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Abstract The aim of this study was to compare the efficacy
of elcatonin injections and oral nonsteroidal anti-inflamma-
tory drugs (NSAIDs) for patients with osteoporosis who
have acute lumbar pain after experiencing new vertebral
compression fractures. Two hundred twenty-eight Japanese
female patients (mean age 77.3 years) with acute lumbar
pain from osteoporotic vertebral fractures were randomly
divided into two groups. Patients in one group were given
an NSAID (NSAIDs group) and patients in the other group
were given weekly intramuscular injections of 20 units of
elcatonin (elcatonin group). All patients underwent follow-
up examinations up to 6 weeks from the start of the trial.
Outcome measures were the level of functional impairment
according to the Japan Questionnaire for Osteoporotic
Pain (JQ22), the Roland—Morris Disability Questionnaire
(RDQ), and a visual analog scale (VAS) of pain intensity.
Statistical analyses focused on (1) the time course of pain
and functional level using linear mixed effects models to
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analyze the longitudinal data and (2) the effectiveness of
elcatonin injection with mean difference values and 95 %
confidence intervals. Significant differences were seen over
time between the initial values and the postintervention val-
ues (4 and 6 weeks) in JQ22, RDQ, and VAS scores (effect
size d > 0.4) in each group. The mean differences between
the elcatonin group and the NSAIDs group in each measure
at 4 and 6 weeks were —4.8 and —8.3 for the JQ22, —1.3
and —2.6 for the RDQ, and —11.3 and —11.5 for the VAS,
shifted to elcatonin. Once weekly elcatonin injection was
more effective than NSAIDs for treating acute lumbar pain
and improving mobility in Japanese women with osteo-
porotic vertebral fractures.

Keywords Calcitonin (or elcatonin) - Osteoporosis -
Vertebral fracture - Lumbar pain - Randomized controlled
trial

Introduction

Osteoporosis is a serious geriatric medicine problem in
“super-aging” societies such as Japan. With osteoporosis,
fractures are likelier to occur in the vertebrae, proximal part
of the femur, distal part of the radius, and proximal part of
the humerus because of bone fragility [1]. Osteoporosis-
associated fractures often result in impairment of activi-
ties of daily living such as walking and housework. These
impairments can lead to a person becoming bedridden
or isolated in the home, resulting in many elderly people
needing further care.

The number of people with osteoporosis is estimated to
be about 12.8 million [2] in Japan’s aged society. In addi-
tion, the number of elderly people and the population aging
rate are continuing to increase. Such an increase in the
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number of elderly people will naturally mean increases in
the incidence of osteoporosis and osteoporosis-associated
fractures, which are important public health issues that
should be dealt with at national and local levels.

Many elderly people have ambulation symptom complex
due to musculoskeletal disability; therefore, it is important
for them to be able to get out of bed and walk at an early
stage after a compression fracture to prevent the develop-
ment of disuse syndrome.

Calcitonin is a polypeptide comprising 32 amino acids,
and plays a role in the regulation of bone metabolism as a
hormone that suppresses bone resorption [3]. Salmon cal-
citonin and eel calcitonin show high specific activity and
have been used as a treatment drug for osteoporosis. Elca-
tonin is an analog of eel calcitonin and is known to increase
bone mineral density [4, 5] and to have an antihyperalgesic
effect via the serotonergic system [6, 7] in animal models.
Once weekly intramuscular injection of 20 units of elca-
tonin is widely used in Japan for the treatment of osteo-
porosis. It was reported that elcatonin administered once
weekly significantly increased bone mineral density [8] and
alleviated postfracture pain and improved quality of life in
patients with osteoporosis [9-11]. However, a comparative
study with widely used painkillers focusing on pain man-
agement and functional impairments and quality of life as a
randomized controlled trial has not been reported.

In this trial we compared the efficacy of elcatonin injec-
tions, which are expected to be effective for treatment of
acute osteoporotic lumbar pain, with that of nonsteroi-
dal anti-inflammatory drugs (NSAIDs), and investigated
whether elcatonin is beneficial in promoting early ambula-
tion and preventing functional deterioration.

