
Kim et al. BMC Oral Health          (2024) 24:160  
https://doi.org/10.1186/s12903-024-03945-z

RESEARCH

Can medication‑related osteonecrosis 
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microorganisms through oral microbiota 
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Abstract 

Background  Medication-related osteonecrosis of the jaw (MRONJ) can cause significant pain and loss of aesthetics 
and function if not treated properly. However, diagnosis still relies on detailed intraoral examinations and imaging. 
Prognosis varies even among patients with similar stages or conditions of MRONJ, emphasizing the need for a deeper 
understanding of its complex mechanisms. Thus, this study aimed to identify the oral microbiota of patients 
with MRONJ.

Methods  This single-center prospective cohort study included patients with confirmed MRONJ who visited 
the Department of Oral and Maxillofacial Surgery at Yonsei University Dental Hospital between 2021 and 2022. Oral 
swab samples were collected from the affected and unaffected sides of each patient. The composition and enu‑
meration of the microbial communities were analyzed, and the diversity was compared to verify ecological changes 
in the groups using a next-generation sequencing-based 16S metagenomic analysis. A statistical analysis was per‑
formed using Wilcoxon signed-rank test with SPSS version 22, and values of P less than 0.05 were considered statisti‑
cally significant.

Results  The final study sample included 12 patients. The mean age was 82.67 ± 5.73 (range, 72–90) years. Changes 
in microbial composition were observed at different taxonomic levels (phylum, genus, and species). The identified 
microorganisms were commonly associated with periodontitis, gingival disease, and endodontic infection, suggest‑
ing a multifactorial etiology of MRONJ.

Conclusions  Although this study is based on a small number of cases, it shows that MRONJ is not caused by a spe‑
cific microorganism but can rather be caused by a variety of factors. By addressing these findings in large-scale stud‑
ies, the significance of oral microbiome in pathogenesis can be further elucidated and can facilitate the development 
of effective therapeutic interventions for patients with MRONJ.
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Introduction
Medication-related osteonecrosis of the jaw (MRONJ) is 
an uncommon condition that may occur following expo-
sure to antiangiogenic and antiresorptive agents [1]. The 
term MRONJ was first introduced in 2003 [2–5]. It is one 
of the most severe complications reported in the last two 
decades from the use of the aforementioned agents. Most 
cases of MRONJ present as exposed bone in the maxillo-
facial region, although cases of unexposed MRONJ have 
also been reported [6–9]. According to current informa-
tion, MRONJ can be caused by various drugs, including 
oral or intravenous bisphosphonates, receptor activa-
tor of nuclear factor κB ligand inhibitors, and monoclo-
nal antibodies. Numerous clinical and pharmacological 
studies have demonstrated that these drugs are effective 
when used for several bone disorders, including reduc-
ing fracture incidences by increasing bone density and 
preventing bone metastases from malignancies [10, 11]. 
However, as the number of patients receiving these drugs 
increases, the prevalence of MRONJ is also increasing [3, 
12]. In the literature, the incidence of MRONJ has been 
reported to be 0.4–21%, depending on the drug admin-
istration route, dosage, and type [12–16]. MRONJ can 
cause significant pain as well as and loss of aesthetics and 
function if not treated properly. However, its diagnosis 
still relies on detailed intraoral examinations and imaging 
(orthopantomography and cone beam computed tomog-
raphy). Prognosis varies even among patients with simi-
lar stages or conditions of MRONJ emphasizing the need 
for a deeper understanding of its complex mechanisms.

The pathogenesis of MRONJ remains unclear. 
Although various etiological markers have been sug-
gested, they remain controversial. As such, there has 
been a lack of clear models to explain MRONJ, and 
the factors involved in its pathogenesis have only been 
hypothesized. Among these, it has been suggested that 
oral bacteria found in the bones may play a vital role in 
MRONJ pathophysiology [17] and reports that 82.18% 
of Actinomyces were detected in the infected bones of 
patients with MRONJ support an infectious etiology [18, 
19]. Furthermore, although healthy maxillary and man-
dibular tissues are known to be resistant to oral bacte-
rial flora, patients taking antiresorptive or antiangiogenic 
agents are vulnerable to bone infections and may develop 
MRONJ due to opportunistic infections involving bacte-
ria and other microbes [20]. Moreover, local infections 
can lower the natural pH of the alveolar bone. Similarly, 
inappropriate surgery or prosthetic treatment may dis-
rupt homeostasis and lead to pH changes that delay soft 
tissue healing, potentially affecting MRONJ development 
[21–23]. Although microbes such as fungi, viruses, and 
bacteria have been detected in exposed bones via histo-
logical examination of clinical specimens [24–27], it is 

