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ABSTRACT 

Objective 

Radiotherapy (RT) carries a substantial risk for the development of osteoradionecrosis 

(ORN) of the jaw. This study was performed to investigate the relationship between dental 

extractions after RT and the development of ORN. 

Material and Methods 

Thirty-two patients with head and neck cancer who underwent tooth extraction after RT 

were investigated for correlations between the development of ORN and various factors. 

Results 

Post-extraction ORN was diagnosed in 12 (12.1%) teeth of 9 patients. The RT dose against 

the site of tooth extraction was 62.0 and 37.4 Gy in the ORN and Non-ORN groups, 

respectively (P < 0.001). The duration from RT to tooth extraction was 41.2 and 28.2 

months in the ORN and Non-ORN groups, respectively (P = 0.025). Tooth extraction was 

significantly associated with ORN in patients with a high RT dose against the site (odds 

ratio = 1.231) and a longer duration of time from RT (odds ratio = 1.084). 

Conclusions 

Extraction of non-restorable teeth and those with a poor prognosis should not necessarily 

be postponed even when patients are undergoing RT. However, clinicians should pay 

special attention to postoperative management after tooth extraction in patients with a high 

RT dose and longer time from RT. 

 

 



 

 

4 

INTRODUCTION 1 

Radiotherapy (RT) is commonly used for the management of head and neck cancers. 2 

However, RT carries a substantial risk for the development of osteoradionecrosis (ORN) of 3 

the jaw. ORN of the jaw, defined as exposed irradiated bone that fails to heal during a 4 

period of 3 months with no evidence of a persistent or recurrent tumour, is a serious late 5 

complication. Quality of life can be significantly impaired, and severe cases might require 6 

mandibulectomy and reconstruction. During the last few decades, the incidence of ORN 7 

has widely ranged from 2% to 40%.1-10 Several risk factors are thought to be associated 8 

with development of ORN, including the tumour site, radiation dose, type of radiation, 9 

fractionation of radiation, bone invasion, advanced age, sex, smoking, alcohol consumption, 10 

dental extraction, and periodontal disease.11 We previously investigated the relationship 11 

between dental status and development of ORN and found that tooth extraction after RT is 12 

an independent risk factor for ORN.12 Most authors have demonstrated higher rates of 13 

ORN when teeth are removed after RT. However, Koga et al.13 reported that among 405 14 

patients undergoing tooth extraction, 17 developed ORN and only 3 cases were related to 15 

tooth extraction (2 before and 1 after RT). Therefore, prophylactic dental extraction 16 

remains a controversial issue. No distinct definitions of infected teeth have been established, 17 

and dentists are often unable to decide whether to remove a tooth. 18 

The objective of this multi-centre, retrospective, observational study was to 19 

investigate the relationship between dental extractions after RT and the development of 20 

ORN and to suggest a new method of oral management for these patients. 21 

22 
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MATERIALS & METHODS 1 

This was a non-randomised, retrospective cohort study of patients with head and neck 2 

cancer. Ethics approval was obtained from the institutional review board of each university. 3 

The study involved 99 teeth of 32 patients with head and neck cancer who underwent tooth 4 

extraction after RT from 2008 to 2015 at 7 hospitals: Kansai Medical University, Nagasaki 5 

University, Kobe University, Nara Medical University, Shinshu University, Nagoya City 6 

University, and Juntendo University. In all patients, RT was administered at 1.8 to 2.2 7 

Gy/day for 5 days/week. None of the patients underwent interstitial brachytherapy. All 8 

patients underwent a preoperative dental evaluation and panoramic X-ray examination at 9 

the first visit. Patients who were not followed up at for least 1 year were excluded from the 10 

study.  11 

Various clinical factors and the occurrence of ORN were retrospectively examined. 12 

