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Abstract
Introduction To investigate the differences in the incidence rates of suspected stage 0/1 osteonecrosis of the jaw (ONJ) 
and incidence risk of relevant clinical findings of suspected stage 0 ONJ between patients treated with sequential therapy 
comprising weekly teriparatide for 72 weeks followed by alendronate for 48 weeks vs. those who received monotherapy 
with alendronate for 120 weeks.
Materials and methods Suspected stage 0/1 ONJ was defined by non-specific symptoms. Tooth mobility and periodontal 
symptoms (gingival bleeding, swelling, and/or pain) were selected as clinical findings of suspected stage 0 ONJ. Poisson 
regression models were applied to calculate the incidence rate ratios of suspected stage 0/1 between the teriparatide group 
(TG) and alendronate group (AG). Generalized linear models were used to calculate the risk ratios of clinical findings 
between groups.
Results Two hundred and sixty-one participants in the TG and 344 in the AG answered a structured questionnaire on oral 
health and were included in this study. There were no significant differences between the groups in the incidence rate of sus-
pected stage 0/1 ONJ at both 72 and 120 weeks. The risk ratio of the TG to AG for tooth mobility was 0.34 (95% confidence 
interval [CI] 0.13–0.88, p = 0.02) at 72 weeks and 0.90 (95% CI 0.40–2.03, p = 0.83) at 120 weeks. The incidence rate of 
tooth mobility related to periodontal symptoms decreased in the TG and increased in the AG during the study.
Conclusion Tooth mobility accompanied by clinical periodontal symptoms may be a useful early sign of stage 0 ONJ.
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Introduction

In 2003, Marx first reported avascular necrosis of the jaw 
as a new adverse effect in patients with malignancy or 
osteoporosis who received high-dose intravenous bispho-
sphonate (BP), an antiresorptive agent [1]. In 2004, Rug-
giero et al. reported a similar adverse effect of refractory 
osteomyelitis in patients with oncological disease or osteo-
porosis who had been treated with high-dose intravenous 
or low-dose oral BP therapy [2]. This adverse effect has 
subsequently been referred to as BP-related osteonecrosis 
of the jaw (BRONJ). Because osteonecrosis of the jaw 
(ONJ) is also found in patients who receive denosumab, 
which is another type of antiresorptive agent and a potent 
monoclonal antibody to RANK ligand [3], this disorder is 
called antiresorptive agent-related ONJ (ARONJ). ARONJ 
is now called medication-related ONJ (MRONJ) because 
other drugs, such as angiogenesis inhibitors and immuno-
suppressive agents, may play a part in the development of 
ONJ under antiresorptive agent therapy [4]. MRONJ is a 
rare adverse effect but obviously reduces the quality of life 
in patients receiving antiresorptive agents for malignancy 
or metabolic bone diseases such as osteoporosis, Paget’s 
disease, and osteogenesis imperfecta.

In 2007, the American Association of Oral and Maxillo-
facial Surgeons (AAOMS) first adopted the main definition 
for diagnosing BRONJ as persistent exposed necrotic bone 
in the oral cavity for more than 8 weeks, despite sufficient 
treatment, in a patient currently or previously receiving 
BP therapy [5]. Treatment-resistant persistent exposed 
necrotic bone in the oral cavity is a basic and important 
concept of BRONJ. However, in 2009, the AAOMS newly 
added stage 0 BRONJ, which shows no clinical evidence 
of exposed necrotic bone but has non-specific symptoms, 
clinical findings, or radiographic abnormalities that might 
be related to an antiresorptive agent [6]. The progres-
sion from stage 1 to stage 3 confirmed BRONJ has been 
reported in up to 50% of patients with stage 0 BRONJ [7]. 
As the definition of stage 0 BRONJ includes several non-
specific symptoms (such as odontalgia related to a non-
odontogenic cause) or non-specific clinical findings (such 
as tooth mobility), it may be difficult to identify patients 
with stage 0 BRONJ based on non-specific symptoms or 
clinical findings in clinical settings because the use of such 
non-specific diagnostic indicators may result in the over-
diagnosis of ONJ [8].

