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Abstract
Summary Forty-three patients who had undergone cement-
less THAwere randomly assigned to receive no osteoactive
drug or oral risedronate for 6 months. Postoperative decrease
of BMD in the risedronate group was significantly lower
than that seen in the control group in zones 1, 2, 3, 6, and 7.
Introduction Proximal bone resorption around the femoral
stem often has been observed after total hip arthroplasty
(THA), could lead to late stem loosening. We previously
reported the efficacy of etidronate on periprosthetic bone
resorption after cementless THA. Recently risedronate is
suggested to be effective for the prevention and treatment
of for osteoporosis. The purpose of the present study was to
evaluate the effects of risedronate on periprosthetic bone
loss after cementless THA.

Methods Forty-three patients who had undergone cement-
less THAwere randomly assigned to receive no osteoactive
drug (21 patients) or oral risedronate 2.5 mg/day (22
patients) for 6 months. Three patients were eliminated from
the risedronate group because of dyspepsia. Periprosthetic
bone mineral density (BMD) in seven regions of interest
based on the zones of Gruen et al. was measured with dual
energy X-ray absorptiometry at 3 weeks and 6 months
postoperatively.
Results At 6 months after surgery, postoperative decrease of
BMD in the risedronate group was significantly lower than that
seen in the control group in zones 1, 2, 3, 6, and 7 (p<0.05,
p<0.01, p<0.01, p<0.05, and p<0.05, respectively).
Conclusion These outcomes suggested that risedronate
might reduce the periprosthetic bone resorption after
cementless THA.
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Introduction

Total hip arthroplasty (THA) has become one of the most
reliable treatments to reduce groin pain and to improve the
quality of life of the patients [1, 2]. Cementless THA has
been widely accepted to obtain the biological bone fixation
of the implant but proximal bone resorption around the
stem occurs frequently with this procedure [3–5]. After the
implantation of the femoral component, the stress that
would normally be borne by the bone alone is reduced,
which leads to proximal femoral bone resorption. The stiff
stem implant has a significantly higher incidence of
proximal femoral bone resorption due to “stress shielding”
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than does the flexible implant [6]. The greater peripros-
thetic bone resorption could lead to progressive stem
loosening and could cause the negative influences on the
implant durability. Administration using osteoactive drugs
could reduce the stress shielding and bone resorption in
proximal prosthetic femoral bone.

Bisphosphonates inhibit bone resorption and have been
used for the treatment of the postmenopausal and glucocor-
ticoid-induced osteoporosis [7–12]. We previously reported
that cyclic therapy with etidronate was effective in prevent-
ing proximal bone resorption after cementless THA [13–15].
A positive effect of alendronate on the prevention of
periprosthetic postoperative bone resorption has also been
described [16]. However, to our knowledge, the effects of
risedronate on postoperative bone loss have not been
published to date. The purpose of the present study was to
clarify the effect of risedronate in the treatment of peripros-
thetic bone resorption after cementless THA.

Materials and methods

Study design

The present randomized and placebo controlled study was
designed to evaluate whether risedronate could prevent the
early postoperative periprosthetic bone loss after cementless
THA. Forty-six patients who underwent cementless THA
between February 2004 and January 2005 were included. The
criteria for inclusion were primary cementless THA, no
perioperative complications, no metabolic changes causing a
reduction of BMD, and no previous use of drugs affecting
bone metabolism such as steroids, calcitonin, or bisphos-
phonates. All patients were randomized into two groups
(risedronate group and control group). Patients were

treated with either risedronate (Actonel®, Eisai Co., Ltd.,
Tokyo, Japan) (2.5 mg/day orally; 22 patients) or calcium
lactate (3 g/day orally; 21 patients) starting 1 week postop-
eratively. As risedronate only 2.5 mg once a day is solely
approved by the Ministry of Health, Labour and Welfare in
Japan as prevention and treatment of osteoporosis, this dosage
was administered. Three patients in the risedronate group
were eliminated from the study because of side effects
(dyspepsia). Administration of risedronate was stopped by
2 months after postoperatively in three cases and the symptom
had entirely recovered. The three cases were excluded from
this study because the duration of non-administration of
risedronate was 4 months. These patients were not included in
the final analyses, and results are presented for only the 40
patients (19: risedronate, 21: control) who completed this
study (Table 1). Thirty-six patients were postmenopausal
women and 4 patients were men. All patients had osteoar-
thritis secondary to acetabular dysplasia. The local hospital
ethics committee approved the present study, and informed
consent was obtained from each patient.

