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Abstract

Objectives: This study aimed to characterize femoral head destruction in
the early stage of rapidly progressive osteoarthritis of the hip (RPOH) and clarify
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its association with potential pathological factors of RPOH.

Methods: This study included 25 female patients with RPOH diagnosed
using a series of radiographs and computed tomography, which demonstrated
chondrolysis >2 mm with femoral head destruction during 12 months from the
disease onset. The extent of femoral head destruction was determined on
radiographs. Cortical thickness index (CTI), pelvic tilt, and serum concentrations

of matrix metalloproteinase-3 (MMP-3) were analyzed.

Results: Femoral head destruction of RPOH within 12 months from
the onset were classified into two types based on the extent of destruction.
Whereas partial destruction showed <20% collapse ratio, massive destruction
demonstrated >40% collapse ratio. Increased posterior pelvic tilt was found in
massive destruction. Femoral head destruction started earlier within the first 6
months in massive destruction compared with that in partial destruction. From
receiver operating characteristic curve analysis, pelvic tilt differentiated the
femoral head destruction types using the initial radiograph at the onset before
first demonstration of femoral head destruction. No difference was found in CTI
or MMP-3 between the two types.

Conclusion: Femoral head destruction of RPOH during 12 months after the
onset was classified into massive and partial destructions based on the extent
of destruction. Increased posterior pelvic tilt may work as a mechanical factor.
Pelvic tilt could predict the extent of femoral head destruction in RPOH at the
time before the initiation of bone destruction.

Keywords: Bone destruction; Classification; Diagnosis; Hip joint; Pelvic tilt;
Rapidly progressive osteoarthritis

is observed without femoral head or acetabular bone loss during the
first 12 months. In other hips with RPOH, subsequent to rapid joint
space narrowing, the femoral head and acetabulum are destroyed
within 6-12 months after initial presentation. In RPOH with bone
destruction, delayed treatment may result in poor outcome with
considerable difficulties in total hip arthroplasty because of severe
loss of bone stock in combination with increased blood loss during
surgery [6,7]. Therefore, there is a need for early diagnosis of RPOH
before the occurrence of significant bone destruction.

Abbreviations

CT: Computed Tomography; CTI: Cortical Thickness Index;
MMP: Matrix Metalloproteinase; OH: Osteoarthritis of the Hip;
RPOH: Rapidly Progressive Osteoarthritis of the Hip; ROC: Receiver
Operating Characteristic; SD: Standard Deviation

Introduction

Rapidly progressive osteoarthritis of the hip (RPOH) is an
unusual subset of osteoarthritis of the hip (OH) characterized by
rapid chondrolysis with progressive loss of the joint space as the
first manifestation of the disease. The standard definition of RPOH
is chondrolysis >2mm in 1 year or 50% joint space narrowing in 1
year [1]. RPOH occurs mostly in elderly women and causes severe
disability [2]. Because rapid progression of RPOH makes it difficult
to obtain sequential radiographs in its early stage [3], the process of

Although the pathogenesis of RPOH is still unclarified, several
pathological conditions have been suggested as the potential causes
of RPOH. Subchondral insufficiency fracture of the femoral head
resulting from osteoporosis could lead to RPOH [8,9]. Pelvic posterior
inclination in RPOH has been shown to be greater compared with
that in OH, which may play a role in development of RPOH as a
mechanical factor [10]. Serum levels of matrix metalloproteinase
(MMP)-3 are found to be increased in patients with RPOH than those
with OH [11]. MMP-3 is likely to work in cartilage degradation of
RPOH because the essential action of MMP-3 in joint destruction is in

disease progression in the early stage remains unclear. Based on the
periodic radiologic findings from the onset of the disease in previous
studies [3-5], however, RPOH progression could be classified into
several stages. In some hips with RPOH, rapid joint space narrowing
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Figure 1: Femoral head collapse ratio. On the last anteroposterior radiograph
taken within 12 months after the onset of hip pain, the vertical distance is
measured between the two separate lines parallel to the radiographic
teardrop line drown through the most proximal and distal portions of the
affected (A) and non-affected (B) femoral heads. Femoral head collapse ratio
(%) is calculated with the equation as indicated.

the cartilage [12]. Currently, there is no information about association
between those potential causes and the disease progression of RPOH
in the early stage.

