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Abstract
Background The purpose of this study was to investigate the effectiveness of dental intervention before and after radiation
therapy (RT) for head and neck malignancy on prevention of osteoradionecrosis (ORN) of the jaws.
Methods This is a single-arm prospective study according to intervention protocol of prophylactic dental extraction
before RT and routine follow-up after RT. The primary endpoint was the occurrence of jawbone exposure during the
first 2 years after RT.
Results Sixty-seven patients were assessed. Before RT, 144 teeth among 39 patients (58%) were prophylactically
extracted. The occurrence of transient jawbone exposure during the first 2 years after RT was 7%. Because those
jawbone exposures healed with intervention after RT, no jawbone exposure was found at 2 years after RT.
Conclusions Dental intervention both before and after RT seemed to be important to prevent ORN development. Further studies
in larger cohorts are necessary.
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Background

Head and neck malignancy is a heterogeneous disease arising
from different anatomic sites of the upper aerodigestive tract
(oral cavity, larynx, hypopharynx, oropharynx, nasopharynx,
paranasal sinuses, and nasal cavity) and salivary glands. It
accounts for more than 550,000 cases and 380,000 deaths
annually worldwide [1]. Radiation therapy (RT) plays an in-
dispensable role in the current management of head and neck
malignancies and significantly improved the prognosis espe-
cially in patients with human papillomavirus positive oropha-
ryngeal squamous cell carcinoma [2]. However, complica-
tions involving normal tissues that occur during (acute com-
plications) or after (subacute and chronic complications) RT
make this treatment method challenging [3]. A serious and
devastating adverse effect of RT for head and neck malignan-
cy is osteoradionecrosis (ORN) of the jaws. Although the
mechanism of pathogenesis of ORN remains to be elucidated,
the most frequently reported reason is radiation arteritis [4, 5].
Recent studies support the radiation-induced fibrosis theory,
according to which a series of events occur in 3 phases (an
initial prefibrotic phase, a subsequent phase characterized by
abnormal fibroblastic activity, and late fibroatrophic phase) [6,
7]. The reported incidence of ORN has declined from approx-
imately 20% several decades ago [8] to approximately 5% in
recent large-scale studies as follows: 3.9% of 23,527 patients
[9]; 4.3% of 1023 cases, all of whom received intensity-
modulated RT (IMRT) [10]; 5.2% of 18,231 patients [11];
and 6.2% of 1692 patients [12]. In 2012, a systematic review
by Nabil and Samman [13] showed that the estimated inci-
dence of ORN in patients who had undergone irradiation for
head and neck cancer was 2%. A short letter entitled
BOsteoradionecrosis: an old toxicity in the IMRT era?^ by
De Felice et al. [14] noted that efforts to minimize the risk of
ORN must be encouraged but that the clinical outcome in
terms of the local control rate should be given priority over
the risk of ORN. As mentioned above, the incidence of ORN
has decreased, but this condition has not yet been eradicated.

ORN occurs spontaneously, whereas some recent studies
reported that dental extraction before or after RT associated
with the development of ORN [9, 15]. In recent retrospective
reports involving 190 patients (among whom the incidence of
ORN was 15.3%) described by Beech et al., [16, 17] dental
extractions before RT were associated with a statistically sig-
nificant increase in the risk of developing ORN, and a history
of more than eight dental extractions before RTwas associated
with a statistically significant reduced quality of life (QOL).
Few prospective studies have evaluated the impact of the pa-
tient’s dental condition and pre-RT dental interventions on the
prevention and treatment of ORN. In a prospective trial by
Ben-David et al. published in 2007 [18], 176 patients with a
minimum follow-up of 6 months developed no ORN during a
median follow-up of 34 months. The authors concluded that

strict prophylactic dental care and the dosimetric advantages
of IMRTare essential factors in reducing the risk of ORN [18].
In a 2-year prospective follow-up study by Schuurhuis et al.
published in 2018 [19], ORN developed in 7% (4/56) of pa-
tients as the result of treatment of oral foci before RT.

