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To date, the use of biomarkers for assessing individual 
severity of osteoarthritis (OA) is limited, and the 
correlation of histological scores with biomarkers for 
individual animals in the destabilization of the medial 
meniscus (DMM) model of OA has not been well 
investigated. Accordingly, this study investigated how 
well representative biomarkers in the DMM model 
reflected specific changes in individual animals.
Rats were randomly divided into the OA group 
and the sham group. OA model was established 
by destabilization of the medial meniscus (DMM). 
After 2,4,6,8,10 and 12 weeks (n=14, each week), the 
concentrations of CTXII, COMP, C2C, and OC in 
serum were measured, and cartilage degeneration, 
osteophytes, and synovial membrane inflammation, 
typical of OA, were scored using Osteoarthritis 
Research Society International (OARSI) scoring 
system. Additionally, the correlation between each 
biomarker and the specific changes in osteoarthritis 
was analyzed for individual animals using the 
Generalized Estimating Equation (GEE).
Statistical analysis showed a low correlation 
between CTXII and osteophyte score of the medial 
femur (coefficient = -0.0088, p= 0.0103), COMP and 
osteophyte score of the medial tibia (coefficient = 
-0.0911, p= 0.0003), and C2C and synovial membrane 
inflammation scores of the medial femoral (coefficient 
= 0.054, p= 0.0131). 
These results suggest that representative OA bio-
markers in individual animals in the DMM model did 
not reflect histological scores well.

Keywords : osteoarthritis ; biomarker ; destabiliza-
tion of the medial meniscus.

INTRODUCTION

According to previous studies, biomarkers 
related to osteoarthritis (OA) severity are known 
(1,2). OA severity has been confirmed by biomarkers 
and histological score measurements in various 
animal models, such as anterior cruciate ligament 
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transection (ACLT), monosodium iodoacetate 
(MIA), and meniscectomy (3,4). Usually, animals are 
grouped by weeks, and the OA severity is confirmed 
through averages or median values of groups (5). 

However, since the severity of OA within the same 
period varies by species or individual animals, the 
identification of OA severity in individual animals 
is necessary for studies of various therapeutic 
interventions (6). Previous studies of OA biomarkers 
mainly measure the histological score and 
biomarkers in grouped animal models rather than 
individually. Also, the use of biomarkers to assess 
OA severity of individual animals is limited (7).

A few studies have identified the correlation 
between representative biomarkers and histological 
scores in the OA model (8,9,10). Although there are 
several studies, such as a previous study that look 
at the correlation of biomarkers in a rabbit ACLT 
model (11), a destabilization of the medial meniscus 
(DMM) biomarker may be reflected differently. 
That is because OA types caused by the ACLT and 
DMM differ in mechanism and pathology (12,13).

Recently, among various animal models of 
osteoarthritis, the DMM model has demonstrated 
a similar mechanism as that of actual degenerative 
osteoarthritis and has been widely used as an OA 
model in mice and rats (14,15,16). However, the 
correlation between OA severity and representative 
biomarkers has not been well investigated in the 
DMM model. 

Some of the major changes that OA cause are 
cartilage degradation, osteophyte formation, and 
synovial membrane inflammation (17,18,19). But it 
is not known which biomarker is more prominent 
in the DMM model. Among the biomarkers used 
in the study of osteoarthritis are type C-telopeptide 
of type II collagen (CTX-II), cartilage oligomeric 
matrix protein (COMP), type II collagen cleavage 
product (C2C) and osteocalcin (OC) are the most 
used markers (11). According to the osteoarthritis 
and biomarker review paper (2), these biomarkers 
are the most identified biomarkers in the OA studies. 
It has been reported that there is an association 
between the serum levels of the CTXII, COMP 
and radiographic severity in the Knee OA (20,21,22). 
Serum C2C has been reported as an effective 
biomarker for the clinical development of joint 

disease in animal models (23,24) The OC is a bone 
formation indicator (25), and the OC is considered 
an indicator of bone turnover (26).

Therefore, the purpose of this study was to 
determine whether representative OA biomarkers 
measured individually in the DMM model could 
well reflect the histological score and how well 
each biomarker could reflect specific changes of the 
osteoarthritic joint in the DMM model.

