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Chapterr  1 

Generall  introduction 



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. 

11 1 



ChapterChapter 1 

Th ee concept of biomarker s 

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. 

12 2 



GeneralGeneral introduction 

Rationalee for  identificatio n 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 

13 3 
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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 thi s 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 wil l be made from available and validated assays. Aspects of 

14 4 



GeneralGeneral introduction 

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. 

Outlin ee 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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ChapterChapter 1 

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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Abstract Abstract 

Inn this review, epidemiologic evidence on the role of manual materials handling in the 

occurrencee of back disorders was systematically evaluated. Twenty-five publications that 

providedd quantitative data on associations between manual materials handling and back 

disorderss were selected. Study findings were evaluated on the basis of strength of 

association,, consistency in findings and dose-response relations. The methodological quality 

off  each study was assessed to consider the relative value of the findings. Although a 

considerablee number of epidemiologic studies investigated the risk of lifting, only a 

moderatee insight in the dose-response relation between exposure to liftin g and occurrence of 

backk disorders was found. Evidence on carrying and on pushing/pulling as risk factor for 

backk disorders was very limited. Only very few quantitative studies were performed and the 

resultss of these studies were inconsistent. The amount of evidence on the risk of exposure to 

combinedd manual materials handling was only moderate. It was concluded that, based on 

thee criteria applied in this study, epidemiologic evidence for manual materials handling as 

riskk factor of back disorders is present, but largely based on cross-sectional studies with 

inherentt methodological weaknesses. More longitudinal studies need to be performed in 

whichh special attention is given to accurate exposure measurements, valid assessment of 

backk disorders, and dose-response relations. 

PublishedPublished as: Kuiper JI, Burdorf A, Verbeek JHAM, Frings-Dresen MHW, Van der Beek A], Viikari-
JunturaJuntura ERA. Epidemiologic evidence on manual materials handling as a risk factor for back disorders. 
AA systematic review. Int} Ind Ergon 1999;24:389-404. 
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Introductio n n 

Exposuree to manual materials handling (MMH) activities is considered to be an 

importantt contributor to the etiology of back disorders.3'7-25'62-64'68 There is ample 

evidencee from biomechanical and physiological studies to support an effect of MMH 

onn the occurrence of back disorders.9'42'55-86 However, in spite of the many 

epidemiologicc studies that addressed this issue in the last two decades, definite 

evidencee supporting a causal relation between exposure to MM H and the occurrence 

off  back disorders is still largely missing. 

Inn attempting to examine causal inferences, Bombardier et al.4 suggested a set 

off  guidelines, modified from Bradford-Hill5 as a tool to summarize and interpret 

availablee evidence. Following Bombardier et al. aspects to be considered in 

evaluatingg evidence of causality are: temporal sequence of exposure and effect, 

specificityspecificity of the risk factor for health outcome, reversibility, biological plausibility, 

strengthstrength of the association, consistency in findings, and dose-response gradient. At this 

pointt in time, the scientific literature on MMH and low back disorders does not fulfil l 

alll  these criteria. The temporal sequence of exposure and effect is difficult to 

determinee in observational studies. The specificity criterion cannot be met, 

associationss between MMH activities and different back disorders do not seem to be 

specific.644 Reversibility seems plausible, however, intervention studies that show a 

decreasee in the occurrence of back disorders after ergonomie improvements are very 

scarce.77 On the other hand, evidence regarding the biological plausibility is available 

fromm biomechanical and physiological studies. With respect to the aspects of strength 

off  association, consistency in findings, and dose-response gradient, evidence can be 

assessedd from epidemiologic studies. 

Ideally,, data from well-designed epidemiologic studies should be pooled into a 

meta-analysiss in order to obtain combined risk estimates. Unfortunately, the 

epidemiologicc studies that have appeared in the literature so far are too 

heterogeneouss with regard to methodology and assessment of exposure and 

outcomee to be aggregated in meta-analyses. Therefore, a systematic review was 

conductedd on studies that provided quantitative data on the association between 

MM HH and back disorders. The aim was to evaluate epidemiologic evidence with 

respectt to strength of association, consistency in findings, and dose-response 

relationss in order to clarify the role of MMH in the occurrence of back disorders. This 

articlee supplements other recent reviews on the same topic by systematically 
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evaluatingg methodological aspects and quantifications of epidemiologic 

evidence.3'7'82 2 

Material ss and methods 

SelectionSelection of studies 

AA search for epidemiologic studies, published from January 1980 to June 1997, was 

carriedd out with the literature data bases Medline, Embase, NIOSHTIC, CISDOC, 

HSELINE,, and Ergoweb. The medical subject headings back pain, sciatica, or 

intervertebrall  disc displacement (herniated/prolapsed disc) were combined with the 

termss work, workload, task performance and analysis, occupational exposure, 

materialss handling (that includes lifting, lowering, holding, carrying, pushing, 

pulling),, and with epidemiology, risk (assessment, factors), and causality. In 

addition,, existing review articles were checked for relevant references. A first 

selectionn was made on the basis of title and abstract. Studies were included if they 

dealtt with exposure to MM H and the occurrence of back disorders. Furthermore, the 

manuscriptt had to be available and published in English. Articles eligible for 

inclusionn were scrutinized and a second selection was made using four exclusion 

criteria,, 1) absence of reference data, i.e. absence of a reference group or, in a cohort 

study,, absence of accurate baseline measurements, 2) lack of quantitative information 

onn exposure to MMH at least at ordinal level, 3) lack of a clear definition of the effect 

orr information of effect based on recall of more than one year, 4) absence of a risk 

estimatee or information that allows calculation of a risk estimate. 

AssessmentAssessment of evidence 

Epidemiologicc evidence on MM H as a risk factor for back disorders in the selected 

studiess has been evaluated on the basis of strength of association, consistency in 

findings,, and dose-response relations. The methodological quality of each study was 

evaluatedd in order to consider the relative value of the study findings. 

MethodologicalMethodological quality of the studies 

Thee methodological quality of each study was evaluated according to a predefined 

sett of criteria (see table 1), a method widely used in systematic reviews and meta-
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analysess of clinical trials.e s38'56'58-80 Following Kristensen39 we adapted the criteria for 

thee evaluation of observational studies in this review, and considered the following 

fivee aspects: 1) study design: with respect to evidence offered by different study 

designs,, cohort studies are ranked the highest, case-control studies are the next most 

reliablee source of information, and cross-sectional studies are the least rigorous of the 

threee main study designs,4 2) subject selection: specific attention is paid to the 

potentiall  sources of selection bias, i.e. 'healthy worker effect', and low response or 

highh drop-out rate,14 3) confounding: recognition and control for the potential 

confounderss age, smoking, education, whole body vibration, frequent bending and 

twisting,, heavy physical work, job dissatisfaction, and low decision latitude,7 4) 

assessmentt of exposure: direct measurement and observation are considered reliable 

methodss whereas self-reports are more susceptible to misclassification,77 5) 

assessmentt of back disorders: for back pain and sciatic pain self reports are preferred 

too health statistics like disease registries or compensation claims since the latter are 

moree affected by motivational factors,54 for disc herniation clinical diagnosis is 

required,, preferably blinded. 

AA weight was attached to each criterion and methodological quality was 

assessedd by the sum of the scores, the maximum being 50 points. Studies scoring 

moree than 50% of the maximum attainable score were, arbitrarily, considered to be of 

goodd methodological quality. The other studies were evaluated as being of moderate 

methodologicall  quality. Low quality studies were not reviewed, they were already 

precludedd during the selection procedure. Each study was evaluated independently 

byy two reviewers (JK, AB). In case of discordances, these two reviewers reached 

agreementt through discussion. 

ResultResult of the studies 

Associationss between MMH and back disorders were expressed by risk estimates as 

oddss ratio or relative risk. Whenever possible, the risk estimate was retrieved from 

thee original article, together with the variables that were adjusted for in the statistical 

analysis.. If not provided, odds ratios or, when incidences were provided, relative 

riskss and 95% confidence intervals were calculated.57 

Ann association was considered positive when the occurrence of back disorders 

wass significantly associated with a higher exposure value. A significant risk estimate 

greaterr than or equal to 2.0 was considered to be indicative of a strong association. A 

negativee association describes an association in which a higher value of the risk 
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factorr was associated with a lower occurrence of back disorders. In a null association, 

thee risk estimate was not statistically different from unity, in other words, the 95% 

confidencee interval included 1. Studies with null associations were further evaluated 

ass to whether the results actually suggest the absence of an effect or whether an effect 

iss not shown because of systematic errors which bias the effect measure towards the 

nulll  value.1 Small sample size is a major cause of inconclusive association. Therefore, 

thee sample size needed to find a risk estimate of 2.0, with a 2-tailed a of 0.05 and 80% 

powerr was calculated50 and compared with the actual sample size in those studies. 

Results s 

SelectionSelection of references 

Afterr the initial selection, based on the presence of back disorders and MMH in title 

and/orr abstract, 61 references were considered eligible for inclusion. Exclusion was 

madee for 19 publications that lacked quantitative information on exposure to MMH. 

Amongg these, six studies only mentioned occupations or job titles.12-17-30-87-89 and 13 

didd not apply adequate exposure measures.8'10'15'24'26'28'32-36'37'45-49'67-78 Two studies were 

excludedd because information on back disorders was estimated on recall of back pain 

episodess longer than one year.84-85 Another 14 articles were excluded because they 

didd not present a suitable risk estimate for MMH or sufficient information that 

allowedd calculation of a risk estimate.6-11'13'19'21-23'27'41'47'60'65'71'79 Data on the same study 

weree published in two separate articles.33'34 Of these, the one that presented data of 

thee largest number of subjects was included in this review.34 Thus, there remained 25 

publicationss that met all selection criteria. These publications comprise 26 

epidemiologicc studies since one article reported a cohort study as well as a cross-

sectionall  study.61 

MethodologicalMethodological quality 

Tablee 1 presents all studies in hierarchical order according to their methodological 

quality.. Initially , the two reviewers did not agree 32 times (6%) of the 546 times a 

criterionn had to be applied. Most disagreements were due to differences in 

interpretationn of 'description' and 'control' for confounders or to errors in reading. 
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Tablee 1. Scores for methodological quality of the studies on MMH as a risk factor for back 

disorders disorders 

Criteriaa for methodological quality (theoretical maximum) 

Authors Authors 

Authors Authors 

A A 

(10) (10) 

B B 

(4) (4) 

C.1 1 

(8) (8) 

C.2 2 

(8) (8) 

D D 

(10) (10) 

E E 

(10) (10) 

Total l 

score e 

Pietrii  et al., 1992 (cohort)61 

Punnettt et al., 199163 

Macfarlanee et al., 199751 

Hughess et al., 199731 

Smedleyy et al., 1997™ 

Lüraa et al., 199646 

Venningg et al., 198781 

Pietrii  et al., 1992 (cross-sect.)61 

Svenssonn et al., 198975 

Holmströmm et al., 199229 

Aradd & Ryan, 19892 

Sarastee & Hulrman, 198766 

Stobbee et al., 198872 

Suadicanii  et al., 199473 

Svenssonn et al., 198374 

Estryn-Beharr et al., 199016 

Kelseyy et al., 19843* 

Lintonn et al., 1990*8 

Nuwayhidd et al., 199359 

Toroptsovaa et al., 199576 

Fuortess et al., 199418 

Giladd & Kirschenbaum, 198620 

Lauu et al., 1995« 

Mandell  & Lohman 198753 

Smedleyy et al., 199569 

Magnussonn et al., 199652 

10 0 
5 5 

10 0 
0 0 

10 0 
0 0 

10 0 

0 0 
0 0 
0 0 
0 0 
0 0 

10 0 
0 0 
0 0 
0 0 
5 5 
0 0 
5 5 
0 0 
5 5 
0 0 
0 0 
0 0 
0 0 
0 0 

2 2 
2 2 
0 0 
0 0 
2 2 
4 4 
4 4 

2 2 
4 4 
2 2 
2 2 
0 0 
2 2 
2 2 
4 4 
2 2 
2 2 
0 0 
2 2 
2 2 
0 0 
2 2 
2 2 
2 2 
2 2 
0 0 

4 4 
2 2 
3 3 
5 5 
1 1 
5 5 
1 1 

4 4 
3 3 
5 5 
4 4 
6 6 
0 0 
3 3 
3 3 
2 2 
2 2 
5 5 
1 1 
3 3 
3 3 
2 2 
1 1 
1 1 
1 1 
3 3 

4 4 
2 2 
1 1 
4 4 
1 1 
2 2 
1 1 

4 4 
2 2 
1 1 
1 1 
1 1 
0 0 
2 2 
0 0 
2 2 
2 2 
1 1 
3 3 
0 0 
1 1 
0 0 
1 1 
1 1 
1 1 
0 0 

5 5 
10 0 
5 5 

10 0 
5 5 
5 5 
5 5 

5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 
5 5 

10 0 
10 0 
10 0 
10 0 
10 0 
10 0 
5 5 

10 0 
10 0 
10 0 
10 0 
10 0 
5 5 

10 0 
10 0 
10 0 
5 5 

10 0 
5 5 

10 0 
5 5 

10 0 
10 0 
10 0 
10 0 
10 0 

35 5 
31 1 
29 9 
29 9 
29 9 
26 6 
26 6 

25 5 
24 4 
23 3 
22 2 
22 2 
22 2 
22 2 
22 2 
21 1 
21 1 
21 1 

21 1 
20 0 
19 9 
19 9 
19 9 
19 9 
19 9 
18 8 

OperationalizationOperationalization of the criteria from Table 1: 

AA  study design: cohort (10 points)/ case-control (5 points) / cross-sectional (0 points) 

BB selection: healthy worker effect not likely (2 points), response rate >60%/drop out < 40% (2 points) 

C.11 description confounders: freq. or mean  sd or risk estimate of potential confounders age, smoking, education or 

riskrisk factors whole body vibration, frequent bending and twisting, heavy physical work, job dissatisfaction, low 

decisiondecision latitude (1 point each) 

C.22 control for confounders: controlled for mentioned confounders / risk factors in study design or analysis (or 

consideredd for analysis but not included because of lack of sign, effect) (1 point each) 

DD exposure assessment: direct measurement/observation (10 points) / subj. judgement (Spoints) 

EE assessment ofbackpain: back / sciatic pain: self-report (10 points) / health statistics (5 points), herniated disc: 

blindedd clinical assessment (10 points) / clinical assessment (5 points) 
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Thee operationalization of the criteria regarding confounding was discussed and in 

thee end the reviewers reached full agreement in all cases. 

Thee quality of the studies ranged from 18 to 35 points (36% and 70% of the 

maximumm score respectively). Only seven studies scored more than 50% of the 50 

pointss that could maximally be obtained, and were thus arbitrarily considered to be 

off  good methodological quality. The designation 'moderate methodological quality' 

forr the remaining 19 studies mainly originated from low scores for 'study design' 

andd 'exposure assessment'. The 26 studies comprised 17 cross-sectional surveys, five 

cohortt and four case control studies. Exposure assessment was based on subjective 

judgementt in all but two studies. 

EpidemiologicEpidemiologic evidence 

Thee findings from these studies are presented for each of the categories: lifting, 

carrying,, pushing/pulling, and combined MMH (Tables 2 -5). No study on holding 

wass included. If several of the distinguished activities were assessed separately in 

onee study, results for each activity are presented. Various occupations and types of 

exposuree were studied, but a considerable proportion of the studies investigated the 

riskk of patient handling by nurses. Since patient handling can be considered to be 

essentiallyy different from handling objects, studies among nurses are presented as a 

separatee category. Within the different categories, the studies are presented in 

hierarchicall  order of methodological quality score. 

Lifting Lifting 

Altogetherr 16 studies (18 risk estimates) on exposure to liftin g and the occurrence of 

backk disorders were reviewed, 15 of these assessed back pain or sciatic pain and one 

assessedd prolapsed intervertebral disc (Table 2). Four of these studies were 

consideredd to be of high methodological quality. Positive associations were reported 

inn 15 studies, with risk estimates varying from 1.3 to 4.2. Patient handling among 

nursess was reported to be associated with back disorders five times out of eight. Two 

studiess of good methodological quality presented contradictory findings: a strong 

associationn between daily liftin g and back pain was found by Venning et al.,81 while 

Smedleyy et al.70 reported no influence of liftin g one or more patients a day (up off the 

floorr and in/ out bath) on the incidence of back pain. In an earlier cross-sectional 

studyy of Smedley et al.69 liftin g one or more patients in/out bath was also not related 

too back pain, but a marginally positive association was found for liftin g one or more 
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patientss up off the floor. The power of these studies was calculated and considered to 

bee sufficient. Three other studies, all of moderate methodological quality, reported an 

increasedd risk for back pain in nurses involved in patient lifting.2'53'72 Al l six studies 

amongg other occupational groups as well as the three community-based studies in 

Swedenn presented liftin g as a risk factor for back pain, with four risk estimates 

greaterr than 2, one of which was found in a study with high methodological 

quality.633 The highest odds ratio (4.2) was found in a community-based study among 

Swedishh men.74 With respect to dose-response, two studies presented a trend in risk 

forr low back pain2 and acute prolapsed intervertebral disc34 with increasing 

frequencyy of lifts. 

Carrying Carrying 

Tablee 3 illustrates that three studies on carrying were reviewed. The one study with 

goodd methodological quality found carrying loads not to be associated with the 

yearlyy incidence of back pain in commercial travelers.61 Statistical power of this 

studyy was rated as sufficient. In the cross-sectional analysis at the start of this study a 

positivee association was demonstrated with an odds ratio of 1.3. As in lifting, Kelsey 

ett al.34 presented a significant trend between acute prolapsed lumbar intervertebral 

discc and increasing frequency of carrying loads. 

PushingPushing and pulling 

Onlyy one study18 considered the risk of pushing and pulling (Table 4). 

Methodologicall  quality of this case-control study among nurses was evaluated as 

moderate.. For pushing, the odds ratio just included the null value whereas for 

pullingg the risk estimate was just above 1. Data presented in this article were not 

sufficientt to calculate the power. 

CombinedCombined MMH-activities 

Amongg the nine studies in which exposure to MMH was not assessed as a single 

activityy (Table 5), the three most recent studies were of good methodological 

quality.31'51700 A total of nine positive associations, with risk estimates ranging from 

1.11 to 3.1, and two null associations were reported. Three studies investigated the risk 

off  patient handling. One study of high quality70 reported a positive association for 

transferr of patients between bed and chair, and a null association for moving around 

patientss on bed with incidence of back pain. 
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Inn the cross-sectional study of Smedley et al.,69 both exposure categories were 

positivelyy associated with the 12 month prevalence of back pain (odds ratio of 1.5). 

Estryn-Beharr et al.16 provided data for a risk estimate greater than 2 for patient 

handlingg activities. The two high quality studies among other occupational groups 

presentedd contradictory results. A positive association (relative risk of 1.9) was 

reportedd by Macfarlane et al.51 for exposure to pushing and pulling combined with 

liftin gg and one-year incidence of back pain, whereas years of exposure to handling 

materialss of more than 2.7 kg per hand was not significantly associated with the 12 

monthh prevalence in an aluminum smelter.31 Except for Holmström et al.,29 who 

reportedd an odds ratio of 1.1, all studies of moderate methodological quality on 

differentt combinations of MMH activities found a strong association with back pain 

orr sciatic pain, ranging from 2.3 to 3.1. A significant dose-response relation was 

reportedd by Suadicani et al.73 for years of liftin g and/or carrying and the 12 month 

prevalencee of low back pain. 

SummarySummary of evidence 

AA summary of the associations between the different categories of MMH and back 

painn is presented in Table 6. The number of associations per activity is classified into 

strengthh of association and methodological quality. This summary illustrates that the 

studiess that were qualified as high quality studies seem less unequivocal than those 

thatt were considered to be of lesser methodological quality. The epidemiologic 

evidencee on MMH as risk factor for back disorders is largely derived from studies 

thatt may be criticized for their methodological weaknesses. 

Tablee 6. Summary of epidemiologic evidence on MMH as a risk factor for back disorders: the 

numbernumber of strong positive associations (risk estimate >2.0), positive associations (2.0 > risk 

estimateestimate >1.0) and null associations, in studies of high and moderate methodological quality. 

MMH MMH 

Liftingg (18) """ 

Carryingg (3) 

Pushing/pullingg (2) 

Combinedd MMH (11) 

riskrisk > 2.0 
methodologicall  quality 

highh (n) moderate (n) 

00 1 

00 0 

2.00 > risk > 1.0 

methodologicall  quality 

highh (n) moderate (n) 

nulll  association 

methodologicall  quality 

highh (n) moderate (n) 
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Discussion n 

SelectionSelection of references 

Onee of the problems that may hamper the interpretation of epidemiologic evidence 

inn the literature is the phenomenon that studies not showing positive results are less 

likelyy to be published. The presence of this publication bias is hard to prove, 

althoughh the fact that no negative association and only nine null associations were 

reportedd in this review might be an indication. The fact that seven of the nine null 

associationss were found in high quality studies supports the assumption that 

publicationn bias is probably less likely in well-designed studies.35 The effect of 

publicationn bias was partly avoided by analyzing both risk factors and potential 

confounderss in every study. Since most epidemiologic studies focus on just one or 

twoo risk factors, the confounder in one study may be treated as risk factor in another 

study.77 A broad search strategy was designed to identify as many relevant articles as 

possible.. However, the fact that six of the references included in this study were not 

identifiedd by the computer-based searches, but by manual search through recent 

issuess of relevant journals and personal databases, indicates that some references 

mayy have been missed by the computer-based search. Furthermore, the selection 

criteriaa that were used wil l have influenced the results. The selection of articles 

publishedd since 1980 and in the English language was arbitrary to some extent, but 

presumablyy did not cause a significant bias in a particular direction. Exclusion 

criteriaa were aimed at the selection of quantitative information on exposure to MMH 

andd back disorders and exclusion of studies that were highly susceptible for 

misclassification.. In order to be able to compare the associations found in different 

studies,, only those studies were included that presented quantitative risk estimates, 

orr data that allowed calculation of odds ratios or relative risks. Several studies that 

weree excluded because of the absence of quantitative exposure measures of risk 

estimates,, did report associations between MM H and back disorders.13'17-71 In 

conclusion,, the procedure of retrieving potentially relevant studies and the 

subsequentt selection for this review may have caused exclusion of some studies, but 

wee have no reason to assume that the results were biased in a particular direction 

becausee of these procedures. 
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MethodologicalMethodological quality and result of the studies 

Inn general, well-designed studies provide better evidence on the likelihood of 

associationss between risk factors and back disorders. Therefore, it was decided that 

methodologicall  quality had to be considered in the overall evaluation of the 

epidemiologicc evidence. Criteria and scoring rules were designed with the intention 

too provide an indication of internal validity of the studies. The weighing of each 

criterionn can be discussed, but these weights were chosen to reflect their importance 

withh regard to causal inference. For example, cross-sectional studies were rated 

substantiallyy lower (10 points) than longitudinal studies since the latter study design 

iss seen as essential in developing definite evidence.4 

Interraterr agreement of the scoring rules appeared to be good. Only the scoring rules 

forr confounding were differently interpreted at first, but after discussion and 

consequentt modification consensus was reached. The distinction between high and 

moderatee methodological quality was made arbitrarily. 

100 20 30 

Methodologicall  quality score 

Studyy design 

•• Cohort 

** Case-control 
AA Cross-sectional 

Figuree 1. Odds ratios associated with overall methodological quality scores, marked by study 

designdesign (all risk estimates are expressed as odds ratios with respect to comparability). 
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Itt was expected that the methodological quality of the studies, as estimated by the 

overalll  score, would improve over time, but no significant correlation was found. 

Althoughh the strength of association was also not significantly correlated with 

methodologicall  quality score, risk estimates tended to be somewhat lower in high 

qualityy studies (see figure 1). Furthermore, the variety of risk estimates was smaller 

inn high quality studies, suggesting that those studies did indeed provide more 

reliablee associations. 

StudyStudy design 

Studyy design was heavily weighted in the evaluation of methodological quality, since 

itt is an important determinator of the ability of a study to demonstrate true effects. 

Ass a consequence, the overall score for methodological quality in many cross-

sectionallyy designed studies was lower than in most case-control or cohort studies. 

Mostt studies in this review were cross-sectional, only five cohort studies were 

included.. Cross-sectional studies are sensitive to health based selection ('healthy 

workerr effect'), especially with respect to the studies among workers in physically 

strenuouss jobs. Still, the cross-sectional studies tended to have higher risk estimates 

thann longitudinal studies (see Figure 1). This however, may be due to the fact that in 

cross-sectionall  studies exposure and outcome are captured at the same time, the 

subjectivee reports on both exposure and health status may be related and thus 

overestimatee the true association.83 Although the evidence in cross-sectional studies 

cannott be discarded, for methodological reasons longitudinal studies are preferred. 

Unfortunately,, these type of studies are not being conducted often, as they are costly, 

timee consuming, and not always feasible in the workplace. 

Selection Selection 

Althoughh the occurrence of selection bias is partly inherent to study design, the two 

mainn sources of selection bias, i.e. 'healthy worker effect' and low-response or high 

drop-outt rate, were also evaluated separately. Low-response or high drop-out rate 

didd not appear to be a major problem in the reviewed studies. The existence of a 

'healthyy worker effect' is difficult to assess, so that studies only received points when 

thiss potential bias was considered to be reasonably absent. This was the case in only 

fivee studies, two of which were cohort,70-81 the other three were community-based 

cross-sectionall  studies.4674'75 Although in this review the scores for 'healthy worker 

effect'' were not significantly related to the risk estimates, it has often been shown to 
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causee attenuation of the effect, severely affecting the validity of cross-sectional and 

cohortt studies. Therefore, it is recommended that attention is not restricted to those 

whoo stay in the job, but that health status and exposure to risk factors of those who 

leavee their job should also be analyzed as well.14 

Confounding Confounding 

Anotherr potential source of bias, confounding, may lead to an under- or 

overestimationn of the true effect. Because of the multi-factorial nature of back pain, it 

iss essential that potential confounding is evaluated and, if necessary, controlled for. It 

wass decided only to score those confounders and risk factors that have been shown 

too be associated with the occurrence of back disorders in a recent review.7 In general, 

thesee factors were not systematically taken into consideration, although there were 

largee differences between the reviewed studies. Most studies only paid attention to 

threee or less of these confounders, mostly age, smoking, and frequent bending and 

twisting. . 

