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Abstract
Objective—To evaluate serum concenta-
tions of cartilage oligomeric matrix pro-
tein (COMP) and bone sialoprotein (BSP)
as predictors of disease progression in hip
osteoarthrtitis (OA).
Methods—Forty eight consecutive pa-
tients, referred to hospital for sympto-
matic hip OA, (ACR criteria) were
monitored in a one year prospective trial
with radiographs and serum samples. The
radiographs were graded for joint space
narrowing, osteophytes, and sclerosis and
the joint space width was measured by a
digitised image analyser. Serum COMP
and BSP were quantified by immuno-
assays.
Results—The COMP concentrations at
baseline correlated with the joint space
width at entry and with its yearly mean
narrowing (r = 0.38, p = 0.002) but not with
joint space narrowing grade progression.
The concentrations were higher in pa-
tients with bilateral hip OA (p = 0.03). The
serum BSP concentrations at baseline
were unrelated to OA progression but cor-
related inversely to the osteophyte grade
(r = −0.36, p = 0.004) and sclerosis grade (
r = −0.42, p = 0.0004).
Conclusion—Serum COMP seems to be a
surrogate marker of OA and may be of
interest for the detection of patients at risk
of rapidly progressing disease in hip OA.
Serum BSP changes seem to reflect
alterations in the subchondral bone
turnover in hip OA. Measurement of joint
space width using a digitised image ana-
lyser is a sensitive way of assessing OA
progression that facilitates evaluation of
tissue markers in relation to anatomical
changes in the joint.
(Ann Rheum Dis 1998;57:527–532)

Osteoarthritis (OA) is characterised by carti-
lage destruction and subchondral bone
changes. Assessment of the anatomical pro-
gression of joint damage is of major importance
especially when potentially disease modifying
drugs are developed and eYcacy in OA needs
to be assessed. For optimal therapeutic inter-
vention it is also highly relevant to be able to
identify the patients at highest risk for progres-
sive tissue destruction.

Cartilage oligomeric matrix protein
(COMP) and bone sialoprotein (BSP) have
been shown to have potential as prognostic

markers of OA progression.1–3 COMP is a non-
collagenous protein primarily isolated from the
extracellular matrix of cartilage although the
protein is not unique to this tissue.4 Thus, it has
been found in bovine and equine tendon5 6 and
in human knee joint meniscus.7 Furthermore,
synovial cells can in vitro be stimulated to
COMP production by transforming growth
factor â (TGFâ).8 COMP is a large, Mr 435
kDa, acidic protein consisting of five subunits
united close to their N-termini forming a
bouquet-like structure.4 9 10 In adult cartilage
COMP is preferentially located in the superfi-
cial, interterritorial matrix.4 The COMP con-
centrations are higher in synovial fluid than in
serum, which suggests that it is locally
produced in the joints. High concentrations of
COMP have been detected in synovial fluid
after knee trauma11 and increased serum
COMP concentrations have been indicated to
predict severe destruction in large joints in
patients with rheumatoid arthritis.12 In knee
OA, changes in serum COMP concentrations
have been shown to predict joint space narrow-
ing progression, and to correlate with the bone
scintigraphic uptake of technetium diphospho-
nate.2 3

BSP is a bone specific non-collagenous
matrix macromolecule, polydisperse in size
with an average Mr of 52 500.13 The protein is
enriched in the immediate subchondral layer of
bone.14 It is increased in serum in patients with
early radiographic signs of knee OA3 and in
synovial fluid after knee trauma.15 In RA, BSP
is increased in serum compared with healthy
controls and synovial fluid concentrations cor-
relate significantly to degree of knee joint dam-
age. Serum concentrations show a similar vari-
ation, although not a significant association.16

