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Abstract
Objectives The aim of this study was to analyze the influence
of dental treatment on the development of osteoradionecrosis
(ORN) of the jaw.
Methods This study included the data of 776 patients who
underwent 3D-CRT or IMRT because of head and neck can-
cer. Sex, dental status before and after radiotherapy (RT), tu-
mor site, bone surgery during tumor operation, concomitant
chemotherapy, and the development of an advanced ORN
were documented for each patient. The patients’ dentitions
before and after RT were classified into four groups with re-
gard to the number and localization of the remaining teeth.
Differences between the patients with ORN and patients with-
out ORN with regard to the teeth’s condition before and after
RT, and with regard to the extent of dental treatment were
determined descriptively. Cox proportional hazards regression
to study the association between dentition and the develop-
ment of ORN.

Results The extent of dental treatment in patients with and
without ORN did not differ in a clinically relevant way. The
highest risk of developing ORN was observed in patients who
had undergone primary bone surgery during the tumor opera-
tion (HR = 5.58, 95%CI 2.91–10.7) and patients who had a
tumor in the oral cavity (HR = 4.84, 95%CI 1.37–17.11).
Conclusions Based on the results of this study, tumor locali-
zation and its required treatment are prognostic factors for the
development of ORN.
Clinical significance After implementing a consequent dental
treatment scheme, no influence of dentition on the risk of
developingORN could be demonstrated. Patients with a lower
risk could prospectively benefit from a more moderate dental
treatment scheme.

Keywords Osteoradionecrosis . Radiotherapy . Tumor
localization . Bone surgery . Dental status

Introduction

The treatment of advanced tumors of the upper respiratory and
digestive tracts (i.e., head and neck area) is a multidisciplinary
task by current standards [1–4]. The medical team consists of
oral and maxillofacial surgeons, radiation therapists, hematol-
ogy oncologists, diagnostic radiologist, pathologists, and, in
special cases, specialists in nuclear medicine. For tumorswith-
in the oral cavity, the early integration of a dentist in the ther-
apy management may be especially necessary to perform pro-
phylactic measures on mucous membranes, teeth, and den-
tures [5, 6]. The central task is to implement an infectious
source control before radiotherapy (RT).

However, recent surveys suggest that dentists find it diffi-
cult to provide this task and want to be specifically trained for
this purpose [7, 8]. This uncertainty originates from the
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necessity to make decisions and implement measures before
RT, which can have far-reaching consequences in the course
of treatment that are difficult to evaluate before treatment. In
addition, dental treatment has to be performed within a short
time frame of a few days or weeks. However, a particular
problem is that infectious source control before RT includes
a comprehensive extraction of teeth in accordance with the
recommendations of the German Society of Radiooncology,
Medical Physics and Radiation Biology and the German
Society for Dental and Oral Medicine [9]. This therapy option
instead represents the ultima ratio in dentistry. Furthermore,
most patients remain skeptical about undergoing an extraction
before RT because of surgical treatment received previously.

Furthermore, a treatment plan (e.g., determining which
teeth have to be extracted) often has to be created after the
initial contact and implemented immediately [10]. The treat-
ment plan has to take into account the available time frame,
the patient’s oral hygiene (for its evaluation, a potential or
progredient restriction of mouth opening should be consid-
ered), the expected xerostomia, the development of radiation
caries and later oral rehabilitation, and the greatest possible
risk reduction of osteoradionecrosis (ORN) of the jaw.

An ORN of the jaw is an unwanted adverse effect of ther-
apeutic irradiation of tumors of the head and neck area. The
frequency of this effect is 40%, as reported in the literature
[11]. Its subsequent treatment can lead to the complete loss of
the jaws and a considerable reduction in chewing, speaking,
and swallowing function. In addition to functional limitations
and disfiguring facial deformities often occur and result in
psychological stress and social marginalization. According
to accepted theories, a substantial cause for ORN (in addition
to the irradiation dose) is teeth destroyed by radiation caries
[11]. Radiation caries may be an entry port for pathogenic
germs into the bone that induce its necrosis. The development
of radiation caries, its onset, and effective treatment often can-
not be predicted adequately.

