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Abstract
AIM: To examine the effects of treatment with rise-
dronate for 1 year on speed of sound (SOS) of the cal-
caneus and bone turnover markers in postmenopausal 
women with osteoporosis. 

METHODS: Thirty-eight postmenopausal women with 
osteoporosis who had been treated with risedronate 
for > 1 year were enrolled in the study. The SOS and 
bone turnover markers were monitored during treat-
ment with risedronate for 1 year. 

RESULTS:  The urinary levels of cross-linked N-termi-
nal telopeptides of type Ⅰ collagen and serum levels 
of alkaline phosphatase were significantly decreased 
at 3 mo (-34.7%) and 12 mo (-21.2%), respectively, 
compared with the baseline values. The SOS increased 
modestly, but significantly by 0.65% at 12 mo com-

pared with the baseline value. Treatment with risedro-
nate elicited an increase in the SOS of the calcaneus 
exceeding the coefficient of variation in vivo  (0.27%). 

CONCLUSION: The present study confirmed that rise-
dronate suppressed bone turnover and elicited a clini-
cally significant increase in the SOS of the calcaneus in 
postmenopausal women with osteoporosis.

© 2013 Baishideng. All rights reserved.
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Core tip: The effects of risedronate treatment on quan-
titative ultrasound parameters of the calcaneus remain 
to be established in patients with osteoporosis. The 
aim of the present clinical practice-based observational 
study was to examine the effects of treatment with rise-
dronate for 1 year on speed of sound (SOS) of the cal-
caneus and bone turnover markers in postmenopausal 
women with osteoporosis. The present study confirmed 
that risedronate suppressed bone turnover and elicited 
a clinically significant increase in the SOS of the calca-
neus in postmenopausal women with osteoporosis.
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INTRODUCTION
Osteoporosis mostly affects postmenopausal women and 
substantially increases their risk of  fracture. Risedronate 
is widely used as the first-line drug for treating postmeno-
pausal osteoporosis because of  its efficacy, demonstrated 
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in the Vertebral Efficacy with Risedronate Therapy Study, 
the Hip Intervention Program Study, and a systematic re-
view of  11 randomized controlled trials (RCTs), in which 
it reduced the incidence of  vertebral, non-vertebral, and 
hip fractures[1-4].

Because risedronate increases the bone mineral den-
sity (BMD) of  the lumbar spine, femoral neck, and total 
hip in postmenopausal women with osteoporosis[1,2], the 
BMD measured by dual-energy X-ray absorptiometry 
(DXA) remains the optimal method for monitoring the 
response to risedronate treatment. Quantitative ultra-
sound (QUS) is a more recently developed non-invasive 
method to determine bone density and structure in 
vivo. QUS parameters, including speed of  sound (SOS), 
broadband ultrasound attenuation, and stiffness index, 
can predict the risk of  hip, wrist, and total non-vertebral 
fractures up to 10 years later[5]. QUS may also provide 
a better assessment of  the structural changes of  bone 
compared with DXA[6].

The SOS of  the calcaneus can be measured using a 
QUS device (CM-200; Elk Corp., Osaka, Japan). Recently, 
we reported the effects of  1 year of  treatment with alen-
dronate treatment on the SOS as well as bone turnover 
markers in Japanese postmenopausal women with osteo-
porosis[7]. In that study, alendronate reduced the urinary 
levels of  cross-linked N-terminal telopeptides of  type Ⅰ
collagen (NTX) and serum levels of  alkaline phosphatase 
(ALP), and modestly increased the SOS. To date, how-
ever, very few studies have examined the effects of  rise-
dronate on QUS parameters in postmenopausal women 
with osteoporosis. We hypothesized that risedronate, 
similar to alendronate, would increase the SOS at the 
calcaneus in postmenopausal women with osteoporosis. 
Therefore, the aim of  the present clinical practice-based 
observational study was to examine the effects of  1 year 
of  treatment with risedronate on the SOS and bone turn-
over markers in Japanese postmenopausal women with 
osteoporosis. We also discuss the differential effects of  
risedronate and alendronate on the SOS and bone turn-
over markers in Japanese postmenopausal women with 
osteoporosis.

