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Abstract

Objective: This study aimed to characterize the process of disease progression in the early stage of
rapidly progressive osteoarthritis of the hip (RPOH) and clarify its association with potential patho-
logical factors of RPOH.

Methods: This monocentric retrospective study included 41 female patients who met the criteria
for RPOH, chondrolysis >2 mm during 12 months from the onset of hip pain based on a series of
radiographs and computed tomography. This study also included 9 female patients with osteoar-
thritis secondary to developmental dysplasia of the hip (DDH) who demonstrated chondrolysis >2
mm during 12 months from the onset of hip pain. Cortical thickness index (CTI) correlated with
bone mineral density of the hip, pelvic tilt, and serum concentrations of matrix metalloproteinase
(MMP)-3 were analyzed.

Results: RPOH was classified into two types based on the absence (type 1, n=17) and presence
(type 2, n=24) of subsequent femoral head destruction within 12 months after the onset of hip
pain. MMP-3 significantly increased in RPOH type 2 compared with type 1 and DDH. Increased
posterior pelvic tilt was found in RPOH type 2 compared with DDH. Logistic regression and receiver
operating characteristic curve analyses indicated that MMP-3 may be associated with differentia-
tion between RPOH types 1 and 2. No difference was found in the CTI between the RPOH types
and DDH.

Conclusion: Disease progression of RPOH during 12 months after the onset of hip pain could be
classified into two distinct types based on the absence (type 1) and presence (type 2) of femoral
head destruction in association with MMP-3 and pelvic tilt as biological and mechanical factors,
respectively. MMP-3 may be helpful to differentiate these two types in the early stage of RPOH.
Keywords: Arthritis, classification, diagnosis, hip joint, osteoarthritis

Introduction

Osteoarthritis (OA) is characterized by destruction of joint cartilage and subchondral bone with degrada-
tion of the extracellular matrix. Rapidly progressive OA of the hip (RPOH), also known as rapidly destructive
arthritis/osteoarthritis/coxopathy, is an unusual subset of OA. RPOH has been defined as chondrolysis >2
mm in 1 year with no evidence of other forms of rapidly progressive arthropathy including antecedent OA,
osteonecrosis, neuropathy, infection, or inflammatory disease (1). RPOH commonly occurs in elderly wom-
en and causes severe disability (2). Although the pathogenesis of RPOH remains unclarified, potential caus-
es of RPOH include subchondral insufficiency fracture (SIF) resulting from osteoporosis (3, 4), increasing
posterior pelvic tilt as a mechanical factor (5), and high serum levels of matrix metalloproteinase (MMP)-3
and MMP-9 as biological factors (6).

Although RPOH develops >2 mm of joint space narrowing in 1 year, the process of disease progression in
the early stage of RPOH is still equivocal. Several studies of case series have suggested gradual joint destruc-
tion in RPOH. Subsequent to rapid joint space narrowing observed in the early phase of RPOH, the femoral
head and acetabulum are destroyed within the subsequent 6-24 months. Thereafter, some patients with
RPOH develop massive deformation of the femoral head and acetabulum in the hips (7, 8). Another case
series has indicated that RPOH may be classified into two types (9). While some patients with RPOH show
only joint space narrowing with no bone loss, others demonstrate massive femoral head destruction within
6 to 18 months after initial presentation. Rapid progression of this disease makes it difficult to obtain se-
quential radiographs in its early stage (7), which is likely to cause discrepancy between those observations
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of disease progression. In addition, no informa-
tion is available about association between the
disease progression of RPOH and its potential
causes.

The current diagnostic criteria (chondrolysis
>2 mm per year) require patient follow-ups
for at least 12 months. In addition, no previous
study has demonstrated any specific marker
in the early stage of RPOH that can predict
subsequent bone destruction of the hip joint.
This study aimed to characterize the process of
RPOH progression by sequential radiological
data in its early stage and investigate its asso-
ciation with the proposed pathological factors,
MMP-3, pelvic tilt, and osteoporosis.

