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Abstract

Purpose This retrospective study aimed to analyze the rela-
tionship between tooth extraction and osteoradionecrosis
(ORN) occurrence. The irradiation field, dose, and time inter-
val between radiotherapy (RT) and ORN were reviewed. We
also discuss appropriate guidelines for prophylactic tooth
extraction.

Methods A total of 33 patients treated for grade >2 (clinical)
ORN in our department from 2002 to 2014 were enrolled. The
following epidemiological data were retrospectively gathered:
age, sex, histological diagnosis, primary tumor sites, radiation
dose, chemotherapy, site of ORN, relationship between tooth
extraction and ORN occurrence, and time interval between
tooth extraction and the initiation or end of RT.

Results Twenty-one percent of ORN cases resulted from tooth
extraction. The most common site of ORN (82 %) was the
mandibular molar region. About half of ORN cases (49 %)
occurred within 2 years after RT. All patients who received
tooth extraction after RT developed ORN (100 %) indepen-
dently of time interval between tooth extraction and the end of
RT (median interval, 37.5 months; range, 27—120 months). In
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contrast, only 50 % of patients who received tooth extraction
before RT developed ORN. There may have been an associa-
tion between the irradiation field and the site of ORN
development

Conclusions ORN occurrence due to tooth extraction was
21 %. Occurrence timing of ORN did not depend on time
interval between tooth extraction and the end of RT. The irra-
diation field is certainly related to the site of ORN; therefore,
prophylactic tooth extraction should be performed in consid-
eration of the proposed radiation field and dose.

Keywords Head and neck malignancy - Radiotherapy -
Osteoradionecrosis of the jaw - Prophylactic tooth extraction

Introduction

Radiotherapy (RT) plays an indispensable role in the current man-
agement of head and neck malignancies. Osteoradionecrosis
(ORN) of the jaw, defined as exposed bone persisting for more
than 6 months [1], is one of the serious late complications of RT
for head and neck malignancies. When ORN of the jaw pro-
gresses, patients develop trismus, neuropathic pain, and chronic
drainage, resulting in severely reduced quality of life. Although
there are numerous reports on the medical management of ORN
of the jaw, including surgical and conservative interventions
[2-5], prevention of ORN is the most important issue for dental
oncologists. A previous study by Ben-David et al. [6] reported
that meticulous prophylactic dental care combined with the dosi-
metric advantages offered by intensity-modulated radiation thera-
py is likely an essential factor in reducing the incidence of ORN.
That study found that the use of a strict prophylactic dental care
policy and intensity-modulated radiation therapy resulted in no
cases of clinical ORN.
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A systematic review by Nabil et al. [7] reported that the
incidence of ORN after dental extraction in irradiated pa-
tients was 7 %. A previous retrospective study of 830
cases between 1969 and 1999 reported that the time in-
terval between RT and the occurrence of ORN was vari-
able (median, 13 months; range, 2—122 months), indicat-
ing the time independence of ORN occurrence [§]. In
prophylactic dental care and post-RT dental management,
the following issues remain unresolved: (A) to what ex-
tent unrestorable teeth should be prophylactically re-
moved and (B) how long regular dental follow-up should
be performed. Although ORN can occur spontaneously as
a result of odontogenic diseases [7], tooth extraction be-
fore or after RT is considered the most common initiating
cause of ORN. However, prophylactic dental extraction
remains a controversial issue, because a previous report
revealed that pre-RT tooth extraction did not reduce the
risk of ORN [9].

The objective of this study was to retrospectively re-
view the cause of ORN, with a focus on the relationship
between tooth extraction and ORN occurrence. The irra-
diation field, dose, and the occurrence timing of ORN
were also assessed. Based on the results of this retrospec-
tive study, we discuss appropriate guidelines for prophy-
lactic tooth extraction and the duration of post-RT dental
follow-up.

Materials and methods

A total of 33 patients with ORN were treated in our depart-
ment from 2002 to 2014. In the present study, ORN was de-
fined according to the Common Terminology Criteria for
Adverse Events v3.0 (CTCAE) (http://ctep.canchttp://ctep.
cancer.gov/forms/CTCAEv3.pdf. http://ctep.cancer.
gov/forms/CTCAEv3.pdf). ORN definition and grading
according to CTCAE v3.0 includes grade 1: asymptomatic,
radiographic findings only; grade 2: symptomatic and
interfering with function, minimal bone removal indicated;
grade 3: symptomatic and interfering with daily life
activities, operative intervention or hyperbaric oxygen
indicated; and grade 4: disabling. This study evaluated
patients who had grade >2 ORN, defining grade 2 as the
loss of mucosal coverage and bone exposure lasting 3—
6 months. The following epidemiological data were
retrospectively gathered from the medical charts: age, sex,
comorbidity, histological diagnosis, primary tumor sites,
radiation dose, chemotherapy, site of ORN, relation between
tooth extraction and ORN, and time interval between RT and
tooth extraction. This was a nonrandomized, retrospective
study of patients and was thus granted exemption from
institutional review board approval by our institution.