Materials and methods
Clinical research design and participants
Clinical research design

This was a nationwide, prospective, multicenter, open-
label, randomized controlled trial conducted at private clin-
ics and hospitals that are registered members of the Japa-
nese Clinical Orthopaedic Association. It was a research
project of the Japanese Society for Musculoskeletal Medi-
cine (formerly the Japanese Society for Musculoskeletal
Rehabilitation).

Ethics review
The internal clinical research review committees at the

registered hospitals approved the protocol of this clini-
cal trial. The standard operating protocol was inspected by
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the Clinical Research Review Committee of the National
Research Center for People with Disabilities for private
clinics that did not have internal clinical research review
committees. Written informed consent was obtained from
all patients deemed suitable as participants. This trial was
approved by the Japanese Society for Musculoskeletal Med-
icine and registered in the Clinical Trials Registry operated
by the University Hospital Medical Information Network
(http://center.umin.ac.jp/cgi-open-bin/ctr/CO00000283).

Patients

Patients were defined as elderly women with lumbar pain
caused by new fragility vertebral fractures due to primary
osteoporosis. Patients were recruited from among out-
patients examined by the Japanese Clinical Orthopaedic
Association members. Patient selection was conducted
continuously during the period of scheduled medical inter-
views (July 2008 to May 2010).

Inclusion criteria
The inclusion criteria for this clinical trial were as follows:

1. Women aged 65 years or older

2. Acute lumbar pain within the preceding 2 weeks (in
the area from the inferior edge of the scapula to the
gluteal sulcus)

3. X-ray findings of new fragility fractures in the thoracic
or lumbar vertebrae

4. Adequate understanding of this clinical trial and the
ability to provide written informed consent

The exclusion criteria were as follows:

1. Patients with secondary osteoporosis
Patients with a history of back surgery of the thoracic
or lumbar vertebrae

3. Clear neurological deficit associated with vertebral
disease

4. Severe scoliosis

5. Contraindications for the drugs used (elcatonin or
NSAIDs).

6. Patients with an infectious disease in the vertebrae

7. Patients who used an NSAID continuously within
3 days before consenting to be included in this clini-
cal trial

8. History of treatment for heart failure, renal dysfunc-
tion (serum creatinine level greater than 3.0 mg/dL),
or hepatic dysfunction (aspartate aminotransferase
and alanine aminotransferase levels greater than
100 IU/L)

9. History of treatment for malignant tumor
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10. Patients whose primary physician considered them to
be inappropriate for this clinical trial

According to the definitions in “Diagnostic criteria for
primary osteoporosis: (year 2000 revision)” [12], fragility
fractures are fractures attributable to decreased bone vol-
ume (osteoporotic changes confirmed by a bone mineral
density of less than 80 % of the young adult mean at the
vertebrae) and nontraumatic fragility fractures that occur
with very mild external force.

Therefore, the diagnostic inclusion criteria for new fra-
gility vertebral fractures in this clinical trial were (1) new
fragility vertebral fractures confirmed on radiographs or (2)
no new radiologically confirmed fragility vertebral frac-
tures, but clinical findings of (1) acute lumbar pain, (2)
severe pain associated with activity and almost no pain dur-
ing rest, and (3) percussion pain in related areas.

In cases when a cause could be clearly specified, such
as falling or lifting a heavy object, clinical decisions were
made with reference to that cause. After inclusion criteria
and exclusion criteria had been applied and patients who
met the two conditions described above had been con-
sidered to be suitable as participants in this clinical trial,
patients were invited to participate in the clinical trial.

Randomization

Patients who consented were randomly assigned to either
the elcatonin group or the NSAIDs group by means of a
randomization program. Permuted-block randomization
was done with a block size of four, and a randomization
sequence was produced with a computer-generated random
number table. Blocks were assigned in accordance with the
number of patients included at each participating clinic or
hospital. This was designed to obtain a balance between
each preregistered institution and the entire patient group.

