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Abstract
Objective

Lack of osteophytes (atrophic form) has been shown to be a factor in the severity of hip osteoarthritis (OA).
The aim of this study was to determine the epidemiological, radiological and biological differences between the

hypertrophic and atrophic forms of hip osteoarthritis.

Methods
25 patients with symptomatic hip OA (ACR criteria) and classified as having an atrophic form of OA based on

the lack of osteophytes on standard radiograph of the pelvis, were matched for joint space width with 25 
subjects with evidence of the hypertrophic form of hip OA. OA radiological severity was assessed using a 

scoring system and by computer measurement of the joint space width. Angles of hip dysplasia were measured.
Serum hyaluronic acid, cartilage oligomeric matrix protein, collagenase, Type I procollagen, C-terminal

crosslinking telopeptide of type I collagen and tissue inhibitor of métalloproteases-1 were assayed by
immunoassay and C-reactive protein by ultrasensitive immunonephelemetry. Statistical analysis was 
performed using logistic regression, taking into account age, sex, body mass index, and bilaterality.

Results
Compared to hypertrophic OA, atrophic OAaffected chiefly elderly women and was characterized by a smaller
centre-edge angle and diffuse superior femoral head migration. It was less frequently bilateral. No statistically

significant difference was found in the biological data between the two groups.

Conclusion
An atrophic bone response in hip OA occurs chiefly in women and is associated with poor coverage of the
femoral head. Serum biomarkers able to demonstrate differences between the atrophic and hypertrophic 

patterns of OA are lacking.
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Introduction
Osteoarthritis (OA) of the hip is one of
the most common causes of pain and
disability in adults aged 55 years and
older (1) The age and sex standardized-
incidence rate for the disease has been
estimated to be between 47.3 and 88/
100,000 person-years (2, 3), increasing
with age to reach 445/100,000 in wo-
men aged 70-79 (3). A number of stud-
ies clearly suggest that the rate of pro-
gression of hip OA is very heteroge-
nous among patients (4-7). Solomon et
al. (8) suggested that the behaviour of
coxarthrosis may be determined by three
interacting factors such as cartilage de-
generation, excessive mechanical stress,
and the reparative bone response.
When anatomical abnormalities and
mechanical features are dominant, car-
tilage loss is localised, remodelling is
good and the hip can stabilise. When
inflammatory and degenerative fea-
tures predominate, reparative new bone
formation is minimal and progression
is more rapid. The pattern of bone
response to cartilage loss can be classi-
fied as hypertrophic or atrophic based
on the presence or absence of osteo-
phytes, respectively (Fig. 1). 
There is strong evidence that lack of
osteophytes (the atrophic form of OA)
is associated with the faster progress i o n
of joint space narrowing and is a factor
in the severity of hip osteoarthritis (6-
10). The aim of the present study was
to determine the epidemiological, clini-
cal, radiological and biological differ-
ences between the atrophic and hyper-
trophic patterns of hip OA in order to
propose hypotheses regarding the phy-
siopathology of the disease.

Patients and methods
Patients and clinical data
This cross-sectional case-control study
was conducted on 50 patients. Among
174 patients referred to our Department
of Rheumatology for symptomatic hip
OA, diagnosed according to the ACR
criteria, 25 subjects (14.3%) had evi-
dence of the atrophic form of hip OA.
They were matched for hip joint space
width (see below) with 25 of the 92 pa-
tients being followed in the same depart-
ment who exhibited the hypertrophic pat-
tern of the disease. All patients under-

