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Joint Biomarkers in Idiopathic Femoral Head
Osteonecrosis: Comparison with Hip Osteoarthritis
SHINICHI KATO, HARUMOTO YAMADA, NOBUKI TERADA, KOICHI MASUDA, MARY ELLEN LENZ, 
MITSUHIRO MORITA, YASUO YOSHIHARA, and OSAMU HENMI

ABSTRACT. Objective. To compare concentrations of joint biomarkers in synovial fluid (SF) between idiopathic
osteonecrosis of the femoral head (ION) and osteoarthritis (OA) of the hip joint.
Methods. Levels of the joint biomarkers cartilage oligomeric matrix protein (COMP), antigenic ker-
atan sulfate (AgKS), and hyaluronan (HA) in SF samples from 21 cases of ION and their relation-
ship to disease stage and history of steroid use were assessed and compared to the result of 29 cases
of hip OA.
Results. In both the ION and hip OA groups, levels of COMP and AgKS in SF showed a significant
positive correlation. The ION group had significantly higher levels of AgKS in SF than the hip OA
group. In the ION group, stage II patients had significantly higher SF levels of both COMP and
AgKS than those in stage III patients. No difference in level of HA in hip joint SF was found between
steroid and non-steroid treated ION patients or between the stage II and III subgroups.
Conclusion. SF levels of COMP and AgKS may serve as useful joint biomarkers that reflect carti-
lage metabolism not only in hip OA but also in ION. (J Rheumatol 2005;32:1518–23)
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The pathologic process involved in idiopathic osteonecrosis
of the femoral head (ION) begins with a necrotic change in
bone tissue that is thought be a result of disturbance in the
blood circulation to the femoral head1. Once bone tissue
necrosis leads to the depression of the femoral head that is
characteristic of ION, pain with relatively abrupt onset is
elicited. There is an abrupt mechanical stress that quickly
destroys the cartilage; however, cartilage damage in this
early disease stage of ION will not cause any clinical symp-
tom or dysfunction and is not considered the essential patho-
genesis of ION2. The degenerated cartilage on the femoral
head side caused by femoral head depression results in

destroyed cartilage on the acetabular side, and ION pro-
gresses to secondary osteoarthritis (OA). 

On the other hand, the pathologic process of primary OA
begins with unbalanced remodeling in cartilage that is initi-
ated by multiple factors including genetic, developmental,
and metabolic components. OA is defined as a gradual loss
of cartilage, progressing through debilitation of joint struc-
ture and function and finally leading to an incongruous joint
surface. 

The destruction of hip joint tissues that takes place in
ION occurs quite rapidly when compared with that of pri-
mary hip OA, thus the pathology of hip joint tissue degen-
eration and destruction is likely to differ. Thus, even though
ION starts with femoral head bone tissue necrosis, the
pathophysiologic evaluation of other hip joint tissues, e.g.,
cartilage and synovium, in ION would be informative. 

Pathophysiological evaluation in OA and ION is essen-
tial for correct diagnosis and treatment of disease. Imaging
techniques including radiography and magnetic resonance
imaging (MRI) have provided information on arthritic mor-
phological changes; however, they are not useful for obtain-
ing earlier diagnosis or assessing the effectiveness of treat-
ment; therefore more sensitive methods are required.
Recently, biomarkers reflecting the metabolism of cartilage
and synovium have been clarified.

A biomarker, which is a molecule that indicates an alter-
ation in physiology from normal, should also specifically
and sensitively reflect a disease state and be of use for diag-
nosis as well as for disease monitoring during and after ther-
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apy3. Joint biomarkers4, otherwise referred to as metabolic
markers5, molecular markers6, or biochemical markers7, are
molecules whose concentration in synovial fluid (SF),
blood, or urine provides information about the in vivo meta-
bolic status of cartilage, synovium, or other joint tissue8. To
date, the use of joint biomarkers has mainly been reported in
OA4-6 and rheumatoid arthritis (RA)9-11. The joint biomark-
ers selected for this study were cartilage oligomeric matrix
protein (COMP), antigenic keratan sulfate (AgKS), and
hyaluronan (HA). All 3 biomarkers are measurable in serum
or SF5. COMP and AgKS in synovial joints were reported to
be elevated in OA and traumatized joints as a result of car-
tilage destruction during the disease process12.