Radiograph-based diagnostic confirmation

As entry criteria for new vertebral fractures, we com-
bined confirmed findings on radiographs and three clinical
findings.

Anteroposterior and lateral radiographs of the thoracic
vertebrae (focused on T8) and lumbar vertebrae (focused
on L3) were obtained with patients in the supine position,
and were used in confirming the diagnosis. The radiograph
was collected by the review team after the primary physi-
cian had explained the findings to the patient.

The radiographic films were sent to the administration
office, and the findings were confirmed by an independent
team of orthopedic surgeons. Three physicians evaluated
the radiographs independently, and a majority decision was
made in cases where there was disagreement.

Intervention

Patients who were randomly allocated to the elcatonin
group or the NSAIDs group received the treatment
described in the following sections.

Elcatonin group

Twenty units of elcatonin were injected intramuscularly
once weekly for 6 weeks.

NSAIDs group

Oral NSAIDs were administered daily. Patients were
given one of the five most widely sold NSAIDs in Japan
today: loxoprofen sodium (three 60-mg tablets, one tab-
let costs ¥17.5), diclofenac sodium (three 25-mg tablets,
one tablet costs ¥13.1), etodolac (two 200-mg tablets, one
tablet costs ¥27.6), lornoxicam (three 4-mg tablets, one
tablet costs ¥25.8), or zaltoprofen (three 80-mg tablets,
one tablet costs ¥19.2). Patients were not permitted to take
any other pain medication. Rebamipide (100-mg tablet),
sodium azulene sulfonate (500-mg granules), or teprenone
(50-mg capsules) was administered to prevent gastrointes-
tinal side effects from the NSAIDs. Patients could cease
taking the NSAIDs at any time if treatment was no longer
necessary.

Patients were also asked to undergo outpatient exami-
nations at least once a week. Dosages and adverse effects
were closely checked by means of an activity diary along
with an NSAID diary.

Outcome measures

Outcome measures were assessed at week O (baseline,
i.e., start of intervention) and weeks 4 and 6 (completion
of intervention and follow-up). The results were not dis-
closed to the primary physicians until the clinical trial was
completed.

Pain was assessed with a visual analog scale (VAS) from
0 (minimum) to 10 (strongest pain). Patients were asked
to score their pain during the past several days. Functional
impairment, and thereby quality of life, was assessed with
the validated Japanese version of the Roland—Morris Dis-
ability Questionnaire (RDQ) [13, 14] and the Japan Ques-
tionnaire for Osteoporotic Pain (JQ22) [15]. The JQ22 con-
sists of 22 self-rated questions specialized to the disease,
developed with consideration of the cultural differences
between Japan and Western countries. Its validity and reli-
ability have been demonstrated by computational psycho-
logical analysis. The JQ22 incorporates a psychological
model concept for lumbar pain and reflects unique Japa-
nese cultural aspects related to osteoporetic pain. The 22
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questions in four domains are scored on a five-point scale
from no disability (0 points) to severe disability (4 points),
summed to obtain a total score (maximum 88 points).

Patients were asked to complete the questionnaires
themselves.

Calculation of sample size

We estimated the sample size in nonparametric statistics
using the level of significance (1 minus confidence) and
demonstration level for reliability [16].

To achieve an 80 % power for detection of a clinically
meaningful difference, 54 participants were needed to con-
firm the observed difference between the two groups. Con-
sidering the possibility of dropout or other problems, we
set 100 participants in each group in this trial.

Minimal clinically important difference

Patients were asked to subjectively assess each intervention
at week 6. This general self-assessment was divided into
three categories: (1) improvement with no need to continue
treatment, (2) condition improved, but would like to con-
tinue part of treatment, and (3) no change, or exacerbation.
On the basis of this assessment, patients were divided into
two groups of improved condition (categories 1 and 2) or
no change/exacerbation (category 3). These results were
used as data to calculate the minimal clinically important
difference of the assessment scales.