Our previous study found no significant difference in 
the incidence rate of suspected stage 0/1 ONJ between 
postmenopausal Japanese women with osteoporosis treated 
with minodronic acid, a Japanese-made BP, or raloxifene, 
a selective estrogen receptor modulator [9]. However, as 
the total number of participants in this previous study was 

3,229 (1,612 participants in the minodronic acid group and 
1,617 in the raloxifene group) [9], the small sample size 
may have contributed to the absence of a significant differ-
ence between the groups in the incidence rate of suspected 
stage 0/1 ONJ. The results may also have been influenced 
by the relatively short observation period (2 years) and an 
unreliable and/or insensitive definition of ONJ, especially 
for suspected stage 0 ONJ [9]. The clinical symptoms of 
suspected stage 0 ONJ in this previous study were persis-
tent dull pain in the jaws, persistent purulent discharge 
from an intraoral gingival fistula, and hypoesthesia of the 
lower lip and jaw [9]. These non-specific symptoms were 
selected in accordance with the 2014 AAOMS position 
paper and the findings reported by Fedele et al. [4, 7].

Ohbayashi et al. reported that 6 months of treatment with 
teriparatide results in a significant improvement in patients 
with osteoporosis with stage 2/3 MRONJ [10]. The effective-
ness of teriparatide therapy in stage 0/1 MRONJ compared 
with stage 2/3 MRONJ was also reported in a recent system-
atic review and meta-analysis [11]. These results suggest 
that there would be a difference in the non-specific symp-
toms or clinical findings of suspected stage 0/1 ONJ between 
patients with osteoporosis who have received teriparatide 
vs. BP therapies if the non-specific symptoms or clinical 
findings of stage 0/1 ONJ are valid and/or sensitive signs. 
Therefore, if we can identify the sensitive signs of stage 0 
ONJ, we may be able to prevent stage 0 ONJ from progress-
ing to exposed ONJ.

The present study investigated the differences in the inci-
dence rate ratios of suspected stage 0/1 ONJ and incidence 
risk ratios of clinical findings shown in suspected stage 0 
ONJ between patients with osteoporosis treated with sequen-
tial therapy (from teriparatide to alendronate: teriparatide 
group) or monotherapy with alendronate (alendronate group) 
in the Japanese Osteoporosis Intervention Trial-05 (JOINT-
05). In addition, we evaluated whether the non-specific 
symptoms or clinical findings were sensitive indicators of 
stage 0 ONJ.

Materials and methods

Study design and ethical considerations

The design and rationale for the JOINT-05, a Japanese 
multicenter, open-label, randomized controlled, head-to-
head trial, have been reported previously [12]. The primary 
endpoint was the incidence of morphometric vertebral frac-
tures. In addition, oral health was followed as one of the 
secondary endpoints. Data obtained from the JOINT-05, 
which enrolled 1011 patients from 113 institutes nationwide 
in Japan between October 2014 and December 2017, were 
used in the present study. The JOINT-05 was conducted in 
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accordance with the Declaration of Helsinki and the Clinical 
Trials Act of the Japanese Ministry of Health, Labour, and 
Welfare. The protocol of the JOINT-05 was approved by the 
certified review board of Toranomon Hospital and the cen-
tral ethics committee of the Adequate Treatment of Osteopo-
rosis research group. Written informed consent was obtained 
from all individual participants included in the study. The 
JOINT-05 was registered with the Japan Registry of Clini-
cal Trials (registration number jRCTs031180235) and the 
University Hospital Medical Information Network-Clinical 
Trials Registry (registration number UMIN000015573).

Study participants

Japanese women aged at least 75 years were eligible for 
the JOINT-05 if they had primary osteoporosis and were at 
high risk of fracture. Primary osteoporosis was diagnosed 
in accordance with the revised 2012 Diagnostic Criteria 
for Primary Osteoporosis of the Japanese Society for Bone 
and Mineral Research. Patients at high risk of fracture were 
defined as those who had one of the following: (i) bone min-
eral density < 60% of the young adult mean or less than − 3.3 
standard deviations; (ii) at least two vertebral fractures in the 
area from the fourth thoracic vertebra to the fourth lumbar 
vertebra; (iii) grade 3 prevalent fracture; or (iv) past hip 
fracture. The exclusion criteria were listed in our previous 
study [12].

Patients were randomly assigned in a 1:1 ratio to receive 
sequential therapy (once weekly subcutaneous injection of 
teriparatide 56.5 µg for 72 weeks followed by alendronate for 
48 weeks) or monotherapy with alendronate for 120 weeks. 
Alendronate was administered as the following formulations: 
5 mg tablet (administered orally once daily), 35 mg tablet or 
jelly (administered orally once weekly), or 900 µg infusion 
bag (administered intravenously once every 4 weeks). Nature 
Made Vitamin D400 supplements were also provided to 
patients in both arms throughout the entire treatment period.