A quantitative assessment of OA changes
(that is, articular cartilage thickness, osteo-
phytes, sclerosis, and cysts) is important in
defining correlates in the evaluation of these
new molecular markers. Anatomical changes
can be visualised using plain radiographs or
magnetic resonance imaging (MRI). MRI is a
promising method but precise and reproduc-
ible measurements of cartilage and bone
features are still in the developmental stage and
are not fully validated.17 On the other hand, it
seems that conventional radiography may be
the most suitable method to assess articular
cartilage thickness of the hips and knees in long
term follow up studies.18 19 The most widely
used method for radiographic evaluation of
OA progression remains the Kellgren and
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Lawrence (KL) grading scale,20 which has been
considered the “gold standard” for diagnosis
and assessment of the progression of the
condition. Alternatives to the KL scale are
needed for evaluation of OA progression and
particularly cartilage destruction.19 21 The sepa-
rate grading of diVerent radiographic OA
lesions has been used to improve sensitivity and
reduce interobserver variability,22–24 but an
accurate measure of progression requires direct
measurement of joint space narrowing. New
techniques have therefore been designed to
quantitatively and reproducibly assess knee
and hip joint space.25–28 Examples of such
measures include special devices for microfocal
radiography25 and semiautomated digitised
image analysers in combination with rigorous
standardisation of the radiological procedure.29

The use of a computer image analysis system
has been demonstrated to improve both sensi-
tivity and reproducibility of the measure-
ments.30 31 The purpose of this study was to
evaluate serum concentrations of COMP and
BSP as possible predictors of OA progression
as determined by both semi-quantitative grad-
ing and automated measurement of radio-
graphic changes in hip OA.

Methods
CLINICAL DATA

Forty eight patients (25 women and 23 men)
referred to the department of rheumatology
with symptomatic hip OA were recruited to
this one year prospective study. All fulfilled the
ACR criteria for hip OA.19 Only patients with
superior femoral head migration (superola-
teral, superointermediate, and superomedial)
were selected because of the diYculties for
inferior or medial joint space narrowing (JSN)
to be measured. Exclusion criteria were: total
loss of radiographic joint space making it not
measurable; total hip arthroplasty needed in
the next 12 months; and hip OA secondary to
alternative arthropathies (that is, infectious or
inflammatory arthritis, hip injury, aseptic
osteonecrosis, congenital abnormality such as
congenital dislocation of the hip). At entry all
patients underwent a full clinical history and
examination to obtain the following informa-
tion: height, weight, body mass index (BMI),
disease duration and date of diagnosis, risk of
hip joint overwork with regard to professional
or sport activities (for example, regular heavy
lifting or strenuous walking and running),
clinical presence of polyarticular OA involve-
ment ( Heberden or Bouchard’s nodes, clinical
evidence of spine or knee OA ), smoking status.
At entry and 12 months later, patients were
asked for pain and function ( using Lequesne’s
index32 and a pain evaluation on a 100 mm
visual analogue scale (VAS)) and current treat-
ment (non-steroidal anti-inflammatory drugs
(NSAIDs) and symptomatic slow acting drugs
for OA (SYSADOA)).

RADIOGRAPHIC DATA

At each visit patients underwent radiography of
the pelvis, by the same radiologist during the
whole study, using an identical radiological
procedure. Anteroposterior radiographs of the

pelvis were perfomed in standing position with
20° of internal rotation of the lower limbs. The
focus-film distance was 100 cm and the beam
was aligned to the top of pubic symphysis.
Radiographic evaluation was made by a single
experienced observer. The films were blinded
for patient identity and date. OA radiographic
changes were graded using a 5 point scale (0 to
4) for JSN, a 4 point scale (0 to 3) for
osteophytosis and cysts, and a 2 point scale
(0–1) for sclerosis (table1). Previously, five
readers, all rheumatologists and experienced in
evaluating OA radiographs, reviewed a set of 20
selected radiographs for scoring separately OA
features.The results were discussed to obtain a
consensus about the scoring system. Four
training sessions were performed. When all
readers were familiarised with the grading sys-
tem, the two best were selected for the evalua-
tion of the reproducibility by using the
intraclass coeYcient of correlation from the
reading of 30 radiographs of the hips.