For a long time, the simplest solution was to extract all
teeth before RT [12]. This approach is obsolete today. It is
contradictory to the efforts of modern oncology to achieve a
high quality of life standard after therapy. On the other hand,
the implementation of modern three-dimensional (3D) irradi-
ation techniques such as 3D conformal radiation therapy (3D-
CRT) or intensity-modulated radiation therapy (IMRT) allows
a more distinct preservation of adjacent tissues and a more
precise assessment of high-irradiation and high-risk areas. It
may be prospectively possible to perform dental infectious
source control that is especially adapted to a patient’s situation
before administering RT.

The current recommendations for dental treatment before
RT take into account the former irradiation techniques. The
recommendations have to be re-evaluated with regard to the
modern 3D methods concerning their extent and effective-
ness. This investigation attempted to define the actual ORN

risk with modern irradiation techniques and a consequent den-
tal treatment scheme before RT. The influence of the tumor
site, sex, chemotherapy, the necessity for bone surgery, and
changes in dentition before and after dental treatment were
considered.

Patients and methods

Patients who underwent high-dose RT for head and neck can-
cer between January 1, 2003, and January 31, 2013, at the
Department for Radiotherapy at the University Hospital of
Halle were included. Inclusion criteria were primary tumors
in the nasopharynx, oropharynx, uvula, tongue base, oral cav-
ity, parotid gland, or larynx/hypopharynx. The protocols were
approved by the medical faculty’s ethics committee at the
Martin-Luther-University Halle-Wittenberg and conducted in
accordance with the Declaration of Helsinki on Ethical
Principles for Medical Research.

Surgery

Tumor and neck lymph node removal was performed in pa-
tients with early or locally advanced tumors who were in good
general condition.

Bone surgery during tumor resection

Bone surgery was defined as a risk factor if removal of the jaw
bonewas necessary during tumor resection. This also included
tumor operations that involved temporary splitting of the man-
dible in order to gain access to the pterygopalatine fossa, the
parapharyngeal space, and the oropharynx [13, 14].

RT

Three-dimensional treatment planningwith 3D-CRT (from2003
to 2013) or IMRT (from 2006 to 2013) was performed in all
patients. Treatment planningwas based on a computed tomogra-
phy (CT) scan of the head and neck region, with a slice thickness
of 5mm (Lightspeed; General Electric, Fairfield, USA). Patients
were immobilized using a custom-made thermoplastic head–
neck–shouldermask.Twoplanningsystems(HelaxTMSversion
6.1 and Oncentra Masterplan version 1.5/3.0; Nucletron,
Veenendaal, Netherlands) were used for the 3D treatment plan-
ning. 3D-CRT was performed using standardized six to seven
portal arrangements asdescribedpreviously [15]. Patients receiv-
ing 3D-CRT were treated with 6- and 10-MV photons from a
linear accelerator (Primus and Oncor; Siemens Medical
Solutions, Erlangen, Germany). IMRT was based on the step-
and-shoot approach with seven or nine equidistant 6-MV beams
and five to eight subsegments, respectively. The treatment tech-
nique was similar to the one described by Georg et al. [16]. The
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planningstrategywas tocover95%of theplanning targetvolume
(PTV)with95%of theprescribeddose.Themeandosegiventoat
least one parotid glandwas limited to 26Gywithout compromis-
ing the PTV. The maximum dose to the spinal cord was 45 Gy.
Irradiation planning was performed according to reports 50 and
62 of the Commission on Radiation Units and Measurements
(ICRU) [17, 18]. Planning, performance, and quality assurance
were undertaken according to ICRU report 83 [19].

– Postoperative RT

Thefractionationschedulewasthetraditional2.0Gy/day,5days
aweek.A total dose of 64 to 70Gywas delivered for each patient.

– Definitive RT

Patients received hyperfractionated-accelerated RT with
70.6/77.6 Gy in 15 fractions of 2 Gy followed by 1.4 Gy twice
a day or with 72 Gy in 14 fractions of 1.8 Gy followed by 1.8
and 1.6 Gy twice daily.

