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Bone mineral density is not related to heterotopic
ossification after total hip arthroplasty
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Abstract
Purpose Heterotopic ossification (HO) after total hip arthro-
plasty (THA) is a frequent complication that compromises
the success of this procedure; however, its precise patho-
genesis is unknown. Patient-related risk factors have previ-
ously been investigated to predict patients likely to have
HO. In this study, we compared bone mineral density
(BMD) between patients with and without HO after THA.
Methods We measured BMD of the lumbar spine, radius,
and calcaneus using dual-energy X-ray absorptiometry in 98
females who were scheduled to undergo THA. Radiographs
were graded for the presence of HO according to the criteria
of Brooker at a minimum follow-up of two years following
THA. BMD were compared between those with HO and
those without.

Results In total, HO was observed in 20 of 98 hips. There
were no significant differences in age, height, weight, body
mass index, and pre-operative total hip score between the HO
and non-HO groups. No significant difference was observed
in BMD of the lumbar spine, distal radius, mid-radius, and
calcaneus between the two groups.
Conclusions Our findings suggest that generalized BMD is
not related to the occurrence of HO after THA in women.

Introduction

Heterotopic ossification (HO) after total hip arthroplasty
(THA) is a frequent complication that sometimes compro-
mises the success of this procedure [7]. Although the precise
pathogenesis is unknown, HO seems to result from the
differentiation of pluripotent mesenchymal stem cells, likely
to be caused by an interaction between local and systemic
factors [4].

Numerous factors have been reported to be associated
with an increased incidence of HO. These factors were
classified into three categories: (1) disease related (e.g.,
ankylosing spondylitis [1, 13, 24]); (2) operation technique
related (e.g., soft tissue trauma [1] and surgical approach
[19]); and (3) patient-related risk factors (e.g., male [2, 20],
hypertrophic osteoarthritis (OA) [1, 2, 14, 20, 23], and
history of HO [10]).

Other patient-related risk factors have been shown to be
useful to predict patients likely to have HO. In particular,
bone mineral density (BMD) was used to evaluate general-
ized bone status and diagnose the presence of osteoporosis
clinically [15]. Men usually have a higher BMD compared
with women [15]. In addition, patients with hypertrophic
OA had a higher BMD compared with patients with no
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osteophytes [12]. Results of these clinical studies sug-
gest that patients with higher BMD are at risk for HO
after THA.

To further investigate the role of BMD as a predictor
for HO after THA, we measured BMD of patients who
were scheduled to undergo THA and determined wheth-
er patients with higher BMD are more likely to develop
HO after THA.

Patients and methods

Between 2000 and 2006, we measured BMD of patients
who were scheduled to undergo THA for hip OA. The
protocol of this study was approved by the Institutional
Review Board of our institution. We excluded patients with
a history of hip osteotomy and OA hip secondary to hip
fracture, inflammatory rheumatic disease, osteonecrosis, and
infectious disease. Patients using any medication that could
affect bone metabolism, such as steroids, were also excluded
from the study.

The transgluteal approach and the Cementless Synergy
total hip system (Smith and Nephew, TN, USA) were used
in all cases. All the patients received non-steroidal anti-
inflammatory drugs (NSAIDs) for pain for 7 days after
THA. None of the patients received radiotherapeutic pro-
phylaxis against HO.

In total, 101 females were included in the study. Males
were excluded from the analysis to match for sex. Three
females were excluded from the study because they were
lost to follow-up before the minimum two-year requirement
after surgery. We could contact two of these by telephone,
but they did not visit our hospital, and could not contact the
third because she had moved elsewhere. The mean age of
these three patients at surgery was 77.2 years (range 72–
85 years) and the mean duration of follow-up was 1.1 years
(range 0.5–1.8 years). Radiographically, none of these three
patients showed signs of HO. With a recall rate of 97%, the
remaining 98 women attended the follow-up for radiograph-
ical assessment for more than two years. The mean postop-
erative follow-up for the entire group was 5.3 years (range
two to eight years), and the mean age at surgery was
61.2 years (range 43–84 years).

