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Abstract
Aims Recently, the determination of biochemical markers has been intensely explored to better understand the mechanisms
underlying kneeOA. In this study, we aimed to explore the expression pattern of five biochemical markers in patients with kneeOA.
Methods After IRB approval and signed informed consent, 26 patients were enrolled. Serum and synovial samples were
collected prior to knee arthroscopy. Pre-operative assessment included diagnosis, Lysholm, Tegner Activity Scale, IKDC score,
and radiographic Kellgren and Lawrence classification. ELISA of CTX-I, CTX-II, NTX-I, MMP3, and MMP13 were measured
in serum and synovial fluid samples.
Results Twenty-six patients were included, with a mean age of 42 ± 15 years old. Mean results and standard deviation of the
biomarkers in serum were as follows: CTX-I 5.8 ± 5.5 ng/mL, CTX-II 3.8 ± 1.7 ng/mL, NTX-I 52 ± 71 (nM BCE), MMP3 1.18 ±
0.6 ng/mL, and MMP13 1243.6 ± 1422 pg/mL; synovial fluid results were as follows: CTX-I 0.74 ± 0.5 ng/mL, CTX-II 5.1 ± 2.5 ng/
mL, NTX-I 254 ± 85 (nM BCE), MMP3 0.4 ± 0.4 ng/mL, and MMP13 797 ± 1391 pg/mL. We observed a differential pattern of
expression in serum NTX-I in patients with chronic meniscus injuries when compared with ACL injuries or cartilage lesions.
Conclusions In conclusion, the clinical criteria of early OA are useful to categorize patients with knee conditions. The biochem-
ical markers explored did not yield a differential pattern that can be associated with this classification. Serum NTX-I could be a
useful marker of chronic meniscal lesion in future longitudinal studies, after adjusting for age and sex.
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Introduction

Knee osteoarthritis (OA) is the most common joint disease
and is associated with significant pain, disability, and elevated
costs for its diagnosis and treatment [1]. It is a complex, mul-
tifactorial disease with many different phenotypes.
Unfortunately, despite the availability of diagnostic and clas-
sification criteria for established OA, there is increasing inter-
est in defining early OA clinically and through different bio-
markers [2]. The anterior cruciate ligament (ACL) injury is
associated with injuries to the articular cartilage, the menisci,
and sometimes to other ligaments as well. A higher risk of OA
has been shown among patients who have sustained any of the
former injuries, compared with those who have never
sustained knee injuries. It is estimated that up to one third of
the patients will have knee OA within one decade after the
injury regardless if they underwent ACL reconstruction or not
[3, 4].
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Injury to the menisci and the articular cartilage, lesion chro-
nicity, age, and sex are considered risk factors for OA. In a
recent cohort study, 43% of 620 patients were diagnosed with
at least early OA when they underwent arthroscopy due to
meniscal symptoms. A high proportion of such patients had
ICRS grade III to IV lesions in at least one knee compartment
[5]. From the pathophysiologic standpoint, it is understood
that instability and injury events result in irreversible articular
cartilage damage [6, 7]. The latter results in production of
types I and II collagen and aggrecan within an inflammatory
environment, along with gelatinases, programmed cell death,
and, lastly, osteophyte formation [8].

Despite the frequency of these injuries, the early stages and
progression of severe forms of knee OA are unclear.
Furthermore, the diagnosis of OA is made with plain knee
X-rays, focusing on the decrease in the joint space and osteo-
phyte formation, both of which are late changes that occur
during the irreversible stage of OA [9]. This has led to an
intensive search for validated imaging and biochemical
markers of early OA as an attempt to diagnose the patients
at risk early on and to assess the potential short- and medium-
term treatments [8–10]. OA biomarkers may be grouped as
follows: collagen fragments; collagen synthesis markers; col-
lagen degradation enzymes; proteoglycan and glycosamino-
glycan degradation enzymes; bone formation; proinflamma-
tory, anti-inflammatory, and anabolic cytokines; and others
known as chemokines [11].

The purpose of this study was to explore the expression
pattern of collagen fragments and/or bone formation and of
collagen degradation enzymes in Mexican subjects scheduled
for knee arthroscopy who had ACL, meniscal, or articular
cartilage injuries, with or without signs of clinical or radiolog-
ical early OA, to conduct a cross-sectional analysis. We hy-
pothesized that the biomarkers could serve as surrogate mark-
er of a specific lesion.