still unclear whether specific oral microbes are associ-
ated with MRONJ pathophysiology [28]. To elucidate 
the pathogenesis of MRONJ and its associated metabolic 
processes, it is necessary to identify the specific microbial 
species involved [17, 18, 29].

The human microbiome has become the background 
of ecological theory [30], and is known to have a crucial 
function in metabolic processes, nutrition, homeosta-
sis, defense against harmful infections, and even genetic 
influences [31–33]. Therefore, it is expected that under-
standing the oral microbiome may help to identify eti-
ology of MRONJ. Previous culture-based studies have 
limitations, leading to a growing interest in exploring 
the oral microbiome using next-generation sequencing 
(NGS) techniques.

Thus, this study aimed to identify the oral microbi-
ome in patients with MRONJ using an NGS-based 16S 
metagenomic analysis. We hypothesized differences 
in microbial communities between affected and unaf-
fected oral mucosa areas in these patients. By analyzing 
the composition and enumeration of these communities, 
and by comparing their diversity, we aim to understand 
the ecological change and their implications in MRONJ 
pathogenesis.

Materials and methods
Study sample
Patients diagnosed with MRONJ at the Department of 
Oral and Maxillofacial Surgery, Yonsei University Dental 
Hospital (2021–2022), were recruited for this study. After 
thoroughly explaining the study details, written consent 
was obtained from each participant. The study adhered 
to the Declaration of Helsinki and received approval 
from the Yonsei University Dental Hospital’s Institutional 
Review Board (IRB No. 2–2022-0001).

Individuals who underwent clinical examination upon 
visiting the hospital, met the 2022 American Associa-
tion of Oral and Maxillofacial Surgeons (AAOMS) diag-
nostic criteria for MRONJ, and had never been treated 
surgically or with antibiotic therapy, were included. The 
AAOMS diagnostic criteria were as follows:

(1)	 Current or previous treatment with antiresorp-
tive therapy alone or in combination with immune 
modulators or antiangiogenic medications.

(2)	 Exposed bone or bone that can be probed through 
an intraoral or extraoral fistula(e) in the maxillofa-
cial region that has persisted for more than 8 weeks.

(3)	 No history of radiation therapy or metastatic dis-
ease to the jaws.

Exclusion criteria were as follows:
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(1)	 Non-compliance with AAOMS criteria.
(2)	 Declining participation or inability to understand 

the consent form.
(3)	 Bilaterally affected jaw preventing contralateral 

sample collection.
(4)	 Recent surgery or antibiotic therapy (within 

6 months).
(5)	 Systemic conditions potentially affecting bacterial 

distribution (e.g., bacteremia, endocarditis, autoim-
mune diseases).

(6)	 Active cancer or cancer diagnosis within the last 
3 years, and those with xerostomia, or reduced sali-
vary gland function.

(7)	 Oral disease like mucositis or gastrointestinal con-
ditions like reflux esophagitis, potentially altering 
oral microbial community.

Data collection methods
Figure  1 illustrates a schematic flowchart depicting the 
patient selection process. Data including age, sex, lesion 
location, underlying diseases, relevant medication his-
tory, and smoking/alcohol consumption status were 
collected through interviews and examinations. The 
MRONJ stage was determined by clinical examinations 
and diagnostic investigations, and radiologic examination 
confirmed the extent of the lesion.

Considering that the saliva secretion rate can affect 
the microbial environment of the oral cavity and var-
ies among individuals and within the same individual 
depending on the situation and timing [34], samples were 

collected uniformly using the same method. Patients 
were advised not to drink, smoke, or take antibiotics 
1 week before sample collection. They were also exam-
ined to ensure they had no oral or severe systemic dis-
eases. On the day of sample collection, the patients were 
asked to refrain from eating and drinking for 1 hour 
before sampling.