A structured questionnaire on oral health status that was 
used in the JOINT-04 was applied to identify non-specific 
symptoms or clinical findings related to suspected stage 0/1 
ONJ [9]. In the present study, suspected stage 0 ONJ was 
determined on the basis of three non-specific symptoms 
identified in our previous study [9]: persistent dull pain in 
the jaws, persistent purulent discharge from an intraoral gin-
gival fistula, or hypoesthesia of the lower lip and jaw. Sus-
pected stage 1 ONJ was defined as the presence of exposed 
bone of the jaws.

In the present study, tooth mobility was selected as a non-
specific clinical finding that may be related to suspected stage 
0 ONJ in accordance with the 2022 AAOMS position paper 
[13]. As the Japanese position paper revised in 2016 reported 
that patients with stage 0 ARONJ may have deep periodontal 
pockets, oral mucosal ulceration, swelling, abscess formation, 

and non-odontogenic pain [14], we also selected persistent 
gingival bleeding, swelling, and/or pain as a potential clinical 
finding related to suspected stage 0 ONJ.

Based on the oral health questionnaire administered in 
the JOINT-05 (version 10), participants who had periodontal 
symptoms, peri-implantitis, incompatible dentures, non-spe-
cific symptoms related to the jaws, and/or bone exposure of the 
jaws at 72 weeks and 120 weeks were referred to general den-
tal practitioners to confirm and treat these conditions. When 
the presence of ONJ was doubted, the dentists evaluated dental 
radiographs to confirm the presence of ONJ.

Statistical analyses

In descriptive analyses, binary variables were summarized as 
frequencies and proportions, while continuous variables were 
summarized as means and standard deviations. The inde-
pendent t test or Fisher’s exact test was used to investigate the 
differences in the background and oral health characteristics 
between the teriparatide and alendronate groups. In addition, 
the differences between the groups in the number of teeth 
extracted in the previous year and clinical symptoms of peri-
implantitis at 72 and 120 weeks were investigated to evaluate 
the influence of tooth extraction and peri-implantitis on ONJ.

The incidence rates of ONJ were estimated by the person-
year method. In the comparison of the incidence rates of 
ONJ between treatment arms, Poisson regression models 
were fit to calculate the rate ratios of teriparatide to alen-
dronate, 95% confidence intervals (CIs), and  p values. For 
calculation of the p values, Fisher’s exact test was used if 
there were zero cells; otherwise, the Wald test of Poisson 
regression models was used. To compare binary outcomes, 
generalized linear models with the log link were fit to cal-
culate the risk ratios of teriparatide to alendronate, 95% CIs, 
and p values based on Fisher’s exact test. Missing data were 
handled by complete-case analysis without imputation.

As periodontal disease, especially periodontal abscess, 
may cause tooth mobility, we used Fisher’s exact test to eval-
uate the association of tooth mobility with clinical symp-
toms of periodontal disease (persistent gingival bleeding, 
swelling, and/or pain) in both groups at baseline, 72 weeks, 
and 120 weeks. All comparisons were two sided with the 
level of significance set as p = 0.05. Statistical analysis was 
performed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA).

Results

Participant characteristics at baseline

Of 1,011 participants (505 in the teriparatide group and 506 
in the alendronate group) in the JOINT-05, 605 participants 
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(261 participants in the teriparatide group and 344 in the 
alendronate group) answered a structured questionnaire on 
oral health and were included in the present study (Fig. 1). 
The background characteristics of the study participants at 
baseline are shown in Table 1. Characteristics related to the 
oral health of the study participants at baseline are shown 
in Table 2. The background characteristics were similar 
between the groups; the rate of diabetes mellitus tended to 
be lower in the teriparatide group than the alendronate group 
(6.9% vs. 9.3%), although this difference did not reach sta-
tistical significance (p = 0.30).

There were no non-specific symptoms related to sus-
pected stage 0/1 ONJ in either the teriparatide group or 
the alendronate group at baseline (Table 2). The rate of 
tooth mobility at baseline tended to be higher in the teri-
paratide group (10.2%) than the alendronate group (6.5%), 
although this difference did not reach statistical significance 
(p = 0.13). The rate of persistent gingival bleeding, swelling, 
and/or pain at baseline was similar in both groups (5.0% in 
the teriparatide group vs. 4.4% in the alendronate group, 
p = 0.70). The rate of persistent pain caused by dentures at 
baseline tended to be higher in the teriparatide group than in 
the alendronate group (5.0% vs. 2.8%), although this differ-
ence did not reach statistical significance (p = 0.24). Three 
participants in the teriparatide group had peri-implantitis at 
baseline, although there were many missing data on dental 
implants in both groups.