All radiographs were performed in the supine posi-
tion. Anteroposterior radiographs were taken with a
source-to-film distance of 110 cm. The patient’s feet
were internally rotated with the toes at 15±5° and the
X-ray beam was centered on the superior aspect of the
pubic symphysis.

Clinical symptoms were evaluated using Merle d’Aubigne
and Postel’s [17] hip-joint scoring system, in which a maxi-
mum of six points in each case is assigned according to the
following three criteria: pain, mobility, and walking ability.

Radiographs were graded for the presence of HO accord-
ing to the following criteria of Brooker et al. [7]—class I:
islands of bone within the soft tissues about the hip; class II:
bone spurs from the pelvis or proximal end of the femur,
leaving at least 1 cm between opposing bone surfaces; class
III: bone spurs from the pelvis or proximal end of the femur,
reducing the space between opposing bone surfaces less
than 1 cm; and class IV: apparent bone ankylosis of the hip.

BMD of the lumbar spine (L2–4) in the anteroposterior
projection was determined using dual-energy X-ray absorp-
tiometry (DXA). Fractured vertebrae were eliminated from
analysis. Radial BMD was measured in a non-dominant side
of the distal and midshaft point located at one-third of the
distance from the ulnar styloid process to the olecranon
process (mid-radius) using DXA. The values obtained were
expressed as grams per square centimeter for the projected
area. EXP5000 (Lunar, Madison, WI) was used to measure
BMD of the lumbar spine and radius. Calcaneal lateral
integral BMD on the left side was measured by DXA (Heel
Scan DX-2000; KDK, Kyoto, Japan). These values were
also expressed as grams per square centimeter for the pro-
jected area.

The reproducibility expressed as coefficient of variation
for the L2–4, radius, and calcaneus, was measured on five
occasions consecutively on the same day in five healthy
volunteers.

We assessed differences between the HO and non-HO
groups using the Mann–Whitney U test. Differences with a
p value of <0.05 were considered significant.

Results

Of the 98 hips reviewed, HO was observed in 20 (20.4 %).
HO was graded as class I in 14 hips (14%), class II in two
(2%), and class III in 4 (4%). There were no cases of class
IV HO.

Patients were divided into HO (20 hips) and non-HO (78
hips) groups, and BMD was compared between the two
groups. There were no significant differences in age, height,
weight, body mass index, and pre-operative total hip score
between the HO and non-HO groups (Table 1). Further-
more, no significant difference in BMD of the lumbar spine,
distal radius, mid-radius, and calcaneus was observed be-
tween the HO and non-HO groups (Table 2).

The coefficients of variation for the L2–4, radius, and
calcaneus were 1.1%, 1.8%, and 0.8%, respectively.

Discussion

In the present study, the patient-related risk factors of HO
after THA have been investigated to predict which patients
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are likely to have HO [1, 2, 10, 13, 19, 20, 23, 24]. We
measured BMD of patients who were scheduled to undergo
THA to determine whether patients with higher BMD levels
more often have HO after THA.

Our study had several limitations. First, this study is the
inclusion of a relatively small number of patients with HO.
Although there were no significant differences in BMD,
mean BMDs measured at all locations considered in this
study were lower in patients with HO than those without
HO. In the future, large-scale studies will be useful for
detailed investigation of the association between HO and
BMD. Second, all the patients received non-steroidal anti-
inflammatory drugs (NSAIDs) for seven days after THA.
Recently, nonselective NSAIDs or selective cyclo-
oxygenase-2 inhibitors have been reported to be equally
effective for the prevention of HO [25]. NSAIDs may re-
duce the number of patients with HO in this study. Third, we
did not measure the BMD around the hip joint. Degenera-
tive changes in the articular cartilage of the hip joint are
accompanied or preceded by increased subchondral bone
density, leading to radiographically observable sclerosis
[5]. These findings suggest that increased BMD around the
osteoarthritic hip joint may be a component of the disease
process in hip OA. Therefore, to estimate the relationship
between HO and BMD, BMD at sites other than the prox-
imal femur in patients with hip OA needs to be measured.
We measured BMD at the lumbar spine, radius, and calca-
neus. We considered that these sites are suitable to evaluate
the general bone status of patients with OA.

