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Abstract
Osteonecrosis of the jaw (ONJ) associated with bisphosphonate therapy is a rare but severe side effect in osteoporosis 
patients. Recently, the number of osteoporosis patients with ONJ has dramatically increased in Japan. This has contributed 
to an increase in the number of patients avoiding extractions. However, there has been no prospective study providing defini-
tive incidence data for ONJ in Japanese patients. The purpose of this study was to elucidate the true as well as suspected 
incidence of ONJ. A total of 3229 subjects (1612 subjects in the minodronic acid group and 1617 subjects in the raloxifene 
group) in the Japanese Osteoporosis Intervention Trial protocol number 4 participated in this study. ONJ was diagnosed by 
experienced dentists. Suspected Stage 0 and 1 (bone exposure of the jaw) ONJ was assessed by a structured questionnaire 
at baseline and at 6, 12, 18, and 24 months. No established ONJ cases were diagnosed during the study. The incidence of 
suspected Stage 0 and/or Stage 1 ONJ was 6.14 per 1000 patient-years in the minodronic acid group and 3.38 per 1000 
patient-years in the raloxifene group [hazard ratio (95% confidence interval) = 1.82 (0.84–3.93), P = 0.13]. Approximately 
50–60% of bone exposures that appeared during the study had disappeared at the next observation. Although the subjects in 
this study may have developed a greater interest in the health of the oral cavity, the incidence of ONJ after minodronic acid 
treatment would be lower than the expected incident rate.
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Introduction

In 2003, Marx first presented a new adverse event, avas-
cular necrosis of the jaws, in oncology patients who had 
taken high-dose intravenous bisphosphonates (BPs) [1]. 
The following year, Ruggiero et al. found this adverse 
event in osteoporosis patients who had a history of chronic 
low-dose BP therapy, and named this condition osteone-
crosis of the jaw (ONJ) associated with the use of BP [2]. 
Subsequently, many studies about bisphosphonate-related 
ONJ (BRONJ) have been published in both basic and clini-
cal fields to elucidate the pathogenesis of BRONJ. How-
ever, the definitive pathogenesis of BRONJ is still debated 
[3]. This has been a serious limitation in the treatment 
of osteoporosis. Because it has been reported that osteo-
porosis patients who take BPs and who undergo surgical 
dental procedures such as tooth extraction are at high risk 
of developing BRONJ [4], there is widespread confusion 
regarding BRONJ among physicians, dentists, and osteo-
porosis patients throughout Japan. Dentists in Japan have 
become reluctant to provide dental treatment for osteo-
porosis patients under BP treatment. In addition to these 
concerns about BPs, recent reports have proposed that a 
RANKL inhibitor, denosumab (Dmab), may also be asso-
ciated with an increased incidence of ONJ [5].

A Japanese position paper regarding BRONJ was first 
released by the Japanese Society for Bone and Mineral 
Research (JSBMR) in 2010 [6]. A minor revised version 
in 2012 added a flow diagram for the discontinuation 
of BP at the time of minor oral surgery such as extrac-
tions. These position papers were developed according to 
those released by the American Association of Oral and 
Maxillofacial Surgeons (AAOMS) in 2009 [7]. However, 
despite a reduction in the use of BPs in Japan, the number 
of patients with BRONJ increased markedly after 2009 [8, 
9]. This caused concern for dentists and for osteoporosis 
patients who had been prescribed BPs and contributed to 
a reluctance to extract teeth without drug discontinuation 
in osteoporosis patients [10]. The practice of discontinu-
ation of BP before tooth extraction has produced discord 
between physicians and dentists in Japan [10].

