
Background: Medication-related osteonecrosis of the jaw (MRONJ) is a significant concern, particularly among patients taking bis-
phosphonates (BPs), denosumab, and selective estrogen receptor modulators (SERMs) for osteoporosis. Despite the known risks, large-
scale cohort studies examining the incidence and severity of MRONJ are lacking. We aimed to ascertain the incidence and risk of 
MRONJ among these patients, whom we stratified by age groups, medication types, and duration of use. 
Methods: We utilized data from the National Health Insurance Service’s sample cohort database, focusing on patients aged 40 years 
and above diagnosed with osteoporosis. The patients were divided into three groups: those prescribed BPs only, those prescribed 
SERMs only, and those prescribed both. 
Results: The overall incidence rate of MRONJ was 0.17%. A significantly higher incidence rate was observed among those taking os-
teoporosis medications, particularly among females with a relative risk of 4.99 (95% confidence interval, 3.21–7.74). The SERM group 
also had an incidence rate comparable to that of the BP group. Severity was assessed based on the invasiveness of the treatment 
methods, with 71.3% undergoing invasive treatment in the medication group. 
Conclusion: This study provides valuable insights into the incidence and severity of MRONJ among a large cohort of patients with os-
teoporosis. It underscores the need for comprehensive guidance on MRONJ risks across different medication groups and sets the stage 
for future research focusing on specific populations and treatment outcomes. 
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Introduction 

Medication-related osteonecrosis of the jaw (MRONJ) is a debili-
tating oral condition characterized by the exposure of necrotic jaw-

bone, typically occurring in patient on certain medications, such as 
bisphosphonates (BPs) [1]. It is precipitated by dental surgery but 
occasionally manifests spontaneously. While this disorder has mul-
tiple etiologies, its association with BP medication is of particular 
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concern, especially given the widespread use of BPs for managing 
osteoporosis and cancer-related conditions like metastasis to the 
bone [2]. In the management of osteoporosis, BPs, selective estro-
gen receptor modulators (SERMs), and denosumab are common-
ly utilized as first-line pharmacological agents. These medications 
are frequently cited in multiple clinical guidelines pertaining to the 
treatment of osteoporosis [3]. 

One of the most significant adverse effects associated with BPs is 
osteonecrosis of the jaw (ONJ). Notably, ONJ related to surgical 
dental procedures, such as tooth extraction, periodontal treatment, 
and implantation, is a well-documented complication [4]. Addi-
tionally, individual comorbidities and lifestyle factors, such as ste-
roid use, cancer, diabetes, and smoking, elevate the risk of ONJ oc-
currence [5]. 

As the aging population continues to grow, the prevalence of os-
teoporosis is also on the rise, leading to an increase in the number 
of individuals prescribed BPs. The incidence of ONJ among those 
taking BPs has been reported to range from 0.05% to 0.21% [6]; 
however, large-scale cohort studies to accurately determine this in-
cidence rate have been lacking. In an aging population where the 
demand for dental treatments such as implantation is increasing, 
the potential for complications like ONJ poses a risk of diminished 
quality of life [7]. 

In particular, some epidemiological evidence exists regarding the 
increased risk of ONJ among BP users based on the duration of 
medication use, sex, and age. However, studies specifically examin-
ing the severity of ONJ related to medication use have been lack-
ing. Therefore, we aimed to ascertain the incidence and risk of 
ONJ among patients with osteoporosis prescribed with BPs and 
SERMs. We provided data on the incidence rate and risk of these 
patients stratified by age groups, medication types, and duration of 
use. Additionally, we presented data on the severity outcomes of 
MRONJ based on dental treatments. 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: YU 2021-12-007), and the requirement for in-
formed consent was waived.

1. Study population and cohort data 
The National Health Insurance Service’s (NHIS) sample cohort 
database is a standardized dataset for academic research. The data-
base provides health insurance data from 2002 to 2019 for one 

million individuals and is organized into tables for eligibility and 
premiums, birth and death records, medical treatment, health ex-
aminations, healthcare facilities, and long-term care. We aimed to 
analyze data from at least a 10-year period, considering adverse ef-
fects that could occur over several years; thus, we set the enroll-
ment year at 2006. 