MATERIALS AND METHODS

Wistar rats (12 weeks old, 350-400 g) were 
obtained from the Orient Bio Inc (Seoul, Korea). 
These animals were placed in cages with controlled 
environment (12 h of day light and 12 of darkness, an 
ambient temperature of 21°C). They were allowed 
free ad libitum access to water and a standard 
laboratory pellet diet. All studies were performed 
after obtaining approval from the Institutional 
Animal Care and Use Committee of our institution. 
(Samsung Medical Center, Seoul, Korea. Approval 
No. 20160727001). The rats were randomly divided 
into two group, the OA group and the sham group 
(84 rats per group)

An experimental OA model was created via 
DMM (14). OA was induced in the left knee joint 
of each rat. Immediately following OA induction, 
a single dose of Cefazolin was subcutaneously 
injected once to prevent joint infection. Ketoprofen 
was subcutaneously injected to minimize pain.

At two, four, six, eight, ten- and twelve weeks 
following OA induction, 1 mL of blood was drawn 
from the tail vein of each rat (n = 14, each time 
point). Blood samples were centrifuged at 1000 x g 
for 15 min at room temperature. The supernatant was 
collected, aliquoted, and stored at -80°C until use 
(< 6 months). The serum CTX-II concentrations of 
animals were measured using the rat CTX II ELISA 
Kit. (Rat CTX-II ELISA Kit, Order No. EKR1754, 
Nordic Biosite AB, Täby, Sweden). The serum 
COMP concentrations of animals were measured 
using the rat COMP ELISA Kit. (Rat COMP ELISA 
Kit, Order No. EKR924, Nordic Biosite AB, Täby, 
Sweden). The serum C2C concentrations of animals 
were measured using the rat C2C ELISA Kit. (Rat 
Collagen Type 2 Cleavage (COL-2AV) ELISA Kit, 
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Cat NO. MBS728424, MyBioSource, Inc., CA, 
USA). The serum OC concentrations of animals 
were measured using the rat OC ELISA Kit. (Rat 
Osteocalcin ELISA Kit, Cat NO. MBS728975, 
MyBioSource, Inc., CA, USA). The analyses were 
conducted based on the standard methods.

The animals were sacrificed at two, four, six, eight, 
ten- and twelve-weeks following OA induction 
(n=14 at each time point). For histological analysis, 
Safranin-O staining was performed according to the 
manuals provided by the manufacturer (Nova Ultra 
Safranin O Stain Kit, IHC World, IW-3011) (27). 
Histological OA scores were evaluated for slides 
stained with safranin-O. Using the OARSI scoring 
system, the OA severity was evaluated according 
to the cartilage degeneration score, osteophyte 
score, and synovial membrane inflammation score 
(cartilage degeneration score, 0-5 ; osteophyte 
score, 0-4 ; synovial membrane inflammation score, 
0-4) (28). All samples were evaluated independently 
by two observers who were blinded to sample 
information. Scores were evaluated twice by the 
observer at intervals of one month.

Intra-observer and Inter-observer agreements 
were investigated with ICC (Intraclass Correlation 

Coefficient) (29). ICC greater than 0.75 indicated 
a high agreement. A reproducibility analysis was 
performed for the cartilage degeneration score 
(medial tibial, medial femoral), osteophyte score 
(medial tibia, medial femur), and synovial membrane 
inflammation score (medial tibial, medial femoral).

Generalized Estimating Equation (GEE) was used 
to analyze the association of each biomarker with 
each score after adjusting for measurement time, 
measurement order, and the observer. All analyses 
were performed using SAS 9.4 (SAS Institute, 
Cary, NC, USA). Correlations of total score or each 
specific score with CTXII, COMP, C2C, and OC 
were analyzed. All tests are both checked and are 
based on a significance level of 0.05.