We previously proposed appropriate prophylactic dental
extraction with consideration of the irradiation field and dose
[20]. We also formulated a novel protocol for dental interven-
tion by modifying a previous protocol [21] for patients who
underwent hematopoietic stem cell transplantation for hema-
tological malignancy, and we demonstrated the validity of our
dental intervention protocol for patients who underwent mye-
losuppressive chemotherapy for hematological malignancy
[22, 23]. The primary purpose of the present single-arm pro-
spective intervention study was to determine whether our den-
tal intervention protocol has an impact on the prevention and
treatment of ORN in patients undergoing irradiation for head
and neck malignancy.

Methods

Study population

This was a single-arm prospective study. All participants pro-
vided written informed consent before involvement in this
study. They underwent RT for head and neck malignancies
at the Division of Radiation Oncology, Kobe University
Hospital, from July 2015 to July 2016. Some patients
underwent surgery at the Department of Otolaryngology-
Head and Neck Surgery or Department of Oral and
Maxillofacial Surgery, Kobe University Hospital. Our institu-
tional review board approved this study (No. 1768, 2015).

Dental intervention protocol

For each patient, the Department of Oral and Maxillofacial
Surgery performed the pre-RToral examination. The radiation
oncologists informed the patients of their diagnosis and
planned day of RT to the attending doctors in the
Department of Oral and Maxillofacial Surgery. At the first
visit, the attending doctors assessed each patient’s dental con-
dition with medical inquiries, intraoral examinations, and pan-
oramic radiographs of all patients. The attending dental hy-
gienists provided oral hygiene instruction and performed pro-
fessional teeth cleaning before the initiation of RT. Teeth and
oral mucosa cleaning by dental hygienists was continued at a
frequency of once a week for patients with oral mucositis (i.e.,
oral cavity and oropharyngeal carcinoma patients), and as
necessary for other patients. The following teeth were prophy-
lactically extracted according to our established dental inter-
vention protocol:
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& Teeth with marginal periodontitis and a probing depth of
>8 mm, severe mobility, or severe inflammation

& Teeth with apical periodontitis and symptoms or periapical
radiolucency of > 5 mm on dental radiographs

& Partially erupted teeth with ongoing symptoms or a history
of symptoms

& Unrestorable deep dental caries with symptoms

BSymptoms^ in this study referred to spontaneous pain,
percussion pain, occlusal pain, gingival redness, swelling,
and pus discharge. Osseointegrated dental implants with se-
vere mobility or symptoms were removed. Teeth near the tu-
mor were not extracted because of the risk of bleeding.

The above-described prophylactic dental extraction was
performed according to the site of the primary tumor and
irradiation fields, as previously described in detail [20]. In
brief, this classification stratifies RT for head and neck malig-
nancy into the following grades according to the extent of
irradiation to the jaws:

High risk involving both the maxilla and mandible:
Cancer of the oral cavity, oropharynx, hypopharynx, or
nasopharynx
High risk involving only the maxilla: Cancer of the nasal
(paranasal) cavity
High risk involving only the mandible: Cancer of the sub-
mandibular gland or metastasis to level II lymph nodes
High risk involving the maxilla and mandible only on the
diseased side: Cancer of the parotid gland

& Prophylactic dental extraction was performed only at
high-risk sites.

Low risk: Cancer of the larynx or thyroid gland or neck
irradiation only

& Prophylactic tooth extraction was not performed; only
strict dental care was performed.

All dental extractions were performed at least 1 week be-
fore the initiation of RT under antibiotic prophylaxis.