The 2006 data comes from one million individuals who main-
tained eligibility as health insurance enrollees or medical aid bene-
ficiaries for that year, representing 2% of the entire South Korean 
population. For the purpose of this study, we excluded 886,082 in-
dividuals who were under the age of 40 years and had no diagnosis 
of osteoporosis from these one million individuals. We also exclud-
ed those who were diagnosed with osteoporosis prior to 2006. A 
total of 113,918 patients aged 40 years and above were identified as 
having been diagnosed with osteoporosis, among whom 61,183 
had been prescribed osteoporosis medications. The data on the 
prescription of osteoporosis medication was based on the date of 
the initial prescription.  

The definition of an osteoporosis-diagnosed patient in this study 
was based on the presence of an osteoporosis diagnosis code as ei-
ther the primary or secondary condition. The criteria for osteopo-
rosis diagnosis were based on the International Classification of 
Diseases, 10th Revision codes M80 (osteoporosis with pathologi-
cal fracture), M81 (osteoporosis without pathological fracture), 
and M82 (osteoporosis in diseases classified elsewhere). The oste-
oporosis medications were identified based on prior literature and 
are listed in Table 1. Those prescribed to the study participants 
consisted of BPs and SERMs, both of which were orally adminis-
tered. 

In this study, we divided the cohort into three groups for analy-
sis: those prescribed only BPs, those prescribed only SERMs, and 
those prescribed both. Among the 61,183 patients who had been 
prescribed osteoporosis medications, 195 were diagnosed with 
ONJ and constituted the final population for analysis. 

2. Definition of medication-related osteonecrosis of the jaw 
MRONJ is defined as the presence of exposed bone in the maxillo-
facial area or oral and extraoral fistulas that do not heal within 8 weeks 
in patients who have been administered bone-modifying agents such 
as antiresorptive drugs or angiogenesis inhibitors and who have no his-
tory of radiation therapy to the head and neck area [8]. 

To identify MRONJ, the diagnostic codes used were M87.1 (os-
teonecrosis due to drugs) and K10.2 (inflammatory conditions of 
jaws). We referred to the dental insurance claim codes used in gen-
eral hospitals and defined patients with MRONJ based on the fol-
lowing treatment codes, which are listed in Table 2. 
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Table 1. List of medications of osteoporosis
Type Medication Code
Bisphosphonates Alendronic acid 10 mg 228301ATB

Alendronic acid 5 mg 228302ATB
Alendronic acid 70 mg 228303ALQ

228303ATB
228305ATB

Alendronic acid 5 mg+calcitriol 0.5 μg 468000ATE
Alendronic acid 70 mg+cholecalciferol 

(vitamin D3 2.8 kIU)
481100ATB

Alendronic acid 70 mg+cholecalciferol 
(vitamin D3 5.6 kIU)

500200ATB

Disodium etidronate 0.2 g 147401ATB
Zoledronic acid 5 mg (50 μg/mL) 420732BIJ
Zoledronic acid 4 mg (40 μg/mL) 420730BIJ
Zoledronic acid 4 mg (0.8 μg/mL) 420731BIJ
Risedronate sodium 5 mg 442301ATB
Risedronate sodium 35 mg 442302ATB
Risedronate sodium 2.5 hydrate  

(enteric coated) 35 mg
442302ATE

Risedronate sodium 75 mg 442303ATB
Risedronate sodium 0.15 g 442330ATB
Risedronate sodium 35 mg+ 

cholecalciferol 5.6 kIU
511200ATB

Risedronate sodium 0.15 g+ 
cholecalciferol 30 kIU

518400ATB

Ibandronic acid 3 mg (1 mg/mL) 480330BIJ
Ibandronic acid 0.15 g 480304ATB
Ibandronic acid 0.15 g+cholecalciferol 