Our purpose was to investigate the changes in the joint
biomarkers COMP, AgKS, and HA in hip joint SF of ION
and OA patients and compare levels of these 3 joint bio-
markers.

MATERIALS AND METHODS
Patients and samples. SF samples were obtained by direct joint capsule
needle puncture while the patients (21 cases of ION and 29 cases of hip
joint OA) were undergoing femoral endoprosthesis replacement, total hip
replacement, or femoral osteotomy. The samples were centrifuged at 1000
g for 20 min at 4°C and the supernatants were stored at –80°C until ana-
lyzed.

The diagnostic criteria and radiological staging system for idiopathic
femoral head necrosis proposed by the Japanese Ministry of Health and
Welfare was used to classify the ION patients, as follows: Stage 1: No spe-
cific findings of osteonecrosis on simple radiographic images; however,
specific findings are observed on MRI, bone scintigram, or histology from
core decompression. Stage 2: Demarcating sclerosis is seen on simple radi-
ograph, without collapse of the femoral head. Stage 3: Collapse of the
femoral head, including crescent sign, is seen without joint space narrow-
ing. Mild osteophyte formation of the femoral head or acetabulum may be
seen. Stage 4: Osteoarthritic changes are seen13. 

Standard projection radiography was performed, taking anteroposterior
(AP) radiographs of the pelvis in a standing position with 20° of internal
rotation of the hip joint. The lateral view of the femoral head was taken in
the AP direction while the patient was positioned supine with the hip in 90°
of flexion, 45° of abduction, and neutral rotation. The focus to film distance
was 90 cm. Radiographic staging sorted the ION patients into 7 stage II
(early stage) and 14 stage III (advanced stage) cases. Of these ION cases, 7
had been induced by steroid use for the treatment of systemic lupus ery-
thematosus (SLE). These patients with steroid induced ION had a history
of high dose steroid treatment (> 30 mg/day); however, most of the patients
were administered only low dose steroids at the time of surgery.

The diagnosis of hip OA was made according to the criteria recom-
mended by the American College of Rheumatology14. Hip OA patients
were subdivided based on the radiological staging system of the Japanese
Orthopaedic Association, as follows: Advanced stage: moderate diminution
of the joint space, and partial contact with subchondral bone accompanied
by sclerotic changes in the acetabulum. Terminal stage: joint space is great-
ly impaired, and acetabulum has been destroyed15. As radiographically
staged, there were 2 cases of advanced stage and 27 terminal stage hip OA
patients. Patient demographics are shown in Table 1.

Measurement of biomarkers
Measurement of COMP. Levels of COMP in hip joint SF were measured by
the competitive indirect inhibition ELISA16 using an anti-COMP mono-
clonal antibody (17-C10, kindly provided by Dr. V. Vilim, Institute of
Rheumatology, Praha, Czech Republic).

Measurement of AgKS. AgKS in hip joint SF was quantified by the well
characterized ELISA with an inhibition step using an anti-KS monoclonal
antibody, 1/20/5-D-4, specific for the highly sulfated epitope on KS
chains17. Concentrations are reported as equivalents of an international
standard of KS purified from human costal cartilage.

Measurement of HA. HA in hip joint SF was quantified by an ELISA as
described18. This ELISA takes advantage of an anti-KS monoclonal anti-
body (1/20/5-D-4) to differentiate between the coated aggregating rat chon-
drosarcoma proteoglycan that captures the HA and the KS-bearing aggre-
gating proteoglycan added subsequently. HA of 4 MDa molecular weight
(Healon, Pharmacia, Uppsala, Sweden) was used as a standard.

Statistical analysis. Intragroup correlations of biomarkers were analyzed by
the Spearman rank correlation coefficient. The Mann-Whitney U-test was
employed to analyze intergroup differences of biomarker levels and to test
effects of steroid use and radiographic stage in ION. The level of signifi-
cance was established at p < 0.05.

