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Abstract
Purpose  The association between the tumor subsites of the oral cavity and the risk of osteoradionecrosis of the jaw (ORNJ) 
remains unclear. We study the correlation between oral cavity tumor subsites and the risk of ORNJ in a nationwide popu-
lation-based database.
Methods  We enrolled 16,701 adult patients with oral cavity cancers who were treated with radiotherapy between 2000 and 
2013. The subsites of the oral tumor, treatments of oral cavity cancers, and the timing of tooth extraction were examined for 
their association with ORNJ in oral cancer patients.
Results  903 patients (5.40%) developed ORNJ. Of the relevant variables, pre-RT mandible surgery, tooth extraction either 
before or after RT, and tumor sites were associated with the risk of ORNJ. The adjusted HRs for ORNJ in the mouth 
floor, gums, retromolar, and buccal cancer were 2.056 (1.490–2.837), 1.909 (1.552–2.349), 1.683 (1.105–2.562), and 1.303 
(1.111–1.528), respectively, compared with the risk of tongue cancer. There was no significant difference in the risk of ORNJ 
between the pre-RT extraction group, the during-RT extraction group, and the post-RT extraction (less than 6 months) group; 
the post-RT extraction (more than 6 months) group had a significantly higher risk of ORNJ.
Conclusions  This study demonstrated that oral cavity tumor subsite is an independent risk factor of ORNJ after RT. Post-RT 
extraction (less than 6 months) group did not carry a significantly higher risk of ORNJ compared with pre-RT extraction 
group or during RT extraction group.
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Introduction

Radiation therapy (RT) and surgery are established treat-
ments for head and neck cancer (HNC). The methods are 
effective for local and regional disease control, but head-
and-neck RT can have acute complications, such as mucosi-
tis, thickened secretions, mucosal infections, pain, and 
sensory disruptions. Furthermore, it can also have chronic 
effects, including tissue fibrosis, salivary gland dysfunction, 
increased susceptibility to mucosal infections, neuropathic 
pain, sensory disorders, increased susceptibility to dental 
caries and periodontal disease, and even osteoradionecrosis 
(ORN) [1].

Osteoradionecrosis is considered to be the most severe 
sequela of radiotherapy, and the total incidence of risk 
reported for osteoradionecrosis of the jaw (ORNJ) ranges 
from 5 to 15% [2]. Possible mechanisms of ORNJ after radi-
otherapy include a loss of osteoblasts relative to osteoclasts, 
vascular compromise, hypoxia, hypocellular change, and 
fibrosis [3, 4]. Osteoradionecrosis is defined by the presence 
of an area of exposed, devitalized, irradiated bone that fails 
to heal within 3–6 months in the absence of local neoplastic 
disease [4–6]. It can occur as a slowly progressing process 
or as an active progressive state that eventually leads to a 
pathologic fracture [7].

Many studies have explored the factors related to the risk 
of ORNJ in HNC patients. Some of these studies have shown 
that tumors located in the oral cavity are associated with a 
higher risk of ORNJ [2, 8]. Oral cavity cancer is the most 
common form of HNC, and since 1995, it has had the fourth 
highest incidence and mortality among cancers in males in 
Taiwan [9]. In a recent study, Wang et al. focused on the risk 
factors of ORNJ in HNC patients and revealed that buccal 
cancer is associated with the highest risk of ORNJ [2]. In 
that study, the oral cavity tumors were grouped according 
to the site into buccal cancers and non-buccal cancers. A 
correlation was not demonstrated between other tumor sites 
in the oral cavity and ORNJ.

Better understanding of the impact of tumor sites in the 
oral cavities of cancer patients would help to establish more 
effective approaches to improve patient outcomes. The pur-
pose of this national cohort study was to investigate the risk 
factors of ORNJ in patients with oral cavity cancer. Further-
more, correlations between tumor sites in the oral cavity and 
the risk of ORNJ were also assessed.

Materials and methods

Ethical considerations

This study was carried out using the National Health Insur-
ance Research Database (NHIRD). The NHIRD comprises 
de-identified data, and the study was performed using ret-
rospective data, so no informed consent was requested from 
the patients. Kaohsiung Veterans General Hospital provided 
ethical approval to carry out the study within its facilities 
(VGHKS15-EM10-02).