Statistical analysis

The baseline JQ22, RDQ, and VAS results for the 228
randomly assigned patients in the elcatonin and NSAIDs
groups were analyzed by means of the Mann—Whitney U
test. Student’s 7 test analysis was applied for patient age.

As a first step to check the difference between the two
groups regarding vertebral fractures, we examined the
degree of pain at each of 13 levels (T5 to L5) of vertebrae
from both groups. Nonparametric comparisons with the
JQ22 for all possible pairs (13 levels; *C? = maximum
78 pairs) of the spine from the two groups were conducted
with the Steel-Dwass method. As a second step we checked
the distribution of the confirmed sites of fractured vertebrae
using Cochran—Mantel-Haenszel statistics calculations.

Comparisons of patients who had completed the interven-
tions were made between the baseline and week 4 or week 6
in each group by means of a linear mixed effects model.

Assessment items for drug effectiveness were compared
on the basis of the difference in the change between the
two groups at week 4 and week 6. First Levene’s test for
equality of variances was conducted, and then a ¢ test for
equality of means was performed and the 95 % confidence
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interval for the mean difference between the baseline (week
0) and week 4 or week 6 for each assessment item was cal-
culated. The 95 % confidence interval for the mean differ-
ence for each assessment item was calculated according to
the method reported by Altman et al. [17].

Statistical analysis was done with SPSS Statistics for Win-
dows version 17.0 (SPSS, Chicago, IL, USA) and G*Power
(http://www.gpower.hhu.de/fileadmin/redaktion/Fakul-
tacten/Mathematisch-Naturwissenschaftliche Fakultaet/
Psychologie/AAP/gpower).

Role of funding

The trial was selected as a grant study as part of the 2008
academic research projects of the Japanese Society for
Musculoskeletal Medicine. Neither the research group nor
the physicians participating in this clinical trial had any
vested financial interests in the trial.

The organization entrusted with the clinical trial admin-
istration did not play any role in the design of the trial, the
collection, analysis, and interpretation of data, or the writ-
ing of this article. The contact author had complete access
to the clinical trial data and had the ultimate responsibility
with regard to decisions on the submission and publication
of this article.

Results
Clinical trial profile

This multicenter clinical trial was conducted at 92 clinics
and hospitals in all parts of Japan. Only orthopedic sur-
geons who were members of the Japanese Clinical Ortho-
paedic Association and who had received official certifi-
cation from an expert committee of the Japanese Clinical
Orthopaedic Association participated in this trial.

All 228 candidates for participation who registered
with the administrative office from July 2008 to May 2010
were suitable as participants and consented to randomiza-
tion (114 allocated to each of the elcatonin and NSAIDs
groups). Figure 1 shows the flowchart of the clinical trial.
Table 1 show the baseline features of the patients included
in the trial. No statistical differences were seen between the
elcatonin and NSAIDs groups with regard to age and base-
line JQ22, RDQ, and VAS measures with Student’s # test or
the Mann—Whitney U test (Table 1).

We obtained the spinal X-rays of 177 patients (83.5 %)
from their attending physicians, and confirmed the number
and level of vertebral fractures in each case. Because radio-
logical findings consisted of fresh and old vertebral fractures
and did not cover the whole cases, we statistically analyzed
pain and fresh vertebral fractures by a two-stage method.
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Assessed for eligibility (n=228) |

——-

A

y

Excluded (n=0)

/ Not meeting inclusion criteria (n=0)
/ Declined to participate (n=0)

/ Other reasons (n=0)

Randomized (n=228) |

elcatonin 1

|

Allocated to intervention (n=114)
/ Received allocated intervention (n=114)
/ Did not receive allocated intervention (n=0)

Allocated to intervention (n=114)
/ Received allocated intervention (n=114)
/ Did not receive allocated intervention (n=0)

v

Lost to follow-up (n=1)

/ (n=1, Lostto follow-up because of change
in address)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=4)

/ (n=1, Discontinued because of surgery for aortic
Aneurysm / (n=1, Discontinued because of upper
gastrointestinal impairment / (n=2, Discontinued
because of drug eruption

o

Analysed (n=109)
/ Excluded from analysis (n=4; missing data)

