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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 

61 1 



ChapterChapter 3 

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. 

References s 

1.. Block J A, Schnitzer TJ, Andersson GBJ, Lenz ME, Jeff ery R, McNeill TW, Thonar 

EJ-MA.. The effect of chemonucleolysis on serum keratan sulfate levels in 

humans.. Arthriti s Rheum 1989;32:100-4. 

2.. Boos N, Boesch C. Quantitative magnetic resonance imaging of the lumbar 

spine.. Potential for investigations of water content and biochemical 

composition.. Spine 1995;20:2358-65. 

3.. Boos N, Wallin A, Aebi M, Boesch C. A new magnetic resonance imaging 

analysiss method for the measurement of disc height variations. Spine 

1996;21:563-70. . 

4.. Buckwalter J A. Aging and degeneration of the human intervertebral disc. Spine 

1995;; 20:1307-14. 

5.. Campion GV, McCrea F, Schnitzer TJ, Lenz ME, Dieppe PA, Thonar, EJ-MA. 

Levelss of keratan sulfate in the serum and synovial fluid of patients with 

osteoarthritiss of the knee. Arthritis Rheum 1991;34:1254-59. 

6.. Caterson B. Immunological aspects of markers of joint disease. J Rheumatol 

1991;(suppl.. 27)18:19-23. 

7.. Grandjean P. Biomarkers in epidemiology. Clin Chem 1995;41:1800-3. 

8.. Hascall VC, Giant TT. Proteoglycan epitopes as potential markers of normal 

andd pathologic cartilage metabolism (editorial) Arthriti s Rheum 1987;30:586-8. 

62 2 



LiteratureLiterature study keratan sulfate 

9.. Hazell PK, Dent C, Fairclough JA, Bayliss MT, Hardingham TE. Changes in 

glycosaminoglycann epitope levels in knee joint fluid following injury. Arthritis 

Rheumm 1995;38:953-9. 

10.. Hildebrandt VH. Back pain in the working population: prevalence rates in 

Dutchh trades and professions. Ergonomics 1995;38;1283-98. 

11.. Hulka BS, Wilcosky T. Biological markers in epidemiologic research. Arch 

Environn Health 1988;43:83-9. 

12.. Jayson MIV . Mechanisms underlying chronic back pain. BMJ 1994;309:681-2. 

13.. Kitano T, Zerwekh JE, Usui Y, Edwards ML, Flicker PL, Mooney, V. 

Biochemicall  changes associated with the symptomatic human intervertebral 

disc.. Clin Orthop 1993;293:372-7. 

14.. Lane NE, Buckwalter JA. Exercise: A cause of osteoarthritis? In: R Moskowitz, 

ed.. Rheumatic disease clinics of North America. Philadelphia: WB Saunders 

Co.,, 1993:617-33. 

15.. Liu J, Roughley PJ, Mort JS. Identification of human intervertebral disc 

stromelysinn and its involvement in matrix degradation. J Orthop Res 1991;9:568-

75. . 

16.. Lyons G, Eisenstein SM, Sweet MBE. Biochemical changes in intervertebral disc 

degeneration.. Biochim Biophys Acta 1981;673:443-53. 

17.. Manicourt D-H, Fujimoto N, Obata K, Thonar, EJ-MA. Serum levels of 

collagenasee stromelysin-1 and TIMP-1. Arthriti s Rheum 1994;37:1774-83. 

18.. Mastin JP, Henningsen GM, Fine LJ. Use of biomarkers of occupational 

musculoskeletall  disorders in epidemiology and laboratory animal model 

development.. Scan J Work Environ Health 1992;18(suppl 2):85-7. 

19.. Mehraban F, Finegan CK, Moskowitz, RW. Serum keratan sulfate. Quantitative 

andd qualitative comparisons in inflammatory versus noninflammatory 

arthritides.. Arthriti s Rheum 1991;34:383-92. 