In general, the patients were followed up at 3 and 6 months
and at 1, 1.5, and 2 years after the completion of RT. Some
patients (e.g., patients with severe mucositis) were followed
up at shorter intervals. The dental follow-up was mostly done
by the single doctor (YM). During the follow-up period after
RT, teeth with symptoms such as pain, trismus, and infection
were recorded and initially treated conservatively. However,
when the symptoms did not resolve and extraction was the
only treatment option, the teeth were extracted. During the
follow-up period after RT, if the jawbone exposure was found,
the interventions were started. Specifically, bone exposure
was initially treated conservatively (i.e., repeated local

irrigation and careful observation). However, when the symp-
toms caused by bone infection became worse, the surgical
intervention (e.g., surgical debridement under general anes-
thesia) was chosen.

Data collection

The following epidemiological data were gathered: age, sex,
smoking history (none, past, or current), alcohol use (none,
moderate/social drinker, or heavy/daily drinker), comorbidi-
ties, histology, primary tumor site, clinical TNM classifica-
tion, RT technique and dose, surgery, concurrent chemother-
apy, antiresorptive agent use, pre- and post-RT dental extrac-
tion site and number of extracted teeth, and time interval be-
tween RT and dental extraction.

In the previous literature, ORN has been defined as loss of
mucosal coverage and bone exposure lasting 3 to 6 months
[12, 17, 20]. Although the onset of ORN is time-independent
[24], the risk of developing spontaneous ORN is higher within
the first 2 or 3 years after RT [15]. This prospective study
assessed the incidence of jawbone exposure during the first
2 years after RT. Jawbone exposure was defined as a condition
in which the jawbone was obviously detected by visual in-
spection or palpation by using tweezers. The duration, treat-
ment content, and treatment outcome for jawbone exposure
were recorded. The jawbone exposure at 2 years after RT in
patients who could be followed up for 2 years after RT was
also assessed.

Statistical analysis

Statistical analyses were performed using R software (R
Development Core Team, 2011). The Mann–Whitney U test
and Fisher exact test were performed. A P value less than 0.05
was considered statistically significant.

Results

In total, 88 patients were introduced to our department during
the study period. One patient aged < 20 years was excluded;
therefore, 87 patients participated in this study. The follow-up
in 16 patients was interrupted because of transfer to another
hospital and 4 patients died before the completion of RT;
therefore, 67 patients were enrolled for evaluation. The de-
tailed patient characteristics are shown in Table 1. The median
age of the study population was 65.5 years (range, 24–
88 years). Most patients were male (79%). Two patients had
osteoporosis, one of whom was administered bisphosphonate
and the other parathyroid hormone (these two patients with
osteoporosis did not develop ORN). The most common his-
tology was squamous cell carcinoma (92.5%); the others were
malignant lymphoma in two patients (lower gingiva and nasal
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Table 1 Descriptive and bivariate analyses of patients in the current single-arm prospective study with and without jawbone exposure after radiation therapy

Variables All patients With bone exposure Without bone exposure P value
(n = 67) (n = 5) (n = 62)

Median age (range), years 65.5 (24–88) 62 (38–70) 66 (24–88) .322a

Sex

Male 53 (79) 4 (80) 49 (79) 1b

Female 14 (21) 1 (20) 13 (21)

Smoking .319b

None or not current 17 (25) 0 (0) 17 (27)

Current 50 (75) 5 (100) 45 (73)

Alcohol use .505b

None 18 (27) 0 (0) 18 (29)

Moderate 17 (25) 2 (40) 15 (24)

Heavy 32 (48) 3 (60) 29 (47)

Comorbidity

Diabetes mellitus 13 (19) 1 (20) 12 (19) 1b

Hypertension 18 (27) 2 (40) 16 (26) .605b

Past history of other cancer 18 (27) 1(20) 17 (27) 1b

Heart disease 9 (13) 1 (20) 8 (13) .526b

Liver disease 1 (1) 0 (0) 1 (2) 1b

Osteoporosis 2 (3) 0 (0) 2 (3) 1b

Histology

Squamous cell carcinoma 62 (92.5) 5 (100) 57 (92) 1b

Adenoid cystic carcinoma 2 (3) 0 (0) 2 (3)

Others 3 (4.5) 0 (0) 3 (5)

Primary site .649b

Oral cavity 15 (22.5) 0 (0) 15 (24)