This study utilized a split-mouth design in which each 
patient served as both an experimental and control par-
ticipant. The affected area of the jaw was targeted in the 
experimental group. Before any surgical intervention, the 
oral submucosal tissues and exudate around the lesion in 
the oral cavity were sampled using an OMNIgene OMR-
110 kit (DNA Genotek Ottawa, Canada). First, saliva was 
removed by gently gargling with warm water and then 
air-dried to avoid disturbing the sampling site. Samples 
were obtained from the deepest part of the oral submu-
cosal tissues and exudate around the lesion by swabbing 
for 30 seconds (Fig.  2). The unaffected contralateral jaw 
was included in the control group. Asymptomatic and 
normal oral mucosal tissues contralateral to the affected 
side were sampled in a similar manner. Sterile swabs were 
opened immediately before sample collection. Special 
care was taken to avoid contact with and contamination 
from other parts of the oral cavity. This sample collec-
tion procedure did not cause any pain or discomfort to 
the patients and was performed without local anesthesia. 
Clinical examinations and sampling of enrolled patients 
were performed only by Dr. JYK to reduce inter-investi-
gator bias.

Fig. 1  Study design flowchart. DNA, deoxyribonucleic acid; MRONJ, medication-related osteonecrosis of the jaw; PCR, polymerase chain reaction; 
QC, quality control
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The collection protocol followed the oral sample col-
lection procedure described in the Human Microbiome 
Project 1 [35]. The collected samples were assigned codes 
and anonymized before being stored in a refrigerator 
(− 20 to − 30 °C), with deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) integrity maintained for 4 weeks 
at a normal room temperature range (21 to 27 °C). Sam-
ples were sent to the analysis institution within 2 weeks.

Sample preparation  The entire genomic DNA of 
the microorganisms collected from each sample was 
extracted using the DNeasy® PowerSoil® kit (Qiagen, 
Hilden, Germany), and the experiment was conducted 
according to the protocol of the DNA extraction kit. The 
samples were placed in a tube and homogenized with the 
solution for 10 minutes, and the homogenized superna-
tant was transferred to a 2 mL tube and centrifuged four 
times with the solution. The DNA extracted through this 
process was transferred to deionized water and stored 
at − 20 °C. The quality of the extracted microbial gDNA 
was examined using the equipment and stored at 4 °C for 
the next experiment. Quantification was then performed 
using Quant-IT PicoGreen (Invitrogen, Carlsbad, CA, 
USA).

Polymerase chain reaction amplification and sequenc-
ing  Sequencing of each 16S rRNA gene was performed 
according to Illumina 16S V3-V4 Metagenomic Sequenc-
ing Library protocols (Illumina, San Diego, CA, USA). 
This study targeted the V3–V4 hypervariable region of 
the 16S rRNA gene for metagenomic sequencing, which 
was performed according to the National Institutes of 
Health Human Microbiome Project protocol.

Polymerase chain reaction (PCR) amplification of the 
region was performed as follows: 2 ng of input gDNA 
was amplified with 5x reaction buffer, 1 mM dNTP mix, 
and 500 nM each of the universal F/R PCR primers and 

Herculase II fusion DNA polymerase (Agilent Technolo-
gies, Santa Clara, CA, USA). The cycle condition for 
the first PCR was 3 min at 95 °C for heat activation and 
25 cycles of 30 sec at 95 °C, 30 sec at 55 °C, and 30 sec at 
72 °C, followed by a 5-min final extension at 72 °C.

The universal primer pairs and Illumina adapter over-
hang sequences used for the first amplification were 
as follows: The initial PCR product was purified using 
AMPure beads (AgenCourt Biosciences, Beverly, MA, 
USA). Following purification, 2 μL of the first PCR prod-
uct was amplified for final library construction using the 
Nextera XT Indexed Primer. The cycle conditions for the 
second PCR were the same as those for the first PCR, 
except for the 10 cycles. The PCR products were puri-
fied using AMPure beads. The final purified product was 
quantified using quantitative PCR according to Quantifi-
cation Protocol Guide (KAPA Library Quantification kits 
for Illumina Sequencing platforms) and a TapeStation 
D1000 ScreenTape (Agilent Technologies, Waldbronn, 
Germany). Paired-end (2 × 300 bp) sequencing was per-
formed by Macrogen using a MiSeq platform (Illumina, 
San Diego, CA, USA).