Numerous publications have reported the relationship
between generalized BMD and patients with OA hip [3, 8,
9, 11, 14, 16, 18]. Higher BMD was previously reported in

patients with OA hip compared with healthy controls [3, 8,
9, 11, 14, 16, 18], and severe OA hip was associated with a
higher BMD than mild OA hip [9, 18]. The general opinion
is that the incidence of osteoporosis is inversely associated
with the incidence of OA [21]. Despite such clinical evi-
dence supporting the relationship between incidence of HO
and generalized BMD in patients with OA hip, no relation-
ship was observed in this study.

Bombelli classified the osteoblastic response of the OA
hip into three categories—hypertrophic, normotrophic, and
atrophic—based on osteophyte formation observed on
radiographs [6]. There have been several reports of patients
with hypertrophic OAwho had higher BMD compared with
those without osteophyte formation. For example, Hannan
et al. [12] reported that in women with osteophytosis of the
knee, femoral BMD was higher. Furthermore, Schnitzler et
al. [22] examined bone histomorphometry of the iliac crest
and spinal fracture prevalence in women with OA hip and
concluded that patients with atrophic OA have a high prev-
alence of generalized osteoporosis. Patients with higher
BMD were bone formers, and thus, had an increased ten-
dency toward osteophytosis, in contrast to subjects with
lower BMD. In our study, mean BMD of the lumbar spine,
distal radius, mid-radius, and calcaneus were lower in
patients with HO than those without HO. The bone status
for patients with osteophyte formation associated with OA
may be different from those with HO after THA.

In this study, no significant difference was observed in
BMD of the lumbar spine, radius, and calcaneus between
patients with HO and without HO after THA. Our findings
suggest increased generalized BMD at the time of THA is
not indicative of HO.

Table 1 Patient-related charac-
teristics of age, height, weight,
body mass index, and pre-
operative total hip score in
heterotopic ossification (HO)
and non-HO groups

All values are mean±SD, with
the range in parentheses

Variable HO (n020) non-HO (n078) p value

Age 62.7±11.3 (46–84) 61.3±4.9 (43–82) 0.77

Height 150.1±6.3 (136–158) 151.3±5.8 (137–161) 0.64

Weight 53.9±8.3 (36–67) 54.1±7.6 (36–70) 0.84

Body mass index 24.0±5.5 (15.4–31.0) 24.0±3.3 (17.3–29.9) 0.81

Preoperative hip score 7.5±2.2 (5–12) 7.9±1.9 (3–11) 0.20

Table 2 Comparison of bone
mineral density (BMD) obtained
by dual-energy X-ray absorpti-
ometry (DXA) in heterotopic
ossification (HO) and non-HO
groups

All values are mean ± SD, with
the range in parentheses

Variable HO (n020) non-HO (n078) p

Lumbar spine

BMD (g/cm2) 0.94±0.22 (0.59–1.35) 1.02±0.20 (0.59–1.52) 0.079

Radius

Ultradistal BMD (g/cm2) 0.34±0.079 (0.24–0.46) 0.38±0.088 (0.20–0.54) 0.087

Mid-radius BMD (g/cm2) 0.68±0.11 (0.52–0.90) 0.71±0.11 (0.43–0.94) 0.23

Calcaneus

BMD (g/cm2) 0.68±0.13 (0.48–0.89) 0.72±0.11 (0.52–0.95) 0.13
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