Data source and population

This nationwide, population-based, retrospective study 
examined data collected in 2000–2013 in Taiwan in the 
NHIRD. The prevalence of national health insurance in Tai-
wan is high (up to 99%) [10]. We identified all patients who 
were 20 years old or more and diagnosed with oral cavity 
cancer (ICD-9-CM codes: 140.0–140.9, 141.1–141.9, 143.0, 
143.1, 143.8, 143.9, 144.0, 144.1, 144.8, 144.9, 145.0, 
145.1, and 145.9). ORNJ was defined as the exposed irradi-
ated bone that had failed to heal over a period of 3 months 
in the absence of a local tumor [10]. Therefore, ORNJ cases 
were excluded from the analysis if they occurred within 
fewer than 3 months from the first day of RT.

The inclusion criteria included: (1) the presence of oral 
cavity cancer, (2) age of at least 20 years, (3) the receipt of 
a complete course of RT for oral cavity cancer (defined as 
a total dosage ≥ 60 Gy), and (4) longitudinal follow-up for 
more than one year after the first day of radiotherapy. The 
exclusion criteria were: (1) patients with missing or incom-
plete data, (2) patients who died within 1 year of the first 
day of radiotherapy, (3) patients who received head and neck 
radiotherapy procedures (codes 36012B or 36011B) fewer 
than 100 times in 75 days since the first day of RT, and (4) 
patients with a history of cancer.

ORNJ risk factor analysis

The outcome of interest in this study was the ORNJ inci-
dence associated with different subsites of oral cavity can-
cers. Thus, we divided the enrolled patients into six groups 
according to tumor subsite: the lips, tongue, gums, mouth 
floor, buccal area, and retromolar trigone. We collected 
demographic data and information about major comor-
bidities, cancer treatments, and dental treatments that could 
potentially be associated with ORNJ risk. We defined the 
first day of RT as the index day.

The confounding factors examined included age, gender, 
chemotherapy (occurring within 6 months of the index day, 
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during RT, or within 6 months of the end of RT with cispl-
atin or 5-FU),  pre-RT mandible surgery (within 3 months of 
the index day), underlying disease (diabetes mellitus (DM), 
hypertension, or cerebrovascular accident), socioeconomic 
status, hospital type (medical center, regional hospital, or 
other), and the timing of the dental extraction (before, dur-
ing, or after RT). Intensity-modulated radiation therapy 
(IMRT) has rapidly replaced conventional RT and three-
dimensional conformal RT since 2009 in Taiwan [11, 12]. 
Thus, the enrolled patients were also grouped according to 
whether they received RT before or after 2009 to evaluate 
the impact of the RT modality on the development of ORN.

Statistical analysis

All of the demographic and clinical characteristics are 
expressed as the means ± standard deviations (SD) or num-
bers (percentages) as appropriate. Independent t-tests and 
Pearson’s chi-squared tests were used to determine the 

statistical differences between groups for continuous and 
discrete variables, respectively. A subdistribution hazard 
function was used for a competing risk analysis using ORNJ 
(the outcome of interest) and death (competing outcome) 
as events. A p value less than 0.05 was considered to indi-
cate a statistically significant difference. We performed data 
processing and statistical analyses using PASW (version 20, 
IBM SPSS, Inc., Chicago, IL, USA).

Results

Table 1 shows the demographic and clinical data of the study 
population. A total of 16,701 patients were included in the 
study, including 903 (5.40%) that had ORNJ and 15,798 
(94.6%) that did not. The mean ages of the cohorts were 
51.9 and 53.0 years for patients with and without ORNJ, 
respectively (p = 0.03).

Table 1   Demographic and 
clinical characteristics of study 
patients according to ORNJ

ORNJ osteoradionecrosis of jaw, RT Radiotherapy, DM diabetes mellitus, CVA cerebrovascular accident, 
SES socioeconomic status

Variable ORNJ (n = 903) Non-ORNJ (n = 15,798) p value

Age (Median [range]) 51.51 (20.25–86.62) 51.91 (21.49–94.38) 0.032
Gender (Male) 852 (94.4%) 14,612 (92.5%) 0.038
Received RT year
 Before 2009 626 (69.3%) 8004 (50.7%)  < 0.001
 After 2009 277 (30.7%) 7794 (49.3%)