Data analysis

Microbiome sequencing analysis  After sequencing, 
the Illumina MiSeq Raw data were sorted by sample 
and paired-end FASTQ files were generated. The Cuta-
dapt (v3.2) program was used in the pre-processing step 
to remove the sequencing adapter sequences and F/R 
primer sequences of the target gene region, followed 
by cutting the forward sequence (Read1) and reverse 
sequence (Read2) to 250 bp and 200 bp, respectively. 
The Divisive Amplicon Denoising Algorithm 2 (DADA2 
v1.18.0) package in R (v4.0.3) was used to correct for 
errors in the amplicon sequencing process. Sequences 
with two or more expected errors were excluded from 

Fig. 2  Schematic diagram of the affected area within the oral cavity. Samples were collected from the submucosal area
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paired-end reads. After completing the pre-processing 
step, an error model was established for each batch of 
data and the noise for each sample was removed.

After assembling error-corrected paired-end sequences 
into a single sequence, the DADA2 consensus method 
was used to remove chimera sequences and form ampli-
con sequence variants (ASVs). Additionally, to compare 
the microbial communities, the QIIME (v1.9) program 
was used to normalize the data by subsampling based on 
the read count of the sample with the minimum num-
ber of reads among all samples [36]. Each ASV sequence 
was subjected to a BLAST+ search against the refer-
ence database (DB) (NCBI 16S Microbial DB) to assign 
taxonomic information to the subject organism with the 
highest similarity. However, if the query coverage of the 
best hit matching the DB or the identity of the matched 
region was less than 85%, taxonomic information was not 
assigned. This workflow is illustrated in Fig. 3.

Statistical analysis  SPSS version 22 (IBM Corp., 
Armonk, NY, USA) was used for the statistical analyses 
of the clinical data, and a P-value of less than 0.05 was 
considered statistically significant. An operational taxo-
nomic unit clustering analysis, a taxonomic profiling to 
identify specific bacteria, and alpha and beta diversity 
analyses were conducted. Data and statistical analysis 
throughout the experimental process were performed by 
Dr. HYK to minimize error.

Results
Study sample
A total of 14 patients were eligible, and 12 patients were 
eventually included.

Participant characteristics
The participants’ characteristics are presented in Table 1. 
The mean age was 82.67 ± 5.73 (range, 72–90) years. Of 
the 12 subjects, 11 had osteoporosis and 1 had multiple 
myeloma. Regarding the MRONJ stage at the time of the 
hospital visit, 9 patients had stage II and three had stage 
III. The MRONJ site was the lower jaw in 9 patients and 

the upper jaw in three patients. The presumed trigger 
factors were tooth extraction in eight patients, periodon-
titis in three, and implantation in one. None of the 12 
participants smoked or consumed alcohol. The microbi-
ome profile of each participant was analyzed.

Microbial community diversity analysis
The taxonomic identification of the two groups is pre-
sented in Supplementary Table  1. The mean number of 
reads found in the collected samples was 92,638 ± 20,844 
(range, 56,192–153,731). The mean number of reads used 
for analysis through filtering was 62,761 ± 16,817 (range, 
29,510–97,604), and an ASV mean of 201 ± 98.2 (range, 
85–549) was used for the analysis.

Differences in bacterial phyla, genera, and species 
between groups (microbial taxonomy)
Oral microbiome analysis at the phylum level
The relative abundances between the two groups were 
compared to identify compositional differences in the 
oral microbiome (Table 2). A total of 18 were identified at 
the phylum level, with Firmicutes, Bacteroidetes, Proteo-
bacteria, Actinobacteria, Fusobacteria, Spirochaetes, and 
Synergistetes accounting for over 90% (Fig. 4).