Surgery

The Spongiosa Metal II Hip Prosthesis (S&G; ESKA,
Lübeck, Germany) was used. The implant was made of
cobalt-chrome-molybdenum alloy with a metal cancellous
structure. In the operation, either extensively coated stems
or proximally coated stems were used. The proximally
coated stems had a porous surface applied circumferentially
to the proximal 60%. The stem size used for the patients
ranged from 100 to 130 mm in length with 10-mm intervals.
The choice between two different types of prostheses
depended on the femoral bone geometry. The operation was
performed by posterolateral approach under spinal anesthesia
using standardized techniques by a single hip surgeon. Partial

Table 1 Characteristics of
each group

a As determined with the
Student’s t-test
b As determined with the
chi-squared test
n.s., not significant

Characteristics Control group (n=21) Risedronate group (n=19) p-value

Age (years) 66.7±4.4 66.8±6.5 n.s.a

Weight (kg) 52.9±8.1 54.4±7.2 n.s.a

Gender (female/male) 19/2 17/2 n.s.b

Stem size
90 mm 5 7 n.s.b

100 mm 10 5
110 mm 5 6
120 mm 1 1
Extent of porous coating
Extensively coated stem 7 6 n.s.b

Proximally coated stem 14 13
Preoperative value
Serum bone alkaline phosphatase
(BAP) (U/L) 32.2±10.3 28.8±11.5 n.s.a

Urinary N-telopeptide breakdown product
(NTX) ( nmol/mmol Cr) 77.1±31.5 84.1±46.4 n.s.a
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weight-bearing was started at 1 week postoperatively, and full
weight-bearing was performed at 3 weeks.

Roentgenographic evaluation

Anteroposterior radiographs were obtained by a standard
technique immediately and 6 months after the surgery.
Femoral migration was defined as subsidence or a change
in the height of the stem, as measured from the tip of the
greater trochanter, or any change in the varus or valgus
orientation of the stem within the medullary cavity [17, 18].

Periprosthetic BMD measurement

The periprosthetic BMD in seven regions of interest based
on the zones of Gruen et al. [19] was measured 3 weeks and
6 months postoperatively by dual-energy X-ray absorpti-
ometry (DXA) with a Hologic QDR 2000 (Hologic,
Waltham, MA, USA) (Fig. 1). During scanning, the patients
were placed supine on the scan table with standard knee
and foot supports to place the femur in a neutral position.
The computer software used (prosthetic scanning software
version 5.73; Hologic Inc.) was designed to measure the
periprosthetic bone mineral content and density. The
precision error of the calculation by dual-energy x-ray
absorptiometry was tested. In our institution, the margin of
error ranged from 1.0% in zone 6 to 3.8% in zone 7 [13].
Ten patients with a fully coated stem and ten patients with a
proximally coated stem were scanned three times in
succession. The periprosthetic BMD in seven zones was
measured at 3 weeks and 6 months postoperatively.

The BMD ratio was calculated by dividing the BMD
value at 3 weeks by the value at 6 months for each of the
seven zones separately. The difference in BMD ratio
between the risedronate group and the control group was
examined for each zone at 6 months after surgery to
evaluate the effects of risedronate administration on
periprosthetic bone resorption after THA.

Biochemical bone markers

Biochemical markers of bone turnover were measured from
serum-separated blood and a second-void urine collection
after an overnight fast. Blood samples were collected
between 8:00 and 9:00 AM. Urine samples were collected
between 9:00 and 11:00 AM and urine creatinine was
measured at the time of sampling.

Serum bone alkaline phosphatase (BAP, enzyme immuno-
assay; SRL, Inc., Osaka, Japan) and urinary type I collagen
N-telopeptide breakdown products (NTX, enzyme-linked
immunosorbent assay; SRL, Inc.) were measured preopera-
tively and 6 months postoperatively.

Statistical analysis

All data are expressed as group means ± SD. Student’s
t-test was applied to test for differences between the two
groups. To compare the changes between different time
points during the follow-up, the Wilcoxon signed rank test
was used. Differences were considered statistically signif-
icant at p<0.05 on a two-tailed test. All statistical analyses
were performed using SPSS software (version 11.0J; SPSS
Japan Inc., Tokyo, Japan).