Lip 30 (3.3%) 496 (3.1%) 0.760
Tongue 241 (26.7%) 5668 (35.9%)  < 0.001
Gum 147 (16.3%) 1713 (10.8%)  < 0.001
Mouth floor 44 (4.9%) 468 (3.0%) 0.001
Buccal 417 (46.2%) 7088 (44.9%) 0.400
Retromolar 24 (2.7%) 365 (2.3%) 0.501
Combined chemotherapy 517 (57.3%) 10,442 (66.1%)  < 0.001
Pre-RT mandible surgery 77 (8.5%) 1045 (6.6%) 0.026
DM 170 (18.8%) 2999 (19.0%) 0.907
HTN 243 (26.9%) 5025 (31.8%) 0.002
CVA 45 (5.0%) 1059 (6.7%) 0.043
SES 0.166
 Low 273 (30.2%) 5089 (32.2%)
 Middle 393 (43.5%) 6977 (44.2%)
 High 237 (26.2%) 3732 (23.6%)

Hospital type 0.155
 Center 679 (75.2%) 11,413 (72.2%)
 Regional 216 (23.9%) 4225 (26.7%)
 Other 8 (0.9%) 160 (1.0%)

Pre-RT tooth extraction 415(46.0%) 6583(41.7%) 0.011
During RT tooth extraction 107 (11.8%) 1123 (7.1%)  < 0.001
Post-RT tooth extraction (less than half year) 110 (12.2%) 876 (5.5%)  < 0.001
Post-RT tooth extraction (more than half year) 582 (64.5%) 3522 (22.3%)  < 0.001
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Among the patients without ORNJ, 66.1% received 
chemotherapy. In the ORNJ group, 69.3% of the patients 
received RT before 2009, and 57.3% of the group received 
chemotherapy (p < 0.001). The ORNJ group had rates of 
patients who were male, pre-RT mandible surgery, pre-
RT tooth extraction, during-RT tooth extraction, and post-
RT tooth extraction (p < 0.05). The non-ORNJ group had 
higher rates of hypertension and cerebrovascular accident 

(p < 0.05). There were no significant differences between 
the two groups in terms of DM, socioeconomic status, or 
hospital type. Figure 1 reports the cumulative incidence of 
ORNJ, which peaked at 0.5–1.5 years after radiotherapy for 
most of the subsites of oral cavity cancer.

The univariate analysis revealed that the risk factors 
of ORNJ included receiving RT before 2009, tumor sub-
sites other than the tongue, pre-RT mandible surgery, 

Fig. 1   The incidence of ORNJ peaked from 0.5–1.5 years after radiotherapy in most of the subsites of oral cavity cancer
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and tooth extraction (Table 2). The multivariate analysis 
with Cox regression showed that the variables validated 
as independent risk factors of ORNJ were gum cancer 
(adjusted hazard ratio (aHR): 1.909, 95% confidence 
interval (CI): 1.552–2.349), mouth floor cancer (aHR 
2.056, 95% CI 1.490–2.837), buccal cancer (aHR 1.303, 
95% CI 1.111–1.528), retromolar cancer (aHR 1.683, 95% 
CI 1.105–2.562), pre-RT mandible surgery (aHR 1.290, 
95% CI 1.018–1.634), pre-RT tooth extraction (aHR 
1.168, 95% CI 1.021–1.336), tooth extraction during RT 
(aHR 1.570, 95% CI 1.279–1.928), post-RT tooth extrac-
tion within 6 months after completing RT (aHR 1.741, 
95% CI 1.425–2.127), and post-RT tooth extraction at 
least 6 months after completing  RT (aHR 4.788, 95% CI 
4.173–5.494) (Table 2). Figure 2 shows the competing risk 
survival function for ORN for the six types of cancers. We 
noted that lip cancer and tongue cancer had a lower risk 
of ORNJ than other types of oral cavity cancers, such as 

buccal cancer, gum cancer, retromolar cancer, and mouth 
floor cancer.

Discussion

In this study, we determine the tumor subsites associated 
with a risk of ORNJ in oral cavity cancer patients treated 
with RT. This nationwide population-based cohort study 
examined 13 years of data. We noted that pre-RT mandi-
ble surgery and tooth extraction either before or after RT 
were associated with an increased risk of developing ORNJ. 
These findings have important clinical implications. Clini-
cally, physicians and patients should be aware of these asso-
ciations. When treating oral cavity cancer patients, clinicians 
should be alert about the sites of tumors. Treating physicians 
may consider referring a patient to a dentist for additional 
education and pre-RT dental care.

