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Abstract

Purpose It is commonly recommended that tooth extraction should be performed prior to radiotherapy (RT) in patients with
head neck cancer to prevent osteoradionecrosis (ORN). However, doctors still occasionally encounter patients who require
tooth extraction during RT. This study aimed to determine the risk of ORN in patients who undergo tooth extraction during
RT.

Methods Data were collected from Taiwan's National Health Insurance Research Database. We retrospectively enrolled
24,412 patients with head and neck cancer treated with radiotherapy between 2011 and 2017. The associations between ORN
and demographic characteristics, timing of tooth extraction, and treatments were examined using univariate and multivari-
able Cox proportional hazards regression models.

Results A total of 24,412 head and neck cancer patients were enrolled; 133 patients underwent tooth extraction during RT and
24,279 patients did not undergo tooth extraction during RT. Tooth extraction during RT was not associated with a significantly
higher risk of ORN (hazard ratio [HR]=1.303, P =0.4862). Tumor site, RT dose > 60 Gy, age <55 y/o, mandibulectomy,
chronic periodontitis, and chemotherapy were significantly associated with a higher risk of ORN.

Conclusion The risk of ORN in head and neck cancer is not significantly different between patients who undergo tooth

extraction during RT and patients who do not undergo tooth extraction during RT.

Keywords Head neck cancer - Tooth extraction - Radiotherapy - Osteoradionecrosis

Introduction

Head and neck cancer (HNC) has been one of the most com-
mon cancers in Taiwan for several decades and represents
a serious national socioeconomic burden [1]. Radiother-
apy (RT) is a current treatment option for HNC. However,
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common clinical complications after RT not only include
fibrosis of the surrounding tissue, but also an increased
risk of trismus, hearing loss, xerostomia, dysphagia, oral
mucositis, and even osteoradionecrosis (ORN) [2, 3]. Previ-
ous systematic reviews indicate the total incidence of ORN
after tooth extraction in patients who subsequently received
RT is nearly 7% [4]. ORN is a serious RT complication that
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reduces the quality of life (QoL) of patients [5]. Therefore,
there is a crucial need to determine the best form of manage-
ment for preventing and dealing with ORN.

Tooth extraction after RT is an independent risk factor for
ORN [6, 7]. Therefore, in order to prevent ORN, it is com-
monly recommended that tooth extraction should be per-
formed prior to RT for cancer patients with poor oral hygiene
or uncontrollable dental issues. However, pre-RT extractions
have been shown to have a profound negative impact, leav-
ing many patients devastated [8]. Even though most patients
with dental issues have affected teeth extracted prior to RT,
doctors still occasionally encounter patients who require tooth
extraction during RT [8]. These cases may be associated with
a patient’s unwillingness to have a tooth extracted prior to
RT due to their awareness that the extraction may decrease
their QoL or the inconvenience of undergoing pre-RT tooth
extraction. A recent study by Saito et al. revealed that the risk
of ORN was significantly higher in patients who experienced
a longer duration of time between RT and tooth extraction
[9]. Thus, it was concluded that tooth extraction should not
be delayed, and should even be performed when patients are
receiving RT. However, this assumption may have a major
implication on clinical practice, as there are currently no
data on the effect of tooth extraction during RT on the risk of
developing ORN in patients with HNC. A better understand-
ing of the impact of tooth extraction in HNC would help to
establish more effective approaches and potentially improve
patient outcomes. Thus, the purpose of this national-based
cohort study was to investigate the risk factors associated with
ORN in patients with HNC undergoing RT; in particular, to
explore whether tooth extraction during RT increases the risk
of ORN in patients with HNC.

Materials and methods
Ethical consideration

This nationwide, population-based, retrospective study
examined data from the Taiwan Cancer Registry Database
(TCRD) and Cause of Death Statistics, which are subsets of
the National Health Insurance Research Database (NHIRD).
The NHIRD comprises de-identified data and this study was
performed retrospectively, so informed consent did not need
to be requested from the patients. The ethics committee of
Chung Shan Medical University Hospital provided ethical
approval to carry out the study (CS1-20171); the hospital
also provided financial support (Grant No.CSH-2021-C-002).