@ Springer

Results

Patient characteristics are shown in Table 1. All patients were
treated conventional RT (i.e., there were no patients who re-
ceived intensity-modulated radiation therapy [IMRT] and vol-
umetric modulated arc therapy). None of the patients received
antiresorptive medications, such as bisphosphonates and
RANK ligand inhibitor. Five of 33 patients (15 %) with
ORN had diabetes mellitus. Twenty-four of 33 patients
(73 %) had periodontal disease. No trauma (e.g., trauma in-
duced by prosthesis) caused ORN in this study.

In two patients, the irradiation dose recorded in the medical
chart was less than 50 Gy (Table 1). One of these was an 82-
year-old woman who received chemoradiotherapy (CRT) for
maxillary carcinoma during the study period. She had under-
gone CRT and surgical intervention for maxillary sinus cancer
at another hospital 32 years earlier. The second patient was a
71-year-old man who received RT for oral cancer during the
study period. He had received brachytherapy for oral cancer at
another hospital 26 years earlier. Therefore, the total irradia-
tion dose in these patients was more than 50 Gy. Twenty-five
of 33 patients (76 %) received chemotherapy in this study
duration. Cisplatin alone was the most common in 15 patients
(n=25; 60 %).

Figure 1a shows the site of ORN. Posterior mandible was
the most common site of ORN (82 %). Figure 1b shows the
time interval between RT and diagnosis of ORN. Forty-nine
percent of ORN were diagnosed within 2 years after RT.

The relation of ORN and tooth extraction was assessed
(Fig. 2). In 33 patients with ORN, 11 patients (33 %) received
tooth extraction before (n = 4), during (n = 1), and after RT
(n=6). In 7 of 11 patients who received tooth extraction and
do not achieve socket healing, ORN developed in the extrac-
tion site; therefore, the incidence of ORN due to tooth extrac-
tion was 21 % (7/33). In four patients who received tooth
extraction, ORN developed independently of tooth extraction
(extraction socket healed, but ORN occurred apart from the
extraction socket). Two out of 4 patients who received tooth
extraction before RT developed ORN (50 %), and their time
intervals between tooth extraction and the initiation of RT
were 13 and 19 days. In all patients who received tooth ex-
traction after RT, ORN developed (100 %), and their time
intervals between tooth extraction and the end of RT were
27, 28, 36, 39, 42, and 120 months (median interval
37.5 months).

Table 2 shows the relationship between the site of primary
tumor and ORN. ORN occurred in both the maxilla and man-
dible in patients who received RT of the oral cavity and hypo-
pharynx. In two patients with major salivary gland carcinoma
(submandibular gland in both), ORN developed in the man-
dibular region. In three patients with paranasal sinus cancer,
ORN developed only in the maxillary molar region. ORN
occurred on the side contralateral to the primary lesion in
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Table 1  Patient characteristics

Characteristics No. of patients®

(n=33)

Age, median (range), years 69 (41-87)
Sex

Male 28 (85)

Female 5(15)
Comorbidity

Diabetes mellitus 5(15)
Histology

Squamous cell carcinoma 29 (88)

Adenoid cystic carcinoma 309

Unknown 13)
Primary site

Oral cavity 12 (37)

Oropharynx 927

Hypopharynx 5(15)

Nasal (paranasal) cavity 309

Nasopharynx 2 (6)

Major salivary gland 2 (6)
Radiation dose

<50 Gy 2(6)°

50-60 Gy 2 (6)

60-70 Gy 13 (39)

70 Gy< 16 (49)
Chemotherapy

Yes 25 (76)

No 8 (24)

#Unless otherwise noted, data are reported as number (percentage) of
study patients

° These patients previously received radiotherapy at other hospitals, as
mentioned in the “Results” section

patients with oral, nasopharyngeal, oropharyngeal,
hypopharyngeal, and major salivary gland cancer (Table 2).
In 5 of 33 patients (15 %), ORN developed in the bilateral
mandibular molar region. Three of 5 bilateral cases of ORN
developed without an obvious cause, such as tooth extraction.

Discussion

In this retrospective study, we aimed to analyze the cause and
occurrence timing of ORN of the jaw, focusing on prophylac-
tic dental extraction and duration of post-RT dental follow-up,
in patients with head and neck cancer who received RT.