MATERIALS AND METHODS
Subjects
Thirty-eight Japanese postmenopausal women with os-
teoporosis who had been treated with risedronate (17.5 
mg weekly) for more than 1 year were recruited at the 
outpatient clinic of  Hiyoshi Medical Clinic (Kanagawa, 
Japan) during the 6-month period between July 1 and 
December 31, 2012. This dose of  risedronate is the dose 
used in Japan to treat osteoporosis in postmenopausal 
women, and has shown safety and efficacy[8-11]. Patients 
were eligible if  they had postmenopausal osteoporosis 
defined according to the Japanese diagnostic criteria[12,13] 
as: (1) BMD < 70% of  the young adult mean (YAM) or 
the “presence” of  osteopenia on X-ray images of  the 
spine; and (2) BMD of  70%-80% of  the YAM or “pos-

sible” osteopenia on X-ray images of  the spine together 
with a history of  osteoporotic fractures. Because DXA 
of  the spine is useful for monitoring osteoporosis in 
Japanese women, and QUS appears to be less useful[14], 
the diagnosis of  osteoporosis was made using both the 
SOS (< 70% of  the YAM or 70%-80% of  the YAM to-
gether with a history of  osteoporotic fractures) and X-ray 
findings of  the spine (i.e., presence of  osteopenia or 
possible osteopenia along with a history of  osteoporotic 
fractures). Patients were excluded if  they had a history of  
reflux esophagitis, gastric or duodenal ulcer, gastrectomy, 
renal failure, and bone diseases, including cancer-induced 
bone loss because of  aromatase inhibitors, primary hy-
perparathyroidism, hyperthyroidism, Cushing’s syndrome, 
multiple myeloma, Paget’s disease of  the bone, rheuma-
toid arthritis, or osteogenesis imperfecta.

The assessment performed before starting risedronate 
treatment included a medical history, physical examina-
tion, plain radiography of  the thoracic and lumbar spine, 
measurement of  the SOS of  the calcaneus, and blood (e.g., 
serum calcium, phosphorus, and ALP) and urinary (e.g., 
NTX) biochemical tests. The urinary NTX levels were 
measured at 3 mo after starting treatment. The serum 
levels of  calcium, phosphorus and ALP, and the SOS of  
the calcaneus were measured every 6 mo after starting 
treatment. Plain X-rays of  the thoracic and lumbar spine 
were taken after 1 year of  treatment. We evaluated the 
outcome of  risedronate treatment for 1 year.

Assessment of morphometric vertebral fractures
Plain lateral X-ray films of  the thoracic and lumbar spine 
were obtained at the start of  treatment to detect evidence 
of  morphometric vertebral fractures. According to the 
Japanese criteria, a vertebral fracture is defined according 
to the vertebral height on lateral X-ray films[12,13]. Briefly, 
the vertebral height is measured at the anterior (A), cen-
tral (C), and posterior (P) parts of  the vertebral body. 
The presence of  a vertebral fracture was defined as: (1) a 
reduction in the vertebral height of  > 20% (A, C, and P) 
as compared with the height of  the adjacent vertebrae; (2) 
the C/A or C/P ratio is < 0.8; or (3) the A/P ratio is < 
0.75. Vertebral fractures were assessed at the T4-L4 level.

Assessment of clinical vertebral and non-vertebral 
fractures
Low-traumatic osteoporotic clinical fractures were as-
sessed. Clinical vertebral fractures were determined based 
on the clinical symptoms and findings of  radiographic or 
magnetic resonance images of  the lumbar and thoracic 
spine. Non-vertebral fractures, including major osteopo-
rotic fractures of  the distal radius, proximal humerus, and 
hip, were determined based on the clinical symptoms and 
radiographic images of  the wrist, shoulder and hip joints, 
respectively.

Measurement of serum calcium, phosphorus and ALP, 
and urinary NTX
Serum and urine samples were sent to Kotobiken Medi-
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cal Laboratories, Inc. (Yokohama, Kanagawa, Japan) for 
the following biochemical analyses. Serum calcium and 
phosphorus levels were measured using standard labora-
tory techniques. Serum ALP levels were measured using 
the JSCC reference methods. The coefficient of  variation 
(CV = 100 × standard deviation/mean) of  two consecu-
tive measurements made within 1 d was < 1.15% for 20 
people. The CV of  two measurements at the same time 
on two consecutive days was < 4.08% for 6 people. Uri-
nary NTX levels were measured using an enzyme-linked 
immunosorbent assay. The CV of  two consecutive mea-
surements made within 1 d was < 7.4% for 10 people. 
The CV of  two measurements made at the same time on 
two consecutive days was < 15.0% for 24 people.

Measurement of SOS of the calcaneus
The SOS of  the left calcaneus was measured using a 
QUS device (CM-200; Elk Corp., Osaka, Japan). The 

reliability and reproducibility of  this QUS device have 
already been reported, and the CV was 0.15% using the 
phantom technique and 0.27% in vivo[15].