There were no significant differences between the groups 
in the number of teeth extracted in the previous year at 
72 weeks (p = 0.84) and 120 weeks (p = 0.29) (Table 3). No 

participant in either group had clinical symptoms of peri-
implantitis at 72 weeks. There was no significant difference 
between the groups in the rate of clinical symptoms of peri-
implantitis at 120 weeks (p = 0.47).

Difference between the groups in the incidence rate 
of suspected stage 0/1 ONJ

At 72 weeks, the incidence rates of suspected stage 0 ONJ 
in the teriparatide and alendronate groups were 1.39 and 
0.84, respectively. There was no significant difference 
between the groups in the incidence rate of suspected stage 
0 ONJ (incidence rate ratio of the teriparatide to alendronate 
groups = 1.66, 95% CI 0.45–6.18, p = 0.45) (Table 4). At 
120 weeks, the incidence rates of suspected stage 0 ONJ 
in the teriparatide and alendronate groups were 1.33 and 
0.63, respectively. There was no significant difference 
between the groups in the incidence rate of suspected stage 
0 ONJ (incidence rate ratio of the teriparatide to alendronate 
groups = 2.09, 95% CI 0.68–6.40, p = 0.20).

There were two participants with suspected stage 1 ONJ 
in the alendronate group during 72 weeks of follow-up 
(incidence rate = 0.42) (Table 4). After that, there were no 
patients with bone exposure in the alendronate group (inci-
dence ratio = 0.25 at 120 weeks). There were no patients 
in the alendronate group with confirmed stage 1 ONJ. The 
teriparatide group had no patients with bone exposure during 
120 weeks of follow-up. There were no significant differ-
ences between the groups in the incidence rates of suspected 
stage 1 ONJ at 72 weeks (p = 0.51) and 120 weeks (p = 0.51).

Fig. 1  Flowchart of the patients 
included in the analysis of oral 
health status
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Overall, as two participants with bone exposure also 
showed clinical symptoms of suspected stage 0 ONJ, the 
incidence rate ratios of the teriparatide to alendronate groups 
for suspected 0/1 ONJ were the same as those for suspected 
stage 0 ONJ at both 72 and 120 weeks (Table 4).

Risk ratios between the groups for clinical findings 
related to suspected stage 0 ONJ

At 72 weeks, the number (%) of participants with persistent 
gingival bleeding, swelling, and/or pain were eight (3.40%) 

Table 1  Background 
characteristics of the study 
participants at baseline

Data are shown as mean (SD) or % of participants
SD standard deviation, BMI body mass index, PVF prevalent vertebral fractures, BMD bone mineral den-
sity

Teriparatide group (n = 261) Alendronate group (n = 344)

Mean (SD) or % Missing Mean (SD) or % Missing p value

Age (years) 81.3 (4.3) 0 81.2 (4.5) 0 0.75
Age at menopause (years) 49.4 (4.7) 0 49.6 (3.9) 0 0.67
Years since menopause 31.9 (6.5) 0 31.6 (5.9) 0 0.60
Height (cm) 146.5 (6.2) 0 146.3 (5.9) 0 0.71
Weight (cm) 48.7 (9.5) 0 47.9 (8.1) 0 0.25
BMI (kg/m2) 22.7 (4.0) 0 22.4 (3.0) 0 0.29
Number of PVF 1.7 (1.9) 0 1.8 (2.0) 0 0.95
Prior treatment 56.3% 0 55.2% 0 0.80
Prior bisphosphonates 30.7% 0 31.4% 0 0.86
BMD (T-score) – 3.1 (1.8) 17 – 3.2 (1.8) 34 0.82
BMD at L2–L4 (T-score) – 2.3 (1.4) 114 – 2.4 (1.4) 149 0.61
Comorbidities Mean or Missing Mean o Missing
Hypertension 39.5% 0 38.7% 0 0.87
Diabetes mellitus 6.9% 0 9.3% 0 0.30
Dyslipidemia 17.6% 0 17.2% 0 0.91
Rheumatoid arthritis 0.8% 0 0.9% 0
Osteoarthritis 0.0% 0 0.3% 0
Others 27.2% 0 29.4% 0 0.59

Table 2  Oral health characteristics of the study participants at baseline

Data are shown as mean (SD) or number (%)
SD standard deviation

Teriparatide group (n = 261) Alendronate group (n = 344)

Mean (SD) or 
number (%)