Chemotherapy

Some patients received postoperative adjuvant or definitive
radiochemotherapy. The indication for chemotherapy was de-
termined by a specialist in RT in the University Clinic Halle,
who also then prescribed the following regimen:

– Concomitant adjuvant chemotherapy with standard frac-
tional RT

Cisplatin (20 mg/m2/day as a 30-min infusion) adminis-
tered on days 1–5 and 29–33 of RT

– Concomitantdefinitivechemotherapywithhyperfractionated-
acceleratedRT

Cisplatin (40 mg/m2/day as a 30-min infusion) adminis-
tered on days 1, 8, 15, 22, and 29 of RT

– Concomitant adjuvant chemotherapy with standard frac-
tional RT

Cisplatin (20 mg/m2/day as a 30-min infusion) and 5-
fluorouracil (600 mg/m2/day as a 120-h continuous infusion),
administered on days 1–5 and 29–33 of RT. The maximum
daily dose was 1800 mg

– Concomitantdefinitivechemotherapywithhyperfractionated-
acceleratedRT

Cisplatin (20 mg/m2/day as a 30-min infusion) adminis-
tered on days 1–5 and 29–33 of RT and paclitaxel (25 mg/

m2/day as a 30-min infusion) twice a week during the course
of RT

– Concomitant palliative chemotherapy

Mitomycin-C (10 mg/m2/day as a 30-min infusion) admin-
istered on day 1 and, if necessary, on day 29 during RT. The
maximum daily dose was 18 mg [20]

Oral treatment

Before radiotherapy

From 2003 onwards, nearly all patients were referred to the
Department of Dental, Oral and Maxillofacial Medicine
(Martin Luther University Halle-Wittenberg, Germany) for den-
tal infectious source control before they underwent RT. The
recommendations of BDental treatment of patients undergoing
head and neck cancer radiotherapy^ by the German Society for
Dental and Oral Medicine (Martin Luther University Halle-
Wittenberg, Germany) were used as the basis for dental treat-
ment [9]. A dental assistant of the University Clinic of
Prosthodontics (Martin Luther University Halle-Wittenberg,
Germany) performed the initial clinical examination. In coordi-
nation with a medical or dental assistant of the University Clinic
of Oral and Maxillofacial Surgery, the extent of treatment was
determined by the clinical and radiological findings [21–23].

By referring to the guidelines and recommendations of the
German Society of Dental, Oral and Craniomandibular
Sciences, the patients’ teeth were extracted before radiothera-
py if they had the following criteria: (1) periodontal probing
depth equal to or greater than 5 mm; (2) furcation in-
volvement; (3) carious lesions that reached the pulp; (4)
were impacted and retained; (5) large fillings, fractures,
or significant occlusal wear; (6) positioned in a high
dose region of >55 Gy; (7) nonvital and without suffi-
cient root canal filling; and (8) painful, sensitive to per-
cussion, or showed apical radiolucency.

Teeth were also removed that were predestinated to be se-
verely affected by compromised mouth hygiene because of
radiogenic trismus. The situation of a shortened dental arch
was intended to avoid the complications of molar teeth extrac-
tions after radiotherapy [24]. If a shortened dental arch was
impossible, the canines were preserved for later prosthodontic
treatment, if possible. Initial caries and medium carious le-
sions were treated conventionally. All patients received a pro-
fessional tooth cleaning before radiotherapy.

During radiotherapy

During the treatment course of radiotherapy, the oral cavity
was inspected weekly by a radiation oncologist. At each ap-
pointment, oral hygiene instructions were reinforced. Patients
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who were adversely affected by mucositis up to level 1 re-
ceived dexpanthenol-containing mouthwash solutions. All pa-
tients received custom-made fluoride carriers of 5 mm-thick
ethylene vinyl acetate. Patients were instructed to use the car-
riers without fluoride gel during radiation to keep the cheek
and tongue away from locally increased radiation doses
caused by scattered radiation from metallic crowns. In addi-
tion, patients were instructed to use fluoride gel on their car-
riers for 10 min at least once daily after tooth brushing.

After radiotherapy

All patients were advised to take part in a special dental
follow-up treatment. Patients were offered free professional
tooth cleaning quarterly. In addition, a dental check-up was
performed during these appointments. In patients with carious
lesions, the teeth were treated by following the recommenda-
tions of Kielbassa et al. and Grotz [9, 21].

Dentition

Classification of dentition

To analyze the risk factors, teeth, and prosthesis, the different
arrangements of the patients’ remaining teeth were summa-
rized in groups. For patients who have undergone RT because
of head and neck cancer, it seems reasonable to consider the
criteria Bpressure points by prostheses^ and Bextent of the
prosthetic masticatory rehabilitation.^ The literature indicates
that traumatic pressure points are associated with a higher risk
for the development of ORN [25]. Therefore, the classification
took into consideration the system of Elbrecht who proposed
classifications by Bgingival,^ Bperiodontal-gingival,^ and
Bperiodontal^ [26].

