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ChapterChapter 1 

Backgroundd and motives 

Loww back disorders are among the most common work-related health problems. In 

Europe,, the prevalence of work-related back disorders was 33% in 2000.M Apart from 

thee impact low back disorders may have on a personal level, the magnitude of the 

prevalencee also implies considerable socio-economic consequences due to sickness 

absencee and disability for work.50 During the last decade, numerous epidemiologic 

studiess have been conducted to increase the understanding of work-related and 

otherr factors that are associated with the development of back disorders. The main 

work-relatedd risk factors identified by these studies are manual handling of heavy 

loads,, whole body vibration, heavy physical work, bending and twisting.6'14-22'55 
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Figuree 1. Model explaining intermediate steps between exposure to physical load and back 

disorders disorders 
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GeneralGeneral introduction 

Despitee extensive research, current knowledge of the exposure-effect relationships 

betweenn physical loading and back disorders is inconclusive, partly because of the 

lackk of knowledge on the biological relevance of different load parameters and the 

largee variability between individuals. 

Figuree 1 shows a simplified model of generally hypothesized steps between 

exposuree to physical back load and the development of back disorders. Exposure 

referss to exertion of forces, movements and postures while performing tasks 

(externall  exposure), causing moments and forces on the structures in the back 

(internall  exposure). Depending on the interaction of intensity, duration and/or 

frequency,, this exposure can disturb the metabolic homeostasis in tissues like 

muscles,, nerves, ligaments, vertebrae and intervertebral discs. The resulting early 

biologicall  effects may in due time cause structural and functional changes, which 

mayy lead to back disorders. Individual factors such as genetic make up, gender, age, 

anthropometry,, physical strength, and psychological attitude and lifestyle factors 

suchh as smoking habits and physical activity may interfere with the afore-mentioned 

relations.. In research on the association between physical back load and back 

disorderss it is important that adequate and relevant measures of the different entities 

inn the model are being used. Methods have been developed to accurately assess 

externall  exposure, as well as biomechanical models to estimate internal exposure.49 

However,, the biological relevance of specific exposure parameters is unclear because 

off  the non-specificity of most back disorders. Many cases lack a clear 

pathophysiologicall  or pathoanatomical explanation and distinctive clinical signs are 

absent.. Therefore, measures of back disorders are typically highly variable, subjective 

self-reportss of symptoms.9'13 For a better understanding of the pathogenesis of back 

disorderss and a proper definition of adequate parameters of exposure and effect, 

knowledgee of the early biological effects and structural alterations is essential. 

Unfortunately,, there are hardly any valid instruments available to assess these 

processess in living persons. Modern imaging techniques - e.g. magnetic resonance 

imagingg (MRI) - are promising, but they present the practical problems of limited 

availabilityy of the necessary equipment and high costs. As indicators of processes in 

tissuess at a molecular level, biomarkers may provide an objective, quantitative 

measuree of the response to physical load of the structures in the back. This thesis 

focusess on biomarkers of early biological effects and structural alterations in 

responsee to physical back load. 
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Thee concept of biomarkers 

Biomarkerss can be defined as indicators of molecular change occurring in a biologic 

systemm that can be measured in biologic media such as tissues, cells or body fluids. 

Biomarkerss can be measured in target tissues or surrogate tissues. Target tissues are 

thosee tissues that are pathologically altered by the exposure. If assessment in target 

tissuess is not feasible, marker levels in surrogate tissues or fluids, such as blood, can 

bee used to estimate marker levels in target tissues.53 Biomarkers have been used by 

clinicianss and medical researchers for several decades. They came into use in the late 

1970ss in cancer research. Technological advances in molecular biology in recent years 

enhancedd the incorporation of biomarkers in occupational and environmental 

researchh and practice on chemical agents to identify exposed persons, quantify 

exposuree or indicate health risks.3-25 Examples of biomarkers used in occupational 

andd environmental research are levels of lead in blood as a measure of exposure to 

lead,, several DNA or hemoglobin-adduct levels as markers of exposure to 

carcinogens,, and oncogenes or its protein products as biomarkers of increased risk of 

variouss cancers in occupational groups like firefighters, hazardous waste workers 

andd foundry workers.25 

Althoughh sparsely, the concept of biomarkers of the effects of physical 

exposuree as risk for musculoskeletal disorders has gained support during recent 

years.32-399 With respect to work-related upper limb disorders, efforts have been 