First of all, although a systematic review reported no ORN
in any patients who received a radiation dose of less than
60 Gy [7], we found ORN in two patients who received a
radiation dose of less than 50 Gy. These patients had received

ORN site

b Time to diagnosis of ORN after RT completion

n=33 (%)

m Mandibular molar (82)

Mandibular anterior (0)

m Maxillary molar (15)

¥ Maxillary anterior (3)

n=33 (%)

<2 years (49)

m 2 - 5 years (36)

5-10 years (15)

o

Fig. 1 a The site of ORN. b Time to diagnosis of ORN after RT
completion. ORN osteoradionecrosis, RT radiotherapy

Relation between ORN and tooth extraction

Tooth extraction before RT n =4 (%)

B ORN occured (50)
ORN not occured (50)

Tooth extraction during RTn =1 (%)

n=11

® ORN occured (0)

ORN not occured (100)

Tooth extraction after RT n = 6(%)

B ORN occured (100)

B ORN not occured (0)

Fig. 2 The relation between ORN and tooth extraction. ORN
osteoradionecrosis
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Table 2 Relationship between
primary lesion and ORN site

Primary site ORN site
Mandible Maxilla Ipsilateral Contralateral Bilateral®

Oral cavity (n = 12) 9 3 9 2 1
Oropharynx (n =9) 9 0 4 3 2
Hypopharynx (n = 5) 3 2 3 1 1
Nasal (paranasal) cavity (n = 3) 0 3 3 0 0
Nasopharynx (n = 2) 2 0 1 1 0
Major salivary gland (n = 2) 2 0 0 1 1

ORN osteoradionecrosis

#In 5 of 33 patients, ORN developed in the bilateral mandibular molar region; therefore, the total number of ORN

was 38

previous treatments including CRT or brachytherapy at other
hospitals long before RT during this study period. A previous
study mentioned that particular attention should be paid to
teeth in parts of the jaw expected to receive a radiation dose
greater than 50 Gy [6]. Other previous study reported that 50
and 60 Gy saw the most significant differences between the
ORN group and the comparison group [10]. Our study indi-
cates that primary RT less than 50 Gy has a low risk of causing
ORN. In this study, 75 % of ORN patients received chemo-
therapy; nevertheless, chemotherapy did not significantly in-
crease the incidence of ORN in some previous studies [9, 11].
There are no studies and literature reviews that indicate the
correlation between chemotherapy and ORN as far as we
know.

Second, the relation between primary lesion and ORN site
was assessed, and we found that ORN can occur in both the

maxilla and mandible after RT of the oral cavity and hypo-
pharynx (Table 2). Although ORN did not occur in the maxilla
in patients with oropharyngeal cancer in this study, the irradi-
ation field for oropharyngeal cancer often involves both the
maxilla and mandible. For the treatment of nasopharyngeal
cancer, the irradiation field often involves both the upper
and lower jaw, too. Severe radiation-induced salivary gland
damage frequently occurs in these patients. Therefore, partic-
ular attention, including prophylactic extraction of teeth with
severe caries and periodontitis, is needed in patients who are
scheduled for RT of oral, nasopharyngeal, oropharyngeal, and
hypopharyngeal cancer. This study also indicated that ORN
occurred independently of the laterality in these patients, be-
cause ORN occurred on both the diseased and undiseased
sides except in patients with nasal cavity (paranasal cavity)
cancer (Table 2). In two patients who had submandibular

Table 3 Proposal for

prophylactic tooth extraction Classification of irradiation field

based on irradiation field and dose
High risk®

Maxilla or mandible

Maxilla
Mandible

Maxilla and mandible of diseased side

Low risk®

Classification of irradiation dose
<50 Gy
50 Gy>

Oral cavity cancer

Oropharynx cancer
Hypopharynx cancer
Nasopharynx cancer

Nasal (paranasal) cavity cancer
Submandibular gland cancer
Level II lymph node metastasis
Parotid gland cancer

