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Synovial and serum levels of osteocalcin, 
osteoprotegerin and β- crosslaps in 
patients with calcium pyrophosphate 

deposition disease

ABSTRACT
Background. Calcium pyrophosphate deposition disease is defined by deposition of calcium pyrophosphate 
crystals in hyaline cartilage, fibrocartilage and soft tissues. The study of bone markers is of great interest in dif-
ferent types of arthritis. In patients with calcium pyrophosphate deposition disease, bone turnover markers may 
yield additional information from many perspectives. 
Objectives. To measure synovial and serum levels of osteocalcin, osteoprotegerin and β-CrossLaps in patients 
with calcium pyrophosphate deposition disease.
Material and methods. In this pilot, prospective study were enrolled eight patients with calcium pyrophosphate 
deposition disease. Osteocalcin, osteoprotegerin and β-CrossLaps were measured in serum and in the synovial 
fluid using ELISA kits. 
Results. Synovial fluid osteocalcin was significantly lower comparative with serum osteocalcin (2.1±0.6 versus 
9.21 ±46, p=0.02). Synovial fluid osteoprotegerin was significantly higher than serum osteoprotegerin (55.5±284 
versus 8.44±7; p=0.0001). Synovial fluid β-CrossLaps wasn’t statistically different from serum levels (6146±66818 
versus 6077±12212; p=0.5). Ratios between synovial fluid and serum levels were 0.22 for osteocalcin, 6.57 for 
osteoprotegerin and 1.01 for β-CrossLaps. 
Conclusions. Osteocalcin was higher in serum than in the synovial fluid. β-CrossLaps had similar values in se-
rum and synovial fluid. Osteoprotegerin was higher in synovial fluid than serum.
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INTRODUCTION
Calcium pyrophosphate deposition (CPPD) dis-

ease appears when calcium pyrophosphate crystals 
are deposited in hyaline cartilage, fibrocartilage and 
soft tissues. The gold standard for diagnosis of CPPD 
is fulfiling the McCarty criteria which include iden-
tification of calcium pyrophosphate crystals in syno-
vial fluid analysis and typical radiographic calcifica-
tions (1,2). 

Measurement of bone markers is an important 
part of bone research. In the last years, the bone 
markers were studied in different types of arthritis 
(3–6). They can be useful to determine the bone dy-
namics, due to the fact that the bone is in continue 

remodelling. The use in clinical practice is difficult 
especially due to great endogenous, exogenous and 
technical variability of the markers. There are two 
main categories of bone markers, resorption and for-
mation markers (7,8). They can be measured from 
serum and synovial fluid. 

The study of bone markers in serum and synovial 
fluid of CPPD patients could be useful from differ-
ent points of view. First, due to the already known 
association with osteoarthritis. In osteoarthritis, 
bone markers could be modified due to generalized 
alteration of bone or locally, due to subchondral 
bone alteration characterized by increased bone 
turnover. Secondly, as a marker of joint degradation 
in CPPD (5,9). 
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The aim of the study was to measure synovial and 
serum levels of osteocalcin, osteoprotegerin and 
β-CrossLaps in patients with calcium pyrophosphate 
deposition disease.

MATERIAL AND METHODS
This pilot prospective study was performed in the 

Rheumatology Department, Emergency Clinical 
County Hospital, Cluj-Napoca. Patients fulfilling 
McCarty criteria for CPPD were consecutively in-
cluded in the study. Polarized light microscopy was 
used for the synovial fluid analysis for calcium py-
rophosphate crystal identification (10). Patients with 
inflammatory rheumatic diseases and the ones with a 
medication known to interfere with bone metabo-
lism were excluded from the study. Also, patients 
with renal impairment were excluded.

 Demographic data about age (years), gender, 
weight (kg), height (centimeters), clinical data about 
tender joint count (TJC), swollen joint count (SJC), 
visual analogue scale (VAS), type of arthritis (acute, 
chronic), type of articular involvement (monoarticu-
lar, oligoarticular, polyarticular), disease duration 
were collected in all patients. Also, laboratory anal-
ysis was done in all patients: erythrocyte sedimenta-
tion rate (ESR, mm/h), C reactive protein (CRP, mg/
dl), alkaline phosphatase (U/I), uric acid (mg/dl), 
total calcium  (mg/dl), ionized calcium (mg/dl), mag-
nesium (mg/dl) and iron (μg/dl). 

The bone markers measured in the study were os-
teocalcin (OC, ng/ml), osteoprotegerin (OPG, pmol/
ml) and beta-CrossLaps (βCTx, pg/ml). They were
measured in serum and in synovial fluid using ELI-
SA kits (BioVendor LM, Czech Republic for osteoc-
alcin, respectively osteoprotegerin and MyBio-
source, USA for beta-CrossLaps) in accordance with
the manufacturer’s instructions. All measurements
were performed on the same microplate reader (Te-
can Sunrise, Switzerland). For OC the reference in-
terval was 5-25 ng/ml, for OPG the reference inter-
val from unselected donors was 4.1 ± 2.3 pmol/l and
for β CTx detection limit was 125-8,000 pg/ml. The
blood samples were collected from the antecubital
vein, à jeun, between 8 and10 in the morning.

