes for the receptor for 

vitamin D3 and has a role in bone mineralization (Chan, et al., 2006). Abnormalities 

could lead to bone weakening which could be responsible for LBP. Further, VDR 

expression was also studied in cartilage and proteoglycan synthesis, both of which are 

present in the intervertebral disc. Therefore, this gene has been chosen. Studies have 

shown that 2 intragenic polymorphisms of the VDR gene (called Taq and Fok 

polymorphisms present in exon 2 and exon 9 respectively) are associated with disc 

degeneration (Videman, et al., 1998). The mechanism of how the Taq polymorphism 

affects is not clear. The Fok polymorphism eliminates the first ATG translation initiation 

codon and allows the second codon to be translated, leading to proteins on different 

lengths (Chan, et al., 2006). 

Aggrecan (AGC1) gene: The gene codes for aggrecan, a major proteoglycan 

component of the intervertebral disc. Aggrecan is present both in the cartilage and the 

nucleus pulposus. Exon 12 of AGC1 codes for half of the keratin sulphate (KS) binding 

domain and the entire chondroitin sulphate (CS) binding region. Its main function is to 

maintain the hydration of the disc structure through the CS chains. Abnormalities in this 

protein can have a direct impact on LBP making it a good candidate to study (Chan, et 
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al., 2006). Studies have shown the association of Aggrecan gene variable number tandem 

repeats (VNTR) with disc degeneration (Kawaguchi, et al., 1999; Solovieva, et al., 2007). 

Therefore, the aggrecan gene VNTR region was chosen to be analyzed. These repeat 

regions differed in individuals and Kawaguchi (1999) found that small number of repeats 

were associated with disc degeneration, likely due to fewer CS chains and, therefore, 

poorer disc hydration leading to degeneration (Ala-Kokko, 2002). In the human AGC1 

gene, VNTRs are present ranging from 13 to 33 repeats. 

In addition to the contribution of each gene individually, gene-gene interactions 

and gene-environment interactions may exist that need to be investigated. Evidence exists 

that body weight modifies the effect of COL9A3 on LDD. Further, associations between 

collagen and interleukin gene cluster polymorphisms and LDD have been reported  

(Kalichman & Hunter, 2008). Therefore, those with shorter repeat alleles for the AGC1 

gene, presence of the taq or fok polymorphism in the VDR gene, and presence of the 

single nucleotide polymorphism (SNP) in the COL9A3 and Il-1RN genes have a higher 

risk of LBP, and these polymorphisms present together or in presence of other risk 

factors may further increase the risk. 

Several personal factors such as age, gender, obesity, physical activity level, 

smoking, alcohol consumption and genetics are thought to be risk factors of LBP. 

Personal factors are important to study as risk factors for occupational LBP as they 

explain the inherent variability between workers who are subjected to the same set of 

occupational risk factors. Further, although the job factors may be altered or changed to 

reduce risk, some personal factors; such as age, genetics etc.; cannot be controlled. These 
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APPENDIX J 

SCORING OF OCCUPATIONAL FACTORS BASED ON RULA SCORING 

GUIDELINES 
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POSTURE: 

0o +1 ≥ 8hrs +4 

0o - 20o +2 4 – 8 hrs +3 

20o - 60o +3 2 – 4 hrs +2 

> 60o +4 < 2hrs +1 

Side-bending +1   

Twisting +1   

 Possible Scores: 1 - 10 

 

FORCE: 

Less than 4.4lbs of intermittent force/load +0 ≥ 8hrs +4 

4.4 to 22lbs of intermittent force/load +1 4 – 8 hrs +3 

4.4 to 22lbs of static/repeated force/load +2 2 – 4 hrs +2 

22lbs or more intermittent force/load +3 < 2hrs +1 

22lbs or more of static/repeated force/load +3   

Possible Scores: 0 - 7 

 

REPETITION: 

Less than 30 seconds +3 ≥ 8hrs +4 

30 seconds to 1 minute +2 4 – 8 hrs +3 

Greater than 1 minute +1 2 – 4 hrs +2 

  < 2hrs +1 

Possible Scores: 1 - 7 
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VIBRATION: 

Job involve activities that subject you to 
whole body vibration 

+1 ≥ 8hrs +4 

  4 – 8 hrs +3 

  2 – 4 hrs +2 

  < 2hrs +1 

Possible Scores: 1 - 5 

 

Total Possible Scores: 2 – 29
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APPENDIX K 

JUSTIFICATIONS FOR COMBINING CATEGORIES 
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In order to justify combining the categories for physical activity levels, calculations based 

on MET (Metabolic Equivalent of Task) values were done in order to compare the energy 

expenditures for each category (Table A). 

 

Table A: Physical activity levels and energy expenditures 
Levels  Energy expenditure 

(kcal/week) 
No. of participants Combined

< 3 times a week (short 
workouts) 

0 to 480 27

No to Low 
< 3 times a week (long 

workouts) 
480 to 960 2

3 to 5 times a week 
(short workouts) 

720 to 1200 13

3 to 5 times a week 
(long workouts) 

1440 to 2400 11

Moderate to High 
>5 times a week (short 

workouts) 
>1440 4

>5 times a week (long 
workouts) 

>2880 3

 

The energy expenditure values are calculated based on MET values where 1 MET = 

1kcal/kg/hr. The above are calculated for a person weighing 60 Kg for an activity of 

running which has a MET value of 8. Short workouts are for 30 minutes and long 

workouts are for an hour.  Based on the energy expenditure values and the number of 

participants in each category, the categories were combined to form 2 categories of no to 

low and moderate to high. 

 

In case of alcohol consumption and smoking habits, the levels were combined to 2 

overall levels of no and yes. This was based on the participant distribution (see tables B 

and C) and to test the effect of the presence of any amount of alcohol consumption and 

smoking on LBP. 
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Table B: Alcohol consumption 

Levels  No. of participants Combined 

Abstain  27 No 

3/week  21

Yes 4 to 14/ week  12

>14/week 0

 
Table C: Smoking habits: 

Levels  No. of participants Combined 

None  42 No 

< 5 /day  4

Yes 
5 to 10/day  9

10 to 15/day  4

>15/day  1
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APPENDIX L 

AGAROSE GEL ELECTROPHORESIS GEL IMAGES 
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