Missing Mean (SD) or 
number (%)

Missing p value

Number of teeth present 10.4 (10.0) 41 12.0 (10.3) 47 0.09
Number of teeth extracted in the previous year 0.7 (1.8) 161 0.5 (1.6) 199 0.30
Daily toothbrushing sessions 2.1 (0.8) 6 2.2 (1.0) 3 0.81
Persistent gingival bleeding, swelling, and/or pain ( +) 13 (5.02%) 2 15 (4.37%) 1 0.70
Tooth mobility ( +) 26 (10.2%) 6 22 (6.45%) 3 0.13
Persistent gingival bleeding, swelling, and/or pain around 

dental implant ( +)
1 (1.59%) 198 0 (0%) 264 0.44

Loose dental implant ( +) 2 (3.17%) 198 0 (0%) 265 0.20
Persistent pain caused by dentures (+) 11 (4.98%) 40 8 (2.83%) 61 0.24
Hypoesthesia of the lower lip and jaw (+) 0 (0%) 0 0 (0%) 1
Persistent dull pain in the jaw (+) 0 (0%) 1 0 (0%) 0
Persistent purulent discharge from the gingiva (+) 0 (0%) 1 0 (0%) 1
Bone exposure of the jaw (+) 0 (0%) 1 0 (0%) 1
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in the teriparatide group and 22 (6.88%) in the alendronate 
group. The risk ratio of the teriparatide to alendronate 
groups was 0.50 (95% CI 0.22–1.09, p = 0.09) (Table 5). At 
120 weeks, the number (%) of participants with persistent 
gingival bleeding, swelling, and/or pain were six (2.91%) in 
the teriparatide group and eight (2.91%) in the alendronate 
group. The risk ratio of the teriparatide to alendronate 
groups was 1.00 (95% CI 0.35–2.84, p = 1.00).

At 72 weeks, the number (%) of participants with new-
onset tooth mobility were five (2.30%) in the teriparatide 
group and 21 (6.84%) in the alendronate group. The risk 
ratio of the teriparatide to alendronate groups was 0.34 (95% 
CI 0.13–0.88, p = 0.02) (Table 5). At 120 weeks, the num-
ber (%) of participants with new-onset tooth mobility were 

nine (4.71%) in the teriparatide group and 14 (5.24%) in 
the alendronate group. The risk ratio of the teriparatide to 
alendronate groups was 0.90 (95% CI 0.40–2.03, p = 0.83).

Association between tooth mobility and clinical 
periodontal symptoms

There were no significant associations between tooth mobil-
ity and clinical periodontal symptoms (persistent gingival 
bleeding, swelling, and/or pain) in the teriparatide group 
at baseline (p = 0.63), 72 weeks (p = 1.00), and 120 weeks 
(p = 1.00) (Table 6). No participant in the teriparatide group 
had tooth mobility related to clinical periodontal symptoms 

Table 3  Number of teeth extracted in the previous year and clinical symptoms of peri-implantitis at 72 and 120 weeks

Data are shown as mean (SD) or number (%)
SD standard deviation

Teriparatide group (n = 261) Alendronate group 
(n = 344)

Mean (SD) or 
number (%)

Missing Mean (SD) or 
number (%)

Missing p value

72 weeks
 Number of teeth extracted in the previous year 0.6 (1.6) 154 0.7 (2.6) 196 0.84
 Gingival bleeding, swelling, and/or pain around the dental implant (+) 0 (0%) 200 0 (0%) 276
 Loose dental implant (+) 0 (0%) 203 0 (0%) 276

120 weeks
 Number of teeth extracted in the previous year 0.3 (1.0) 159 0.5 (1.3) 195 0.29
 Gingival bleeding, swelling, and/or pain around the dental implant (+) 1 (2.22%) 216 0 (0%) 294 0.47
 Loose dental implant (+) 0 (0%) 217 0 (0%) 296

Table 4  Incidences of osteonecrosis of the jaw in the teriparatide and alendronate groups

AIR annual incidence rate, CI confidence interval, ONJ osteonecrosis of the jaw
† Fisher’s exact test was used because ONJ was not observed

Teriparatide group (n = 261) Alendronate group (n = 344)

Number of 
patients

Person-years AIR Number of 
patients

Person-years AIR Rate ratio 95% CI p

ONJ (suspected 0)
 0–72 weeks 5 360.18 1.39% 4 474.72 0.84% 1.66 0.45–6.18 0.45
 72–120 weeks 3 240.12 1.25% 1 316.48 0.32% 3.96 0.41–38.10 0.23
 0–120 weeks 8 600.30 1.33% 5 791.20 0.63% 2.09 0.68–6.40 0.20