went standard antero-posterior X-ray
of the pelvis and “faux-profil” (11) of
the hips. Patients with hip OA seco n-
dary to alternative arthropathies were
excluded (i.e. infectious or inflamma-
tory arthritis, Paget’s disease, aseptic
osteonecrosis, or major congenital ab-
normalities such as congenital disloca-
tion of the hip). All patients underwent
a full clinical history and examination
to obtain the following information:
height, weight, body mass index (BMI),
disease duration and date of diagnosis,
history of hip joint trauma, risk of hip
joint overwork (classified as low, nor-
mal or high) with regard to profession-
al or sport activities (i..e. regular heavy
lifting or strenuous walking and run-
ning), polyarticular OA i n v o l v e m e n t
(Heberden or Bouchard’s nodes; radio-
logical spine OA or knee OA if x-rays
available), and smoking status. Pain
was self-assessed by the patients on a
100 mm visual analog scale (VAS) and
disability relative to hip OAwas evalu-
ated using the Lequesne algofunctional
index (12) None of the patients present-
ed clinically detectable disease that
could interfere with the current dosage
of the serum or urinary markers for
OA. For each patient, all clinical and
laboratory data were obtained on the
day of the hip radiograph.

Radiographic data
All patients had radiographs of the
pelvis taken using a standardized radio-
logical procedure. Antero-posterior ra-
diographs of the pelvis were taken with
the patient 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. Lequesne “faux-
profil” of the two hips was performed
using the standardised published proce-
dure (11).

Morphological evaluation
Osteoarthritis radiographic changes
were graded according the modified
Altman score (13) using a 5-point scale
(0 to 4) for joint space narrowing
(JSN), a 4-point scale (0 to 3) for osteo-
phytes, a 3-point scale (0-2) for cysts
and a 2-point scale ( 0-1) for sclerosis
(13). The inter-observer kappa value
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(95%CI) was 0.91 (0.88 – 0.94), 0.79
( 0 . 7 1 – 0.87), 0.77 (0.67 – 0.87) and
0.76 (0.68–0.85) for each item, respec-
tively. 
Each hip was classified as hypertrophic
or atrophic according to presence or
lack of osteophytes. Osteophytes were
assessed on both femoral head and ace-
tabulum. Osteophyte grade was given
by the highest grade. To be classified as
atrophic, the hip had to be of grade 0
for osteophyte and >1 (definite) for
JSN. To be classified as hypertrophic it
must be of grade >1 (definite) for oste-
ophyte whatever the JSN was. T h e
intra-class coefficient of correlation (CI
95%) between repeated evaluation was
0.96 (0.91 – 0.99).
The pattern of femoral head migration
within the acetabulum was classified as
supero-lateral, supero- intermediate,
supero-medial as proposed by Leding-
ham et al. (9). 

Joint space measurement
The hip joint space width was deter-
mined based on a previously published
method (14,15), with the help of a dig-
itized image analysis computer using a
specific software (Holy’S Actibase®,
Lyon, France). The joint space contours
were delineated with the mouse on the
following margins: the superior convex
edge of the femoral head and the inferi-
or margin of the acetabulum. The joint
space width at the narrowest point (min-
imal JSW) and the mean JSW were au-
tomatically calculated by the computer

within this area. The intra-class coeffi-
cient of correlation between repeated
measurements of a single film was
0.99. The standard deviation (SD) for
repeated measurements of the same
film was 0.15 mm so that the smallest
detectable difference to be significant
between two measurements was 0.3
mm (2SD). Patterns of hip joint dyspla-
sia: head-neck-shaft angle (HNS),
acetabular depth (AD) and centre-edge
(CE) angle were also obtained using
the computer (6). 
Each patient with atrophic OA w a s
matched by drawing lots for another
patient with evidence of the hypertro-
phic form of OA and the same (± 0.30
mm) min JSW.

Biological data 
Blood samples were obtained from each
subject on the same day that the radi-
ograph was taken. The serum was im-
mediately frozen and stored at -25°C. 

Inflammation markers
C reactive protein was assayed by
ultra-sensitive immunonephelemetry
(N Latex CRP m o n o ™ B e h r i n g w e r k e
AG). The intra-assay coefficient of
variation (CV) was 4.75% (16) and the
threshold of detection was 0.175 mg/l.