RESULTS
Correlation among joint biomarkers within ION and OA
groups.
We separately analyzed the data to determine if there were
any correlations among COMP, AgKS, and HA SF levels
within the ION patients and the OA patients. A significant
positive correlation was found between SF levels of COMP
and AgKS in both groups (p < 0.05), but not between COMP
and HA, nor between AgKS and HA concentrations (Table
2, Figures 1 and 2).

Comparison of COMP, AgKS, and HA concentrations in
ION and OA.
The hip joint SF concentration of COMP was 80.0 ± 47.0
µg/ml (mean ± SD) in hip OA and 78.2 ± 46.3 µg/ml in ION,

Table 1. Patient demographics. The stage of ION was assessed by radio-
logical findings according to the criteria of the Japanese Ministry of Health
and Welfare. The stage of hip joint OA was assessed by radiological find-
ings according to the criteria of the Japanese Orthopaedic Association.
Values are mean ± SD.

Disease N Age, yrs Female/male

ION stage II 7 31.2 ± 7.4 0/7
ION stage III 14 52.0 ± 13.0 4/11
Total ION 21 46.3 ± 15.0 4/17
OA advanced 2 42.0 ± 4.2 2/0
OA terminal 27 64.1 ± 11.7 24/3
Total OA 29 55.5 ± 15.8 26/3

Table 2. Correlations between hip joint SF levels of COMP, AgKS, and HA
in ION and OA patients.

AgKS HA

ION
COMP 0.538* 0.059
AgKS 0.03

OA
COMP 0.445* 0.166
AgKS 0.285

* p < 0.05.
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with no significant difference between the 2 disease groups
(p = 0.62). The ION patients had a significantly higher SF
AgKS concentration than OA patients [ION 9.2 µg/ml
(median), 10.5 ± 4.97 µg/ml (mean ± SD); hip OA 4.0 µg/ml
(median), 5.03 ± 3.52 µg/ml (mean ± SD); p < 0.001; Figure
3]. There was no difference in the hip joint SF HA concen-
tration between OA (77.8 ± 41.8 µg/ml) and ION (72.2 ±
34.0 µg/ml) patients (p = 0.48).

Effect of steroid use and disease stage on joint biomarkers
in ION patients. 

COMP. There was no significant difference in the COMP
hip joint SF concentration between the steroid treated
patients and non-steroid ION patients (steroid 53.3 ± 23.5
µg/ml; non-steroid 90.6 ± 50.5 µg/ml; p = 0.062). However,
the stage II ION subgroup by radiological examination
showed a higher COMP value than the stage III ION sub-
group [stage II 82.4 µg/ml (median), 108.6 ± 65.5 µg/ml
(mean ± SD); stage III 61.7 µg/ml (median), 62.9 ± 23.9
µg/ml (mean ± SD); p < 0.05; Figure 4].

AgKS. There was no significant difference in the hip joint SF
levels of AgKS between steroid and non-steroid treated ION
patients (steroid 9.8 ± 6.1 µg/ml; non-steroid 10.8 ± 4.5
µg/ml; p = 0.77). The stage II ION subgroup had a signifi-
cantly higher hip joint SF level of AgKS than the stage III
ION subgroup [stage II 12.7 µg/ml (median), 14.2 ± 5.7
µg/ml (mean ± SD); stage III 8.65 µg/ml (median), 8.6 ± 3.4
µg/ml (mean ± SD); p < 0.05; Figure 5].

Hyaluronan. No difference in HA hip joint SF levels was
found between steroid and non-steroid treated ION patients
[steroid 72.8 ± 58.1 µg/ml (mean ± SD); non-steroid 72.0 ±

Figure 1. A significant positive correlation between hip joint SF levels of
COMP and AgKS was found in patients with ION (p < 0.05).

Figure 2. A significant positive correlation between hip joint SF levels of
COMP and AgKS was found in patients with hip OA (p < 0.05).

Figure 3. ION patients had a significantly higher level of hip joint SF AgKS
than hip OA patients (p < 0.001). Horizontal bar represents the median
value of the data.

Figure 4. Patients with stage II ION, by radiological examination, had a
higher hip joint SF level of COMP than patients with stage III ION (p <
0.05). Horizontal bar represents the median value of the data.