Table 2   Univariate and multivariate analysis of the risk of Osteoradionecrosis of the jaw (ORNJ)

ORNJ osteoradionecrosis of jaw, RT Radiotherapy, DM diabetes mellitus, CVA cerebrovascular accident, SES socioeconomic status

Variable Number #of ORN (%) Univariate model Multivariate model

Est. (95% C.I.) p value Est. (95% C.I.) p value

Age 0.994 (0.988–1.000) 0.037 0.145
Age (> 50) 9583 502 (5.2%) 0.982 (0.861–1.119) 0.783
Gender (Male) 15,464 852 (5.5%) 1.330 (1.003–1.764) 0.048 0.080
Received RT before 2009 8630 626 (7.3%) 1.172 (1.008–1.362) 0.038 0.912
Type of cancers
 Tongue 5909 241 (4.1%) NA  < 0.001 NA  < 0.001
 Lip 526 30 (5.7%) 1.512 (1.035–2.210) 0.033 1.360 (0.930–1.988) 0.113
 Gum 1860 147 (7.9%) 2.156 (1.756–2.647)  < 0.001 1.909 (1.552–2.349)  < 0.001
 Mouth floor 512 44 (8.6%) 2.157 (1.564–2.974)  < 0.001 2.056 (1.490–2.837)  < 0.001
 Buccal 7505 417 (5.6%) 1.351 (1.153–1.583)  < 0.001 1.303 (1.111–1.528) 0.001
 Retromolar 389 24 (6.2%) 1.686 (1.108–2.565) 0.015 1.683 (1.105–2.562) 0.015

Combined chemotherapy 10,959 517 (4.7%) 0.751 (0.658–0.857)  < 0.001 0.338
Pre-RT mandible surgery 1122 77 (6.9%) 1.407 (1.114–1.777) 0.004 1.290 (1.018–1.634) 0.035
DM 3169 170 (5.4%) 1.061 (0.898–1.254) 0.484
HTN 5268 243 (4.6%) 0.879 (0.758–1.018) 0.085
CVA 1104 45 (4.1%) 0.781 (0.579–1.054) 0.106
SES
 Low 5362 273 (5.1%)
 Middle 7370 393 (5.3%) 1.038 (0.890–1.211) 0.635
 High 3963 237 (6.0%) 1.184 (0.995–1.409) 0.057

Hospital type
 Center 12,092 679 (5.6%) 1.328 (0.661–2.666) 0.426
 Regional 4441 216 (4.9%) 1.247 (0.616–2.527) 0.539
 Other 168 8 (4.8%)

Pre-RT tooth extraction 6998 415 (5.9%) 1.320 (1.158–1.505)  < 0.001 1.168 (1.021–1.336) 0.023
During RT tooth extraction 1230 107 (8.7%) 1.603 (1.310–1.961)  < 0.001 1.570 (1.279–1.928)  < 0.001
Post-RT tooth extraction (less than half year) 986 110 (11.2%) 2.258 (1.850–2.756)  < 0.001 1.741 (1.425–2.127)  < 0.001
Post-RT tooth extraction (more than half year) 4104 582 (14.2%) 5.074 (4.427–5.815)  < 0.001 4.788 (4.173–5.494)  < 0.001
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The definition of ORNJ varies, but the most widely 
accepted definition is “a devitalized irradiated bone that fails 
to heal over a period of 3 months in the absence of local 
neoplastic disease” [13, 14]. However, residual or recurrent 
tumors can resemble ORNJ. Therefore, a diagnosis of ORNJ 
should be made after making sure that there is no evidence 
of malignancy.

The incidence of ORNJ has decreased over time in recent 
decades. Clayman et al. showed that the overall incidence 
of ORN (irrespective of dental extraction) has declined 
from 11.8% before 1968 to 5.4% [15]. A systemic review 
by Nabil and Samman reported an overall rate of ORNJ of 
2% in patients with HNC from 22 randomized control trials 
conducted between 1985 and 2010 [14]. Many factors may 
responsible for this decreasing incidence of ORNJ, such as 
the use of IMRT, antibiotics, and oral nursing [16].