We investigated the following variables: age, sex, medical history (diabetes mellitus, 13 

cerebrovascular disease, osteoporosis, alcohol use history, smoking history, steroid therapy, 14 

use of bisphosphonate formulations, immunosuppressive therapy, and reconstructive 15 

surgery), tumour site, RT dose against the jaw, and dental status at the first visit (tooth 16 

mobility, acute inflammation, and bone resorption evaluated by panoramic radiographs), 17 

and surgical factors (site of tooth extraction, reason for tooth extraction, number of teeth 18 

extracted, pre-extraction antibiotic administration, suturing, and osteoplasty). The data 19 

were introduced into a multiple logistic regression model, in which patients were divided 20 

by tumour site (oral cavity or oropharynx vs. others), reason for tooth extraction 21 

(pericoronitis vs. others), and grade of tooth mobility (0 or 1 vs. 2 or 3). Each item was 22 

assessed comparatively between the ORN group and the Non-ORN group. 23 

 24 

Statistical analysis 25 

SPSS 22.0 (IBM Corp., Armonk, NY, USA) and Ekuseru Toukei 2012 (Social Survey 26 

Research Information Co., Ltd., Tokyo, Japan) were used for the statistical analyses. Data 27 
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are presented as mean ± standard deviation. The association of each variable with ORN in 1 

patients who underwent tooth extraction after RT was tested by Fisher’s exact test or the 2 

chi-squared test for categorical variables. The level of statistical significance was set at P < 3 

0.05. The variables for which the number of events (yes) was 0 in the ORN group were 4 

excluded from the multivariate analysis (i.e., cerebrovascular disease, diabetes mellitus, 5 

steroid therapy, use of bisphosphonate formulations, immunosuppressive therapy, and 6 

reconstructive surgery were excluded). The remaining variables associated with ORN were 7 

introduced into a multiple logistic regression model. Forward stepwise algorithms were 8 

used, and those variables that did not significantly fit the model were rejected. Odds ratios 9 

(ORs) and 95% confidence intervals were also calculated. Subsequently, the relationships 10 

between all variables and the cumulative occurrence rate of ORN were analysed by 11 

multivariate Cox proportional hazard model analyses. 12 

The discriminatory ability of the duration of time from the index day to the first 13 

tooth extraction day and the RT dose against the tooth extraction site to serve as indicators 14 

of possible ORN events was evaluated with a receiver operating characteristic (ROC) curve. 15 

This ROC curve was used to determine the cut-off values for clinical tests. The area under 16 

the ROC curve (AUC) measures the accuracy of this discrimination and ranges from 0.5 to 17 

1.0. The cut-off value was chosen to minimise the number of false-positive and 18 

false-negative results. 19 

20 
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RESULTS 1 

The patients in the ORN group had a mean age of 65.0 years (range, 30–85 years), and 2 

those in the Non-ORN group had a mean age of 61.2 years (range, 37–80 years). The main 3 

tumour site was the oral cavity in six teeth and the oropharynx in five. The mean RT dose 4 

against the tooth extraction site was 62.0 ± 5.9 Gy in the ORN group and 37.6 ± 20.9 Gy in 5 

the Non-ORN group. Post-extraction ORN was diagnosed in nine patients. Among the 99 6 

teeth evaluated, 12 (12.1%) were affected by ORN (Table 1). The univariate analysis 7 

showed a significant difference in the incidence of ORN between male and female patients 8 

(P = 0.025). The tumour site was associated with the development of ORN; specifically, 9 

oral cavity or oropharyngeal cancer was significantly correlated with the occurrence of 10 

ORN (P = 0.013). There were significant differences in the development of ORN according 11 

to a total RT dose exceeding 58 Gy and a duration of time from the index day to the first 12 

tooth extraction day exceeding 35 months (P = 0.002). There were no differences in other 13 

demographic factors, such as medical history, alcohol use, and chronic smoking history, 14 

between the patients with and without ORN. Forty-two teeth in the anterior region and 57 15 

teeth in the molar region were removed. The reason for tooth extraction was severe 16 

marginal periodontitis in 38 teeth, periapical periodontitis in 10, marginal/periapical 17 

periodontitis in 3, pericoronitis in 4, odontoclasis in 3, caries in 37, other conditions in 3, 18 

and an unknown condition in 1 (Table 1). Tooth extraction in the molar region was a 19 

significant predictor of ORN, as was extraction of teeth with pericoronitis (P = 0.011 and P 20 