Results

Patient age and weight, stem size and the proportion of
extensively coated stems to proximally coated stems, and
preoperative values of biochemical bone markers did not

Fig. 1 The seven regions of interest based on Gruen zones

Osteoporos Int (2007) 18:1009–1015 1011



differ significantly between the two groups (Table 1). The
preoperative serum concentrations of BAP and the urinary
concentrations of creatinine-corrected NTX did not differ
between the two groups. No significant differences in the
initial postoperative BMD at 3 weeks at any zone were
observed (Table 2). No perioperative complications includ-
ing intraoperative fracture and postoperative dislocation
was observed, There was no stem subsidence in any patient.

The BMD ratio at 6 months in each zone is summarized
in Table 3. At 6 months, BMD ratios in the risedronate
group were significantly higher than those in the control
group in zones 1, 2, 3, 6, and 7 (p<0.05, p<0.01, p<0.01,
p<0.05, and p<0.05, respectively). No significant differ-
ences of BMD ratios were found in zones 4 or 5. The
greatest decrease of BMD was observed in zone 7 during
6 months in the two groups (20.2% for control group and
11.9% for risedronate group).

At 6 months, only the risedronate group showed
significant decreases from preoperative values in serum
BAP (p<0.01) and urinary NTX (p<0.01) (Table 4). In
addition, the risedronate group had significantly greater
decreases than the control group in both serum BAP
(p<0.01) and urinary NTX (p<0.01). None of patients in
either group did the BMD ratio in any zone at 6 months
correlate significantly with the stem size or initial BMD at
3 weeks in the 7 zones.

Discussion

Maximal bone remodeling after cementless total hip arthro-
plasty has been observed in the first 6 months after surgery
[20]. Our previous studies using the Spongiosa Metal system
have supported this outcome and shown that BMD appears
to stabilize in all zones by 12 months after prosthesis
implantation [13, 14, 21, 22]. It is important to maintain high
BMD to avoid the late stem loosening that has been seen
after cementless THA. Therefore, we evaluated the thera-
peutic effect of risedronate on the local osteoporosis of the
proximal femur at 6 months postoperatively.

Bisphosphonates inhibit bone resorption and have been
widely used for treatment and prevention of osteoporosis
[7–12]. We previously described that cyclic therapy of
etidronate was effective in reducing periprosthetic bone
resorption after cementless THA [13–15]. The suppressive
effect of etidronate on stress shielding was confirmed to be
dose-dependent (200 mg–400 mg) [15]. In our previous
study, the BMD ratios at 6 months in the etidronate group
and control group were 95.9% vs. 88.6% in zone 1 and
85.9% vs. 75.9% in zone 7 (Table 5) [13]. In the present
study, the BMD ratio in the risedronate group and the
control group was 100.9% vs. 91.1% in zone 1 and 88.1%
vs.79.8% in zone 7. Patient profiles in the two studies could
be considered relatively compatible and the BMD ratio of
the control group did not differ significantly between the
studies. Biochemical markers of bone turnover revealed
similar tendency after administration risedronate and
etidronate (Table 5). We suggest that risedronate could
offer treatment as potent as etidronate to reduce peripros-
thetic bone resorption after cementless THA.

To achieve the stable bone-ingrown fixation, it is
desirable to maintain a close apposition of the bone to the
implant. However, there is a concern that bisphosphonates

Table 2 The initial average BMD at 3 weeks after cementless THA in
each group

Control group (n=21) Risedronate group (n=19)

Zone 1 0.770±0.167 0.767±0.194
Zone 2 1.131±0.138 1.167±0.221
Zone 3 1.261±0.168 1.360±0.213
Zone 4 1.346±0.173 1.380±0.230
Zone 5 1.271±0.210 1.323±0.300
Zone 6 1.241±0.163 1.172±0.249
Zone 7 0.845±0.229 0.798±0.155

As determined by the Student’s t-test
Significant differences were not observed between the groups

Table 3 Comparison of postoperative BMD ratios at 6 months
between each group

Control group (n=21) Risedronate group (n=19)

Zone 1 91.1±12.0† 100.9±15.1†
Zone 2 91.1±10.2* 100.6±10.5*
Zone 3 88.9±7.5* 97.7±5.9*
Zone 4 94.5±4.7 97.5±4.2
Zone 5 95.9±8.1 100.0±10.4
Zone 6 89.0±6.1† 96.2±11.0†
Zone 7 79.8±10.3† 88.1±10.0†

As determined by the Student’s t-test
BMD obtained 3 weeks postoperatively was used as the reference
baseline
Significant differences between the group were seen with * p<0.01,
† p<0.05

Table 4 Changes in biochemical markers of bone turnover between
each groupa,b

Marker Baseline 6 months

Serum BAP (U/L)
Control group 32.2±10.3 31.2±9.6
Risedronate group 28.8±11.5 21.5±7.7c,d