Interobserver ê values (95% CI) obtained
from a set of 30 hip radiographs were
respectively 0.91 (0.88, 0.94), 0.79 (0.71,
0.87), 0.77 (0.67, 0.87), and 0.76 (0.68, 0.85).
The diagnosis of hip OA was made according
to the ACR criteria.19 A morphological evalua-
tion of the hips was made to assess the patterns
of femoral head migration within the acetabu-
lum (that is, superolateral, superointermediate,
superomedial) and to classify hip OA as hyper-
trophic (H) or atrophic (A) according to pres-
ence or lack of osteophytes.33

Joint space width (JSW) was measured at the
narrowest point using a digitised image ana-
lyser (Hologic). Before joint space measure-
ment, the diVerent films of a patients were
placed side by side on a light box to determine
the zone to analyse to measure the same zone in
consecutive radiographs of a single patient.
The device that was used to automatically
measure joint space and the precise procedure
have been described.30 After ensuring that the
computer was correctly calibrated through
repeated measurements of a line segment of
known length (coeYcient of variation (CV)
0.2%) the radiograph of the joint to be
analysed was placed on the view box and digi-
tised at a resolution of 1280 pixels and 256 grey
levels. Subtraction and magnification were per-
formed to obtain a very clear outline of the
joint space. The joint space contours were
delineated with the mouse on the following
margins: the superior convex margin of the
femoral head and the inferior margin of the

Table 1 Osteoarthritis grading system for joint space
narrowing, osteophytes, and sclerosis

Joint space narrowing
0 no narrowing
1 mild or doubtful narrowing (<33%)
2 moderate narrowing (34–66%)
3 severe narrowing (>66% but no complete narrowing)
4 complete narrowing (100%)

Osteophytes ( acetabulum and/ or femoral head)
0 no osteophyte
1 mild osteophyte
2 moderate osteophyte
3 large osteophyte

Sclerosis
0 no or doubtful sclerosis
1 evidence of sclerosis
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acetabulum. JSW was obtained by measuring
the inter-bone distance at the narrowest point
of the joint. The radius of the femoral head
(RH) was automatically given by the computer
from three peripheral points drawn using the
mouse. Because two radiographs of the same
subject had to be compared, it was necessary to
look for possible diVerences in magnification of
the hip, and to make adequate corrections.
This was done by the measurement of the RH
of each film and then by calculating the ratio
RH of the measured film/RH of the reference
film. The intraobserver CV for repeated meas-
urements of the same film was 1.2 %.30 It was
2.9% for measurements of three radiographs of
a single patient, performed by three radiolo-
gists at diVerent days and without a particular
standardised procedure, as described previ-
ously.28 Progression of JSN was calculated in
mm per year, enabling determination of the
yearly mean narrowing of the joint space
(YMN).

BIOLOGICAL DATA

Blood samples were obtained at the baseline
and after one year of follow up. C reactive pro-
tein (CRP) measurements were performed by
immunonephelometry (N Latex CRP mono,
Behringwerke AG, Marburg, Germany) with a
threshold of detection of 5 mg/l. Serum
samples were stored at −30° C until assayed for
COMP and BSP.

Analyses of COMP and BSP were made
without any knowledge of other clinical or
radiographic characteristics of the patients.
Serum concentrations of COMP were meas-
ured by enzyme linked inhibition immunosorb-
ent assay (ELISA) as described.34 Briefly,
human COMP was used for coating the micro-
titre plates and for producing a standard curve
included in each plate. A polyclonal antiserum
raised in a rabbit against bovine COMP was
used as first antibody. Serum samples with
known COMP concentrations were included
in each plate to detect variability. The intra-
assay and interassay variabilitities were 5% and
8%, respectively. The BSP assay was per-
formed using an inhibition ELISA as described
previously.13 Briefly, human BSP was used for
coating the microtitre plates and for the stand-
ard curve. A polyclonal antiserum raised in a
rabbit against human BSP was used for detec-
tion of BSP in the serum samples. Serum sam-
ples with known BSP concentrations were
included in each plate. The intra-assay and
interassay variabilities were < 10%.

STATISTICAL ANALYSIS

In patients with bilateral hip OA only the most
aVected joint was selected for analysis of corre-
lations between biological and radiographic
variable. Correlations between continuous
variables were performed using linear regres-
sion analysis or Spearman test as appropriate.
Relation between continuous and qualitative
variables were studied using analysis of vari-
ance. Factors found to be associated in
univariate analysis were then studied using
multivariate analysis and logistic regression
analysis. Student’s paired t test was used to

compare values at baseline and end point.
p Values <0.05 were considered significant.