This study aimed to characterize the process of bone destruction in
RPOH by sequential radiological data in its early stage and investigate
its association 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 approved by the
Ethics Committee of Kobe City Medical Center General Hospital
(the acknowledgement number: k190516). Informed consent was
not received due to the retrospective nature of the study. This study
enrolled female patients with sufficient clinical records including
the onset of hip pain, age and body mass index (BMI) at the onset,
a series of radiographs at regular intervals of 2-3 months during the
period of >12 months from the onset of hip pain, and hematological
data including MMP-3. Serum samples were collected by venous
puncture from each patient at the first visit to our hospital. Because
every patient was referred to our hospital by local clinics, durations
between the onset of hip pain and blood test were different in different
patients. Serum concentration of MMP-3 was determined by latex
turbidimetric immunoassay. Male patients were excluded because
RPOH occurs mainly in elderly females and the reference intervals
of MMP-3 are different between males (36.9-121 ng/ml) and females
(17.3-59.7 ng/ml). According to a survey over a consecutive series of
patients with hip pain from 2012 through 2018, the hip joints of 25
patients met the diagnostic criteria of RPOH; chondrolysis >2 mm in
1 year [1] and developed femoral head destruction within 1 year from
the onset of hip pain. In each case, the disease was unilateral without
evidence of antecedent OA, osteonecrosis, neuropathy, infection, or
inflammatory disease including rheumatoid arthritis.

Radiological parameters

The cortical thickness index (CTI) was calculated as the ratio
of the femoral diaphyseal diameter minus the intramedullary canal
diameter to the femoral diaphyseal diameter [13]. These diameters
were measured 10 cm below the midpoint of the lesser trochanter.
There is significant correlation between CTI and bone mineral density
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Figure 2: Box plot showing femoral head collapse ratios for partial and
massive destructions of the femoral head in patients with rapidly progressive
osteoarthritis of the hip. The top and bottom of the box represent the
interquartile range, the line within the box represents the median, and the
whiskers indicate the range.

of the hip [14,15]. Pelvic tilt was estimated by the ratio between the
vertical and the horizontal diameters of the pelvic foramen on the
supine anteroposterior radiograph [16]. These parameters were
measured on the initial radiograph at the onset of hip pain using a
PACS (picture archiving and communication system) workstation.
On the last radiograph taken within 12 months after the onset of hip
pain, the vertical distance was measured using PACS between the
two separate lines parallel to the radiographic teardrop line drown
through the most proximal and distal portions of the femoral head.
Femoral head collapse ratio that indicates the extent of femoral
head collapse was calculated with the method as shown in Figure 1.
Computed tomography (CT) was used to evaluate bone destruction
in the hip joint.

Statistical analysis

The data are expressed as the mean + standard deviation (SD).
Student’s t test was performed for continuous normally distributed
data and the Mann-Whitney U test was performed for non-normally
distributed data. Differences between groups were also compared
using Fisher’s exact test. Receiver operating characteristic (ROC)
curve analysis was performed and cut-off values for high specificity
or high sensitivity were identified for pelvic tilt parameters. Statistical
analyses were conducted in SPSS for Windows, Version 25 (SPSS Inc.,
Chicago, Illinois, USA). The level of significance was set at P<0.05.

Results

Classification of RPOH progression based on the extent
of femoral head destruction in the early stage

Following rapid joint space narrowing, femoral head destruction
was observed by CT within 12 months after the onset of hip pain in 25
female patients. When the femoral head collapse ratio was calculated
using the last radiograph taken within 12 months after the onset of
hip pain (Figure 1), the extent of femoral head destruction in those
patients were classified into two distinct groups (Figure 2). Whereas
17 patients showed partial destruction of the femoral head with the
femoral head collapse ratios of <20% (range of femoral head collapse
ratios, 2.3-19.9%) (Figure 3), 8 patients demonstrated its massive
destruction with those of >40% (range of femoral head collapse ratios,
41.7-81.4%) (Figure 4). In both groups femoral head destruction
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Figure 3: Partial femoral head destruction in rapidly progressive osteoarthritis
of the hip. Left hip joint showing chondrolysis without femoral head destruction
on computed tomography (CT) at 6 months after the onset. Note partial
destruction of the anterior portion in the femoral head (femoral head collapse
ratio, 11.1%) with anterior wall destruction of the acetabulum on CT at 12
months.
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Figure 4: Massive femoral head destruction in rapidly progressive
osteoarthritis of the hip. Right hip joint showing chondrolysis with partial
destruction of the anterior portion in the femoral head on CT at 4 months after
the onset. Note disappearance of the femoral head (femoral head collapse
ratio, 81.4%) concomitant with severe acetabular destruction at 8 months
after the onset.