 In all the patients were taken knee radiographs, 
which were graded for osteoarthritis according to 
Kellgren Lawrence (K/L) score (11). Osteoarthritis 
was defined in our study as a K/L score ≥3.

All patients included in the study signed the in-
formed consent and the approval of the University 
Ethics Committee was obtained. 

Statistical analysis was performed using Micro-
soft Excel. We considered a level of p<0.05 statisti-
cally significant. 

RESULTS
The study included eight patients who fulfilled 

McCarty criteria for CPPD. The characteristics of 
the study population are presented detailed in Table 1.

TABLE 1. General and clinical characteristics of study 
participants

Variable n=8

Age (years) 64±9.6
Gender ratio of male: female 3:5
Weight (kg) 79.3±28
Height (m) 1.66±0.1
BMI (kg/m2) 28.1±6.13
TJC 2.8±2.1
SJC 1±0.75
VAS 7.3±0.9
Acute arthritis 7 (87.5%)
Chronic arthritis 1 (12.5%)
Monoarticular disease 1 (12.5%)
Oligoarticular disease 1 (12.5%)
Polyarticular disease 6 (75%)
Disease duration, weeks 7.5±13

BMI – body mass index; TJC – tender joint count; SJC – swollen joint 
count; VAS-visual analogue scale; 

The laboratory and radiographic characteristics 
are detailed in Table 2.

TABLE 2. Laboratory and radiographic characteristics of 
study participants

Variable n=8

ESR (mm/h) 6.85±4.4
CRP  (mg/dl) 0.7 ±0.9
Creatinine (mg/dl) 0.8±0.14
Uric acid  (mg/dl) 3.66±0.64
Alkaline phosphatase (U/I) 102±56
Ionic calcium  (mg/dl) 4.2±0.6
Total calcium  (mg/dl) 9±1
Magnesium  (mg/dl) 2.12±0.15
Iron  (microg/dl) 82.81±15
Mean K/L score 2.78±0.1

ESR – erythrocyte sedimentation rate; CRP – C reactive protein;  
K/L –Kellgren/Lawrence score

Synovial fluid OC was significantly lower than 
serum OC (2.1±0.6 versus 9.21 ±46, p=0.02) in pa-
tients with CPPD (Table 3).
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Synovial fluid OPG was significantly higher than 
serum OPG (55.5±284 versus 8.44±7; p=0.0001) 
(Table 3).

There was no significant difference between syn-
ovial fluid and serum βCTx levels (6146±66818 ver-
sus 6077±12212; p=0.5) (Table 3).

TABLE 3. Comparison of serum and synovial levels of 
OC, OPG and βCTx in the study group
Variable Serum levels Synovial fluid levels p
OC (ng/ml) 9.21 ±46 2.1±0.6 0.02
OPG (pmol/ml) 8.44±7 55.5±284 0.0001
βCTx (pg/ml) 6077±12212 6146±66818 0.5

OC-osteocalcin; OPG-osteoprotegerin; βCTx-β CrossLaps;

Ratios between OC, OPG and βCTx synovial flu-
id and serum levels were calculated. The highest ra-
tio was obtained for OPG (6.57), followed by βCTx 
(1.01) and OC (0.22) (Fig. 1).

FIGURE 1. Ratios between synovial fluid and serum 
levels

Synovial fluid levels of bone markers were calcu-
lated according to the K/L score for the severity of 
osteoarthritis. βCTx levels were significantly higher 
in patients with a K/L score <3. Regarding OC and 
OPG levels there was not significantly different (Ta-
ble 4). 

TABLE 4. Synovial fluid levels of bone markers according 
to K/L score

Variable
K/L <3

n=3
K/L≥3
n=5

P value

OC 2.1±0.18 2.15±0.9 0.4
OPG 51.6±490 57.97±233 0.3
βCTx 6382±16244 6004±41913 0.009

K/L-Kellgren/Lawrence score, K/L≥3-osteoarthritis

DISCUSSION
This study explores some of the bone turnover 

markers in serum and in synovial fluid of patients 
with CPPD disease. OC was measured as a bone for-

mation marker, βCTx as a resorption marker and 
OPG as a regulator of bone metabolism. There aren’t 
published data on OC, OPG and βCTx in CPPD dis-
ease, except a study in which is detected serum and 
synovial fluid OC in a group of patients with inflam-
matory arthritis which include patients with chon-
drocalcinosis (3), crosslinked C-telopeptide frag-
ments of type II collagen (CTX-II) in patients with 
pseudogout (12) and urinary cross laps in patients 
with chondrocalcinosis (13). 

