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Abstract

Objective: The purpose of the present study was to clarify the ef-
ficacy of alendronate and raloxifene for preventing bone loss in 
patients with hip fracture by monitoring bone mineral densities 
(BMDs) and biochemical markers during the 9-month period after 
fracture.
Patients and Methods: Eighty-two female hip fracture patients 
from 50 to 99 years old (mean ± SD: 81.6 ± 9.5) were randomly 
divided into two groups; there were 46 patients in the alendronate-
treated group (group ALN) and 36 patients in the raloxifene-treated 
group (group RLX). Drugs were administered to patients six weeks 
after their operations. Lumbar spine BMD and neck, trochanter, 
Ward’s and total BMDs of the contralateral proximal femur, serum 
intact osteocalcin (intact OC), bone-specific alkaline phosphatase 
(BAP) and urinary N-terminal telopeptide of type I collagen (NTX) 
were measured just before the start of drug administration and at 9 
months thereafter.
Results: Twenty-two out of 46 patients in group ALN and 23 out 
of 36 patients in group RLX completed the study. The most com-
mon reason for dropping out was the patient’s failure to visit the 
outpatient clinic. Trochanter BMD in group ALN tended to increase 
by 8.4% compared with the baseline, and total hip BMD in group 
RLX showed a significant increase (5.7%), although neck BMD in 
both groups decreased during the 9 months of treatment (−8.7% for 
group ALN and −4.2% for group RLX compared with the baseline). 
Spine BMD did not change significantly in eithr group. Serum BAP 
and urinary NTX decreased significantly in both groups. Serum in-
tact OC did not change significantly.
Conclusions: Both alendronate and raloxifene have a favorable 
effect on trochanter and total BMDs of the contralateral proximal 
femur in the short period after hip fracture. However, both drugs 
could not prevent bone loss in the femoral neck during the 9 months 
of treatment.
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Introduction

Bone loss following hip fracture is severe even if pa-
tients can walk in the early period after their operations. As 
a result, it is not uncommon for patients who suffer a hip 
fracture to experience a second hip fracture. Indeed, the risk 
of suffering a second hip fracture is sixfold greater than the 
risk of initial hip fracture1). Among patients with bilateral 
hip fractures, thirty-eight percent of second hip fractures 
occur less than 1 year after the initial fracture2). Preven-
tion of excess bone loss within one year after hip fracture is 
therefore essential to prevent subsequent occurrence of fra-
gility fractures. Alendronate and raloxifene are both first-
line drugs recommended in the guidelines for osteoporosis 
treatment3). Alendronate reduced the risk of new vertebral 
and non-vertebral fractures including hip fractures4–6). Ral-
oxifene decreased new vertebral fracture risk and also non-
vertebral fracture risk in a subgroup of women with severe 
vertebral fractures at baseline7–9). Therefore, both alendro-
nate and raloxifene may be expected to prevent bone loss 
after hip fracture and prevent subsequent fragility fractures. 
According to the guidelines for osteoporosis treatment, pa-
tients with a hip fracture are candidates for treatment with 
anti-osteoporosis drugs3). In recent years, the number of hip 
fracture patients receiving treatment with anti-osteoporosis 
drugs has been increasing10,11). However, many patients are 
still not receiving this treatment12–15). In the present study, 
we administered alendronate or raloxifene for 9 months to 
patients with hip fractures in the early period after opera-
tion and monitored bone mineral densities (BMDs) and bio-
chemical markers. The primary goal of this study was to 
investigate the effect of alendronate or raloxifene on BMD 
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and biochemical markers. The secondary goal was to inves-
tigate the reasons for dropping out during the study.