Urinary NTX (nmol/mmol Cr)
Control group 77.1±31.5 70.3±27.7
Risedronate group 84.1±46.4 39.2±15.9c,d

a As determined with the Wilcoxon signed rank test
b As determined by the Student’s t-test
c p<0.01 versus preoperative
d p<0.01 versus control group
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might retard bone mineralization and have a negative
influence upon the longevity of the implant. In a canine
model, Frenkel et al. examined the effectiveness of
subcutaneous alendronate treatment over 24 weeks postop-
eratively on new bone formation in test channels coated
with implant material [23]. Using histomorphometry,
scanning electron microscopy and material testing, the
authors demonstrated that alendronate did not adversely
affect bone ingrowth into test channels. Peter CP et al.
investigated the effect of alendronate on fracture healing
and the slow callus bone remodeling was observed in
mature beagle dogs that received alendronate [24]. The
callus formation phase of fracture healing appeared to be
unaffected by treatment, but the resorptive phase of callus
remodeling processed at a slow rate. Bone histomorphom-
etry revealed that treatment with alendronate before or
during fracture healing, or both, resulted in no adverse
effects on the union, strength, or mineralization of bone. A
high dosed bisphosphonate treatment with ibandronate is
potent to improve osteointegrated implant surface and to
enhance periprosthetic bone volume [25]. According to
these findings, bisphosphonates do not have the adverse
effects on the initial bone ingrowth to the implant.

Alendronate and risedronate have been shown in several
clinical trials to reduce the risk of fractures in postmeno-
pausal women with osteoporosis [7–12]. Regarding the
effect of periprosthetic bone resorption, Venesmaa et al.
described that alendronate treatment significantly prevented
periprosthetic BMD loss in the proximal femur after
cementless THA at 6 months [16]. Arabmotlagh et al.
reported that alendronate treatment was able to prevent
bone loss in zone 1, 2, and 6, while moderate bone loss was
observed in these regions in placebo controls [26].
Although, Scott et al. reported that risedronate reduced
proximal bone resorption after cementless THA at 6 months
in the American Society for Bone and Mineral Research
25th Annual Meeting in 2003, there have been no public

reports for the efficacy of risedronate after cementless
THA. Kinov et al. reported that BMD of the nonsurgical
hip with risedronate reached 1.01% increase at 6 months
after cementless THA [27]. Although BMD on the non-
operated femoral neck was evaluated, periprosthetic BMD
was not measured in this study. In the present study,
periprosthetic BMD was evaluated and risedronate had a
therapeutic effect on periprosthetic bone resorption after
cementless THA.

Duration of risedronate treatment after cementless THA
is controversial. In our previous study using the Spongiosa
Metal system, maximum bone resorption was observed in
the first 6 months and BMD appears to stabilize by
12 months after surgery [13, 14, 21, 22]. Arabmotlagh et
al. demonstrated that BMD treated for 6 months with
alendronate was significantly higher than that for 4 months
at 6 and 12 postoperative months [26]. Accordingly,
risedronate could be administered for longer than 6 months
after cementless THA to maintain the periprosthetic BMD.

Regarding biochemical bone markers, both serum BAP
and urinary NTX in the risedronate group were significant-
ly lower than those in the control group at 6 months after
surgery. Significant decrease in serum BAP and urinary
NTX was observed in the etidronate cyclic therapy during
the first 12 months [13–15]. Bisphosphonates reduce bone
resorption through the inhibition of osteoclastic activity
[28]. The level of biochemical bone markers represents the
bone turnover activity in the whole body. Regarding the
BMD after cementless THA, no significant alteration was
observed in the nonoperated femur compared with preop-
erative BMD [29]. The changes in biochemical bone
markers could be considered to reflect mainly the changes
in the periprosthetic bone remodeling.