Methods

This study is a cross-sectional analysis of an early osteoarthri-
tis cohort, within the OA Biomarker Initiative undertaken by
the local Orthopaedics College. Once the project was
reviewed and approved by the Research and Ethics
Committee (Comité de Investigación Universidad Autónoma
de Tamaulipas, approval number 04/17, April 5, 2016), a
multicenter study was started at local hospitals from January
2016 to December 2018.

Inclusion criteria were as follows: age > 18 years,
suspected ACL, meniscal or articular cartilage injury (based
on the physical exam, lesion chronicity, and MRI diagnosis),
ability to read and answer questions in Spanish, and provision
of a serum and synovial fluid sample for ELISAs. Exclusion
criteria included inflammatory disease, rheumatologic

disease, gout, septic arthritis, history of arthroscopy, and his-
tory of fracture within the previous six months.

Twenty-six patients were included, all of whom signed the
informed consent to undergo arthroscopic procedures. They
all had sustained an injury to the anterior cruciate ligament,
menisci, or knee articular cartilage during the 2016–2017 pe-
riod. As this is an exploratory pilot study, no power sample
size calculation was conducted.

Patient-reported outcomes

To assess symptoms of OA, patients were questioned by the
treating physicians and by a research assistant just prior to
surgery using the following set of questions: For how long
have you had pain? (with answers specified in months); How
did your symptoms begin? (response being gradually, due to a
specific situation, like an accident); Does your knee get stuck
or locked up? The latter question was asked to detect mechan-
ical symptoms.We considered a lesion to be chronic lesion if it
was present for more than six months before surgery.

The following questionnaires were also applied to know
how patients perceived their knee: Lysholm Knee
Questionnaire, Tegner Activity Scale, and Subjective
International Knee Documentation Committee Knee Form
(IKDC). In short, the Lysholm questionnaire was designed
to measure the post-ACL reconstruction outcomes. It focuses
on the patient’s perception during activities of daily living.
The Tegner Scale includes 11 categories rated from 0 to 10;
the higher the score, the higher the physical activity level. The
IKDC-S is a questionnaire designed to evaluate function of the
knee, meaning higher values of function to higher values of
IKDC [12–14].

Structural pathology at the time of arthroscopy

The ACL status was reported during the arthroscopy as either
intact or injured. Meniscal injuries were classified using the
modified meniscal classification of the International Society
of Arthroscopy, Knee Surgery and Orthopedic Sports
Medicine (ISAKOS) [15]. The articular cartilage status was
reported using the International Cartilage Repair Society
Classification and classified as abnormal when ICRS classifi-
cation was I–IV [16, 17]. When more than one lesion was
reported, the most severe one was considered for purposes
of the analysis (Fig. 1).

Presence or absence of early knee OA

The algorithm by Luyten et al. [15] was used to classify pa-
tients as having early or no OA with the purpose of clinically
differentiating these entities. Early OA patients were classified
based on the combination of had frequent or permanent pain
of more than ten days at least two times in the last year,
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degenerative meniscal lesion (ISAKOS), and/or cartilage le-
sion (ICRS I-IV) with a Kellgren and Lawrence classification
of 0, 1, or 2. Patients with no OAwere defined when there had
absence of frequent or permanent pain ofmore than ten days at
least two times in the last year, Kellgren and Lawrence
Classification of 0, with a condition that required surgery such
as ACL, meniscus, or cartilage lesions [15–18].