20.. Meller HJ, Larsen FS, Ingemann-Hansen T, Poulsen JH. ELISA for the core 

proteinn of the cartilage large aggregating proteoglycan, aggrecan: comparison 

withh the concentrations of immunogenic keratan sulphate in synovial fluid, 

serumm and urine. Clin Chim Acta 1994;225:43-55. 

21.. Muralikuttan KP, Adair IV, Roberts G, Kernohan WG, Trimble ER, Molland 

RAB.. Serum keratan sulphate level following chemonucleolysis. Spine 

1991;16:1078-80. . 

22.. Nachemson AL. The lumbar spine. An orthopedic challenge. Spine 1976;1:59-71. 

63 3 



ChapterChapter 3 

23.. Natarayan RN, Ke JH, Andersson GBJ. A model to study the disc degeneration 

process.. Spine 1994;19:259-65. 

24.. National Research Council. Biological markers in environmental health 

research.. Environ Health Perspect. 1987;74:1-191. 

25.. Oegema TR. Biochemistry of the intervertebral disc. Clin sports med 

1993;123:419-39. . 

26.. Oegema TR, Bradford S. The inter-relationship of facet joint osteoarthritis and 

degenerativee disc disease. Br J Rheumatol 1991;30(suppl l):16-20. 

27.. Osti OL, Fracs D, Cullum DE. Occupational low back pain and intervertebral 

discc degeneration: epidemiology imaging and pathology. Clin J Pain 

1994;10:331-4. . 

28.. Osti OL, Vernon-Roberts B, Moore R, Fraser RD. Annular tears and disc 

degenerationn in the lumbar spine. A post-mortem study of 135 discs. J Bone 

Jointt Surg 1992;74-B:678-82. 

29.. Pearce RH, Grimmer BJ. Target tissue model: The proteoglycans and 

degenerationn of the human intervertebral disc. J Rheumatol 1983;10(suppl 

11):108-10. . 

30.. Pearce RH, Grimmer BJ, Adams ME. Degeneration and the chemical 

compositionn of the human lumbar intervertebral disc. J Orthop Res 1987;5:196-

205. . 

31.. Poole AR, Ionescu M, Swan A, Dieppe PA. Changes in cartilage metabolism in 

arthritiss are reflected by altered serum and synovial fluid of the cartilage 

proteoglycann aggregan. Implications for pathogenesis. J Clin Invest 1994;94:25-

33. . 

32.. Ratcliffe A, Grelsamer RP, Kiernan H, Saed-Nejad F, Visco D. High levels of 

aggrecann aggregate components are present in synovial fluids from human 

kneee joints with chronic injury or osteoarthrosis. Acta Orthop Scand 

1995;66(suppll  266):lll-5. 

33.. Riihimaki H. Low-back pain its origin and risk indicators. Scand J Work 

Environn Health 1991;17:81-90. 

34.. Riihimaki H. Hands up or back to work - future challenges in epidemiologic 

researchh on musculoskeletal diseases. Scand J Work Environ Health 

1995;21:401-3. . 

64 4 



LiteratureLiterature study keratan sulfate 

35.. Roberts S, Menage J, Urban JPG. Biochemical and structural properties of the 

cartilagee endplate and its relation to the intervertebral disc. Spine 1989;14:166-

74. . 

36.. Roos H, Dahlberg L, Hoerrner LA, Lark MW, Thonar EJ-MA, Shinmeis M, 

Lindqvistt U, Lohmander, LS. Markers of cartilage matrix metabolism in human 

jointt fluid and serum: the effect of exercise. Osteoarthritis Cart 1995;3:7-14. 

37.. Schulte P. A conceptual framework for the validation and use of biologic 

markers.. Environ Res. 1989;48:129-44. 

38.. Schulte P. Biomarkers in epidemiology: Scientific issues and ethical 

implications.. Environ Health Persp 1992;98:143-7. 