Analysed (n=105)
/ Excluded from analysis (n=5; missing data)

Fig. 1 Trial profile (CONSORT flowchart). NSAIDs nonsteroidal anti-inflammatory drugs

Table 1 Baseline

characteristics of participants at Elcatonin group (N = 109) NSAIDs group (N = 105) )4
trial entry Age (years) 77.26 + 6.55 (76.01-78.50) 77.26 £+ 6.30 (76.04-78.48) 0.999
Measures
JQ22 56.9 £+ 20.2 (53.0-60.7) 58.2 £20.7 (54.2-62.2) 0.598 (0.588-0.608)
RDQ 17.5 +£4.9 (16.5-18.4) 17.6 £ 5.8 (16.5-18.8) 0.559 (0.549-0.569)
VAS 77.8 £ 19.7 (74.0-81.5) 73.9 £22.7 (69.5-78.3) 0.309 (0.300-0.318)

Student’s ¢ test for age and Mann—Whitney U test for scores. Values are given as the mean =+ standard devi-
ation and the 95 % confidence interval of the mean (in parentheses). There were no significant differences
in age and the three scores between the two groups.

JO22 Japan Questionnaire for Osteoporotic Pain, NSAIDs nonsteroidal anti-inflammatory drugs, RDQ
Roland—Morris Disability Questionnaire, VAS visual analog scale

Nonparametric comparisons with the JQ22 for all pos-
sible pairs of spinal vertebrae from the two groups were
conducted with the Steel-Dwass method. Extraction of the
level with value O (no cases present) was not conducted.
No difference on the JQ22 was seen between every avail-
able pair from the two groups at the baseline. Available
X-rays and MRI images of vertebral fractures at the base-
line were checked for fresh fractures. The distribution of
the levels of fresh fractures (N = 145), which were con-
firmed by clinical findings such as tapping pain on the
fractured spine, ranged from T5 to L5, mainly between
T11 and L3 (Table 2).

According to Cochran—-Mantel-Haenszel statistics, the p
value for general association was 0.383. The results showed
the fracture level did not depend on the groups.

Outcome measures

Progress of clinical manifestation was assessed by a linear
mixed effects model. This linear mixed effects model is
preferable when the number of participants is sufficiently
large and the proportion of missing data is small enough.
The results are shown as effect size (Cohen’s d); d > 0.2,
small; d > 0.5 medium; d > 0.8, large).
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Table 2 Distribution of fresh
fractures confirmed by X-ray or

MRI and clinical findings for

the elcatonin and nonsteroidal
anti-inflammatory drugs
(NSAIDs) groups

Fracture level Total

TS T6 T7 T8 T9 TI0 TI1 TI2 LI L2 L3 L4 LS5
Elcatonin group 0 1 1 4 15 28 10 5 2 0 75
NSAIDs group 1 0 5 1 0 13 22 7 7 4 2 70
Total 1 2 4 10 28 50 17 12 6 2 145

Cochran—-Mantel-Haenszel statistics. The p value for general association was 0.383.

Table 3 Change in the two groups between the baseline (week 0) and weeks 4 and 6 for each outcome measure and effect size d (difference in

the means between two independent means; two groups)

Questionnaire Elcatonin group Effect size d NSAIDs group
Week 0 Week 4 Week 6 Week 0 Week 4 Week 6