The situation of a shortened dental arch was intended for
prosthetic masticatory rehabilitation [27]. The category Bfully
dentulous^ was used if all teeth existed, except for the molars.
For patients with missing teeth because of agenesis (e.g., the
lateral incisors or, after orthodontic treatment, the first premo-
lars), the category Bfully dentulous^ was used if the first mo-
lars existed. For patients whose missing teeth were replaced
by fixed partial dentures, except for the molars, the category
Bpartially dentulous I^ was used. If one canine and adjacent
teeth were missing so that at least three teeth (including the
canine) subsequently had to be replaced, a periodontal-
supported denture was no longer possible. This situation and
all other situations in which removable partial dentures had to
be used were defined as Bpartially dentulous II^ (Table 1).

The extent of change in dentition

To clarify the extent of necessary surgical intervention, which
indicates the Bmaintenance condition^ of the dentition before

dental treatment, the parameter Bextent of change in dentition^
was calculated. Therefore, the existing dentition was encoded,
based on the following four classifications: 4 is Bdentulous^; 3
is Bpartially dentulous I^; 2 is Bpartially dentulous II^; and 1 is
Bedentulous.^ To calculate the extent of change in dentition
before and after dental treatment before RT, the differences in
the changes in dentition in the lower and upper jaw were
summed. For patients who were edentulous in the lower or
upper jaw, the generated value was doubled if the antagonistic
jaw deteriorated by two classes or more. This doubling should
facilitate the discrimination of the patients whose dentitions
deteriorated by only one class in each jaw.

This calculation resulted in values between 0 and 6, which
allowed an evaluation of the extreme values: the value B0^
indicated that no change was incurred by the dental treatment.
This was interpreted as an indication of stable oral conditions
and good oral hygiene. It may be that these patients had good
compliance. The value B6^ indicated that all teeth of a previ-
ously complete dentition had to be extracted before RT. This
was interpreted as an indication of unstable oral conditions
and poor oral hygiene—situations that are associated with an
increased risk of ORN [28].

The prevalence of Bunfavorable conditions^ that result
from different classifications of dentition

The classification of dentition distinguishes between the upper
and lower jaw. This makes it possible to determine the prev-
alence of unfavorable combinations between both jaws. For
example, an Bunfavorable^ combination from a clinical point
of view is the interaction between a fully dentulous upper jaw
and an edentulous lower jaw treated with a complete denture.
The periodontal support of natural teeth transforms the masti-
catory compressive forces into tensile forces that contribute to
stabilizing the alveolar bone [29]. Gingival-supported den-
tures transfer the compressive forces without transformation
directly to the alveolar bone and are implicated in its degrada-
tion. Pronounced differences between both jaws may unilat-
erally lead to increased bone resorption of the pressure record-
ing areas [30].

Resorption of the alveolar bone then leads to an insufficient
fit of the dentures and increases the risk of traumatic pressure
points [31, 32]. The analysis of the prevalence of Bunfavorable

Table 1 Classification of dentition with regard to the support of the
dental prostheses

Classification of dentition Denture support

Fully dentulous No denture necessary

Partially dentulous I Periodontal-supported

Partially dentulous II Periodontal–gingival-supported

Edentulous Gingival-supported
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combinations^ should allow an adequate risk assessment for
bone resorption and the development of traumatic pressure
points. Because the risk for ORN seems to be higher in the
mandible, emphasis was placed on the lower jaw. In total, the
four classifications of dentition resulted in 16 different com-
binations of the lower and the upper jaw, which were pooled
into the three groups: Buncritical,^ Bmoderately critical,^ and
Bvery critical^ (Table 2).

Evaluation of ORN

Diagnosis and surgical therapy of advanced ORN was per-
formed by a specialist of oral and maxillofacial surgery at
the University Clinic Halle. The advanced ORN stage was
classified as grade 3, 4, or 5 according to the Radiation
Therapy Oncology Group/European Organization for
Research and Treatment of Cancer classification or as grade
3 or 4 according to the late effects in normal tissue/subjective,
objective, management, and analytic scale. All tumor stages
were ≥II according to Schwartz and Kagan, stage 3 according
to Store and Boysen, and grade 3, 4, or 5 according to
Glanzmann and Gratz [33–35].