24 kIU
523900ATB

Pamidronate 15 mg (15 mg/mL) 207930BIJ
Pamidronate 0.1 g 207901ACS

SERMs Raloxifene 55.71 mg 358001ATB
Raloxifene 55.71 mg+cholecalciferol 

(as vitamin D3 800 IU)
659200ACH
659200ATB

Bazedoxifene 20 mg 617101ATB
Bazedoxifene 20 mg+cholecalciferol  

(as vitamin D3 800 IU)
674500ATB

Toremifene citrate (as toremifene 40 mg) 242101ATB
Toremifene citrate (as toremifene 20 mg) 234502ATB
Toremifene citrate (as toremifene 10 mg) 234501ATB
Clomipramine hydrochloride 25 mg 136302ACH
Clomipramine hydrochloride 25 mg 136301ACH
Clomiphene citrate 50 mg 136201ATB

kIU, kilo-international unit; IU, international unit; SERMs, selective es-
trogen receptor modulators.

Table 2. Treatment codes of osteonecrosis of the jaw

Code Treatment Category
U4457 Intraoral antiphlogosis-osteitis of jaw, 

osteomyelitis of jaw, etc.
Noninvasive treatment

U4467 Extraoral antiphlogosis-osteitis of jaw, 
osteomyelitis of jaw, etc.

U4533 Surgery of osteomyelitis of mandible or 
maxilla-limited alveolar bone

Invasive treatment

U4534 Surgery of osteomyelitis of mandible or 
maxilla-one side mandible 1/3 below

U4535 Surgery of osteomyelitis of mandible or 
maxilla-one side mandible 1/3 over

Results 

Among the 61,183 osteoporosis patients aged 40 years and above 
who were confirmed to have been prescribed osteoporosis medica-
tion, 5,537 were male and 55,646 were female, indicating a female 
majority. When examined by age group, there were 3,903 individu-
als aged 40 to 49 years, 14,945 in their 50s, 22,465 in their 60s, and 
19,870 aged 70 years and above. There were 52,743 were taking 
BPs, 3,101 patients taking SERMs, and 5,339 were taking both 
types of medications (Table 3). 

The occurrence of ONJ was examined based on sex, age group, 
and whether osteoporosis medication was administered (Table 4). 
The incidence of ONJ was significantly higher in the osteoporosis 
medication group (RR, 3.81; 95% confidence interval [CI], 2.66–
5.48), particularly among females with an RR of 4.99 (95% CI, 
3.21–7.74). In the 40s age group, the RR was relatively low at 1.44 
and was statistically insignificant (95% CI, 0.26–7.84). 

The time from the initial medication administration to the oc-
currence of ONJ was analyzed during the study period. In both the 
BP and SERM groups, the majority of cases occurred after 5 years, 
with 74 cases (51.0%) for the BP group and six cases (42.8%) for 
the SERM group (Table 5). 

In the treatment of ONJ, we examined both invasive and nonin-
vasive surgical treatment methods (Table 6). Among the group 
that received osteoporosis medication, invasive treatment was 
more common, accounting for 127 cases (71.3%). In contrast, in 
the group that did not receive medication, invasive treatment was 
relatively less common, with 20 cases (55.6%),  although this dif-
ference was not statistically significant. When examined by medi-
cation type, invasive treatment was performed in 69.9% of the BP 
group, 85.7% of the SERM group, and 75.0% of the group receiv-
ing both medications. 

Discussion 

MRONJ is considered a rare condition due to its low incidence 

3. Data analysis 
The data were analyzed using SAS 9.4 and IBM SPSS ver. 27.0 
(IBM Corp., Armonk, NY, USA) statistical software, with the sta-
tistical significance level set at a p-value of < 0.05. A cross-analysis 
was conducted to examine the general characteristics of patients 
with ONJ and the presence or absence of osteoporosis medication. 
Relative risk (RR) of ONJ occurrence based on the prescription of 
osteoporosis medication was also analyzed. 
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from any specialty take the risk of MRONJ into account and com-
municate appropriately with colleagues from other departments. 
Through this study, we confirmed the incidence rate of MRONJ 
among patients with osteoporosis who were taking BPs and as-
sessed its severity based on the invasiveness of the treatment meth-
ods. While epidemiological studies on the relationship between 