Notably, Cyanobacteria had significantly higher abun-
dance in the unaffected group than in the affected group. 
Although differences in other microbiome composition 
were observed between the two groups, these findings 
were not statistically significant (Fig. 5).

Oral microbiome analysis at the genus level
In total, 394 taxa were included in the genus analysis. 
Among these, 20 taxa were identified at the genus level 
(Table 3). Taxa with an average abundance value < 1% in 
the entire sample were labelled as “other” (Fig. 6).

Prevotella, Streptococcus, Porphyromonas, and Fuso-
bacterium were predominant in all samples. In addi-
tion, Neisseria and Rothia were detected at high levels 
in the unaffected group, but this was not statistically 
significant. There was a significant difference in the com-
parative analysis of relative abundance between the two 
groups. Three genera (Amniculibacterium, Neisseria, 
and Veillonella,) were identified in the unaffected group, 
reflecting a significantly higher relative abundance at the 

Fig. 3  Workflow for analyzing the microbiome derived from the 16S rRNA. The programs specified were used for the listed steps of the microbiome 
analysis QC, quality control
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genus level. In the affected group, seven genera (Anaer-
orhabdus, Bacteroides, Dialister, Ihubacter, Odoribacter, 
Pseudoramibacter, and pyramidobacter) were identified, 
reflecting a significantly high relative abundance (Fig. 7).

Oral microbiome analysis at the species level
In total, 720 taxa were included in the species analysis. 
Of these, 23 taxa were identified to the species level. Taxa 

with an average abundance value of less than 1% in the 
entire sample were labelled as “other” (Supplementary 
Fig. 1).

Streptococcus oralis, Porphyromonas gingivalis, Prevo-
tella intermedia, and Fusobacterium nucleatum were 
predominant in all samples. There was a significant dif-
ference in the comparative analysis of relative abundance 
between the two groups. Seven species with significantly 
high relative abundances in the unaffected group were 
identified at the species level. In contrast, eight species 
with significantly higher relative abundances were identi-
fied in the affected group (Supplementary Fig. 2).

Discussion
MRONJ is rare condition, posing challenges in diag-
nosis and treatment selection. Since a variety of factors 
are reported to cause the same or similar symptoms as 
MRONJ in patients who have not been exposed to drugs 
known to cause MRONJ, it is challenging to prove a 
causal relationship [37–51]. Furthermore, many patients 
taking medications associated with MRONJ often pre-
sent with other comorbidities that may aggravate, mod-
ify, or contribute to MRONJ. These confounding factors 

Table 1  Demographic and clinical information of the study patients

F female, IV intravenous, Lt left, M male, Mn mandible, Mx maxilla, PO per oral, Rt right, SC subcutaneous

Patient Age/Sex Underlying Disease(s) Drug Type and Duration Stage/Location Trigger Factor

1 85/F Hypertension, osteoporosis PO, risedronate 2017–2021 II/Mn Rt Extraction

2 83/F Hypertension, diabetes, osteoporosis PO, ibandronate
2010–2020;
SC, denosumab
2020–2021

II/Mn Rt Extraction

3 81/F Multiple myeloma IV, zoledronic Acid 2020–2021 III/Mx Rt Periodontitis

4 90/F Osteoporosis PO, ibandronate
2000–2010;
IV, ibandronate
2011–2021

II/Mn Rt Extraction

5 83/F Hypertension, osteoporosis PO, ibandronate
2016–2019;
IV, ibandronate
2019 ~ 2021

II/Mx Rt Extraction

6 80/F Hypertension, diabetes, osteoporosis PO, alendronate 2017–2022 II/Mn Rt Implantation

7 88/F Hypertension, osteoporosis PO, alendronate 2016 ~ 2021 II/Mn Rt Periodontitis

8 86/F Hypertension, angina, osteoporosis IV, pamidronate 2013–2022 II/Mn Lt Extraction

9 87/F Arrhythmia, osteoporosis PO, ibandronate 2011–2013;
PO, risedronate 2013–2018;
PO, ibandronate 2019–2020;
SC, denosumab
2021–2022