undertakenn to identify and validate biomarkers of skeletal muscle damage.33'45 

Unfortunately,, no clear associations with workload were found. Over the past 

decade,, biomarkers for monitoring alterations in musculoskeletal tissues due to 

diseasess or physical loading have been developed in rheumatology, orthopedics and 

sportss medicine. These studies have in common that they investigated markers 

relatedd to extracellular matrix metabolism. Most biomarkers were originally 

developedd to monitor or predict disease progression in patients with degenerative 

cartilagee and bone diseases.21'29'38-57-58 However, the same biomarkers have been 

exploredd to monitor the effects of bed rest,1537-46 exercise therapy,23 and strenuous 

physicall  exercise,43-47-10-12-16-26-28'35'42'48'54'56 on articular cartilage, bone, tendons and 

muscles.. Although the results are varying and interpretation of the results is not 

alwayss straightforward, these studies provide promising information on the 

developmentt of biomarkers of the effects of physical load on musculoskeletal tissues. 
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Rationalee for identification of biomarkers of the effects of back load 

AA biomarker for the effect of back load should be correlated with back disorders or 

pathologicall  processes in the back as well as exposure to physical load. To identify 

potentiall  biomarkers, it should, subsequently, be considered what are relevant target 

structures,, what biochemical processes occur in these structures in response to load 

andd what components can be measured as indicators of these processes. 

TargetTarget structures 

Amongg the many structures in the back, the motion segment of the spine, and 

especiallyy the intervertebral disc, is generally considered to be the key structure with 

respectt to the association between exposure to physical back load and back disorders. 

Structurall  damage to the motion segment is assumed to be an important factor 

associatedd with low back pain. Apart from radial fissures in the annulus fibrosus or 

posteriorr disc protrusions that are associated with pain, changes in structural 

integrityy of the intervertebral discs alter the mechanical properties of the disc. These 

changess alter the alignment and load applied to the entire motion segment putting it 

att risk of further damage.19 There is evidence to suggest that occupational exposure is 

associatedd with disc degeneration.8-40'52 However, MRI studies reported littl e or no 

associationn between (long term) occupational loading and disc degeneration.5'30-44 

Alterationss in extracellular matrix composition are an essential feature in 

degenerationn of intervertebral discs and other spinal structures.4-7'17-18'24'31-36 The 

extracellularr matrix is responsible for the structural integrity in the tissues, its main 

constituentss are water, proteoglycans, and collagens. Proteoglycan chains have a 

highh water binding capacity generating substantial swelling pressure that is 

restrainedd by the network of collagen fibers. 

BiochemicalBiochemical processes 

AA dynamic balance of synthesis and degradation determines the concentration of 

matrixx components, which is a prerequisite for adequate biomechanical properties of 

thee tissue. Normal metabolism involves anabolic processes (synthesis and secretion), 

organizationall  processes (aggregation in the extracellular matrix), and catabolic 

processess (degradation and subsequent loss from the tissue). It is assumed that the 

cellss of the extracellular matrix, the chondrocytes, normally regulate these processes 
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inn response to various environmental factors, such as hormones, nutrients, 

mechanicall  load and biochemical signals from other cells such as interleukin-1.20 It is 

stilll  debated whether structural failure is caused by biochemical changes or whether 

biochemicall  changes represent a cellular response to altered mechanical conditions 

causedd by structural damage.2 The general response of chondrocytes to increased 

physicall  loading is to increase synthesis of matrix molecules aiming to strengthen the 

tissuee and repair microfractures that might have occurred. However, if this adaptive 

remodelingg response cannot keep pace with the loading, either because of sudden 

increasee of the loading or because of a poor state of the tissue, degeneration and 

structurall  disruption of the tissue may occur. Small structural disruptions 

(microdamage)) probably stimulate the adaptive remodeling. Large structural failure, 

however,, may cause an inappropriate response, which may lead to a progressive 

degenerativee process.1 Monitoring of synthesis and degradation of extracellular 

matrixx components may thus provide information on early biological effects or 

structurall  changes in structures in the back. 

BiomarkersBiomarkers of extracellular matrix metabolism 

Itt is practically impossible to measure matrix metabolism in the target tissues in the 

back.. However, byproducts of synthesis and degraded molecules are washed away 

fromm the tissue and appear in the blood where they can be measured.41 Three main 

categoriess of biomarkers can be discerned: 1) anabolic markers detecting specific 

structuress of molecules that are newly synthesized by the chondrocyte in the 

initiationn of its repair and remodeling response, 2) catabolic markers detecting 

breakdownn products, and 3) enzymess involved in the regulation of metabolism. 

