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Abstract

Objective: Previous reports have demonstrated that patients with end-stage rapidly progressive os-
teoarthritis of the hip (RPOH) show significantly higher serum levels of bone turnover markers than
those with osteoarthritis (OA). However, the characteristics of bone turnover markers in the early stage
of RPOH remain unclear. This study aimed to elucidate the association of bone turnover markers with
disease progression in the early stage of RPOH.

Methods: This study included 29 postmenopausal female patients with joint space narrowing >2 mm
demonstrated on a series of radiographs and computed tomography within 1 year following the on-
set of hip pain. The study also included 9 postmenopausal female patients with hip OA secondary to
developmental dysplasia showing femoral head destruction. Cortical thickness index (CTI) associated
with bone mineral density of the hip was analyzed. Serum concentrations of tartrate-resistant acid
phosphatase-5b (TRACP-5b) and bone alkaline phosphatase (BAP) were evaluated.

Results: RPOH was classified into two types on the basis of the absence (type 1, n=13) or presence
(type 2, n=16) of subsequent destruction of the femoral head within 1 year following disease onset.
TRACP-5b and BAP significantly increased in RPOH type 2 compared with type 1 and OA. Receiver op-
erating characteristic curve analyses indicated that TRACP-5b and BAP could differentiate RPOH type
2 from type 1 within 1 year following the onset. CTI showed no difference among the RPOH types 1
and 2 and OA.

Conclusion: High serum levels of bone turnover markers may be associated with destruction of the
femoral head in the early stage of RPOH.

Keywords: Alkaline phosphatase, biomarkers, hip joint, osteoarthritis, tartrate-resistant acid phospha-
tase

Introduction

Rapidly progressive osteoarthritis of the hip (RPOH), also known as rapidly destructive arthritis/osteoarthri-
tis/coxopathy, commonly occurs in elderly women and results in severe disability of the hip joint (1). RPOH
has been defined as chondrolysis >2 mm in 1 year with no evidence of other forms of rapidly progressive
arthropathy, including osteonecrosis, neuropathy, infection, or inflammatory disease (2). Potential causes of
RPOH that have been suggested include increasing posterior pelvic tilt as a mechanical factor (3) and high
serum levels of matrix metalloproteinase (MMP)-3 as a biological factor (4).

The mechanism of RPOH progress during its early phase from onset remains unclear. Although the cur-
rent diagnostic criterion (chondrolysis >2 mm per year) requires the patient to be followed up for over
12 months, rapid progression of this disease makes it difficult to obtain sequential radiographs in its early
stage (5). In some patients with RPOH, however, destruction of the femoral head and/or acetabulum is
found within the first 6-24 months after the disease onset, following rapid joint space narrowing (5, 6).
Our recent study has shown that RPOH progression within 1 year following disease onset can be classified
into 2 distinct types on the basis of the absence and presence of destruction of the femoral head (7). We
have also demonstrated, using the hematological and radiological data within 1 year following the disease
onset, that the destruction of the femoral head in the early stage of RPOH is associated with higher serum
levels of MMP-3 and an increase in the posterior pelvic tilt (7).

Although the mechanism leading to rapid bone destruction in RPOH remains uncertain, histological and in vi-
tro studies have shown the presence of mature and activated osteoclasts in the synovium of RPOH with femo-

57


http://orcid.org/0000-0002-0846-9300
http://orcid.org/0000-0001-9794-7695
http://orcid.org/0000-0003-1709-7235
http://orcid.org/0000-0002-2311-5367
http://orcid.org/0000-0001-5820-3052
http://orcid.org/0000-0002-7042-4293
http://orcid.org/0000-0001-9955-4895
http://orcid.org/0000-0001-9936-555X
https://creativecommons.org/licenses/by-nc/4.0/

58

Yasuda et al. Bone turnover markers in the early stage of RPOH

ral head destruction in contrast to their absence
in the osteoarthritis (OA) synovium (8). Previous
findings reveal that serum levels of bone turn-
over markers are significantly higher in patients
with RPOH than those with OA (9, 10). Blood
samples were obtained from patients who were
scheduled to undergo total hip arthroplasty for
end-stage RPOH with femoral head collapse in
these studies (9, 10); however, no information
is currently available on bone turnover markers
in the early stage of RPOH, especially within 12
months of disease onset. Delayed treatment
for patients with RPOH having severe bone
destruction may cause considerable difficulties
in arthroplasty owing to bone stock deficiency
and intraoperative blood loss (6, 7). This leads
to the requirement of early diagnosis before
the initiation of significant bone destruction in
patients with RPOH. This study aimed to charac-
terize bone turnover markers that are associated
with the destruction of the femoral head within
1 year from the onset of RPOH.