39.. Sharif M, George E, Stepstone L, Knudson W, Thonar EJ-MA, Cushnaghan J, 

Dieppee P. Serum hyaluronic acid level as a predictor of disease progression in 

osteoarthritiss of the knee. Arthriti s Rheum 1995;38:760-7. 

40.. Spector TD, Woodward L, Hall GM, Hammond A, Williams A, Butler MG, 

Jamess IT, Hart DJ, Thompson PW, Scott, DL. Keratan sulphate in rheumatoid 

arthritis,, osteoarthritis, and inflammatory diseases. Ann Rheum Dis 

1992;51:1134-7. . 

41.. Stevens RL, Ewins RJF, Reveil PA, Muir H. Proteoglycans of the intervertebral 

disc.. Biochem J 1979;179:561-72. 

42.. Stuhlsatz HW. Proteoglycans of the intervertebral disc and cartilage. J Clin 

Chemm Clin Biochem 1986;24:927-8. 

43.. Sweet MBE, Coelho A, Schnitzler CM, Schnitzer TJ, Lenz ME, Jakim I, Kuettner 

KE,, Thonar EJ-MA. Serum keratan sulfate levels in osteoarthritis patients. 

Arthriti ss Rheum 1988;31:648-52. 

44.. Sweet MBE, Jakim I, Coelho A, Becker PJ, Thonar EJ-MA. Serum keratan sulfate 

levelss during prolonged rest. S Afr Med J 1990;78:629-630. 

45.. Sweet MBE, Jakim I, Coelho A, Becker PJ, Thonar EJ-MA. Serum keratan sulfate 

levelss in marathon runners. Int J Sports Med 1992;13:348-50. 

46.. Thonar EJ-MA, Giant T. Serum keratan sulfate - A marker of predisposition to 

polyarticularr osteoarthritis. Clin Biochem 1992;25:175-80. 

47.. Thonar EJ-MA, Lenz ME, Klintworth GK, Caterson B, Pachman LM, Glickman 

P,, Katz R, Huff J, Kuettner KE. Quantification of keratan sulfate in blood as a 

markerr of cartilage catabolism. Arthriti s Rheum 1985;28:1367-76. 

65 5 



ChapterChapter 3 

48.. Thonar EJ-MA, Manicourt M, Williams J, Lenz ME, Sweet MBE, Schnitzer TJ, 

Ottenn L, Giant T, Kuettner KE. Circulating keratan sulfate: A marker of cartilage 

proteoglycann catabolism in osteoarthritis. J Rheumatol 1991;18 (suppl 27):24-6. 

49.. Thonar EJ-MA, Masuda K, Hauselmann HJ, Uebelhart D, Lenz ME Manicourt, 

DH.. Keratan sulfate in body fluids in joint disease. Acta Orthop Scand 

1995;66(suppll  266):103-6. 

50.. Thonar EJ-MA, Masuda K, Lenz ME, Hauselman HJ, Kuettner KE, Manicourt 

DH.. Serum markers of systemic disease processes in osteoarthritis. J Rheumatol 

1995;22(suppl.43)68-70. . 

51.. Thonar EJ-MA, Shinmei M, Lohmander LS. Body fluid markers of cartilage 

changess in osteoarthritis. In: R Moskowitz, ed. Rheumatic disease clinics of 

Northh America. Philadelphia: WB Saunders Co., 1993:635-58. 

52.. Urban JP. The chondrocyte: a cell under pressure. Brit J Rheumatol 1994;33:90-

1-8. . 

53.. Yoganandan N, Larson SJ, Pintar FA, Gallagher M, Reinartz J, Droese K. 

Intervertebrall  pressure changes caused by spinal microtrauma. Neurosurgery 

1994;35:415-21. . 

54.. Yoganandan N, Maiman DJ, Pintar F, Ray G, Myuklebust JB, Sances A, Larson 

SJ.. Microtrauma in the lumbar spine: a cause of low back pain. Neurosurgery 

1988;23:162-8 8 

66 6 