Objectivess of this thesis 

Thee primary objectives of this thesis are: 

1)) To select biomarkers of extracellular matrix metabolism as potential biomarkers of 

thee effects of back load at molecular or tissue level. 

Basedd on literature on biomarkers of matrix metabolic and degenerative 

processess investigated in rheumatology, orthopedics and sports medicine, a selection 

off  potential biomarkers will be made from available and validated assays. Aspects of 
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tissuetissue specificity, validity and practical applicability of the laboratory assays wil l be 

considered. . 

2)) To explore the feasibility and validity of the selected potential biomarkers as 

instrumentss in epidemiologic research on the effects of back load. 

Manyy criteria for validation of biomarkers have been described in the 

literature,, the general idea is that a biomarker needs to be sensitive to exposure and 

shouldd not have too many other determinants, i.e. should be sufficiently specific.51 

Withh respect to their intended use, i.e. as indicators of tissue responses to back load 

inn occupational epidemiology, attention wil l be focussed on associations of the 

selectedd biomarkers with exposure to physical back load and physiolological or 

pathologicall  changes in structures of the back. These associations are explored in 

differentt experimental and observational studies that wil l be described in this thesis. 

Outlinee of the thesis 

Followingg this general introduction about the background and objectives of this 

study,, the epidemiologic evidence on the association between occupational physical 

backk load and back disorders wil l be further amplified in Chapter 2. In this chapter a 

systematicc review of epidemiologic studies on manual materials handling as risk 

factorss for back disorders is presented. Methodological quality of the published 

studiess is taken into consideration in the evaluation of the evidence and the need for 

moree accurate exposure assessment is discussed. 

Chapterr 3 presents the results of a literature study on serum concentrations of 

keratann sulfate as potential biomarker of back load. It is hypothesized that the serum 

concentrationss of keratan sulfate, an epitope present on proteoglycans, may provide 

aa marker of degradation of intervertebral discs. Findings from studies on serum 

concentrationss of keratan sulfate as a biomarker of degeneration of articular cartilage 

onn the one hand and on the effects of proteolytic degradation of herniated 

intervertebrall  disc on the other are combined. To validate serum keratan sulfate, an 

experimentall  laboratory study is carried out on the ability of serum keratan sulfate to 

reflectt short-term back load. In the laboratory, healthy young male volunteers are 

exposedd to tasks involving heavy physical load on the back. Repeated measures of 
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serumm keratan sulfate are assessed immediately before and after the experiment as 

welll  as 24 h and 1 week later. This experimental study is described in Chapter 4. The 

resultss of this experimental study are not promising. Therefore attention is shifted 

fromm keratan sulfate to otherr potential biomarkers. 

Basedd on ongoing technological developments and their frequent use in other 

studiess on matrix metabolism, serum markers of type I collagen are selected: 

carboxyterminall  propeptide of type I collagen (PICP) as a marker of synthesis, and 

carboxyterminall  telopeptide region of type I collagen (CTx) as a marker of 

degradation.. In Chapter 5, background information is given on these potential 

biomarkers.. Following this selection, three studies are performed to explore 

specificity,, sensitivity and practical feasibility of PICP and CTx. Firstly, the 

associationss between the response to structural damage in intervertebral discs and 

serumm concentrations of PICP and CTx are investigated in a patient study. Chapter 6 

reportss on this study. Serum concentrations of PICP and CTx are assessed before 

lumbarr disc surgery and three days and six weeks thereafter. Secondly, a cross-

sectionall  study is carried out to explore the associations between long term 

occupationall  back load and serum concentrations of the markers of type I collagen 

synthesiss and breakdown. Chapter 7 describes this study in which serum 

concentrationss of the biomarkers in men in jobs involving heavy materials handling 

aree compared to those in men in sedentary jobs. Thirdly, the effects of ongoing 

occupationall  physical back load on (changes in) serum concentrations of the collagen 

markerss are further explored in a longitudinal study, presented in Chapter 8. Serum 

concentrationss of PICP and CTx are assessed monthly in young nurses during a six 

monthh work period. The concentrations are compared to those in a reference group. 

Observationss on the workplace provide an estimate of the exposure to physical back 

loadd of the nurses. The associations between this back load and the biomarker 

concentrationss are also analyzed. 

Too enhance understanding of the biological relevance of serum PICP and CTx, 

inn Chapter 9 the biomarker concentrations are associated with spinal shrinkage in the 

nursess described in chapter 8. Finally, in Chapter 10 the general discussion and 

conclusionss of this thesis are presented. 
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