= 0.004, respectively). Dental status-related factors such as bone resorption, grade of tooth 21 

mobility, and acute inflammation were not significant risk factors for ORN. Similarly, 22 

procedure-related factors such as preoperative antibiotic administration, use of surgical 23 

staples, and performance of osteoplasty were not significant risk factors. 24 

Through application of a logistic regression model and forward stepwise 25 

algorithms, we found that the RT dose against the site of tooth extraction (OR = 1.231) and 26 

the duration of time from RT to tooth extraction (OR = 1.084) were significantly associated 27 
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with ORN (Table 2). However, through application of the multivariate Cox proportional 1 

hazard model, there was no significant factor associated with the cumulative occurrence 2 

rate of ORN. 3 

The AUC for the duration from RT to extraction was 0.70, a value generally 4 

considered inaccurate. Maximisation of the harmonic mean of the specificity and 5 

sensitivity put the cut-off of the duration from RT to tooth extraction for predicting 6 

post-extraction ORN at 35 months (Fig. 1). The resulting sensitivity was 0.75, and the 7 

specificity was 0.72. Similarly, the AUC for the RT dose was 0.89, a value generally 8 

considered inaccurate. Maximisation of the harmonic mean of the specificity and 9 

sensitivity put the cut-off of the RT dose against the tooth extraction site for predicting 10 

post-extraction ORN at 58 Gy (Fig. 2). The resulting sensitivity was 0.92, and the 11 

specificity was 0.78. 12 

13 
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DISCUSSION 1 

In this retrospective study, we analysed the relationship between dental extraction after RT 2 

and the development of ORN with the aim of suggesting a new method of oral management 3 

for these patients. Many reports have addressed the incidence of ORN after dental 4 

extraction in irradiated patients. During the last few decades, the incidence of ORN has 5 

widely ranged from 2% to 40%. Recently, however, Horiot et al.14 reported that the 6 

incidence of ORN after dental extraction in irradiated patients was 9.1%, and Epstein et 7 

al.15 found an incidence of 7.1% among 42 patients who underwent 137 dental extractions. 8 

A systematic review by Nabil and Samman16 showed that the incidence of ORN after 9 

dental extraction in irradiated patients was 7%. In the present study, post-extraction ORN 10 

was diagnosed in 12 teeth (12.1%) of 9 patients. This rate is higher than in other recent 11 

studies. Our cases of ORN might have included patients who had already developed ORN 12 

before tooth extraction because it is difficult to distinguish early ORN from tooth infection, 13 

and the Japanese guideline for oral cancer suggests the avoidance of tooth extraction if 14 

possible.17 15 

The relationship between the primary lesion and the ORN site was assessed, and 16 

we found that ORN can occur in patients with oral cavity cancer (6 patients), 17 

oropharyngeal cancer (4 patients), and hypopharyngeal cancer (1 patients). Oral cavity or 18 

oropharyngeal cancer was significantly correlated with the occurrence of ORN. The 19 

irradiation field for oral cavity and oropharyngeal cancer often involves both the maxilla 20 

and mandible. Severe radiation-induced salivary gland damage frequently occurs in these 21 

patients. Therefore, prophylactic dental extraction of teeth with severe caries and 22 

periodontitis is needed in patients who are scheduled for RT for treatment of oral cavity and 23 

oropharyngeal cancer. 24 

Most cases of ORN occurred in the premolar or molar region of the lower jaw in 25 

this study. This result is similar to the findings in other studies. Koga et al.13 reported 17 26 

cases of ORN: 16 in the mandible (14 in the premolar and molar regions and 2 in the 27 
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incisor region) and 1 affecting the maxilla. Nabil and Samman16 found that when extraction 1 

was performed in the maxilla, only 1% of the sockets developed ORN; in contrast, the risk 2 

of ORN was three times higher when extraction was performed in the mandible. Raguse et 3 

al.11 reported that most cases of ORN occurred in the molar region. This finding is in 4 

accordance with the literature in that injury and irritation associated with the presence of a 5 

prosthesis have been described as risk factors for ORN, with the molar region as a site of 6 

predilection. 7 

Dental extraction remains controversial. A recent systematic review showed that 8 

the incidence of ORN after post-irradiation dental extraction was low. Some studies have 9 

shown no apparent benefit of pre-ORN extractions in terms of reducing the risk of 10 