JQ22

N 109 109 99 0-4 weeks, 0.272; 105 105 97

Median 63.0 26.0 21.0 0-6 weeks, 0.432 62.0 35.0 31.0

Mean 56.9 27.6 20.1 58.2 33.8 29.2

SD 20.2 14.9 133 20.7 19.9 18.9

95 % CI 53.0-60.7 24.8-30.5 17.5-22.8 54.2-62.2 30.0-37.7 25.4-33.0
RDQ

N 109 107 101 0—4 weeks, 0.289; 105 100 97

Median 19.0 13.0 10.0 0-6 weeks, 0.495 19.0 15.0 15.0

Mean 17.5 124 10.0 17.6 13.9 13.0

SD 4.9 5.0 5.4 5.8 6.2 6.5

95 % CI 16.5-18.4 11.4-133 9.0-11.1 16.5-18.8 12.6-15.1 11.7-143
VAS

N 109 109 102 0-4 weeks, 0.482; 105 104 95

Median 80.7 40.2 214 0-6 weeks, 0.414 78.6 50.2 36.0

Mean 77.8 37.6 26.5 739 45.1 34.8

SD 19.7 21.6 214 227 25.9 24.9

95 % CI 74.0-81.5 33.5-41.7 22.3-30.7 69.5-78.3 40.0-50.1 29.7-40.0

G*Power 3.1 manual (http://www.gpower.hhu.de/fileadmin/redaktion/Fakultaeten/Mathematisch-Naturwissenschaftliche_Fakultaet/Psychologie/

AAP/gpower/GPowerManual.pdf)

CI confidence of interval, JO22 Japan Questionnaire for Osteoporotic Pain, NSAIDs nonsteroidal anti-inflammatory drugs, RDQ Roland—Morris

Disability Questionnaire, SD standard deviation, VAS visual analog scale

There were statistically significant differences between
the elcatonin and NSAIDs groups in the change in the
JQ22, RDQ, and VAS scores (Table 3). Pain recovery
showed an obvious effect size at week 4, but functional
condition was slightly delayed until week 6.

The necessary data were obtained even after some drop-
out cases during the 4 and 6 weeks since the baseline, at
which time there were 109 patients in the elcatonin group
and 105 patients in the NSAIDs group. The mean differ-
ences between the elcatonin and NSAIDs groups for all
three outcome measures are shown with the 95 % confi-
dence intervals in Table 4. The mean differences between
the elcatonin group and the NSAIDs group for each
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measure at weeks 4 and 6 were —4.8 and —8.3 for the
JQ22, —1.3 and —2.6 for the RDQ, and —11.3 and —11.5
for the VAS (Fig. 2; the RDQ score was converted from a
maximum of 24 to 100 to make it uniform with the other
scores).

Adverse or undesirable events

No dropouts associated with adverse events were seen in
the elcatonin group. Drug administration was discontinued
in one patient because of an upper gastrointestinal tract dis-
order and in two patients because of drug eruption in the
NSAIDs group.
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Table 4 Mean difference between the two groups at weeks 4 and 6 for each outcome measure and the 95 % confidential interval (CI)

Questionnaire 0-4 weeks

Mean difference between

0-6 weeks Mean difference between the

- the two groups - two groups
Elcatonin group NSAIDs group Elcatonin group NSAIDs group
JQ22
Mean —29.2 —24.4 —4.8 —38.2 -29.9 —-8.3
SD 16.7 18.6 2.4 18.2 19.9 2.7
95 % CI —9.6to —0.1 —13.6to —2.9
p 0.048 0.003
RDQ
Mean —5.1 —-3.8 —-1.3 =75 —4.9 —-2.6
SD 4.8 4.1 0.6 5.5 5.1 0.7
95 % C1 —2.5t0 —0.1 —4.1t0—1.1
D 0.040 0.001
VAS
Mean —40.2 —28.9 —11.3 —51.6 —40.1 —11.5
SD 23.8 23.0 32 28.0 27.7 4.0
95 % CI —17.6t0 5.0 —19.3t0 =3.7
p 0.001 0.004

JO22 Japan Questionnaire for Osteoporotic Pain, NSAIDs nonsteroidal anti-inflammatory drugs, RDQ Roland—Morris Disability Questionnaire,

SD standard deviation, VAS visual analog scale

NSAIDs group

Elcatonin group

JQ22

RDQ

VAS

outcome measures

14 14

-20.00 = -15.00 = -10.00 = -5.00 0.00 ~ 5.00

— 0W- 4w Ow - 6w

*RDQ score is converted from maximum 24 to 100.