The incidence of BRONJ in patients undergoing treat-
ment for osteoporosis ranges from 0 to 90 per 100,000 
patient-years worldwide [3]. However, because there has 
been no prospective study regarding the incidence of 
BRONJ in Japan, the true incidence of BRONJ in Japan 
remains unknown. Bone exposure/necrosis is not always 
induced by BPs. Bone exposure may occur in the absence 
of BP therapy, with attendant oral ulceration and bone 
sequestration (OUBS) [3]. Furthermore, Stage 0 ONJ, in 
which there is no bone exposure, was added in a Japanese 
position paper revised in 2016 according to the AAOMS 

position paper [11]; however, the international ONJ task-
force has expressed concern that the Stage 0 classification 
may lead to over-diagnosis of ONJ [3]. Over-diagnosis of 
ONJ could lead to detrimental effects in patients’ skel-
etal health, especially if it results in discontinuation of BP 
medication. To date, the incidence of suspected Stage 0 
ONJ remains unknown in patients on BP therapy. A lack of 
precise information regarding the incidence of true as well 
as suspected ONJ may contribute to increased controversy 
and reduced cooperation between physicians and dentists, 
as well as an increased number of patients refusing to 
undergo tooth extractions and to continue BP therapy [10].

Minodronic acid, a Japanese-made bisphosphonate, and 
raloxifene, a member of the class of selective estrogen recep-
tor modulators (SERMs), have demonstrated their efficacy 
in fracture prevention [12, 13]. With regard to inhibition 
of bone resorption, minodronic acid is 10–100 times more 
effective than alendronic acid. A recent review revealed that 
the proportion of minodronic acid users was similar to that 
of alendronate in Japan [14]. Both medications are classified 
as anti-bone-resorbing agents, although ONJ was observed 
in osteoporosis patients on BP therapy, but not those on 
SERM therapy in Japan. The purpose of this study was to 
elucidate the incidence of true as well as suspected ONJ in 
osteoporosis patients on BP therapy in a Japanese multi-
center, open-label, randomized controlled, head-to-head trial 
comparing minodronic acid and raloxifene in osteoporosis 
patients.

Materials and methods

Study protocol and participants

The Japanese Osteoporosis Intervention Trial protocol 
number 4 (JOINT-04 trial) is a multi-center, open-label, 
randomized controlled trial in Japan; it is registered at the 
University Hospital Medical Information Network—Clini-
cal Trials Registry (UMIN-CTR) under trial identification 
number UMIN000005433. The protocol was approved by 
the Central Ethical Committee for the Adequate Treatment 
of Osteoporosis (A-TOP) group (Dr. Rikushi Morita, Chair-
man) and was reviewed by the institutional review board 
of each participating institution. The trial was conducted 
in accordance with the Declaration of Helsinki. Written 
informed consent was obtained prior to patient enrollment 
after a thorough explanation of the trial objectives, duration 
(2 years), and procedures. Study design, eligibility criteria, 
assessment of clinical data, and sample size calculations 
were described in our recent report [15]. The primary end-
points of JOINT-04 are osteoporotic (vertebral, humeral, 
femoral, and radial), vertebral, and major osteoporotic 
(clinical vertebral, humeral, femoral, and radial) fractures. 
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In addition to the primary endpoint, dental health was fol-
lowed as one of the secondary endpoints [15]. A total of 
3229 subjects (1612 subjects in the minodronic acid group 
and 1617 subjects in the raloxifene group) finally partici-
pated in the study which evaluated the incidence of true as 
well as suspected ONJ (Fig. 1).

Estimated incidence of ONJ, and determination 
of ONJ and suspected ONJ cases

The Japanese Society of Oral and Maxillofacial Surgeons 
(JSOMS) survey of 501 institutions found that approxi-
mately 2200 patients undergoing BP treatment for osteopo-
rosis were diagnosed with BRONJ during 2011–2013 [9]. 
Given that 1.5–2 million osteoporosis patients are prescribed 
BPs, the incidence of BRONJ is estimated to be 40–50 per 
100,000 patient-years. Because the response rate of their 

survey was 70.3%, the estimated incidence of BRONJ would 
be as high as 57–71 per 100,000 patient-years if the response 
rate had been 100%. Additionally, taking into account that 
there were 923 institutions in Japan that advocated oral and 
maxillofacial surgery and which ONJ patients were likely 
to attend for a consultation in 2015, the final estimated inci-
dence of BRONJ was calculated as 105–131 per 100,000 
patient-years. This means that at least three to four ONJ 
patients were likely to appear in the minodronic acid group 
during the study, although it is likely that this number may 
be higher because there were approximately 71,400 dental 
clinics in Japan in 2015.