Cartilage and synovium markers
Serum collagenolytic activity (MMP-
1) was measured based on the digestion
of fluorogenic peptide (DNP-Pro-Leu-
A l a - L e u - Tr p - A l a - A rgOH (17). T h e

intra-assay coefficient of variation
(CV) was 5-9%.
Tissue inhibitor of metalloprotease-1
(TIMP-1) was assayed using an ELISA
technique (Biotrack TIMP-1™, Phar-
macia Biotech). The intra-assay CV
ranged from 8.9 and 11.4% (18).
The hyaluronic acid (HA) assay was
performed using the Pharmacia HA
test™ (intra-assay CV 6.4–7.2%) (19).
Cartilage oligomeric matrix protein
(COMP) was analyzed by a newly
developed sandwich ELISA m e t h o d
(Covalab, France). The intra-assay co-
efficient of variation (CV) was 8–20%.

Bone turnover markers
Type I procollagen was measured by a
sandwich immunoassay (Prolagen-C™
Metra Biosystems) (CVs 55-6.8%)
(21). 
Serum β isomerised C-terminal cross-
linking telopeptide of type I collagen
(S-CTX-I) was measured by an immu-
noassay (Serum Crosslaps One Step
ELISA™,Osteometer Biotech, Herlev
Denmark ) (CVs 4.7–4.9%) (22).

Statistical analysis
We chose to match “patients” (atroph-
ic) and “controls” (hypertrophic) for
joint space width but not for age and
sex to eliminate the impact of disease
severity, in particular for the biological
data. Nevertheless, in the multivariate

Fig. 1. Atrophic (a) and hypertrophic (b) patterns of hip osteoarthritis.

Table I. Modified Altman score for
osteoarthritis radiological assessment.

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 or doubtful osteophyte
2: moderate osteophyte
3: large osteophyte

Sclerosis 
0: no or doubtful sclerosis 
1: evidence of sclerosis

Subchondral bone cysts
0: no or doubtful cyst
1: definite cyst
3: large cyst



analysis of biological data we system-
atically included age, gender bilaterali-
ty and BMI as possible confounding
variables.
Statistical analysis was performed us-
ing the following procedures: patients
with atrophic and hypertrophic OA
were compared for each variable using
the chi-square test and Wilcoxon rank
test as appropriate, and then applying
logistic regression including each vari-
able that was found to be significant in
the univariate analysis. Correlations
between variables were investigated
using Spearman’s test. P values < 0.05
were considered statistically signifi-
cant. 

Results 
The characteristics of patients are sum-
marized in Table II. 

Epidemiological data
The atrophic form affected chiefly wo-
men (p =0.02), at a more advanced age
(mean difference 5 years, p= 0.01), and
was responsible for more disability
(Lequesne’s index 10.5 versus 8.5, p =
0.05) than hypertrophic OA. Disease
duration since the date of diagnosis
was longer in patients with hypertro-
phic OA (67 versus 14 months; p<
0.0001) suggesting that joint space nar-
rowing progression was slower. T h e
time between the onset of symptoms
and the diagnosis of hip OA was 6 and
12 months respectively in atrophic and
hypertrophic OA ( p =0.02), showing
that patients with atrophic OA needed
to consult a physician earlier than pa-
tients with hypertrophic OA. A m o n g
the 25 patients with atrophic OA, 9 had
a history of hip trauma versus only one
of the subjects with hypertrophic OA(p
= 0.005). 
After adjustment for gender, there was
no difference between the 2 groups
regarding height, BMI, risk of hip joint
overwork, polyarticular OA, smoking
status and pain on the VAS.

Radiological data
In atrophic OA, the pattern of femoral
head migration was more likely to be
supero-intermediate (17/25), while
supero-lateral migration was more fre-
quent in the hypertrophic forms (13/25)

( p=0.003). Atrophic OA was also found
to be less frequently bilateral (8/25 ver-
sus 16/25) (p=0.03). Significant differ-
ences were also found between atroph-
ic and hypertrophic OAfor the CE (p =
0.004) and HNS angles (p = 0.02) but
not for AD.