Fig. 2 The 95 % confidence intervals of the mean difference in the
elcatonin and nonsteroidal anti-inflammatory drugs (NSAIDs) groups
at 4 and 6 weeks. JQ22 Japan Questionnaire for Osteoporotic Pain,
RDQ Roland-Morris Disability Questionnaire, VAS visual analog
scale, w weeks

Discussion
Background to elcatonin injection

Elcatonin (once weekly injection of 20 units) has a 30-year
history of use in Japan as an osteoporosis treatment drug,
and is widely used in clinical settings. In contrast, nasally
administered salmon calcitonin is mainly used in other
countries. A systematic review of the analgesic effect of
nasally administered salmon calcitonin [18] concluded that
pain scores with activities of daily living significantly and
continuously decreased with administration of this agent

over a period from 1 to 4 weeks after initiation of treat-
ment. The American Academy of Orthopedic Surgeons
treatment guideline for osteoporotic vertebral fractures also
recommends calcitonin agents in the treatment of osteo-
porotic vertebral compression fractures [19]. Therefore, it
is reasonable to use calcitonin to treat vertebral fragility
fractures.

In Japan, an injectable form of calcitonin is used in once
weekly injections and is highly regarded in terms of allevi-
ating pain attributable to osteoporosis [1]. Moreover, since
there are few serious adverse effects, early alleviation of
pain and improved quality of life may be expected, making
it one of the drugs of choice immediately after fracture or
for patients in whom postural abnormalities or other prob-
lems occur in conjunction with vertebral fractures [1].

This trial was a nationwide, multicenter, prospective,
randomized clinical trial investigating the effects of elca-
tonin on acute lumbar pain from osteoporotic vertebral
fractures. Treatment effects were evaluated with the JQ22,
the RDQ, and a VAS, with a focus on functional impair-
ments or social participation status, and pain management
effects of patients with new fragility vertebral fractures.

The results suggested that elcatonin treatment had
greater efficacy than NSAID treatment in alleviating pain
and improving quality of life when used early following
vertebral fractures. The trial suggests an adequate analgesic
effect with weekly administration of injectable elcatonin
for osteoporosis patients, even though blinding was not
possible.
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These findings are similar to those of various reports on
the analgesic effects of nasally administered salmon cal-
citonin for treatment of pain caused by vertebral fractures
[20].

Economical considerations of elcatonin injection

The drug prices of the NSAIDs for 1-week use are as fol-
lows: ¥367.5 for loxoprofen sodium (60 mg), ¥275.1 for
diclofenac sodium (25 mg), ¥386.4 for etodolac (200 mg),
¥541.8 for lornoxicam (4 mg), and ¥403.25 for zaltopro-
fen (80 mg). Compared with the price of elcatonin, the
prices of the NSAIDs are less than half on a weekly basis.
Prescription of elcatonin is restricted to a maximum of
6 months.

Types of osteoporotic pain

In general, osteoporotic pain includes both acute pain
occurring immediately after a vertebral fracture and
chronic pain accompanying spinal deformity and reduced
bone mineral density. Pain that occurs immediately after
a fracture corresponds to the site of the fractured vertebra
and is characterized by greater pain during movement, such
as turning over in bed or getting up from bed. Acute lumbar
pain associated with vertebral fracture is thought to be due
to causes such as local tissue strain with a fracture, inflam-
mation, increased acid (H') with higher bone resorption,
and nerve damage [21].

In contrast, whether the decreased bone mass associ-
ated with osteoporosis is a direct cause of pain has not been
sufficiently elucidated. This may be due to the difficulty in
establishing clinical relationships given the diverse causes
of osteoporotic pain. Experimentally, it has been reported
that the pain threshold decreased and there was lasting
hyperalgesia in ovariectomized mice (a model of postmen-
opausal osteoporosis) [22], and it has been proposed that
excessive bone resorption possibly induces pain [23].

Recently the effect of combining elcatonin treatment
with bisphosphonate (risedronate) treatment for patients
with chronic back pain was reported, and the combination
resulted in alleviation of pain and improvement of function
[24].