The incidence of ONJ was determined by experienced 
dentists during the 2-year study in accordance with the defi-
nition of ONJ stated in a Japanese position paper revised 
in 2016 [16]. Before the study, the participating physicians 
had explained the possibility of having ONJ during the 
study to the subjects. Oral health status was assessed using 
a structured questionnaire with a photograph of bone expo-
sure of the jaw at baseline and at 6, 12, 18, and 24 months 
after baseline. The content of the questionnaire is shown in 
Table 1. According to the Japanese position paper revised in 
2016 [16], patients at Stage 0 have clinical symptoms such as 
deep periodontal pockets, loose teeth, oral mucosal ulcera-
tion, swelling, abscess formation, trismus, hypoesthesia/
numbness of the lower lip, and non-odontogenic pain. How-
ever, because some patients provided ambiguous responses 
in the questionnaire, we defined the presence of clinical 
symptoms related to questions 8, 9, and 10 (see Table 1) as 
suspected Stage 0 to reduce the risk of over-diagnosis. We 
counted one case as a suspected Stage 0 case, although clini-
cal symptoms related to questions 8, 9, and 10 disappeared 
during the study. We also defined bone exposure of the jaw 
(question 11) as a suspected Stage 1 case. We did not count 
cases as suspected Stage 1 if the bone exposure of the jaw 
disappeared during the study. However, we counted cases 

Fig. 1   Subject registration chart showing the number of subjects par-
ticipating in screening, randomization, questionnaire administration 
and completion, and discontinuation in this clinical study. The rea-
sons for exclusion were counted multiple times

Table 1   Content of the 
structured questionnaire to 
assess oral health status

A photograph showing bone exposure of the lower jaw was attached to the questionnaire

1. How many teeth do you have now?
2. How many of your teeth have been extracted (not counting wisdom teeth)?
3. How many teeth were extracted during the last year (not counting wisdom teeth)?
4. Do you have persistent bleeding, swelling and/or pain in your gums?
5. Do you have any loose teeth?
6. For subjects who have dental implants:
 (1) Do you have persistent bleeding, swelling and/or pain in your gums around your dental implants?
 (2) Do you have any loose dental implants?

7. Do you have persistent pain caused by rubbing of your dentures?
8. Do you have numbness of the lower lip and lower jaw?
9. Do you have persistent dull pain in the jaws?
10. Do you have persistent pus discharge from an intraoral fistula of your gums?
11. Do you have any bone exposure of the jaw?
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as suspected Stage 1 if bone exposure of the jaw remained 
at the final observation at 24 months because we could not 
continue follow-up of the bone exposure thereafter. If bone 
exposure of the jaw (question 11) or pus discharge from 
an intraoral fistula of the gingiva (question 10) persisted 
beyond 8 weeks during the study, the subjects were referred 
to experienced dentists, including an oral surgeon, and had 
a thorough oral and maxillofacial examination to determine 
the presence of ONJ. Finally, the presence of ONJ of the 
subjects was confirmed clinically and radiographically by 
experienced dentist (AT) for ONJ. Subjects who already had 
suspected Stage 0 and/or Stage 1 at baseline were excluded 
from the analysis of the incidence of suspected Stage 0 and/
or Stage 1 ONJ.