Patients and Methods

Eighty-two female patients with hip fractures from 50 to 
99 years old (mean ± SD: 81.6 ± 9.5) were recruited at En-
shu Hospital (Hamamatsu, Shizuoka, Japan) between 2005 
and 2007. All subjects suffered from hip fractures resulting 
from a simple fall from standing height or lower and were 
admitted to our hospital within 24 hours after incidence 
of the fracture. Within 3 days after admission, cementless 
hemiarthroplasty (Kyocera PerFix) or osteosynthesis with 
three 6.5-mm cannulated cancellous screws (Ace Medical) 
was used to treated femoral neck fractures, and osteosyn-
thesis with compression hip screws (Ace Medical) or γ-nails 
(Howmedica) was used to treated trochanteric fractures. All 
subjects were allowed to walk 3 days after surgery. Patients 
were excluded if they met any of the following criteria in 
the two years before the fracture: 1) were admitted with a 
pathologic fracture, 2) had sustained a previous fracture, 3) 
had a thyroid disorder, 4) had suffered from alcohol abuse, 
5) had taken calcium, vitamin D, bisphosphonate, vitamin 
K, thiazide or glucocorticoids supplements, 6) had suffered 
from osteomalacia after gastrectomy, 7) had undergone 
an orchidectomy, 8) were receiving hormone replacement 
therapy for prostate disease, 9) were unable to walk or 10) 
had pseudoarthrosis of the fracture site and osteonecrosis 
of the femoral head. Informed consent was obtained from 
each patient prior to participation in the study. The patients 
were randomly divided into two groups. Group ALN con-
sisted of 46 patients treated orally with 5 mg daily doses of 
alendronate on an empty stomach. Group RLX consisted of 
36 patients treated orally with 60 mg daily doses of raloxi-
fene after breakfast. Drugs were administered for 9 months 
beginning 6 weeks after the operation. Blood and spot urine 
samples were obtained at 9:00 to 11:00 AM before drug 
administration and 9 months after administration. Bone 
mineral densities were measured before administration and 
9 months after administration using dual-energy X-ray ab-
sorptiometry (DXA) from a QDR Discovery scanner (Ho-
logic, Inc. Madison, Bedford, MA, U.S.A.). Bone mineral 
density in grams per square centimeter was determined for 
the lumbar spine (L2-4 in anteroposterior projection) and 
four regions (femoral neck, trochanter, Ward’s triangle and 
total hip) in the proximal femur of the contralateral side. 
The precision of the integral calcium hydroxyapatite stan-
dard was less than 1.0% over time. Serum levels of intact 
osteocalcin (intact OC), bone specific alkaline phosphatase 
(BAP) and urinary levels of cross-linked N-terminal telo-
peptides of type I collagen (NTX) were measured. Serum 

intact OC was measured by sandwich enzyme-linked im-
munosorbent assay using a commercially available kit (In-
tact Osteocalcin, Biomedical Technologies Inc., Stoughton, 
MA, USA) with intra- and interassay variations of 7% and 
10.5%, respectively. Serum BAP was measured by enzyme-
linked immunosorbent assay with intra- and interassay 
variations of 3.9–5.9% and 4.4–7.7%, respectively16). The 
urinary levels of NTX were measured with an enzyme-
linked immunosorbent assay with an intra-assay coefficient 
of variation was 7%17). The NTx concentration was normal-
ized to urinary creatinine.

Statistical Analysis

Data were analyzed using a StatView 5.0 (SAS Insti-
tute, Cary, NC, USA) program on a Macintosh computer. 
A non-parametric test, followed by a Mann-Whitney U test 
was used for comparison of the data between groups. Com-
parison of two related values within groups was analyzed 
by a Wilcoxon signed-rank test. All values except those of 
biochemical parameters were expressed as means ± stan-
dard deviation (SD). Values of biochemical parameters were 
expressed as means ± standard error (SE). Statistical signifi-
cance was defined as less than 0.05.

Results

Twenty-two out of 46 patients in group ALN and 23 
out of 36 patients in group RLX completed the study. Sig-
nificant differences were not observed between group ALN 
and group RLX in anthropometric, BMDs and biochemical 
parameters at baseline (Tables 1, 2 and 3). Table 2 shows 
values of BMDs at baseline and 9 months after drug ad-
ministration. Lumbar spine BMD in both groups did not 
change significantly. Although neck BMD decreased signif-
icantly, trochanter BMD tended to increase in group ALN. 
Ward’s BMD did not change significantly in either group. 
Total BMD in the proximal femur in group RLX increased 
significantly. Percent changes in three regions of the proxi-
mal femur compared with the BMD values before drug ad-
ministration in each group are also indicated in Table 2. In 
both groups, trochanter and total BMDs tended to increase; 
however, neck BMD tended to decrease in spite of the anti-
osteoporosis drug therapy.

Serum BAP and urinary NTX decreased significantly 
compared with the baseline values in both groups (Table 
3). In particular, urinary NTX in group ALN decreased by 
55.0% compared with the value before drug administra-
tion. Serum intact OC did not change in either group. All 
patients who completed the study could walk with a single 
cane or walking trolley during the study period. For the pa-
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tients who completed the study, none of the X-rays showed 
peseudoarthrosis or osteonecrosis of the proximal femur or 
loosening of endoprosthesis at the end of the study.

As for the dropout rate, 24 patients in group ALN and 
13 patients in group RLX failed to complete the study. The 
reasons for dropping out in each group are listed in Table 4. 
Two patients in group ALN and one patient in group RLX 
were withdrawn because they suffered new fragile fractures 
during the study. The most common reason for dropping out 
was failure to visit the outpatient clinic. Only one patient 
in group RLX discontinued drug treatment because of hot 
flashes, an adverse effect of the drug. One patient experienc-

ing hot flashes overcame the side effects after cessation of 
the therapy.

