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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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Introduction 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. 

Materialss 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). . 

ta a 

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. 

References s 

1.. Ahlgren BD, LUI W, Herkowitz H, et al. Effect of anular repair on the healing 

strengthh of the intervertebral disc. A sheep model. Spine 2000;25:2165-70. 

2.. Annertz M, Jonsson B, Stromqvist B, et al. Serial MRI in the early postoperative 

periodd after lumbar discectomy. Neuroradiol 1995;37:177-82. 

3.. Deyo RA. Comparative validity of the sickness impact profile and shorter scales 

forr functional assessment in low-back pain. Spine 1986;11:951-54. 

4.. Dina T, Boden SD, Davis D. Lumbar spine after surgery for herniated disk: 

imagingg findings in the early postoperative period. A J R 1995;164:665-71. 

5.. Fiore CE, Pennisi P, Ciffo F, et al. Immobilization-dependent bone collagen 

breakdownn appears to increase with time: evidence for a lack of new bone 

equilibriumm in response to reduced load during prolonged bed rest. Horm 

Metabb Res 1999;31:31-6. 

6.. Hakala M, Aman S, Luukkainen R, et al. Application of markers of collagen 

metabolismm in serum and synovial fluid for assessment of disease process in 

patientss with rheumatoid arthritis. Ann Rheum Dis 1995;54:886-90. 

105 5 



ChapterChapter 6 

7.7. Hupli M, Hurri H, Luoto S, et al. Low synthesis rate of type I procollagen is 

normalizedd during active back rehabilitation. Spine 1997;22:850-54. 

8.. Jensen LT, Host NB. Collagen: scaffold for repair or execution. Cardiovasc Res 

1997;33:535-39. . 

9.. Junge A, Frohlich M, Ahrens S, et al. Predictors of bad and good outcome of 

lumbarr spine surgery. A prospective clinical study with 2 years' follow up. 

Spinee 1996;21:1056-64. 

10.. Kaapa E, Holm S, Han X, et al. Collagens in the injured porcine intervertebral 

disc.. J Orthop Res 1994;12:93-102,. 

11.. Kaapa E, Zhang LQ, Muona P, et al. Expression of type I, III,  and VI collagen 

mRNAss in experimentally injured porcine intervertebral disc. Connect Tissue 

Ress 1994;30:203-14. 

12.. Kurdy N, Bowles S, Marsh D, et al. Serology of collagen types I and III in 

normall  healing of tibial shaft fractures. J Orthop Trauma 1998;13:122-6. 

13.. Price D, McGrath P, Buckingham B. The validation of visual analogue scales as 

ratioo scale at the lumbar spine measures for chronic and experimental pain. Pain 

1983;17:45-56. . 

14.. Roland M, Morris R. A study of the natural causes of back pain. Part 1: 

Developmentt of a reliable and sensitive measure of disability in low-back pain. 

Spinee 1983;8:141-4. 

15.. Rosenquist C, Fledelius C, Christgau S, et al. Serum CrossLaps One Step ELISA. 

Firstt application of monoclonal antibodies for measurement in serum of bone-

relatedd degradation products from C-terminal telopeptides of type I collagen. 

Clinn Chem 1998;44:2281-9. 

16.. Tarlton JF, Bailey AJ, Crawford E, et al. Prognostic value of markers of collagen 

remodelingg in venous ulcers. Wound Rep Reg 1999;7:347-55. 

17.. Thorsen K, Kristoffersson A, Hultdin J, et al. Effects of moderate endurance 

exercisee on calcium, parathyroid hormone, and markers of bone metabolism in 

youngg women. Calcif Tissue Int 1997;60:16-20. 

18.. Toftgaard Jensen T, Overgaard S, Thomsen N, et al. Postoperative computed 

tomographyy three months after lumbar disc surgery. A prospective single-blind 

study.. Spine 1991;16:620-2. 

106 6 



PICPPICP & CTx fallowing lumbar disc surgery 

19.. Twisk J. Different statistical models to analyze epidemiological observational 

longitudinall  data: an example from the Amsterdam Growth and Health Study. 

Intt J Sports Med 1997;18:S216-24. 

20.. Van Goethem J, Van de Kelft E, Biltjes I, et al. MRI after succeful lumbar 

discectomy.. Neuroradiol 1996;38:S90-6. 

21.. Yoshimura N, Hashimoto T, Sakata K, et al. Biochemical markers of bone 

turnoverr and bone loss and femoral neck: the Taiji study. Calcif Tissue Int 

1999;65:198-202. . 

107 7 



108 8 


