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Assessmentt of short-term loading of the back: 
iss serum keratan sulfate an appropriate biomarker? 
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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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KSKS and back load: laboratory experiments 

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. 

400 0 

350 0 

CC 300 

£ £ 

II 250 

200 0 

150 0 

 Lifting 

 Lying 

tOO t l t3 3 

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). 

100 0 

3 3 

O O 

Backk pain Generall  health 

l ^ l H H 
 Lifting 

nn Lying 

tOO t2 t3 tOO t2 t3 3 

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 liftin g 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 liftin g 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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