Although bisphosphonates are widely used for the
prevention and treatment of osteoporosis, upper gastroin-
testinal injury associated with some compounds has caused
concern [30, 31]. Gastrointestinal side effects resulted in

Table 5 Comparison of post-
operative BMD ratios and bio-
chemical markers of bone
turnover at 6 months in
risedronate and etidronate

BMD obtained 3 weeks post-
operatively was used as the
reference baseline
Significant differences between
risedronate (etidronate) and
control group were seen with
* p<0.01, † p<0.05

Risedronate
(n=19)

Control
(n=21)

Etidronate
(n=22)

Control
(n=30)

Present study Yamaguchi et al. [13]

BMD ratios at 6 months
Zone 1 100.9±15.1† 91.1±12.0† 95.9±14.4† 88.6±12.8†
Zone 2 100.6±10.5* 91.1±10.2* 94.1±9.9 90.8±8.0
Zone 3 97.7±5.9* 88.9±7.5* 93.5±8.0 95.0±8.9
Zone 4 97.5±4.2 94.5±4.7 97.4±6.1 93.4±15.5
Zone 5 100.0±10.4 95.9±8.1 98.2±8.0 94.8±7.5
Zone 6 96.2±11.0† 89.0±6.1† 93.9±12.0 89.5±10.3
Zone 7 88.1±10.0† 79.8±10.3† 85.9±12.5* 75.9±12.0*
Biochemical markers of bone turnover
Serum BAP (U/L) 21.5±7.7* 31.2±9.6* 24.7±7.1 29.6±8.7
Urinary NTX (nmol/mmol Cr) 39.2±15.9* 70.3±27.7* 51.5±34.4 71.3±17.8
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withdrawal of three of 22 patients who received risedronate
in the present study but all patients recovered promptly
following discontinuation of risedronate. Significantly
lower rates of gastric ulcer were observed in healthy
postmenopausal women who received risedronate 5 mg/
day (4.1%) than those who received alendronate 10 mg/day
(13.2%) in a 2-week study [31]. No excessive incidence of
upper gastrointestinal adverse events relative to placebo has
been observed in patients who received risedronate 2.5 or
5 mg/day for up to 3 years [32, 33]. Bisphosphonates are an
orally administered drug that was initially approved for
once-daily dosing at least 30 minutes prior to food or drink.
Patients should not lie down more than 30 minutes after
taking the medication. Risedronate once a week adminis-
tration is an effective anti-osteoporotic therapy in osteopo-
rotic postmenopausal women [34, 35]. Risedronate 35 mg
given weekly has the same therapeutic effect and safety
compared with daily 5 mg administration [36, 37] To
reduce gastrointestinal side effects and to improve the
compliance of the patients, once-weekly risedronate might
be indicated for the treatment of stress shielding after
cementless THA, if the therapeutic effect of once-weekly
risedronate would be as potent as that of daily risedronate.
Cyclic therapy with etidronate also may offer an alternative
therapy for patients who cannot comply with continuous
and daily administration, because gastrointestinal side
effects are rarely seen with etidronate.

Some limitations in the present study need to be
considered. First, the long-term influence on the implant
by administration of risedronate. Our previous studies using
Spongiosa Metal system demonstrated the BMD appears to
stabilize by 12 months after surgery and the BMD ratio has
been maintained about 80% on the proximal region after
3 years postoperatively. Although periprosthetic bone
resorption of this system until 3 years postoperatively was
evaluated, the results of longer than 3 years are unclear. In
addition, bisphosphonates have been widely used for the
treatment and prevention of osteoporosis. It is difficult to
secure a number of patients as a control group without
administration of bisphosphonates after cementless THA.
Further research would be necessary to clarify the long-
term influence on the implant.

Second, the delay in the administration of risedronate
remains an unsettled point. In the present study, patients
were treated with risedronate starting 1 week postopera-
tively. The effect of delaying for several weeks might not
interfere with the ingrowth and local osteoporosis around
the prosthesis. Further investigation would be necessary to
clarify the role starting point of administration.

The last limitation of the present study is whether the
therapeutic effects by risedronate on proximal femoral
osteoporosis could be applied to any other implants than
the Spongiosa Metal system. Spongiosa Metal stem has the

anatomical curved shape and the relatively short length in
comparison with other types of the implants. Based on
various biomechanical studies, much less stress shielding
could be expected in Spongiosa Metal stem than other
designs of the stems [13, 14, 21, 22]. The long and straight
stem could possibly have the greater periprosthetic bone
resorption than that of the stems in the Spongiosa Metal
system. In the cases of the revision surgery, the long stems
are commonly used to achieve the rigid stabilization of the
implant; therefore, strong stress shielding might occur. The
effect of the risedronate on the revisional cases remains
unidentified.

In conclusion, risedronate had a therapeutic effect on
periprosthetic bone resorption with significantly less post-
operative decrease of BMD in the risedronate group than
that in the control group in zone 1, 2, 3, 6, and 7 at
6 months after cementless THA. Further investigations with
prolonged follow-up are needed to clarify the efficacy of
risedronate on proximal femoral bone resorption for periods
of more than 6 months.
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