Results
The demographic and clinical data at entry are
summarised in table 2 and the initial radio-
graphic data are summarised in table 3. The
mean (SD) JSW at entry was 1.8 (1.04) mm
(median: 1.65 mm, range 0.5–4.0). The yearly
mean narrowing was 0.52 (0.45) mm/year
(median 0.49, range 0–2). It was correlated to
JSW at entry (r=0.66, p<0.001).

COMP and BSP at baseline were mean (SD)
7.7 (1.2) µg/ml ( range 5.4–10.5) and mean
(SD) 143.3 (27.3) ng/ml (range 100.8–250.5),
respectively. The mean (SD) CRP was 7.5
(14.6) mg/ml (range <5–34).

The COMP concentrations did not vary over
time (mean (SD) 7.6 (1.4) µg/ml at one year
compared with mean (SD) 7.7 (1.0) µg/ml at
entry, p > 0.05), whereas the BSP concentra-
tions increased during the year of follow up
(mean (SD) 160.0 (36.4) ng/ml at one year
compared with mean (SD) 143 (27.3) ng/ml at
entry, p = 0.01). The COMP and BSP concen-
trations at entry correlated significantly (r =
0.25, p = 0.04).

The COMP concentrations at baseline
correlated with JSW at entry (r = 0.40, p =
0.001) and to YMN (r = 0.38, p = 0.002) (fig
1). In contrast, after one year COMP concen-
trations did not correlate with YMN, while the
correlation persisted with JSW (r = 0.36,
p=0.02) . The correlation between COMP at
entry and YMN is also shown in table 4 where
COMP and BSP concentrations at baseline are
grouped according to the tertiles of YMN. In
support of this association, figure 2 shows that
patients with serum COMP at baseline equal
to or above 8.5 µg/ml had a 61.7% higher rate
of narrowing than those with serum COMP
below 8.5 µg/ml (p = 0.022). In contrast, the
variations of serum COMP over time did not
correlate with YMN. The 10 patients with the
most marked YMN (> 1 mm/year) had

Table 2 Characteristics of the 48 patients at entry in the
study

Number of patients (female/male) 48 (25/23)
Age at entry in the study (y) 56.4 (14.1)
Age at onset of disease (y) 51.1 (14.1)
Lequesne index 8.4 (4.3)
Pain on the VAS (mm) 48.2 (25.4)
Joint space width (mm) 1.80 (1.04)
Body mass index 25.8 (4.3)
Other OA sites involved (yes/no) 24/24
Bilateral hip OA (yes/no) 18/30
Current NSAIDs consumption (yes/no/NA) 22/19/7
Current SYSADOA consumption (yes/no/NA) 18/23/7
Hip overwork (yes/no/doubtful) 14/27/7
Smoking cigarettes (yes/no) 15/33
Serum COMP (µg/ml) 7.7 (1.2)
Serum BSP (ng/ml) 143.3

(27.3)

NA: not available. Data shown as numbers and mean (SD).

Table 3 Radiographic data at entry in the study

Joint space narrowing grade (0/1/2/3) 2/11/11/24
Osteophyte grade (0/1/2/3) 6/28/14/0
Joint space width (SD) (mm) 1.80 (1.04)
Bone response (hypertrophic/atrophic/

undefinable) 38/6/4
Femoral head migration (superolateral/

superointermediate/superomedial) 29/12/7
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significantly higher serum COMP at entry, p =
0.01. The serum COMP concentrations were
moderately higher in patients with bilateral hip
OA than in patients with unilateral hip OA
(mean (SD) 7.9 (1.2) compared wtih 7.2 (1.1)
µg/ml, p = 0.03). A tendency to higher serum
COMP in subjects with superior femoral head
migration compared with those with medial
migration was also observed (mean (SD) 7.9
(1.2) compared with 6.7 (1.1) µg/ml, p = 0.08).
The COMP concentrations did not correlate to
the radiographic pattern of bone response,
osteophyte or sclerosis grade.

The BSP concentrations at entry correlated
inversely with osteophyte grade (r = −0.36, p =
0.004), and sclerosis grade (r = −0.42, p =
0.0004)). The BSP concentrations were higher
in patients with atrophic OA than in patients
with hypertrophic OA (mean (SD) 167.4
(14.5) compared with 139 (23.5) ng/ml, p =
0.006).The correlations remained significant
at one year of follow up. The BSP concentra-
tions were unrelated to JSW in mm, JSN grade,
and to YMN. Neither did variations of serum
BSP over time correlate to YMN.