Data source and population

This study examined data collected between 2011 and
2017 using the NHIRD. The prevalence of national health
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insurance coverage in Taiwan is high (more than 99%)[10].
The inclusion and exclusion criteria for this study were
similar to the criteria used in our previous studies [6, 7]
(Fig. 1). The definition of ORN was exposed irradiated
bone that had failed to heal over a period of 3 months in
the absence of a local tumor [7]. All patients diagnosed
with HNC between 2011 and 2017 were identified; the
first day of RT was defined as the index day. The exclu-
sion criteria were the same as our previous study [11], as
follows: patients with incomplete or missing data, aged
less than 20-years-old, no RT, duration from diagnosis to
index day > 180 days, delayed surgery and/or incomplete
RT, a history of other cancers, early death, which was
defined as <90 days between the index day and date of
death, or ORN occurring < 3 months after the index day.
The outcome of interest in this study was the occurrence
of ORN associated with tooth extraction during RT. Thus,
we divided the enrolled patients into two groups based on
the timing of tooth extraction (if any): the exposure group
(tooth extraction during RT) versus the control group (no
tooth extraction during RT).

Statistical analysis

All enrolled patients were followed-up from the index date
until occurrence of the study outcome (i.e., ORN), death,
or the end of the study (December 31, 2019). Univariate
and multivariable Cox proportional hazards regression were
used to estimate the hazard ratio (HR) for the effect of tooth
extraction during RT on the risk of ORN. All statistical
analyses were conducted using SAS 9.4 (SAS Inc., Cary,
NC, USA); two-sided P <0.05 were considered statistically
significant.

Results

Table 1 shows the demographic and clinical data for the study
population. In total, 133 patients with HNC underwent tooth
extraction during RT (exposure group) and 24,279 patients
with HNC did not undergo tooth extraction during RT (control
group). The mean observation time was 42.46 months in the
exposure group and 42.70 months in the control group. The
maximal observation time was 103 months in both groups.
The rates of smoking, betel nut chewing, and post-RT tooth
extraction were higher in the exposure group than the con-
trol group. Overall, 8.3% and 4.7% of patients in the expo-
sure group and control group, respectively, underwent tooth
extraction between 12 and 24 months after RT (P=0.0481).
There were no significant differences between the two groups
in terms of gender, age, clinical T or N stage, dose of RT, BMI,
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Fig. 1 Flowchart for exclusion
criteria in our research. ORN

2011~2017 First diagnosed HNCs, n=66,328¢

osteoradionecrosis

Exclusion criteria:¢

1. Unknown diagnosed data or unknow humanology (n=571)«
2 Younger than 20 y/o (n=163)«

3 No radiotherapy (n=36,451)<

4. Missing of cancer stage (n= 689)«

5 Diagnosed to first RT >180 days or delay surgery or |
unreasonable RT period (n=1,821)«

Ever diagnosed other cancers (n=1,381)«

Early death (index day to death <3 months)(n=695)«

8. ORNIJ occurring <3 months from the index day(n=145)«

~ oo

N=24.412¢

y

l Until 2019/12/31 or case death or ORN occur« .

N=133¢

Received tooth extraction during RT group+«

person -months n=5,648«

Observation group+«
N=24,279¢
person -months n=1,036,902¢«

l

\ 4

N=7¢

Event of ORN (person -months)«

Incidence rate: 1.24 (0.59-2.60)«

Event of ORN (person -months)«
N=1,007+
Incidence rate: 0.97 (0.91-1.03)«

level of hospital, alcohol drinking, or any of the comorbidities
listed below.

Multivariate analysis showed that tumor located in oral cav-
ity or oropharynx (P <0.0001), age <55 years old (P=0.0108),
a RT dose>60 Gy (P<0.0001), chronic periodontitis
(P=0.0166), mandibulectomy (P <0.0001), and chemother-
apy (P=0.0017) were all significantly associated with a higher
risk of ORN (Table 2). However, the risk of ORN was not
significantly different between patients who underwent tooth
extraction during RT and the control group (adjusted odds
ratio=1.303, P=0.4862). Therefore, tooth extraction during
RT was not identified as a risk factor for ORN.