Methods

Patients and their demographic, radiographical,
and hematological data

This monocentric retrospective study was ap-
proved by the Ethics Committee of Kobe City
Medical Center General Hospital (approval no:
k190516). Informed consent was not sought
due to the retrospective nature of the study.
This study enrolled female patients with suf-
ficient clinical records including the onset of
hip pain, age, and body mass index (BM) at the
onset, a series of radiographs taken at intervals
of every 2-3 months during the period of >12
months from the onset of hip pain, and hema-
tological data including MMP-3. Serum sam-
ples were collected by venous puncture from
each patient at the first visit to our hospital.
Because every patient was referred to our hos-
pital by local clinics, the duration between the
onset of hip pain and blood tests was different
in different patients. The serum concentration
of MMP-3 was determined by latex turbidimet-
ric immunoassay. This study excluded male pa-
tients because RPOH occurs mainly in elderly
females, and the reference intervals of MMP-3

e Disease progression of rapidly progres-
sive osteoarthritis of the hip (RPOH)
during the first 12 months after the
onset is classified into two types based
on the absence and presence of subse-
quent femoral head destruction.

e RPOH with femoral head destruction
within 12 months after the onset is as-
sociated with increased matrix metal-
loproteinase-3 (MMP-3) and increased
posterior pelvic tilt.

e MMP-3 may predict subsequent femoral
head destruction at the time before its
initiation.

are different between males (36.9-121 ng/mL)
and females (17.3-59.7 ng/mL). Of a consecu-
tive series of patients with hip pain from 2012
through 2018, we found the hip joints of 41
patients met the diagnostic criteria of RPOH;
chondrolysis >2 mm in 1 year (1). In each case,
the disease was unilateral without evidence
of antecedent OA, osteonecrosis, neuropathy,
infection, or inflammatory disease including
rheumatoid arthritis. We also found 9 female
patients with OA secondary to developmental
dysplasia of the hip (DDH) showing chondroly-
sis >2 mm in 1 year with insufficient coverage
of the femoral head by the acetabulum.

Radiological parameters

The cortical thickness index (CTI) is defined as
the ratio of the femoral diaphyseal diameter
minus the intramedullary canal diameter to the
femoral diaphyseal diameter (10). These diame-
ters were measured 10 cm below the midpoint
of the lesser trochanter. There was significant
correlation between CTl and the bone mineral
density of the hip (11, 12). Pelvic tilt was esti-
mated by the ratio between the vertical and
the horizontal diameters of the pelvic foramen
on the supine anteroposterior radiograph (13).
These parameters were measured on the ini-
tial radiograph at the onset of hip pain using
a PACS (picture archiving and communication
system) workstation. Computed tomography
(CT) was taken at intervals of every 2-3 months
and used to evaluate bone destruction in the

onset 3 months

CT 12 months
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axial
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hip joint. Magnetic resonance imaging (MRI)
was employed to rule out other diagnoses.

Statistical analysis

The data were expressed as the mean+standard
error (SE). The data were compared between
two groups using Mann-Whitney U test, while
they were compared between three groups us-
ing a one-way analysis of variance (ANOVA) ac-
companied by a post hoc Bonferroni correction
for multiple comparisons. Logistic regression
analysis was used to identify significant variables
for characterization of RPOH. Receiver operating
characteristic (ROC) curves were performed and
cutoff values for high specificity or high sensitiv-
ity were identified for MMP-3. Statistical analyses
were conducted in SPSS for Windows, Version
25 (IBM Corp,; Armonk, NY, USA). The level of sig-
nificance was set at p<0.05.