Statistical analysis
Data are expressed as mean ± SD. One-way analysis of  
variance (ANOVA) with repeated measurements was used 
to determine the significance of  the longitudinal changes 
in the SOS and biochemical markers. Univariate regres-
sion analysis was used to determine associations between 
the change in urinary NTX at 3 mo and the changes in 
the SOS at 6 and 12 mo. All statistical analyses were per-
formed using StatView-J5.0 software (SAS Institute, Cary, 
NC, United States) on a Windows computer. A signifi-
cance level of  P < 0.05 was used in all comparisons.

RESULTS
Characteristics of the study subjects at the start of 
treatment
Table 1 shows the anthropometry, SOS, and biochemical 
markers of  the study subjects at the start of  treatment. 
The mean age of  the subjects was 71.1 years (range: 
49-88 years). The mean SOS was 1473 m/s, which corre-
sponds to 68.9% of  the YAM. The mean serum calcium, 
phosphorus, and ALP levels were 9.2 mg/dL, 3.5 mg/dL, 
and 229 IU/L, respectively, which were within the nor-
mal ranges (8.4-10.2 mg/dL, 2.5-4.5 mg/dL, and 100-340 
IU/L, respectively). However, the mean urinary NTX lev-
el was 56.2 nmol bone collagen equivalent (BCE)/mmol 
Cr, which was higher than the normal range for Japanese 
women (9.3-54.3 nmol BCE/mmol Cr)[16], indicating a 
high bone turnover in these women, a characteristic of  
osteoporosis.

Changes in the SOS of the calcaneus
Figure 1 shows the changes in the SOS of  the calcaneus. 
One-way ANOVA with repeated measurements showed 
a significant longitudinal increase in the SOS at 1 year (P 
= 0.0001). The mean percent changes in the SOS from 
the baseline after 6 and 12 mo of  treatment were +0.68% 
and +0.65%, respectively (Table 2), which were beyond 
the coefficient of  variation in vivo (0.27%)[15].

Changes in biochemical markers
Figure 2 shows the changes in the biochemical markers. 
The mean urinary NTX levels decreased to the normal 
range for Japanese women (9.3-54.3 nmol BCE/mmol 
Cr)[16] after 3 mo of  treatment. The mean serum ALP 
levels also decreased and remained within the normal 
range (135-340 IU/L) during the 1-year treatment period. 
One-way ANOVA with repeated measurements showed 
significant longitudinal decreases in the serum ALP and 
urinary NTX levels (both, P < 0.0001). There were no 
significant longitudinal changes in the serum calcium 
or phosphorus levels. The mean percent change in the 
urinary NTX level from the baseline after 3 mo of  treat-
ment was -34.7% (Table 2), while those for serum ALP 
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mean ± SD Range

  Age (yr) 71.1 ± 9.7 49-88
  Height (m)   1.54 ± 0.06 1.40-1.70
  Body weight (kg)   53.2 ± 7.6 40-80
  Body mass index (kg/m2) 22.4 ± 3.1 18.7-35.0
  SOS (m/s)         1473 ± 13 1442-1500
  SOS as % of YAM 68.9 ± 5.9 53-79
  Calcium (mg/dL)   9.2 ± 0.4   8.6-10.2
  Phosphorus (mg/dL)   3.5 ± 0.3 2.9-4.5
  ALP (IU/L) 229 ± 63 142-365
  Urinary NTX (nmol BCE
  /mmol Cr)

  56.2 ± 17.8 35.2-99.9

Table 1  Baseline anthropometry, speed of sound and 
biochemical markers of the study subjects

The normal ranges of serum calcium, phosphorus, and alkaline 
phosphatase (ALP) were 8.4-10.2 mg/dL, 2.5-4.5 mg/dL, and 100-340 
IU/L, respectively. The standard range of urinary cross-linked N-terminal 
telopeptides of type Ⅰ collagen (NTX) was 9.3-54.3 nmol bone collagen 
equivalent (BCE)/mmol Creatinine (Cr), and the cutoff values for bone 
loss and vertebral fracture risk were 35.3 and 54.3 nmol BCE/mmol Cr, 
respectively. SOS: Speed of sound; YAM: young adult mean.

Figure 1  Changes in speed of sound. Data are expressed as mean ± SD. 
One-way analysis of variance with repeated measurements was used to ana-
lyze the longitudinal changes in the speed of sound (SOS). The longitudinal 
change in SOS was statistically significant (P = 0.0001 vs the baseline).

P = 0.0001
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Figure 2  Changes in biochemical markers. Data are expressed as mean ± SD. One-way analysis of variance (ANOVA) with repeated measurements was used to 
analyze the longitudinal changes in biochemical markers. The longitudinal changes in serum alkaline phosphatase (ALP) and urinary cross-linked N-terminal telopep-
tides of type Ⅰ collagen (NTX) were statistically significant (both, P < 0.0001 vs the baseline). NS: Not significant; BCE: Bone collagen equivalent. 