Working mechanism of elcatonin injection

Since calcitonin inhibits osteoclastic bone resorption,
there is a possibility that pain can be mitigated with this
action. Most osteoporosis-associated nociceptive stimuli
are exacerbated by C-fiber dysfunction, and calcitonin
is thought to express its analgesic effect by inhibiting
this action [25]. Calcitonin is also reported to improve
blood flow, and is thus thought also to have an effect in
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alleviating pain associated with blood circulation disor-
ders. Calcitonin is thought to express its analgesic effect
for osteoporotic pain through this diverse-acting mecha-
nism [26].

Future fracture prevention is the most important com-
ponent of osteoporosis treatment. Risk factors for osteo-
porotic fractures include old age, low bone density, and
preexisting fractures. Among these risk factors, preexist-
ing vertebral fractures are known to increase fourfold the
risk of further vertebral fractures and to double the risk
of all fractures [27]. Once a fracture occurs (where there
is a preexisting fracture), the risk of subsequent fracture
and hip fracture increases and there is a strong need for
active osteoporosis treatment immediately after the ini-
tial fracture. The occurrence of a vertebral fracture is a
unique opportunity to start osteoporosis treatment, and
when a vertebral compression fracture occurs, drug
treatment is effective for analgesia and the prevention
of osteoporotic progression. General bone metabolism
is upregulated in the healing phase of fragility vertebral
fractures [28-30], but the use of bone resorption inhibi-
tors from an early stage is a reasonable treatment to
inhibit that component of upregulation. The occurrence
of pain due to fracture can promote decreased muscle
strength and bone mass resulting from immobility, such
as occurs when people keep themselves indoors, which
may lead to increased risk of falls and progression of
bone fragility.

Calcitonin preparations have a recognized effect in
inhibiting osteoclastic bone resorption and preventing
decreased bone mass after fractures [31, 32], have an effect
equal to or better than NSAIDs in inhibiting lumbar pain
due to osteoporotic vertebral fracture, and are also ben-
eficial in improving physical functions and quality of life.
Therefore, early administration of calcitonin after an osteo-
porotic bone fracture may be considered one of the most
highly recommended treatments.

Adverse effect of calcitonin preparations

Products containing salmon calcitonin have been used
globally for more than 30 years, primarily as treatment for
osteoporosis. However, the safety of elcatonin should be
discussed in the light of the withdrawal on safety grounds
of nasally administered salmon calcitonin for use in osteo-
porosis by the European Medicines Agency.

In 2012, the European Medicines Agency withdrew cal-
citonin nasal spray from the market and limited the dura-
tion of other calcitonin products because of a putative
association with (nonspecific) cancer [33]. This apparent
association was first noticed for prostate cancer in a study
of an investigational orally administered recombinant
salmon calcitonin product.
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Elcatonin is different from salmon calcitonin in its struc-
ture. There are also almost no reports of cancer in postmar-
keting surveillance since 1993 in Japan.

Limitations

Elcatonin is not a novel treatment for patients with osteo-
porotic lumbar pain. However, there is little scientific
evidence regarding the effect of elcatonin for Japanese
patients. It is important to have a sufficient number of stud-
ies that use the minimal clinically important difference of
outcome measures in assessing elcatonin’s effect in lumbar
pain patients.

This clinical trial provides strong evidence to support
elcatonin treatment for osteoporotic fragility fracture in
Japanese women but the study did not cover lifestyle fac-
tors (physical activity levels, alcohol consumption, smok-
ing, years since menopause, etc.). Although random allo-
cation could control for the two groups’ backgrounds,
we should investigate the influence of these factors in the
future.

Conclusion

We conducted an open-label randomized controlled trial
comparing elcatonin injections and oral administration of
NSAIDs. The results showed that elcatonin was superior to
each of the five NSAIDs in this trial. Elcatonin injections
are a safe and effective short-term treatment method.

Intramuscular injection of calcitonin was more effective
than NSAIDs in alleviating acute lumbar pain and main-
taining related activities of daily living in Japanese women
with osteoporotic vertebral fracture.
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