Figure 5. Patients with stage II ION, by radiological examination, had a
higher hip joint SF level of AgKS than patients with stage III ION (p <
0.05). Horizontal bar represents the median value of the data.
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19.8 µg/ml (mean ± SD); p = 0.51] or between the stage II
and III subgroups [81.8 ± 45.3 µg/ml (mean ± SD) vs 67.1
± 26.8 µg/ml (mean ± SD), respectively; p = 0.61].

DISCUSSION
We measured and compared hip joint synovial fluid bio-
marker concentrations (COMP, AgKS, and HA) in 2 distinct
hip joint diseases, ION and hip OA. We measured biomark-
ers in SF collected during hip surgery. SF from the hip joint
is not easy to collect; however, we consider this to be the
most informative sample compared with other body fluids,
e.g., blood or urine, since it is directly exposed to cartilage
and synovium. Biomarkers in SF provide information about
changes taking place in a single joint7, in this case the hip
joint. Other advantages of SF are that the concentration of a
specific marker is much higher than in blood or urine and
the chance of identifying a high proportion of all fragments
is much greater. SF COMP concentration increases after
trauma, such as ligament or meniscus injury, and levels fol-
low a similar pattern to those of aggrecan, KS, or chon-
droitin 6-sulfate12. COMP is generally high in OA SF, is
maximal in early OA, and declines as disease stage pro-
gresses12. It has also been verified that there are fragments
as well as intact forms of COMP in cartilage, and a chronic
joint destructive disease such as OA has a higher proportion
of degraded fragments than normal cartilage7. Because the
mechanism of degradation of COMP is thought to involve
matrix metalloproteinase (MMP) and serine protease, degra-
dation enzymes of the extracellular matrix in joint cartilage,
COMP is regarded as one of the markers of the turnover of
cartilage7,8. The ELISA method used in our study utilized an
antibody that was capable of recognizing fragmented as well
as intact forms of COMP16. It is notable that serum COMP
has been proposed to be a prognostic marker for joint
destruction in RA and OA7,8, and that increased baseline
serum COMP levels were associated with hip destruction in
advanced hip OA19.

The glycosaminoglycan AgKS, a molecule found almost
exclusively in aggrecan, is an example of a “direct” bio-
marker of cartilage metabolism, one that originates princi-
pally from cartilage17. It is generally accepted that an
increase in the SF level of AgKS-bearing fragments pro-
vides a measure of the degradation of the cartilage matrix20-

23. It has been reported that SF AgKS concentration is high-
er than normal in the initial stages of OA and declines
inversely as disease stage advances20-22. However, the
serum level of AgKS may also represent an increase in
aggrecan synthesis, because it is not clear whether this
marker reflects degradation of mature resident aggrecan or
newly synthesized molecules7.

SF HA in OA decreases in proportion to progression of
the radiographic stage, and thus is considered an index of
synovial membrane inflammation23. Interestingly, the serum
level of HA has prognostic value in OA of the knee24.

Our results showed that hip joint SF COMP and AgKS
levels significantly and positively correlated in both ION
and in hip OA. These 2 diseases differ pathophysiologically
in that a rapid destructive process follows the disruption of
the femoral head in ION, whereas hip OA is characterized
by a slower destructive process. Little information has been
reported on SF COMP levels, furthermore, correlation
between SF COMP and AgKS levels in ION and OA has not
been reported. However, because these 2 markers correlated
in these 2 distinct joint diseases, our results indicate that
COMP and AgKS might reflect the same phase of cartilage
destruction, and that COMP and AgKS might be useful joint
biomarkers of cartilage degradation. In our study, there is a
difference in the mean age of patients between the OA and
ION groups. Also, most of the OA patients were in the ter-
minal disease stage. We have reported that KS concentration
in SF from hip OA patients measured using high perform-
ance liquid chromatography decreases with the progression
of OA stage25. The mean age difference between the 2 dis-
ease groups and bias in the stage of OA patients would affect
the levels of AgKS and COMP.

In addition to fetal and adult articular chondrocytes and
fetal tendon and ligament fibroblasts, COMP is also pro-
duced by synovial fibroblasts from normal and OA synovial
tissues26. There is also evidence that COMP mRNA is
expressed in the synovial membrane tissue of RA and OA
patients26. As noted, HA is considered to be a marker of syn-
ovial membrane inflammation27. Because we found no cor-
relation between COMP and HA levels in hip joint SF in
either ION or hip OA, the SF COMP level was assumed to
be less affected by synovial membrane inflammation. 