Discussion
This nationwide population-based cohort study identified

tumor site, age <55 years old, RT dose > 60 Gy, periodon-
titis, mandible surgery, and chemotherapy as independent

risk factors for ORN in patients with HNC treated with
RT. Tooth extraction during RT was not associated with
an increased risk of ORN in patients with HNC. Jansma
et al. concluded that some protocols can prevent a vari-
ety of oral sequelae following RT in HNC, including the
extraction of all teeth with a questionable dental prognosis
before the start of RT [12]. Although teeth with a poor
dental prognosis are commonly extracted prior to RT in
order to restore healing capacity, controversy still remains
regarding the proper timing of tooth extraction relative to
RT [13]. Tooth extraction during RT is usually consid-
ered to be contraindicated during the clinical treatment of
patients with HNC. However, as treating physicians, we
still encounter patients who require tooth extraction dur-
ing RT in daily practice. Some patients hesitate to undergo
tooth extraction prior to RT as they believe the extraction
may negatively affect their QoL, such as being unable to
chew properly. Additionally, as the pathological course
of HNC progresses, any teeth that were considered stable
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Ta.bI.e 1 Demographic and Variable Exposure group Control group P-value
clinical data for the study
population n=133 n=24,279
Gender 0.1909
Male 121 (91.0%) 21,166 (87.2%)
Female 12 (9.0%) 3113 (12.8%)
Subsite(origin) 0.9568
Oral cavity

Tongue 18 (13.5%) 2737 (11.3%)

Non-tongue 28 (21.1%) 5411 (22.3%)
Nasopharyngeal cancer 33 (24.8%) 6528 (26.9%)
Oropharyngeal cancer 21 (15.8%) 3958 (16.3%)
Hypopharyngeal cancer 21 (15.8%) 3281 (13.5%)

Laryngeal cancer 7(5.3%) 1449 (6.0%)
Others 5(3.8%) 915 (3.8%)
Age 0.7793
<55ylo 66 (49.6%) 12,344 (50.8%)
>55ylo 67 (50.4%) 11,935 (49.2%)
Clinical T stage 0.2289
T1-T2 56 (42.1%) 11,491 (47.3%)
T3-T4 77 (57.9%) 12,788 (52.7%)
Clinical N stage 0.9927
NO-N1 68 (51.1%) 12,423 (51.2%)
N2-N3 65 (48.9%) 11,856 (48.8%)
RT Dose (Gy) 0.2781
<60 10 (7.5%) 1308 (5.4%)
>60 123 (92.5%) 22,971 (94.6%)
Smoking 0.0129
Missing 11 (8.3%) 1742 (7.2%)
Never used 21 (15.8%) 6601 (27.2%)
Ever used 101 (75.9%) 15,936 (65.6%)
Betel nuts 0.0204
Missing 11 (8.3%) 2494 (10.3%)
Never used 50 (37.6%) 11,550 (47.6%)
Ever used 72 (54.1%) 10,235 (42.2%)
Alcohol 0.2556
Missing 18 (13.5%) 2275 (9.4%)
Never used 49 (36.8%) 9569 (39.4%)
Ever used 66 (49.6%) 12,435 (51.2%)
Comorbidity (within 1 year prior to RT)
Hypertension 38 (28.6%) 7208 (29.7%) 0.7786
Diabetes mellitus 19 (14.3%) 4083 (16.8%) 0.4362
CAD 6 (4.5%) 1440 (5.9%) 0.4891
Periodontitis 33 (24.8%) 7600 (31.3%) 0.1073
Treatment (within 6 months prior to RT)
Excisional surgery of malignant HNCs 43 (32.3%) 9053 (37.3%) 0.2384
Mandibulectomy 9 (6.8%) 1774 (7.3%) 0.8114
Neck dissection 40 (30.1%) 8427 (34.7%) 0.2628
ICU stay 0.8047
0 98 (73.7%) 18,079 (74.5%)
1-6 25 (18.8%) 4706 (19.4%)
>7 10 (7.5%) 1494 (6.2%)
Others

@ Springer



European Archives of Oto-Rhino-Laryngology (2023) 280:2945-2952 2949
Table 1 (continued) Variable Exposure group Control group P-value
n=133 n=24,279