II/Mn Lt Extraction

10 72/F Osteoporosis IV, zoledronate 2017–2021 II/Mn Lt Extraction

11 72/F Osteoporosis SC, denosumab
2020–2022

III/Mx Lt Periodontitis

12 85/F Osteoporosis IV, pamidronate
2017–2021

III/Mn Rt Extraction

Table 2  Types and relative abundance of major microbiomes 
observed at the phylum level in both the groups

Group

Microbiome Unaffected Affected

Firmicutes 37.3% 32.2%

Bacteroidetes 24.4% 35.7%

Proteobacteria 15.3% 8.5%

Actinobacteria 12.0% 9.0%

Fusobacteria 6.7% 6.5%

Spirochaetes 1.8% 3.8%

Synergistetes 0.8% 2.5%

Other 1.7% 1.8%



Page 7 of 13Kim et al. BMC Oral Health          (2024) 24:160 	

are complex and variable, making it difficult to determine 
the incidence and prevalence of MRONJ.

Recent hypotheses suggest infection as a potential 
cause of MRONJ, underscoring the importance of under-
standing the oral microbiome in identifying the etiol-
ogy of MRONJ [17, 18, 29]. Traditional culture-based 
methods have limitations in exploring its etiology, which 
have led to an increased use of NGS in oral microbiome 

studies. Unlike conventional microbial culture tests, 
NGS is a culture-independent method that uses 16S 
rRNA gene sequencing. This technology has enabled the 

Fig. 4  Oral microbiome analysis at the phylum level. A, affected group; N, unaffected group

Fig. 5  Oral microbiome comparison at the phylum level 
between the two groups. The yellow and blue boxes represent 
the unaffected and affected groups, respectively; the Y-axis shows 
their relative abundance as a percentage

Table 3  Type and relative abundance of major microbiomes 
observed at the genius level in both the groups

a Significant difference between the two groups, babundant microbial taxa in 
both the groups

Group

Microbiome Unaffected Affected

Prevotella b 11.8% 20.5%

Streptococcus b 20.6% 11.8%

Porphyromonas b 7.0% 8.9%

Fusobacterium b 5.5% 5.8%

Neisseriaa 9.5% 3.0%

Rothia 8.2% 2.3%

Veillonellaa 2.8% 1.2%

Capnocytophaga 2.1% 1.8%

Treponema 1.8% 3.8%

Selenomonas 0.7% 2.0%

Campylobacter 1.0% 1.0%

Haemophilus 2.4% 0.9%

Parvimonas 1.4% 1.3%

Gemella 3.3% 0.4%

Alloprevotella 1.3% 1.0%

Filifactor 0.9% 1.9%

Peptostreptococcus 0.8% 1.8%

Olsenella 0.2% 2.4%

Ligilactobacillus 0.2% 1.9%

Dialistera 0.3% 1.7%

Other 18.2% 24.6%
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discovery of previously unidentified strains, allowing for 
more in-depth research. In this study, samples were col-
lected from the affected and unaffected sides of patients 
with MRONJ to evaluate their characteristics through 
oral microbiome analysis.

Our study’s microbiome taxonomy results can be sum-
marized as follows:

1.	 At the phylum level, the affected group showed a 
significantly lower presence of Cyanobacteria, while 
Proteobacteria, were lower and Bacteroidetes were 
more abundant, although difference was not statisti-
cally significant. Bacteroidetes are known to express 
exoenzymes and adhesion factors that can potentially 
delay wound healing or cause tissue damage, thereby 
contributing to early disease recurrence or impaired 
healing in conservative treatment approaches [52–
54]. Additionally, one study reported an increase in 
Bacteroidetes with decreasing body weight in mice 
[55]. Considering these factors along with the current 
experimental results, targeting Bacteroidetes inhibi-
tion could potentially slow disease progression or 
assist in treatment. Additionally, providing sufficient 
nutritional support to patients to prevent weight loss 
during treatment may indirectly aid healing and pre-
vent recurrence.