Sample collection and ELISA acquisition

Human serum samples and synovial fluid were obtained in the
operating room at the time of surgery. Synovial fluid was
centrifuged (8 °C, 3500 g, 5 minutes) and the supernatant
aliquoted and frozen at − 80 °C within two hours of collection.
Serum was also aliquoted and frozen at − 80 °C until analysis.
The production of Human MMP-13 (OriGene/ABCAMF ®),
Human MMP-3 (Invitrogen ®), Human C-telopeptide of type
I collagen (CTX-I, MyBioSource company ®), Human Cross
Linked C-telopeptide of type II collagen (CTX-II,
MyBioSource company ®), and Human Cross Linked N-
telopeptide of type I collagen (NTX-I, MyBioSource compa-
ny ®) was measured by ELISA development kit, according to
the manufacturer’s instructions of each determination. All re-
agents were equilibrated to room temperature before use. All
the microplates were precoated with an antibody specific for
MMP-13, MMP-3, CTX-I, CTX-II, and NTX-I. We deter-
mined the number of microwell strips required. The reconsti-
tution of the Human MMP-13, MMP-3, CTX-I, CTX-II, and
NTX-I standards were prepared two hours prior to the exper-
iment. One hundred microliter of the standard and samples
were added into the appropriate wells, as well as 100 uL of
biotinylated detection antibody of each assay with exception
of MMP-3 assay. Also, streptavidin-HRP solution was pre-
pared, and 100 uL were added to the microwell strips. TMB
substrate solution was tacked on the microwell strips, and the
color developed in proportion to the amount of eachmolecule.
The stop solution changes the colour, and the intensity of the
color was measured at 450 nm with an ELISA plate reader

(DYNEX Technologies, model Opsys ®). The washes were
done by four or five times between each step. After the last
wash, the microwell strips were placed on absorbent paper
towel to remove excess wash buffer. The incubation time
(from 30 minutes to 2.5 hours) and the temperature (from
room temperature to 37 °C) were different in each assay.

For calculation of results, the optical density (O.D.) of each
well was subtracted of the optical density of zero well. The
standard curve was plotted as the relative O.D. 450 of each
standard solution on the y-axis and standard concentration on
the x-axis. The Human MMP-13, MMP-3, CTX-I, CTX-II,
and NTX-I concentration of the samples was interpolated
from the standard curve. GraphPad Prism 6 software was
performed.

Statistics

Descriptive statistics included means and standard deviations,
and medians with inter-quartile intervals or relative numbers,
as appropriate. As a method of standardizing our radiographic
measurements and classification, we conducted a reliability
analysis between observers and within observers of 56 knee
radiographs. Comparisons between more than two groups
were tested with Kruskal Wallis test. Comparisons between
two groups were tested with Mann-Whitney U test; correla-
tions were explored using Spearman’s correlation coefficient
(rho). p values < 0.05 were considered as statistically signifi-
cant. The SPSS, version 23, was used to perform the overall
statistical analysis.

Results

Demographic and clinical results

Among the 96 eligible cases, 26 patients met the inclusion
criteria; 11 males and 15 females. Mean age was 42 years ±
15 (Table 1). As expected, patients with symptoms associated

Fig. 1 Arthroscopic photograph
of the medial compartment of a
right knee. (a) Chronic irreparable
meniscus tear and grade IV
chondral lesion. (b) Grade IV
chondral lesion
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with early OA were older than asymptomatic patients (p <
0.01). Female sex was a predisposing factor for associated
symptoms (p < 0.0.001). No patients with ACL injury within
this cohort had symptoms of early OA; their reason for visiting
the doctor was instability.

No patient was diagnosed with severe radiographic OA
(Kellgren and Lawrence grades III or IV). The following le-
sions were diagnosed in all patients: ten had ACL lesions, 11
meniscal lesions, and six cartilage lesions. Twelve out of the
26 patients were classified as having clinical signs of early OA
according to Luyten et al. [15] criteria. We classified our pa-
tients as early OA clinically if they had frequent or permanent
pain of more than ten days at least twice in the last year. None
of the meniscal lesions encountered was amenable to repair,
and theywere degenerative in nature. Among the patients with
grade I–IV lesions, six had disabling symptoms (p < 0.05).
Patients with clinical signs of early OA had worse Tegner
activity status as compared with that in patients without OA
(p = 0.001). The IKDC questionnaire was statistically signif-
icant worse in patients with early OA (p = 0.002). The
Lysholm scale did not detect any clinically significant differ-
ences (Table 2). For X-rays, intraclass coefficient between
observers was 0.75 and 0.91 within observers.