AA risk factor studied may fail to superpose an effect in addition to the effects of 

otherr risk factors. This may explain the inconclusive result for carrying loads in the 

cohortt study among commercial travelers.61 In this study the effect of carrying loads 

mightt have been unnoticed because of the presence of a larger odds ratio for whole-

bodyy vibration in the multivariate model. 

Exposure Exposure 

Inadequatee exposure measurement is an important weakness in most of the reviewed 

studies.. Large measurement error wil l usually lower the power of a study, making it 

moree difficult to identify significant risk factors.4 Only two studies applied 

measurementt techniques that permit objective quantitative characterization of 

physicall  load.31'63 In all other studies information on exposure was collected by 

meanss of self-reports, either an interview or a questionnaire. It has been stated that 

thee accuracy and precision of these assessments is not good for studying quantitative 

exposure,777 at best they may help to classify occupational groups at an ordinal scale 

withh crude exposure categories.83 Except for Hughes et al.,31 all reviewed studies that 

reportedd null associations used self reports to estimate exposure, and none of them 

presentedd information on the validity of the questions. 

Thee exposure parameters applied varied enormously between the different 

studies.. The same holds for contrast in exposure. Lack of contrast in exposure may 
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causee attenuation of an effect. This could explain the inconclusive results in the study 

off  Fuortes et al.18 In this case-control study on the risk of pushing and pulling, 

exposuree defined as mean hours of pushing or pulling did not differ much between 

casess and controls. 

BackBack disorders 

Thee methods used to determine incidence or prevalence of back disorders varied 

widely,, but in most studies, regardless of the overall methodological quality, they 

weree based on self-reports. A disadvantage of self-reports is the influence of 

subjectivee determinants of reporting health status, for instance, the exposed may be 

moree likely to report back pain than the non-exposed. Some studies used disease 

registrationss or workers compensation records, which is likely to cause selection bias. 

Thee outcome parameter used in the studies varied from low back pain, back pain, 

backk trouble, sciatic pain to prolapsed intervertebral disc, with large differences in 

characterizationn of duration, intensity etc. This diversity in assessment and definition 

off  back disorders makes it difficult to interpret and compare the results of the various 

studies.. It has been shown that the presence and strength of an association with 

variouss risk factors may vary considerably between clinically different subgroups of 

loww back pain.44 This implies that it is worth paying more attention to differentiation 

off  symptoms according to severity, type, localization, duration, or frequency. It is 

largelyy unclear what health outcome is most relevant with respect to MMH. The 

naturee of the health outcome, for instance whether it is a short or a long term effect, 

hass not been discussed in most epidemiologic studies. The studies in this review deal 

mostlyy with short-term effects, even the cohort studies. Long-term effects should be 

studied,, using appropriate outcomes and measurement of cumulative exposure. 

Furthermore,, since pain is a very subjective measure and back pain has a 

multifactorial,, largely unknown, etiology, objective methods to measure the different 

pathomechanicall  processes and their endpoints at tissue level are needed.40 

EvaluationEvaluation of evidence 

Evidencee on strength of association, as summarized in this review, varied for the 

distinguishedd exposure categories. A considerable number of epidemiologic studies 

wass performed concerning the risk of lifting, most of which showed elevated risks. 

However,, only moderate insight in the dose-response relations between exposure to 

liftin gg and back disorders was presented. Evidence provided in the literature on 
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carryingg and on pushing/pulling as risk factor for back disorders is considered to be 

veryy limited. Only very few quantitative studies were performed and the results of 

thesee studies were inconsistent. The amount of evidence regarding the risk of 

exposuree to combined MM H was considered to be moderate. 

Significantt dose-response relations were reported in three studies of moderate 

methodologicall  quality. Since it is assumed that, for a relation to be causal, the 

increasedd exposure should show an increased outcome, additional high quality 

studiess are required on this matter. The bigger part of the evidence on MMH as a risk 

factorr for back disorders stems from cross-sectional studies. This evidence cannot be 

discardedd since these studies consistently pointed at liftin g and combined MMH as 

riskk factors. For methodological reasons, however, longitudinal studies are to be 

preferred.. The challenge is to reproduce the available evidence from cross-sectional 

studiess in longitudinal studies. 

ConcludingConcluding remarks 

Basedd on this systematic review of the literature, in which quantitative data were 

weightedd as to their methodological quality, it is concluded that epidemiologic 

evidencee for MMH as risk factor for back disorders can be improved considerably. 

Especiallyy with regard to pushing/pulling and carrying, additional research is 

needed.. Since no negative association was reported and inconclusive associations 

mayy be ascribed to some extent to methodological flaws, MMH can be considered a 

riskk factor for back disorders. However, in order to provide conclusive evidence for a 

causall  relation, more high quality longitudinal studies are needed. These 

longitudinall  studies should be designed with special attention to accurate exposure 

measurements,, differential and valid assessment of back disorders, and dose-

responsee relations. Finally, workers leaving their job need to be studied as well. 
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Abstract Abstract 

Studyy design. A review of the literature. 

Objectives.. To investigate the potential of serum levels of keratan sulfate as a biomarker of 

thee effects of loading of the spine. 

Summaryy of background data. Exposure to mechanical loading of the spine causes changes 

inn metabolism of intervertebral discs, eventually leading to accelerated disc degeneration. 

Thiss process is characterized by a degradation of proteoglycans, which is reflected by an 

increasee in the blood level of proteoglycan components. The serum level of keratan sulfate, 

ann epitope present on these proteoglycan components, has been suggested as a marker of 

changess in metabolism of cartilaginous tissues. 

Methods.. A review of literature on serum keratan sulfate levels in relation to degenerative 

changess in cartilaginous tissue. 

Results.. In a number of studies reported keratan sulfate in serum was reported to be related 

too degeneration of articular cartilage in patients with osteoarthritis. In addition, massive and 

rapidd degradation of intervertebral discs was determined to result in a large rise in serum 

keratann sulfate levels. Whether degenerative changes of intervertebral discs induced by 

mechanicall  stress also cause a detectable increase in serum keratan sulfate should be 

subjectedd to further investigation. 

Conclusion.. Quantification of keratan sulfate in serum offers a promising measure for the 

earlyy effects of mechanical loading of the spine, but research is needed for validation. 

PublishedPublished as: Kuiper ƒ/, Verbeek JHAM, Frings-Dresen MHW, Klein Ikkink A]. Keratan sulfate as a potential 
biomarkerbiomarker of loading of the intervertebral disc. Spine 1998;23:657-63. 
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Introduct ion n 

Exposuree to mechanical stress is considered to be a major risk factor for low back 

pain.33-277 Although extensive research has been done on this topic, there is still littl e 

knowledgee about the causal correlation between mechanical loading of the back and 

thee pathogenesis of low back pain. Morphologic and biochemical changes in the 

intervertebrall  disc are believed to play a crucial role in this correlation.22 

Intervertebrall  discs function as shock absorbers and distributors of loads applied to 

thee spine; furthermore, they provide flexibilit y to the spinal structure.25 The 

intervertebrall  disc is part of the motion segment of the spine. Damage to the 

intervertebrall  disc wil l subsequently lead to changes of the mechanics of this motion 

segment,, and can eventually affect the whole spine. The relation between exposure 

andd clinical disease can be characterized as a continuum with sequential progression 

(Figuree l).24 

Exposuree —• Internal —• Biologically —• Early —• Altered —• Clinical 
dosee effective biologic structure/ disease 

44 A dose 4 effect 4 function 4 

Susceptibilityy """" 

Figuree 1. Components in the sequal progression between exposure and disease. 

Excessivee internal stresses and strains due to external mechanical loads on the spine 

causee structural and biochemical changes in the tissue of the intervertebral disc. It is 

assumedd that these changes can lead either to direct tissue damage and activation of 

nociceptorss leading to pain; or in the presence of small loads delivered cyclically, 

theyy can affect metabolism leading to accelerated degeneration of the disc.10'53 

Knowledgee of the changes at tissue level is essential for understanding the relation 

betweenn exposure to mechanical load and pathogenesis of low back pain. 
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Unfortunately,, the methods for evaluating these changes in vivo are limited.3 Disc 

degenerationn is fairly advanced before morphological changes can be visualized on 

radiographs// early biochemical changes and microtrauma resulting from mechanical 

stressess often cannot be demonstrated in this way.12'54 Modern imaging techniques -

e.g.,e.g., magnetic resonance imaging (MRI) - are promising methods for studying 

changess in biochemical composition and metabolism of the intervertebral disc, but 

theyy present the practical problems of limited availability of the necessary equipment 

andd costs. Moreover, the reliability and specificity of MRI for monitoring biochemical 

alterationss associated with disc pathology has been questioned.2 Another method for 

studyingg the early biologic changes at tissue level is to investigate as biomarkers the 

chemicalss that are produced as a result of degenerative processes. A biomarker can 

bee defined as an indicator of biochemical or molecular change occurring in a biologic 

systemm such as the human body, which can be measured in biologic media as body 

fluids.7111 In the causal chain between external exposure and related adverse health 

effectss (Figure 1), a biomarker can reflect an event or a sequel of events.37 Biomarkers 

havee been used for decades in epidemiologic research in environmental and 

occupationall  toxicology. For example the level of lead in blood of workers is a well 

knownn example of a biomarker of exposure to lead. During recent years, the concept 

off  biomarkers for studying pathomechanisms of musculoskeletal disorders has 

gainedd support.1834 It has been stated that sufficiently defined biomarkers have the 

potentiall  to detect musculoskeletal disorders at an early, preclinical stage and to 

monitorr the severity in people and populations.18 If biomarkers are to be useful in 

epidemiologicc research they must be shown to be valid, reliable and practical.38 

Validationn of a biomarker should include sensitivity, specificity and predictive 

value.377 A reliable biomarker is independent of such confounding factors as diet or 

otherr disorders. When this is not possible, the influence of these confounders should 

bee well defined. Also the reliability of the measurement method should be 

considered.. Invasiveness and psychological resistance to assessment of the 

biomarkerr determine to a large extent the practical applicability. 

Althoughh low back pain is a very common health problem, littl e research has 

beenn conducted to identify biomarkers for the potential causes of low back pain - e.g., 

discc degeneration. However, the possibility of biomarkers for the process of 

degenerationn of articular cartilage in joints like the knee and hip, which to a large 

extentt is similar to intervertebral disc degeneration, has been studied more 

extensivelyy in the fields of rheumatology and sports medicine. Most of these 
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investigationss have focused on the presence of cartilage components in body fluids, 

primarilyy proteoglycans. Among these potential markers of cartilage degeneration, 

thee proteoglycan component keratan sulfate (KS) has received the greatest attention. 

Thee objective of this study was to investigate the potential of the serum level of 

KSS as a biomarker for the early biologic effects of mechanical loading of the spine. 

Thiss objective was divided into two questions: What are the effects of mechanical 

loadingg on the biochemical composition of intervertebral discs, and can serum levels 

off  KS provide a valid, reliable and practically applicable measure for degenerative 

changess in intervertebral discs? 

Methods s 

AA literature search in MEDLINE and EMBASE was conducted for the period from 

Januaryy 1985 to May 1996, using the key words: intervertebral disc, cartilage, 

biochemicall  marker, proteoglycan, keratan sulfate and mechanical stress. In addition, 

thee references given in the selected studies and reviews were examined. Attention 

wass focused on human in vivo studies in which KS has been measured in blood. 

Results s 

BiochemicalBiochemical composition of the intervertebral disc 

Thee intervertebral disc consists of an outer portion, the annulus fibrosus, which is 

characterizedd by concentrical collagen rings, and a relatively gelatinous central 

region,, the nucleus pulposus.26 Cartilage endplates form the superior and inferior 

boundariess and separate the intervertebral disc from the vertebral body. The main 

chemicall  components of cartilage endplates are similar to those of the disc itself.35 

Thee tissue is almost avascular and contains relatively few chondrocytes and an 

extracellularr matrix consisting of a highly hydrated proteoglycan gel which is 

embeddedd in a network of collagen fibers. This construction gives the tissue its 

abilityy to undergo reversible deformation. The main proteoglycan of the 

intervertebrall  disc, aggrecan, consists of a core protein to which two types of very 

negativelyy charged glycosaminoglycan (GAG) chains are covalently attached: 
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chondroitinn sulfate, a chain that is prominent in the proteoglycans of most tissues, 

andd KS, a chain found almost exclusively (>95%) in cartilage aggrecan46 (Figure 2). 

hyaluronatee )((](/ \i ( ( / 

linkk protein 

keratann sulfate chondroitin sulfate 

Figuree 2. Simplified representation of the structure of aggrecan. 

Becausee of the negative charges there is a strong attraction of water molecules. 

Becausee the disc is largely avascular, transport of nutrients and metabolites depends 

too a large extend on diffusion through the cartilage endplate. The mechanical 

functionn of the intervertebral disc and the cartilage endplates depends on matrix 

composition,, which is maintained by a regular turnover of proteoglycans. 

Proteoglycann molecules are degraded and replaced by newly synthesized molecules, 

therebyy maintaining a constant proteoglycan content. The synthesis and degradation 

off  proteoglycan molecules are controlled by the chondrocytes, in response to various 

environmentall  factors such as enzymes, nutrients and mechanical load.6-8-51 

EffectsEffects of mechanical load 

Fromm results of studies on metabolism of articular cartilage, it is known that 

mechanicall  load is an important regulator of metabolic activity.14-52 Regular 

applicationn of mechanical load appears necessary for the cartilage matrix to maintain 

itss composition. Excess loading, however, can damage previously healthy cartilage 

throughh changes in cellular activity. Furthermore, accumulation of minor or major 

insultss could lead to accelerated degenerative changes.52 It has been shown that 

mechanicall  loading of the intervertebral disc can cause defects of the annulus 
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fibrosus,, leading to dehydration and fraying of the nucleus pulposus.28 Not only the 

discc itself can be damaged, the cartilage endplates are affected as well. In fact, it is 

believedd that fractures in the endplates caused by mechanical stress, precede 

degenerationn of the intervertebral disc, as a consequence of increased intradisc 

pressuree and reduced disc nutrition.23'28 Changes in biochemical composition in 

degeneratedd discs have been studied in experimentally degenerated discs of animals, 

symptomaticc discs from deceased patients and cartilage explants.413'16'29-30'41 It can be 

concludedd from these in vitro studies that degeneration of the intervertebral disc is 

characterizedd by a loss of proteoglycans and water from the tissue. The 

proteoglycanss and fragments thereof containing KS, that are lost from the matrix, 

diffusee out of the tissue and appear in the body fluids in which they can be 

quantifiedd and used as biomarkers to study the process of cartilage degeneration in 

vivo. vivo. 

Becausee the level of KS in serum is supposed to reflect the rate of catabolism of 

cartilagee proteoglycans in vivo48, a number of studies have been conducted to 

investigatee the potential of serum KS levels as a biomarker of cartilage degeneration. 

InIn the literature 13 relevant studies were found: 2 on disc degradation, 8 on 

osteoarthritiss and 3 on mechanical loading. These studies are presented here, and a 

summaryy of the results is given in Table 1. 

KeratanKeratan sulfate in serum related to disc degradation 

Degradationn of the intervertebral disc has been studied in vivo in patients 

undergoingg chemonucleolysis as treatment for herniated disc syndrome.121 In both 

studiess KS levels in serum were assessed before and after the injection of the 

proteolyticc enzyme chymopapain into an intervertebral disc. Before the treatment, KS 

levelss did not differ from those of a control population consisting of patients who 

weree surgically treated for disc herniation, and were also comparable with those of 

healthyy control subjects. Keratan sulfate levels rose within a few hours after 

chemonucleolysis,, peak levels were reached in 48 hours and returned to baseline 

afterr 2 to 3 weeks. The mean peak KS levels were respectively more than 3- to more 

thann 10-fold higher than the mean baseline levels. 

KeratanKeratan sulfate in serum related to cartilage degeneration 

KSS levels in serum have been studied relatively often in relation to cartilage 

degenerationn in osteoarthritis patients. Osteoarthritis is characterized by progressive 
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degradationn of components of the extracellular matrix of articular cartilage. The 

potentiall  of measuring KS levels in serum as a marker for cartilage damage in 

osteoarthritiss was first described by Thonar et al.47 Their study reported increased KS 

concentrationss in serum samples from 24 patients with osteoarthritis compared with 

concentrationss in healthy control subjects. Subsequently, 4 studies were performed in 

whichh findings confirmed those of Thonar et al.5'17-19'43 In one, results showed that 

serumm KS levels in female osteoarthritis patients were not different from those in a 

groupp of women without symptomatic joint disease.40 In another study, findings 

showedd lower serum KS levels in osteoarthritis patients.31 In this study, a monoclonal 

antibodyy AN9PI, which measures only products with multiple KS chains, was used, 

whereass in the other studies (except for Sweet et al43 who used ET-4-A-4), the 

monoclonall  1/20/5-D-4 antibody, which recognizes single KS chains as well, was 

used.88 In the results of all these studies on osteoarthritis, single measurements of KS 

levelss are presented that reflect only differences in the state of the cartilage of 

osteoarthritiss patients and healthy control subjects at that moment. Sharif et al39 

performedd a longitudinal study among osteoarthritis patients in which KS levels 

weree measured at baseline and at 1, 2 and 5-year follow-ups. Only the baseline KS 

levelss are given, but the investigators describe that KS levels of the 5-year follow-up 

correlatedd well with baseline levels and that the longitudinal analysis showed no 

differencess in the change in KS levels between the patients with and without disease 

progression. . 

KeratanKeratan sulfate in serum related to mechanical loading 

Threee studies were reviewed in which serum levels of KS as a measure of mechanical 

loadingg of the joints were investigated. Roos et al36 compared serum KS levels before 

andd after the subjects had run on a treadmill for 60 minutes and had played a soccer 

gamee (90 minutes). Blood samples before were obtained after 24 hours' rest from 

runningg or soccer, and the samples after were obtained 30 to 60 minutes after the 

exercise.. An increase in KS levels was recorded after exercise. Sweet et al45 measured 

serumm KS levels by well-trained athletes, before and immediately after the athletes 

hadd run a marathon and 48 hours later. The investigators noted no differences among 

resultss in the three samples. In another study by Sweet et al,44 the effect of prolonged 

restt and subsequent mobilization was investigated in previously healthy, young 

patientss who had sustained fractures of the pelvis without involvement of the hips. A 

significantt decrease in the serum KS level was recorded during a period of 5 to 6 
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weekss of bedrest, but the level returned to its original value after return to normal 

load-bearingg activities (6 to 12 months later). 
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<<  Practical applicability, validity and reliability ofkeratan sulfate in serum 

Ass marker of biochemical changes in intervertebral discs KS, can be assessed either in 

urinee or in blood. Urine is easy to obtain, but KS concentrations are too low to 

measure.233 Obtaining blood samples is more invasive but is still not a problem for 

mostt people. Only a small blood sample is needed, because quantification of the KS 

epitopee requires less than 50 ul of serum for analysis in duplicate. The KS epitope in 

serumm is not denatured by repeated freezing and thawing and is stable at room 

temperaturee for several days.48 

Interpretationn of KS in serum is difficult, because KS present in serum is 

derivedd from all cartilaginous structures in the body, and a slight change in the rate 

off  aggrecan catabolism in a small structure is unlikely to give rise to a measurable 

increasee in the level of KS in serum.46 However, it has been shown that a massive and 

rapidd degradation of proteoglycans in the intervertebral disc causes a large transient 

risee in the level of serum KS.1'21 In general, large variations in serum KS levels exist 

betweenn subjects; in contrast, within subjects the level is very constant with time, 

showingg no diurnal variation and fluctuating littl e from day to day.1 Thus, a single 

determinationn of KS under normal circumstances is supposed to be a reliable 

measuree of each person's baseline serum level, with 10% variation expected. Serial 

measurementss of KS levels may provide a sensitive marker of perturbations in 

cartilagee metabolism.1 The movement of the KS fragments from cartilage to blood is 

relativelyy slow. However, once they arrive in the blood, the fragments are eliminated 

relativelyy rapidly (half-life < 60 min).4546 

KSS in serum is assumed to have predictive value with respect to development 

off  osteoarthritis. It has been stated that people with high a serum level of KS are 

turningg over aggrecan in cartilage more rapidly and that this places them at 

increasedd risk of developing osteoarthritis.50 Disease progression in osteoarthritis 

patientss cannot be predicted, however, because the serum level of KS is not believed 

too fluctuate markedly as the severity of the disease progresses.39 

Assessmentt of KS levels is usually performed by quantification of a highly 

sulfatedd epitope present on KS by a competitive indirect ELISA (Enzyme-linked 

immunosorbentt assay) that uses the 1/20/5-D-4 anti-KS monoclonal antibody. 

Accordingg to Thonar et al49 this assay provides a reliable measure of KS present in 

aggrecann from adult cartilage. The specificity of this assay has been questioned, 

becausee the 5-D-4 antibody probably also recognizes KS or KS-like structures in 

differentt tissues.20 However, since most of the KS in the body is present in cartilage, 
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thee amount of KS from other structures is considered to contribute littl e to the entry 

off  KS-bearing molecules in the blood circulation. 

Discussion n 

Iff  well defined, biomarkers for degeneration of the intervertebral disc can provide a 

measuree for early, preclinical effects of mechanical loading of the spine. In this 

literaturee study, the potential of KS levels in blood as such a biomarker was 

investigated,, because this component had already received a lot of attention as a 

biomarkerr of cartilage degeneration in osteoarthritis patients. Although in general 

thee biochemical structure of proteoglycans in the intervertebral disc can be 

consideredd similar to that of proteoglycans in articular cartilage, some differences do 

exist.. The most important difference is thought to be the size of the proteoglycan core 

protein,, which is smaller in the intervertebral disc. Furthermore, the chondroitin 

sulfatee chains are shorter and the KS chains longer in the intervertebral disc,42 and 

discc proteoglycans contain more KS and less chondrointin sulfate.43 However, the 

impactt of these differences is not considered a serious hindrance to a useful 

comparison.. In addition, it is assumed that the process of degradation is also 

comparable.. This is partly substantiated by Liu et al,15 who found that (in vitro) the 

humann intervertebral disc, similar to articular cartilage, is capable of secreting 

proteinasess that participate in matrix turnover. 

Fromm in vitro studies, it was concluded that mechanical load is necessary for 

maintainingg cartilage integrity, but that excess loading could cause damage and 

disturbedd metabolism, leading eventually to accelerated degeneration. These effects 

aree characterized by a loss of proteoglycans and fragments thereof from the cartilage. 

Fragmentss containing KS received the most attention as biomarker of cartilage 

degeneration,, mostly because the majority of KS present in the human body is found 

inn cartilaginous tissue. Other fragments of aggrecan and components involved in 

regulatingg metabolism (e.g., enzymes) have also been studied as potential biomarkers 

forr cartilage degradation. The disadvantage of most of these components is that they 

occurr only in low amounts in serum or that they are also found in significant 

amountss in other tissues, and therefore their serum concentrations do not necessarily 

reflectt cartilage proteoglycan metabolism. However, when assessed in synovial fluid 
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off  an articular joint, levels of components like chondroitin sulfate, hyaluronate, link 

proteinn and proteinases proved to be related to degradation of the particular joint 

underr study.32'36 Likewise, KS levels in synovial fluid were shown to be related to 

osteoarthritiss of the particular joint.e s 5<31 It has been stated that when measured in 

serum,, KS levels represent an integrated measure for cartilage degenerative activities 

inn all joints5'47 and that the level is correlated to the number of joints involved.46 In 

contrastt to this, some investigators found serum levels of KS not to be related to 

synoviall  fluid levels,59 a plausible observation in that levels in serum reflect the 

averagee of the metabolic activities in many joints and the extent of joint effusion 

variess with time and from patient to patient. 

Inn almost all studies of the relation between serum KS and cartilage 

degenerationn in osteoarthritis patients, results show that osteoarthritis patients have 

higherr KS levels than healthy control subjects. The lower levels reported in one study 

cann probably be explained by the type of antibody used, which is supposed to detect 

fewerr fragments in serum than the antibody that is mostly used. The absence of 

differencess in KS levels between women with osteoarthritis and healthy women, 

foundd by Spector et al,40 might be partially explained by a less pronounced loss of KS 

inn women, as suggested by Campion et al,5 who found higher serum KS levels in 

malee osteoarthritis patients than in female osteoarthritis patients, whereas no such 

sex-relatedd differences were found in people without osteoarthritis. In general, 

differencess in KS levels between osteoarthritis patients can be explained, among 

others,, by the fact that osteoarthritis is heterogeneous with regard to etiology,48 and 

alsoo the number of joints involved and the level of inflammatory joint changes can 

differr between patients. The diagnosis of osteoarthritis in these studies is based on 

clinicall  and radiological findings, but osteoarthritis has begun long before this 

diagnosiss can be made. Therefore, these studies cannot provide information about 

thee validity of KS as biomarker of preclinical signs of osteoarthritis. Based on a dog 

modell  of posttraumatic osteoarthritis, Thonar et al50 suggested that the rise in serum 

levell  of KS in osteoarthritis patients probably develops before the appearance of 

clinicall  signs. This could mean that people without clinical signs of joint disease but 

withh an abnormally high serum level of KS are at risk of developing osteoarthritis -

i.e.,i.e., that osteoarthritis follows and is a consequence of metabolic changes in cartilage. 

Inn the only longitudinal study included in this review,39 the subjects had 

osteoarthritiss at the beginning of the study. Serum levels of KS were not found to be 

predictivee of disease progression, which was explained by the hypothesis that serum 
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levelss of KS are not thought to fluctuate very much as disease progresses.50 More 

longitudinall  studies are needed to support solid conclusions about KS levels in 

relationn to development of osteoarthritis. 

Thee literature thus provides considerable evidence that serum levels of KS 

reflectt cartilage degeneration in osteoarthritis patients and disc degradation induced 

byy chemonucleolysis. However, whether serum levels of KS wil l be sensitive enough 

too detect tissue changes and degenerative activities caused by mechanical stresses on 

thee intervertebral disc cannot be inferred from these data. Regarding the effects of 

mechanicall  loading of articular joints, the results of the two studies on physical 

exercisee were inconsistent. The effects of long term unloading on serum KS, as 

presentedd in the study on the effects of prolonged bedrest, were more pronounced. 