Discussion

In the present study, neck BMD of the proximal femur 
in group ALN and in group RLX decreased significantly, 
by 8.7% and 4.2% after 9 months of treatment, respectively. 
Neck BMD after hip fracture decreased by 4.3–9.2% with-
out anti-osteoporosis drug intervention of the course of one 
year in previous papers18–22). Surprisingly, neck BMD de-
creased by more compared with the percentage changes in 

Table 1 Anthropometric data for group ALN and group RLX

 Group ALN Group RLX

N 22 23

Age (years) 79.4 ± 10.7 81.3 ± 6.5

Height (cm) 146.9 ± 7.3 146.4 ± 6.6

Weight (kg) 42.8 ± 9.8 45.7 ± 9.1

BMI (kg/m2) 19.7 ± 3.4 21.2 ± 3.5

Trochanteric fracture (N) / Neck fracture (N) 5/17 6/17

Osteosynthesis (N)/ Endoprosthesis (N) 10/12 11/12

Data are shown as means ± SD.
BMI: body mass index.

Table 2 Changes in bone mineral density in group ALN and group RLX

 Baseline After therapy Percent change P-values

Lumbar spine BMD (g/cm2)     

Group ALN 0.648 ± 0.160 0.650 ± 0.139 1.0 ± 6.0% 0.476

Group RLX 0.737 ± 0.171 0.701 ± 0.195 −4.7 ± 15.5% 0.370

Neck BMD (g/cm2)     
Group ALN 0.455 ± 0.087 0.415 ± 0.089 −8.7 ± 8.9% 0.0008

Group RLX 0.465 ± 0.138 0.430 ± 0.107 −4.2 ± 15.4% 0.089

Trochanter BMD (g/cm2)     
Group ALN 0.352 ± 0.096 0.382 ± 0.095 8.4 ± 17.2% 0.067

Group RLX 0.384 ± 0.123 0.398 ± 0.114 7.8 ± 18.4% 0.131

Ward’s triangle BMD (g/cm2)     
Group ALN 0.261 ± 0.089 0.266 ± 0.081 4.2 ± 31.7% 0.728

Group RLX 0.297 ± 0.157 0.275 ± 0.129 11.1 ± 63.2% 0.654

Total hip BMD (g/cm2)     
Group ALN 0.480 ± 0.106 0.500 ± 0.110 3.8 ± 11.9% 0.131
Group RLX 0.508 ± 0.143 0.527 ± 0.146 5.7 ± 10.8% 0.030

Data are shown as means ± SD. BMD: bone mineral density.
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past studies even when alendronate or raloxifene was ad-
ministrated. This may partly be due to neck BMD at the 
baseline in the present study being lower than that in past 
studies. In the present study, the mean values of neck BMD 
at the baseline in the two groups were 0.455 and 0.465 g/
cm3; however, those in two past studies were 0.559 and 
0.546 g/cm3, respectively19,20). Trochanter BMD in group 
ALN tended to increase, and total BMD of the proximal fe-
mur in group RLX increased significantly with the 9 months 
of anti-osteoporosis drug intervention. Our results are in 
good agreement with those reported by Cecilia et al.23). 
They investigated antiresorptive efficacy on spine and hip 
BMDs of alendronate given immediately after operation in 
hip fracture patients. Total, trochanteric and intertrochan-
teric BMDs of the hip increased significantly after alendro-
nate therapy, while neck BMD did not change significantly 
according to their results. In our previous study, vitamin K2 
prevented bone loss in the Ward’s triangle of the contralat-
eral proximal femur after hip fracture over the course of 9 

months24). The anti-osteoporosis effect of alendronate, ral-
oxifene and vitamin K2 may first impact cancellous bone 
rather than cortical bone in the short term. Trochanter, total 
and Ward’s BMDs reflect cancellous bone predominantly; 
however, neck BMD reflects mainly cortical bone. There-
fore, the favorable effects of alendronate and raloxifene 
were reflected in trochanter and total BMDs rather than 
neck BMD in the short period of this study.

In both groups, serum BAP and urinary NTX decreased 
significantly during the study period; however, serum intact 
OC did not change significantly. Bone resorption markers 
increased rapidly after hip fracture, with peak values at 4 
to 8 weeks after fracture, and decreased thereafter up to 12 
months, while bone formation markers increased gradually 
after fracture up to 12 months25). In this study, bone re-
sorption marker or NTX decreased significantly compared 
with the baseline values during the 9 months because of the 
strong antiresoptive effect of the drugs. Serum bone forma-
tion marker or BAP decreased during the 9 months because 

Table 4 Reasons for dropping out from the study

Group ALN (n=24) Group RLX (n=13)

New contra-lateral hip fracture (n = 1) New contra-lateral hip fracture (n = 1)

New vertebral fracture (n = 1) Refracture (n = 1)

Device failure (n = 1) Hot flashes (n = 1)

Death (n = 1) Heart failure (n = 1)