ONJ (suspected 1)
 0–72 weeks 0 360.18 0% 2 474.72 0.42% – – 0.51†
 72–120 weeks 0 240.12 0% 0 316.48 0.00% – – –
 0–120 weeks 0 600.30 0% 2 791.20 0.25% – – 0.51†

ONJ (suspected 0 or 1)
 0–72 weeks 5 360.18 1.39% 4 474.72 0.84% 1.66 0.45–6.18 0.45
 72–120 weeks 3 240.12 1.25% 1 316.48 0.32% 3.96 0.41–38.10 0.23
 0–120 weeks 8 600.30 1.33% 5 791.20 0.63% 2.09 0.68–6.40 0.20
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at 72 and 120 weeks, although two (7.69%) participants had 
tooth mobility at baseline.

There were significant associations between tooth mobil-
ity and clinical periodontal symptoms in the alendronate 
group at 72 weeks (p = 0.04) and 120 weeks (p = 0.01), but 
not at baseline (p = 1.00). The incidence rate of tooth mobil-
ity related to clinical periodontal symptoms in the alen-
dronate group increased from 4.55% at baseline to 19.05% 
at 72 weeks and 21.43% at 120 weeks.

Discussion

In the present study, there were no significant differences 
between the teriparatide and alendronate groups in the inci-
dence rates of suspected stage 0 and stage 1 ONJ for up to 
120 weeks. However, the incidence rate of tooth mobility 

was significantly smaller in the teriparatide group than 
the alendronate group at 72 weeks but was similar in both 
groups at 120 weeks. The significant effectiveness of teri-
paratide therapy for stage 0 and stage 1 MRONJ has recently 
been reported [11]. However, the present study had a small 
sample size and short study period (only 72 weeks) for the 
group receiving teriparatide therapy alone. In the present 
study, there was no significant difference between the ter-
iparatide and alendronate groups in the incidence rate of 
tooth mobility at 120 weeks. Our results may suggest that 
new-onset tooth mobility may be prevented by teriparatide 
therapy and may appear early in patients with stage 0 ONJ.

The presence of periodontal disease is associated with 
tooth mobility. In particular, periodontal abscess is an acute 
destructive process in the periodontium that largely con-
tributes to tooth mobility. However, in the present study, 
there was no significant association between tooth mobility 

Table 5  Clinical findings 
evaluated by questionnaires in 
the teriparatide and alendronate 
groups

RR risk ratio, CI confidence interval
† Assessed using Fisher’s exact test
a Patients who reported each symptom at baseline or with missing data were excluded

Teriparatide  groupa Alendronate  groupa

Yes No Yes No RR 95% CI p†

Persistent gingival bleed-
ing, swelling, and/or 
pain

 72 weeks 8 (3.40%) 227 (96.60%) 22 (6.88%) 298 (93.13%) 0.50 0.22–1.09 0.09
 120 weeks 6 (2.91%) 200 (97.09%) 8 (2.91%) 267 (97.09%) 1.00 0.35–2.84 1.00

Tooth mobility
 72 weeks 5 (2.30%) 212 (97.70%) 21 (6.84%) 286 (93.16%) 0.34 0.13–0.88 0.02
 120 weeks 9 (4.71%) 182 (95.29%) 14 (5.24%) 253 (94.76%) 0.90 0.40–2.03 0.83

Table 6  Association between 
tooth mobility and clinical 
periodontal symptoms 
(persistent gingival bleeding, 
swelling, and/or pain)

a Patients who reported each symptom at baseline or with missing data were excluded

Teriparatide group (n = 261) Alendronate group (n = 344)

Clinical periodontal symptoms p value Clinical periodontal symptoms p value

Yes No Yes No

Baseline
Tooth mobility
 Yes 2 (7.69%) 24 (92.31%) 0.63 1 (4.55%) 21 (95.45%) 1.00
 No 11 (4.82%) 217 (95.18%) 14 (4.40%) 304 (95.60%)

72  weeksa

Tooth mobility
 Yes 0 (0%) 5 (100%) 1.00 4 (19.05%) 17 (80.95%) 0.04
 No 8 (3.77%) 204 (96.23%) 16 (5.61%) 269 (94.39%)