Results

Classification of RPOH based on femoral head
destruction

Of 41 hips with RPOH, 17 hips showed only
joint space narrowing with no femoral head
destruction within 12 months after the on-
set of hip pain (Figure 1), which was classi-
fied as RPOH type 1. Following rapid joint
space narrowing, femoral head destruction
was observed on CT within 12 months after
the onset of hip pain in 24 hips (Figure 2),
which was classified as RPOH type 2. Femoral

6 months

12 months

MRI 3 months

Figure 1. Rapidly progressive osteoarthritis of the hip (RPOH) type 1. Right hip joint showing
chondrolysis >2 mm/year on a series of radiographs without femoral head destruction on com-
puted tomography (CT) at 12 months after the onset. MRI: magnetic resonance imaging.
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onset 3 month

axial axial

sagittal

8 months 12 months

MRI 8 months

Figure 2. RPOH type 2. Right hip joint demonstrating partial destruction of the anterior portion
in the femoral head on CT at 8 months after the onset following chondrolysis.

onset

coronal axial

7 months

12 months

T1

T2

Figure 3. Osteoarthritis secondary to developmental dysplasia of the hip. Right hip joint show-
ing chondrolysis >2 mm/year on a series of radiographs without femoral head destruction on

CT at 12 months after the onset.

head destruction in RPOH type 2 was found
for the first time on a CT taken at 4 months
and more after the onset of hip pain. Bone
destruction started in the anterior portion of
the femoral head in every patient with RPOH
type 2 as shown on the axial CT view in Fig-
ure 2. In addition, 9 hips with DDH showed
joint space narrowing at the pace of >2 mm
per year after the onset of pain (Figure 3). MRI
demonstrated a subchondral area of low sig-

nal intensity on T1-weighted spin-echo im-
ages and inhomogeneous high intensity on
fat-suppressed T2-weighted spin-echo im-
ages in the superolateral portion of the fem-
oral head in RPOH types 1 and 2 and DDH.
Subchondral cyst-like lesions in the acetab-
ulum showed low intensity on T1-weighted
images and high intensity on fat-suppressed
T2-weighted images in some patients with
RPOH as well as DDH.
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Comparison of radiological and hematological
parameters among RPOH and DDH within 12
months after the onset of hip pain (Table 1)

We compared the possible pathological factors
of RPOH (osteoporosis, pelvic tilt, and MMP-3)
among RPOH types 1 and 2 and DDH. No differ-
ence was found in CTl, which is associated with
bone mineral density of the hip (12) between
these groups. The pelvic tilt parameter, which
was determined as described above, was sig-
nificantly smaller in RPOH type 2 compared to
that in DDH. Although the difference was not
statistically different, the parameter tended to
be smaller in RPOH type 2 than that in RPOH
type 1. Serum levels of MMP-3 significantly in-
creased in RPOH type 2 compared with RPOH
type 1 and DDH.

Identification of determinants for RPOH type 2
Because the results from Table 1 indicated that
RPOH type 2 may be distinct from RPOH type
1 and DDH, we further analyzed determinant
variables for RPOH type 2 among patients with
the hip demonstrating chondrolysis >2 mm in
1 year. From logistic regression analysis using
the data on pelvic tilt and MMP-3 obtained
from RPOH types 1 and 2 and DDH, the lower
pelvic tilt parameter and higher MMP-3 levels
were found to be significant determinants of
RPOH type 2 (Table 2). Logistic regression anal-
ysis with the data from RPOH types 1 and 2 re-
vealed that MMP-3 was a useful determinant
for RPOH type 2 (Table 2).

Differentiation of RPOH type 2 from type 1 before
demonstration of femoral head destruction

Because femoral head destruction in RPOH
type 2 was observed on CT for the first time
at 4 months and more after the onset of hip
pain, we further investigated the possibility of
early differentiation between RPOH types us-
ing MMP-3 before demonstration of femoral
head destruction. MMP-3 was measured with-
in 4 months after the onset of hip painin 11 of
17 patients with RPOH type 1 and 13 of 24 pa-
tients with RPOH type 2. MMP-3 levels in RPOH
type 2 (140.3+27.0 ng/mL) were significantly
higher (p=0.002) than those in RPOH type 1
(60.7£8.4 ng/mL). Logistic regression and ROC
analyses using the MMP-3 data suggested that
MMP-3 could differentiate RPOH type 2 from
type 1 at the time before demonstration of
femoral head destruction by CT (Table 3).