Thiss suggests that serum levels of KS could provide a marker for long-term changes 

inn loading, whereas they are not sensitive enough to reflect short-term changes. 

However,, the relation between mechanical loading and serum KS levels has to be 

subjectedd to further investigation to verify this assumption. 

Becausee a biomarker of processes involving the intervertebral disc must be assessed 

inn blood or urine, aspects of sensitivity and specificity have to be considered 

carefully.. Results in the 2 studies evaluating the effects of chemonucleolysis1'21 

supportedd the idea that degradation of an intervertebral disc leads to a measurable 

increasee in the level of KS in serum. However, this degradation is so much more 

massivee and rapid than degenerative changes caused by mechanical loading that 

thesee findings cannot be indiscriminately generalized. Because changes in serum 

levelss of KS can originate from articular cartilage as well as the intervertebral disc, 

identificationn of the tissue source of KS is essential. This means that anti-KS 

antibodiess need to be developed that shows a difference in reactivity with KS chains 

fromm discs and articular cartilage. Until such an antibody is available, other ways of 

identifyingg the tissue source must to be considered. This can be done, for instance, by 

makingg sure that there are no joint disorders or excessive loading of articular joints. 

Anotherr way is to search for a biomarker more unique for intervertebral disc 

degenerationn by designing in vivo studies to identify possible differences in the 

degradationn processes or biochemical properties of the components involved. Also, 

thee assessment of a combination of epitopes can be considered in order to obtain a 

moree complete and probably more specific measure.20 

Inn conclusion, the serum level of KS has the potential to be a biomarker of 

degenerationn of intervertebral discs. However, at present there is still littl e 
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knowledgee about the relation between serum levels of KS and disc degeneration 

causedd by mechanical stress. This relation can be studied, for example, by relating KS 

levelss after mechanical loading of the back to other effect measures, such as MRI or 

spinall  shrinkage. In longitudinal studies among workers with a heavy physical 

workloadd on the back, the predictive value of KS levels in serum should be 

investigated.. As long as no anti-KS antibody that makes it possible to distinguish 

betweenn KS from discs and articular cartilage is found, other potential causes of 

changess in serum KS - i.e., osteoarthritis - must be eliminated as much as possible, so 

thatt KS levels in serum can be used as a biomarker of the effects of excessive 

mechanicall  stress on the intervertebral disc. 
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Abstract Abstract 

Studyy design. A prospective experimental study. 

Objectives.. To investigate the potential of serum keratan sulfate (KS) as an indicator of 

biochemicall  changes in intervertebral discs induced by physical loading of the back. 

Background.. By providing objective information on exposure and effects at the tissue level, 

biomarkerss may enable us to improve our understanding of the intermediate steps between 

exposuree to physical loading and the occurrence of back disorders. Serum KS has been 

proposedd as a potential biomarker of the molecular changes in intervertebral discs that occur 

becausee of physical loading and are a potential cause of back disorders. 

Methods.. Thirty-two nonimpaired men volunteers with a mean age of 22.5  2.3 years 

participatedd in the experimental condition, a manual liftin g task, as well as in the control 

condition,, lying on the back. Serum KS levels were measured immediately before and after 

bothh conditions, as well as 24 hours and 1 week later. 

Results.. No significant changes in serum KS levels were found after exposure to physical 

loadingg (mean  SD serum KS before, 287.4  83.9 ng/ml-1; immediately after, 279.5  65.5 

ng// ml-1; 24 hours after, 266.6  71.9 ng/ ml1; and 1 week after, 268.9  79.3 ng/ mH), and no 

significantt changes were found after lying on the back for 8 hours (mean  SD serum KS 

before,, 273.0  94.3 ng/ mH; immediately after, 261.6  68.9 ng/ mH; 24 hours after, 277.3

68.99 ng/ ml-1; and 1 week after, 274.5  68.5 ng/ ml-1). 

Conclusions.. These results indicate that the serum KS level is not suitable as a biomarker of 

thee effects of short-term physical loading of the back induced by a manual liftin g task. 

PublishedPublished as: Kuiper JI, Verbeek JHAM, Frings-Dresen MHW, Kuiper S. Assessment of short-term 
physicalphysical loading of the back: is serum keratan sulfate an appropriate biomarker? J Orthop Sports 
PhysTherPhysTher 2001;31:472-80. 
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Introductio n n 

Physicall  loading of the lumbar spine is considered to be an important risk factor for 

loww back pain.2'423 Although the etiology of low back pain is multifactorial and to a 

largee extent unclear, degenerative changes of intervertebral discs appear to be crucial 

inn relating exposure to physical loading and the occurrence of low back pain.1 It has 

beenn shown that exposure to physical stress is related to the development of 

degenerativee changes in intervertebral discs.12'13'24'33 However, the absence of 

adequatee and objective measures of exposure and outcome makes it difficult to draw 

conclusionss about causal inference and dose-response relations. Recent advances in 

molecularr biology and laboratory methods offer possibilities of identifying molecular 

eventss taking place in the structures of the back.7 Biomarkers -indicators of 

molecularr change occurring in a biologic system that can be measured in biologic 

mediaa such as blood9- may enable us to improve our understanding of the 

intermediatee steps between exposure to physical loading and the occurrence of low 

backk pain. 

Intervertebrall  discs consist of an extracellular matrix composed of collagen 

fiberss and proteoglycans. The structure of the matrix is maintained by the balance 

betweenn the synthesis and breakdown of these components and their loss from 

tissue.. Although regular application of physical load is necessary to maintain the 

compositionn of the extracellular matrix, exposure to heavy or repetitive physical load 

mayy disrupt the metabolic balance.21'32 Tissue components that are released into the 

circulationn as a result of these processes could, thus, serve as biomarkers of the 

effectss of back loading. 

Littl ee research has been conducted to identify components that could be used as 

biomarkerss of degenerative changes of intervertebral discs. From a review of studies 

onn potential biomarkers of physical loading and pathologic degeneration of articular 

cartilage,, which is similar to intervertebral disc degeneration, it was concluded that 

keratann sulfate (KS) may be an appropriate biomarker.11 Concentrations of KS in 

bodyy fluids are supposed to be directly proportional to the rate of catabolism of 

cartilage.311 Physical loading of articular cartilage was related to an increase in serum 

KSS levels in some,25-29 but not all,30 studies. Likewise, serum KS levels were found to 

bee related to degeneration of articular cartilage in patients with osteoarthritis in some 
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studies,5-1516'28'311 but not in others.22-26 Proteolytic degradation of intervertebral discs 

wass found to result in a considerable increase in serum KS levels.318 

Wee carried out a prospective experimental study to determine whether KS in serum 

cann serve as a biomarker of the effects of physical loading of the back. Serum levels of 

KSS were measured before and after exposure to physical loading of the back, as well 

ass before and after a control condition. We hypothesized that serum KS levels would 

increasee after loading but would remain unchanged in the control condition. 

Methods s 

Subjects Subjects 

Thee study population consisted of 32 nonimpaired men volunteers. The number of 

subjectss was based on a power analysis, using an expected mean difference in serum 

KSS of 20 ng/ ml*1,25 standard deviation of 65 ng/ ml"1,30 an alpha of 0.05, and a power 

off  80%. Men who were engaged in occupational or leisure activities involving heavy 

physicall  back loading were excluded. Al l subjects were fully informed about the 

studyy procedures, and informed consent was obtained and rights of subjects were 

protected.. The study was approved by the Ethics Committee of the Academic 

Medicall  Center, University of Amsterdam, Netherlands. Subjects all reported not to 

havee had any joint problems or back complaints in the past year. The subjects had a 

meann age of 22.5  2.3 years (20-30), weight of 78.4  11.0 kg (57.0-104.5), height of 

1.855  0.07 m (1.71-1.97), and body mass index of 22.8  2.4 kg/m2 (18.5-28.1). 

ExperimentalExperimental design 

Eachh subject participated in 2 experimental conditions: exposure to physical loading of 

thee back, achieved by manual liftin g tasks, and a control condition, achieved by lying 

flatt on the back. Blood was collected immediately before (tO) and after (tl) the lifting 

andd control conditions, as well as 24 hours (t2) and a week later (t3). Subjects were 

askedd to not perform heavy physical activities during the week before the first 

experimentall  day until the last blood sample was collected. All subjects participated in 

bothh experimental conditions. The subjects were randomly divided into 2 groups. One 

groupp of 17 subjects started with the lifting task and then lay in bed a week later, while 

thee other group of 15 subjects started with lying in bed and then performed the lifting 

taskk a week later (Figure 1). 
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Figuree 1. Outline of the experimental design. 

Thee manual lifting task was designed in accordance with the revised NIOSH liftin g 

equation,, an analysis tool for evaluating the physical demands of 2-handed manual 

liftin gg tasks.35 Using characteristics of a specified liftin g task, such as the geometry of 

thee hand location, frequency of lifting, and work duration, a lifting index (LI) can be 

calculatedd as the ratio of the actual weight of the load lifted divided by the 

recommendedd weight limit for the job. The LI provides an estimate of the relative 

physicall  demand for a specified task. For our experiment, the different task variables 

weree manipulated so that the resulting LI was just below 3, a level considered 

acceptablee by Dutch guidelines for the construction industry.34 

Thee task was divided into 8 periods of 30 minutes each. During the 30 minutes, 

thee subjects lifted 7 boxes 14 times (a total of 98 liftin g actions) from the ground to a 

tablee 75 centimeters above the ground and back again. The subjects were allowed to set 

theirr own pace; however, to achieve a steady performance, the minimum task duration 

wass 15 minutes. If a subject finished the task in less than 30 minutes, he could sit down 

forr the remaining time. After 4 consecutive periods, the subjects were allowed to rest 

forr 20 minutes. The boxes weighed 19 kilograms each and had dimensions of 34.0 x 

36.55 x 14.5 centimeters, with handles at a height of 10 centimeters. The subjects had to 

lif tt the boxes in a symmetrical stooplift (i.e., keeping the knees straight) without 

rotationn of the back. The boxes had to be held close to the body, and 1 step had to be 

madee forward or backward while liftin g up and down, respectively. In the control 

condition,, the subjects had to lie in bed for 8 hours. Subjects were not allowed to lie in 

anyy other position than flat on the back. 
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Questionnaire Questionnaire 

Beforee the blood samples were collected at tO, t2, and t3, the subjects completed a short 

questionnaire.. This questionnaire concerned the occurrence of low back pain or 

inconvenience,, general health complaints, participation in sports or other physically 

demandingg activities, and medication taken during the week preceding the baseline 

measurementt (tO) and in the period between blood samples at t2 and t3 (Figure 1). 

BloodBlood sampling 

Thee blood samples were collected from the antecubital vein and were allowed to 

coagulatee for 30 minutes. After centrifugation, the serum was stored and frozen at 

-20°CC until analyzed. 

DeterminationDetermination ofkeratan sulfate in serum 

Levelss of KS in serum were measured by an enzyme-linked immunosorbent assay 

(ELISA)) with inhibition step using the IgGl (1/20/5-D4) antibody, as described by 

Thonarr and colleagues31 with some minor modifications. The cartilage proteoglycan 

monomerss (A1D1PG) were purified from the metacarpophalangeal joints of 6 month-

oldd calves by equilibrium density gradient ultracentrifugation of 4M guanidine HCI 

extracts.200 This standard was analyzed with a bovine nasal septum. The coating 

bufferr contained chondroitinase ABC-treated bovine cartilage proteoglycan 

(D1D1PG).. Immediately prior to coating, this solution was diluted into 20 mM 

carbonate-bicarbonatee coating buffer pH 9.6 at a concentration of 1500 ng/ ml-1 core 

protein.. The horseradish peroxidase-conjugated antimouse IgG antibody (second 

antibody)) was obtained from Pierce Chemical Co (Rockford, 111). The incubation of 

thee serum with the antibody was performed at pH 5.3. Each sample was analyzed in 

duplicate,, with all samples of each subject analyzed in the same batch. The coefficients 

off  variation were 13% for intra-assay variability and 14% for inter-assay variability. 

StatisticalStatistical analysis 

Thee statistical analyses were performed with SPSS 9.0 for Windows. A 2-factor 

repeatedd measures ANOVA (general linear model repeated measures procedure) was 

performedd to test for differences between the 2 conditions, differences between the 

differentt time points within both conditions, and the interaction between condition and 

time.. For each condition, the serum levels of KS at tl , t2, and t3 were expressed as 

percentagess of the serum KS level at tO in order to eliminate the effect of differences at 
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baseline.. In the analysis, these relative changes in serum KS were entered as dependent 

variables,, and condition and time were entered as within-subjects factors. The potential 

confounders,, age and body mass index, were examined as covariables. Student t tests 

forr independent samples were performed to see whether the relative changes in serum 

KSS were different in subjects who did versus did not participate in sports or physically 

demandingg activities other than the experiment. To test whether the order of the 

experimentss had an effect on the results, the between-subjects factor "order" was 

enteredd in the model. 

Forr each condition, the occurrence of back pain and general health complaints at 

t22 and t3 was compared with that at tO using the nonparametric McNemar test. 

Differencess between the two experimental conditions were also compared using the 

McNemarr test. In all analyses, an alpha level of 5% was used. 

Results s 

SerumSerum keratan sulfate levels 

Serumm KS levels measured at various time points before and after liftin g and lying are 

shownn in Figure 2. Before the lifting task (tO) the mean  SD serum KS level was 287.4

83.99 ng/ ml1, immediately after (tl) it was 279.5  65.5 ng/ ml"1, 24 hours after (t2) it 

wass 266.6  71.9 ng/ ml-1, and a week after (t3) it was 268.9  79.3 ng/ ml1. Before the 

startt of the control experiment (tO) the mean  SD serum KS level was 273.0  94.3 ng/ 

ml1,, and levels were 261.6  68.9 ng/ ml"1, 277.3  68.9 ng/ ml-1, and 274.5  68.5 ng/ 

ml11 at tl , t2, and t3, respectively. 

Inn the repeated measures ANOVA, the between-subjects effect of "order of the 

experiments""  was not statistically significant (Fi,28 = 0.27, p = 0.61), indicating that the 

orderr in which the liftin g task and the control experiment were performed did not 

affectt the results. Therefore, all subjects were considered to be from the same 

population.. The covariables, age (F\,2? = 0.07, p = 0.80) and body mass index (Fi,27 = 

0.02,, p = 0.91) did not make a significant contribution to the model and were omitted. 

Furthermore,, physical activity other than the experiment did not significantly affect the 

serumm KS levels. For subjects who had and had not participated in physically 

demandingg activities, serum KS levels were not different in the rifting experiment 

(meann  SD at tO: 287.8  70.3 ng/ ml1 vs. 274.4  75.2 ng/ ml"1, p = 0.62; at t2: 279.0
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63.88 ng/ ml-1 vs. 265.3  73.6 ng/ ml1, p = 0.76; and at 6: 268.1  66.7 ng/ ml1 vs. 269.3 

 86.7 ng/ ml-1, p = 0.97) nor in the control experiment (mean  SD at tO: 289.9  117.2 

ng// ml-1 vs. 258.0  68.6 ng/ ml-1, p = 0.35; at t2: 229.8  44.3 ng/ ml1 vs. 280.7  69.6 

ng// ml-1, p = 0.32; and at t3: 264.5  56.5 ng/ ml-1 vs. 281.3  76.6 ng/ ml"1, p = 0.50). 

Thus,, the final model on the relative changes in serum KS contained the within-

subjectss factors of condition, time, and the interaction condition * time. The relative 

changess in serum KS levels were not significantly different between the 2 experimental 

conditionss (Fi,29 = 1.72, p = 0.20). Within each condition, the relative changes in serum 

KSS levels at the different time points were not significant (f2,58 = 0.15, p = 0.87). There 

wass a trend toward statistical significance in the interaction between condition and 

timetime (f2,58 = 2.93, p = 0.06), indicating that the relative changes of serum KS were 

differentt in the 2 conditions. As can be seen in Figure 2, the serum KS levels show 

oppositee trends; they tend to decrease after the lifting experiment, whereas they tend to 

increasee after lying. 
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Figuree 2. The mean serum levels ofkeratan sulfate (KS) measured before (tO), immediately after 

(tl),(tl), 24 hours after (tl), and 1 week after (t3) each experimental condition (lifting and lying). The 

barsbars indicate 1 standard error of the mean, n = 32. 
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BackBack pain and general health 

Whenn compared to before the liftin g experiment, more subjects reported low back 

painn a day (t2) (p = 0.00) and a week (t3) (p = 0.01) after the experiment (Figure 3). 
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Figuree 3. Prevalence of back pain and general health complaints reported before (tO), 24 hours 

afterafter (t2), and 1 week after (t3) each experimental condition (lifting and lying), n = 32. (* 

indicatesindicates p < 0.01) 

Thesee numbers were also higher than at the same time points after the control 

conditionn (p = 0.00 and p = 0.01 at t2 and t3, respectively). The number of subjects 

reportingg general health complaints, such as headache or stomachache, was not 

significantlyy different within or between the experimental conditions. None of the 

subjectss reported having taken medication during the course of the study. 

Discussion n 

Thee purpose of this study was to explore whether the effects of short-term physical 

loadingg of the back can be evaluated by measuring serum KS levels. We 

hypothesizedd that serum KS levels would be elevated after exposure to physical 

loading,, (ie, performance of a lifting task), whereas they would remain stable after a 

periodd of lying in bed. However, no significant changes in serum KS levels were 

foundd after 4 hours of lifting boxes nor after 8 hours of bedrest. 
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Whatt is the value of the negative results of our study? The largest mean difference in 

serumm KS levels, between tO and t2 of the liftin g experiment, was comparable to the 

differencee that was expected in advance (20.8 ng/ mF compared to 20 ng/ ml'1 in the 

powerr analysis), whereas the standard deviation was slightly higher (78 ng/ ml1 

comparedd to 65 ng/ ml1 in the power analysis). However, in our repeated measures 

modell  on the relative changes in serum KS, the observed power was 25% for the 

factorr condition, 7% for the factor time, and 55% for the interaction condition * time. 

Thiss means that either there were too few subjects to be able to detect a significant 

effectt or that the effect was too small to be significant in this population. There are 2 

possiblee explanations for the insignificant effect of physical back loading on serum 

KSS levels: either the physical loading did not affect proteoglycan breakdown or 

proteoglycann metabolism did change but this change was not detectable in serum. 

TheThe effect of physical loading 

Inn vitro studies have shown that an increase in hydrostatic pressure in the disc, such 

ass occurs because of compressive forces during lifting, may cause inhibition of 

proteoglycann synthesis10 and an increased rate of breakdown of the extracellular 

matrixx of the disc.8 However, physical back loading is more complicated in real life. 

Thee response of the disc cells depends on, among other things, the condition of the 

tissuee and the intensity, duration, and repetitiveness of the loading. The liftin g task 

inn this study lasted less than 4 hours and did not exceed the guidelines used in the 

Dutchh construction industry (LI = 3). According to NIOSH, however, tasks with an LI 

greaterr than 1 pose an increased risk for lifting-related low back pain for some 

fractionn of the workforce.35 

Too get an impression of internal loading, compression forces on L5-S1 during 

thee liftin g task were estimated with the 2D Static Strength Prediction Model6 for a 

mann whose height was the same as the mean height of the study population. 

Maximall  compression force was estimated to be 3671 N, which is slightly above the 

maximumm of 3400 N recommended by NIOSH.35 This indicates that the intensity of 

thee liftin g task in our study was considerable. However, the duration of the task was 

ratherr short. This relatively short period of physical loading might explain the 

absencee of a significant effect on serum KS. It is conceivable that a longer liftin g task 

wouldd have had a greater effect. This is supported by the studies of Sweet and 

colleagues,29'300 in which no changes in serum levels of KS occurred after short-term 

jointt loading, but significant changes were observed after joint loading that lasted 
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severall  weeks. Evidence that long-term physical loading can alter proteoglycan 

metabolismm in discs comes from studies of scoliosis, where there is long-term altered 

physicall  loading of intervertebral discs in vivo. These studies showed a loss of 

proteoglycanss on the compressed side of the disc.17'19 

DetectionDetection of changes in disc proteoglycan metabolism by serum keratan sulfate 

concentration concentration 

Thee concentration of KS is highest in the nucleus pulposus, and because of the long 

diffusionn pathway and the existence of an endplate resistance barrier, it is possible 

thatt turnover products accumulate in the disc or appear in the periphery very slowly. 

Itt is unclear at what pace KS-bearing fragments move from the intervertebral disc to 

thee blood and how quickly they are cleared from the blood. Animal studies suggest 

thatt the clearance of KS is a relatively rapid process. Maldonado and colleagues14 

showedd that KS-containing molecules purified from human serum had a half-life of 

aboutt 50 minutes in rabbit blood. Following proteolytic degradation of both rabbit 

kneee joint36 and human intervertebral discs,318 an increase in serum KS levels was 

measuredd within a few hours, and peak levels were reached between 24 and 48 

hours.. The type of degradation is, of course, different from the degeneration caused 

byy physical loading, but these data indicate that the sampling times in our study 

weree probably adequate. 

Thee ability to detect changes in serum KS levels in response to an experimental 

conditionn is also dependent on the intra-individual variation, which is made up of 

biologicall  and analytical variation. The intra-individual variation was not 

investigatedd in our study; however, using the analytical variation in our study and 

informationn on the expected biological variation from the literature, we were able to 

estimatee the intra-individual variation. Using a similar ELISA assay, Block and 

colleagues33 reported an intra-individual variation (CVi) of less then 10% of the mean 

serumm KS levels under conditions of normal activity. Analytical variation (CVA) was 

nott reported in this study, but if we assume it to be about 8%, we can estimate the 

biologicall  variation (CVB ) to be 6% (CV/2 = CVA2 + CVB2).27 The mean analytical 

variationn in our study was 13%. Calculated with this analytical variation and the 

estimatedd biological variation, the intra-individual variation of serum KS is about 

14%.. The percentage of critical difference from baseline, required to detect an effect 

inn serum KS levels, calculated from these analytical and intra-individual variations is 

53%% (2.77V[CW + CV/2]).27 This is considerably higher than the mean difference in 
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serumm KS levels of 7% that we found 24 hours after the liftin g experiment. Thus, if 

changess in proteoglycan metabolism did occur in response to physical back loading, 

measurementt of serum KS levels might not have been sensitive enough to detect 

thesee changes. As stated before, the post hoc power of this study was not optimal. 

Givenn the influence of biological and analytical variation, and if we assume that a 

changee of more than 10% in individual serum KS levels in response to short-term 

physicall  loading is not likely, a large number of subjects would be needed to obtain a 

powerr of 80%. This would be very difficult to realize in practice. 

Conclusions Conclusions 

Thee results of this study suggest that serum levels of KS cannot be used as a 

biomarkerr of the early effects of physical back loading, at least not for short-term 

physicall  back loading in nonimpaired males. Attention should be directed to the 

identificationn and validation of other potential biomarkers. 
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Introductio n n 

Overr the last decade the possibilities of quantifying of matrix molecules as markers 

off  connective tissue metabolism, especially with respect to bone and cartilage 

diseases,, has been extensively studied. Musculoskeletal connective tissues such as 

bone,, cartilage and intervertebral discs have many matrix components and 

propertiess in common, whereas others are unique to the tissue.13 Consequently, some 

off  the markers of matrix metabolism that have been developed have been applied in 

differentt research fields and others provide more tissue specific information. For 

cartilagee degeneration, markers that have been considered as useful are aggrecan and 

proteinn fragments as keratan sulfate (KS) and chondroitin sulfate, hyaluronan, 

cartilagee oligomeric matrix protein, propeptides of type I and II collagen and 

proteinasess and their inhibitor s.26-39-40 Main biomarkers that have been investigated 

forr assessment of bone metabolism are osteocalcin, alkaline fosfatase, type I collagen 

propeptides,, bone sialoprotein and hydroxypyridinium cross-links.39 Biomarkers for 

intervertebrall  disc degeneration are scarce; as described in Chapter 3, serum KS as a 

markerr of cartilage degeneration has been reported to be associated with 

degenerationn of intervertebral discs. However, the results of the laboratory 

experimentt (Chapter 4) underlined that it would require considerable structural 

damage,, which occurs in artificially induced degeneration, to cause detectable 

alterationss in serum concentrations of KS. With current biochemical technology, it is 

consideredd difficult to identify markers that are specific for matrix changes in 

intervertebrall  discs induced by physical loading. 

Therefore,, in this thesis attention wil l be shifted to markers that are not 

necessarilyy specific for intervertebral discs, but are likely to reflect metabolic changes 

inn relevant tissues, such as intervertebral disc, facet joints, vertebral bodies and 

ligaments.. Several of the biomarkers for bone and cartilage metabolism that were 

mentionedd above can be considered in this respect. To select potential biomarkers of 

thee effects of back load, certain aspects were considered of importance. Apart from 

biologicall  relevance, there has to be convincing evidence from the literature that the 

potentiall  biomarker can reflect effects of physical loading in healthy people. 

Furthermore,, the availability of validated, commercially available assays that can be 

usedd under routine laboratory conditions is an important prerequisite for the 

practicall  feasibility as well as validity of the biomarkers. Taking these aspects into 
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consideration,, biomarkers of type I collagen metabolism seem to be the most 

promising. . 

Inn recent years, the carboxyterminal propeptide of type I collagen and the 

carboxyterminall  telopeptide region of type I collagen, as markers of type I collagen 

synthesiss and degradation respectively, have received considerable research 

attentionn as markers for disease processes but also for the effects of physical exercise 

onn various connective tissues. Contrary to markers of type II collagen, which are also 

consideredd biologically relevant, laboratory assays are commercially available, have 

frequentlyy been used and validated, and do not require specialized laboratories. In 

thiss chapter, background information on these selected potential biomarkers wil l be 

given. . 