Development of ORNJ

In our cohort, the incidence of ORNJ peaked at 0.5–1.5 years 
after radiotherapy. This finding is consistent with that of 
other studies, which noted that most ORNJ events occurred 
within the first 2 years of treatment [17]. However, ORNJ 
may occur decades after treatment. For example, Wang 
et al. observed that ORNJ events could develop more than 
12 years after irradiation [2]. Therefore, treating physicians 

should keep in mind that this potentially late complication 
warrants life-long attention [2].

Tumor sites and mandible surgery

Many studies have proposed that tumors in the oral cavity 
are a strong risk factor for ORNJ after radiotherapy [2, 18, 
19]. The overall incidence of ORNJ was 5.4% in our study, 
which only evaluated patients with oral cavity cancer. Tai-
wan has a high prevalence of oral cavity cancer, and many 
patients need adjuvant radiotherapy after surgery due to the 
advanced stage of the disease. Accordingly, we attempted to 
determine the association between different oral tumor sites 
and the risk of ORNJ to improve treatment outcomes and 
patients’ quality of life.

We observed that lip and tongue cancers were associated 
with a lower risk of ORNJ than other types of oral cav-
ity cancers, such as buccal cancer, gum cancer, retromolar 
cancer, and mouth floor cancer. These findings might be 
explained by the inclusion of the mandible in the field of 
radiation [16, 20]. Many studies have noted a significantly 
higher risk of ORN in patients receiving high doses of radia-
tion to the mandible [20–22]. Studer et al. suggested that 
high-dose RT to the mandible can result in severe acute 
mucositis, which can exacerbate bony exposure and lead 
to ORNJ [23]. Minimizing the percentage of mandibular 
volume exposed to 50 Gy may reduce the risk of ORN [20]. 
The data of actual dose and treatment volume to the man-
dible was not available in Taiwan national health insurance 
research database, and this was the key limitation of this 
study. Although we defined “complete RT course” as a total 
dosage ≥ 60 Gy (identified by procedure codes) to exclude 
those patients who did not receive a full course of radio-
therapy, we were not able to know the exact applied dose or 
treatment volume to the mandible. However, the large-scale 
sample size and long-term follow-up period increase the 
validity of this study. Based on the observation that differ-
ent tumor sites of oral cavity cancer carry different risks of 
ORNJ, we provided strong evidence for treating physicians 
to discuss the risks and benefits of a tooth extraction with 
oral cavity cancer patients, and the treatment plans may be 
tailored according to different tumor subsites.

Furthermore, we noted that mandible surgery is also 
an independent risk factor for ORNJ. This finding may be 
related to the fact that an aggressive surgical approach fre-
quently involves the removal of arteries, which are neces-
sary for maintaining mandibular blood flow. Therefore, this 
procedure may possibly increase the risk of ORNJ [19].

Timing of tooth extraction

There are no clear-cut guidelines for making decisions 
about pre-RT extraction or non-extraction of teeth. Teeth 

Fig. 2   The competing risk survival function for ORN for the six types 
of cancers showed that lip cancer and tongue cancer had a lower risk 
of ORNJ compared with other types of oral cavity cancers such as 
buccal cancer, gum cancer, retromolar cancer, and mouth floor cancer
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with periodontal disease, advanced decay, or signs of poor 
dental prognosis are typically extracted prior to RT. When 
removing these teeth prior to RT, the patient’s bone retains 
its normal healing capacity, which is believed to reduce the 
risk of ORN [21]. However, studies have presented conflict-
ing data [16, 18, 21]. Furthermore, variations in the time 
interval between extraction and irradiation may lead to dif-
ferent levels of risk of developing ORNJ [10].

In our study, we found that pre-RT extraction, extraction 
during RT, and post-RT extraction were all associated with 
an increased risk of ORNJ. Furthermore, post-RT extraction 
(occurring later than 6 months after the end of radiotherapy) 
was associated with a significantly higher risk of ORNJ than 
pre-RT extraction, extraction during RT, or post-RT extrac-
tion within 6 months. This result is consistent with the find-
ings of Kuo et al., which revealed that tooth extraction at 
more than half a year after radiotherapy carried a higher 
risk of ORNJ [10].

Curi et al. found that irradiation injuries affect the bone 
and surrounding soft tissues, while hypovascularity, signifi-
cant cell loss, and fibrosis began at approximately 6 months 
after radiation and progressively worsened over time [24]. 
Their histopathological findings provided evidence that 
supports our study. We also noted that although pre-RT 
extraction had the lowest adjusted HR, there was no signifi-
cant difference in the adjusted HRs among pre-RT extrac-
tion, extraction during RT, and post- RT extraction within 
6 months. These results suggest that extracting teeth within 
6 months of radiotherapy may be a better choice than wait-
ing until later.