Oropharynx 17 (25) 3 (60) 14 (22.5)

Hypopharynx 16 (24) 2 (40) 14 (22.5)

Nasopharynx 5 (7.5) 0 (0) 5 (8)

Nasal (paranasal) cavity 5 (7.5) 0 (0) 5 (8)

Larynx 6 (9) 0 (0) 6 (10)

Others 3 (4.5) 0 (0) 3 (5)

T classification .248b

TX 4 (6) 0 (0) 4 (6)

T1 5 (7.5) 0 (0) 5 (8)

T2 28 (42) 1 (20) 27 (44)

T3 11 (16.5) 3 (60) 8 (13)

T4a 17 (25) 1 (20) 16 (26)

T4b 2 (3) 0 (0) 2 (3)

N classification

N0 32 (48) 2 (40) 30 (48) .693b

N1 4 (6) 0 (0) 4 (6)

N2a 1 (1.5) 0(0) 1 (2)

N2b 19 (28) 3 (60) 16 (26)

N2c 8 (12) 0 (0) 8 (13)

N3 3 (4.5) 0 (0) 3 (5)

RT technique .645b

Conventional 21 (31) 2 (40) 19 (31)

IMRT 46 (69) 3 (60) 43 (69)

Surgery

Primary cancer resection 16 (24) 2 (40) 14 (23) .586b

Mandiblectomy 8 (12) 0 (0) 8 (13) 1b
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cavity) and maxillary sinus small cell carcinoma in one pa-
tient. The most common primary site was the oropharynx
(25%). Of the radiation techniques, IMRTwas more common
than conventional RT (69% and 31%, respectively) in this
study. The radiation dose for the primary lesions was
<60 Gy in only three patients (4%), in whom no ORN oc-
curred. Twenty-three patients (34%) underwent surgery.
Fifty-two patients (78%) underwent concurrent chemothera-
py, and cisplatin was the most common agent (46/52 patients,
88%). Cetuximab was used in 3 patients. Three patients re-
ceived denosumab for bone metastasis after the completion of
RT during the study period.

In total, 144 teeth in 39 patients (58%) were prophy-
lactically extracted according to the above-mentioned
dental intervention protocol before RT. The indication
for prophylactic dental extraction was marginal peri-
odontitis in 92 teeth (64%), apical periodontitis in 10
(7%), impacted wisdom teeth in 6 (4%), and dental
caries in 36 (25%). After the completion of RT, 7 teeth
in 4 patients underwent dental extraction involving al-
most spontaneous loss of teeth without surgical inva-
sion. The incidence of jawbone exposure during the first
2 years after RT was 7% (5/67 patients). Descriptive
and bivariate analyses revealed no factors associated
with the development of jawbone exposure (Table 1).

Table 2 shows the detailed information of five patients with
jawbone exposure. Three of the five patients underwent pro-
phylactic dental extraction, and only one case of jawbone ex-
posure occurred in the socket of the prophylactic dental extrac-
tion (case 5). Therefore, the incidence of jawbone exposure due

to pre-RT prophylactic dental extraction was 3% (1/39 pa-
tients). The one affected patient underwent extraction of a
symptomatic mandibular impacted wisdom tooth with a
dentigerous cyst. Although the socket of the dental extraction
healed, a fistula with pus drainage was found after completion
of RT and persisted for 15 months. Another patient (case 4)
developed jawbone exposure following dental extraction after
the completion of RT. The tooth extracted in case 4 was similar
to a floating tooth with severe mobility caused by resorption of
the surrounding jawbone. In this patient, the jawbone exposure
probably existed before the spontaneous loss of the tooth; it did
not occur due to surgical trauma such as that induced by dental
extraction. Two cases of jawbone exposure occurred in patients
who did not undergo prophylactic dental extraction. In case 1,
the occurrence of jawbone exposure was associated with
asymptomatic apical periodontitis. In case 2, the jawbone ex-
posure occurred in association with a lingual anterior lesion of
the mandible within the irradiation field but was unrelated to
the dentition. In case 3, the wisdom tooth was not prophylacti-
cally extracted because the tooth was asymptomatic and deeply
impacted. However, 11 months after the completion of RT, this
patient developed severe pain in the left mandible, paralysis in
the left mental region, and trismus (maximum mouth-opening
amount was < 20 mm). Bone exposure on the lingual side of
the left mandibular wisdom teeth was detected (Fig. 1). The
symptoms became worse, and surgical debridement including
bone resection and extraction of the left second and third mo-
lars was performed under general anesthesia. The bone expo-
sure and trismus healed completely after the surgery. The other
four patients with jawbone exposure achieved complete healing