Biologicall  relevance 

Typee I collagen is the major collagen type of the human body, it is essentially tensile 

inn nature and is found in all connective tissues, and particularly those that are 

subjectedd to tension and compression like tendon, bone and the annulus fibrosus of 

intervertebrall  discs. Collagen molecules are synthesized and secreted by cells such as 

fibroblastss and they self-assemble with other collagen molecules in the extracellular 

spacee to form fibrils. Degradation is likewise cell-mediated; via collagen-degrading 

enzymess like matrix metalloproteases.9 Stimuli like altered mechanical load and 

damagee can increase the rate of collagen turnover. Animal and cadaver studies 

demonstratedd increased synthesis and greater collagen concentrations in 

intervertebrall  discs in response to physical load.16"18 Generally, such alterations in the 

concentrationss of the matrix components are associated with loss of tissue integrity 

andd morphological signs of disc degeneration such as disc bulging or annular 

fissures.219211 However, a recent study suggested that these molecular changes 

followingg physical loading are not always accompanied by visible degeneration.17 It 

iss difficult to identify whether increased collagen synthesis is a favorable response 

thatt strengthens the tissue to meet the increased physical demands and repair micro-

damagee that may have occurred, or an undesirable change compromising the 

mechanicall  properties of the tissue. Yet, changes in collagen metabolism can be 
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consideredd an essential feature in the association between physical loading and tissue 

changess associated with degeneration. 

Assayy related characteristics 

Thee propeptides which make collagen soluble are split off at the carboxyterminal end 

off  procollagen when collagen is deposited extracellularly. Their concentration is 

thereforee an index for the rate of collagen synthesis. Similarly, when collagen is 

degraded,, specific telopeptides are released, the amount of which scales with the rate 

off  collagen breakdown.29 These bits of collagen are released into the blood where 

theyy can be measured. Commercially available assays have been developed to 

quantifyy these markers of collagen type I metabolism. Concentrations of 

carboxyterminall  propeptide of type I collagen (PICP) can be measured by the 

"Prolagen-CC sandwich ELISA" (Metra Biosystems, Mountain View, USA). Serum 

concentrationss of carboxyterminal telopeptide region of type I collagen (CTx) can be 

analyzedd using the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, 

Denmark).. Another assay that is frequently being used for the cross-linked 

carboxyterminall  telopeptide of type I collagen is the ICTP radioimmunoassay (Orion 

Diagnostica,, Espoo, Finland). Because an ELISA can be carried out in a routine 

laboratory,, the CrossLaps™ was preferred. 

Withh respect to analytical sensitivity, the detection limi t of PICP, determined 

ass three times the SD of the zero standard value, is 0.2 ng.ml-1. For CTx the detection 

limi tt was reported as twice the SD of the zero standard, being 0.01 ng.ml-1. Both 

biomarkerss are stable upon storage and repeated freezing and thawing.30-32 

Biologicall  variabilit y 

Inn addition to assay imprecision, biological factors produce significant intra- and 

inter-individuall  variability in markers. Serum concentrations of PICP and CTx 

exhibitt short-term and long-term fluctuations related to time of day, phase of the 

menstruall  cycle, and season of the year.37 PICP concentrations were found to peak 

latee in the morning,33 whereas CTx concentrations peaked during the night.538 The 
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etiologyy of this circadian rhythm is largely unknown, however, it has been suggested 

thatt fasting can reduce circadian variations.5 Furthermore, gender differences exist in 

thee level and variability of the serum concentrations of both biomarkers: reference 

intervalss for PICP in healthy adults are 69 - 147 ng.ml1 in females and 76 -163 

ng.ml-11 in males (Metra Biosystems). For CTx, reference intervals for premenopausal 

womenn are 0.10 - 0.29 ng.ml1 and for males 0.04 - 0.93 ng.ml1 (OSTEOMETER). 

Specificityy and sensitivity of PICP and CTx 

Bothh PICP and CTx have most frequently been studied as indicators of bone 

turnover.. They have been used to investigate skeletal growth in children/ the effects 

off  anti-resorptive therapies,5'8'28'31 Paget's disease,1 the quality of bone fracture 

healing,233 and the effect of weight-bearing physical exercise.3'4'10'22'35 However, the 

samee assays have been applied to monitor the effects of physical exercise on muscles 

andd tendon,15-24'25'36 to monitor the healing of wounds,12'34 and disease processes in 

patientss with rheumatoid arthritis,611 or aortic aneurysm.27 This variety of 

applicationss raises the question of sensitivity, i.e. does the marker reflect the 

underlyingg condition of interest, and specificity, i.e. does the marker respond only to 

onee or a few exposures.14 With respect to sensitivity, most studies focused on 

associationss of PICP andd CTx with other measures of bone remodeling, such as bone 

minerall  density or bone scans.1-5'8 However, serum concentrations of the type I 

collagenn markers have also been shown to be related to collagen synthesis in 

tendons.255 This indicates that, contrary to what is often suggested, both PICP and 

CTxx are not specific markers for bone turnover. Even authors who advocate these 

markerss as unique for bone admit that serum concentrations of CTx and PICP may 

alsoo be generated by several other tissues unrelated to bone because of the 

widespreadd occurrence of type I collagen in the body.32 Until more tissue specific 

componentss can be assessed in blood, this non-specificity remains a vulnerable spot 

inn the application of biomarkers of collagen metabolism to investigate molecular 

changess in connective tissues at specific sites in the human body. However, 

assumingg that metabolism is not significantly altered in non-affected tissues, changes 

inn serum concentrations of these biomarkers may provide relatively site specific 

informationn when assessed in combination with appropriate exposure information. 
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Furthermore,, when using serum concentrations of PICP and CTx as markers of the 

effectss of physical load on structures in the back, other factors affecting the 

biomarkerr concentrations like joint and bone pathologies should be restricted or 

controlledd for. 

Conclusions s 

Basedd on biological relevancy, availability, practical applicability and validity of 

laboratoryy assays, PICP and CTx were selected for further exploration as potential 

biomarkerss of back load. Since these biomarkers are not specific for structures in the 

back,, it is crucial that studies to validate them are properly designed, i.e. restrict 

otherr potential causes of changes in serum concentrations (especially bone 

remodeling)) as much as possible. 
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Abstract Abstract 

Studyy design. In a prospective study serum concentrations of markers of collagen 

metabolismm were monitored following lumbar disc surgery and compared with subjective 

ratingss of pain and functional disability. 

Objectives.. To explore serum markers of type I collagen metabolism as objective measures of 

tissuee changes in intervertebral discs. 

Summaryy of background data. Objective assessment of damage to intervertebral discs is 

complex.. MRI is costly and often difficult to interpret. The response to damage in 

intervertebrall  discs is characterized by increased collagen synthesis. Serum markers can be 

usedd to monitor collagen metabolism. The carboxy-terminal propeptide of type I collagen 

(PICP)) is a serum marker of type I synthesis and the carboxy-terminal telopeptide region of 

typee I collagen (CTx) reflects type I collagen degradation. 

Methods.. In a population of 67 patients who underwent surgery for lumbar disc herniation, 

serumm concentrations of PICP and CTx were measured, as were the patients' ratings of back 

pain,, leg pain, and functional disability. Blood samples and questionnaires were obtained 

onee day before and three days and six weeks following lumbar discectomy. 

Results.. In the six weeks following surgery, serum concentrations of PICP increased, 

whereass serum concentrations of CTx decreased. The ratio between PICP and CTx also 

increased.. Back pain and functional disability improved, but the scores were not significantly 

associatedd with the marker concentrations. 

Conclusions.. The serum markers indicated an increased synthesis and decreased breakdown 

off  type I collagen, and thus most likely reflect tissue healing. This was accompanied by 

improvementt of back pain and functional disability. 

SubmittedSubmitted as: Kuiper JI, Verbeek JHAM, Frings-Dresen MHW, Everts V, Van Acker REH, Kuiper S, 
StraubStraub JP. Monitoring recovery after surgery for lumbar disc herniation: a prospective study on 
serumserum markers and subjective ratings of pain and disability. 
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Introductio n n 

Thee evaluation of the outcome of lumbar discectomy is complex with surgeons 

havingg to rely on clinical outcome measures and on patients' self-reports of pain and 

dysfunction.. More objective measures, such as magnetic resonance imaging, are 

costlyy and often difficult to interpret after lumbar spine surgery.2'4'1820 The outcome 

off  lumbar discectomy is successful in 49% to 90% of cases.9 A discrepancy between 

objectivee and subjective measures of recovery could form an indication for referral to 

aa pain management program. Therefore objective assessment of tissue changes 

wouldd increase our understanding of the postoperative processes at tissue level. 

Thee response to damage of intervertebral disc tissue, as well as surrounding 

tissuess such as muscles, ligaments, and skin, is characterized by an increased activity 

off  connective tissue cells, resulting in repair. Increased collagen synthesis is an 

importantt part of this process.8 Biochemical markers of collagen metabolism that can 

bee measured in blood can be used as objective measures of the synthesis and 

breakdownn of connective tissue. The sequential measurement of these biomarkers 

wouldd thus make it possible to monitor the repair processes and thereby enhance our 

understandingg of postoperative healing. 

Thee main collagens in the extracellular matrix of the intervertebral disc are 

typee I and type II collagen. There is no serological assay available for collagen type II 

synthesiss or breakdown. However, for the assessment of type I collagen metabolism 

validatedd serum markers have been developed: the carboxy-terminal propeptide of 

typee I collagen (PICP) in serum is a marker of collagen type I synthesis and the 

carboxy-terminall  telopeptide region of type I collagen (CTx) is an indicator of 

collagenn type I breakdown. These biomarkers have been frequently used as markers 

off  bone formation and degradation,1217'21 wound healing,16 joint pathology,6 and 

cardiovascularr diseases.8 To our knowledge, biomarkers have not been used before 

too monitor recovery after lumbar discectomy. Therefore, the present study was 

conductedd to determine whether serum concentrations of PICP and CTx can be used 

ass potential biomarkers of connective tissue healing following lumbar discectomy in 

combinationn with subjective patients' ratings of pain and functional disability. The 

aimss of the study were 1) to investigate whether serum PICP and CTx concentrations 

reflectt the hypothesized increase in type I collagen synthesis following lumbar 

discectomy,, 2) to study the changes in patient ratings of back pain, leg pain, and 
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functionall  disability following lumbar discectomy, and 3) to study whether objective 

tissuee recovery, i.e. collagen type I synthesis reflected by PICP and CTx, is associated 

withh subjective recovery, i.e. decrease in pain and functional disability due to pain. 

Material ss and Methods 

Subjects Subjects 

Thee study population was recruited from patients admitted to hospital for surgery 

forr lumbar disc herniation. The indication for surgery was based on medical history, 

clinicall  examination, and imaging. Selection criteria for study participation required 

thatt the patients were aged between 18 and 50 years and in good general health. 

Patientss were not included in the study if they had undergone prior back surgery or 

chemonucleolysis,, if they had spinal instability, scoliosis or known connective tissue 

disorders,, or if they mastered the Dutch language insufficiently to understand and 

fil ll  out the questionnaires. Patients who met the selection criteria were told about the 

studyy and asked to participate. Participants were fully informed about the 

proceduress and filled out an informed consent. The study was approved by the 

Ethicss Committee of the Academic Medical Center / University of Amsterdam and 

off  the St. Lucas Andreas Hospital, Amsterdam, The Netherlands. 

AA total of 67 patients was included in the study, 35 males and 32 females with 

aa mean age of 35.8 years (see Table 1). 

Tablee 1. Characteristics of the study population 

agee (yr) 

heightt (cm) 

weightt (kg) 

bmii  (kg.m2) 

alll  subjects (n=67) 

mean n 

35.8 8 

178.2 2 

76.6 6 

24.2 2 

(sd) ) 

(7.5) ) 

(8.3) ) 

(12.5) ) 

(3.6) ) 

males s 

mean n 

35.8 8 

182.8 8 

81.7 7 

24.4 4 

(n=35) (n=35) 

(sd) ) 

(7.5) ) 

(7.8) ) 

(11.3) ) 

(3.0) ) 

females s 

mean n 

35.9 9 

172.9 9 

70.9 9 

23.9 9 

(n=32) (n=32) 

(sd) ) 

(7.7) (7.7) 

(5.3) ) 

(11.6) ) 

(4.2) ) 

StudyStudy design 

Thee serum concentrations of the biomarkers were measured on three occasions: one 

dayy before surgery (tl), when the patients were discharged from the hospital which, 
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wass usually three days after surgery (t2) and at the six-week follow-up evaluation by 

thee neurosurgeon (t3) (see Figure 1). On these three occasions the patients also filled 

outt a questionnaire concerning pain and functional disability. Al l surgeries were 

performedd by the same neurosurgeon in the Department of Neurosurgery of the St 

Lucass Andreas Hospital, Amsterdam. The standard surgical procedure was a 

conventionall  discectomy: a 5 - 7 cm incision was made, the ligamentum flavum was 

partiallyy excised, and an adequate incision was made in the annulus fibrosus to 

permitt removal of all loose intradiscal tissue. Closure was obtained with vicryl 

suturess in the fascia, subcutis, and skin. 

bloodblood samples t 't 't 

questionnairesquestionnaires t l t2 t3 

Figuree 1. Outline of the study design. 

BloodBlood sampling 

Bloodd samples were collected by venipuncture of the antecubital vein. After 

coagulationn the blood was centrifuged and serum was stored at -20°C until analyzed. 

MeasurementMeasurement of the biomarkers 

Thee serum concentrations of PICP were measured by the Prolagen-C sandwich 

ELISAA (Metra Biosystems, Mountain View, USA). CTx serum concentrations were 

analyzedd using the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, 

Denmark).155 In both assays, all samples from each individual were analyzed in 

duplicatee in the same run. The intra-assay precision (coefficient of variation) was 

3.5%% for PICP and 5.8% for CTx. Serum concentrations of PICP and CTx are 

expressedd as ng.ml1. To estimate the effective change in collagen metabolism, for 

eachh patient the ratio PICP/CTx was calculated. 
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AssessmentAssessment of pain and disability 

Pain.Pain. Intensity of back pain and leg pain was rated with 100-mm visual analog scales 

(VAS).. The scale ranged from no pain to unbearable pain.13 These pain scores were 

ratedd at tl , t2, and t3. 

FunctionalFunctional disability. The Roland Disability Questionnaire (RDQ) was used to assess 

functionall  limitations due to back pain.14 The RDQ is reported to be a reliable and 

validd instrument.3 It contains 24 "yes-no" questions. Scores range from 0 to 24, which 

wee transformed to a range from 0 to 100. This questionnaire was filled out at tl and 

t3. . 

StatisticalStatistical analyses 

Linearr generalized estimating equations (GEE)19 were used to analyze the changes in 

thee biomarkers and the subjective outcome measures as well as the longitudinal 

associationss between the outcome measures. With GEE it is possible to analyze 

longitudinall  associations using all available longitudinal data. Data for a person at 

anyy time are included whether or not that person has missing data at other times. 

Thee method accounts for the within-subject correlations between repeated 

measurements.. Both time-dependent and time-independent covariates can be 

analyzed.. GEE provides a pooled analysis of cross-sectional (between-subjects) and 

longitudinall  (within-subjects) associations. To analyze the changes in the biomarkers 

afterr surgery, separate analyses were performed with PICP, CTx, and the PICP/CTx 

ratioo as outcome variables and time (days) as the determinant. Since the preoperative 

statee may be indicative of the severity of the disorder and thus may be related to the 

postoperativee state, adjustments were made for the pre-surgery value of the outcome 

variabless in all analyses. The post-surgery changes in the subjective parameters 'back 

pain'' and 'leg pain' were analyzed similarly. To analyze the association between the 

post-surgeryy changes in PICP, CTx and PICP/CTx ratio and the post-surgery 

changess in the scores for back pain and leg pain, separate GEE analyses were 

performedd for each of the three biomarkers as dependent variables and both 

subjectivee parameters as independent variables. Again, adjustments were made for 

thee pre-surgery values of the biomarkers as well as for pre-surgery pain scores. Since 

thee scores for functional disability are correlated with the pain scores, separate 

analysess were performed to test the association with the biomarkers. The change 

betweenn tl and t3 was calculated and entered in the GEE analyses as independent 
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variable.. Again, separate analyses were performed for each of the three biomarkers, 

andd adjustments were made for pre-surgery concentrations of the biomarkers as well 

ass for pre-surgery scores for functional disability. Al l analyses on the biomarkers 

weree corrected for age, gender and body mass index (BMI) because these parameters 

aree considered potential confounders. Furthermore, after assessment of the main 

effects,, possible interactions of time with age, gender and BMI were analyzed. 

Significantt interactions were also included in the analyses. In the GEE analyses on 

thee pain ratings, age and gender were included as potential confounders. Since 

functionall  disability scores were only assessed twice, at tl and t3, differences in 

functionall  disability before and after surgery were analyzed using a univariate 

analysiss of variance, with age and gender as covariates. 

P<0.055 was considered statistically significant. The Statistical Package for 

Interactivee Data Analysis (SPIDA. version 6.05) was used for GEE analyses. The 

Statisticall  Package for Social Sciences (SPSS for Windows, version 9.0) was used for 

thee univariate analysis of variance. 

Results s 

AA complete set of data (blood samples and questionnaires) was not collected from all 

patientss because of miscommunication in the hospital or because patients did not 

showw up for the six-week post-operative visit. At tl a total of 62 blood samples and 

677 questionnaires were available, at t2 these figures were 59 and 58, and at t3 46 and 

50,, respectively. 

Tablee 2. Regression coefficients and 95% CI of GEE analyses regarding the association 

betweenbetween serum levels of PICP, CTx and the PICP/CTx ratio with time, corrected for age, 

gender,gender, BMI and pre-surgery values. 

Time e 

PP " 95% CI 

"PÏCPP 87.1*  45.4 to 128.3 

CTxx -0.17*  -0.27 to -0.07 

PICP/CTxx ratio 438.5*  286.5 to 650.5 

**  p<0.01 
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Figuree 2. Mean serum levels of PICP (A) and CTx (B) and the ratio PICP/CTx (C)  1 SEM, 

11 day before surgery (tl) and 3 days (t2) and 6 weeks (t3) after surgery. 
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Biotnarkers Biotnarkers 

Figuree 2 shows the mean serum concentrations of PICP and CTx and the PICP/CTxc 

ratioo measured before and after lumbar discectomy. The results of the GEE analyses 

aree presented in table 2. When corrected for the serum concentration before surgery, 

thee concentrations of both biomarkers changed significantly during the six weeks 

followingg surgery. The serum concentration of PICP increased, whereas the serum 

concentrationn of CTx decreased. The PICP/CTx ratio increased between t2 and t3, 

afterr initially decreasing immediately after surgery. This post-surgery increase was 

statisticallyy significant. 

PainPain and disability 

Scoress for back and leg pain and functional disability before and after surgery are 

shownn in Figure 3. GEE analyses showed that, when corrected for the scores before 

surgery,, the score for back pain decreased significantly between t2 and t3, whereas 

thee score for leg pain did not change (Table 3). Mean (SEM) score for functional 

disabilityy decreased significantly from 65.9 (2.6) at tl to 34.8 (3.0) at t3 (Fi,48=86.1, 

p<0.01). . 
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OJ J 

03 3 

- Q Q 

oj j 
)H H 
O O 
u u 

< < 
> > 

100 0 

Backk pain ES3 Leg pain Functionall  disability 

Figuree 3. Mean scores  1 SEM for 1 back pain, leg pain, and functional disability, 1 day 

beforebefore surgery (tl) and 3 days (tl) and 6 weeks (t3) after surgery. 
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Tablee 3. Regression coefficients and 95% CI of GEE analyses regarding the association 

betweenbetween scores for back pain or leg pain with time, corrected for age, gender and pre-surgery 

scores. scores. 

Time e 

PP 95% CI 

Backk pain -5.3 * -7.6 to -3.Ï 

Legg pain 0.2 -2.4 to 2.7 

**  p<0.01 

LongitudinalLongitudinal associations between biomarkers and pain and disability 

Resultss of the GEE analyses of the longitudinal associations between the biomarkers 

andd the subjective pain ratings are shown in Table 4a. The analysis of post-surgery 

PICPP concentrations resulted in a significant negative GEE coefficient for post-

surgeryy leg pain. Thus, the decrease in the VAS scores for leg pain was associated 

withh an increase in serum PICP between t2 and t3. No association between PICP and 

backk pain scores was found. The post-surgery change in back pain or leg pain was 

nott significantly associated with the post-surgery changes in serum CTx and the 

PICP/CTxx ratio. 

Tablee 4a. Regression coefficients and 95% CI of GEE analyses regarding the association 

betweenbetween serum levels of PICP, CTx, and the PICP/CTx ratio with back pain and leg pain, 

correctedcorrected for age, gender, BMI and pre-surgery values. 

PICP P 

CTx* * 

PICP/CTxx ratio 

P P 
-0.3 3 

-0.00 0 

-3.6 6 

Backk pain 

95%%  CI 

-2.00 to 2.5 

-0.011 to 0.01 

-16.44 to 9.2 

P P 
-2.7* * 

-0.00 0 

-3.8 8 

Legg pain 

95%% CI 

-4.99 to -0.4 

-0.011 to 0.01 

-18.66 to 11.0 

** p=0.03 

## also corrected for the interaction time*gender 

Tablee 4b shows the results of the GEE analyses of the associations between post-

surgeryy PICP, CTx, and PICP/CTx ratio, and the change in functional disability 
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betweenn tl and t3. In no instance was the change in the serum concentration of a 

biomarkerr significantly associated with the change in functional disability. 

Tablee 4b. Regression coefficients and 95% CI of GEE analyses regarding the relation 

betweenbetween serum levels of PICP, CTx, and the PICP/CTx ratio with change in functional 

disabilitydisability six weeks after surgery, corrected for age, gender, BMI, and pre-surgery values. 

PICP P 

CTx x 

PICP/CTxx ratio 

P P 
-0.5 5 

-0.1 1 

-0.6 6 

AA Functional disability 

95%% CI 

-1.11 to 0.1 

-0.33 to 0.0 

-2.33 to 1.1 

Discussion n 

Inn the present study, serum concentrations of PICP increased in the six weeks 

followingg lumbar discectomy, whereas serum concentrations of CTx decreased. The 

PICP/CTxx ratio increased. These results indicate that the synthesis of type I collagen 

wass increased during the first weeks after lumbar disc surgery, probably due to 

healingg of the intervertebral disc and surrounding tissues that were damaged during 

surgery.. Histological and biochemical studies have shown that collagen synthesis is 

stimulatedd during the initial healing of an annular wound. After some weeks 

collagenn synthesis returns to baseline concentrations.10 In pigs, the outer annulus 

fibrosus,, which is the only area in the intervertebral disc known to have the ability to 

heal,11 was found to heal in 3 to 4 weeks following experimental incision.11 The 

annuluss healed with a fibroblastic reaction typical of tissue healing in general.1 Since 

thee response of tissues such as cartilage endplates, muscles, ligaments, and skin to 

damagee is similar to that of the annulus, the changes in serum concentrations of the 

collagenn type I metabolites reflect the overall healing process following discectomy. 

Thee number of missing data in this study was considerable. However, this was 

mainlyy caused by miscommunications in the hospital and there was no selective 

dropp out of patients. In the GEE that was used to analyze the longitudinal data, it 
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wass possible for different subjects to have a different number of repeated 

measurements,, imputation of missing data was therefore considered not to be 

necessary.19 9 

Apartt from reparative processes in the connective tissues, also changes in 

physicall  activity can affect serum concentrations of PICP and CTx. Because of pain, 

thee patients in this study had been inactive before surgery, but after surgery they 

becamee gradually more physically active and were referred to physiotherapists for 

exercisee therapy. In a study on the effects of a three-week active back rehabilitation 

programm for patients with chronic back pain, the serum PICP concentration was 

foundd to increase whereas the serum concentration of ICTP, a marker of type I 

collagenn breakdown comparable to CTx, did not change.7 Conversely, after 

immobilizationn because of paralytic stroke, a time-dependent increase in ICTP was 

foundd whereas PICP concentrations remained within the normal range, regardless of 

thee length of immobilization.5 We asked the patients in our study whether they were 

physicallyy active during the six weeks after surgery; it appeared that the number of 

hourss per week spent on physically demanding activities was not related to changes 

inn the serum concentrations of the biomarkers. 

Thee results of the subjective ratings of pain and functional disability suggest 

thatt the short-term outcome of the lumbar discectomy was in general favorable. 

Meann ratings for back pain decreased in the six weeks following surgery, as did those 

forr functional disability. The mean score for leg pain intensity decreased three days 

afterr surgery, but did not decrease further in the following six weeks. The 

distributionn of the scores indicated that in most, but not all, patients the discectomy 

causedd an immediate and persistent relief of leg pain. The pathogenesis of pain in 

lumbarr disc herniation is not fully understood, and because the subjective outcome is 

influencedd by psychosocial factors, it is difficult to estimate the value of these 

subjectivee results with respect to the effectiveness of the surgical treatment. In an 

attemptt to relate the tissue healing process to subjective recovery following lumbar 

discectomy,, we studied the association between the serum concentrations of PICP 

andd CTx and patients' ratings of pain and disability. When studied separately, both 

thee increase in type I collagen synthesis and the decrease in back pain and functional 

disabilityy were significant. However, GEE analyses showed that the postoperative 

changess in serum concentrations of the biomarkers were not associated with changes 

inn back pain and functional disability. The results for leg pain were different. 
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Althoughh the scores for leg pain did not decrease significantly between three days 

andd six weeks after surgery, the postoperative changes in serum PICP concentrations 

weree inversely associated with the changes in leg pain scores. This suggests a 

positivee association between enhanced synthesis of type I collagen and post-surgical 

recovery.. On the other hand, postoperative changes in CTx concentrations and the 

PICP/CTxx ratio were not associated with leg pain. 

Conclusions Conclusions 

Thee results show that serum concentrations of PICP and CTx can be measured to 

monitorr enhanced connective tissue metabolism following lumbar discectomy. The 

changess in the serum concentrations of these biomarkers indicate that there was an 

increasee in type I collagen synthesis and a decrease in its breakdown following 

surgery.. These objective measures, suggesting tissue healing, were accompanied by 

ann improvement in back pain and functional disability. 
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Abstract Abstract 

Studyy design. Comparison of serum levels of biomarkers of collagen type I metabolism 

betweenn men exposed to heavy back load and men in sedentary occupations. 

Objective.. To explore the feasibility of biomarkers of type I collagen metabolism as measures 

off  the effects of physical back load at tissue level. 

Summaryy of background data. Evaluation of causal relationships between physical back 

loadd and back disorders is hampered by the lack of knowledge as to the biological relevance 

off  different loading parameters and the large variability between individuals. As indicators 

off  molecular changes in the extracellular matrices of spinal structures, biomarkers of collagen 

metabolismm may provide important information on biological effects of back load. The 

carboxyterminall  propeptide of type I collagen (PICP) is a serum marker of synthesis and the 

carboxyterminall  telopeptide region of type I collagen (CTx) reflects degradation of type I 

collagen. . 