120  weeksa

Tooth mobility
 Yes 0 (0%) 9 (100%) 1.00 3 (21.43%) 11 (78.57%) 0.01
 No 4 (2.20%) 178 (97.80%) 6 (2.37%) 247 (97.63%)
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and clinical symptoms of periodontal disease at baseline. It 
is likely that participants had no awareness of the clinical 
symptoms of mild periodontal disease at baseline, although 
there may be accumulated alveolar bone resorption associ-
ated with tooth mobility. However, the rate of tooth mobility 
accompanied by clinical symptoms of periodontal disease 
increased in the alendronate group during the study, sug-
gesting that alendronate may increase tooth mobility related 
to clinical symptoms of periodontal disease. Conversely, 
no participants in the teriparatide group had tooth mobil-
ity accompanied by clinical symptoms of periodontal dis-
ease, suggesting that teriparatide may reduce tooth mobility 
related to clinical symptoms of periodontal disease. These 
findings suggest that tooth mobility caused by severe peri-
odontal disease (such as periodontal abscess) may be a use-
ful clinical sign of stage 0 ONJ, although Patel et al. reported 
the clinical finding of stage 0 BRONJ as tooth mobility not 
caused by periodontal disease [15]. Fedele et al. emphasized 
that use of the traditional definition of ONJ may result in 
one-quarter of patients remaining undiagnosed [16].

In our previous study comparing suspected stage 0 ONJ 
between participants treated with minodronic acid and 
raloxifene, we defined suspected stage 0 ONJ as persistent 
dull pain in the jaws, persistent purulent discharge from 
an intraoral gingival fistula, or hypoesthesia of the lower 
lip and jaw [9]. Fedele et al. reported that the most com-
mon clinical symptom of non-exposed BRONJ (i.e., stage 
0 BRONJ) is jawbone pain (91.6%) followed by sinus tract 
formation in the jaw (51%) [7]. A magnetic resonance imag-
ing study reported that non-exposed BRONJ is character-
ized by hypointensity on T1-weighted images and hyper-
intensity on T2-weighted and short tau inversion recovery 
images, which suggest the pattern of osteomyelitis [17]. 
Hypoesthesia of the lower lip and jaw sometimes occurs 
in patients with osteomyelitis. The 2014 AAOMS position 
paper reports altered neurosensory function as a symptom 
of stage 0 MRONJ [4]. However, our current study findings 
suggest that persistent dull pain in the jaws, persistent puru-
lent discharge from an intraoral gingival fistula, or hypoes-
thesia of the lower lip and lower jaw are unreliable or insen-
sitive indicators of suspected stage 0 ONJ in comparison to 
the finding of tooth mobility related to clinical periodontal 
symptoms. This unreliable definition may be associated with 
the lack of difference in the incidence rate of suspected stage 
0 ONJ between participants treated with minodronic acid 
and raloxifene in our previous study [9].

Two participants in the alendronate group had bone expo-
sure in the jaw at 72 weeks that disappeared between 72 and 
120 weeks, and had symptoms defined as suspected stage 
0 ONJ. As stage 1, ONJ is defined as exposed and necrotic 
bone in patients who are asymptomatic and have no evidence 
of infection, these two suspected cases in our study were not 
defined as stage 1 ONJ. In our previous study comparing 

suspected stage 1 ONJ between participants treated with 
minodronic acid vs. raloxifene, bone exposure of the jaw 
was present at baseline in 11 patients (0.7%) in the min-
odronic acid group and six (0.4%) in the raloxifene group 
[9]. This suggests that bone exposure of the jaw may appear 
in patients with osteoporosis without exposure to antiresorp-
tive agents like BP and denosumab. Kunihara et al. recently 
reported that the annual incidence rate of ONJ without 
antiresorptive agent use is 5.1 per 100,000, which is larger 
than expected [18]. They considered that the major cause of 
ONJ in these cases is continuous bacterial infection of the 
jaw caused by inadequate oral hygiene management [18]. 
Patients with osteoporosis have a higher risk of periapical 
and/or periodontal diseases that might influence exposure 
of the jawbone [19, 20]. Additionally, we previously dem-
onstrated that Japanese older adults with fragility fractures 
without antiresorptive agents may have a higher risk of 
problematic delayed wound healing after tooth extraction 
than those without fractures [21, 22]. Thus, delayed wound 
healing after tooth extraction may result in the development 
of ONJ in patients with osteoporosis without exposure to BP 
and/or denosumab.