Furthermore, this result indicates that if patients receive 
pre-RT tooth extraction, it may not be necessary to delay RT 
for pretherapeutic dental restoration and wound healing. Our 
results are consistent with those of Chang et al. from 2007. 
They explored the impact of pre-RT dental extractions and 
the risk of ORNJ and concluded that pre-RT extractions do 
not appear to reduce the risk of ORNJ in comparison with 
post-RT extractions [21].

RT modalities

Some studies have concluded that IMRT is associated with a 
lower prevalence of ORN, a better quality of life for patients, 
and better survival outcomes than three-dimensional con-
formal RT because IMRT reduces the radiation exposure of 
normal regional tissues [25, 26]. In Taiwan, conventional 
2DRT and 3D-CRT have rapidly been replaced by IMRT or 
VMAT since 2009 [11, 12]. Therefore, 2009 was defined as a 
cut-off year when analyzing the effect of the RT modality on 
ORNJ risk [11, 12]. In our study, however, RT before 2009 
was not associated with a significantly higher risk of ORNJ 
than RT after 2009. This result might be explained by the 
tumor location. All the patients in this study were diagnosed 

with oral cavity cancer. In tumors of the oral cavity, parts of 
the mandible might be within the target volume either with 
conventional RT or IMRT [23]. Thus, the protective effect 
of IMRT by the exclusion of the mandible from the radiation 
field might not be achieved in oral cavity cancer.

Chemotherapy

For HNC patients receiving concurrent chemotherapy and 
RT, oral mucositis may be more severe and last longer [1]. 
We were curious about the impact of chemotherapy on the 
development of ORNJ. In this study, chemotherapy was a 
protective factor in the univariate analysis, but it did not 
remain an independent factor in the multivariate analysis. 
This finding is consistent with the results of previous stud-
ies by Moon et al., Kuhnt et al., and Wang et al. [2, 8, 18]. 
Nevertheless, further study is needed to elucidate whether 
induction, concomitant or adjuvant chemotherapy results in 
different risks of ORNJ.

Diabetes mellitus

The role of DM in the development of ORNJ is controver-
sial. Some studies revealed that DM increases the risk of 
ORN through impaired microcirculation and dysfunction 
of the red blood cells in DM patients [27]. However, other 
studies showed that DM does not correlate with increased 
risk of ORN [28]. In our study, DM was not an independent 
risk factor. We performed a subgroup analysis of patients 
according to DM (supplementary Table 1). The DM group 
had significantly fewer patients who underwent tooth extrac-
tion later than 6 months. Post-RT tooth extraction later than 
6 months carried the highest risk of ORNJ. Therefore, the 
effect of DM in the univariate analysis might have been 
counteracted by the lower proportion of post-RT tooth 
extraction later than 6 months in the DM group.

Limitations

There were some limitations to this study. Several confound-
ing variables were not coded in the NHIRD, including tumor 
TNM staging, smoking status [29], betel nut chewing, alco-
hol intake [29], dental condition [30], irradiated volume of 
the mandible, and oral hygiene status. As a result, we were 
unable to assess the effects of these factors on the develop-
ment of ORNJ. Furthermore, the types of radiation delivery 
techniques and radiation doses are known to be significantly 
associated with the development of ORN [31]. However, 
the actual type and dose to the mandible were not avail-
able in this study. Almost 99% of the population of Taiwan 
is enrolled in the NHIRD, which comprehensively collects 
information on all types of medical visits, laboratory test 
codes, procedure codes, prescription codes, and diagnostic 
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codes. Although the validity of the NHIRD has been proven 
by some studies [32, 33], coding errors are possible in the 
NHIRD, as with all observational studies using claims data.

Conclusion

We have identified several independent risk factors of ORNJ 
in oral cavity cancer patients. These risk factors included 
certain subsites of oral cavity cancer, pre-RT mandible sur-
gery, and tooth extraction. Furthermore, the highest risk of 
ORNJ was observed in cases of post-RT tooth extraction 
occurring later than 6 months than with other timings of 
tooth extraction. Tooth extraction during RT or post-RT 
within 6 months might not significantly increase the risk of 
ORNJ compared with pre-RT extraction.
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