Methods.. Serum concentrations of PICP and CTx were assessed in a group of male 

constructionn workers involved in heavy manual materials handling (n=47) and in a group of 

malee sedentary workers (n=49). 

Results.. Serum concentrations of both PICP and CTx were higher in the exposed group. The 

ratioo PICP/CTx, illustrative of the effective metabolic changes, did not differ between the 

twoo groups. 

Conclusions.. The higher turnover rate but similar effective synthesis may be indicative of an 

increasedd type I collagen content in the connective tissues as a result of adaptive remodeling 

inn response to years of exposure to back load. Further validation of these biomarkers is 

requiredd with respect to dose-response relationships and temporal associations between 

exposuree to back load and biomarker concentrations. 

SubmittedSubmitted as: Kuiper JI, Verbeek JHAM, Everts V, Straub JP, Frings-Dresen MHW. Serum markers of 
collagencollagen metabolism: construction workers compared to sedentary workers. 
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Introductio n n 

Epidemiologicall  studies have identified associations between physical demands at 

workk (manual materials handling, bending and twisting, and whole body vibration) 

andd back disorders.4'7'1219'29 However, understanding of the biological relevance of 

differentt loading parameters and of why some people are at greater risk of 

developingg back disorders is still deficient because adequate and relevant measures 

off  exposure as well as outcome are lacking. Although methods and strategies to 

accuratelyy assess external exposure as well as biomechanical models to estimate the 

responsee of the tissues to these exposures have been developed,17-26 very littl e is 

knownn about biologically effective doses and early biological effects in vivo. As 

indicatorss of changes at a tissue or molecular level in the spinal structures, 

biomarkerss may provide important complementary information. Unfortunately, 

theree are no validated biomarkers to assess the effects of back load available yet. 

Becausee of the complex anatomy of the back and the multi-factorial etiology of back 

disorderss it is complicated to identify relevant biomarkers. Following the hypothesis 

thatt physical load causes responses in the spinal structures leading to changes in 

metabolismm of the extracellular matrix (ECM) of connective tissues,1 matrix 

metabolitess could provide potential biomarkers of the biological effects of back load 

onn these structures. In connective tissues the extracellular matrix is responsible for 

thee overall structural integrity of the tissue. When the level of load is slowly 

increasedd the result may be an adaptive remodeling of the tissues. However, if the 

increasee in load is sudden or large, the cells may not adapt quickly enough and 

damagee may result2. Since type I collagen is one of the main constituents of the ECM 

off  most connective tissues, among which the vertebral body, apophyseal joints, 

ligaments,, and the intervertebral disc, tissue responses can be monitored by 

assessmentt of the kinetics of type I collagen synthesis and degradation. Validated 

biomarkerss have been developed for the analysis of type I collagen turnover: 

synthesiss can be assessed by analysis of serum concentrations of carboxyterminal 

propeptidee of type I collagen (PICP), whereas breakdown can be detected by analysis 

off  carboxyterminal telopeptide region of type I collagen(CTx).23 The ratio between 

PICPP and CTx provides an estimate of type I collagen metabolism as a dynamic 

processs of synchronously occurring anabolic and catabolic effects. 

Too explore these biomarkers of type I collagen metabolism as measures of 

physicall  back load at tissue level, the association between the biomarkers and 
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occupationall  exposure to physical back load was investigated. The objective of the 

studyy was to determine whether serum concentrations of PICP and CTx, and the 

ratioo PICP/CTx in males who have been exposed to occupational physical back load 

forr years differ from those in a non-exposed reference group. 

Methods s 

Inn a cross-sectional study the serum concentrations of PICP and CTx were assessed 

ass well as data on physical back load from men working in occupations involving 

heavyy manual materials handling and from men working in sedentary occupations. 

Thee study was approved by the Ethics Committee of the Academic Medical Center / 

Universityy of Amsterdam, The Netherlands. 

Subjects Subjects 

Thee study population consisted of two groups of male workers aged between 30 and 

400 years; a group of construction workers engaged in heavy physical work (n=47) 

andd a group of sedentary workers (n=49). The group of construction workers 

consistedd of men with different occupations within the construction branch, the 

inclusionn criterion was that at least 50% of their working time they had to be engaged 

inn manual materials handling, like lifting, carrying, pushing or pulling of heavy 

loadss and that they had to be engaged in physically demanding work for at least 

aboutt ten years. Subjects were asked to volunteer when they visited the Occupational 

Healthh Service (ArboUnie Amsterdam) for a periodic occupational health 

examination.. Subjects for the sedentary group were recruited from three different 

populations;; office-workers from insurance companies who visited the Occupational 

Healthh Service (ArboUnie Amsterdam) for a periodic occupational health 

examination,, office-workers in the Academic Medical Center and occupational 

physicians.. In the sedentary group men were only included if they had not practiced 

aa profession involving heavy physical work during the previous ten years. Subjects 

weree fully informed about the procedures and filled out an informed consent. 

Al ll  subjects filled out a questionnaire concerning personal characteristics like 

age,, height and weight, as well as the occurrence of low back pain during the 

previouss 12 months. Furthermore, they were asked about medication, and whether 
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theyy suffered or had suffered in the previous year from musculoskeletal traumas, 

jointt diseases, liver or kidney diseases, blood or metabolic diseases (like diabetes). 

Subjectss who reported to suffer/ have suffered from any of these diseases or traumas 

weree not admitted to the study because of the potentially confounding effect on the 

serumm concentrations of the collagen markers. Table 1 presents the characteristics of 

thee study population. 

Tablee 1. Characteristics of the study population. 

agee (yr) 

heigthh (m) 

weightt (kg) 

bmii  (kg.nr2) 

LowLow back pain 

lastt 12 months 

Constructionn workers (w-47) 

mean mean 

34.5 5 

1.79 9 

82.2 2 

25.6 6 

frequency frequency 

34 4 

(sd) (sd) 

(4.0) ) 

(0.07) ) 

(12.0) ) 

(3.1) ) 

(%) (%) 

(72.3) ) 

Sedentaryy workers (n=49) 

mean mean 

35.5 5 

1.81 1 

81.0 0 

24.5 5 

frequency frequency 

30 0 

(sd) (sd) 

(3.0) ) 

(0.06) ) 

(10.1) ) 

(2.6) ) 

(%) (%) 

(61.2) ) 

DataData collection 

Bloodd samples were collected by means of venipuncture in the antecubital vein. After 

coagulationn the blood was centrifuged and serum stored at -20°C until analyzed. 

Too explore the contrast in exposure to physical back load, the subjects filled 

outt parts of the Loquest questionnaire11 to assess work related physical exposures 

(liftin gg or carrying loads (>5kg) or heavy loads (>25kg), pushing or pulling loads 

(>50kg)) or heavy loads (>200kg), bending and/or twisting the upper part of the body 

att work and vehicle driving) and leisure time physical activities (physically 

demandingg household activities, do-it-yourself and sports). The answers were 

assessedd on a four-point scale (seldom or never, sometimes, quite often, very often). 

AnalysesAnalyses of PICP and CTx 

Thee serum concentrations of PICP were measured by the Prolagen-C sandwich 

ELISAA (Metra Biosystems, Mountain View, USA). CTx serum concentrations were 

analyzedd using the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, 
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Denmark).244 The samples of both occupational groups were analyzed 

simultaneously,, randomly divided over nine kits of each of the assays. Al l samples 

weree analyzed in duplicate. The intra-assay precision (coefficient of variation) was 

3.8%% for PICP and 4.8% for CTx, whereas the inter-assay coefficients of variation 

weree 9.9% and 11.9%, respectively. 

StatisticalStatistical Analyses 

Serumm concentrations of PICP and CTx were correlated. To test whether the collagen 

typee I metabolism differed between the two occupational groups, an analysis of 

variancee with repeated measures was performed with serum PICP and CTx as 

dependentt variables, and occupational group as the independent variable. Body 

masss index was included as a covariable to control for potential confounding. 

Differencess in the balance between serum PICP and CTx was tested using an analysis 

off  variance with the PICP/CTx ratio as the dependent variable, group as the 

independentt variable and body mass index as co-variable. Differences were accepted 

ass statistically significant at p<0.05. All statistical analyses were performed with the 

Statisticall  Package for Social Sciences (SPSS for Windows, version 9.0). 

Results s 

Exposure Exposure 

Thee results of the questionnaire on engagement in the different occupational 

activitiess and postures confirmed the contrast in exposure between the two groups 

(seee Appendix). The construction workers were more engaged in manual materials 

handlingg activities as lifting, carrying, pushing and pulling. The two groups did not 

differr with respect to driving during work and engagement in physically demanding 

leisuree activities. Al l subjects worked full-time. 

BiotnarkersBiotnarkers of collagen type I metabolism 

Thee mean serum concentrations of the PICP, CTx and the PICP/CTx ratio for each 

occupationall  group are shown in Figure 1. The combined analyses of between-group 

differencess of PICP and CTx showed that, when corrected for body mass index, the 

serumm concentrations of these biomarkers were significantly higher in the 

constructionn workers than in the sedentary workers (Fi,9o=5.35, p=0.02). 
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150 0 

J-- 140 

130 0 

120 0 

A)) PICP 

0.40 0 

0.32 2 

Jjj  0.28 

B)) CTx 

JL JL 

C)) PICP/CTx rati o 

Constructionn Sedentary 
workerss workers 

Figuree 1. Mean (+ 1 SEM) serum concentrations of PICP (A), CTx (B) and the ratio 

PICP/CTxPICP/CTx (C) in the construction workers (n=47) and the sedentary workers (n=49). 
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Thee balance between synthesis and degradation, as indicated by the PICP/CTx ratio, 

wass equal for the two groups (Fi,9o=0.00, p=1.00). In both groups large inter-

individuall  variations were found for the concentrations of PICP and CTx as well as 

forr the PICP/CTx ratio. 

Discussion n 

Thiss study showed a positive association between the serum concentrations of the 

PICPP and CTx and occupational physical back load. The biomarker concentrations 

reflectt a higher rate of collagen type I turnover in men exposed to heavy physical 

backk load when compared to men in sedentary occupations. This is in accordance 

withh the theory that connective tissues respond to changes in physical load; 

microfracturess and altered mechanical environment resulting from long term 

physicall  loading may lead to both increased degradation of matrix components and 

increasedd synthesis to replace those lost. As indicated by the comparable PICP/CTx 

ratioo in the two groups, a higher degradation rate in the construction workers was 

balancedd by a higher synthesis rate. These results suggest that the group of 

constructionn workers in this study consisted of men whose connective tissues had 

beenn adapted to the high levels of physical load. This might indicate a healthy 

workerr effect, i.e. strong workers and workers who are capable of adapting have a 

higherr chance to survive in physically demanding occupations. Such adaptive 

remodelingg has been illustrated by findings of dense vertebrae in weight lifters and 

strongerr discs and vertebrae in physically active people.2 It is expected that if the 

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

increasee of the loading or because of state of the tissue, degradation of collagen and 

structurall  disruption of the ECM is likely to occur.2 

Althoughh an altered molecular composition in response to years of exposure is 

aa plausible explanation, current exposure may also have affected the biomarker 

concentrations.. Blood concentrations of type I collagen metabolic markers reflect the 

actuall  status of type I collagen metabolism, and collagen type I synthesis has been 

reportedd to be accelerated in response to heavy physical exercise (i.e. running a 

marathon),, reaching a peak after about three days and returning to baseline levels 

fivee days after completion of the exercise.20 
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Becausee of the cross-sectional design of the present study, it is not possible to 

separatee the effects of recent exposure or cumulative effects of past exposure. 

Therefore,, assessment of exposure response relationships and temporal correlations 

betweenn exposure and biomarker concentrations in longitudinal studies is an 

importantt issue for further exploration of these biomarkers. 

Inn this study, considerable inter-individual variations in serum concentrations of 

bothh PICP and CTx, as well as the PICP/CTx ratio existed. Although the exact causes 

off  variation are not completely understood, it is conceivable that these variations are 

indicativee of individual differences in the condition and response of connective 

tissuess to physical load. Since the study population was homogenous with respect to 

gender,, age and body mass, these differences may be due to hereditary factors. 

Biomarkerss as well as the association between exposure and biomarkers may be 

influencedd by genetic make-up through differences in metabolism and 

susceptibility.222 Furthermore, there is growing evidence for genetically determined 

susceptibilityy for degenerative disorders of the musculoskeletal system such as disc 

degeneration.27 7 

Unfortunately,, the relative contributions of site specific connective tissues in 

thee human body cannot be distinguished from serum concentrations. Animal studies 

reportedd increased collagen synthesis in intervertebral discs following exposure to 

compressivee forces,141516 but the contribution of other connective tissues in other 

partss of the body to the serum concentrations of PICP and CTx cannot be ruled out. 

Typee I collagen is the major collagen type of the human body, it is found in all 

connectivee tissues, and particularly in those that are subjected to tension and 

compressionn like tendon, bone and the annulus fibrosus of intervertebral discs. PICP 

andd CTx have also been used to monitor the effects of weight-bearing physical 

exercisee on bone metabolism and tendons.5-6'10'13-18'20'21'25'28 However, very few studies 

actuallyy correlated the PICP or CTx concentrations to molecular changes in the 

structuress they claimed to measure. Associations have only been reported with bone 

minerall  density or bone scans3-8-9 and collagen concentrations in tendons measured 

byy microdialysis.21 Because of this non-specificity, an issue for further validation of 

PICPP and CTx is to combine assessment of these biomarkers with imaging data of 

relevantt structures. 
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Conclusions Conclusions 

Serumm concentrations of PICP and CTx indicated a higher turnover rate but similar 

effectivee synthesis in men exposed to heavy occupational physical back load when 

comparedd to men in sedentary occupations. This may be indicative of an increased 

typee I collagen content in the connective tissues as a result of adaptive remodeling in 

responsee to years of exposure to back load. However, further validation of these 

biomarkerss is required with respect to exposure-response relationships and temporal 

associationss between exposure to back load and biomarker concentrations. 

Furthermore,, to be able to draw conclusions on biological relevance of the biomarker 

concentrations,, associations with structural changes in intervertebral discs and other 

spinall  tissues need to be established. 
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Appendix x 

Tablee A. The frequency (percentage of group total) of reporting to be regularly/often engaged 

inin the activities and postures during work and time spent in physically demanding activities 

andand vehicle driving during leisure time, in the group of construction workers and in the 

groupgroup of sedentary workers. 

Work Work 

sitting g 

VDUU operation 

standing g 

walking g 

lifting/carryingg loads (> 5kg) 

lifting // carrying heavy loads (> 

pushing// pulling loads (>50kg) 

Constructionn workers (n=47) 

25kg) ) 

pushing// pulling heavy loads (>200kg) 

vehiclee driving 

postures s 

kneelingg / squating 

trunkk flexion / rotation 

uncomfortablee posture 

staticc posture 

leisureleisure time 

physicall  activities (hr.wk-1) 

vehiclee driving (hr.wk-1) 

freq freq 

3 3 

1 1 

41 1 

34 4 

42 2 

31 1 

16 6 

5 5 

19 9 

20 0 

29 9 

21 1 

22 2 

mean mean 

9.7 9.7 

6.9 9 

(%) (%) 

(6.5) ) 

(2.7) ) 

(89.1) ) 

(73.9) ) 

(91.3) ) 

(67.4) ) 

(34.8) ) 

(10.9) ) 

(41.3) ) 

(43.5) ) 

(63.0) ) 

(45.7) ) 

(47.8) ) 

(SD) (SD) 

(7.1) ) 

(4-7)) ) 

Sedentaryy workers (n=49) 

freq freq 
44 4 

36 6 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

18 8 

0 0 

4 4 

1 1 

29 9 

mean mean 

9.1 9.1 

7.0 0 

(%) (%) 

(93.6) ) 

(97.3) ) 

(2.0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(0) ) 

(36.7) ) 

(0) ) 

(8.2) ) 

(2.0) ) 

(59.2) ) 

(SD) (SD) 

(5.6) ) 

(5.9) ) 
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Abstract Abstract 

Objectives.Too explore assessment of the response to physical back load at tissue level by 

biomarkerss of type I collagen metabolism. 

Methods.. In a prospective cohort study serum concentrations of markers of type I collagen 

synthesiss and degradation were assessed monthly in student nurses who worked as a nurse 

forr a period of six months, and compared to those in a reference group. The number of 

patientt handling activities was estimated based on observations at the workplace. Linear 

generalizedd estimating equations were used to analyze differences in serum concentrations 

off  the biomarkers between the exposed and the reference group as well as to analyze 

whetherr the number of patient handling activities was associated with serum concentrations 

off  the biomarkers. 

Results.. Serum concentrations of the biomarkers were found to be different between the 

groups.. The biomarkers reflected a higher anabolism of type I collagen in the exposed group 

whenn compared to the reference group. Within the exposed group, analysis on the effect of 

numberr of patient handling activities revealed that a higher exposure was associated with 

higherr effective type I collagen synthesis. 

Conclusions.. These results indicate that assessment of serum concentrations of these 

biomarkerss of type I collagen metabolism can provide a measure of the response to physical 

backk load on a group level. 

SubmittedSubmitted as: Kuiper JI, Verbeek ]HAM, Straub ]P, Everts V, Frings-Dresen, MHW. A longitudinal 
studystudy on biomarkers of back load. 
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Introductio n n 

Reviewss on epidemiological evidence on work-related risk factors for back disorders 

concludedd that there is evidence that physical demands of work (manual materials 

handling,, bending and twisting and heavy physical load) can be associated with the 

occurrencee or aggravation of low back symptoms.3-4'712'22 However, evidence on 

causall  relationships remains inconclusive due to the lack of knowledge as to the 

biologicall  relevance of different load parameters and the large variability between 

individuals.. Although methods and strategies to accurately assess external exposure 

ass well as biomechanical models to estimate the response of the tissues to these 

exposuress have been developed,1121 very littl e is known about biologically effective 

dosess and early biological effects in vivo. As indicators of changes at a tissue or 

molecularr level in the spinal structures, biomarkers may provide important 

complementaryy information. Unfortunately, there are no validated biomarkers to 

assesss the effects of back load available yet. Because of the complex anatomy of the 

backk and the multi-factorial etiology of back disorders it is complicated to identify 

relevantt biomarkers. Following the hypothesis that physical load causes responses in 

thee spinal structures leading to changes in metabolism of the extracellular matrix 

(ECM)) of connective tissues1 matrix metabolites could provide potential biomarkers 

off  the biological effects of back load on these structures. In connective tissues the 

extracellularr matrix is responsible for the overall structural integrity of the tissue. 

Whenn the level of load is slowly increased the result may be an adaptive remodeling 

off  the tissues. However, if the increase in load is sudden or large, the cells may not 

adaptt quickly enough and damage may result.2 Since type I collagen is one of the 

mainn constituents of the ECM of most connective tissues, among which the vertebral 

body,, apophyseal joints, ligaments, and the intervertebral disc, tissue responses can 

bee monitored by assessment of the kinetics of type I collagen synthesis and 

degradation.. Validated biomarkers have been developed for the analysis of type I 

collagenn turnover: synthesis can be assessed by analysis of serum concentrations of 

carboxyterminall  propeptide of type I collagen (PICP), whereas breakdown can be 

detectedd by analysis of carboxyterminal telopeptide region of type I collagen (CTx).18 

Thee ratio between PICP and CTx provides an estimate of type I collagen metabolism 

ass a dynamic process of synchronously occurring anabolic and catabolic effects. 
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Too explore these biomarkers of type I collagen metabolism as measures of physical 

backk load at tissue level, the association between the biomarkers and occupational 

exposuree to physical back load was investigated. The objective of the study was to 

determinee whether serum concentrations of PICP and CTx, and the ratio PICP/CTx 

inn subjects who were exposed to physical back load differ from those in a non-

exposedd reference group during a six-month period. Furthermore, it was 

investigatedd whether differences in exposure within the exposed group are 

associatedd with serum concentrations of PICP, CTx and their ratio. 

Subjectss and Methods 

DesignDesign and study population 

AA prospective study was performed among student nurses during a six-month work 

placementt period at the end of their vocational training. Apart from earlier short 

workk placement periods in the four-year training program, this was the first period 

inn which the students nurses performed nursing work for a long time at a stretch, for 

fourr days a week. Students were invited to participate if they had not had a job prior 

too the start of their vocational training. A total of 30 student nurses participated 

(threee males and 27 females). The participants went to different hospital 

departments;; ten participants spent the work placement period in the internal 

medicinee department, seven in the surgery department, six in the 

obstetrics/gynaecologyy department, four in the pediatric department and three in 

thee orthopedics department. Except for two participants who worked in regional 

hospitals,, all participants worked in an academic hospital. 

AA reference group of 30 students (two males and 28 females) was recruited 

amongg student nurses in the first year of their vocational training, when they had 

mostlyy theoretical education. 

Oncee every month, starting the week before the work placement period until 

onee month after the end of the period, the participants visited our institute to donate 

aa blood sample and to complete a questionnaire (tO - t7, see figure 1). The reference 

groupp did not donate blood on t7 because they had started to participate in a short 

workk placement period by then. Individual characteristics such as age, height, weight 

weree assessed using the baseline questionnaire. 
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Oct Oct 

Figuree 1. Outline of the experimental design. 

Furthermore,, the subjects were asked about the use of medicine and whether they 

sufferedd or had suffered from musculoskeletal traumas in the previous year, joint 

diseases,, liver or kidney diseases, blood diseases or metabolic diseases (like 

diabetes),, because of the potentially confounding effect on the serum concentrations 

off  the collagen markers. Table 1 presents characteristics of the study population. 

Participantss were fully informed about the procedures and filled out an informed 

consent.. The study was approved by the Ethics Committee of the Academic Medical 

Centerr / University of Amsterdam, The Netherlands. 

Tablee 1. Characteristics of study population. 

exposedd group (n=30) 

meanmean (sd) 

referencee group (n=30) 

meanmean (sd) 

agee (yr) 

heigthh (m) 

weightt (kg) 

bodyy mass index (kg.nr2) 

22.44 (1.9) 

1.733 (0.07) 

65.55 (7.8) 

21.88 (2.0) 

18.33 (1.4) 

1.722 (0.07) 

66.33 (11.2) 

22.44 (3.3) 

AssessmentAssessment of physical back load 

Exposuree to patient handling activities during the work placement period was 

estimatedd by means of on-site observations using TRAC (Task Recording and 

Analysiss on Computer).6 Each student nurse was observed for a full day shift in the 

thirdd or fourth month of the work placement period. The frequency and duration of 

activitiess involving patient handling were observed on a real time basis. These 

activitiess were divided into: liftin g patients, moving patients around in bed, transfer 
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off  patients from bed to (wheel)chair and vice versa, pushing/ pulling wheelchair or 

bedd with patient. 

Changess in exposure to physical back load during the work placement period 

weree assessed using the monthly questionnaire. Apart from the number of shifts they 

hadd worked per week, the student nurses were asked to estimate the percentage of 

workk time they had actually performed working tasks as opposed to observing 

seniorr nurses and taking breaks. 

Too estimate exposure to physical load during leisure time, all subjects were asked 

whetherr they had performed side jobs, and if so, for how many hours during the 

precedingg month. Based on job title, they were classified as either physically 

demandingg or not.5 Furthermore, subjects filled out whether they had been engaged 

inn physically demanding sports and other leisure time activities during the preceding 

month,, and if so for how many hours. 

ExposureExposure characteristics of the study population 

Thee results of the workplace observations showed that the average duration of a day 

shiftt was 8 hr and 7 min (sd 27 min). On average the student nurses lifted 5 patients 

perr shift (sd 7). Moving patients around in bed occurred on average once a day (sd 

2).. The average frequency of pushing or pulling a bed or a wheelchair with a patient 

wass 7 times (sd 7) and 2 (sd 3) times per shift respectively, with an average duration 

off  4.4 min (sd 5.5) and 21 sec (sd 40) per shift respectively. 

Inn the first month of the work placement period, the exposed subjects spent on 

averagee 46% (sd 17) of their work time performing tasks themselves, this percentage 

increasedd to 67% (sd 17) in the second month. In the last four months the average 

percentagee gradually increased from 74% (sd 15) in the third month to 80% (sd 10) in 

thee final month. 

Exceptt for the higher number of hours in physically demanding side jobs 

duringg the month preceding the start of the study, (exposed group: average 36, sd 22 

hr,, reference group: average 15, sd 21 hr, Student's Mest: p<0.01), there were no 

differencess between the two groups with respect to engagement in weight bearing 

sports/activitiess and physically demanding side jobs. At the different time points 

duringg the study period the average number of hours working in physically 

demandingg side jobs ranged from 13 to 19 hr per month in the exposed group and 

fromm 13 to 16 hr per month in the reference group. The average number of hours 

128 8 



PICPPICP & CTx: longitudinal study among student nurses 

spentt on weight bearing sports/leisure time activities ranged from 4 to 10 hr per 

monthh in the exposed and 4 to 9 hr per month in the reference group. 

Biomarkers Biomarkers 

Bloodd samples of 7 ml were collected by means of venipuncture in the antecubital 

vein.. To minimize the possible effect of circadian rhythmicity repeated blood 

sampless were drawn at about the same time of day. After coagulation the blood was 

centrifugedd and serum stored at -20°C until analyzed. The serum concentrations of 

PICPP were measured by the Prolagen-C sandwich ELISA (Metra Biosystems, 

Mountainn View, USA). CTx serum concentrations were analyzed using the serum 

CrossLaps™™ One Step ELISA (OSTEOMETER, Herlev, Denmark).19 Al l samples of 

eachh subject were analyzed with the same kit, with the subjects of both study groups 

randomlyy divided over 16 kits of each of the assays. Al l samples were analyzed in 

duplicate.. The intra-assay precision (coefficient of variation) was 3.5% for PICP and 

5.1%% for CTx, whereas the inter-assay coefficients of variation were 9.6% and 10.7%, 

respectively.. To illustrate the effective change in collagen metabolism, the PICP/CTx 

ratioo was calculated for each subject. 