Statistical analysis

Patients were included into the study from January 1, 2003,
through January 31, 2013. The last date of follow-up was
November 15, 2013, when the study was terminated. The start
datewas the first day ofRT.Data on patientswere censored at the

terminationof the study,on the lastdateof contact forpatients lost
to follow-up,oron thedateofdeath,whatevercamefirst.Thedate
of incident ORNwas defined as the day of diagnosis of ORN.

The different classifications of dentition were determined
descriptively for the whole cohort and for the patients who
developed ORN and were tested for clinical relevant differ-
ences using the chi-square test.

The associations of sex, tumor site, bone surgery during tu-
mor resection, chemotherapy, and dentition with ORN risk was
assessed using Cox proportional hazards regression [36]. We
estimated adjusted hazard ratios (HRs) and corresponding
95% confidence intervals. We also report confidence limit ratios
(CLR) that help to assess the precision of the effect estimates. In
principal, CLRs have a range of 1 to plus infinity. As closer the
CLR to 1, as more precise the effect estimate [37].

All variables were mutually adjusted. Analyses were per-
formed with IBM SPSS Statistics 22 (IBM Incorp., SPSS Inc.,
Chicago, IL, USA) and SAS 9.3 (SAS Incorp., Cary, NC,USA).

Results

Patient characteristics

The analysis included 776 patients. The average age was
58.6 ± 11.4 years. At the time of radiotherapy, the youngest
patient was 21 years old and the oldest patient was 90 years
old. Seventy-nine percent of all patients were male. On the
basis of anatomical region and the resultant target volume,
most of the patients had tumors in the oral cavity. Only a
few patients had tumors in the uvula. Nearly half of the pa-
tients (47%) were treated with concomitant chemotherapy.
About one-eighth underwent bone surgery during tumor re-
section prior to RT. A detailed breakdown of data concerning
tumor site and bone surgery is provided in Table 3.

ORN

Of the 776 patients, 51 (6.6%) developed advanced ORN that
required extensive surgical intervention. About 78% of

Table 2 BUnfavorable^ combinations of the different classifications of
dentition

Risk for traumatic
pressure points in the
mandible

Classification of
dentition in the
maxilla

Classification of
dentition in the
mandible

Uncritical Fully dentulous Fully dentulous

Partially dentulous I Fully dentulous

Partially dentulous II Fully dentulous

Edentulous Fully dentulous

Fully dentulous Partially dentulous I

Partially dentulous I Partially dentulous I

Partially dentulous II Partially dentulous I

Edentulous Partially dentulous I

Moderately critical Partially dentulous II Partially dentulous II

Edentulous Partially dentulous II

Edentulous Edentulous

Very critical Fully dentulous Partially dentulous II

Partially dentulous I Partially dentulous II

Fully dentulous Edentulous

Partially dentulous I Edentulous

Partially dentulous II Edentulous

Table 3 Distribution of tumor site and bone surgery

Tumor site Patients (proportion
of the cohort, %)

Bone surgery (proportion
of tumor localization, %)

Nasopharynx 5.5 0

Tonsil 20.2 6

Uvula 0.8 0

Tongue base 8.1 6

Oral cavity 33.4 28

Parotid gland 4.4 9

Hypopharynx/larynx 27.6 0.5
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patients were male, with an age average of 55.2 ± 10.1 years.
Most of the patients (67%) had tumors in the oral cavity. By
contrast, no patient with a tumor in the nasopharynx devel-
oped ORN. Almost half of these patients underwent bone
surgery during surgical tumor resection prior to RT. Fifty-
one percent received concomitant chemotherapy. Of the 51
patients who developed ORN, 42 were treated with 3D-CRT
and 9 with IMRT. The median latency period was 9 months
(range, 0–90 months).

The extent of dental treatment

More than one-fifth of patients were edentulous before the
dental treatment. In 22% of the dentulous patients, no teeth
had to be extracted before RT. In 12% of the dentulous pa-
tients, extended extractions of 11 teeth or more had to be
performed during the dental treatment. For patients who de-
veloped ORN after RT, more than one-fifth (n = 11) of the
patients were edentulous before the dental treatment. In 27.5%
of the dentulous patients, no tooth had to be extracted before
RT. In 10% of the dentulous patients, extended extractions of
11 teeth or more had to be performed during the dental treat-
ment. Table 4 provides a precise breakdown of the extent of
necessary extractions of the whole cohort and the patients with
ORN.