Results of biomarkers

Mean values of OA biomarkers in serum and synovial fluid
are shown in Table 1. To determine whether the values of the
serum biomarkers behave as surrogates of their levels found at
the knee at the time of surgery, we compared the synovial

fluid and serum levels collected from the same patients. In this
sense, the values for CTX-II and NTX-1 were higher in syno-
vial fluid than in serum, and those for CTXI, MMP3, and
MMP13 were higher in serum than in synovial fluid. When
patients were grouped according to the presence or absence of
early OA symptoms, no significant differences were found in
the expression pattern of the biomarkers studied (Table 3).

We also classified patients based on their main diagnosis
and grouped them as follows: ACL lesion, chronic meniscal
lesion, and grade I to IV articular cartilage lesion. We found
significant differences resulting from age, the Tegner activity
score prior to the lesion, the IKDC score, and the serum NTX-
1 expression. The worst functional values corresponded to
patients with articular cartilage lesion, based on both the pre-
lesion Tegner score and the IKDC score. Interestingly, NTX-1
expression was higher in patients with chronic meniscal lesion
(Table 4).

Correlations

Among the patients studied, the Lysholm score was moder-
ately correlated with the pre-operative Tegner activity score
(rho = 0.6, p = 0.01); the IKDC correlated with the pre-lesion
Tegner score (rho = 0.55, p = 0.002) and the pre-operative
Tegner score (rho = 0.56, p = 0.01). The Lysholm function
score was highly correlated with the level of CTX-I (rho = −
0.938, p < 0.001) in synovial fluid. For serum determinations,
the pre-lesion Tegner score was moderately correlated with
the CTX-I (rho = − 0.59, p = 0.002) and the MMP-3 (rho =
− 0.59, p = 0.002) levels. Moreover, a good correlation was
found between CTX-I and MMP-3 (rho = 0.9, p < 0.001).

Discussion

In this prospective cross-sectional study, we found that 46%
of the patients subjected to knee arthroscopy had signs of early
OA, based on the definition of knee pain, radiographic classi-
fication 0 to II of Kellgren and Lawrence, with articular carti-
lage lesion and/or meniscal lesions. We also found that serum
NTX-I was associated with chronic meniscal lesions and that
the level of CTX-I in synovial fluid was correlated with the
Lysholm score.

The clinical, imaging, and biochemical characterization of
the initial phases of knee OA is the subject of intense research.
Given that the categorization of knee OA is based on radio-
graphic classifications that only distinguish between advanced
and early stages, different methods that might shed light on the
understanding of the disease onset have been explored exten-
sively [16–22].

In our study, the clinical and arthroscopic diagnosis of early
OAwas simple. The patients’medical history was recorded in
a simple and easy-to-apply questionnaire derived from Luyten

Table 1 Patient demographics

Age 42 ± 15.4

Sex 11 (42.3) females—15 (57.7)
males

Lysholm 40.7 ± 13.8

Pre-lesion Tegner 5 ± 1.8

Pre-operative Tegner 1.6 ± 1.0

IKDC-S 35.5 ± 15

Serum CTX-I (ng/mL) 5.82 ± 5.5

Serum CTX-II (ng/mL) 3.78 ± 1.7

Serum NTX-I (nM BCE) 52.06 ± 71.9

Serum MMP-3 (ng/mL) 1.18 ± 0.6

Serum MMP-13 (gp/mL) 1243.66 ± 1422.8

Synovial fluid CTX-I (ng/mL) 0.74 ± 0.5

Synovial fluid CTX-II L.S. (ng/mL) 5.16 ± 2.5

Synovial fluid NTX-I L.S.
(nM BCE)

254 ± 85

Synovial fluid MMP-3 L.S (ng/mL) 0.41 ± 0.42

Synovial fluid MMP-13 L.S
(pg/mL)

797.37 ± 1391.3
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pain criteria (pain in the knee at least two episodes for more
than ten days in last year) which has not yet been validated.
However, the functional differentiation by means of validated
scales was not as clear as we expected. The Lysholm scale did
not detect any differences between the patients who had symp-
toms of early OA and those who did not. The pre-lesion status
was useful to predict signs of early OAwhen the Tegner score
was used. As expected, the pre-operative activity levels were
equivalent in all patients, that is, all of them had very low
activity scores. Interestingly, the IKDC questionnaire signifi-
cantly discriminated patients who had early OA from those
who did not.