RESULTS

As shown in figure 1, the median CTXII con-
centration increased at four weeks as compared 
to two weeks, unchanged until eight weeks, and 
gradually increased at 10 and 12 weeks, and 
individual differences also gradually increased. 
The median COMP concentration had no change 
from two through eight weeks, increased at 10 

Figure 1. — The concentration of serum CTXII, COMP, C2C, OC in 
the DMM model at each time point. Results represents MEDIAN± IQR 
(InterQuartile Range) from 14 separate experiments performed in duplicate.
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eight weeks, and unchanged until 12 weeks. At eight 
through12 weeks, donor variation was increased 
as compared to two through six weeks (Figure 
1). Overall, the biomarkers increased over time 

weeks, and maintained at 12 weeks. The median 
C2C concentration gradually increased from two 
to 12 weeks. The median OC concentration was 
unchanged from two through six weeks, increased at 

Figure 2. — Histological score of DMM model on each time point. This is a result of analyzing 
cartilage degeneration, osteophyte formation, and synovial membrane inflammation which are 
representative changes of OA. Results represent MEDIAN± IQR (Interquartile range) from 
fourteen separate experiments performed in duplicate.
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six weeks. The total score median remained similar 
at six through 10 weeks and then decreased slightly 
at 12 weeks (Figure 2).  

There was no statistically significant change in 
the sham group for 12 weeks. (Sham group data not 
shown.)

As a result of analyzing the correlation between 
the biomarker and the total OARSI score (Table 
I, II), CTX II (coefficient = -0.1122, p value = 
0.55), COMP (coefficient = -0.3277, p value 
= 0.84), C2C (coefficient = 0.0993, p value = 
0.68), OC (coefficient = -0.0849, p value = 0.52) 
showed no statistically significant correlation. 
There were statistically significant correlations 
between CTXII and osteophyte score of the medial 
femur (coefficient = -0.0088, p = 0.01), between 
COMP and the osteophyte score of the medial tibia 
(coefficient = -0.0911, p = 0.00), and between C2C 
and synovial membrane inflammation score of the 
medial femoral (coefficient = 0.054, p = 0.01). 
However, others showed no significant correlation 
(Table II.).

DISCUSSION

Individual evaluation of OA severity using 
the concentration of biomarkers did not correlate 

after the OA induction. There was no statistically 
significant change in the sham group for 12 weeks. 
(sham group data not shown.)

The histology score was measured using the 
OARSI score system (28). The cartilage degeneration 
score of the medial tibial increased at four weeks 
as compared to two weeks and was similar until 
12 weeks. The cartilage degeneration score of the 
medial femoral increased gradually between two 
and six weeks, and at six through 10 weeks remained 
similar. The individual differences increased until 
12 weeks and was the largest at six weeks. 

The osteophyte score of the medial tibia did not 
change the median value until six weeks, increased 
gradually at 8 and 10 weeks, and the individual 
differences increased as well. 

The osteophyte score of the medial femur 
increased between two and six weeks, with no 
change until 10 weeks. It then increased at 12 weeks. 
The individual differences increased gradually. 

The synovial membrane inflammation score 
of the medial tibial and medial femoral increased 
gradually between two through six weeks, then 
decreased at six weeks and remained similar until 
12 weeks. The total score increased gradually over 
two to six weeks, with the individual differences 
also increasing, with the greatest variation being at 

ICC Strength of Agreement

>0.75 Excellent

0.75-0.4 Agreement between fair and good

<0.4 Poor

Parameter Test-retest reliability

Intra-observer Inter-observer

Cartilage Degeneration score (medial tibial) 0.99 0.96

Cartilage Degeneration score (medial femoral) 0.99 0.97

Osteophyte score (medial tibia) 0.92 0.76

Osteophyte score (medial femur) 0.89 0.58

Synovial membrane inflammation score (medial tibial) 0.91 0.79

Synovial membrane inflammation score (medial femoral) 0.91 0.86

Table I. — Reproducibility : Intraobserver, Interobserver. The reproducibility ICC values of each parameter for OARSI score were 
excellent (ICC = 0.76-0.99) except the osteophyte score (ICC = 0.58, good).