The extent of changes in the classification of dentition

For most patients, no teeth had to be extracted or teeth extrac-
tions did not lead to a change in the classification of dentition.
All teeth had to be removed in only one patient who previous-
ly had complete dentition (Table 5).

In 50% of the patients who developed ORN, no tooth had
to be extracted or the extractions did not lead to a change of
the classification of dentition. No patient with ORN needed

such an extent of surgical treatment that a sum of 5 or 6 points
was generated. In general, only a few patients of the whole
cohort needed such an extended surgical treatment. There was
no clinically relevant difference between the patients who de-
veloped ORN and the patients who did not develop
ORN (p = 0.9, based on the chi-square test). Table 5 lists a
precise breakdown.

Changes in dentition by dental treatment

After the dental treatment, the number of edentulous patients
doubled from 21 to 39%. The proportion of fully dentulous
patients decreased from 11.5 to 7.1%. A precise breakdown of
the classifications of dentition before and after dental treat-
ment is listed separately for the upper and lower jaw in
Table 6.

In the ORN patient group, the number of edentulous pa-
tients increased from 21.6 to 23.5% after dental treatment. The
proportion of fully dentulous patients decreased from 5.9 to
4.9%. A precise breakdown of the classifications of dentition
before and after dental treatment is listed separately for the
upper and lower jaw in Table 7.

The frequency of Bunfavorable^ combinations
of the classifications of dentition

After dental treatment, 25% of all patients had an Buncritical^
combination classification of dentition in the upper and lower
jaw. In 68% of all patients, the classification was Bmoderately
critical.^ In 7% of patients, the classification was evaluated as
Bvery critical^ with regard to the potential risk of developing
ORN. The distribution of the Bcritical,^ Bmoderately critical,^
and Bvery critical^ combinations among patients who devel-
oped ORN did not differ from the distribution in the whole
cohort (p = 0.4, based on the Pearson chi-square test).

Table 4 The extent of extractions during dental treatment before RTof
patients with osteoradionecrosis in comparison to the whole cohort

Number of
extracted
teeth

Proportion of patients
with ORN in percent/
proportion of dentulous
patients with ORN in
percent (absolute
number)

Proportion of patients
within the cohort in
percent/proportion
of dentulous patients
within the cohort in
percent (absolute
number)

Edentulous before
dental treatment

21.6 (11) 21.8 (169)

No change 21.6/27.5 (11) 18.1/23.7 (134)

1 7.8/10 (4) 8/10.4 (59)

2–4 23.5/30 (12) 21.1/27.6 (156)

5–10 13.7/17.5 (7) 19.9/26 (147)

11–32 7.8/10 (4) 9.5/12.4 (70)

ORN osteoradionecrosis

Table 5 Extent of change of dentition during dental treatment prior to
RT of the ORN patients in comparison to the whole cohort

Extent of change Proportion of patients
with ORN (proportion
of the subcohort of the
patients with ORN)

Proportion of patients
(proportion of the
cohort)

Edentulous before
dental treatment

11 (21.6%) 169 (21.8%)

No change 20 (39.2%) 262 (33.8%)

1 12 (23.5%) 182 (23.5%)

2 3 (5.9%) 83 (10.7%)

3 3 (5.9%) 38 (4.9%)

4 2 (3.9%) 27 (3.5%)

5 0 2 (0.3%)

6 0 1 (0.1%)
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The influence of dentition on the development of ORN

For multivariate analysis, the tumor site Bhypopharynx/lar-
ynx^ and the classification Bfully dentulous^ were chosen as
the reference groups. The dominant influences on the devel-
opment of ORN were the factors Boral cavity^ as the tumor
site and the need for bone surgery. No clinical relevant influ-
ence of dentition was demonstrated within the observation
period. For the classification Bpartially dentulous I,^ the
highest hazard ratio was nominally determined; for the classi-
fication Bedentulous,^ the lowest hazard ratio was nominally
determined. The 95% confidence intervals of the calculated
hazard ratios of the different classifications of dentition over-
lapped each other in wide areas (Table 8).