Age was a determining factor in the occurrence of early
OA, together with female gender. None of the patients oper-
ated due to an ACL injury had signs of early OA. When the
diagnosis of meniscal injury was compared in patients with
and without early OA, no significant difference was seen. The
prevalence of associated cartilage injuries was higher in pa-
tients with early OA.

The Kellgren and Lawrence radiographic classificationwas
useful to categorize patients meeting the clinical criteria of
early OA.Wewere able to standardize our measurements with
a moderate-to-excellent concordance for grades 0 and 2.
Wright et.al were also able to establish a moderate-to-very

Table 2 Early osteoarthritis
Variables Patients without OA

(n = 14)

Patients with early OA

(n = 12)

p value

Age (mean ± SD) 33.4 ± 13.3 53.1 ± 10.3 < 0.01

Sex (% females) 7.1 83.3 < 0.001

Diagnosis

ACL lesion 10 0 < 0.001

Meniscal lesion 5 6 NS

Cartilage lesion (ICRS I–IV) 1 6 0.04

Chronicity 10 12 NS

KL 0 14 0

KL 1 0 2

KL 2 0 10 < 0.001

Lysholm 42 ± 13 38.5 ± 15 NS

Pre-lesion Tegner 6.1 ± 3.8 3.8 ± 1.3 0.001

Preoperative Tegner 1.9 ± 1 1.2 ± 1.3 NS

IKDC-S 43.5 ± 13.9 26.1 ± 12.1 0.002

Demographic and clinical characteristics of the patients enrolled, classified according to Luyten et al.’s algorithm,
in patients with and without early OA. OA osteoarthritis, KL Kellgren and Lawrence, ACL anterior cruciate
ligament

Table 3 Biomarkers of OA
Variables Patients without OA

(n = 14)

Patients with OA

(n = 12)

p value

Age 33.4 ± 13.3 53.1 ± 10.3 < 0.01

Serum CTX-I (ng/mL) 4.6 ± 4.3 7.2 ± 6.7 NS

Synovial fluid CTX-I (ng/mL) 0.5 ± 1.1 0.8 ± 0.6 NS

Serum CTX-II (ng/mL) 3.6 ± 1.8 3.9 ± 1.5 NS

Synovial fluid CTX-II (ng/mL) 5.1 ± 2.4 5.2 ± 2.6 NS

Serum NTX-1 (nM BCE) 70.1 ± 94.3 29.9 ± 12.3 NS

Synovial fluid NTX-1 (nM BCE) 232.4 ± 109 274.7 ± 56 NS

Serum MMP-3 (ng/ML) 1.0 ± 0.5 1.6 ± 0.8 NS

Synovial fluid MMP-3 (ng/mL) 0.2 ± 0.1 0.9 ± 0.2 NS

Serum MMP-13 (pg/ML) 879 ± 656 1710 ± 1972 NS

Synovial fluid MMP-13 (pg/mL) 616.1 ± 668 888 ± 1699 NS

NS non-significant
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good classification of patients based on arthroscopy and X-
rays in the MARS multicenter study [23]. Despite the broad
use of this classification, it is still subject to criticism due to its
inability to measure disease progression and its lack of sensi-
tivity to detect change. However, the radiographic detection of
symptom-associated osteophytes is useful to institute individ-
ualized treatment and place the patient within the right context
[24].

In a study of patients with osteoporosis, levels of urinary
NTX-I were higher compared with those without osteoporosis
[25]. In an imaging study conducted by the OA Initiative,
urinary CTX-II was associated with bone marrow lesions,
osteophytes, and changes in bone shape; serum NTX-I was
conversely associated with trabecular bone integrity in the
same study [26]. A recent clinical trial assessed different
markers in patients undergoing surgical ACL reconstruction
and those managed conservatively and did not find any chang-
es in urinary levels of NTX-I and CTX-II at 5 years [27].
Matsudai’s knee OA study explored the urinary levels of
CTX-II and NTX-I. They found that postmenopausal women
had increased uCTX-II and NTX-I levels, and those with OA
grade ≥ II also had increased levels [28]. In our study, patients
with meniscal lesions had a mean age of 45 years, and 65% of

them were females. It is uncertain whether this contributed to
the greater expression of serum NTX-I or not.