OC was studied in different types of arthritis like 
rheumatoid arthritis and osteoarthritis with contra-
dictory results. Salisbury et al found that synovial 
fluid OC was lower in patients with osteoarthritis, 
rheumatoid arthritis and controls than serum osteoc-
alcin (4). The authors suggest that synovial fluid OC 
may not be locally produced. In concordance with 
this, our study results found that serum OC was sig-
nificantly higher than synovial fluid osteocalcin in 
patients with CPPD, similar to rheumatoid arthritis 
and osteoarthritis. Not in agreement with these re-
sults Garnero et al found serum osteocalcin and uri-
nary Type I Collagen C-Telopeptide-Related Frac-
tion ( CTX-I) lower in patients with knee 
osteoarthritis than the healthy controls (5). 

In another study, serum and synovial levels of 
OC were determined in a group with inflammatory 
diseases including chondrocalcinosis, and in a group 
with mechanical joint effusion. Serum levels of OC 
were not different between the two groups, but in 
synovial fluid, the levels of OC were lower in the 
inflammatory group. The authors of the study sug-
gest a periarticular osteoblastic depression in pa-
tients with arthritis (3).

In our study was detected βCTx which is CTX-I. 
There was no significant difference between serum 
and synovial fluid values and the ratio between syn-
ovial fluid and serum levels of βCTx was 1.01. We 
found also higher levels of βCTx in patients with 
K/L score <3. Lohmander et al found higher synovi-
al fluid concentrations of CTX-II after injury, sug-
gesting that CTX-II is released as an early event, 
leading in time to osteoarthritis (12).

Urinary CrossLaps were detected in a group of 
patients with chondrocalcinosis comparative with 
patients without the disease, but there was not a sig-
nificant difference between the groups (13). 

CTX-II was detected in synovial fluid of patients 
with pseudogout, injury and osteoarthritis compara-
tive with healthy-knee volunteers. The levels of 
CTX-II were higher in all patients with joint disease 
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or injury comparative with the controls, but the high-
est levels were in acute pyrophosphate crystal arthri-
tis. Also, the ratio between CTX-II concentration in 
synovial fluid and serum was the highest (6.5). These 
results suggest a local production of CTX-II in pa-
tients with arthritis or injury (12). CTX-II is consid-
ered a biochemical marker of cartilage turnover, while 
CTX-I is useful as a marker of bone turnover (5).

In our study, significantly higher levels of OPG 
were found in synovial fluid, with the highest ratio 
between synovial fluid and serum levels (6.57). We 
also measured OPG in patients according to the K/L 
score, but we did not find a significant difference.

OPG is an inhibitor of osteoclastogenesis, pro-
duced by osteoblasts, vascular smooth muscles, en-
dothelial cells and also by the cartilage chondrocytes 
(14,15). OPG could have an important role in CPPD 
due to the known fact that chondrocyte hypertrophy 
and proliferation is implicated in the pathogenesis of 
the disease. Also, Ramos et al identified a mutation 
in the gene TNFRSF11B, encoding OPG which 
causes osteoarthritis and chondrocalcinosis (16). 
More recently, Williams et al identified CCAL1 as 
TNFRSF11B and suggests the importance of study-
ing OPG in CPPD patients (17).

From our knowledge, this is the first study to 
measure OPG in synovial fluid of patients with 
CPPD. OPG was studied in other types of arthritis. 
In a review, Schett et al (18) concluded that OPG 
block local bone erosion and systemic bone loss in 
patients with rheumatoid arthritis. These results are 
from animal models. 

OPG was measured in serum and synovial fluid 
of patients with primary knee osteoarthritis was 

found higher in synovial fluid and also was associat-
ed with disease activity (19). Similar results were 
found by other authors too (20).

Salisbury et al suggest the ratio of synovial fluid/
serum of bone marker as a more accurate measure-
ment of changes in the subchondral bone (4). In our 
study, synovial fluid/serum OPG ratio was the high-
est, followed by βCTx and osteocalcin. 

The study has some limitation, particularly the 
small number of patients. For an exploration of the 
cartilage degradation in patients with CPPD disease 
could be more useful CTX-II rather than CTX-I. We 
also compared our results only with markers studied 
in other types of arthritis, not with markers from 
CPPD disease.

The results of this study provide a rationale for 
future studies of bone and cartilage degradation 
markers in serum and in synovial fluid of patients 
with CPPD.

CONCLUSIONS
In conclusion, bone formation marker, osteocal-

cin was higher in serum than in the synovial fluid. 
The bone resorption marker, βCTx had similar val-
ues in serum and synovial fluid. OPG was higher in 
synovial fluid than serum, with a significantly high 
synovial fluid/serum ratio.
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