Statistical analysis

Oral health status as evaluated by the questionnaire at base-
line was compared between subjects in the minodronic acid 
and raloxifene groups by t test or Fisher’s exact test. Clinical 
symptoms that appeared at least once and were related to 
questions 8, 9, 10, and 11 were also compared between sub-
jects in both groups by Fisher’s exact test during the study 
period, excluding those at baseline. The incidence of estab-
lished ONJ or suspected Stage 0 and/or Stage 1 ONJ was 
calculated using a Poisson regression model. Additionally, 
the hazard ratio (HR) and 95% confidence interval (CI) in 
the incidence between subjects in both groups were calcu-
lated. All comparisons were two-sided and performed at a 
P = 0.05 level of significance. Statistical analysis was per-
formed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA).

Results

No established ONJ cases were observed during the 2 years 
of the study. Oral health status, as evaluated by question-
naire at baseline, was compared between subjects in the min-
odronic acid and raloxifene groups (Table 2). There were 
no significant differences between groups in any of the oral 
health conditions at baseline. There were no significant dif-
ferences in suspected ONJ cases corresponding to questions 
8, 9, 10, and 11 in the questionnaire between subjects in the 
minodronic acid and raloxifene groups at baseline (Table 2) 
or during the 2 years of the study (Table 3).

Bone exposure of the jaw that appeared during the study 
disappeared at the next observation period in seven (58%) 
of 12 subjects in the minodronic acid group and four (50%) 
of the eight subjects in the raloxifene group. This indicated 
that five (0.3%) subjects in the minodronic acid group and 
four (0.3%) in the raloxifene group had suspected Stage 1 
ONJ during the study (Table 4). The person time for each 
subject was calculated as the time from randomization to 
the day of the last visit. The incidence of suspected Stage 0 
and/or Stage 1 ONJ was 6.14 per 1000 patient-years in the 
minodronic acid group and 3.38 per 1000 patient-years in 
the raloxifene group. The HR (95% CI) was 1.82 (0.84–3.93) 
(P = 0.13) (Table 4). The incidence of suspected Stage 0 
ONJ was 4.44 per 1000 patient-years in the minodronic 
acid group and 2.37 per 1000 patient-years in the raloxifene 
group. The HR (95% CI) was 1.87 (0.75–4.69) (P = 0.18). 
The incidence of suspected Stage 1 ONJ was 1.71 per 1000 
patient-years in the minodronic acid group and 1.35 per 
1000 patient-years in the raloxifene group. The HR (95% 
CI) was 1.26 (0.34–4.70) (P = 0.73).

Table 2   Difference in oral health status evaluated by questionnaire at baseline between subjects in the minodronic acid and raloxifene groups

Mean ± SD or number of subjects. Brackets show the number of all subjects who answered each question or % subjects for all subjects who 
answered the question

Minodronic acid (1612 subjects) Raloxifene (1617 subjects) P value

Number of teeth present 13.15 ± 10.45 (1370) 13.31 ± 10.63 (1386) 0.69
Number of teeth extracted last year 2.48 ± 3.71 (187) 2.39 ± 3.42 (185) 0.79
Persistent gingival bleeding, swelling and/or pain (+) 77 (4.8%) 73 (4.5%) 0.74
Loose tooth (+) 123 (7.6%) 111 (6.9%) 0.41
Persistent gingival bleeding, swelling and/or pain around 

dental implant (+)
2 (0.6%) 6 (1.7%) 0.29

Loose dental implant (+) 4 (1.3%) 2 (0.6%) 0.44
Persistent pain caused by dentures (+) 64 (4.9%) 82 (6.2%) 0.15
Hypoesthesia of the lower lip and jaw (+) 15 (0.9%) 13 (0.8%) 0.85
Persistent dull pain in the jaw (+) 6 (0.4%) 5 (0.3%) 1.00
Persistent discharge of pus from the gingiva (+) 6 (0.4%) 5 (0.3%) 1.00
Bone exposure of the jaw (+) 11 (0.7%) 6 (0.4%) 0.33
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Discussion

This is the first prospective study that has focused on 
the incidence of true as well as suspected ONJ in Japan. 
Before the study, we estimated that at least three to four 
cases of BRONJ may appear in the minodronic acid group 
during the study. However, no established ONJ was diag-
nosed in this group in our study. Although the short obser-
vation period (2 years) may have contributed to this result, 
it has been reported that the time to onset of BRONJ in 
patients prescribed minodronic acid ranged from 196 days 
to 742 days with a median of 432 days [17]. Addition-
ally, in the recent Japanese multicenter retrospective study 
regarding BRONJ by oral surgeons, there was no signifi-
cant difference in the prevalence of BRONJ between the 
duration of oral BP administration more and less than 
3 years (P = 0.142) and between more and less than 4 years 
(P = 0.319) [18].