started in the anterior portion of the femoral head (Figures 3 and
4). Concomitant with massive femoral head destruction, 4 of the 8
patients developed severe acetabular destruction (Figure 4).

Comparison of radiologic and hematologic parameters
between RPOH with partial and massive destruction of
the femoral head (Table 1)

We further analyzed the radiologic and hematologic data
between RPOH with partial and massive destructions of the femoral
head within 12 months after the onset of hip pain. There was no
difference in CTT or MMP-3 between the two groups. The pelvic tilt
parameter significantly decreased in RPOH with massive femoral
head destruction compared with the disease with partial destruction,
indicating an increase in posterior pelvic tilt in patients with RPOH
who developed massive destruction. The ROC curve analysis (Figure
5) showed that the area under the curve for the pelvic tilt was 0.787
(P=0.0069). Regarding the cut-off value calculated from the ROC
curve, the pelvic tilt parameter demonstrated 87.5% sensitivity and
64.7% specificity with the cut-off at 0.522. Because CT was taken in
each patient at 6 months and earlier after the onset of hip pain, the
presence or absence of femoral head destruction by CT at 6 months
were compared between the two groups (Table 2). Femoral head
destruction started before the first 6 months after the onset in all
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Figure 5: Receiver operating characteristic (ROC) curve analysis of pelvic
tilt parameters for differentiation of massive femoral head destruction (n=8)
from partial destruction (n=17) shown by ROC curve. Pelvic tilt parameters
were determined using the initial radiograph at the onset of hip pain. The area
under the curve value is 0.787 (P=0.0069).

Table 1: Comparison of clinical data between partial and massive femoral head
destructions in rapidly progressive osteoarthritis of the hip.

femoral head destruction

partial (n=17) massive (n=8) F
age (years) 711+11.3 76.6 +6.7 0.211*
body mass index (kg/m?) 23.4+3.1 20.8+2.7 0.055*
femoral head collapse ratio (%) 7.7+46 58.8+12.1 <0.001*
cortical thickness index 0.537 £ 0.054 0.516 +0.070 0.424*
pelvic tilt parameter 0.534+£0.084 0.404 +0.142 0.008*
matrix metalloproteinase-3 (ng/ml) 133.9+99.8 149.4+137.2 0.977*
duration between the onset of hip 6.41 + 4.05 450+233  0.409%

pain and blood test (months)

Values are expressed as mean + SD. P values are determined by t test (") and
Mann-Whitney U test (*) for parametric and nonparametric tests, respectively.
Values highlighted in bold indicate statistical significance (P<0.05).

patients who developed massive destruction, compared with 7 of 17
patients who developed partial destruction. In contrast to no patient
with massive destruction, femoral head destruction was demonstrated
by CT for the first time at 6 months and over after the onset in 10 of
the 17 patients with RPOH with partial destruction. This difference
was statistically significant by Fisher’s exact test (P=0.006).

Discussion

The current diagnostic criteria of RPOH (chondrolysis >2 mm or
50% joint-space narrowing per year) described by Lequesne [1] need
to follow the patient in evolution for 12 months. Previous case series
of RPOH have mentioned that bone destruction may occur within
6-12 months after initial presentation [3-5]. Probably due to lack of
sequential clinical findings in its early stage, however, the progression
of bone destruction process has not been fully explored in RPOH.
This retrospective review of the 25 female RPOH patients with a series
of radiologic data from the onset of hip pain has demonstrated that
some hips with RPOH develop bone destruction within the first 12
months from the disease onset. In addition, femoral head destruction
may start before 6 months after the onset of hip pain. Based on the
findings of the present study, the process of femoral head destruction
could be classified into two distinct types according to the extent of
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Table 2: Comparison of the duration between the onset and the first demonstration
of femoral head destruction by computed tomography.
duration between the onset and the first
demonstration by CT of femoral head

destruction p*
< 6 months > 6 months
partial destruction 7 10
0.006
massive destruction 8 0

CT: Computed Tomography; *‘Comparison by Fisher’s exact test.
femoral head destruction within 12 months after the onset of hip pain.