Table 1 (continued)

Variables All patients With bone exposure Without bone exposure P value
(n = 67) (n = 5) (n = 62)

Neck dissection 18 (27) 2 (40) 16 (26) .605b

Concurrent chemotherapy 52 (78) 5 (100) 47 (76) .580b

Antiresorptive agent use 4 (6) 0 (0) 4 (6) 1b

Before RT

Dental extraction (patient number) 39 (58) 3 (60) 36 (58) 1b

Median number of teeth extracted (range) 1 (0–25) 1 (0–3) 1 (0–25) .897a

Extraction site (number of extracted teeth) .502b

Posterior mandible 53 (37) 1 (14) 52 (38)

Anterior mandible 25 (17) 2 (29) 23 (17)

Posterior maxilla 40 (28) 3 (43) 37 (27)

Anterior maxilla 26 (18) 1 (14) 25 (18)

IMRT, intensity-modulated radiation therapy; RT, radiation therapy

Unless otherwise noted, data are reported as number (percentage) of study participants
aMann–Whitney U test
b Fisher’s exact test
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with conservative treatments such as sequestrectomy under lo-
cal anesthesia, repeated local irrigation, or antibiotic use only

when acute inflammation with pain, swelling, and trismus due
to infection occurred (Table 2).

Fig. 1 A representative case of jawbone exposure (case 3). a Positron
emission tomographic image before radiation therapy (RT). b Simulation
computed tomographic (CT) image. Jawbone exposure developed around
the left mandibular wisdom teeth. c Note the bone destruction on the
lingual side of the wisdom tooth in CT image. The wisdom tooth was
not prophylactically extracted because the tooth was asymptomatic and
deeply impacted. d Panoramic X-ray image before RT showing the

deeply impacted left mandibular wisdom tooth. e Intraoral finding after
11 months RT showing severe trismus and the deep periodontal pocket
into which the tips of tweezers were deeply inserted. f Intraoperative
finding. Note theminimal mucosal defect on the lingual side of the deeply
impacted wisdom tooth. g Intraoral finding 5 months postoperatively
showing sufficient mouth opening and epithelialization

Table 2 Details of five patients with jawbone exposure

Case Age
(years)

Sex Primary
site

cT cN Pre-RT
extraction
(days)a

Post-RT
extraction
(months)b

Relation between
jawbone exposure
and dentition

Occurrence timing
of jawbone exposure
(months)b

Treatment content Treatment
duration
(months)c

1 63 M Oropharynx 2 2b Yes (13) No Yes 10 Sequestrectomy/LA 6
2 62 F Hypopharynx 3 0 No No No 3 Sequestrectomy/LA 1
3 38 M Oropharynx 4a 2b No No Yes 11 Surgical debridement/GA 13
4 70 M Oropharynx 3 0 Yes (21) Yes (18) Yes 18 Repeated local irrigation 5
5 59 M Hypopharynx 3 2b Yes (18) No Yesd 4 Repeated local irrigation 15

GA, general anesthesia; LA, local anesthesia; RT, radiation therapy
a Time interval (days) between the day of dental extraction and the start of RT.
b Time interval (months) between the completion of RT and the day of dental extraction or jawbone exposure occurrence
c Time (months) between the day of occurrence and healing of jawbone exposure
d Jawbone exposure occurred in the socket of prophylactic extraction socket only in case 5
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Fourteen patients died during the 2 first years after RT. No
jawbone exposure was found at 2 years after RT in 53 patients
who could be completely followed up for 2 years after RT.