Methods

This retrospective study was conducted at a sin-
gle institution. This study was approved by the
Ethics Committee of Kobe City Medical Center
General Hospital (Approval Date: February 24,
2018; Approval Number: k190516) with no re-
quirement of informed consent because of the
retrospective nature of the study. The inclusion
criteria for this study were 1) postmenopausal
female patients who met the diagnostic crite-
ria of RPOH (joint space narrowing >2 mm in 1
year), 2) availability of clinical data at the onset of
hip pain; availability of age and body mass index
(BMI) at onset, 3) availability of sequential radio-
graphs and computed tomography (CT) taken
at the onset of hip pain and every 3-4 months
thereafter during the 12 months following on-
set, and 4) availability of blood examination re-
sults of tartrate-resistant acid phosphatase-5b
(TRACP-5b) and bone alkaline phosphatase
(BAP). Blood samples were collected in the

e Rapidly progressive osteoarthritis of the
hip (RPOH) is classified into 2 types on
the basis of the absence or presence of
subsequent femoral head destruction
during the first 12 months after onset.

e RPOH with femoral head destruction
within 12 months after the onset is as-
sociated with increased serum levels of
tartrate-resistant acid phosphatase 5b
(TRACP-5b) and bone alkaline phospha-
tase (BAP).

e TRACP-5b and BAP may differentiate the
2 types in early stage of RPOH.

morning before breakfast at the first visit to our
hospital. While TRACP-5b levels were measured
using an enzyme immunoassay, BAP levels were
measured using a chemiluminescent enzyme
immunoassay. The exclusion criteria were 1)
male patients because RPOH occurs common-
ly in elderly women, and the reference intervals
(Rls) of the bone turnover markers are different
for men and women and 2) premenopausal and
postmenopausal patients who received anti-os-
teoporosis treatment. From a series of patients
with hip pain from 2015 through 2018, we
found 29 women who met the inclusion criteria.
Each patient suffered from unilateral RPOH with-
out evidence of other diseases. In addition, we
found 9 postmenopausal female patients, with
unilateral OA secondary to the developmental
dysplasia of the hip (DDH), showing partial fem-
oral head destruction with insufficient coverage
of the femoral head by the acetabulum, at the
first visit to our hospital.

On the first radiograph at the onset of hip pain,
the femoral diaphyseal diameter and the intra-
medullary canal diameter were measured 10
cm below the midpoint of the lesser trochanter.
The ratio of the former diameter minus the latter
diameter to the former diameter provided the
cortical thickness index (CTI) (11). CTI has been
demonstrated to significantly correlate with
bone mineral density (BMD) of the proximal fe-
mur (12, 13). CT was employed to assess the hip
joint destruction. Magnetic resonance imaging
was used to rule out other diagnoses.

Statistical analysis

The data were expressed as the mean+standard
error (SE). The data were compared between
three groups using one-way analysis of variance
accompanied by post hoc Bonferroni correction

RPOH type 1

onset

onset

12 months

X-ray

RPOH type 2
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for multiple comparisons. Receiver operating
characteristic (ROC) curves were plotted, and the
cut-off values for high specificity or high sensitivi-
ty were identified for TRACP-5b and BAP. The area
under the curve (AUC) was also calculated from
the ROC curves for the bone turnover markers.
Statistical analyses were conducted in IBM Sta-
tistical Package for Social Sciences for Windows,
version 25 (IBM SPSS Corp,; Armonk, NY, USA).
The level of significance was set at p<0.05.

Results

Classification of disease progression in the early
stage of RPOH on the basis of destruction of the
femoral head

We have already shown that RPOH can be
classified into types 1 and 2 on the basis of the
absence or presence of destruction of the fem-
oral head, respectively, within 1 year following
the onset of hip pain (7). Accordingly, 13 of 29
patients with RPOH were classified into type 1,
showing only joint space narrowing without
destruction of the femoral head within 1 year
following onset (Figure 1). Subsequent to rapid
chondrolysis, the CT showed destruction of the
femoral head within 1 year following the dis-
ease onset in 16 patients who were classified
into RPOH type 2 (Figure 1). There were 9 pa-
tients with OA secondary to DDH, demonstrat-
ing femoral head destruction at the first visit to
our hospital (Figure 1). No differences in age at
onset, BMI, CTl, or duration between blood test
and the disease onset were found among the
RPOH types 1 and 2 and OA (Table 1).