It has been reported that in SF, cartilage degradation
markers such as chondroitin 4-sulfate and chondroitin 6-sul-
fate did not differ between ION and OA28. However, levels
of MMP-3 and type II procollagen C-peptide (pCOL II-C),
a marker of type II collagen synthesis in chondrocytes, were
reported to be higher in ION than in OA29. In our study, hip
joint SF levels of AgKS were significantly higher in ION
than in hip OA. In ION, the cartilage tissue remains in the
normal state until it is destroyed, over a very short time, by
pressure imposed by bone-head compression, thereby liber-
ating a large amount of fragments of cartilage matrix aggre-
can. In contrast, in hip OA, the cartilage tissue remaining is
diminished by longterm destruction; therefore, the total
amount of aggrecan fragment liberated into the joint would
be much less than in ION. Interestingly, we found no signif-
icant differences in the SF COMP levels between ION and
hip OA. This discrepancy between SF COMP and AgKS
levels, which were positively correlated in each disease
state, may be ascribed to differences in the mechanism of
cartilage destruction in both diseases. Further, there is a
report that COMP differs from aggrecan in the mechanism
by which it is released from cartilage tissue into the SF and
in the manner it is cleared from the joint cavity12. These dif-
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ferences might have to be considered in interpreting our
results of SF COMP.

Iwase, et al reported that the SF HA level was signifi-
cantly higher in early stage ION compared to early stage hip
OA28; however, we found no such difference. This discrep-
ancy may be explained by the fact that there were more
cases of ION and hip OA at relatively advanced stages in our
study. Early stage ION involves synovial membrane inflam-
mation caused by the more rapid release of cartilage debris
than that found in hip OA, but as the disease stage of ION
progresses, those differences between ION and hip OA may
no longer exist.

Jingushi, et al compared hip joint SF markers between
stage IV and stage III or II ION patients and found a signif-
icantly higher level of aggrecan fragments in stage IV sub-
jects29. In contrast, in our study, the stage II ION subgroup
showed significantly higher COMP and AgKS levels than
the stage III ION subgroup. Because our study did not
include stage IV cases of ION, we cannot compare our
results with those of Jingushi, et al, but our results possibly
suggest that a greater amount of matrix degradation products
are released from cartilage of stage II ION, which had been
normal just before depression of the femoral head, than from
cartilage of stage III ION.

There were 7 cases of ION that had possibly been
induced by steroids. Steroid use is well known to suppress
production of cartilage matrix including aggrecan30,31.
These patients with steroid induced ION had a history of
high-dose steroid treatment (> 30 mg/day); however, most
of the patients were administered only low-dose steroid at
the time of collection of SF. We expect that longterm steroid
treatment, even at a low dose, would affect cartilage metab-
olism. Others have also studied effects of steroids on joint
markers in ION, but no significant effects have been report-
ed. We found no difference in steroid effects on SF AgKS
levels in our study. On the other hand, there was a tendency
toward lower concentrations of SF COMP in steroid users,
although this was not statistically significant (p = 0.062).
COMP is located in the superficial matrix of the cartilage,
especially in the territorial matrix around chondrocytes, and
its appearance differs from other cartilage matrix con-
stituents, e.g., type II collagen and aggrecans, during chon-
drogenesis32. The mechanism of COMP release from carti-
lage into SF has not been sufficiently analyzed; however,
COMP present in the superficial layer of cartilage would
reflect cartilage metabolism more directly than AgKS.
Therefore, we hypothesize that there is a possibility that
lower levels of COMP might reflect the suppression of car-
tilage metabolism by steroids. Further study with a larger
number of cases is required.

We carried out a comparative study of joint biomarkers
including COMP, which has recently attracted attention as a
marker of cartilage destruction. We observed positive corre-
lation of synovial fluid COMP level to AgKS in hip OA and

ION, but no correlation to synovial fluid HA. Our results
suggest that COMP is a useful joint biomarker for cartilage
degradation not only in hip OA, but also in ION, which is
characterized by the rapid destruction of cartilage.
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