Larynx cancer

Thyroid gland cancer

Neck irradiation only
Necessity of prophylactic tooth extraction
No

Yes

# Prophylactic tooth extraction should be performed at regions described in lower panels

® Prophylactic tooth extraction is not required and strict dental care should be performed
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gland cancer, ORN developed only in the mandibular region.
We propose that prophylactic tooth extraction, especially in
the mandible, should be performed before RT of the subman-
dibular glands. This is because the irradiation field for sub-
mandibular gland cancer often involves only the lower jaw.
None of the patients in this study received RT for parotid
gland cancer. Parotid gland cancer is generally treated with
rectangular irradiation; therefore, the irradiation dose is con-
sidered low in the maxilla and mandible of the contralateral
side. In this study, three patients received RT for cancer of the
paranasal sinus (one received carbon-ion therapy alone and
the other received concomitant superselective intra-arterial
chemotherapy) and subsequently developed ORN in the max-
illary molar region. Prophylactic maxillary tooth extraction
should be performed in patients scheduled for RT for nasal
and paranasal cavity cancer. However, extraction of maxillary
teeth near the tumor should be avoided before RT to prevent
neoplasm spread and unexpected bleeding. It must also be
noted that the necrotic bone is often exposed as a result of
tumor necrosis after superselective intra-arterial chemothera-
py and concomitant RT; therefore, careful oral care should be
performed in these patients. Our study did not include patients
who received RT for larynx and thyroid gland cancer. This
was probably due to low risk of ORN in these patients, be-
cause the irradiation field for larynx and thyroid gland cancer
did not involve the jaw and salivary glands. Patients who
received only neck irradiation probably had low risk of ORN.

Prophylactic tooth extraction remains controversial. Some
studies have reported a low prevalence of ORN associated
with tooth extraction after RT (2.14 % [12] and 1.7 % [13]).
A recent large retrospective cohort study reported that tooth
extraction after RT was not an independent risk factor for
ORN [11]. Some studies have found no apparent benefit of
pre-RT extractions to reduce the risk of ORN and have indi-
cated that pre-RT extractions can cause ORN [1, 11].
However, in one of these reports, the authors noted that a
complete dental evaluation by an experienced practitioner is
strongly recommended before RT and that it is important to
discuss with patients the implications of extraction versus
retaining teeth in the proposed high-dose RT field [11]. All
unrestorable teeth and/or teeth with periodontal problems
must be extracted to reduce the post-RT extractions that con-
tribute to ORN [14]. Socket healing after tooth extraction
usually requires 14 days, but in this study, two patients re-
ceived tooth extraction 13 and 19 days before the start of
RT. The timing of prophylactic tooth extraction is one of un-
resolved issues. To solve this issue, careful information shar-
ing between dental oncologist and radiation oncologist is
essential.

We regard strict criteria for prophylactic tooth extraction,
such as those proposed by Ben-David et al. [6], as important in
preventing ORN. Based on the results of this study and nu-
merous previous reports, we propose that prophylactic tooth

extraction should be performed with consideration of the pro-
posed radiation field and dose, as shown in Table 3. Healthy
dentition should be maintained in irradiated patients [1]; there-
fore, careful long-term follow-up by trained dental oncologists
is essential after RT. However, the appropriate duration of
follow-up is questionable because the occurrence of ORN is
not time dependent [8]. The large majority of ORN events
have been reported to occur within 2 years after RT [8]. It
has been recommended that tooth extraction be avoided with-
in 2 years after RT to reduce the risk of ORN [10]. On the
other hand, a systematic review notes that the period 2—5 years
after RT had the highest incidence of ORN after post-radiation
extraction [7]. In our study, all patients who underwent tooth
extraction after RT developed ORN (Fig. 2). In a previous
report, patients were followed up by a dental oncologist and
a radiation oncologist and/or head and neck surgeon to assess
dental condition and the need for post-RT extractions at 6- to
8-week intervals for the first year, 2- to 4-month intervals for
the second and third years, 6-month intervals for the fourth
and fifth years, and annually thereafter [9]. We agree with their
argument and propose that patients who received RT for the
head and neck malignancies should be followed up by dental
oncologists as long as possible.

Finally, we must mention the limitations of this study.
The main limitation is the retrospective nature of the data
with a small sample size. Second, this study did not in-
clude the developing alternatives to conventional RT, such
as IMRT. A recent review noted that every patient treated
with various types of RT should get enrolled on a clinical
study and data collated meticulously to document and
learn from experiences, because clinical data are currently
sparse [15]. Moreover, the exact IMRT advantage on
ORN remains to be elucidated [16]. Third, this study eval-
uated only diabetes mellitus as comorbidity. A recent
study reported that the rate of patients with diabetes
mellitus and ORN was 5.6 % [11]. Fourth, this study
did not include the patient who received tooth extraction
after RT and did not develop ORN. We must note that
tooth extraction after RT does not cause absolutely ORN
in all cases. Causal tooth of severe infection should be
eliminated even in patients who received RT. To over-
come these problems, a prospective study including a
large sample size, cases receiving IMRT, and evaluation
of comorbidities (such as smoking and alcohol) should be
conducted in the near future.

As conclusions, about half of ORN cases (49 %) occurred
within 2 years after RT. Only 21 % of ORN cases in this study
were caused by tooth extraction. Occurrence of ORN did not
depend on time interval between tooth extraction and the end
of RT. The irradiation field is certainly related to the site of
ORN; therefore, prophylactic tooth extraction should be per-
formed in consideration of the proposed radiation field and
dose.
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