Comparison of bone turnover markers between
RPOH types and OA

We compared TRACP-5b (RI: 120-420 mU/dL)
and BAP (RI: 3.8-22.6 ug/L) within 1 year fol-

OA secondary
to DDH

4 months 10 months

Figure 1. Disease progression of rapidly progressive osteoarthritis of the hip (RPOH) during 12
months after the onset of hip pain and osteoarthritis (OA) secondary to the developmental dys-
plasia of the hip (DDH). RPOH type 1: Right hip joint showing chondrolysis >2 mm/year in a
series of radiographs without femoral head destruction or computed tomography (CT) at 12
months after the onset. RPOH type 2: Left hip joint demonstrating partial destruction of the
anterior portion in the femoral head on CT at 10 months after onset following chondrolysis. OA:
Right hip OA with DDH showing partial destruction of the anterior portion of the femoral head

on CT at the first visit.
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Table 1. Comparisons of demographic and radiographic data among patients with rapidly progressive osteoarthritis of the hip (RPOH) and

osteoarthritis (OA) secondary to developmental dysplasia of the hip (DDH).

RPOH OA secondary to DDH  p values by ANOVA p values by Bonferroni test
type 1 (n=13) type 2 (n=16) (n=9) types1-2  type 1-DDH  type 2-DDH
Age (years) 75.9+2.1 72.6+2.3 68.6+2.9 0.153 0.918 0.165 0.791
Body mass index (kg/m?) 23.1+1.0 23.8+1.2 21.6+1.2 0.439 1.000 1.000 0.610
Cortical thickness index 0.526+0.019 0.541+0.012  0.541+0.022 0.779 1.000 1.000 1.000
Duration between the onset of hip ~ 4.77+0.79 5.13+0.77 4.89+0.79 0.944 1.000 1.000 1.000
pain and blood test (months)
Values are expressed as mean+SE. ANOVA: one-way analysis of variance.
3). The AUC for TRACP-5b was 0.764 (p=0.016,
TRACP-5b BAP 95% confidence interval [Cl]: 0.588-0.941). With
(mu/di) o = (hg/) p=0.005 p=0.022 regard to the cut-off value based on the ROC
1400 JEved B0 40 - curve, TRACP-5b demonstrated 76.9% specific-
1200 T 35 ity and 75.0% sensitivity with a cut-off at 500
30 mU/dL. AUC for BAP was 0.772 (p=0.013, 95%
1000 25 Cl: 0.590-0.953), and BAP showed 92.3% spec-
800 56 ificity and 68.8% sensitivity with the cut-off at
18.0 pg/L.
oo L — T .
400 e =k 10 J— Discussion
200 5 As first reported in English literature in 1970
0 (14), there is a consensus that the first mani-
RPOH RPOH  OA RPOH RPOH  OA festation of RPOH is rapid chondrolysis with
type 1 type 2 type 1 type 2

Figure 2. Comparison of bone turnover markers among rapidly progressive osteoarthritis of
the hip (RPOH) types 1 and 2 and OA secondary to the developmental dysplasia of the hip
(DDH). Box plots show serum levels of tartrate-resistant acid phosphatase-5b (TRACP-5b) and
bone alkaline phosphatase (BAP) for RPOH types 1 (n=13) and 2 (n=16), and OA (n=9). 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. p values are determined by a post hoc Bonferroni

correction for multiple comparisons.
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Figure 3. Receiver operating characteristic (ROC) curve analysis of tartrate-resistant acid phos-
phatase-5b (TRACP-5b) and bone alkaline phosphatase (BAP) for differentiation of rapidly pro-
gressive osteoarthritis of the hip type 2 (n=16) from type 1 (n=13) shown by ROC curve.The area
under the curve values are TRACP-5b, 0.764 and BAP, 0.772.

lowing disease onset among RPOH types 1
and 2 and OA (Figure 2). A significant increase
was found in TRACP-5b and BAP levels in RPOH
type 2 compared with RPOH type 1 and OA.

ROC curve analyses using the data of bone
turnover markers indicated that TRACP-5b and
BAP could differentiate RPOH type 2 from type
1 within 1 year following disease onset (Figure

progressive joint space narrowing. Because of
the lack of consecutive radiographs in the early
phase of RPOH (5, 15), the disease progression
in the early stage has been unclear. Using ra-
diographs and CT taken at regular intervals
within 12 months after the disease onset, we
have found that RPOH may be distinguished
into 2 different types on the basis of the radio-
logical findings with and without destruction
of the femoral head in the early stage, in accor-
dance with our previous report (7). In addition,
no study has stratified this disease by bone
turnover markers in its early phase. This study
has provided the first evidence of the associa-
tion of femoral head destruction in RPOH with
high serum levels of TRACP-5b and BAP using
hematological and radiological data within 1
year following disease onset.