The incidence of suspected Stage 0 ONJ was relatively 
high (6.14 per 1000 patient-years) in the minodronic 
acid group in our study. However, there was no signifi-
cant difference in the incidence of suspected Stage 0 ONJ 
between subjects in the minodronic acid and raloxifene 
groups, implying that the definition of Stage 0 may result 

in over-diagnosis of ONJ. Bedogni et al. reported that the 
AAOMS staging system including Stage 0 does not cor-
rectly identify the extent of bony disease in patients with 
ONJ, even if advanced imaging modalities such as com-
puted tomography are used [19].

There was no significant difference in the prevalence of 
suspected Stage 1 ONJ between subjects in the minodronic 
acid and raloxifene groups at baseline. Subjects who had 
taken BPs within the previous 6 months were excluded from 
this study [15], and it is unlikely that previous BP treat-
ment more than 6 months prior to the study would have 
contributed to the occurrence of suspected Stage 1 ONJ at 
baseline. Kwon et al. indicated in their case–control study 
that the adjusted odds ratios for the presence of BRONJ in 
past BP users (non-cancer) and current continuous BP users 
(non-cancer) were 1.26 (95% CI 0.54–2.96) and 3.87 (95% 
CI 2.27–6.58), respectively, when compared with non-BP 
users [20].

A new finding of this study was that approximately 
50–60% of bone exposures of the jaw that appeared dur-
ing the study had disappeared at the next observation. 
As in suspected Stage 0 ONJ, the definition of Stage 1 
ONJ may include many misdiagnoses. Generally, in the 
patients who were diagnosed as having ONJ, the treatment 
of osteoporosis had been stopped in accordance with the 

Table 3   Difference in oral health status evaluated by questionnaire during the study between subjects in the minodronic acid and raloxifene 
groups who did not have these conditions at baseline

Number of subjects. Brackets show % subjects for all subjects who answered the question

Minodronic acid Raloxifene P value

Yes No Yes No

Hypoesthesia of the lower lip and jaw 13 (0.81%) 1595 (99.19%) 10 (0.62%) 1601 (99.38%) 0.54
Persistent dull pain in the jaw 16 (1.00%) 1601 (99.00%) 11 (0.68%) 1608 (99.32%) 0.34
Persistent discharge of pus from the gingiva 6 (0.37%) 1600 (99.63%) 5 (0.31%) 1607 (99.69%) 0.77
Bone exposure of the jaw 12 (0.75%) 1598 (99.25%) 8 (0.50%) 1603 (99.50%) 0.38

Table 4   Incidence of suspected 
Stage 0 and 1 osteonecrosis 
of the jaw in the minodronic 
acid and raloxifene groups, and 
hazard ratios between them

Number of subjects. Bracket shows % subjects for all subjects who answered the question
HR Hazard ratio, CI Confidence interval

Yes No Incidence (1000 
patient-years)

HR 95% CI P value

Stage 0 and 1
 Minodronic acid 18 (1.1%) 1560 (98.9%) 6.14 1.82 0.84–3.93 0.13
 Raloxifene 10 (0.6%) 1582 (99.4%) 3.38

Stage 0
 Minodronic acid 13 (0.8%) 1565 (99.2%) 4.44 1.87 0.75–4.69 0.18
 Raloxifene 7 (0.4%) 1585 (99.6%) 2.37