StatisticalStatistical analysis 

Thee statistical analyses consisted of several steps. To test for baseline differences of 

thee serum concentrations of the biomarkers between the groups, analyses of variance 

weree performed for each of the biomarker parameters, with gender and body mass 

indexx (BMI) as covariables. To analyze whether the serum concentrations of the 

biomarkerss during the work placement period in the exposed group were different 

fromm those in the reference group linear generalized estimating equations (GEE) 

weree used.16 GEE accounts for the within-subject correlations between repeated 

measurements.. Both time-dependent and time-independent covariates can be 

analyzed.. GEE provides a pooled analysis of between-subjects and within-subjects 

associations.200 Separate analyses were performed with PICP, CTx, and the PICP/CTx 

ratioo concentrations during the work placement period (tl-t6) as the time-dependent 

outcomee variable and group and time (exact number of days) as the determinants. 

Thee interactions of "group*time", and "gender*group" were examined; if not 

significant,, the interaction term was removed from the model. Sub-analyses were 

performedd in the exposed group on the associations between the serum 
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concentrationss of each of the biomarkers and exposure to patient handling activities. 

Forr each of the three biomarker parameters, a GEE analysis was conducted with the 

biomarkerr values during the work placement period (tl-t6) as the time dependent 

outcomee variable, and the total number of patient handling activities during one day 

shiftt as time independent determinant and time (exact number of days) as additional 

determinant.. The interaction of "patient handling activities*gender" was examined; if 

nott significant, the interaction term was removed from the model. In all analyses, 

baselinee serum concentration of the outcome variable, BMI and gender were 

includedd into the model as time independent determinants. The Statistical Package 

forr Interactive Data Analysis (SPIDA. version 6.05) was used for GEE analyses. The 

Statisticall  Package for Social Sciences (SPSS for Windows, version 9.0) was used for 

thee analysis of variance. 

Results s 

BaselineBaseline values 

Thee serum concentrations of PICP, CTx and the PICP/CTx ratio measured each 

monthh in both groups are shown in Figure 2 A, B and C, respectively. Analysis of 

variancee showed that the two groups did not differ with respect to the baseline 

serumm concentrations of PICP (FJ/56=O.01, p=0.95), CTx (Fi,56=1.80, p=0.19) and the 

ratioo PICP/CTx (F]/56=1.78, p=0.19). 

ComparisonComparison of the exposed group and the reference group 

Thee results of the GEE analyses on the effect of group on the serum concentrations of 

PICP,, CTx and the PICP/CTx ratio during the six-month work placement period 

groupp are presented in Table 2. For PICP, the time course of the serum concentrations 

wass different for the two groups, as indicated by the significant interaction between 

timee and group (p=0.05). When corrected for this interaction, the regression 

coefficientt for group was significant (p=0.01). The regression coefficient for group 

wass negative, indicating that the serum concentrations of PICP were lower in the 

exposedd when compared with the reference group. In the CTx model, the regression 

coefficientt for group was also negative, but not significant (p=0.07). The PICP/CTx 

ratioo was higher in the exposed group (p<0.01). 
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Tablee 2. Regression coefficients and 95% confidence intervals of the GEE analyses with 

serumserum concentrations ofPICP, CTx and the PICP/CTx ratio measured once a month during 

thethe six-month work placement period as the outcome variables and group as the determinant, 

correctedcorrected for time, gender, body mass index (BMI) and interaction time*group if significant 

(n=60). (n=60). 

PICP P 

intercept t 

group0 0 

baselinee PICP 

time e 

gender* * 

bmi i 

time*group p 

CTx x 

intercept t 

group° ° 

baselinee Ctx 

time e 

gender" " 

bmi i 

PICP/CTx x 

intercept t 

group0 0 

baselinee ratio PICP/Ctx 

time e 

gender* * 

bmi i 

fi fi 

94.4 4 

-14.0 0 

0.7 7 

-0.2 2 

-14.4 4 

-0.3 3 

0.1 1 

0.9 9 

-0.1 1 

0.4 4 

0.0 0 

-0.3 3 

-0.0 0 

-404.4 4 

63.6 6 

0.3 3 

0.2 2 

149.3 3 

13.2 2 

44.3 3 

-24.2 2 

0.6 6 

-0.3 3 

-29.7 7 

-1.5 5 

0.0 0 

0.6 6 

-0.1 1 

0.3 3 

-0.0 0 

-0.4 4 

-0.0 0 

-729.9 9 

13.3 3 

0.2 2 

-0.3 3 

51.8 8 

4.0 0 

95%% CI 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

144.5 5 

-3.9 9 

0.8 8 

-0.0 0 

1.0 0 

0.9 9 

0.2 2 

1.3 3 

-0.0 0 

0.6 6 

0.0 0 

-0.1 1 

0.0 0 

-79.0 0 

113.9 9 

0.4 4 

0.5 5 

246.7 7 

22.4 4 

°° Group was coded: reference group=l, exposed group=2. 
nn Gender was coded: males=l, females=2. 
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Tablee 3. Regression coefficients and 95% confidence intervals of the GEE analyses with 

serumserum concentrations of PICP, CTx and the PICP/CTx ratio measured once a month during 

thethe six-month work placement period in the exposed group as the outcome variables, and the 

frequencyfrequency of patient handling activities in one shift as the determinant, corrected for time, 

gender,gender, body mass index (BMI), baseline value of the determinant and interaction 

gender*patientgender*patient handling activites (n=30). 

PICP P 

intercept t 

patientt  handling 

baselinee PICP 

time e 

gender" " 

bmi i 

gender*patientt handling* 

CTx x 

intercept t 

patientt  handling 

baselinee Ctx 

time e 

gender" " 

bmi i 

gender*patientt handling* 

PICP/CTx x 

intercept t 

patientt  handling 

baselinee ratio PICP/Ctx 

time e 

gender* * 

bmi i 

gender*patientt handling* 

fi fi 

86.9 9 

-5.1 1 

0.7 7 

-0.1 1 

-26.3 3 

-0.3 3 

2.6 6 

1.3 3 

-2.5 5 

0.3 3 

0.0 0 

-0.4 4 

-0.0 0 

1.2 2 

-856.4 4 

20.9 9 

0.3 3 

0.1 1 

259.6 6 

29.4 4 

-9.9 9 

95%% C] 

9.6 6 

-10.2 2 

0.6 6 

-0.0 0 

-45.6 6 

-3.0 0 

0.0 0 

0.9 9 

-4.1 1 

0.1 1 

-0.0 0 

-0.4 4 

-0.0 0 

0.4 4 

-1.228.7 7 

8.3 3 

0.1 1 

-0.4 4 

200.6 6 

16.0 0 

-16.4 4 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

to o 

[ [ 

164.2 2 

-0.0 0 

0.8 8 

-0.2 2 

-6.9 9 

2.4 4 

5.2 2 

1.6 6 

-0.9 9 

0.6 6 

0.0 0 

-0.3 3 

0.0 0 

2.1 1 

-484.1 1 

33.5 5 

0.5 5 

0.7 7 

318.5 5 

42.8 8 

-3.5 5 

**  Gender was coded: males=l, females=2 
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AssociationsAssociations between patient handling activities and biomarkers 

Tablee 3 shows the results of the GEE analyses on the associations between the serum 

concentrationss of each of the biomarkers and the PICP/CTx ratio during the work 

placementt period and the observed number of patient handling activities on a 

representativee day shift in that period. In the analyses of all three biomarker 

parameterss the interaction "gender * number of patient handling activities" was 

significantt (PICP, p=0.05; CTx, p<0.01; ratio PICP/CTx, p<0.01), indicating effect 

modificationn of gender. When corrected for these interaction effects, the regression 

coefficientss for patient handling in the models of PICP and CTx and the PICP/CTx 

ratioo were significant (PICP, p=0.05; CTx, p<0.01; ratio PICP/CTx, p<0.01). For PICP 

andd CTx the coefficient was negative, whereas for the PICP/CTx ratio a positive 

coefficientt was found. 

Discussion n 

Inn this longitudinal study, serum concentrations of biomarkers of type I collagen 

metabolismm were found to be different in subjects exposed to occupational physical 

backk load when compared to non-exposed subjects. Monthly repeated measures in 

healthyy young student nurses, exposed to physical back load for a period of six 

monthss showed lower serum concentrations of the marker of type I collagen 

anabolismm (PICP) when compared to the reference group. The concentrations of the 

markerr of catabolism (CTx) also tended to be lower, but this difference was not 

statisticallyy significant. The PICP/CTx ratio on the other hand was significantly 

higherr in the exposed subjects. Thus, in the six-month exposure period, type I 

collagenn metabolism was more anabolic in the exposed group. Within the exposed 

group,, longitudinal analyses on associations between biomarkers during the work-

placementt period and number of patient handling activities on a working day 

revealedd a similar picture as the analyses on the effect of group, i.e. higher exposure 

wass associated with lower concentrations of PICP and CTx but with a higher 

PICP/CTxx ratio. 

Thee longitudinal design of this study with monthly repeated measurements 

enabledd analysis of the temporal trend of biomarkers. Biological variation of the 

biomarkerss is considerable. In the statistical analyses adjustments were made for the 
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baselinee values of the biomarkers. Despite considerable intra- and interindividual 

variability,, serial comparison of values in exposed and reference subjects indicated 

thatt the effects of exposure exceeded the normal biological variability. As the 

referencee group had no occupational exposure, there was a considerable contrast in 

exposuree to physical back load between the two groups of student nurses. Nursing 

workk is known to be physically demanding, especially patient handling tasks have 

beenn characterized as hazardous with respect to low back disorders.12-13-17 The 

rationalee for the choice of student nurses as the study population was the relative 

lackk of occupational load history. Furthermore, the population consisted of young, 

healthyy subjects, limiting the confounding effects of degenerative connective tissue 

disorders. . 

Consideringg the fact that the longitudinal design and the selection of the study 

populationn confined the effects of potential confounders, the conclusion that the 

differencess in biomarker concentrations can be ascribed to the effects of physical load 

iss a plausible one. In healthy connective tissues, the cells respond to mechanical load 

byy increased synthesis of collagen. This adaptive remodeling serves to strengthen the 

tissuee to withstand higher forces.2 Unfortunately, assessment of collagen metabolites 

inn serum entails non-specificity, rendering discernment of the relative contributions 

off  connective tissues at specific sites in the human body difficult . However, by 

excludingg other factors affecting the biomarker concentrations a relative specificity 

forr relevant structures in the back could be obtained. The workplace observations in 

thiss study provided only crude exposure measures, but from biomechanical studies it 

iss known that in patient handling activities especially the spinal structures are 

subjectedd to high compression and shear forces.17 Experiments on cadaver spines and 

animall  studies showed that exposure to these forces was associated with increased 

collagenn synthesis in intervertebral discs.8-9'10. Most studies focussed on intervertebral 

discss since matrix changes and structural damage to this tissue are considered main 

featuress in the association between load and back disorders. However, adaptive 

remodelingg responses also occur in other spinal structures, as has been illustrated by 

thee finding of dense vertebrae in weight lifters, and osteophytes around the margins 

off  vertebral bodies in people involved in heavy manual labor.1 

Thiss study was not able to show a temporal correlation between exposure and 

effect.. Changes in exposure were assessed crudely, but the fact that the exposed 

groupp was unexposed at the start of the study, and spent a lot of time observing 
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seniorr nurses during the first months suggests of the study period, suggest an 

increasee in exposure during the first months which stabilized in the third month. 

However,, in the reference as well as the exposed groups, the biomarker 

concentrationss did not change significantly in time during the study period. PICP 

wass an exception, as the time course was significantly different between the groups, 

butt when the time course of PICP was analyzed separately for each group the 

changess in time were not significant in either group. Blood concentrations of type I 

collagenn metabolic markers most probably reflect the actual status of type I collagen 

metabolism.155 With respect to the time frame, it has been shown that in response to a 

singlee bout of strenuous exercise (i.e. running a marathon), type I collagen synthesis 

increased,, reaching a peak after three days and returning to baseline values five days 

afterr the run.14 The current study was not designed to assess the possible effects of 

acutee changes in physical load on collagen metabolism. The purpose of the monthly 

repeatedd measures of the biomarkers was to provide information on changes in the 

statee of the tissues. The state of the tissue and the level of adaptation determines the 

responsee in collagen metabolism. Degradation mainly occurs when load exceeds the 

strengthh of the tissue.15 The serum concentrations in the student nurses suggested 

thatt the level of back load did not cause enhanced degradation in the six-month 

studyy period, but merely yielded adaptive remodeling of the tissues. It would be 

interestingg to assess follow-up measures for several years in high-risk occupations to 

investigatee the long-term effects of back load. Also comparison of the responses in 

newlyy exposed workers and workers that have been exposed for years may provide 

usefull  information on the tissue responses to back load. 

However,, for the biomarkers of collagen type I metabolism to be useful in 

identifyingg relevant load parameters and assessing biologically effective doses, 

furtherr validation studies are needed. Most important aspects to be considered are 

tissuee specificity and individual dose-response relationships. Hence, we suggest that 

futuree studies should combine biomarkers of collagen synthesis and degradation 

withh imaging studies on molecular changes in specified tissues on the one hand, and 

withh biomechanical models estimating forces on the spinal structures on the other. 

Conclusions Conclusions 

Biomarkerss to monitor type I collagen metabolism were explored as potential 

instrumentss to assess the biological response to physical back load. Monthly 
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measurementss of serum concentrations of these biomarkers during a six-month 

periodd of exposure to patient handling showed relatively enhanced net synthesis of 

typee I collagen in exposed subjects when compared to non-exposed subjects. On a 

groupp level, these results indicate that this combination of biomarkers can provide a 

measuree of the response to physical back load. 
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Abstract Abstract 

Objectives.. To explore whether serum concentrations of the carboxyterminal propeptide of 

typee I collagen (PICP) and the carboxyterminal telopeptide region of type I collagen (CTx) as 

biomarkerss of the metabolic condition of spinal tissues are associated with spinal shrinkage 

ass a measure of mechanical capacity. 

Design.. Association of biomarker concentrations in blood and spinal shrinkage in healthy 

youngg nurses. 

Background.. PICP and CTx - i.e. biomarkers of type I collagen metabolism - may be 

consideredd potential instruments to assess the biochemical condition of spinal tissues and 

alterationss thereof in response to physical load. Associations of the serum concentrations of 

thee biomarkers with spinal shrinkage as a measure of mechanical properties of spinal tissues 

providess information on the validity of the biomarkers. 

Methods.. PICP and CTx concentrations have been monitored during a period of six months 

inn 25 young nurses. Spinal shrinkage was assessed on a representative working day and 

relatedd to shrinkage on a rest day. 

Results.. Larger relative spinal shrinkage was associated with a lower rate of collagen 

turnoverr and a higher relative synthesis. 

Conclusions.. These results suggest that viscoelastic deformation and water loss of the 

motionn segment in response to physical loading is larger in subjects with lower, but more 

anabolic,, type I collagen turnover. 

SubmittedSubmitted as: Kuiper ]I,  Van Diem JH, Everts V, Verbeek JHAM, Frings-Dresen MHW. 
AssociationsAssociations between serum markers of collagen metabolism and spinal shrinkage. 
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Introductio n n 

Physicall  loading of the spine is considered one of the major risk factors for low back 

disorders.. However, despite extensive research, evidence on causal relations remains 

inconclusivee due to the lack of knowledge as to the biological relevance of different 

loadingg parameters and the large variability between individuals. As indicators of 

processess at tissue or molecular level, biomarkers of collagen metabolism may 

improvee the understanding of the pathomechanisms and provide an objective 

measuree of exposure effects that is specific to the individual. Together with water 

andd proteoglycans, collagens are the main constituents of the extracellular matrix of 

connectivee tissues, such as the vertebral bodies, apophyseal joints, ligaments, and the 

intervertebrall  disc. Collagens provide the tissue with tensile strength. A dynamic 

balancee of synthesis and degradation determines the concentration of matrix 

components,, which is a prerequisite for maintaining the adequate biomechanical 

propertiess of the tissue (resilience and deformation response to compressive load).1 

Inn response to physical loading alterations in matrix metabolism occur, increased 

synthesiss and greater collagen concentrations and decrease in proteoglycans were 

reportedd in intervertebral discs exposed to heavy physical load.2 

Serumm concentrations of the carboxyterminal propeptide of type I collagen 

(PICP)) and the carboxyterminal telopeptide region of type I collagen (CTx) are 

validatedd biomarkers of synthesis and breakdown of type I collagen,4 the major 

collagenn type in tissues that are subjected to tension and compression like tendon, 

bonee and the annulus fibrosus of intervertebral discs. Combined assessment of these 

biomarkerss provides an estimation of collagen metabolism, indicative of the 

conditionn of connective tissues and the response to physical loading. They are 

consideredd potential instruments to assess the effects of physical back load on 

structuress in the back, for instance by comparing collagen turnover rates between 

exposedd and non-exposed people, or by monitoring changes in the turnover rate in 

musculoskeletall  tissues. 

Ann indication of the validity of these biomarkers, is the association with a 

relatedd measure. As an indicator of the effects of compression forces on the spinal 

segments,66 spinal shrinkage is such a related measure. Spinal shrinkage reflects 

heightt loss of the motion segment, caused by fluid loss and elastic deformation. 

Spinall  shrinkage depends on the exposure to compression forces on the one hand, 
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andd on mechanical properties of the tissue on the other. As indicated above, the latter 

iss dependent on the concentration of the matrix components in the tissue. 

Thee aim of the present study is to explore the association between serum 

concentrationss of PICP and CTx as indicators of the metabolic condition of 

connectivee tissues and spinal shrinkage as a measure of mechanical capacity. 

Methods s 

Inn this study, 25 student nurses (three males and 22 females; average age 22 yr (sd 2 

yr),, average height 1.73 m (sd 0.07 m), average weight 66 kg (sd 8 kg)) participated 

duringg a six-month work placement period at the end of their vocational training. Al l 

participantss signed an informed consent. The study was approved by the Ethics 

Committeee of the Academic Medical Center / University of Amsterdam, The 

Netherlands. . 

Forr each participant, exposure to physical back load was estimated by 

observationss of the number of patient handling activities during a representative day 

shiftt in the third or fourth month of the work placement period. The average 

frequencyy of patient handling activities (i.e. liftin g patients, moving patients around 

inn bed, transfer of patients from bed to (wheel)chair and vice versa, pushing/pulling 

wheelchairr or bed with patient) during one shift was 8 (sd 12) patient handling 

activitess per day. 

Oncee every month, starting the week before the work placement period until 

thee end of the work placement period, the participants donated a blood sample. The 

serumm concentrations of PICP were measured by the Prolagen-C sandwich ELISA 

(Metraa Biosystems, Mountain View, USA). CTx serum concentrations were analyzed 

usingg the serum CrossLaps™ One Step ELISA (OSTEOMETER, Herlev, Denmark). 

Tablee 1 shows the monthly serum concentrations of PICP and CTx and the calculated 

ratioo PICP/CTx; they were stable during the course of the study. 

Spinall  shrinkage was estimated by measuring stature loss with a stadiometer. 

Equipmentt and procedures were similar to those described in other studies.5 Stature 

wass measured immediately before and after the day shift during which exposure to 

patientt handling activities was assessed. Average shrinkage was 8.6 mm (sd 3.8). To 

isolatee the effect of the workload, shrinkage measured on the working day was 
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calculatedd with respect to shrinkage on a rest-day. This corrected shrinkage was on 

averagee 2.4 mm (sd 4.5 mm). 

Tablee 1. Monthly serum concentrations of PICP and CTx and the ratio PICP/CTx (n=25). 

serumm PICP (ng.ml1) serum CTx (ng.mF) Ratio PICP/CTx 

mean n 

0.37 7 

0.33 3 

0.39 9 

0.32 2 

0.36 6 

0.35 5 

0.36 6 

(sd) ) 

(0.15) ) 

(0.16) ) 

(0.19) ) 

(0.17) ) 

(0.14) ) 

(0.19) ) 

(0.20) ) 

mean n 

389.3 3 

439.0 439.0 

359.6 6 

436.6 6 

390.4 4 

462.8 8 

449.6 6 

(sd) ) 

(161.3) ) 

(195.3) ) 

(158.0) ) 

(189.0) ) 

(139.9) ) 

(248.9) ) 

(241.4) ) 

baseline e 

monthh 1 

monthh 2 

monthh 3 

monthh 4 

monthh 5 

monthh 6 

mean n 

129.2 2 

121.7 7 

117.0 0 

121.0 0 

127.6 6 

129.5 5 

130.1 1 

(sd) ) 

(37.3) ) 

(27.5) ) 

(26.5) ) 

(35.1) ) 

(38.7) ) 

(44.3) ) 

(40.4) ) 

Too analyze the associations between serum concentrations of PICP, CTx and the ratio 

PICP/CTxx on the one hand and spinal shrinkage as measure of tissue capacity on the 

otherr separate linear generalized estimating equations (GEE) analyses3 were 

performedd for each of the three biomarker parameters. In these analyses, the 

biomarkerr values during the work placement period were the time-dependent 

outcomee variables, and shrinkage was the time-independent determinant. Frequency 

off  patient handling was entered into the statistical model to correct for the effect of 

backk load. Corrections were made for time, baseline serum concentrations of the 

biomarker,, gender, and body mass index. The interaction of "shrinkage * gender" 

wass examined; if not significant, the interaction term was removed from the 

statisticall  model. 

Thee Statistical Package for Interactive Data Analysis (SPIDA. version 6.05) was 

usedd for the GEE analyses. 

Results s 

Tablee 2 presents the results of the separate GEE analyses on the associations between 

thee biomarker parameters and spinal shrinkage. Spinal shrinkage was significantly 
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associatedd with PICP, CTx and the ratio PICP/CTx. The GEE-coefficients were 

negativee for PICP and CTx, while it was positive for the ratio PICP/CTx. Corrections 

weree made for effect modification of gender in the PICP and CTx statistical models. 

Inn the model of the ratio PICP/CTx the interaction term of gender and shrinkage was 

nott statistically significant, and thus removed from the model. 

Tablee 2. Regression coefficients and 95% CI of each of the GEE analyses regarding the 

associationsassociations of the serum concentrations of PICP, CTx and the PICP/CTx ratio during the 

six-monthsix-month work placement period with spinal shrinkage (n=25). 

PICP P 

CTx x 

PICP/CTxx rati o 

P P 
-15.4 4 

-0.1 1 

9.2* * 

Spinall  shrinkage 

95%% CI 

-21.33 to -9.6 

-0.11 to -0.0 

3.99 to 14.6 

V V 

<0.01 1 

<0.01 1 

<0.01 1 

**  not corrected for interaction with gender 

Discussion n 

Thesee results indicate that larger spinal shrinkage is associated with a lower rate of 

collagenn turnover and a higher relative synthesis. Both the biomarkers and the spinal 

shrinkagee depend on exposure to physical load and on the condition of the tissue. 

Exposuree to back load differed between the subjects in this study. Therefore, as a 

measuree of exposure to physical load, the frequency of patient handling was 

includedd in the analyses on the association between the biomarkers and shrinkage to 

isolatee the effect of tissue capacity. In the literature, findings on associations between 

(agee related) disc degeneration or increased collagen concentrations and shrinkage 

aree inconsistent. It has been suggested that in degenerated discs relative fluid loss is 

smalll  but creep rate is fast.7 Unfortunately, in the present study shrinkage was only 

measuredd at the end of the working day, so that information on the creep rate was 

nott available. The study population was homogeneous with respect to age, and 

becausee they were in their early twenties the existence of age-related degeneration is 
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unlikely.. There were, however, considerable inter-individual variations in biomarker 

concentrationss and spinal shrinkage. It is conceivable that these differences reflect 

individuall  susceptibility, and it would be interesting to determine in prospective 

studiess the predictive value of biomarkers with respect to changes in spinal 

shrinkagee and other measures of tissue properties. In the present study, the inverse 

associationn of the rate of collagen type I turnover and spinal shrinkage suggest that 

thee mechanical properties of the motion segment in subjects with higher, but less 

anabolic,, type I collagen turnover are less favorable with respect to deformation in 

responsee to compressive load. 

Althoughh shrinkage mainly refers to the intervertebral discs, the biomarkers of 

typee I collagen reflect metabolic changes in all connective tissues, and particularly 

thosee that are subjected to tension and compression like tendon, bone and the 

annuluss fibrosus of intervertebral discs. Therefore, changes in the biomarker 

concentrationss are not specifically associated with tissue changes in intervertebral 

discss only. However, in line with the demonstration of the role of genetic factors in 

predispositionn to spine degeneration,8 the general rate of collagen turnover may 

providee information on a persons susceptibility to degenerative disorders. 

Basedd on the overall results of this exploratory study, it is hypothesized that 

lowerr turnover, but higher relative synthesis, of type I collagen is related to larger 

viscoelasticc deformation and fluid loss in the tissues in the motion segment. 

Prolongedd follow up of these subjects could provide valuable information as to 

whetherr this collagen turnover is predictive for degenerative changes in the motion 

segment. . 
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Introductio n n 

Manyy epidemiological studies have been performed on the relation between manual 

materialss handling and the occurrence of back disorders. As concluded from the 

systematicc review of these studies (Chapter 2), epidemiological evidence for manual 

materialss handling as a risk factor for back disorders is present, but is largely based 

onn studies with methodological shortcomings. Most studies lacked adequate 

exposuree assessment, and methods to determine back disorders were mostly based 

onn self-reports of symptoms, with large diversity in definition of symptom as well as 

durationn and intensity. These conclusions underline the need for biomarkers which, 

ass indicators of biological responses to back load, can help to define and evaluate 

relevantt exposure and outcome parameters. 

Inn this thesis, a start was made to explore the feasibility of biomarkers in 

epidemiologicall  research on associations between physical back load and back 

disorders.. Evidence that quantitative changes in serum concentrations of selected 

extracellularr matrix components reflect changes in the rate of connective tissue 

metabolismm was derived from the literature. To explore the validity of the selected 

componentss as biomarkers of biochemical and structural changes associated with 

backk load studies were conducted to investigate whether structural damage and 

exposuree to back load induce the release of significant amounts of the matrix 

componentss from the tissue into the serum. Furthermore, associations between the 

biomarkerss and biomechanical properties of the spinal tissues were explored. 

Inn this chapter, the rationale for the focus on markers of matrix metabolism 

wil ll  be discussed. Next, the selection of the potential biomarkers, their characteristics 

andd the results of the validation studies wil l be evaluated. Finally, conclusions wil l be 

drawnn and suggestions for future research wil l be made. 