Discussion

Based on the classification of dentition in the mandible, the
relative frequency for the development of ORN was approxi-
mately 9% for patients with the classifications of Bpartially
dentulous I^ and Bpartially dentulous II,^ respectively.
However, the relative frequency of dentulous patients was
5.4%, which is close to the relative frequency of the edentu-
lous patients at 4.6%. The existence of a large number of teeth
did not unavoidably result in more cases of ORN.

In contrast to the number of the remaining teeth, the mul-
tivariate analysis showed that the factor Bbone surgery during
tumor operation^ showed a considerable influence on the rel-
ative frequency of the development of ORN. In patients with
the tumor site Btonsil,^ bone surgery was necessary in 44%
(4/9) of patients before RT. Eighty percent (20/34) of patients

who had ORN and tumors in the oral cavity underwent bone
surgery. The fact that 10 of these 20 patients were edentulous
in the mandible before RT emphasizes the relationship be-
tween bone surgery and the risk of developing ORN and rel-
ativizes the meaning of extracted teeth in this connection. On
reducing the whole cohort number by the patients who
underwent bone surgery during tumor operation, the relative
frequency of ORN decreased from 6.6 to 3.6%.

The extent of dental treatment of the patients with ORN in
relation to the number of extracted teeth in the mandible
(which indicates the difference of the classification of the den-
tition in the mandible before and after dental treatment) did
not differ from the patients without ORN in a clinical relevant
way. The extent of the change in the classification of dentition
as an indicator for the oral conditions before RT also showed
no clinically relevant differences between the patients with
and without ORN. The data instead suggest that patients with
ORN had a comparatively little necessity of dental treatment.

In 12 (1.5%) of the 776 patients, reconstructive dental treat-
ment before RT was not reliably possible. It could not be
excluded that no dental treatment of these patients was per-
formed before RT. In this context, it may be important that
ORN developed in two patients of these 12 patients. In these
two patients, it could be demonstrated that no dental treatment
was performed before RT. According to the information in the
patients’ files, ORN occurred after the extensive extraction of
teeth that were deeply destroyed by radiation caries. In both
patients, no bone surgery was performed during tumor opera-
tion and the tumor site Bhypopharynx/larynx^ was regularly
associated with a lower relative frequency of ORN.

With regard to the risk for the development of traumatic pres-
sure points in the mandible, dental treatment led to a moderately

Table 6 Breakdown of the classifications of dentition prior to and after dental treatment as absolute value and proportion of the cohort in %

Classifications of
dentition

OK before dental treatment
12 (1.5%) missing

UK before dental treatment
12 (1.5%) missing

OK after dental treatment
9 (1.2%) missing

UK after dental treatment
9 (1.2%) missing

Dentulous 120 (15.5%) 191 (23.3%) 85 (11%) 112 (14.4%)

Partially dentulous I 148 (19.1%) 140 (18.0%) 88 (11.3%) 82 (10.6%)

Partially dentulous II 220 (28.4%) 247 (31.8%) 192 (24.7%) 249 (32.1%)

Edentulous 276 (35.6%) 196 (25.3%) 402 (51.8%) 325 (41.9%)

OK upper jaw, UK lower jaw

Table 7 Breakdown of the classifications of dentition prior to and after dental treatment for the ORN patients

Classifications of dentition OK before dental
treatment, n = 51

UK before dental
treatment, n = 51

OK after dental
treatment, n = 51

UK after dental
treatment, n = 51

Dentulous 6 15 4 6

Partially dentulous I 14 10 10 8

Partially dentulous II 14 15 17 22

Edentulous 17 11 20 15

OK upper jaw, UK lower jaw
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critical combination in 68% of patients and to a very critical den-
tition combination in 7% of patients. According to the results of
previous studies, pressure points from dental prostheses can in-
fluence the development of ORN [25]. Higher risk occurs with
dentures that rest on themucosa of themandible [30].

In this investigation, the risk of patients with and without
ORN to develop a traumatic pressure spot by prosthetic dentures
did not differ in a clinically relevant way. In this cohort, no
finding indicated that traumatic pressure points could have been
associated with the development of ORN. Singular clinical pa-
tient files indicated that some patients had pressure points before
RT because they had neglected dental treatment for many years
before RT. It is conceivable that such pressure points could
broaden during RT and subsequently lead to exposed bone.