Stage 1
 Minodronic acid 5 (0.3%) 1573 (99.7%) 1.71 1.26 0.34–4.70 0.73
 Raloxifene 4 (0.3%) 1588 (99.7%) 1.35
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ONJ position paper released by JSBMR in 2010. We did 
not know whether subjects who had bone exposure had 
any treatment. However, there were no subjects who had 
discontinued osteoporotic treatment, suggesting that there 
were no subjects with established ONJ. We calculated the 
incidence of suspected Stage 1 cases in this study using 
the number of patients with bone exposures that could not 
be re-assessed at the end of the study; these cases also may 
have disappeared after the last observation of the study, 
resulting in the incidence of 0 per 1000 patient-years. 
Bone exposure had continued from 12 to 24 months obser-
vation only in 1 subject aged 73-years-old. She had no 
gingival bleeding, swelling, pain, and tooth mobility. She 
had numbness of the lower lip and lower jaw at 24 months. 
It is likely that she may have established Stage 1 ONJ; 
however, she belonged to the raloxifene group.

There are limitations in this study. The estimated inci-
dence of BRONJ in Japan was 105–131 per 100,000 patient-
years based on the data from the JSOMS report [9], but the 
incidence of established BRONJ was 0 per 1000 patient-
years in our current study. Because all subjects voluntar-
ily participated in this study, it is possible that they were 
interested in their general health as well as their dental 
health. Recent studies have demonstrated the usefulness of 
maintaining oral health to reduce the risk of ONJ in oncol-
ogy patients [21, 22]. It is likely that the incidence of ONJ 
may differ between osteoporosis subjects with and without 
an interest in their general health. Additionally, because 
subjects were asked about their oral health status using the 
questionnaire at baseline and at 6, 12, 18, and 24 months, 
they may have developed a greater interest in the health of 
the oral cavity.

The fact that the incidence of BRONJ induced by 
minodronic acid among intravenous or oral BP users in 
2004–2014 was the lowest among all BPs in Japan may 
have influenced our results [17]. However, with regard to 
inhibition of bone resorption, minodronic acid is 10–100 
times more effective than alendronic acid. In addition, in 
our study, mean medication possession ratio (MPR) was 
estimated to be approximately 83% and 85% at 6 months 
and 74–78% at 2 years in the minodronic acid and the ralox-
ifene groups, respectively (unpublished data). Eiken et al. 
recently described that adherent users (MPR > 50%) were 
at two to threefold increased risk of ONJ compared to low 
adherence (MPR < 50%) [23]. These imply the possibility 
that increased risk of ONJ may be expected in our prospec-
tive study. Furthermore, 239 teeth from 101 subjects were 
extracted during the first year, and 231 teeth from 110 sub-
jects were extracted between the first and second year in the 
minodronic acid group in this study. Because tooth extrac-
tion largely increases the risk for developing ONJ [3, 9, 24], 
it is possible that more patients with established ONJ might 
have appeared in our study.

This study was conducted during the short follow-up 
period (2 years) only for minodronic acid. The results of 
our study were limited to monodronic acid. It also is possible 
that longer follow-up period more than 2 years may influence 
the results. Additionally, in this study, there was lack of data 
demonstrating balance between efficacy (fracture preven-
tion) and safety (ONJ).

No established ONJ cases were confirmed during the 
JOINT-04 study. The incidence of suspected Stage 0 and/
or Stage 1 ONJ cases was 6.14 per 1000 patient-years in 
the minodronic acid group, but no significant difference in 
incidence was observed between the minodronic acid and 
raloxifene groups. Approximately 50–60% of bone expo-
sures that appeared during the study had disappeared at the 
next observation. The definition of Stage 0/1 ONJ may result 
in many misdiagnoses. This is the first prospective study 
to focus on the incidence of true as well as suspected ONJ 
in Japanese patients. The incidence of ONJ among Japa-
nese patients is estimated to be substantially lower than that 
expected from previous studies.
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Informed consent  Informed consent was obtained from all individual 
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