Table 3. Medications of osteoporosis with regards to sex and age

Variable Total
Osteoporosis medication

p-value
Bisphosphonates SERMs Both

Sex
 Male 5,537 (9.0) 5,432 (98.1) 58 (1.0) 47 (0.8) <0.001
 Female 55,646 (91.0) 47,311 (85.0) 3,043 (5.5) 5,292 (9.5)
Age (yr)
 40–49 3,903 (6.4) 2,839 (72.7) 733 (18.8) 331 (8.5) <0.001
 50–59 14,945 (24.4) 12,353 (82.7) 1,125 (7.5) 1,467 (9.8)
 60–69 22,465 (36.7) 19,468 (86.7) 759 (3.4) 2,238 (10.0)
 ≥70 19,870 (32.5) 18,083 (91.0) 484 (2.4) 1,303 (6.6)
Total 61,183 (100) 52,743 (86.2) 3,101 (5.1) 5,339 (8.7)

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

Table 5. Time to occurrence of osteonecrosis of the jaw with re-
gard to osteonecrosis medication

Time to  
incident (yr)

Osteoporosis medication
Bisphosphonates SERMs Total p-value

<1 10 (6.9) 3 (21.4) 13 (8.2)
≥1, <2 10 (6.9) 1 (7.2) 11 (6.9)
≥2, <3 13 (9.0) 3 (21.4) 16 (10.1)
≥3, <4 16 (11.0) 1 (7.2) 17 (10.7)
≥4, <5 22 (15.2) 0 (0) 22 (13.8)
≥5 74 (51.0) 6 (42.9) 80 (50.3)
Total 145 (91.2) 14 (8.8) 159 (100) 0.171

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

Table 6. The number of invasive or noninvasive treatments of os-
teonecrosis of the jaw according to medication

Medication Total Noninvasive 
surgery

Invasive  
surgery p-value

Yes 178 (83.8) 51 (28.7) 127 (71.3) 0.062
 Bisphosphonates 143 (80.3) 43 (30.1) 100 (69.9) 0.650
 SERMs 7 (4.0) 1 (14.3) 6 (85.7)
 Both 28 (15.7) 7 (25.0) 21 (75.0)
No 36 (16.2) 16 (44.4) 20 (55.6)
Total 214 (100) 67 (31.3) 147 (68.7)

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

rate, and its treatment and prognosis are often poor, necessitating 
prevention and caution. The condition involves complex prescrip-
tions and treatments across multiple specialties, including internal 
medicine, orthopedics, dentistry, oral and maxillofacial surgery, 
and plastic surgery. While it is challenging to manage solely within 
one specialty, there is room for prevention if healthcare providers 

Table 4. Numbers of cases of osteonecrosis of the jaws (ONJs) 

Variable Cases of osteoporosis
Cases of ONJ

RR (95% CI)
Total

Osteoporosis medication
Yes No

Sex
 Male 14,934 (13.1) 25 (0.17) 12 (48.0) 13 (52.0) 1.57 (0.72–3.44)
 Female 98,984 (86.9) 170 (0.17) 147 (86.5) 23 (13.5) 4.99 (3.21–7.74)
Age (yr) 
 40–49 15,105 (13.3) 6 (0.04) 2 (33.3) 4 (66.7) 1.44 (0.26–7.84)
 50–59 33,063 (29.0) 26 (0.08) 20 (76.9) 6 (23.1) 4.05 (1.62–10.08)
 60–69 34,150 (30.0) 92 (0.27) 77 (83.7) 15 (16.3) 2.68 (1.54–4.66)
 ≥70 31,600 (27.7) 71 (0.22) 60 (84.5) 11 (15.5) 3.23 (1.70–6.14)
Total 113,918 (100) 195 (0.17) 159 (81.5) 36 (18.5) 3.81 (2.66–5.48)

Values are presented as number (%).
RR, relative risk; CI, confidence interval.
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Second, securing statistical significance was challenging due to the 
rarity of MRONJ. Lastly, while it would have been ideal to evaluate 
the severity of MRONJ through staging in actual clinical settings, 
this was not feasible due to poor staging and limitations in access-
ing medical records. Therefore, we utilized a research method 
based on treatment method names. 