There was no correlation between levels of
the tissue markers and JSN grade progression.
Neither did baseline concentrations of COMP
nor BSP relate to sex, age, disease duration,

drug treatment, family history of OA, evidence
of OA at other sites, smoking status, Lequesne
index, VAS, and professional or sports activi-
ties. Serum COMP, but not serum BSP, corre-
lated significantly to BMI, r = 0.47, p = 0.0001.
No correlation was found between BMI and
JSW at entry, OA grade, or YMN.

Lequesne index (8.4 (4.3) v 8.2 (4.9)) and
pain on the VAS (48.2 (25.4) mm v 50 (19.4)
mm) as well as CRP serum concentrations (7.5
(14.6) v 6.2 (7.9) mg/l) did not vary signifi-
cantly over the year of follow up (all p>0.05).

Discussion
The positive correlation between the COMP
concentration at baseline and progression of
JSN is the main finding in this study. Such a
correlation between a single serum measure-
ment of a tissue marker and future OA
progression has not been demonstrated previ-
ously for a marker that may reflect cartilage
turnover, albeit increasing COMP concentra-
tions have been found to correlate to later dis-
ease progression in knee OA.2 3 One reason for
the observation of a correlation between serum
COMP and anatomical changes in the joint
could be that the method for measuring JSN
progression, using a computer image analysis,
is much more sensitive to small changes than
commonly used semi-quantitative grading or
inter-bone distance measurement using a
ruler.21 29 Our data suggest that a serum COMP
concentration greater than 8.5 µg/ml is associ-
ated with a higher rate of JSN and supports the
hypothesis that COMP is a surrogate marker of
OA, which could be particularly of interest for
the detection of patients at risk of rapidly pro-
gressive disease. The finding of higher serum
concentrations in patients with bilateral hip OA
further supports that COMP in the general cir-
culation reflects joint pathology. The eVects on
serum concentrations of COMP by putative
contribution from extra-articular sources, have
to be considered when interpreting changes in
the circulating concentrations. However, the
contribution from tendon is probably negligi-
ble in view of findings that even in race horses,
who have exceptionally high COMP concen-
trations in their tendons, no increase was found
in serum during tendinitis.35 Furthermore, it is
not likely that the contribution from the syno-
vial membrane is significant, as COMP con-
centrations in this tissue from RA and OA
patients at joint replacement surgery are below
detection level, that is less than 1/100 of the
level in cartilage (Saxne T and Heinegård D,
unpublished information). Further support for
this view has recently been gained in experi-
mental arthritis where increased serum COMP
is not seen in the initial phase of arthritis when
a marked inflammatory reaction is demonstra-
ble but at a later time point when erosive
changes are seen in the cartilage.36 However, it
is tempting to speculate, in view of the findings
of Recklies and coworkers,8 that in certain
cases, for example, rapidly progressing forms
with a marked synovitis, a contribution from
synovial tissue might exist. This might reflect a
low grade inflammation of the synovial tissue in
certain cases of OA and would be consistent

Figure 1 Correlation between serum COMP concentration at baseline (µg/ml) and
radiographic yearly mean narrowing (YMN mm/year) in 48 patients with with hip OA.
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Figure 2 Radiographic yearly mean narrowing (YMN
mm/year) according to the serum COMP concentration at
baseline in 48 patients with in hip OA.
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Table 4 Serum COMP and BSP concentrations at baseline according to the rate of
progression of joint space narrowing in hip

YMN (mm/year) Number COMP (µg/ml) BSP (ng/ml)

<0.3 16 7.22 (1.12) (5.4–9.2) 136.4 (2.03) (105.2–173.0)
0.3–0.6 16 7.62 (1.22) (5.4–9.6) 146.2 (34.0) (100.8–250.5)
>0.6 16 8.31 (1.24) (6.0–10.5) 144.6 (27.1) (101.7–180.4)

Data shown as mean (SD) and ranges.
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with the findings of a predictive value of
hyaluronan in serum37 and also with the recent
observation of a correlation between serum
CRP and progression of knee38 and hip OA.39