718 s.y. Choi, j. Rhim, w.-j. han, h. PaRk, j.-w. noh, j. han, C.-w. ha 

Acta Orthopædica Belgica, Vol. 87 - 4 - 2021

Pearson statistical analysis method with the results 
of this study, the total score and C2C were found 
to have a statistically significant correlation with r 
= 0.848 and p = 0.033. The CTXII and osteophyte 
score of the medial femur r = 0.950, p = 0.004, 
COMP and osteophyte score of the medial tibia r 
= 0.846 p = 0.034, COMP and osteophyte score 
of the medial femur r = 0.897 p = 0.015, C2C and 
cartilage degeneration score of the medial tibial r 
= 0.854 p = 0.030, C2C and cartilage degeneration 
score of the medial femoral r = 0.838 p = 0.037, OC 
and osteophyte score of the medial tibia r = 0.876 
p = 0.022, C2C and osteophyte score of the medial 
femur r = 0.958 p = 0.003. (Suppl Table I.)

well with the histological score. In this study, the 
histological score has special characteristics that 
require multiple corrections, such as two observers, 
two repeated measurements, and various weeks, 
so a statistical analysis was conducted with GEE 
to confirm the correlation with the biomarker. 
Usually, most of the OA studies show that the 
correlation coefficient between the average values   
of biomarkers and OA severity for each week is 
high when confirming the degree of correlation 
between biomarker and OA severity. But this can be 
confirmed by a Pearson or a Spearman Correlation 
Analysis, which does not suit the data characteristics. 
When the correlation was confirmed by using the 

Table II. — Correlation analysis between the concentration of serum CTXII, COMP, C2C and OC and histological score
(Generalized Estimating Equation (GEE))

CTXII COMP C2C OC

Total score coefficient= 
-0.1122

p value= 0.0901

coefficient = 
-0.3277 p value 

= 0.5585

coefficient= 
0.0993 

p value = 
0.5041

coefficient = 
-0.0849 p value 

= 0.2914

Cartilage Degeneration score 
(medial tibial)

coefficient = 
-0.0179

p value = 
0.5457

coefficient = 
-0.0405 p value 

= 0.8445

coefficient = 
0.0278 

p value = 
0.6781

coefficient = 
-0.0224 p value 

= 0.5179

Cartilage Degeneration score
(medial femoral)

coefficient = 
-0.0541 p value 

= 0.0857

coefficient = 
-0.1727 p value 

= 0.5022

coefficient = 
0.0156

p value = 
0.8361

coefficient = 
-0.0569 p value 

= 0.117

osteophyte score 
(medial tibia)

coefficient = 
-0.0057 p value 

= 0.2807

coefficient = 
-0.0911 p value 

= 0.0003**  

coefficient = 
-0.0081

p value = 0.555

coefficient = 
0.0047 p value 

= 0.5511

osteophyte score 
(medial Femur)

coefficient = 
-0.0088 p value 

= 0.0103*

coefficient = 
-0.0395 p value 

= 0.1901

coefficient = 
0.00 

p value = 
0.9977

coefficient = 
0.0024 

p value = 
0.6104

synovial membrane inflammation score 
(medial tibial)

coefficient = 
-0.0116 p value 

= 0.122

coefficient = 
0.0208 

p value = 
0.7267

coefficient = 
0.0099 

p value = 
0.6237

coefficient = 
0.0027 

p value = 
0.7949

synovial membrane inflammation score 
(medial femoral)

coefficient = 
-0.0141 p value 

= 0.0755

coefficient = 
0.0045 

p value = 
0.9457

coefficient = 
0.054 

p value = 
0.0131*

coefficient = 
-0.0051 p value 

= 0.5118

Coefficient= estimate value, * p-value <0.05 ** p-value <0.01
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possible issue that could arise (e.g., restriction in 
individual therapeutic intervention) (7,30).

In this study, only males were used to induce 
the DMM model. According to a previous study, in 
the cases of DMM models, there was a statistically 
significant increase in OA severity in males following 
DMM surgery, depending upon the number of 
weeks that had passed. But it was reported that 
females showed no statistically significant increase 
(31). Therefore, the purpose of this study was to 
determine the correlation between biomarkers by 
measuring the OA severity. Therefore, only used a 
male DMM model.