Biomarker s s 

Rationale Rationale 

Thee theoretical and experimental rationale for the selection of biomarkers of matrix 

metabolismm was supported by the results of clinical, observational, cadaver and 

animall  studies. These studies indicated that exposure to heavy physical work causes 
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strainn responses in intervertebral discs and other spinal structures is characterized by-

changess in extracellular matrix metabolism.1'21214-21 These changes have been 

associatedd with degeneration of these structures,4'6'10'11-15'1819 which may play a role in 

occurrencee or aggravation of back disorders. However, it should be noted that there 

weree studies that reported littl e or no association between exposure to physical load 

andd disc degeneration.517-24 It has been suggested that occupational exposure to 

physicall  back load only explains a minor proportion of individual variation in disc 

degeneration,, and that familial influences are also important.31 Furthermore, 

evidencee of a causal relationship between disc degeneration and low back pain is not 

conclusive.300 On the one hand, this means that the theoretical rationale for the 

decisionn to focus on markers of matrix metabolism is partly based on inconclusive 

evidence.. On the other hand, these uncertainties about the intermediate steps 

betweenn back load and back disorders were the original impulse to consider the use 

off  biomarkers to assess the effects of back load at tissue level. 

Inn conclusion, despite some inevitable gaps in knowledge, the theoretical 

foundationn was based on the available evidence and was considered to provide a 

goodd starting point for the selection and evaluation of potential biomarkers. 

KeratanKeratan Sulfate (KS) 

SelectionSelection of serum KS. KS was firstly selected because it was considered one of the few 

markerss that could be relatively specific for degeneration in intervertebral discs. The 

literaturee reported successful applications of serum KS as a marker of pathological 

breakdownn of articular cartilage in osteoarthritis patients, artificially induced 

degradationn of intervertebral disc tissue as well as physical loading of articular 

cartilagee (Chapter 3). Most of these studies assessed serum concentrations of KS 

usingg an enzyme-linked immunosorbent assay (ELISA) based on a method 

developedd and described by Thonar and colleagues.26 This ELISA was also used in 

thiss thesis. Although well-described and validated, the assay turned out not to be 

easilyy applicable in a routine laboratory. The antibodies used in this assay were not 

commerciallyy available, and only in close cooperation with a technician specially 

trainedd in the laboratory of Thonar in Chicago and after repeated communications 

withh experts from this laboratory, the assay could be performed. These practical 
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complicationss are considerable drawbacks with respect to the practical applicability 

off  serum KS as a potential biomarker in epidemiological research. 

CharacteristicsCharacteristics of serum KS. Time to appearance of KS in blood is not completely 

known.. However, based on the literature (Chapter 3) it was hypothesized that the 

timeframee for KS to appear in blood would be hours to days. It has been stated that 

thee normal biological variation in serum KS concentrations between subjects is 

considerable,, whereas the serum concentrations are very constant within subjects.7 

Thiss implies that under normal circumstances a single measure of serum KS can 

providee a reliable estimate of a person's serum concentration, and that serial 

measurementss may provide a sensitive marker of alterations in proteoglycan 

metabolism. . 

Thee KS epitope in serum is not denatured by repeated freezing and thawing 

andd is stable at room temperature for several days.25 With respect to analytical 

variation,, a certain magnitude of inter- and intra-analytical imprecision is inevitable 

inn ELISAs, variations of 5-9% are not unusual. Despite careful execution of the KS 

ELISAss in this thesis, the coefficients of variation turned out to be 13% for intra-assay 

variabilityy and 14% for inter-assay variability. Although the effects of these 

variabilitiess were reduced by analyzing each sample in duplicate, with all samples of 

eachh subject analyzed in the same batch, this measurement imprecision reduces the 

abilityy to detect differences. 

SerumSerum KS: association with back load 

Serumm KS was explored in one experimental study. Strong aspects of the study 

designn were: 1) the cross-over design eliminating the effect of expected large inter-

individuall  variation in serum KS concentrations, 2) the repeated measures of the 

serumm concentrations in a time frame accurate enough to allow monitoring of 

individuall  alterations, 3) the control for potentially confounding effects of age and 

genderr by restriction of the study population, and 4) the laboratory setting allowing 

detailedd assessment of the magnitude of the back load and resulting in minimal inter-

individuall  variations in external exposure. However, the study was designed under 

thee assumptions that 1) serum KS concentrations respond rapidly to metabolic 

changess in intervertebral discs and 2) short-term exposure to physical loading 

inducess such metabolic changes. Afterwards, based on the study results, - e.g. no 
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detectablee changes in serum KS - it is believed that the latter assumption was 

debatable.. The magnitude of the exposure to physical back load resembled the 

maximumm allowable load during one working day according to guidelines for the 

Dutchh construction industry. Contrary to the effect of artificially induced or 

degenerativee cartilage disorders, this short-term exposure did not induce metabolic 

orr structural changes large enough to cause detectable alterations in serum KS. It is 

possiblee that exposure to much higher loading of the back would cause detectable 

changes.. However, because of ethical reasons this cannot be investigated in humans. 

Inn conclusion, although this experiment did not provide definite proof of the 

inabilityy of serum KS to reflect effects of physical back load, taking the considerations 

discussedd above into account, together with the absence of commercially available 

routinee assays and the decreasing interest in serum KS as a biomarker of cartilage 

degenerationn in recent years, it was decided not to further explore serum KS as a 

potentiall  biomarker. 

PICPPICP and CTx 

SelectionSelection of PICP and CTx. The unsuccessful experience with serum KS led to slightly 

alteredd considerations when selecting markers of type I collagen synthesis and 

degradationn as potential biomarkers for further exploration in this thesis. Because 

identificationn of serum markers specific for intervertebral disc degeneration was 

consideredd impossible, emphasis was shifted to evidence in the literature of the 

sensitivityy for alterations in connective tissue metabolism induced by physical 

loading,, and availability and validity of assays applicable under routine laboratory 

conditions.. Markers of type I collagen metabolism can be used to monitor metabolic 

alterationss of many different tissues. Therefore, an adequate study design is of great 

importancee to be able to obtain relative site-specificity for these markers. In this 

thesis,, connective tissue pathologies were restricted as much as possible by means of 

selectionn of the subjects. Furthermore, it was strived for to investigate situations in 

whichh back loading was the most prominent exposure. In other words, construction 

workerss and nurses were selected as research groups because these occupations are 

characterizedd by high exposure to back loading and high risk for back disorders. The 

factt that these occupations are also characterized by physical loading of the whole 

bodyy compromises the relative specificity. However, nowadays there are hardly any 
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occupationss in which solely the structures in the back are exposed to physical 

loading. . 

Unfortunately,, interpretation of alterations in serum concentrations of markers 

off  collagen synthesis and degradation is hampered due to the difficulty to identify 

whetherr increased collagen synthesis is a favorable response, strengthening the 

tissuee to meet the increased physical demands and repair micro-damage that may 

havee occurred, or an undesirable change compromising the mechanical properties of 

thee tissue.21 

CharacteristicsCharacteristics ofPICP and CTx. Concentrations of PICP and CTx are thought to reflect 

thee actual status of type I collagen metabolism. With respect to the time frame, it has 

beenn shown that in response to a single bout of strenuous exercise (i.e. running a 

marathon),, type I collagen synthesis increased immediately, serum concentrations 

reachedd a peak after three days and returned to baseline values five days after the 

run.16 6 

Biologicall  variability of PICP and CTx is considerable. However, the 

magnitudee of this variability and the factors contributing to it are not completely 

known.. Because recent studies indicated that diurnal rhythmicity, dietary factors and 

menstruall  cycle may influence serum concentrations,3'832 in this thesis, time of 

collectingg blood was standardized as much as possible. Unfortunately, aspects such 

ass menstrual cycle and diet were not systematically controlled for. This may have 

beenn responsible for the unexplained variability of the biomarkers. The magnitude of 

thiss effect on the results is difficult to estimate. 

PICPP and CTx have been reported to be stable upon storage and repeated 

freezingg and thawing.22-23 Average analytical variability of the analyses described in 

thiss thesis was acceptable: for PICP the inter-assay variation was 9% and intra-assay 

variationn 4%, and for CTx the inter-assay variation was 11% and intra-assay variation 

5%.. To avoid confusion as to whether differences in analysis are responsible for 

observedd effects, samples from exposed and non-exposed subjects were analyzed 

simultaneously.. Moreover, when repeated samples of a subject were analyzed, all 

sampless of each subject were analyzed in the same run. 
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PICPPICP and CTx: associations with tissue damage 

Althoughh type I collagen is a major component of the annulus fibrosus of 

intervertebrall  discs, and biomarkers of type I collagen were selected as biologically 

relevantt with respect to tissue changes in the back, there was no evidence in the 

literaturee that serum concentrations of PICP and CTx reflect biochemical alterations 

causedd by structural damage in intervertebral discs in humans. Monitoring of serum 

PICPP and CTx following lumbar discectomy provided a unique opportunity to 

exploree this aspect of sensitivity of these potential biomarkers. The population 

consistedd of females and males of varying ages, however the potentially confounding 

effectss of age, sex and body mass index were accounted for in the statistical analysis. 

Drop-outt of study participants was considerable but not systematic, and mainly 

causedd by practical problems. Furthermore, in the GEE-analyses used to analyze the 

data,, all available data could be taken into account. Data for a person are included in 

thee statistical model whether or not that person has missing data at other times. The 

resultss suggest that a repair response of connective tissues following structural 

damagee to the annulus fibrosus and surrounding tissues is detectable by alterations 

inn serum concentrations of PICP and CTx. Unfortunately, the fact that there was no 

referencee group makes it impossible to discern the possible influences of increased 

physicall  activity following a period of inactivity prior to surgery from the healing of 

surgicallyy induced damage. 

PICPPICP and CTx: associations with occupational back load 

Twoo different studies were conducted to explore the effects of occupational back load 

onn serum concentrations of PICP and CTx. Firstly, the effect of long-term 

occupationall  exposure to heavy physical back load was investigated in a cross-

sectionall  study. The relatively simple design allowed comparison of serum 

concentrationss in two groups of considerable size. The groups were homogenous 

withh respect to age and gender, whereas contrast in (past) occupational exposure was 

large.. Exposure information was only based on job-title and self-reports, but because 

off  the large contrast in exposure between the selected occupational groups, 

misclassificationn of exposure was not considered an issue. Despite considerable inter-

individuall  variation in exposure within the groups, significant differences could be 

detectedd in serum concentrations of PICP and CTx between the two groups. Thus, 

thiss study showed that serum PICP and CTx can reflect differences in exposure to 
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physicall  back load on a group level in age and gender matched groups with large 

contrastt in exposure. Because of the cross-sectional design of this study, it is however 

nott possible to separate the effects of recent exposure from the cumulative effects of 

pastt exposure. 

Therefore,, secondly, a longitudinal study was conducted, with monthly 

repeatedd measures of serum PICP and CTx. This design enabled assessment of 

temporall  correlations between exposure and effect, and allowed correction for 

normall  biological variability within individuals over time. Because the subjects, 

youngg student nurses, were first-time exposed for a longer period of time, 

monitoringg of both recent and cumulative effects of back load was possible. Exposure 

too physical back load was assessed by direct observations, which is considered to 

providee fairly accurate exposure estimates,27 albeit only at the level of activities. In 

general,, the physical workload was not very high, when compared to registered 

nursess in the same wards. Within the exposed group, considerable differences in 

exposuree to patient handling activities existed. Serum concentrations of PICP and 

CTxx did not fluctuate significantly during the six-month exposure period, suggesting 

thatt there was no cumulative effect of back load. During the entire study-period, 

however,, serum concentrations were shown to differ significantly from the reference 

group.. Also, within the exposed group exposure to patient handling was 

significantlyy associated with serum concentrations of PICP and CTx. Thus, this study 

didd not provide significant temporal correlations between exposure and effect, but it 

showedd again that these serum markers were able to reflect differences in exposure 

betweenn contrasting groups as well as varying levels of exposure between 

individualss within the occupation. It can be hypothesized that no cumulative effect 

off  loading was detected because this, not exceptionally high, level of loading caused 

metabolicc changes in young, newly exposed healthy people, that were reversible 

withinn a short period of time. Considering the fact that another study showed serum 

concentrationss to rise shortly after intense physical loading, to peak after three days 

andd to return to baseline levels within five days,16 it would require more frequent, for 

instancee daily, assessment of the biomarkers to be able to monitor temporal 

correlationss between exposure and effect. Furthermore, interpretation of the 

associationss between biomarkers and back load in this study is difficult. The 

suppressedd collagen turnover in higher exposed subjects is contrary to the 

hypothesiss that exposure to physical load enhances collagen metabolism. Therefore, 
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furtherr exploration of these exposure - biomarker associations is needed, for instance 

withh different levels of exposure and longer follow-up. 

PICPPICP and CTx: associations with mechanical properties of spinal tissues 

Too improve interpretation of the biological relevance of serum PICP and CTx, the 

associationn between these biomarkers and spinal shrinkage, as a measure of 

mechanicall  capacity of the motion segment, was explored. Because there is evidence 

thatt tissue concentration of the matrix components is associated with mechanical 

propertiess and thus spinal shrinkage,28 shrinkage is considered a valuable estimate 

forr tissue composition of the motion segment. In the study, time frame of the two 

measuress was different; shrinkage was assessed on one working day during the 

exposuree period, whereas the biomarker concentrations during the whole exposure 

periodd were used as a measure of collagen metabolism. Since the biomarkers did not 

changee during that period, it was assumed that collagen metabolism was fairly stable 

andd biomarker concentrations were thus representative of the metabolic state of the 

tissuess at any time in the study period. The significant associations that were found 

betweenn the biomarkers and spinal shrinkage suggest that serum concentrations of 

PICPP and CTx may provide relevant information with respect to tissue composition 

off  the motion segment. However, the magnitude of the associations was small (see 

Tablee 2, Chapter 9) and interpretation remains speculative. Nonetheless, it would be 

interestingg to further explore the associations found in this study, for instance by 

studyingg a more varied population with respect to (age-related) degeneration of 

intervertebrall  discs. Furthermore, since the rate of deformation of the motion 

segmentt has been suggested to be more informative on the mechanical characteristics 

off  the tissues than just the magnitude of the shrinkage,29 relations between 

biomarkerss and the rate of deformation of the motion segment may provide 

additionall  information. 

SummarySummary of the results of the different studies 

InIn summary, the results of the studies in this thesis (Table 1) showed that short-term 

exposuree to back load did not cause acute tissue changes detectable by altered serum 

concentrationss of KS. There was consistent evidence that both structural damage to 

intervertebrall  discs (and surrounding tissues), and exposure to back load elicited 

changess in type I collagen turnover that were detectable by shifts in serum 

concentrationss of PICP and CTx, and/or in the ratio PICP/CTx. Interpretation of 
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alteredd type I collagen turnover remains speculative. Increased collagen synthesis 

followingg structural damage most likely reflected a repair response. Higher synthesis 

togetherr with higher degradation {balanced as indicated by the PICP/CTx ratio) in 

thee long-term exposed males in the cross-sectional study may have reflected 

increasedd collagen type I turnover rate caused by recent exposure, but it is believed 

too have reflected higher collagen type I concentrations in the connective tissue caused 

byy adaptation to years of loading. In the student nurses without history of 

occupationall  back loading, six months exposure did not seem to have a cumulative 

effectt on collagen metabolism. 

Tablee 1. Summary of the results of the validation studies. 

Aspect Aspect KS S PICP P 
ratio o 

CTxx PICP/CT 

Responsee short term back load: 
*-repeated*-repeated measures following lifting task in laboratory ND ND ND ND ND ND 

Responsee tissue damage: 
^-repeated^-repeated measures following lumbar disc surgery ND ND 

Effectt long-term back load (C-S): 

*-constructionn workers vs sedentary workers ND ND 

Effectt recent and cumulative back load (L): 
^-monthly^-monthly measures during exposure period nurses ND ND 

 measures exposed nurses vs reference group ND I 

*montly*montly measures exposed nurses, 

increaseincrease exposure to patient handling ND ND 

Associationn mechanical capacity tissues: 
^repeated^repeated measures exposed nurses, 

increaseincrease spinal shrinkage ND ND 

C-SC-S = cross-sectional, L = longitudinal, ND = not determined 
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Contraryy to the theory that exposure to load induces increased collagen synthesis, 

recentt exposure to back load was associated with suppression of turnover rate. 

Althoughh speculative, in combination with the associations with spinal shrinkage 

assessedd in these subjects, this may be interpreted as being a sign of unfavorable 

conditionn of spinal tissues with respect to mechanical capacity. 

Conclusions s 

Inn this thesis a first step was made to identify and validate potential biomarkers to 

supplementt traditional methods in epidemiological research on occupational back 

loadd as risk factor for back disorders. No valid serum markers specific for the effects 

off  physical load on the spinal structures are available. Therefore, validated assays for 

markerss of components that are important constituents of, but not specific for, spinal 

tissuess are considered most promising. Serum markers of type I collagen metabolism, 

PICPP and CTx have been selected as valid and relevant potential biomarkers for back 

load. . 

Fromm the exploratory studies in this thesis, it can be concluded that structural 

damagee to the annulus fibrosus of an intervertebral disc and surrounding tissues as 

welll  as various levels of exposure to physical back load are associated with 

significantt changes in serum concentrations of these biomarkers. Based on the 

biomarkerr values, differences in exposure to occupational back load, on group as 

welll  as individual level, could be discriminated. 

Despitee these positive results, current knowledge is still insufficient to be able 

too use PICP and CTx as practically applicable instruments to evaluate the risk of back 

loadd or identify individuals at risk in epidemiological studies or occupational health 

practice.. One of the major obstacles to practical implementation is the weak 

validationn of the biological relevance: interpretation of altered serum concentrations 

withh respect to relevant tissue changes is still speculative. There is not yet a gold 

standardd by which to evaluate (alterations) in serum markers. Another problem for 

practicall  use is the large unexplained variation between individuals. 

Nevertheless,, these results may provide a productive starting point for further 

research.. Recent studies reported on increased knowledge and the development of 

moree sophisticated assays for assessment of bone and cartilage metabolism.9'20'29'33 
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Thiss enhances the possibilities of obtaining tissue specific information. In 

combinationn with assays for proteoglycan components and/or type II collagen 

metabolites,, PICP and CTx may provide a more complete picture of the tissue 

responsess to physical back load. 

Too improve the foundation of the biological relevance, future studies should 

combinee measurement of biomarkers with different assessment methods of tissue 

composition,, such as MRI, in combination with adequate information on exposure. 

Longg term follow-up studies or case-referent studies are needed to investigate 

whetherr serum concentrations are predictive of development of back disorders. If 

thiss is validated, biomarkers could ultimately prove useful for identification of 

individualss at risk. There is growing evidence for involvement of genetic factors in 

susceptibilityy for degenerative musculoskeletal disorders. Biomarkers may identify 

individualss with (genetically determined) aberrant collagen turnover or response to 

physicall  loading. Therefore, it may be worthwhile to further explore them as markers 

off  susceptibility. 

Too be able to use biomarkers for the evaluation of loading conditions, 

assessmentt of quantitative relationships between exposure and biomarkers is 

needed.. This requires further exploration of the relationships reported in this thesis, 

forr instance by combining more detailed (biomechanical) exposure information with 

seriall  measures of the biomarkers. 

Inn conclusion, the results of this thesis give rise to the expectation that eventually 

biomarkerss wil l contribute to the unraveling of the relationship between 

occupationall  back load and back disorders. It is recommended to continue research 

inn this important area, for which this thesis provided a kick off. 
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Summary y 

Physicall  loading of the spine is considered one of the major risk factors for back 

disorders.. However, despite extensive research efforts, evidence on causal relations 

remainss inconclusive due to the lack of knowledge on the biological relevance of 

differentt loading parameters and the large variability in susceptibility between 

individuals.. For a better understanding of the pathomechanisms of back disorders, 

andd a definition of adequate parameters of exposure and effect, knowledge of the 

effectss of load at tissue level is essential. As indicators of processes at a molecular 

level,, biomarkers may provide an objective, quantitative measure of the response of 

thee structures in the back to physical load. Such biomarkers are not available yet. 

Degenerationn of intervertebral discs is considered a key feature in the 

associationn between exposure to physical load and the occurrence of back disorders 

Thiss degeneration is caused by a disturbance of extracellular matrix metabolism in 

thee tissue of the intervertebral discs. As a result of research on biomarkers of similar 

processes,, e.g. degeneration in connective tissues like bone and cartilage, several 

biomarkerss have been developed for assessment of extracellular matrix metabolism. 

Thiss thesis describes the selection of potential biomarkers and the exploration of their 

feasibilityy and validity to assess the effects of back load at tissue level. 

Chapterr 2 presents a systematic evaluation of epidemiological evidence on the 

associationn between occupational exposure to manual materials handling (lifting, 

carrying,, pushing and pulling) and the occurrence of back disorders. From the 

availablee literature, twenty-five publications that provided quantitative data on 

associationss between manual materials handling and back disorders were selected. 

Studyy findings were evaluated on the basis of strength of association, consistency in 

findingss and dose-response relations. The methodological quality of each study was 

assessedd to consider the relative value of the findings. It was concluded that 

epidemiologicall  evidence for manual materials handling as a risk factor for back 

disorderss is present, but largely based on studies with methodological shortcomings. 

Mostt studies lacked adequate exposure assessment, and methods to determine back 

disorderss were mostly based on self-reports of symptoms, with large diversity in 

definitionn of symptom as well as duration, and intensity. 

Chapterr 3 reviews the literature on serum keratan sulfate (KS) concentrations 

inn relation to degenerative changes in cartilaginous tissues. As in articular cartilage, 
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degenerationn of intervertebral discs is characterized by changes in metabolism of 

proteoglycanss and collagens, the major constituents of the extracellular matrix. It was 

hypothesizedd that the serum concentration of KS, a constituent of proteoglycans, 

mayy provide a marker of degenerative changes in intervertebral discs. A number of 

studiess reported KS in serum to be related to degeneration of articular cartilage in 

osteoarthritiss patients. Furthermore, massive and rapid degradation of intervertebral 

discss was found to result in a rise in serum KS concentration. Effects of physical 

loadingg of intervertebral discs on serum KS were not investigated at the time. 

Nonetheless,, it was concluded that quantification of KS in serum offered a promising 

measuree for the biological effects of physical loading of the spine. 

Chapterr  4 describes the laboratory experiments that were conducted to 

exploree the acute responses of serum KS to exposure to heavy back load. Thirty-two 

healthyy young male volunteers participated in two conditions. The experimental 

conditionn consisted of a manual liftin g task with an exposure to back load equivalent 

too the maximum acceptable exposure during one working day in the Dutch 

constructionn industry. The reference condition consisted of lying on the back for 

eightt hours. Serum KS concentrations were measured immediately before and after 

bothh experimental conditions, as well as 24 hours and one week later. Serum KS 

concentrationss did not change, not after exposure to physical back load nor after 

lyingg on the back. These results suggest that serum KS is not a suitable biomarker of 

thee effects of short-term physical loading of the back within the limits of acceptable 

exposure. . 

Thesee findings, together with the poor practical applicability of the assay for 

serumm KS, led to the selection of other potential biomarkers (Chapter  5). Because 

serumm markers specific for intervertebral disc degeneration were not available, 

emphasiss was shifted to evidence in the literature of the sensitivity for alterations in 

connectivee tissue metabolism induced by physical loading, and availability and 

validityy of assays applicable under routine laboratory conditions. Two biomarkers of 

typee I collagen metabolism were selected. In recent years, commercially available 

assayss to quantify serum concentrations of the carboxyterminal propeptide of type I 

collagenn (PICP) and the carboxyterminal telopeptide of type I collagen (CTx) have 

beenn developed and validated in many different settings as biomarkers of type I 

collagenn synthesis and degradation, respectively. Type I collagen is the major 

collagenn type in the human body. It is tensile in nature and is found in all connective 
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tissues,tissues, particularly in those that are subjected to tension and compression like bone, 

tendonn and the annulus fibrosus of intervertebral discs. Stimuli like altered 

mechanicall  load and structural damage have been shown to affect the rate of 

collagenn turnover, leading to alterations in concentrations of collagens in the tissue 

thatt may result in loss of matrix integrity and morphological signs of degeneration. 

Byy assessing type I collagen synthesis and degradation simultaneously, the dynamics 

off  metabolic alterations can be monitored. Because of the widespread appearance of 

typee I collagen in the human body, essentially, serum concentrations of markers of 

typee I collagen metabolism may originate from various tissues. However, assuming 

thatt collagen metabolism is not significantly altered in non-affected tissues, changes 

inn serum concentrations of these biomarkers may provide relatively site specific 

informationn when assessed in combination with appropriate exposure information. 

Differentt studies were conducted to explore the feasibility and validity of 

PICPP and CTx as biomarkers for the effects of back load at tissue level. Chapter 6 

describess a study to explore sensitivity of PICP and CTx with respect to the response 

too structural damage in intervertebral discs. The study-population consisted of 32 

malee and 35 female patients, aged between 19 and 49, who were all surgically treated 

forr lumbar disc herniation based on comparable clinical criteria. Serum 

concentrationss of PICP and CTx were assessed three times: one day before surgery, 

andd three days and six weeks thereafter. The post-surgery changes in the serum 

concentrationss of PICP and CTx indicated an increased synthesis and decreased 

breakdownn of type I collagen. These results may reflect a repair response of the 

extracellularr matrices in the annulus fibrosus and the surrounding connective tissues 

thatt were damaged during surgery. 

Too explore the effects of occupational back load on serum PICP and CTx, two 

studiess were conducted. Firstly, the effects of long-term occupational exposure were 

exploredd in a cross-sectional study (Chapter  7). Serum concentrations of PICP and 

CTxx were assessed in a group of 47 male construction workers, aged 30 - 40 years, 

whoo had been exposed to heavy manual materials handling during the preceding ten 

years,, and compared to those in an age-matched reference group consisting of 49 

malee sedentary workers. In the exposed group, serum concentrations of both PICP 

andd CTx were found to be higher than in the reference group. The ratio PICP/CTx, 

illustrativee of effective metabolic changes, did not differ between the two groups. 

Thiss indicates that a higher degradation rate in the construction workers was 
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balancedd by a higher synthesis rate of type I collagen. These results suggest increased 

typee I collagen content in the connective tissues as a result of adaptive remodeling in 

responsee to years of exposure to back load. 