However, in this study CRP assay was not per-
formed using a high sensitivity method as done
by Conrozier and colleagues.39

Another important finding in this study is
the inverse correlation between serum concen-
trations of BSP and radiographic features of
subchondral bone changes. Thus BSP seems to
be a marker of bone turnover in OA in accord-
ance with other findings.3 15 The increase in
serum concentrations particularly in atrophic
OA and its inverse correlation with the
radiographic features of bone repair (osteo-
phyte and sclerosis) suggest BSP may preferen-
tially reflect subchondral bone osteopenia.
These data are in accord with experimental
findings showing BSP synthesis is stimulated
by dexamethasoe and inhibited by 25OH vita-
min D3.40 41 In line with previous observations,
we also found a significant correlation between
serum COMP and BSP, which suggests a link-
age between changes in the cartilage and bone
turnover in the progressive tissue alterations in
OA.2 3 The correlation may in part be ex-
plained by the much increased localisation of
BSP at the cartilage-bone interphase, while
other bone markers such as osteocalcin appear
to be more evenly distributed throughout the
bone matrix.14

The BSP concentrations did not correlate to
radiographic measures of cartilage thickness,
which is not unexpected in view of its tissue
distribution. Nevertheless it is somewhat at
variance with previous observations of increas-
ing serum BSP in early stages of knee OA.3

However, in the previous study we likewise did
not either find a correlation between baseline
BSP and JSN. In contrast with previous stud-
ies we did not find any correlation between
changes in COMP and BSP concentrations
over time and progression of OA.2 3 On the
other hand the previous studies did not show
any correlation between baseline values and
OA progression.2 3 The explanations for these
discrepancies are not clear but obviously there
might be diVerences depending on the type of
joint examined and also depending on the
patient selection and the duration of the follow
up. The patients in this study were all referred
because of symptomatic OA of the hip, which
diVers from the Swedish knee OA study as it
was a population based study.3 The duration of
the follow up is probably of importance. It was
only one year in this study while it reached five
years in the knee OA trial.2 Furthermore most
of the patients suVered from severe and
advanced disease at inclusion (mean JSW 1.80
mm) and it has been shown that serum COMP
concentrations increase during the earliest
stages of the condition, then decrease in
advanced disease.34 The progression of JSN
was very rapid in 10 of the patients in this
study. This explains the high rate of progres-
sion in comparison with other reports. Never-
theless the 38 other patients appeared to
progress at a rate similar to previously
recorded data.42–45 The rapidly progressors dif-

fered from the other patients only regarding
age (69.4 (9) compared with 56.4 (14.1),
p=0.02) and COMP concentrations, but not
with regard to JSW at entry, OA at other sites,
and BMI. This may mean that in this study we
have selected a subset of patients with severe
OA, which might facilitate the identification of
tissue morphological changes over a short time
interval.

The inverse correlation between serum con-
centrations of both COMP and BSP and the
radiographic severity of OA is a novel finding
that extends earlier observations. Thus, lower
synovial fluid concentrations of the proteins
were seen in advanced knee OA as compared
with less advanced stages as determined by a
score combining radiographic and arthro-
scopic observations.1 15

The serum concentrations of COMP and
BSP did not correlate to a number of studied
demographic as well as clinical variables. This
is not surprising, as no close link between such
parameters and the tissue process is to be
expected. The correlation between COMP
and BMI is an exception. This association was
not found in knee OA.2 However, Wolfe46

found a correlation between CRP and disease
severity, and between CRP and BMI in 655
patients with OA of the knee or hip. Further-
more, an association between synovial fluid
concentrations of the C-propeptide of type II
collagen and BMI has also been reported.47

Obesity is known to be frequently associated
with progressive OA and OA severity but the
explanation for an association between over-
weight and serum markers of OA is presently
unclear and additional studies are required to
clarify it.

In conclusion, the findings of this study show
that serum measurements of tissue derived
macromolecules have potential as a tool in
studies of the pathophysiology of OA and also
for obtaining information on specific tissues
including such of prognostic value. The
combination of such measurements with sensi-
tive instruments for assessing anatomical
changes should facilitate future eVorts to eluci-
date tissue responses and mechanisms of joint
destruction in OA
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