ORN.16,18,219 However, these authors noted that a complete dental evaluation by an 11 

experienced practitioner is strongly recommended before RT and that it is important to 12 

discuss with patients the implications of extraction versus retaining teeth in the proposed 13 

high-dose RT field.19 The highest risk of developing ORN was in patients who received a 14 

radiation dose of more than 60 Gy and had dental extractions within the radiation field.16 15 

Tsai et al.7 found that head and neck RT at a dose of <50 Gy has a much lower risk than 16 

that at >60 Gy. They considered that if the dose can be lowered to <50 Gy, the incidence of 17 

ORN might decrease.7,20 Since 2000, intensity-modulated RT (IMRT) has gained wide 18 

popularity. Studer et al.21 reported that IMRT can reduce the incidence of ORN against 19 

conventional RT because of less radiation exposure in the maxilla and mandibular bones. In 20 

the present study, however, there was no significant difference between conventional RT 21 

and IMRT in the univariate and multivariate analyses. The radiation dose among patients 22 

with ORN was significantly higher than that among patients without ORN. The cut-off 23 

value for the radiation dose that increased the risk of ORN was 58 Gy based on the results 24 

of the ROC curve. Therefore, tooth extraction may be acceptable until reaching a radiation 25 

dose of 58 Gy. However, patients should be instructed by oral surgeons, head and neck 26 

surgeons, and radiation therapists to undergo an oral examination by a dentist.  27 
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A systematic review by Nabil and Samman16 showed that dental extraction within 1 

1 year after RT resulted in a 7.5% risk of ORN. The risk of ORN caused by dental 2 

extraction increased to 22.6% from 2 to 5 years after RT and then decreased to 16.7% after 3 

5 years.16,22 Chen et al.19 found that their institute avoided dental extraction within 2 years 4 

after RT because the average duration between RT and dental extraction was 27.3 months. 5 

In the present study, the cut-off value for the duration from RT to tooth extraction that 6 

increased the risk of ORN was 35 months based on the results of the ROC curve. 7 

Previously, we indicated that the cumulative occurrence rate of ORN increased over time.12 8 

Therefore, the incident risk of ORN after extraction may not be decreased even after the 9 

lapse of time from RT. This suggests that teeth that cannot be preserved for a long time 10 

should be extracted before the start of RT. Kojima et al.12 reported that a pre-RT periapical 11 

focus is an independent risk factor for the development ORN. In this study, extraction of 12 

teeth with pericoronitis was a significant predictor of ORN, although that was not 13 

significant by multivariate analysis. Therefore, non-restorable teeth and those with a poor 14 

prognosis should be extracted before the development of inflammation even when patients 15 

are undergoing a high dose of RT. We suggest that minimal trauma or atraumatic extraction 16 

can reduce the risk of ORN. Other investigators have suggested that the teeth should be 17 

extracted by limited mucoperiosteal disruption and minimal bone injury.13,23 However, we 18 

recommend post-extraction removal of bone edges and mucosal wound closure. This point 19 

may be controversial; therefore, further prospective studies are necessary to provide 20 

definitive scientific evidence for these recommendations. 21 

Finally, we must mention the limitations of this study. First, this was a 22 

retrospective study with a small sample size. Second, the number of patients treated with 23 

IMRT was small. Gomez et al.24 demonstrated that the incidence of ORN in their 24 

population of patients being treated with IMRT was very low at approximately 1% (2 of 25 