Bone turnover markers have been employed
to find the pathological conditions with osteo-
clast activation, such as metastasis of malig-
nant tumors (16). Compared with the OA syno-
vial fluid, TRACP-5b levels have been shown to
increase in the synovial fluid from patients with
RPOH (9). Previous histological examinations
have demonstrated the presence of mature
and activated osteoclasts in the synovium (8)
and the femoral head (10) of RPOH. Recently,
increased serum levels of TRACP-5b have been
reported in patients with RPOH compared
with those with OA or femoral neck fracture. In
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addition, the increased preoperative levels of
TRACP-5b decreased at 3 weeks after total hip
arthroplasty in patients with RPOH (10). There
is no difference in BMD of the proximal femur
between patients with RPOH and OA (10, 17),
and no difference in generalized BMD is ob-
served between them (18). Taken together,
accelerated turnover of bone metabolism may
occur in hip joints with RPOH, which could
cause an increase in TRACP-5b levels. From the
study results, the progression of femoral head
destruction in RPOH type 2 is likely to be asso-
ciated with increased levels of TRACP-5b and
BAP within 1 year following disease onset. No
significant difference was found in CTl among
RPOH types 1 and 2 and OA, indicating that os-
teoporosis could play a minor role in femoral
head destruction in RPOH type 2.

One of the major concerns regarding RPOH
is that delayed diagnosis may result in severe
joint destruction during the short period after
disease onset, leading to considerable diffi-
culties in total hip arthroplasty (6, 7). In diseas-
es with osteoclast activation, bone turnover
markers are helpful in monitoring the disease.
Serum TRACP-5b and BAP levels can serve as
useful tools for screening of bone metasta-
sis from lung cancer (16). In addition, serum
levels of these two markers are different be-
tween established RPOH and OA (10). Similar-
ly, this study suggests that TRACP-5b and BAP
may contribute to differentiation between
the presence and absence of destruction of
the femoral head during the early stage of
RPOH within 1 year after disease onset. On
the contrary, the synovial fluid obtained from
the affected hip joint at surgery has shown
no difference in BAP levels between patients
with established RPOH (mean age: 70 years)
and OA (mean age: 56 years) (9). Different
background characteristics, including age
and gender between the examined groups,
may be related to the discrepancy in BAP
levels. Additional studies may be required to
elucidate bone turnover marker levels before
the initiation of bone destruction in RPOH.
If serum bone turnover markers can predict
RPOH type 2 in the initial stage before the
manifestation of femoral head destruction,
early intervention may be possible to prevent
bone destruction in RPOH type 2.

Mature and activated osteoclasts are observed
in the synovium of patients with RPOH with
femoral head destruction over a short period
of time, compatible with RPOH type 2 in this
study in contrast to their absence in the sy-
novium of patients with OA (8). Synovial cells
isolated from patients with RPOH with femoral
head destruction show high mRNA expres-

sion of receptor activator of nuclear factor
kB ligand (RANKL). However, no difference is
found in its expression between the cells from
patients with RPOH and patients with OA (8),
suggesting another mechanism underlying
the increased number of osteoclasts in RPOH.
Osteoclast formation and activity are stimu-
lated by proinflammatory cytokines including
tumor necrosis factor a (TNFa), interleukin (IL)-
1,and IL-6 (19, 20), which are found in the hips
with RPOH (21, 22). Osteoclast differentiation
can be driven by a combination of TNFa and
IL-1 in a RANKL-independent manner (23). Os-
teoclast-like cells with bone-resorptive activity
are also induced by a combination of TNFa and
IL-6 (24). IL-8, whose levels are increased in the
synovial fluid from hips of patients with RPOH
(22), can stimulate osteoclast formation and
activity in a RANKL-independent manner (25).
Clarification of these cytokine pathways lead-
ing to osteoclast activation may help develop
preventive treatment for bone destruction in
RPOH.

This study has several limitations. First, this
study was retrospective with some selection
bias. Second, a relatively small number of
female patients were included in this study
without male patients or healthy subjects. In
the literature review, previous studies on RPOH
markers have included patients ranging from
12 to 28 cases (4, 9, 10, 22). Furthermore, the
recruitment of a larger cohort of patients with
RPOH with a complete set of data for 1 year fol-
lowing disease onset could be difficult. Third,
this study has a cross-sectional design, and the
serum markers were determined only once at
the first visit to our hospital. Temporal changes
of the markers, in association with progression
of RPOH from onset, remain undetermined.
Last, this study assessed CTI only with no data
on BMD of the hip joint.

Overall, the process of RPOH progression
within 1 year following onset could be distin-
guished into 2 types on the basis of the ab-
sence (type 1) and presence (type 2) of femoral
head destruction in association with TRACP-5b
and BAP. The bone turnover markers may dif-
ferentiate these 2 types in the early stage of
RPOH.
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