Failure to visit clinic (n = 8) Failure to visit clinic (n = 5)

Transfer to other hospital (n = 3) Urine could not be collected (n = 1)

Urine could not be collected (n = 2) Others (n = 3)

Others (n = 7)  

Table 3  Changes in biochemical markers in group ALN and group RLX

 Baseline After therapy Percent change Reference range

Serum intact OC (ng/ml)    2 – 7

     Group ALN 2.78 ± 0.45 2.02 ± 0.32 −4.3 ± 20.0%  

     Group RLX 3.24 ± 0.55 3.04 ± 0.61 11.8 ± 24.2%  

Serum BAP (U/L)    9.6 – 35.4

     Group ALN 38.5 ± 2.6 27.8 ± 2.5** −19.2 ± 12.4%  

     Group RLX 44.5 ± 3.2 34.4 ± 2.6** −20.0 ± 5.7%  

Urinary NTX (nmol BCE/mmol Cr)    14.3 – 89.0

     Group ALN 102.2 ± 11.2 38.4 ± 5.4*** −55.0 ± 8.5%  

     Group RLX 106.8 ± 11.7 51.2 ± 9.4*** −47.1 ± 9.8%  
Values of biochemical markers and percent changes are shown as means ± SE. OC: osteocalcin. BAP: bone-specific alkaline phosphatase. 
NTX: N-terminal telopeptides of type I collagen. BCE: bone collagen equivalents of NTX immunoreactivity. 
** and ***: p<0.01 and p<0.001 compared with the baseline values, respectively.
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suppression of bone turnover by the drugs might mask the 
increased rate of bone formation in the fracture healing pro-
cess. The reason for the results of no remarkable changes of 
serum intact OC during the study period is that serum intact 
OC might be less sensitive to both drugs than serum BAP 
as an indicator for bone turnover. No previous reports have 
demonstrated the changes of intact OC during alendronate 
or raloxifene therapy after hip fracture. Further study will 
be necessary for the use of serum intact OC for monitoring 
the effect of drugs.

Patients with hip fracture are candidates for anti-osteo-
porosis drug intervention according to the guidelines for os-
teoporosis3). Treatment with anti-osteoporosis drugs within 
6 months after hip fracture has improved over the past 10 
years, but some authors have reported that anti-osteoporosis 
drugs are administered to only 6–10% of all hip fracture pa-
tients26,27). Such a low rate of drug intervention for patients 
with hip fracture is not only due to the responsible doctors 
not prescribing such medicines but also because of the lower 
level of patient compliance and persistence with anti-osteo-
porosis drugs. In this study, almost half of all the patients 
who entered the study dropped out. In particular, more pa-
tients in group ALN dropped out than in group RLX. No 
cases were withdrawn due to side effect of alendronate. The 
reason for the group difference in dropout rate might be that 
more patients entered the study in group ALN than in group 
RLX. Some patients did not visit our outpatient ward every 
one to three months after discharge as we directed, although 
we emphasized the importance of such visits to the patients 
and their families for continuing administration of their par-
ticular drug to prevent bone loss. Discontinuance of medi-
cine is the most serious problem hampering prevention of 
bone loss after hip fracture. According to Bell et al., BMD 
measurement is not necessary during the 3 to 5 years after 
bisphosphonate administration in patients with osteoporosis 
since misreadings may occur28). However, we believe the 
most important thing is keeping the level of patient compli-
ance with anti-osteoporosis drugs high, since there is evi-
dence that both alendronate and raloxifene prevent fragile 
fractures. How can we keep patient compliance high? In the 
present study, trochanter or total BMD of the contralateral 
hip increased in the short term. If responsible doctors show 
data for the trochanter or total hip BMD to their hip fracture 
patients, patient compliance with anti-osteoporosis drugs 
may well improve. In Japan, BMDs for lumbar spine and 
femoral neck are mostly used to monitor changes during an-
ti-osteoporosis therapy. We suggest that trochanter and total 
BMDs of the proximal femur should also be monitored after 
hip fracture during anti-osteoporosis drug therapy.

One of the limitations of this study is the smaller than 
expected sample size due to the surprisingly high dropout 

rate. Therefore, we focused not only on the effect of alendro-
nate or raloxifene on BMDs but also the reasons for drop-
ping out. Another limitation is that control or placebo cases 
were not available in this study. In our previous study, we 
monitored the spine and proximal femur in patients with 
hip fractures without drug intervention in the same design 
as the present study24). That study found that BMDs of the 
L2-4 spine and 4 regions of the proximal femur decreased 
during 9 months without anti-osteoporosis drug interven-
tion after hip fracture.

In conclusion, both alendronate and raloxifene have a 
favorable effect on trochanter and total BMDs of the contra-
lateral proximal femur in the early period after operation for 
patients with hip fractures.
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