168 patients). They concluded that IMRT likely offers an advantage over conventional and 26 

three-dimensional conformal techniques in preventing this adverse event. Causal teeth with 27 
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severe infection and severe pain should be extracted even in patients undergoing RT.24,25 To 1 

reduce the incidence of ORN, we should conduct a prospective study including a large 2 

sample size of patients undergoing IMRT in the near future. 3 

In conclusion, we found that the RT dose against the site of tooth extraction and 4 

the duration from RT to tooth extraction were significantly associated with ORN through 5 

application of a logistic regression model and forward stepwise algorithms. However, 6 

through application of a multivariate Cox proportional hazard model, there was no 7 

significant factor associated with the cumulative occurrence rate of ORN. Extraction of 8 

non-restorable teeth and those with a poor prognosis should not necessarily be postponed 9 

even when patients are undergoing RT. However, clinicians should pay special attention to 10 

postoperative management after tooth extraction in patients with a high RT dose and longer 11 

time from RT. We hope that these criteria can be used for selection of tooth extraction in 12 

the irradiation area. 13 

 14 

ACKNOWLEDGEMENTS 15 

We received no sources of study funding, including those of an institutional or 16 

departmental nature. We thank Angela Morben, DVM, ELS, from Edanz Group 17 

(https://en-author-services.edanz.com/ac) for editing a draft of this manuscript. 18 

 19 

 20 

21 



 

 

13 

Table 1. Characteristics and incidence rates of ORN in patients who underwent tooth 1 

extraction after RT 2 

Variables ORN  

n (%) 

Non-ORN  

n (%) 

P value 

    

Number of teeth 12 (12.1) 87 (87.9)  

    

Sex    

Male 11 (11.1) 49 (49.5) 0.025* 

Female 1 (1.0) 38 (38.4)  

Age    

Range (Years) 30-85 37-85 0.360** 

Mean ± SD 65.0 ± 18.3 61.2 ± 15.9  

Smoking history    

Yes 5 (5.1) 17 (17.2) 0.157*** 

No 5 (5.1) 46 (46.5)  

Unknown 2(2.0) 24 (24.2)  

Alcohol use history    

Yes 5 (5.1) 24 (24.2) 0.510*** 

No 5 (5.1) 38 (38.4)  

Unknown 2 (2.0) 25 (25.3)  

Cerebrovascular disease    

Yes 0 (0) 0 (0)  

No 12 (12.1) 87 (87.9)  

Unknown 0 (0) 0 (0)  

Diabetes mellitus 

Yes 0 (0) 3 (3.0) 1.000* 
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No 12 (12.1) 84 (84.8)  

Steroid therapy    

Yes 0 (0) 0 (0)  

No 

Unknown 
 

12 (12.1) 

0 

87 (87.9) 

0 

 

 

Use of bisphosphonate formulation    

Yes 

No 

Unknown 
 

0 (0) 

12 (12.1) 

0 (0) 

1 (1.0)a 

86 (86.9) 

0 (0) 

1.000* 

Immunosuppressive therapy    

Yes 

No 

Unknown 
 

0 (0) 

12 (12.1) 

0 (0) 

0 (0) 

87 (87.9) 

0 (0) 

 

Reconstructive surgery    

Yes 0 (0) 13 (13.1) 0.357* 

No 12 (12.1) 74 (74.7)  

Unknown 0 (0) 0 (0)  

    

Tumour site    

Oral cavity 6 (6.1) 45 (45.5)  

Oropharynx 5 (5.1) 5 (5.1)  

Hypopharynx 1 (1.0) 22 (22.2)  

Nasal/Sinus cavity 0 (0) 2 (2.1)  

Unknown primary 

Others 

0 (0) 

0 (0) 

4 (4.0)  

12 (12.1) 

 

Unknown 0 (0) 0 (0)  
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Time period from RT to extraction    

Range (months) 3-67 0-71 0.025** 

Mean ± SD 41.2 ± 17.0 28.2 ± 27.6  

Time period from RT to extraction    

< 35 months 3 (3.0) 24 (24.2) 0.002* 

> 35 months 9 (9.1) 63 (63.6)  