This finding is consistent with a recent meta-analysis that
showed that the only biomarker that expressed a relation with
early OA was NTX-I [29]. When we explored the correlation
with the knee questionnaires, the synovial level of CTX-I was
higher in patients with higher pre-operative Lysholm grades.
The serum levels of CTX-I and MMP-3 showed a good cor-
relation and were moderately correlated with the pre-lesion
Tegner score.

Our study has the following strengths: it consists of a pro-
spective standardized data collection of a cohort located in a
well-defined geographical region. We have reliable objective
measurements of the patients’ knee wellbeing perception, X-
rays, arthroscopy, and ELISA tests in both synovial fluid and
serum. This study adds validity to the Luyten criteria catego-
rizing early OA in the clinical context. The weaknesses of our
design include a small sample size that makes difficult to
achieve statistical power in all comparisons, the cross-
sectional nature of measurements, and the lack of inflamma-
tion biomarkers, such as C-reactive protein and interleukins,
which are necessary to complete the biochemical profile.
Thus, this study does not change clinical practice derived from

Table 4 Clinical and biomarker stratification based on diagnosis

Variables ACL Lesion
(n = 10)

p value between
groups
*

Chronic meniscal
lesion
(n = 11)

p value between
groups
*

Articular cartilage
lesion
(n = 7)

p value
+

Age 29.7 ± 5.6 0.001 48.7 ± 16.06 NS 54.4 ± 9.1 0.001

Lysholm 41.6 ± 14 NS 38.6 ± 16.6 NS 43.6 ± 10.4 NS

Pre-lesion Tegner 6.0 ± 1.3 NS 5.2 ± 1.8 0.001 2.8 ± 1.1 0.001

Preoperative Tegner 1.9 ± 1 NS 1.6 ± 1.0 NS 1.0 ± 1.4 NS

IKDC-S 40.95 ± 15.5 NS 39.0 ± 10.9 0.019 17.2 ± 12.6 < 0.001

Serum CTX-I (ng/mL) 4.9 ± 4.7 NS 3.38 ± 2.3 NS 13.4 ± 7.2 NS

Synovial fluid CTX-I
(ng/mL)

1.03 ± 1.0 NS 1.03 ± 0.4 NS 0.3 ± 0.1 NS

Serum CTX-II (ng/mL) 3.3 ± 1.7 NS 3.4 ± 1.4 NS 5.9 ± 0.4 NS

Synovial fluid CTX-II
(ng/mL)

5.7 ± 2.5 NS 5.1 ± 2.9 NS 4.4 ± 1.5 NS

Serum NTX-1 (nM BCE) 28.6 ± 38.07 < 0.05 81.9 ± 95.8 < 0.05 25.02 ± 1.6 0.04

Synovial fluid NTX-1
(nM BCE)

241.6 ± 135.3 NS 261.9 ± 64.8 NS 256.9 ± 67.3 NS

Serum MMP-3 (ng/mL) 1.04 ± 0.5 NS 0.98 ± 0.26 NS 1.9 ± 0.8 NS

Synovial fluid MMP-3
(ng/mL)

0.17 ± 0.5 NS 0.89 ± 0.4 NS 0.5 ± 0.3 NS

Serum MMP-13 (pg/mL) 1636.2 ± 321 NS 568.2 ± 1 24.8 NS 2214.8 ± 2500.5 NS

Synovial fluid MMP-13
(pg/mL)

616.09 ± 668.6 NS 434.1 ± 112.3 NS 978.7 ± 1884.2 NS

NS non-significant

+ p value of Kruskal-Wallis test among three groups

*p value of Mann-Whitney U test between groups

1418 International Orthopaedics (SICOT) (2021) 45:1413–1420



laboratory findings, but the search for detection of early OA
biomarkers is a real necessity across the globe.

Conclusion

The clinical criteria of early OA proposed by Luyten et al. [15]
are useful to categorize patients with knee conditions. The
analysis based on cartilage degradation biomarkers and matrix
metalloproteinases does not yield a differential pattern that can
be associated with this classification. On the other hand, se-
rum NTX-I could be a useful marker of chronic meniscal
lesion in future longitudinal studies, after adjusting for age
and sex.
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