Synovial membrane inflammation is also one of 
the major changes in OA, and the direct biomarker 
associated with this was not measured in this study. 
Biomarkers were selected by referring to the “The 
number of publications on the individual biomarkers 
is an estimate provided by pivotal search PubMed” 
list in the OA biomarker review paper. CTX-II 
and COMP have been tested in over 50 different 
studies. OC and C2C have been tested in more 
than 20 studies. Thus, these four markers were 
selected in this study. Jung et al. have reported that 
COMP is correlated with synovium (32). COMP is 

A significant correlation between a biomarker 
and OA severity was not found due to individual 
variations of OA severity. In this study, the 
concentration of biomarkers increased with the 
number of weeks, and the variation between 
individuals is not large. In contrast, the histological 
score is not a pattern that continuously increases 
over the weeks, and individual variations increase 
weekly. Although the DMM model has the most 
similar mechanism to an actual degenerative 
osteoarthritis, Kim et al. have reported that the 
DMM model has some individual variations(16). 
Therefore, it is very important to find markers of OA 
severity that can best reflect individual variations 
in the DMM model of OA in future studies. The 
results of this study show that osteoarthritis does 
not progress consistently in the DMM model, and 
individual animals have a variation. Therefore, 
it is not appropriate to judge OA severity by the 
number of weeks. It is not appropriate to compare 
it in different individuals because those differences 
increase as the number of weeks increases. Previous 
studies have focused on the correlation between 
OA severity and biomarkers in groups. Hence, 
individual differences were not accounted for as a 

CTXII COMP C2C OC

Total score r= 0.683
p value= 0.135

r= 0.619
p value= 0.190

r= 0.848
p value= 0.033*

r= 0.606
p value= 0.202

Cartilage Degeneration score 
(medial tibial)

r= 0.687
p value= 0.132

r= 0.618
p value= 0.191

r= 0.854
p value= 0.030*

r= 0.695
p value= 0.126

Cartilage Degeneration score
(medial femoral)

r= 0.671
p value= 0.145

r= 0.598
p value= 0.210

r= 0.838
p value= 0.037*

r= 0.508
p value= 0.304

osteophyte score 
(medial tibia)

r= 0.810
p value= 0.051

r= 0.897
p value= 0.015*

r= 0.785
p value= 0.064

r= 0.876
p value= 0.022*

osteophyte score 
(medial Femur)

r= 0.950
p value= 0.004**

r= 0.846
p value= 0.034*

r= 0.958
p value= 0.003**

r= 0.700
p value= 0.122

synovial membrane inflammation score 
(medial tibial)

r= 0.499
p value= 0.341

r= 0.444
p value= 0.377

r= 0.726
p value= 0.103

r= 0.429
p value= 0.396

synovial membrane inflammation score 
(medial femoral)

r= 0.335
p value= 0.516

r= 0.242
p value= 0.645

r= 0.534
p value= 0.275

r= 0.252
p value= 0.360

Supplementary Table I. — Correlation analysis between the concentration of serum CTXII, COMP, C2C, OC and histological score 
(Pearson correlation coefficients).

r= Pearson’s r, * p-value <0.05 ** p-value <0.01



720 s.y. Choi, j. Rhim, w.-j. han, h. PaRk, j.-w. noh, j. han, C.-w. ha 

Acta Orthopædica Belgica, Vol. 87 - 4 - 2021

3. Kuyinu EL, Narayanan G, Nair LS, Laurencin CT. 
Animal models of osteoarthritis : classification, update, 
and measurement of outcomes. J Orthop Surg Res. 2016 ; 
11(1) : 1-27.

4. Watt FE. Osteoarthritis biomarkers : year in review. 
Osteoarthritis cartilage. 2018 ; 26(3) : 312-8.

5. Bendele AM. Animal models of osteoarthritis. J Muscu-
loskelet Neuronal Interact. 2001 ; 1(4) : 363-76.

6. Iijima H, Aoyama T, Ito A, et al.Destabilization of the 
medial meniscus leads to subchondral bone defects and 
site-specific cartilage degeneration in an experimental rat 
model. Osteoarthritis cartilage. 2014 ; 22(7) : 1036-43.