The evaluation concerning the severity and stage of MRONJ in 
clinical setting was as follows [15]. Stage 1 patients had exposed 
bone and were asymptomatic with no localized soft tissue infec-
tion. Stage 2 patients had exposed bone, pain, and regional soft tis-
sue inflammation or infection. Stage 3 patients had exposed bone 
with associated pain, localized soft tissue inflammation (or second-
ary infection), pathological fracture, and extraoral or oral-antral fis-
tulas. Radiographically, the bone showed osteolysis extending to 
the inferior mandibular border or maxillary sinus floor. However, 
those staging systems rarely applied to the patient, and the stage in-
formation was not available in NHIS. 

Despite these limitations, we were able to utilize nationwide data 
accumulated over a long period in this study. Particularly, we evalu-
ated the severity of MRONJ by using treatment methods as vari-
ables. Future research should focus on specific populations such as 
patients with osteoporosis and cancer and further explore the rela-
tionship between medication use and the location and severity of 
MRONJ. 
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BP use and MRONJ are somewhat known, this is the first study, to 
the best of our knowledge, that evaluates the severity of MRONJ 
based on medication use in a large-scale cohort. 

The prevalence of osteoporosis is increasing and is currently 
known to be 18.3% worldwide [9]. Elderly women are specifically 
at risk. Over 90% of patients with osteoporosis are women, partic-
ularly those older than 50 years. The demand for dental treatment 
also increases with age. Consequently, it was hypothesized that the 
incidence of MRONJ would also increase with age among those 
taking osteoporosis medications. This study confirmed epidemio-
logical evidence to support this. Given that over 90% of patients 
with osteoporosis are women and that BP prescriptions are also 
more common among female patients, it was observed that the in-
cidence of MRONJ is higher in women. Specifically, when exam-
ined by sex, it was confirmed that women are more vulnerable to 
MRONJ while on medication than men, which contrasts with pre-
vious studies that suggested a higher incidence of MRONJ among 
men taking BP compared to women [10,11]. 

A significantly higher incidence of MRONJ was observed in the 
group taking osteoporosis medications compared to those who 
were not. The incidence rate of MRONJ was found to be 0.17%. 
The incidence rate of MRONJ among patients with osteoporosis 
varies from study to study; for instance, a study in Japan reported 
an incidence rate of 0.06% [12]. This finding is consistent with 
previously known incidence rates, lending credibility to the reli-
ability of this sample cohort. 

We aimed to examine the differences between the BP group and 
the SERM group as a control. Interestingly, the incidence rate of 
MRONJ in the SERM group was found to be at the same level as 
that in the BP group. While MRONJ is generally not well-known 
to occur in patients taking SERMs, it has been reported to occur 
even in those receiving SERMs alone [13,14]. However, the asso-
ciation between MRONJ and SERMs should be carefully inter-
preted. The number of MRONJ cases should be considered as it is 
a relatively small number compared to that of the BP group. In ad-
dition, we observed MRONJ cases only in patients with osteopo-
rosis. This may have resulted in increased cases in the SERMs 
group, not in breast cancer or other SERM users. Although the re-
sults could be interpreted as an effect of past BP use in the SERM 
group, it suggests the need for comprehensive guidance on the 
risks of MRONJ for patients with osteoporosis undergoing drug 
treatment, including those in the SERM group. 

There are several limitations in this study. First, the representa-
tiveness of the data extracted from the sample cohort was limited 
as it was secondary data. Although the data from the NHIS claims 
to cover the entire population, the 2% of the allegedly entire popu-
lation uniformly extracted may still have lacked representativeness. 
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