Baseline 3 mo 6 mo 12 mo

  SOS (m/s) 1473 ± 13 1483 ± 16 1483 ± 17
  Percent changes from baseline     0.68% ± 1.10%     0.65% ± 1.24%
  Calcium (mg/dL)     9.2 ± 0.4     9.2 ± 0.5     9.2 ± 0.4
  Percent changes from baseline   −0.43% ± 3.36%     0.30% ± 3.68%
  Phosphorus (mg/dL)     3.5 ± 0.3     3.5 ± 0.6     3.5 ± 0.4
  Percent changes from baseline     2.48% ± 17.6%     1.17% ± 9.85%
  ALP (IU/L)   229 ± 63   187 ± 57   177 ± 48
  Percent changes from baseline   −17.2% ± 16.7%  − 21.2% ± 16.7%
  Urinary NTX (nmol BCE/mmol Cr)     56.2 ± 17.8     35.9 ± 11.3
  Percent changes from baseline −34.7% ± 15.0%

Table 2  Changes in speed of sound and biochemical markers

Data are expressed as mean ± SD. The normal ranges of serum calcium, phosphorus, and alkaline phosphatase 
(ALP) were 8.4-10.2 mg/dL, 2.5-4.5 mg/dL, and 100-340 IU/L, respectively. The standard range of urinary cross-
linked N-terminal telopeptides of type I collagen (NTX) was 9.3-54.3 nmol bone collagen equivalent (BCE)/mmol 
creatinine (Cr), and the cutoff values for bone loss and vertebral fracture risk were 35.3 and 54.3 nmol BCE/mmol 
Cr, respectively. SOS: Speed of sound. 
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levels after 6 and 12 mo of  treatment were -17.2% and 
-21.2%, respectively (Table 2).

Associations between changes in urinary NTX levels 
and changes in the SOS of the calcaneus
Univariate regression analysis showed no significant as-
sociations between the percent decrease in urinary NTX 
at 3 mo and the percent increase in the SOS at either 6 or 
12 mo.

Fractures
During the 1-year treatment period, one patient experi-
enced a rib fracture and one patient experienced a mor-
phometric vertebral fracture.

Adverse events
One patient underwent a tooth extraction during the 
1-year treatment period. There were no serious adverse 
events in this study, such as osteonecrosis of  the jaw, 
femoral diaphysis atypical fractures, or atrial fibrillation, 
which have been reported in other studies[17-19].

DISCUSSION
The present study confirmed that treatment with risedro-
nate decreased the urinary NTX and serum ALP levels (by 
-34.7% at 3 mo and -21.2% at 12 mo, respectively), and 
elicited a modest increase in the SOS of  the calcaneus (by 
+0.68% at 6 mo and +0.65% at 12 mo) in Japanese post-
menopausal women with osteoporosis. The objectives 
of  this study were to determine: (1) whether decreases in 
bone turnover markers would be similar to those report-
ed in our previous studies; and (2) whether the increase in 
the SOS of  the calcaneus would be significant and greater 
than the range of  reproducibility. We also compared the 
effects of  risedronate and alendronate on the changes in 
these parameters.

Urinary NTX levels were measured at 3 mo after 
starting treatment, because measurement of  urinary NTX 
levels at this time helps to assess whether the antiresorp-
tive effects of  risedronate (2.5 mg daily and 17.5 mg 
weekly) are sufficient or clinically significant[8,11]. Previ-
ous RCTs showed that risedronate together with calcium 
supplementation decreased urinary NTX (by about -38% 
to -40% at 3 mo) and serum ALP (by about -28% to 
-30% at 1 year) in Japanese postmenopausal women with 
osteoporosis[8,9,11]. The decreases in urinary NTX and se-
rum ALP levels in the present study were slightly smaller 
than those in the previous RCTs. One reason for this 
discrepancy is that calcium supplementation was not used 
in the present study unlike in the previous RCTs. Nev-
ertheless, this clinical practice-based observational study 
confirmed that treatment with risedronate for 1 year sup-
pressed bone turnover in postmenopausal women with 
osteoporosis. Optimal vitamin D repletion is thought to 
be necessary to maximize the response to antiresorbers in 
terms of  BMD changes and reducing the risk of  fracture 
in postmenopausal women with osteoporosis[20]. Thus, 

improvements in vitamin D status may be necessary for 
greater response of  the SOS and bone turnover markers 
to risedronate.