7. Van Spil W, DeGroot J, Lems W, Oostveen J, Lafeber 
FP. Serum and urinary biochemical markers for knee 
and hip-osteoarthritis : a systematic review applying the 
consensus BIPED criteria. Osteoarthritis cartilage. 2010 ; 
18(5) : 605-12.

8. Ma T, Zhang Z, Song X, et al. Combined detection of 
COMP and CS846 biomarkers in experimental rat osteo-
arthritis : a potential approach for assessment and diagnosis 
of osteoarthritis. J Orthop Surg Res. 2018 ; 13(1) : 1-9.

9. de Visser HM, Sanchez C, Mastbergen SC, et al. Fib3-
3 as a biomarker for osteoarthritis in a rat model with 
metabolic dysregulation. Cartilage. 2019 ; 10(3) : 329-34.

10. Legrand CB, Lambert CJ, Comblain FV, Sanchez 
C, Henrotin YE. Review of soluble biomarkers of 
osteoarthritis : lessons from animal models. Cartilage. 
2017 ; 8(3) : 211-33.

11. Bai B, Li Y. Combined detection of serum CTX-II and 
COMP concentrations in osteoarthritis model rabbits : an 
effective technique for early diagnosis and estimation of 
disease severity. J Orthop Surg Res. 2016 ; 11(1) : 1-7.

12. Holyoak DT, Tian YF, van der Meulen MC, Singh A. 
Osteoarthritis : pathology, mouse models, and nanoparticle 
injectable systems for targeted treatment. Ann Biomed Eng. 
2016 ; 44(6) : 2062-75.

13. Little CB, Zaki S. What constitutes an “animal model of 
osteoarthritis” – the need for consensus? Osteoarthritis 
cartilage. 2012 ; 20(4) : 261-7.

14. Glasson SS, Blanchet T, Morris EA. The surgical 
destabilization of the medial meniscus (DMM) model 
of osteoarthritis in the 129/SvEv mouse. Osteoarthritis 
Cartilage. 2007 ; 15(9) : 1061-9.

15. Kamekura S, Hoshi K, Shimoaka T, et al. Osteoarthritis 
development in novel experimental mouse models induced 
by knee joint instability. Osteoarthritis Cartilage. 2005 ; 
13(7) : 632-41.

16. Kim B, Kim DW, Kim S, et al. Establishment of a reliable 
and reproducible murine osteoarthritis model. Osteo-
arthritis Cartilage. 2013 ; 21(12).

17. Dieppe P. Developments in osteoarthritis. Rheumatology 
(Oxford). 2011 ; 50(2) : 245-7

18. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. 
Osteoarthritis : a disease of the joint as an organ. Arthritis 
Rheum. 2012 Jun ; 64(6) : 1697.

a glycoprotein secreted mainly from chondrocytes 
and synovial cells and is an indicator reflecting the 
metabolic state of the cartilage. Therefore, it can 
be analyzed with synovial biomarkers based on 
the COMP results of this study (33,34). In addition, 
since synovial membrane inflammation is known to 
increase with increasing OA severity, it is considered 
to be predictable through OA severity and related 
biomarkers.

Evaluation of OA severity did not include 
experiments related to pain or function. Commonly, 
pain and function in OA are affected by histological 
OA severity, so when analyzing pain and function, it 
is expected that the results will not be significantly 
different from the results of this study (35). Also, it is 
difficult to study pain and function in these animals. 
Such studies in small animals are especially difficult 
and inaccurate.

CONCLUSION

In the DMM model, when the serum concentra-
tions of the four biomarkers of OA representing 
CTXII, COMP, C2C, and OC were measured, 
and histological analysis of specific changes in 
the osteoarthritic joint was analyzed, there was no 
significant correlation between the total score and 
biomarkers. There were statistically significant 
correlations between CTXII and osteophyte score 
of the medial femur (coefficient = -0.0088 p = 
0.01), between COMP and osteophyte score of the 
medial tibia (coefficient = -0.0911 p = 0.00), and 
between C2C and synovial membrane inflammation 
score of the medial femoral (coefficient = 0.054 p = 
0.01). These results indicate that the representative 
biomarkers of the OA did not reflect the histological 
score of individual animals well.
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