Chemotherapy 111 (83.5%) 19,105 (78.7%) 0.1802
Tooth extraction within 1 year—8 weeks prior to RT 14 (10.5%) 3836 (15.8%) 0.0961
Tooth extraction within 8wks prior to RT 68 (51.1%) 11,643 (48.0%) 0.4651
Tooth extraction within 12 m after RT 10 (7.5%) 1031 (4.3%) 0.0625
Tooth extraction during 12-24 m after RT 11 (8.3%) 1128 (4.7%) 0.0481
Tooth extraction during 24-60 m after RT 15 (11.3%) 2049 (8.4%) 0.2406

Bold values indicates a p value less than 0.05 was considered to indicate a statistically significant difference

CAD coronary artery disease, RT radiotherapy

prior to RT may subsequently become unstable during RT.
These reasons may explain why some patients still require
tooth extraction during RT. Moreover, long-term poor oral
hygiene, which can result in a carious stump, was also
identified as another major risk factor for ORN [14]. In
a recent study, Saito et al. found that tooth extraction at
a longer period of time after RT was associated with a
higher risk of ORN, and suggested it is not necessary to
postpone tooth extraction—even among patients undergo-
ing RT [9]. This observation is consistent with our study
and suggests that extraction of teeth during RT may be a
better option than choosing to wait until later.

Periodontitis is a well-known risk factor of ORN [5,
15—18]. In our study, we also obtained a similar result that
periodontitis was an independent risk factor of ORN. Peri-
odontitis is common in adults, and radiotherapy could exac-
erbate it because of hyposalivation and the loss of the pro-
tective effects of saliva [5]. Pre-RT oral health evaluation is
crucial to detect pre-existing dental disease and to minimize
the risk of ORN for head and neck cancer patients by early
management of the dental problems.

Although RT is one of the most important forms of treat-
ment for patients with HNC, it can lead to adverse effects
including mucositis, salivary gland dysplasia, trismus,
dysphagia, and even ORN. Currently, the ideal dose of RT
remains controversial. Higher doses of RT are thought to
increase the risk of ORN [14, 19]. Tsai et al. reported that
a RT dose higher than 50-60 Gy to the mandible signifi-
cantly increased the risk of ORN of the mandible [20]. This
finding is consistent with our data, which showed that a
RT dose higher than 60 Gy to target tissue is associated
with a significantly higher risk of ORN compared to a dose
less than 60 Gy. However, the actual dose of RT should be
accurately calculated because any reduction in the RT dose
may reduce the effectiveness of irradiation.

In our study, tumor sites of the enrolled patients were
divided into oral cavity, oropharynx, hypopharynx, larynx,
and others. Tumor located in oral cavity or oropharynx had
significant higher risk of ORN. Besides, for patients with
oral cavity caner, tongue cancers had a lower risk of ORN

compared with other types of oral cavity cancers. This result
was compatible with previous published studies [6, 21, 22].
These finding might be explained by the inclusion of the
mandible in the high-dose therapeutic area [6, 20, 23, 24].
Kubota et al. revealed that the volume of the irradiated jaw
was larger in the oral cavity or oropharynx than in the other
tumor sites [24]. Many studied showed that higher dose RT
to the mandible can lead to ORN [19-21], and one of the
cause might be that radiation could result in severe acute
mucositis, which can exacerbate bony exposure and lead to
bone damage [25]. Another interesting finding of this study
is that tumor site categorized as “others” also had higher risk
of ORN. For those patients with tumor sites categorized as
“others”, most of them were patients with cancer of major
salivary gland (ICD-10-CM codes: CO7 or CO8). According
to the anatomical localization, this result might be related to
the involvement of mandible in radiation field.

This study also found that performing mandibulectomy
was an independent risk factor associated with the devel-
opment of ORN. Many other studies have obtained similar
results [26, 27]. Large segmental resection of the mandi-
ble may impair blood supply to the mandible, and surgery-
induced damage to the periosteum may possibly lead to a
further decrease in blood supply [26].

There have been conflicting opinions as to the impact
of chemotherapy on the risk of ORN in patients receiving
radiotherapy. Shim et al. reported that chemotherapy was
associated with increased prevalence of osteonecrosis, but
Nabil et al. suggested that chemotherapy show no increase
in osteoradionecrosis risk [28, 29]. In our study, chemother-
apy was an independent risk factor for ORN. More attention
should be paid to those patients who received chemotherapy,
and more study might be needed to clarify this relationship
between chemotherapy and development of ORN.