Discussion

The prevention and treatment of ORN, the most problematic
complication of RT for head and neck malignancy, are impor-
tant tasks for dental oncologists. This novel single-arm pro-
spective study was performed to determine the efficacy of
dental intervention performed according to uniform protocol
on the prevention of ORN. This study was conducted based on
the hypothesis that a strict dental intervention protocol has the
potential to prevent ORN. This study revealed that jawbone
exposure occurred at an incidence of 7% during the first
2 years after RT. The result that jawbone exposure healed with
intervention after RT indicates that the not only prophylactic
tooth extraction before RT but also proper interventions for
jawbone exposure after RT may be necessary for prevention
of ORN development.

In the prospective trial by Ben-David et al. [18], no ORN
occurred after strict prophylactic dental care and IMRT. The
incidence of jawbone exposure in our study (7%) was similar
to that in the 2-year prospective study by Schuurhuis et al.
[19], in which ORN occurred in 7% of patients in spite of
treatment of oral foci before RT. The details of the dental
intervention protocol (e.g., the indications for tooth extraction)
were slightly different among these three prospective studies,
including ours [18, 19]. Schuurhuis et al. [19] concluded that
patients with severe periodontal disease before RT are more
prone to develop ORN or bone healing problems after RT. In
their retrospective study, Kojima et al. [25] concluded that
extraction of mandibular molars with periapical periodontitis
before RT may reduce the risk of ORN because periapical
periodontitis was shown to be a significant independent risk
factor for ORN. Beech et al. [17] carefully discussed the indi-
cations for extraction: (1) sound teeth should not be extracted
because such extractions increase the risk of ORN and may
reduce patients’QOL after RT; (2) whether to extract compro-
mised teeth (i.e., those that would generally not be extracted in
healthy people but would require some degree of restoration)
is difficult to judge, but an alternative to extraction such as
endodontic treatment should be considered; and (3) extraction
of hopeless teeth (i.e., those that would be extracted regardless
of RT planning) does not warrant an argument against
performing the extraction, but no evidence regarding the ap-
propriate timing of dental extraction exists. In their systematic
review, Schuurhuis et al. [26] hypothesized that the following
oral foci should be effectively treated or eliminated before the
initiation of RT: deep caries that may lead to pulpal exposure,
active periodontal disease with pockets of > 6 mm,
nonrestorable teeth with large restorations extending the

gum line or with root caries, periapical granuloma and avital
teeth, impacted or partially erupted teeth not fully covered by
bone, and cysts. These indications for dental intervention be-
fore RT are not substantially different from our protocol. We
consider that our protocol of prophylactic dental extraction is
not so invasive. Specifically, extraction is generally indicated
for teeth affected by marginal periodontitis with a probing
depth of > 8 mm or severe mobility and inflammation, partial-
ly erupted teeth with symptoms, and teeth containing
unrestorable deep dental caries with symptoms, even in
healthy subjects. How to treat teeth with apical periodontitis
is difficult to judge, because apical periodontitis is generally
asymptomatic and infected root canal treatment (e.g., com-
plete removal of previous filling material and repeated root
canal irrigation) is sometimes difficult and time-consuming.
In fact, one case of jawbone exposure occurred among the
teeth affected by asymptomatic apical periodontitis in the
present study (case 1). Our study also revealed a dilemmatic
result: that jawbone exposure can develop from both the sock-
et of prophylactic tooth extraction (case 5) and the preserved
tooth (case 3). Jawbone exposure seems to be inevitable in
certain patients, especially those in whom the mandible is
included in the irradiated field for locoregional control, re-
gardless of whether prophylactic dental extraction is per-
formed. In fact, jawbone exposure occurs unrelated to the
dentition like case 2 in this study. Prophylactic dental extrac-
tion cannot prevent such jawbone exposure. Another key find-
ing in our study is that although the number of patients who
underwent dental extraction was small, the number of extract-
ed teeth before RT was not significantly associated with the
occurrence of jawbone exposure. In our opinion, based upon
the results of this study, simple criteria for prophylactic dental
extraction comparable with judgment of the need for extrac-
tion in healthy subjects are probably sufficient for patients
who are scheduled for RT for head and neck malignancy.