There were no patients with jawbone exposure in the teri-
paratide group. A recent study reported the significant effec-
tiveness of teriparatide therapy for stage 1 MRONJ [11]. 
Thus, it is possible that jawbone exposure may have been 
prevented by the teriparatide therapy in the present study. 
However, as the sample size of our current study was too 
small, further study of more patients receiving teriparatide 
therapy is needed to clarify whether teriparatide reduces the 
risk of bone exposure of the jaw.

Ideally, a regular oral hygiene management should be 
performed for all osteoporosis patients who receive antire-
sorptive therapy to reduce the incidence of ONJ. Beth-Tas-
dogan et al. concluded that dental examinations at 3-month 
intervals and preventive treatments including tooth extrac-
tion may be more effective than standard care for reducing 
the incidence of MRONJ in cancer patients taking intrave-
nous BPs [23]. Our recent study conducted in Japan Osteo-
porosis Society (JOS) revealed that the rate of physicians 
who requested oral health care by a dentist has increased 
from 32.9% in the 2015 survey to 72.7% in the 2022 survey 
because the physicians who belong to JOS wanted to reduce 
the incidence of ONJ as possible [24]. However, it may be 
difficult for physicians to refer all their patients with osteo-
porosis to dentists in the real world. If self-reported tooth 
mobility associated with clinical symptoms of periodontal 
disease is one kind of clue, physicians may be able to select 
the patients at risk of ONJ and refer them to dentists before 
or during the treatment.

The present study had some limitations. Of the 1,011 
participants (505 in the teriparatide group and 506 in the 
alendronate group), only 261 (51.7%) participants in the 
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teriparatide group and 344 (68.0%) in the alendronate group 
participated in the oral health study. The small number of 
participants as well as the disproportionate ratio of partici-
pants in the two groups may have influenced the present 
results. Compared with the alendronate group, the teripara-
tide group had a smaller mean number of teeth present at 
baseline (10.4 vs. 12.0), higher rate of tooth mobility at 
baseline (10.2% vs. 6.5%), and higher rate of persistent 
pain caused by dentures at baseline (5.0% vs. 2.8%). These 
findings suggest that the teriparatide group may have had 
worse oral health than the alendronate group. There was 
no information on oral health awareness and practices such 
as routine dental checkups, although there was no signifi-
cant difference between the teriparatide and alendronate 
groups in the number of times the teeth were brushed per 
day (daily toothbrushing sessions in Table 2). Nonetheless, 
the teriparatide group had a significantly lower risk of tooth 
mobility than the alendronate group in the short term (within 
72 weeks).

The rate of persistent gingival bleeding, swelling, and/or 
pain decreased after 72 weeks in both groups. In particular, 
the rate was 6.9% at 72 weeks and 2.9% at 120 weeks in the 
alendronate group. However, it is unknown whether some 
of the participants with persistent gingival bleeding, swell-
ing, and/or pain at 72 weeks discontinued the present study. 
Previous studies have suggested that BP therapy has protec-
tive effects against periodontal disease in postmenopausal 
women [25, 26]. This protective effect may appear between 
72 and 120 weeks in both groups.

There was a significant difference in the incidence rate 
of tooth mobility between the teriparatide and alendronate 
groups at 72 weeks in the present study, and this difference 
between the groups disappeared at 120 weeks. As teripara-
tide basically contributes to the progression of bone forma-
tion, this may simply improve the deterioration of alveolar 
bone [27], resulting in a decreased risk of tooth mobility. 
The finding of tooth mobility may not directly be an early 
sign of stage 0 ONJ. However, this finding was detected in 
the small number of participants with osteoporosis during 
short-term follow-up. Future research is needed to investi-
gate this clinical finding in patients receiving antiresorptive 
therapy for osteoporosis or malignancy.

The patients cannot precisely answer the number and 
extent of symptoms/clinical findings in the questionnaire 
by themselves. Although the details like the number and the 
extent might be the important sign associated with MRONJ, 
the questionnaire-based oral health examination in JOINT-
05 did not seek the detail information of symptoms/clini-
cal findings in this study. Further study which includes the 
number and extent of symptoms/clinical findings would be 
necessary to clarify the results of our study.

In conclusion, there was no significant difference between 
the teriparatide and alendronate groups in the incidence rate 

of suspected stage 0/1 ONJ defined by non-specific symp-
toms. These non-specific symptoms may be too unreliable or 
insensitive to define stage 0 ONJ. However, the teriparatide 
group had a significantly lower risk of tooth mobility related 
to clinical periodontal symptoms than the alendronate group. 
The clinical finding of tooth mobility accompanied by peri-
odontal disease may be a useful early sign for identifying 
stage 0 ONJ.
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