Site of tooth extraction    

Maxillary  3 (3.0) 35 (35.4) 0.360* 

Mandibular 9 (9.1) 52 (52.5)  

    

Anterior region  1 (1.0) 41 (41.4) 0.012* 

Molar region 11 (11.1) 46 (46.5)  

RT dose against the site of tooth extracted  

50-70 

 

5-70 

 

<0.001** Range (Gy) 

Mean ± SD 62.0 ± 5.9 37.6 ± 20.9  

Total RT dose    

> 58 Gy 11 (11.1) 19 (19.2) <0.001* 

< 58 Gy 1 (1.0) 68 (68.7)  

RT method    

3D-CRT 10 (83.3) 82 (94.3) 0.200* 

IMRT 2 (16.7) 5 (5.7)  

Root    

Single 5 (5.1) 65 (65.7) 0.300* 

Multiple 7 (7.1) 22 (22.2)  

Reason of tooth extraction    

Marginal periodontitis 3 (3.0) 35 (35.4)  

Periapical periodontitis 2 (2.0) 8 (8.1)  
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Marginal/Periapical periodontitis 0 (0) 3 (3.0)  

Pericoronitis 3 (3.0) 1 (1.0)  

Odontoclasis 1 (1.0) 2 (2.0)  

Caries 0 (0) 37 (37.4)  

Others 2 (2.0) 1 (1.0)  

Unknown 1 (1.0) 0 (0)  

    

Pericoronitis    

Yes 3 (3.0) 1 (1.0) 0.004*** 

No 8 (8.1) 86 (86.9)  

Unknown 1 (1.0) 0 (0)  

    

Bone resorption    

Severe 5 (5.1) 36 (36.4) 1.000*** 

Mild 6 (6.1) 51 (51.5)  

Unknown 1 (1.0) 0 (0)  

Grade of tooth mobility    

0 5 (5.1) 17 (17.2)  

1 0 (0) 7 (7.1)  

2 4 (4.0) 33 (33.3)  

3 1 (1.0) 19 (19.2)  

Unknown 2 (2.0) 11 (11.1)  

Acute inflammation    

Yes 6 (6.1) 29 (29.3) 0.339*** 

No 6 (6.1) 57 (57.6)  

Unknown 0 (0) 1 (1.0)  

Preoperative antibiotics administration    
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Yes 5 (5.1) 30 (30.3) 0.749* 

No 7 (7.1) 57 (57.6)  

Surgical staple    

Yes 7 (7.1) 56 (56.6) 0.676*** 

No 1 (1.0) 22 (22.2)  

Unknown 4 (44.4) 9 (9.1)  

Osteoplasty    

Yes 3 (3.0) 12 (12.1) 0.140*** 

No 5 (5.1) 66 (66.7)  

Unknown 4 (4.0) 9 (9.1)  

    

    

*Fisher’s exact test.  **Mann–Whitney U test.  ***Chi-squared test. 

aThis patient had received bisphosphonate for the past 3 years. 

ORN: osteoradionecrosis, RT: radiotherapy, SD: standard deviation, 3D-CRT: three-dimensional 

chemoradiotherapy, IMRT: intensity-modulated radiotherapy 

1 
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Table 2. Results of multivariate logistic regression analysis of risk factors for ORN 1 

 2 

   95 % CI 

Variable P value Odds ratio Lower Upper 

     

RT dose against the site of tooth extracted 0.024 1.231 1.027 1.476 

The duration from RT to tooth extraction 0.018 1.084 1.014 1.160 

ORN: osteoradionecrosis, RT: radiotherapy, CI: confidence interval  

 3 

 4 

 5 

 6 

7 
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Table 1. Characteristics and incidence rates of ORN in patients who underwent tooth 2 

extraction after RT 3 

Table 2. Results of multivariate logistic regression analysis of risk factors for ORN 4 

Fig. 1 ROC curve of the duration from RT to tooth extraction 5 

Fig. 2 ROC curve of RT dose against site of tooth extraction 6 
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