Biological data
On univariate analysis no significant
difference was found between the two
groups for the biological markers. CRP
(4.4 versus 3.5 mg/l), COMP ( 5 7 0 . 4
versus 383.7 ng/ml) and HA ( 1 3 3 . 8
versus 91.9 ng/ml) were slightly higher
in atrophic than in hypertrophic OA
(respectively +25%, +48.6% and +51%),

but the differences were not statistical-
ly significant. HA and COMP concen-
trations were highly correlated (Rho
0.62, p=0.005), while no other correla-
tion was found between biological
markers.
After adjustment for age, gender and
BMI, logistic regression showed that
atrophic OA was characterized by a
shorter disease duration (p=0.03), a
smaller centre-edge angle (p = 0 . 0 1 ) ,
and was less frequently bilateral (p =
0.04) and more often of a supero-inter-
mediate JSN topography (p = 0.02). No
statistically significant difference was
found for CRP, COMP, HA, TIMP-1,
collagen C-terminal propeptide and S-
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Table II. Epidemiological, clinical and radiological characteristics of patients suffering
from atrophic hip osteoarthritis, matched by hip joint space width with patients suffering
from hypertrophic hip osteoarthritis. 

Variables Hypertrophic OA Atrophic OA p

Sex: male/female 12/13 4/21 0.02
Bilateral: yes/no 17/8 9/16 0.03
Age (SD) 62.4 (1.8) 67.0 (2.0) 0.01
Pain on VAS mm (SD) 54.5 (25.5) 63.1 (6.9) ns
Lequesne index (SD) 8.5 (0.9) 10.5 (0.8) 0.05
Disease duration [months] (SD) 67 (56) 14 (14) 0.0001
Months between onset and diagnosis (SD) 12 (11) 6 (4) 0.02
NSAIDs consumption (no. of pts.) 18 20 ns
SMOADs consumption (no. of pts.) 13 13 ns
Min JSWmm (SD) 1.8 (0.2) 1.6 (0.2) ns
Mean JSWmm (SD) 2.4 (1.1) 2.3 (1.0) ns
Centre edge angle° (SD) 31.9 (1.4) 26.6 (1.2) 0.004
Head neck shaft angle° (SD) 121.3 (7.5) 128.7 (1.2) 0.02
Acetabular depth (SD) 9.8 (1) 10.6 (0.9) ns
Femoral head migration: SL/SI/SM/A 13/4/6/2 8/17/0/0 0.003

SD: standard deviation; JSW: joint space width; NSAIDs: non-steroidal anti-inflammatory drugs;
SMOADs: structure-modifying drugs for osteoarthritis; SL: supero-lateral; SI: supero-intermediate.

Table III. Biological characteristics of patients suffering from atrophic hip osteoarthritis,
matched by hip joint space width with hypertrophic hip osteoarthritis patients (SD given
between parentheses). 

Markers Hypertrophic OA Atrophic OA P

CRP(mg/l) 3.5 (0.6) 4.4 (0.8) ns
COMP(ng/ml) 383.7 (37.9) 570.4 (86.6) ns
TIMP-1 (ng/ml) 700.6 (46.5) 745.3 (27.6) ns
HA(ng/ml) 91.9 (13.4) 133.8 (18.5) ns
CP-I (ng/ml) 69.1 (24.5) 74.5 (31.8) ns
S-CTX-I (pmol/l) 2778 (2200) 2817 (1764) ns
MMP-1 (ng/ml) 405 (102.2) 389 (85.1) ns

SD: standard deviation; CRP: C-reactive protein; COMP: cartilage ologomeric matrix protein, TIMP-
1: tissue inhibitor of metalloprotease 1; HA: hyaluronic acid; CP-I: type I procollagen; S-CTX-I: serum
β isomerised C-terminal cross linking telopeptide of type I collagen, MMP-1: metalloprotease 1.
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CTX-1, HSN angle, AD, smoking ciga-
rettes, generalized OA and history of
hip overuse.