Discussion

There is consensus that the first manifestation
of RPOH is rapid chondrolysis with progressive
joint space narrowing. Subsequent destruction
of the femoral head and acetabulum may be
observed in some patients with RPOH within
12 months following initial presentation (7, 9).
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Table 1. Comparisons of demographic, radiographic, and hematologic data within 12 months after the onset of hip pain among patients with
rapidly progressive osteoarthritis of the hip and developmental dysplasia of the hip.

RPOH p by Bonferroni test
type 1 type 2 DDH p by types  type 1-  type 2-
(n=17) (n=24) (n=9) ANOVA 1-2 DDH DDH
Age (years) 73.9+2.2 73.9+1.8 62.9+3.8 0.010 1.000 0.019 0.012
Body mass index (kg/m?) 23.6+1.0 22.5+0.7 22.6+1.3 0.661 1.000 1.000 1.000
Cortical thickness index 0.528+0.016 0.530+0.012 0.546+0.023 0.790 1.000 1.000  1.000
Pelvic tilt parameter 0.557+0.026  0.492+0.025 0.649+0.021 0.002 0.190 0.142  0.002
Duration between the onset of hip pain and blood test (months)  4.88+0.76 5.92+0.75 5.89+1.23  0.621 1.000 1.000 1.000
Matrix metalloproteinase-3 (ng/mL) 64.7+6.5 141.8+22.8 34.2+4.8 0.001 0.011 1.000 0.004
Values are expressed as mean:SE.
ANOVA: one-way analysis of variance; RPOH: rapidly progressive osteoarthritis of the hip; DDH: developmental dysplasia of the hip
Table 2. Logistic regression analysis for determinant variables of RPOH type 2 within 12 months after the onset of hip pain.
Data from Determinants OR [95% Cl] p
RPOH types 1 and 2 and DDH pelvic tilt parameter 2.225X10° 4.221X107-0.120 0.009
MMP-3 1.036 1.011-1.062 0.005
RPOH types 1 and 2 MMP-3 1.026 1.001-1.050 0.038

RPOH: rapidly progressive osteoarthritis of the hip; DDH: developmental dysplasia of the hip; OR: odds ratio; Cl: confidence interval; MMP-3: matrix metalloproteinase-3

Table 3. Logistic regression and receiver operating characteristic curve analyses for MMP-3 of RPOH type 2 within 4 months after the onset of hip

pain.
p OR [95% Cl]
Logistic regression analysis <0.001 1.057 1.007-1.109
AUC p [95% Cl] Cutoff Specificity Sensitivity
Receiver operating characteristic curve analysis 0.881 0.002 0.749-1.000 79.6 ng/mL 0.818 0.769

RPOH: rapidly progressive osteoarthritis of the hip; AUC: area under the curve; Cl: confidence interval; MMP-3: matrix metalloproteinase-3

Probably due to lack of sequential clinical find-
ings in its early stage, it has been controversial
whether these patients show the late stage of
RPOH as the result of gradual joint destruction
(7, 8) or it is another entity of the disease dis-
tinct from RPOH without bone destruction (9).
Based on the present study, RPOH could be
classified into two distinct types based on fem-
oral head destruction in the early stage during
12 months after the onset of hip pain. In addi-
tion, no study has stratified this disease by pos-
sible pathogenetic factors. This study is the first
to demonstrate association of femoral head
destruction in RPOH with MMP-3 and pelvic tilt
using the hematological and radiological data
within 12 months after the onset of hip pain.