2.	 At the genus level, a combination of gram-positive 
and gram-negative bacteria were abundant. Prevo-
tella, Porphyromonas, Fusobacterium and Streptococ-
cus were predominant in all samples, with Prevotella 

and Porphyromonas showing a higher prevalence in 
the affected group, although the difference was not 
statistically significant. Prevotella, similar to Bacte-
riodetes, is known to potentially delay wound healing 
or cause tissue damage and is one of several species 
that can contribute to periodontitis development 
[52–54, 56]. Additionally, Porphyromonas gingivalis 
can cause high levels of bone resorption and associ-
ated destructive periodontitis [57, 58]. Fusobacte-
rium, a gram-negative bacterium, forms colonies in 
supragingival and subgingival dental plaque and acts 
as a bridge connecting early and late microbial colo-
nies in the pathogenesis of periodontal disease [59, 
60]. In addition, streptococci are commonly found 
in periodontal disease and MRONJ lesions [61–65]; 
saccharolytic bacteria, including streptococci, cre-
ate an acidic environment that can hinder wound 
healing [64]. Furthermore, Streptococcus is known 
to engage in intra- and inter-generic co-aggregation 
with other microorganisms such as Actinomyces 
spp., Capnocytophaga spp., Eikenella spp., Prevotella 
spp., and Veillonella spp. to form initial colonies [25]. 
Given the findings of this study, it is speculated that 
the oral cavity contains various microorganisms that 
can cause periodontitis, and their complex interac-
tions, co-aggregation, and opportunistic infections 
can potentially influence the development and pro-
gression of MRONJ. Therefore, the regulation of 
these bacteria may be significant for MRONJ treat-
ment. Indeed, regarding Prevotella, experiments have 

Fig. 6  Oral microbiome analysis at the genus level. A, affected group; N, unaffected group
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Fig. 7  Oral microbiome comparison at the genus level between the two groups. Three genera reflect significantly higher relative abundances 
in the control group at the genus level. Seven genera are identified, reflecting significantly higher relative abundances in the experimental group
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demonstrated that inhibiting this organism and acti-
vating Lactobacillus leads to increased production 
of inflammatory cytokines and a preventive effect 
against osteoradionecrosis [66].

3.	 In the affected group, Synergistetes was prominently 
present at the phylum level, Pyramidobacter was 
abundant at the genus level, and Dialister pneumosi-
netes, Dialister ivisus, and Pseudoramibacter ala-
tolyticus were prevalent at the species level. These 
microorganisms are known to be associated with 
periapical infection and periodontal disease [26, 64, 
67, 68]. Thus, the presence of these bacteria, which 
can cause periapical and periodontal infections, can 
potentially lead to MRONJ or exacerbate the condi-
tion in affected patients.

4.	 In this study, Actinomyces was lower in the affected 
group, although the difference was not statistically 
significant. Many studies have reported the pres-
ence of Actinomyces, which are known to adhere to 
the exposed bone in the oral cavity, form clusters, 
and create an anaerobic and acidic environment in 
nearby areas, thus interfering with the clustering of 
other bacterial groups and protecting against antibi-
otics and other local defense mechanisms [69]. Actin-
omyces spp. are associated with opportunistic infec-
tions; when they enter the submucosal space, they 
fight for survival [63, 70]. Therefore, the results may 
vary depending on the method or location of sam-
ple collection, the collection method, or the patient 
population. When analyzing the surrounding submu-
cosal area to observe the microbiome, the abundance 
of Actinomyces may appear to be lower, as observed 
in our study. This finding aligns with Wei et al. (2012) 
[64], who reported a similar low abundance of Actin-
omyces. Conversely, Zirk et  al. (2019) [69] found a 
low abundance of Actinomyces in bone samples but 
a higher abundance in the submucosal area [69]. To 
utilize this information clinically, standardization, 

including consistent sample collection methods and 
sites, is necessary.

Table 4 compares the findings of several previous stud-
ies, and clearly indicates that different microorganisms 
were identified in each study.

However, the specific microorganisms that contribute 
to MRONJ remain unclear. Since Antony van Leeuwen-
hoek’s discovery of bacteria in the oral cavity in 1680, 
over 700 species of oral microorganisms, including bac-
teria, fungi, and viruses, have been identified in the teeth 
and oral mucosa [73, 74]. Even within a healthy oral cav-
ity, a diverse range of microorganisms exist, with more 
than 200 of these 700 species remaining uncultured, 
highlighting the complexity of the oral ecosystem.