This study has also shown for the first time that posterior pelvic
tilt is associated with the extent of femoral head destruction in RPOH
patients. Recently, the potential role of spino-pelvic sagittal alignment
in development of OH has received much attention. Hip-spine
syndrome first described by Offierski and MacNab suggests that the
hip-spine relationship may contribute to the development of both hip
and spine disorders [17]. When lumbar lordosis is elevated, posterior
pelvic tilt increases in order to maintain sagittal balance [18]. Thus,
degenerative lumbar kyphosis may cause posterior pelvic tilt in the
sagittal plane. Because the sacrum rotates around the bicoxofemoral
axis as a whole unit without movement within the rigid pelvic ring
[19,20], the compensatory posterior tilt of the pelvis could decrease
apparent femoral head coverage [21-23] by creating a more vertical
articular surface of the acetabulum [24]. A decrease in anterior
acetabular coverage of the femoral head by posterior pelvic tilt results
in increased stress concentration in the weight-bearing area of the
hip joint without developmental dysplasia [10], and could be one of
the pathological factors in the development of OH [25]. Compared
with OH, female patients with RPOH exhibit lower lumbar lordosis
and greater posterior pelvic tilt [26]. Collectively, initial destruction
in the anterior portion of the femoral head is likely to be caused by
undercovering of the anterior femoral head as a result of increased
posterior pelvic tilt in the present series of patients with RPOH.

Joint contact stress is generally believed to influence development
of OH. Because patients with hip dysplasia have higher contact
stress than healthy subjects [27,28], insufficient acetabular coverage
can concentrate the hip loads on a smaller weight-bearing surface
compared with normal hips. When elevated joint contact stress at
the femoral-acetabular interface and acetabular rim complex reaches
a critical level, femoral head destruction could occur in some hips
with RPOH. Therefore, massive destruction of the femoral head in
RPOH may be a result of increased load bearing by exacerbation of
insufficient acetabular coverage in combination with greater posterior
tilt of the pelvis.

This study suggests that massive destruction of the femoral head
is highly associated with significant destruction of the acetabulum.
Because delayed treatment for such conditions may provide
considerable difficulties in total hip arthroplasty, it is desirable
to identify the patients who will develop massive femoral head
destruction in the early stage of RPOH. MMP-3 is thought to play a
critical role in rapid chondrolysis as the first manifestation of RPOH
[11]. Indeed, MMP-3 increased at significantly higher levels above the
reference interval (17.3-59.7 ng/ml) in the present series of patients
with RPOH (Table 1), indicating that MMP-3 may be a useful marker
to identify patients who will develop RPOH among patients with hip

pain in the early stage. From the ROC curve analysis, posterior pelvic
tilt is likely to be the determinant for differentiation of the massive
destruction from the partial destruction on the initial radiograph
at the onset of hip pain. A prospective study that includes a higher
number of patients in the early stage of RPOH before initiation of
bone destruction is needed to investigate a predictive role of pelvic
tilt in combination with MMP-3 in early identification of massive
femoral head destruction.

There are several limitations to the present study. First, this was
a retrospective study with some selection bias. Second, this study
investigated a small number of female subjects with the absence of
males and healthy control. However, the number of RPOH patients
investigated in previous studies has ranged from 12 to 20 [11,29-31].
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,
the spinal and pelvic alignment was not assessed with whole-spine
and lower extremity radiographs. Fourth, 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. Fifth, we only evaluated CTI
without bone mineral density measurement at the proximal femur.

In conclusion, the process of femoral destruction in RPOH
during 12 months after the onset of hip pain may be classified into
two types, partial and massive, based on the extent of femoral head
destruction. There is possibility that pelvic tilt at the disease onset
could differentiate the destruction types of RPOH at the time before
the initiation of bone destruction.
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