Secondly,, a longitudinal study was conducted, which enabled assessment of 

temporall  correlations between exposure and effect and allowed correction for normal 

biologicall  variability within individuals (Chapter  8). Serum concentrations PICP and 

CTxx were assessed monthly in 30 student nurses, who worked as a nurse for a period 

off  six months, and compared to those in a non-exposed reference group consisting of 

300 student nurses. Based on observations at the workplace the number of patient 

handlingg activities was estimated as a measure of external exposure to back load. In 

bothh groups, the serum concentrations of PICP and CTx did not change in time 

duringg the study period, suggesting that the exposure did not have a cumulative 

effectt on collagen type I metabolism. Overall, the biomarker concentrations were 

differentt between the groups; serum PICP and CTx concentrations were lower in the 

exposedd group whereas the ratio PICP/CTx was higher. This suggests a decreased 

turnoverr rate, but relatively more anabolic metabolism of type I collagen in the 

exposedd group when compared to the reference group. Within the exposed group, 

analysiss on the associations between the biomarkers and exposure to back load 

revealedd a similar picture, i.e. higher exposure was associated with lower turnover 

rate,, but relatively higher effective type I collagen synthesis. These results suggest a 

suppressionn of collagen type I metabolism in response to back loading in young 

nurses. . 

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

thee association between these biomarkers and spinal shrinkage, as a measure of 

mechanicall  capacity of the motion segment, was explored in Chapter  9. Spinal 

shrinkage,, i.e. height loss of the motion segment caused by fluid loss and viscoelastic 

deformation,, depends on exposure to compression forces on the one hand and on 

mechanicall  properties of the tissue on the other. In the student nurses described in 

chapterr 8, spinal shrinkage was measured on a representative working day and 

correctedd for shrinkage on a rest day. This relative shrinkage was associated with 

biomarkerr concentrations as a measure of collagen metabolism during the exposure 

period.. To isolate the effect of tissue properties corrections were made for the level of 

exposure.. Larger relative spinal shrinkage was associated with lower concentrations 

off  both PICP and CTx, but with a higher ratio PICP/CTx. This may indicate that 
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serumm PICP and CTx are associated with the mechanical capacity of the motion 

segment:: subjects with lower, but relatively more anabolic, type I collagen turnover 

hadd larger viscoelastic deformation and fluid loss from the matrix. 

Thee results of this thesis were discussed in Chapter  10. It was concluded that 

thiss thesis provides evidence for the potential usefulness of PICP and CTx as 

biomarkerss of the effects of back load. However, for the biomarkers to be valid and 

practicallyy applicable, combination with other markers of matrix metabolism is 

desirablee and further validation of the biological relevance and quantification of 

exposure-responsee relations is required. 
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Samenvatting g 

Fysiekee belasting van de rug wordt beschouwd als een van de belangrijkste 

risicofactorenn voor het ontstaan van rug aandoeningen. Ondanks uitgebreid 

onderzoekk is het bewijs voor een causaal verband echter onvolledig. Dit komt omdat 

dee biologische relevantie van verschillende belastingsmaten onvoldoende bekend is. 

Tevenss zijn sommige mensen gevoeliger voor het krijgen van rugaandoeningen dan 

andere.. Om het ontstaan van rugklachten beter te kunnen begrijpen en adequate 

blootstellings-- en effectmaten te kunnen definiëren is kennis van de effecten van 

belastingg op het niveau van weefsels essentieel. Als indicatoren van moleculaire 

processenn kunnen biomarkers een objectieve, kwantificeerbare maat vormen voor de 

reactiee van de weefsels in de rug op fysieke belasting. Dergelijke biomarkers zijn nog 

niett beschikbaar. 

Degeneratiee van de tussenwervelschijven lijk t een sleutelrol te spelen in de 

relatiee tussen blootstelling aan fysieke belasting en het ontstaan van rugklachten. 

Verstoringenn van de stofwisseling van de extracellulaire matrix van het 

kraakbeenachtigee weefsel van de tussenwervelschijven liggen ten grondslag aan 

dezee degeneratie. Dankzij studies naar biomarkers voor vergelijkbare processen, 

zoalss degeneratie van botten en kraakbeen, zijn verschillende biomarkers ontwikkeld 

omm de stofwisseling van de extracellulaire matrix te kunnen meten. Dit proefschrift 

beschrijftt de selectie van potentiële biomarkers en de verkenning van hun 

geschiktheidd en validiteit voor het meten van de reactie van rugbelasting op 

weefselniveau. . 

Inn hoofdstuk 2 staat een systematische evaluatie van het epidemiologische 

bewijss voor het verband tussen beroepsmatige blootstelling aan het handmatig 

hanterenn van lasten (tillen, dragen, duwen en trekken) en het optreden van rug 

aandoeningen.. Uit de beschikbare literatuur zijn vijfentwintig publicaties 

geselecteerdd die kwantitatieve gegevens over het verband russen het handmatige 

hanterenn van lasten en rug aandoeningen presenteren. Evaluatie van 

onderzoeksresultatenn vond plaats op basis van sterkte van het verband, consistentie 

vann de gegevens en dosis-respons relaties. De methodologische kwaliteit van elk 

onderzoekk werd bepaald om de relatieve waarde van de resultaten te kunnen 

beoordelen.. De conclusie luidt dat er epidemiologisch bewijs bestaat dat het 

handmatigg hanteren van lasten een risicofactor is voor het ontstaan van rug 
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aandoeningen,, maar dit bewijs komt voornamelijk voort uit studies met 

methodologischee tekortkomingen. In de meeste studies is de blootstelling niet 

adequaatt gemeten, en is het vaststellen van rug aandoeningen voornamelijk 

gebaseerdd op zelfrapportage van symptomen, waarbij de definitie van de 

symptomenn alsmede de duur en intensiteit ervan nogal uiteen liepen. 

Hoofdstukk 3 vat de literatuur samen over de relatie tussen serum 

concentratiess van kerataan sulfaat (KS) en degeneratieve veranderingen in 

kraakbeenachtigee weefsels. Evenals bij degeneratie van gewrichtskraakbeen 

kenmerktt degeneratie van tussenwervelschijven zich door afbraak van 

proteoglycanann en collageen, de hoofdbestanddelen van de extracellulaire matrix. De 

hypothesee luidde dat de serum concentratie van KS, een component van 

proteoglycanen,, een biomarker voor degeneratieve veranderingen in 

tussenwervelschijvenn zou kunnen vormen. Een aantal onderzoeken vond bij 

ostoearthrosee patiënten een relatie tussen serum KS en degeneratie van 

gewrichtskraakbeen.. Daarnaast bleek aanzienlijke en snelle afbraak van een 

tussenwervelschijff  te leiden tot een stijging van de serum KS concentratie. De 

effectenn van fysieke belasting van tussenwervelschijven op de serum concentratie 

vann KS waren destijds nog niet onderzocht. Toch luidt de conclusie dat het 

kwantificerenn van serum KS een veelbelovende maat zou kunnen zijn voor de 

biologischee gevolgen van fysieke rugbelasting. 

Hoofdstukk 4 beschrijft de laboratorium experimenten uitgevoerd om de acute 

reactiess van serum KS op blootstelling aan zware rugbelasting te onderzoeken. 

Tweeëndertigg gezonde jonge mannelijke vrijwilliger s participeerden in twee 

condities.. De experimentele conditie was een til taak waarvan de belasting 

overeenkwamm met de maximaal aanvaardbare belasting volgens de norm in de 

bouwnijverheid.. In de controle conditie lagen de deelnemers gedurende 8 uur op de 

rug.. Serum KS concentraties werden bepaald direct voor en na beide condities 

evenalss 24 uur later en één week later. De serum KS concentraties veranderden niet, 

nochh na de tiltaak, noch na het liggen op de rug. Deze resultaten suggereren dat 

serumm KS niet geschikt is als biomarker voor de gevolgen van kortdurende 

blootstellingg aan rugbelasting binnen de grenzen van aanvaardbare blootstelling. 

Dezee bevindingen, plus het feit dat de praktische uitvoerbaarheid van de 

laboratoriumm analyse van KS te wensen over liet, leidde tot de selectie van andere 

potentiëlee biomarkers (Hoofdstuk 5). Omdat een biomarker specifiek voor 
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degeneratiee van tussenwervelschijven niet voorhanden is, is bij de selectie uit 

beschikbaree biomarkers voor bot- en kraakbeen degeneratie gekeken naar 1) bewijs 

inn de literatuur voor gevoeligheid van de marker voor effecten van fysieke belasting 

enn 2) beschikbaarheid van commercieel verkrijgbare, betrouwbare analyse methoden 

diee in een routine laboratorium kunnen worden uitgevoerd. Een tweetal biomarkers 

voorr de stofwisseling van type I collageen is geselecteerd. De afgelopen jaren zijn 

analysemethodenn ontwikkeld op de markt gekomen waarmee de serum 

concentratiess van de carboxyterminale propeptide (PICP) en de carboxyterminale 

telopeptidee van type I collageen (CTx) gemeten kunnen worden. Deze serum 

markerss voor respectievelijk type I collageen opbouw en afbraak zijn commercieel 

verkrijgbaarr en gevalideerd in uiteenlopende studies. Type I collageen is de meest 

voorkomendee collageen in het menselijk lichaam. Het is elastisch en aanwezig in alle 

bindweefsels,, maar voornamelijk in die weefsels die blootstaan aan trek- en 

compressiekrachten,, zoals botten, pezen en de anulus fibrosus van 

tussenwervelschijven.. Onder invloed van veranderingen in mechanische belasting en 

beschadigingenn van het weefsel verandert de stofwisseling van collageen. Dit kan 

leidenn tot veranderingen in de collageen gehaltes in de weefsels waardoor de 

structuurr van de extracellulaire matrix wordt verstoord en morfologische tekenen 

vann degeneratie kunnen optreden. Tegelijkertijd meten van type I collageen aanmaak 

enn afbraak geeft een indruk van veranderingen in het dynamische 

stofwisselingsproces.. Doordat type I collageen in het hele lichaam voorkomt kunnen 

dee biomarkers in het bloed afkomstig zijn uit verschillende weefsel. Het wordt echter 

aangenomenn dat de collageen stofwisseling niet beduidend zal veranderen in 

weefselss die niet blootgesteld of aangedaan zijn. Daardoor kunnen de serum 

concentratiess van deze biomarkers, als ze in combinatie met geschikte 

blootstellingsgegevenss worden gemeten, toch informatie verschaffen die relatief 

specifiekk is voor bepaalde weefsels. 

InIn verschillende studies is vervolgens de geschiktheid en validiteit van PICP 

enn CTx als biomarkers voor de effecten van rugbelasting op de weefsels in de rug 

onderzocht.. Hoofdstuk 6 beschrijft een onderzoek naar de sensitiviteit van PICP en 

CTxx voor de gevolgen van schade aan de tussenwervelschijven. De 

onderzoekspopulatiee bestond uit 32 mannen en 35 vrouwen in de leeftijd van 19 tot 

499 jaar, die allen operatief behandeld werden voor een lumbale hernia nucleus 

pulposus.. Serum concentraties van PICP en CTx werden drie keer bepaald: een dag 
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voorr de operatie, drie dagen erna en uiteindelijk zes weken na de operatie. De 

postoperatievee veranderingen in de serum concentraties van PICP en CTx duiden op 

eenn toegenomen aanmaak en afgenomen afbraak van type I collageen. Deze 

resultatenn geven waarschijnlijk de herstel reactie van de extracellulaire matrices in de 

anuluss fibrosus en de omliggende weefsels, die tijdens de operatie zijn beschadigd, 

weer. . 

Eenn tweetal studies verkende de effecten van beroepsmatige blootstelling aan 

rugbelastingg op serum PICP en CTx. Allereerst zijn de effecten van langdurige 

blootstellingg onderzocht in een transversaal onderzoek (Hoofdstuk 7). Serum 

concentratiess van PICP en CTx zijn bepaald bij een groep van 47 mannelijke 

bouwvakkerss in de leeftijd van 30 tot 40 jaar, die gedurende de voorafgaande tien 

jaarr blootgesteld zijn aan het handmatig hanteren van zware lasten. Ter vergelijking 

zijnn de serum concentraties bepaald in een groep van 49 mannen in dezelfde 

leeftijdsgroep,, maar met een zittend beroep. In de blootgestelde groep waren de 

serumm concentraties van PICP en CTx hoger dan die in de referentiegroep. De ratio 

vann PICP/CTx, die de effectieve metabole veranderingen weergeeft, verschilde niet 

tussenn de twee groepen. Dit laatste duidt op compensatie van de grotere afbraak 

doorr grotere aanmaak van type I collageen. De resultaten van deze studie suggereren 

dee aanwezigheid van hogere collageen concentraties in de bindweefsels ten gevolge 

vann aanpassing van deze weefsels aan jarenlange blootstelling aan rugbelasting. 

Tenn tweede is een longitudinaal onderzoek uitgevoerd waarin veranderingen 

inn de serum concentraties van PICP en CTx als reactie op blootstelling aan 

rugbelastingg onderzocht konden worden. Tevens maakte herhaalde metingen 

correctiee voor normale biologische variatie binnen personen mogelijk (Hoofdstuk 8). 

Serumm concentraties van PICP en CTx zijn maandelijks bepaald in een groep van 30 

verpleegkundigenn in opleiding (HBO-V studenten). Dit gebeurde tijdens een 

stageperiodee van zes maanden waarin ze volledig als verpleegkundige werkzaam 

waren.. Ter vergelijking zijn serum PICP en CTx bepaald in een groep van 30 

eerstejaarss HBO-V studenten die niet blootgesteld waren tijdens de 

onderzoeksperiode.. Op basis van werkplek observaties is het aantal activiteiten 

waarbijj  patiënten werden verplaatst bepaald om de blootstelling aan rugbelasting te 

schatten.. In beide groepen veranderde de serum concentraties van PICP en CTx niet 

inn de tijd gedurende de onderzoeksperiode, hetgeen suggereert dat de rugbelasting 

geenn cumulatief effect had op de stofwisseling van type I collageen. Over de hele 
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onderzoeksperiodee genomen waren de biomarker waarden verschillend tussen de 

beidee onderzoeksgroepen; zowel PICP als CTx concentraties in serum waren lager in 

dee blootgestelde groep, maar de ratio PICP/CTx was hoger. Dit wijst op een lagere, 

maarr relatief meer anabole, stofwisseling van type I collageen in de blootgestelde 

groep.. Analyses van het verband tussen blootstelling aan rugbelasting en de 

biomarkerr waarden binnen de blootgestelde groep gaven een vergelijkbaar beeld te 

zien:: hogere blootstelling was gerelateerd aan lagere, maar relatief meer anabole, 

stofwisselingg van type I collageen. Deze resultaten suggereren een onderdrukking 

vann de type I collageen stofwisseling onder invloed van rugbelasting bij jonge 

verpleegkundigen. . 

Omm meer inzicht te krijgen in de biologische relevantie van serum PICP en 

CTxx beschrijft hoofdstuk 9 de relatie tussen deze biomarkers en krimp van de 

wervelkolom,, als maat voor het mechanisch gedrag het wervelsegment onder 

invloedd van belasting. Krimp van de wervelkolom, dat wil zeggen hoogteafname van 

hett wervelsegment veroorzaakt door verlies aan water en viscoelastische 

vervorming,, hangt enerzijds af van de uitgeoefende compressiekrachten en 

anderzijdss van de mechanische eigenschappen van het weefsel. Bij de blootgestelde 

HBO-VV studenten beschreven in hoofdstuk 8 is krimp van de wervelkolom tijdens 

eenn werkdag gemeten, en gecorrigeerd voor de krimp gemeten tijdens een rustdag. 

Dee verkregen relatieve krimp werd gerelateerd aan de biomarker concentraties 

tijdenss de blootstellingsperiode. Om naar het effect van weefseleigenschappen te 

kunnenn kijken vond hierbij correctie voor de mate van blootstelling aan rugbelasting 

plaats.. Grotere relatieve krimp van de wervelkolom bleek gerelateerd aan lagere 

serumm concentraties van zowel PICP als CTx, maar aan een hogere PICP/CTx ratio. 

Ditt zou een aanwijzing kunnen zijn dat serum PICP en CTx gerelateerd zijn aan de 

mechanischee eigenschappen van het wervelsegment: lagere, maar relatief meer 

anabole,, type I collageen stofwisseling zou samen hangen met grotere viscoelastische 

vervormingg en verlies aan water uit de matrix. 

Hoofdstukk 10 bediscussieert de resultaten van dit proefschrift. De conclusie 

luidtt dat de resultaten bewijs leveren voor de potentiële bruikbaarheid van PICP en 

CTxx als biomarkers voor de gevolgen van rugbelasting. Echter, een combinatie met 

anderee markers van de stofwisseling van de extracellulaire matrix zou wenselijk zijn 

enn tevens is verdere validering van de biologische relevantie en het vaststellen van 

blootstelling-biomarkerr relaties een vereiste. 
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Dankwoord d 

Bloed,, zweet en tranen heeft de totstandkoming van dit proefschrift gekost. Klinkt 

dramatisch,, maar ze hebben voornamelijk bij anderen gevloeid. Daarom een 

dankwoord. . 

Omm maar meteen met de tranen te beginnen; oké er waren momenten dat ik het 

evenn niet meer zo leuk vond, maar ik kreeg zoveel steun van begeleiders, collega's, 

vriendenn en familie dat er uiteindelijk bijna geen tranen aan te pas hoefden te komen. 

Achteraff  gezien was het vooral leuk en spannend om dit onderzoek te doen. 

Moniquee en Jos kwamen met een 'wild' plan, en met de scriptie van Arnoud als basis 

benn ik begonnen aan de laboratorium experimenten. Wie had destijds gedacht dat dit 

tott een promotie zou leiden? Monique en Jos, als promotor en co-promotor vormden 

julli ee een mooi koppel: als het nodig was waren julli e altijd beschikbaar voor 

ruggespraakk en praktische ondersteuning, en hoewel ik aanvankelijk wat moeite had 

mett julli e soms uiteenlopende meningen bleek dat uiteindelijk juist een positieve 

uitwerkingg te hebben. Het was voor julli e ook een nieuw en onbekend onderwerp, 

maarr volgens mij hebben we er samen een mooi project van weten te maken. Dit was 

echterr niet gelukt zonder Vincent, die julli e met zijn heel andere, vaak verfrissende 

kijkk op de dingen kwam versterken toen het echt een serieus project bleek te worden. 

Vincent,, bedankt dat je altijd beschikbaar was en me met je realistische, maar 

opbouwendee commentaar steeds weer op weg hielp. Het team werd uiteindelijk 

compleett doordat Jan er bij kwam (voorgegaan door Rob Herber). Jan, jouw hulp bij 

dee selectie van de laboratorium analyses en de kwaliteitsbeoordeling daarvan heb ik 

zeerr gewaardeerd, evenals talloze inconsequenties en taalfouten die je aan het eind 

nogg uit mijn stukken hebt gehaald. Bedankt! 

Naastt een goede begeleidingscommissie waren het de leuke collega's van het 

Coronell  die ervoor zorgden dat ik met plezier kon werken. Bart, je zei altijd dat je 

eenn doos tissues klaar had staan, maar je humor en regelmatig terugkerende 

vertolkingenn van 'de vlieger' maakten dat die tissues helemaal niet nodig waren. Ik 

wass een beetje verdrietig dat je wegging voordat we het project 'juut naar het spui' 

haddenn afgerond, maar dat er meer leuke kamergenoten kunnen zijn bewees Eline. 

Inn de laatste stressvolle maanden wist Eline precies op de juiste momenten de druk 

vann de ketel te halen door me te verwennen met een echte cappuccino (weer eens 

watt anders dan de vieze koeken van Bart) of mee te nemen om even te gaan 'roken'. 
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Zonderr de anderen te kort te doen wil ik met name nog Marco bedanken voor alle 

praktischee hulp en feedback over ingewikkelde problemen en Paul voor de altijd 

positievee opmerkingen als ik langs zijn kamer liep. 

Dann het zweet. Er zijn veel mensen te bedanken die zich voor mij in het zweet 

hebbenn gewerkt. Tijdens mijn zwangerschapverlof heeft Marlies Witjes het 

onderzoekk draaiende gehouden en met veel verve nieuwe proefpersonen en 

geworven.. En ook daarna heeft zij, evenals Tineke Piersma, Jorrit Jansen en Jitske 

Groothausenn een belangrijke bijdrage geleverd aan het verrichten van de metingen 

voorr het longitudinale onderzoek. Zonder hun hulp was ik vast overspannen 

geworden.. Een essentiële bijdrage aan het onderzoek is geleverd door de mensen die 

dee laboratorium analyses uitvoerden. Mij n dank aan met name Sijmen Kuiper, maar 

ookk Suzan van Damme, Florentine Calkoen en Nadira Mohammadi is groot. Zeker 

niett onbelangrijk hierbij was de hulp die we bij het uitvoeren van de analyses kregen 

vann Ton Schoenmaker en Ineke Jansen van de afdeling Celbiologie en Histologie en 

Margrett de Koning van het Jan van Breemen Instituut. 

Omm de verschillende deelonderzoeken te kunnen uitvoeren kreeg ik gelukkig 

dee medewerking van een groot aantal mensen van verschillende organisaties. 

Dankzijj  Rob van Acker was het mogelijk het onderzoek bij herniapatiënten uit te 

voerenn in het St. Lucas-Andreas Ziekenhuis. Het 'zware' werk, d.w.z. het werven van 

proefpersonenn en regelen van de praktische uitvoering van het onderzoek werd daar 

gedaann door de arts-assistenten Nina Klemetso en Sohil Puramat. Daarnaast hebben 

ookk mensen van het klinisch laboratorium en het pathologisch laboratorium van het 

St.. Lucas-Andreas Ziekenhuis hun medewerking verleend aan het verzamelen en 

opslaann van de monsters. Het werven van deelnemers aan het transversale 

onderzoekk ging moeizaam. Dat het uiteindelijk gelukt is, is mede te danken aan de 

inzett van de medisch-assistenten en bedrijfsartsen van de Arbo-Unie Amsterdam en 

KLMM Arboservices en van de medewerkers van de NSOH in Amsterdam. Bij het 

opzettenn van het longitudinale onderzoek was de belangstelling en medewerking 

vann de docenten en stagecoördinatoren van de afdeling Verpleegkunde van de 

Hogeschooll  van Amsterdam onontbeerlijk. Niet alleen hen ben ik dank verschuldigd 

maarr ook de verpleegafdelingen in het AMC, het VUmc, het Kennemer Gasthuis in 

Haarlemm en het Gemini Ziekenhuis in Den Helder voor hun gastvrijheid. 

Tenslottee het bloed. Het klinkt cliché, maar zonder alle proefpersonen die 

bereidd waren bloed te laten prikken was dit onderzoek niet mogelijk geweest. Naast 
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dee proefpersonen van het tilexperiment, de herniapatiënten en de deelnemers aan 

hett transversale onderzoek ben ik vooral veel dank verschuldigd aan de HBO-V 

studentenn van het longitudinale onderzoek. Zij kwamen elke maand trouw om bloed 

tee laten prikken en daarnaast werden ze ook nog met allerlei andere metingen lastig 

gevallen.. Voordat ik mijn angst voor bloed had overwonnen en zelf leerde prikken 

warenn er gelukkig Hans Dujour (t), en Anneke van Schijndel, die zelfs met 

gevoellozee vingers nog de meest verborgen aders pijnloos wist te prikken. 

All  dat bloed van proefpersonen heeft uiteraard in de afgelopen jaren een grote 

roll  in mijn leven gespeeld, maar het kan natuurlijk niet op tegen mijn eigen 

bloedje(s).. Lieve kleine Sacha, ondanks dat je 's ochtends altijd zei:"mamma ga je 

biomarkersbiomarkers werken?" en 's avonds:"mamma heb je biomarkers werkt?", zorgde je ervoor 

datt ik het onderzoek meteen van me af kon zetten als ik thuis kwam. Je bent de 

allerliefste.. Tenslotte, lieve Allard, zonder jouw inhoudelijke bijdrage, emotionele 

steunn en liefde was dit boekje er misschien niet eens gekomen, was ik wellicht niet 

eenss AiO geworden en was ik zeker niet zo gelukkig geweest. 
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STELLINGEN N 

behorendee bij het proefschrift 

"Biomarkers"Biomarkers of back load: an exploratory study" van Judith Kuiper 

1.. Onderzoek naar biomarkers voor de effecten van rugbelasting: "Je moet 

schieten,, anders kun je niet scoren." (dit proefschrift & Johan Cruijjf) 

2.. Collageen-metabolieten in het bloed zijn biomarkers voor de effecten van 

fysiekee belasting op het bewegingsapparaat, (dit proefschrift) 

3.. Biomarkers die niet specifiek zijn voor structuren in de rug kunnen in 

combinatiee met relevante blootstellings- en uitkomstmaten toch bijdragen aan 

hett vergroten van kennis over de relatie tussen fysieke belasting en 

rugklachten,, (dit proefschrift) 

4.. Begrip van ontstaansmechanismen is onontbeerlijk om te kunnen verklaren 

waaromm de ene persoon wel en de andere geen rugklachten krijgt. 

5.. Of biomarkers toegepast gaan worden in onderzoek naar de effecten van 

fysiekee belasting in het werk is afhankelijk van zowel ontwikkelingen in de 

laboratoriumtechnologiee als van de bereidheid van onderzoekers en 

subsidiegeverss tot het multidisciplinair aanpakken en ondersteunen van 

onderzoekk op dit terrein. 

6.. De grote belangstelling voor biomarkers voor dopinggebruik in de topsport en 

dee geringe belangstelling voor biomarkers voor rugbelasting in het werk staat 

niett in verhouding tot de maatschappelijke en economische belangen van beide. 

7.. "You got to be very careful if you don't know where you're going, because you 

mightt not get there." (Lawrence P. 'Yogi' Berra, Amerikaans honkballer) 

8.. Het afronden van een proefschrift is vergelijkbaar met het bevallen van een 

kind;; aanvankelijk ben je alleen maar opgelucht dat het harde werken voorbij is, 

dee vreugde om het 'kind' komt pas later. 

9.. Liefde op het werk is positief gecorreleerd met liefde voor het werk. 
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