Careful follow-up after the completion of RT may play an
important role in the prevention and treatment of ORN, as do
oral examination and prophylactic dental extraction. Although
this study focused on the incidence of jawbone exposure dur-
ing the first 2 years after RT through a specific dental inter-
vention protocol, the onset of ORN is time-independent [24].
A systematic review by Nabil and Samman in 2011 [15] dif-
ferentiated between spontaneous and trauma-induced ORN.
The first 2 or 3 years after RT is a high-risk period for spon-
taneous ORN [15, 27, 28]. The period from 2 to 5 years after
RT had the highest incidence of trauma-induced ORN (e.g.,
ORN secondary to dental extraction) in their review [15]. The
authors found that dental extraction within 1 year after RT
resulted in a 7.5% risk of ORN [15]. The risk of ORN caused
by dental extraction increases to 22.6% from 2 to 5 years after
RT and then decreases to 16.7% after 5 years [15].
Spontaneous ORN within 2 years after RT may be due to
treatment-related trauma to the mandible (i.e., RT), and the
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second increase in the incidence of ORN from 2 to 5 years
after RT is probably due to the increase in extractions of teeth
that have broken down after a certain period of time [9, 15]. A
recent large-scale national-based cohort study by Wang et al.
[9] showed that the frequency of dental extractions increase
during the first 2 years after RT and then gradually decreased,
whereas the hazard ratio for ORN still increased after the first
2 years post-RT and peaked at 4 years after RT. As shown in
case 3, jawbone exposure is sometimes so difficult to be de-
tected unless careful observation is done by specialists. If such
a cryptic jawbone exposure is left untreated, it may be found
in an advanced state of ORN about 4 to 5 years after RT. Based
on these findings, Wang et al. [9] encouraged prophylactic
dental extraction and efforts to avoid dental extraction after
RT, especially during the first 4 years after RT. In their sys-
tematic review, Schuurhuis et al. [26] recommended a follow-
up period of > 2 years to detect late sequelae of RT.

This prospective study had several limitations. First, as
mentioned above, the follow-up duration after RT was short
(2 years). We are currently continuing this prospective study
and will report the long-term results in the future. Moreover,
this study is a small sample size. Further studies in larger
cohorts are necessary to improve treatment outcome in pa-
tients with head and neck malignancies. Second, this study
had no control. A Cochrane review published in 2013 con-
cluded that no randomized controlled trials have been per-
formed to assess the effect of extracting teeth before RT versus
leaving teeth in the mouth during RT to the jaws [29].
However, we consider that the use of controls in such a study
is ethically problematic. Third, we did not assess patients’
QOL. Ideally, dental intervention before and after RT should
have the potential to both prevent ORN and improve QOL.
Finally, this study established a strict protocol of dental inter-
vention, especially prophylactic dental extraction, rather than
post-RT intervention. Notably, however, careful follow-up
and early intervention (as in case 3) after RT probably help
to prevent the exacerbation of jawbone exposure leading to
intractable ORN, because all cases of jawbone exposure in
this study healed after post-RT management. An establish-
ment of protocol focusing on appropriate post-RT dental in-
tervention is also our future task.

Conclusions

There were jawbone exposures in 7% of the cases dur-
ing 2 years after RT in spite of prophylactic tooth ex-
traction performed in accordance with a strict protocol.
Although dental intervention seemed to be important to
prevent ORN, further studies in larger cohorts are nec-
essary to improve treatment outcome in patients with
head and neck malignancies.
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