Discussion 
The present results, despite the fact that
they were obtained from a limited
number of patients, demonstrated that
age and gender were the major determi-
nants of the atrophic pattern of osteo-
arthritis of the hip. These data are con-
sistent with those of Ledingham et al.
(9). These authors studied 211 patients
with osteoarthritis of the hip and show-
ed that gender was the main determi-
nant of the pattern of osteoarthritis of
the hip and that the atrophic form of
OA was associated with more severe
disease. They found that only 40% of
the hips could be categorised as hyper-
trophic or atrophic. Using our radiolog-
ical criteria 67.2% of the hips could be
clearly classified as hypertrophic
( 5 2 . 9 % ) or atrophic (14.3%). In the
other cases JSN and/or osteophyte
were doubtful (grade I) and hips could
not be strictly classified as hyper-
trophic or atrophic.
Although the present study was a
cross-sectional one, the results suggest
that atrophic OA leads to more severe
and premature pain and disability than
hypertrophic OA. Two longitudinal
studies (6, 24) had previously demon-
strated that the lack of osteophytes was
associated with rapid progression of
joint space narrowing. In a 7-year lon-
gitudinal trial of 61 patients who un-
derwent total hip arthroplasty for hip
OA (6), we showed that the atrophic
form of OA was significantly different
from hypertrophic OA in terms of the
rate of joint space narrowing (0.74 vs
0.27 mm/year, p<0.001), the time be-
tween diagnosis and THA(45.8 vs 98.9
months, p < 0.002) and the center-edge
angle (28° vs 35, p < 0.001). Further-
more, most of the rapidly destructive
forms of hip OA are of the atrophic
form (25), suggesting that osteophytes
could constitute a protective process
against cartilage breakdown. 
Osteoarthritis is defined as a focal le-
sion of articular cartilage, combined
with a hypertrophic reaction in the sub-
chondral bone and a new bone reaction
at the margin joint. The mechanism of

osteophytosis is probably an adaptive
reaction of the joint to joint instability,
or might be related to on-going repair
reactions in the cartilage and or liga-
mentous structures of the damaged joint
(23). In our study, patients with atrophic
O A were mainly elderly women with
superointermediate or superolateral
joint space narrowing. No atrophic
form was found in patients with supero-
medial or axial femoral head migration.
One could speculate there is a lack of
reparative processes in a particular sub-
set of elderly women, particularly those
with poor coverage of the femoral head,
sometimes after hip trauma, but the rea-
sons for this lack of a bone hypertrophic
response remain unclear. 
The present study was not able to de-
monstrate any biological difference be-
tween hypertrophic and atrophic OA.
There are only a limited number of stu-
dies on the biological markers of hip
OA (13, 16, 26-28). Serum C-reactive
protein (CRP), measured by highly sen-
sitive nephelemetry, was also reported
to be increased in rapidly destructive
hip OA (16) and was shown to be pre-
dictive of disease progression in knee
OA (29). In the present study we did
not find a clear relationship between
the patterns of bone response and CRP
levels since the results suggest that the
increase in CRP serum levels in pa-
tients with atrophic OA was likely due
in part to the older age of this subgroup.
Several explanations may account for
our somewhat disappointing results.
Firstly, locally increased production of
a marker in a single OA joint may in-
duce only small variations in its serum
concentrations, that remain below the
limits of detection. Secondly, none of
the putative markers being specific to
joint tissues, production from other tis-
sues may contribute to influence its
serum level and thereby unmask mild
variations originating from a damaged
joint. Finally, the limited number of
patients could also explain the insuffi-
cient statistical power of this study. 
Although in our study none of the sur-
rogate biological markers was discrim-
inative between the atrophic and hyper-
trophic forms of OA, further studies
will be necessary to assess the involve-
ment of growth factors, i.e. local or

systemic deficiencies in TGF beta (30),
or in the pattern of the bone response to
mechanical stress in hip OA.
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