The oral microbiome shows considerable variation 
between individuals and within different regions of the 
same mouth. Various microbial strains are present on 
oral surfaces such as the tongue, cheeks, tonsils, and 
teeth; these microbes are constantly exposed to and adapt 
to changing physical conditions like temperature, humid-
ity, masticatory force, and levels of nutrients and oxygen 
[32, 75, 76]. Furthermore, the microbial community at an 
infection site can greatly vary depending on the disease 
stage, leading to challenges in pinpointing the specific 
microorganisms that cause diseases such as MRONJ.

When selecting a control group, samples collected 
from a healthy person may lead to variables that cannot 
be controlled, such as patient’s general condition, envi-
ronment, and diet [77–79]. To address this, our study 
employed a split-mouth design to elucidate the microbi-
ome clustered around the lesion and control for some of 
the variables. This approach allowed us to compare the 
affected and unaffected sides in patients with MRONJ; 
using 16S rRNA metagenomics, we were able to iden-
tify a greater number of microorganisms comparing to 
using culture-based methods alone. However, it could 
not provide information about the presence, quantity, 

Table 4  Microorganisms reported in previous studies related to MRONJ

BRONJ bisphosphonate-related osteonecrosis of jaw

Authors, Date Microorganisms

[64] Pseudoramibacter alactolyticus and Streptococcus mitis were predominant in the BRONJ group (phyla). Pseudoramibacter alactolyticus, S. 
mitis, Atopobium sp. Mogibacterium timidum, and Bacteroidetes bacterium were predominant in the BRONJ group (species).

[25] Parvimonas micra, Streptococcus anginosus, Atopobium rimae, Peptostreptococcus stomatis and Eubacterium were predominant 
in the BRONJ lesion.

[71] Streptococcus mutans, Staphylococcus aureus and Pseudomonas aeruginosa

[72] Actinomyces spp., Capnocytophaga sp., Neisseria sp., and other aerobes and anaerobes.

[61] Actinomyces spp.

[69] Streptococcus spp., Prevotella spp., and Actinomyces spp. in osteonecrosis bone and concomitant soft tissue and submucosal infection 
area.
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and function of specific taxa in the microbial community, 
resulting in discrepancies in microbial abundance and 
composition compared to previous studies.

Despite the limited sample size, our findings dem-
onstrated the presence of diverse and unique bacterial 
communities in MRONJ, raising intriguing questions 
regarding the role of oral bacteria in MRONJ pathogen-
esis. However, it should be noted that the use of genetic 
amplification methods can introduce biases and poten-
tially overestimate diversity, especially in cases where a 
few dominant species are present, which limits the abil-
ity to reveal the full extent of species diversity. Although 
we tried to avoid influencing the microbiome between 
groups as much as possible by using a split-mouth design, 
we still could not rule out an influence on our results, 
and the small sample size did not allow us to analyze 
the potential risk factors influencing MRONJ develop-
ment or conduct comparative analyses based on MRONJ 
stages. Furthermore, our patient population was limited 
to Koreans in the Republic of Korea; therefore, regional 
and ethnic differences might have been present.

As a preliminary study, future studies should aim to 
include a larger number of samples for more robust 
results. Additionally, implementing propensity score 
matching with a healthy group will provide a more 
accurate comparison. Furthermore, we are consider-
ing collaboration with multiple institutions to facilitate 
a comparative analysis between different ethnic groups. 
These steps will help not only in addressing the limi-
tations of the current study but also in expanding our 
understanding of the subject matter.

Conclusions
The results obtained from the samples collected from the 
affected and unaffected sides of patients with MRONJ 
suggest that MRONJ is less likely to be attributed to a 
specific microorganism. Instead, it appears to be asso-
ciated with factors disrupting oral homeostasis, such as 
periodontitis or periapical infections. These findings, 
when addressed in large-scale studies, can provide fur-
ther insights into the role of the oral microbiome in the 
pathogenesis of MRONJ. This understanding may pave 
the way for the development of more effective therapeu-
tic interventions for patients with MRONJ.
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