We also found that age < 55 years old was an independent
risk factor for development of ORN. This might be explained
by the fact that younger patients may have longer life expec-
tancy for development of ORN.

There are some limitations to this study. First, the sample
size in the exposure group was extremely small compared to

@ Springer



2950

European Archives of Oto-Rhino-Laryngology (2023) 280:2945-2952

Table 2 Multivariate analysis of
the risk of osteoradionecrosis

@ Springer

Variable aHR 95% CI1 P-value
Tooth extraction during RT (ref: Control group) 1.303 0.618-2.748 0.4862
Gender (ref: female)
Male 0.948 0.740-1.214 0.6702
Subsite (ref: Nasopharyngeal cancer)
Oral cavity
Tongue 7.396 5.136-10.651 <0.0001
Non-tongue 12.334 8.725-17.436 <0.0001
Oropharyngeal cancer 4.777 3.433-6.646 <0.0001
Hypopharyngeal cancer 1.001 0.596-1.683 0.9968
Laryngeal caner 0.351 0.109-1.130 0.0792
Others 2.776 1.551-4.968 0.0006
Age
(ref: <55 y/o)
>55ylo 0.842 0.737-0.961 0.0108
Clinical T stage
(ref: T1-T2)
T3-T4 1.131 0.987-1.296 0.077
Clinical N stage
(ref: NO-N1)
N2-N3 1.012 0.887-1.154 0.8633
RT Dose
(ref: < 60)
>60 2.650 1.746-4.022 <0.0001
Smoking
(ref: never used)
Missing 0.952 0.687-1.318 0.7653
Ever used 0.959 0.784-1.175 0.6882
Betel nuts
(ref: never used)
Missing 1.207 0.934-1.558 0.1499
Ever used 1.154 0.971-1.370 0.1036
Alcohol
(ref: never used)
Missing 0.873 0.674-1.131 0.3034
Ever used 0.999 0.856-1.166 0.9905
Comorbidity
Hypertension 1.082 0.935-1.251 0.2924
Diabetes mellitus 1.119 0.949-1.319 0.1804
CAD 1.169 0.894-1.529 0.2532
Periodontitis 1.183 1.031-1.356 0.0166
Treatment (within 6 months before RT)
Excisional surgery of malignancy 1.254 0.955-1.645 0.103
Mandibulectomy 1.369 1.170-1.602 <0.0001
Neck dissection 1.083 0.839-1.398 0.5391
ICU stay
1-6 1.090 0.913-1.301 0.3405
>7 1.156 0.925-1.445 0.2023
Chemotherapy
Yes 1.278 1.097-1.490 0.0017
Tooth extraction before RT
1 year—8 weeks prior to RT 1.077 0.916-1.266 0.3673
Within 8 weeks prior to RT 0.984 0.862-1.124 0.8154

CAD coronary artery disease, RT radiotherapy
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the size of the control group, thus statistical bias may be inevi-
table. Therefore, additional studies with a larger sample size
is necessary in the future. Second, data on the patients’ dental
condition, irradiated volume of the mandible, oral hygiene sta-
tus, and type of RT protocol are not recorded in the NHIRD.
Third, in this study, all the enrolled patients with ORN had
grades 2—4 of Tsai’s classification (grade 2, minor debridement
received; grade 3, hyperbaric oxygen needed; grade 4, major
surgery required) [20]. Because those patients with grade 1
ORN (grade 1, with conservative management only) did not
receive any procedures, we could not identify these patients
from NHIRD. Lastly, more effort must be devoted to gain a
better understanding of the factors associated with the relative
risk of ORN in patients undergoing tooth extraction before,
during, and after RT. Despite, the present study is the first
investigation in Taiwan to compare the risk of ORN among
patients with HNC who underwent or did not undergo tooth
extraction during RT. These findings may contribute to the
development of treatment guidelines for patients with HNC in
the near future. However, large-scale prospective studies are
needed to confirm the results of this retrospective study.

Conclusion

The risk of ORN was not significantly different between
patients who had a tooth extraction procedure during RT
(the exposure group) and patients who did not undergo tooth
extraction during RT (the control group). Although the sam-
ple size of the exposure group was small, this retrospective
study suggests that tooth extraction during RT is not abso-
lutely contraindicated in patients with HNC.
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