Based on the results of this study, it was not possible to
determine the patients who had a higher risk of developing
ORN, based on the extent of dental treatment before RT or to
deduce adequate treatment options. However, single-patient
cases indicate that even in situations regularly associated with
a lower risk, neglected dental treatment before RT can lead to
the development of ORN. A correlation between pressure
points and the development of ORN could not be determined.

In the Cox regression analysis, no clinical relevant influ-
ence of dentition on the development of ORN could be dem-
onstrated. Edentulous patients had the lowest hazard ratio;
however, because of the wide range of the values and the
overlapping confidence intervals, a substantial uncertainty
remained on evaluating the differences between the classifica-
tions. Hence, there is no indication from the experimental and
analysis data that failures in dental treatment occurred with
regard to the risk for the development of ORN.

The analysis also emphasized that, if an adequate dental
treatment scheme prior to RT is followed, existing teeth are
of minor importance for the development of ORN.

The development of ORN was highly influenced by the
variables Bbone surgery during tumor resection^ (HR = 5.58,
CLR = 3.68) and Boral cavity^ as the tumor site (HR = 4.84,
CLR = 12.49). The tumor site represents the anatomical local-
ization of the irradiation volume. In patients with tumors in the
oral cavity, the mandible was at least partially included in the
primary PTV and received a high (not less than 60 Gy) ther-
apeutic dose. After bone surgery, the already operated on arch
segments, e.g., in cases of squamous cell carcinoma with jaw
bone infiltration (pT4), the former tumor bed within the pri-
mary PTV received the highest prescribed dose (between 64
and 66 Gy). It does not seem surprising that these patients had,
compared to patients without bone surgery, a considerably
higher risk of developing ORN. These findings are confirmed
by the results of Parliament et al. who showed that the mean
dose found in the mandible using IMRT is higher in oral
cancer than in other tumor sites [38].

This investigation could not demonstrate that any of the
four classifications of dentition was accompanied with a clin-
ical relevant enhanced risk for the mandible to develop ORN.
If this assumption is still justified if only one tumor site (e.g.,
the oral cavity), is considered, could not be evaluated due to
the considerably reduced amount of data. From the dentist’s
point of view, it can be assumed that, having performed a
consequent dental treatment according to the current recom-
mendations prior to RT, the major causes for the development
of ORN is outside of his responsibility. A significant reduction
of the ORN frequency by optimizing the dental treatment
scheme may be difficult. Extensive analysis of the data does
not reveal considerable failures of the dental treatment scheme
and no approaches for its optimization. However, the treat-
ment scheme increased the number of edentulous patients
and significantly reduced the number of dentulous and partial-
ly dentulous patients. If these treatment dimensions have to be
necessary as the upper and the lower jaw are much less
stressed by the new irradiation techniques like IMRT, they
have to be evaluated prospectively. In particular, it is question-
able whether patients without bone surgery and a tumor site in
the hypopharynx/larynx or nasopharynx could benefit from a
more moderate dental treatment scheme. This should be the
subject of further clinical investigations.

Conclusion

On implementing a consequent dental treatment scheme, no
influence of the dentition on the risk of developingORN could
be demonstrated. A relevant reduction of the ORN frequency
by optimization of the dental treatment scheme may be diffi-
cult. Based on the results of this study, tumor site and its
required treatment are the main risk factors for the develop-
ment of ORN. It is questionable whether patients with a lower
risk (e.g., patients who did not have bone surgery, patients

Table 8 Estimated hazard ratios for the association between several
variables and the development of ORN

Variable Hazard ratio 95% confidence
interval

CLR p value

Sex 0.91 0.42–1.94 4.62 0.80

Chemotherapy 1.18 0.66–2.13 3.23 0.58

Partially dentulous I 1.71 0.55–5.36 9.75 0.36

Partially dentulous II 1.55 0.58–4.17 7.19 0.38

Edentulous 0.83 0.29–2.35 8.10 0.73

Oropharynx 2.77 0.74–10.42 14.08 0.13

Tongue base 1.90 0.32–11.43 35.72 0.48

Oral cavity 4.84 1.37–17.11 12.49 0.01

Parotid gland 3.14 0.50–19.87 39.74 0.22

Bone surgery 5.58 2.91–10.70 3.68 <0.0001

The tumor site Bhypopharynx/larynx^ and Bdentulous^ were chosen as
reference groups
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with a tumor site in the hypopharynx/larynx or nasopharynx)
could prospectively benefit from amoremoderate dental treat-
ment scheme.
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