This study has demonstrated that femoral
head destruction within 12 months after the
onset of hip pain was associated with high-
er serum levels of MMP-3 in RPOH. Previous
biochemical studies suggest that synovial
fibroblasts from patients with RPOH may se-

crete MMP-3 (6, 14). MMP-3 expression is reg-
ulated by proinflammatory cytokines (15). T
cells from the affected femoral head as well
as synovial membrane of patients with RPOH
can produce interleukin (IL)-6 and IL-la. In ad-
dition, T cells from peripheral blood mononu-
clear cells in patients with RPOH vyield tumor
necrosis factor a (TNFa) (16). Although the
mechanism leading to rapid joint destruction
in RPOH is not fully clarified, histological and
in vitro studies have shown the presence of
mature and activated osteoclasts in the sy-
novium of RPOH with femoral head destruc-
tion over a short period of time, compatible
with RPOH type 2 in the present study, but
not in the OA synovium (17). A combination
of IL-1 and TNFa can induce the differentia-
tion of osteoclasts (18). Alternative combina-
tion of TNFa and IL-6 induces osteoclast-like
cells with in vitro and in vivo bone-resorptive
activity (19). Collectively, several combina-
tions of proinflammatory cytokines, which are
likely to coexist in the hips with RPOH (16),

can induce the differentiation of bone-resorb-
ing cells. This raises the possibility that MMP-3
induction and osteoclastogenesis involve a
common pathway stimulating proinflamma-
tory cytokine production. Elucidation of the
pathway may help develop preventive treat-
ment for joint destruction in RPOH.

The sagittal spino-pelvic alignment could af-
fect development of hip diseases (20). Some
hip joints with normal acetabular coverage
may develop OA in elderly individuals because
lumbar degenerative kyphosis can increase
posterior pelvic tilt resulting in a decrease in
anterior acetabular coverage of the femoral
head (5, 21). In the previous investigation on
the sagittal spino-pelvic alignment between fe-
male patients with RPOH and OA, the patients
with RPOH have shown a significant increase in
posterior pelvic tilt in combination with lower
lumbar lordosis, lumbar range of motion and
sacral slope compared with those with OA
(22). Similarly, posterior pelvic tilt was greater
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in RPOH type 2 than DDH and was inclined to
be greater than type 1 in the present study. A
decrease in anterior acetabular coverage of the
femoral head by posterior pelvic tilt increases
stress concentration in the weight bearing
area of the hip joint (5, 21). Therefore, increased
posterior pelvic tilt may work as a mechanical
factor and increase stress concentration in the
anterior portion of the femoral head leading to
bone destruction in RPOH type 2.

There are several limitations to the present
studly. First, this was a retrospective study with
some selection bias. Second, this study investi-
gated a small number of female subjects with
the absence of males and a healthy control.
However, the number of patients investigat-
ed for RPOH markers in previous studies has
ranged from 12 to 20 (6, 23-25). In addition, it
may be difficult to recruit a large number of
patients with a complete set of data within 12
months after disease onset. Third, this study
was a cross-sectional design and MMP-3 in
each subject was determined at a single time
point (the first visit to our hospital). Time course
of MMP-3 remains unclear in each patient with
RPOH during the disease progression from the
onset. Fourth, the spinal and pelvic alignment
was not assessed with whole spine and lower
extremity radiographs. Fifth, we only evaluated
CTI without bone mineral density measure-
ment at the proximal femur.

In conclusion, the process of RPOH progres-
sion during 12 months after the onset of hip
pain could be classified into two types based
on the absence (type 1) and presence (type 2)
of femoral head destruction in association with
MMP-3 and pelvic tilt. A prospective study that
includes a higher number of patients in the
early stage of RPOH is needed to verify the pre-
dictive role of MMP-3 and pelvic tilt in subse-
quent bone destruction in patients with RPOH.
Early differentiation of RPOH type 2 from type 1
by MMP-3 and pelvic tilt in its early stage could
help development of effective intervention to
prevent subsequent bone destruction.
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