The mean age of  the study subjects at the start of  
treatment was 71.1 years. The reference values of  the 
SOS of  the calcaneus in healthy Japanese women aged 
65-69, 70-74, and 75-79 years are 1487, 1481, and 1475 
m/s, respectively[21]. Treatment with risedronate for 1 year 
increased the SOS of  the calcaneus from 1473 m/s at the 
start of  treatment to 1483 m/s at 12 mo. Therefore, it 
seems that risedronate might help to increase the SOS of  
the calcaneus in postmenopausal women with osteopo-
rosis. The percent increase in SOS from the baseline was 
+0.65% at 12 mo. Although this increase appeared to be 
modest, it was likely to exceed the CV of  the SOS of  the 
calcaneus in vivo (0.27%)[15].

We previously reported the effects of  1 year of  treat-
ment with alendronate (35 mg weekly) on the SOS and 
bone turnover markers in postmenopausal women with 
osteoporosis (mean age: 69.0 years)[7], In that study, alen-
dronate reduced urinary NTX levels (by -44.9% at 3 mo) 
and increased the SOS (by +0.6% at 12 mo). In the pres-
ent study, 1 year of  treatment with risedronate (17.5 mg 
weekly) decreased the urinary NTX levels (by -34.7% at 3 
mo) and increased the SOS of  the calcaneus (by +0.65% 
at 12 mo) in postmenopausal women with osteoporosis 
(mean age: 71.1 years). In prior Japanese RCTs in post-
menopausal women with osteoporosis, 1 year of  treat-
ment with alendronate (5 mg daily and 35 mg weekly) 
increased BMD of  the lumbar spine by 5.8%-6.4% from 
baseline[22-24], while risedronate (2.5 mg daily and 17.5 mg 
weekly) increased it by 4.9%-5.9%[8-11]. The reductions in 
levels of  bone turnover markers were also greater with 
alendronate than with risedronate[8-11,22-24]. Thus, alendro-
nate may be elicit greater reductions in bone turnover 
and greater increases in BMD of  the lumbar spine in 
postmenopausal Japanese women with osteoporosis 
compared with risedronate. However, the increase in the 
SOS was very similar with both treatments, suggesting 
that risedronate and alendronate have similar effects on 
bone structure and quality.

Dufresne et al[25] investigated the effect of  1 year of  
treatment with risedronate on bone structure by analyz-
ing iliac crest bone biopsy specimens from women en-
rolled in a double-blind, placebo-controlled study of  rise-
dronate for the prevention of  early postmenopausal bone 
loss using three-dimensional microcomputed tomogra-
phy. The placebo group experienced decreases in bone 
volume (placebo: -5.1%, risedronate: +3.5%), trabecular 
thickness (placebo: -20 μm, risedronate: +23 μm), and 
trabecular number (placebo: -0.223 mm-1, risedronate: 
+0.099 mm-1), and increases in percent plate (placebo: 
+2.79%, risedronate: -3.23%), trabecular separation (pla-
cebo: +79 μm, risedronate: -46 μm) and marrow star 
volume (placebo: +2.80 mm3, risedronate: -2.08 mm3) as 
compared with the risedronate group. These changes in 
the trabecular structure appeared to partly reflect changes 
in the SOS.

Iwamoto J et al . Effect of risedronate on SOS in osteoporosis
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There was no further increase in the SOS after 6 
mo of  treatment with risedronate, although serum ALP 
levels continued to decrease. However, the reduction 
in the serum ALP levels were blunted after 6 mo (229 
IU/L at the baseline, 187 IU/L at 6 mo, and 177 IU/L 
at 12 mo). It has been reported that the anti-fracture ef-
fect of  risedronate against clinical vertebral fractures is 
recognized as early as 6 mo after the start of  treatment in 
postmenopausal women with osteoporosis[26], suggesting 
the rapid skeletal effects of  risedronate. It was likely that 
risedronate rapidly improved the trabecular architecture 
by suppressing bone turnover, thereby increased the SOS 
from the baseline, and maintained the trabecular struc-
ture thereafter.

There are several limitations of  the present study. In 
particular, the statistical quality of  the present analyses 
may be relatively poor because of  the small sample size, 
the absence of  statistical power for the fracture incidence, 
and the retrospective nature of  the analyses. Further 
studies are needed to confirm our results.

In conclusion, the present study confirmed that rise-
dronate suppresses bone turnover, producing a modest 
but significant increase in the SOS of  the calcaneus in 
Japanese postmenopausal women with osteoporosis. The 
results of  this study and our previous studies suggest 
risedronate and alendronate have similar beneficial effects 
on the SOS of  the calcaneus.
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