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ABSTRACT

Aim: Investigating the prevalence of mandibular ORN in a single Swedish Oncology Center.
Methods: A total of 450 patients, treated with radiotherapy for squamous cell carcinoma in the
oropharynx between 2004 and 2014 were included. Three different techniques of radiotherapy
were studied. ORN diagnosis was set when clinical signs according to Marx were observed, or if
radiological signs were staged according to Schwartz and Kagan.

Results: Using the staging system, 90 patients (20%) were diagnosed with ORN. The mean age of
the ORN patients was 56.6years, the older the patient the lower the risk of developing ORN (p=.01).
The risk of developing ORN for patients receiving Intensity Modulated Radiotherapy was lower
compared to patients treated with the other techniques in the multivariable analysis. Brachytherapy
significantly increases the risk of ORN. The risk of ORN increased by 8% each year after radiation
(p=.04). The mean time to the ORN diagnosis was 3.9years. In the multivariate analysis, the risk of
ORN increased by 13% each year after radiation (p=.0013).

Conclusion: The mean radiation dose was of greater importance for the risk of ORN than the
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maximum dose. Elderly people with oropharyngeal cancer were less prone to develop ORN.

Introduction

Head-and-neck (HN) cancer constitutes about 3% of all can-
cers worldwide [1]. Treatment varies depending on the loca-
tion of the tumor, but also on local traditions. Surgery and
radiotherapy (RT) either alone or in combination, are the two
main treatment modalities. For oropharyngeal cancer, radio-
therapy alone or combined with chemotherapy is the most
common treatment [2-4]. Brachytherapy, as a form of deliv-
ering highly conformal radiation to the primary tumor, has
also been used for oropharyngeal cancers. However, with the
immense development in imaging and external beam radio-
therapy techniques over the past twenty years, the use of
brachytherapy for this patient group has declined signifi-
cantly. Recently, trans-oral robotic surgery (TORS) has been
tried as an alternative treatment to radiotherapy for oropha-
ryngeal cancer. At certain stages, the outcome is similar to RT
with and without chemotherapy [5-7].

One of the more feared side effects of RT is osteoradione-
crosis (ORN). The most used definition of ORN is the one by
Robert Marx: ‘Exposed non-vital bone in a radiated field that
does not heal spontaneously within 3months and not caused
by a recurrent tumor [8]! A majority of ORN may debut
between 3months and 10years after RT has been completed
[9], but can also be observed later.

The mandible is by far the most frequently affected ana-
tomical location [10-12], especially the posterior part [13].
The diagnosis of ORN is mainly based on symptoms, clinical
findings, and radiology. However, biopsies are important to
exclude recurrences [14].

In the early stages, the symptoms are subtle, often as an
unpleasant sensation in teeth or jawbone in the affected area
[15]. When the disease progresses, the symptoms become
more tangible usually presenting as local and aggressive
infections in combination with ulcers. In addition, increased
rigidity in the soft tissue often results in decreased mobility
of the jaw, affecting speech, mouth-opening capacity, and
nutrition [15,16]. A fully developed ORN frequently results in
a fractured jaw with fistulation between the oral cavity and
neck or chin. The condition is to be considered irreversible
and the patient is often deemed to be a life-long suffering
with significant reduction of function as well as quality of
life [17].

From a radiological aspect, there are several markers, such
as decreased bone density [18], diffuse radiolucency and wid-
ening of the periodontal ligaments that could indicate early
signs of ORN.

The incidence of ORN reported in the literature varies
from 0 to 20% [19-23]. Some data indicates a lower risk of
ORN with more modern RT techniques, however, the
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follow-up period in most of these studies is short [19,22,24,25].
Another study showed no difference in incidence when com-
paring modern techniques with older [24]. A majority of
patients who present a fully-developed ORN have been
exposed to radiation doses of more than 64Gy [9] and ORN
is rarely seen with radiation doses below 50Gy [26].

The overall aim of this retrospective study was to investi-
gate the prevalence of ORN in a well-defined cohort of
patients treated at a single Swedish oncology center over a
13-year period. Other aims of the study were to relate the
prevalence of ORN to tumor location and radiotherapy tech-
niques, as well as to estimate the risk of ORN over time. The
hypothesis is that there is a difference in ORN prevalence
when comparing new RT-techniques with traditional and
more conventional ones.

Material and method
Patients

With the use of ICD-10 codes C01.9, C09.9, C10.8 for oropha-
ryngeal cancer, a search was conducted in the digital records
at the Department of Oral and Maxillofacial Surgery, Public
Dental Health Service, and the Sahlgrenska University
Hospital, Gothenburg, between January 2004 and December
2014. A total of 573 patients were identified fulfilling the cri-
teria. These patients were then cross-checked with the
records from the Department of Oncology at the Sahlgrenska
University Hospital in Gothenburg for accordance regarding
diagnosis and treatment. The Sahlgrenska University Hospital
is the only radiotherapy treatment center for patients with
head and neck cancer in the Region of Vastra Gotaland,
which accounts for almost 20% of head and neck cancer
patients in Sweden [27].

All patient records were subsequently screened regarding
the specific inclusion criteria (Table 1) as well as exclusion
criteria (Table 2). After the initial review, a total of 450
patients were finally included in the study.

Methods

All 450 patient records and radiographs for the period 1
January 2004 to 31 December, 2014, were reviewed. A final

Table 1. Requirements for inclusion in the study.

Inclusion criteria

A first-time patient receiving curative radiotherapy
Existing tumor in the area
No use of bisphosphonates

Table 2. Causes of exclusion in the study.

Exclusion criteria

Non-radiated patients

Palliative treatment

Recurrent cancer including RT a second time
Cancer of the hard or soft palate

Carcinoma of the mandibular gingiva
Surgical removal of cancer

Lack of patient information
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follow-up of the patient data was done on 29 June 2018.
Specific information regarding 20 main topics with a total of
41 items (Table 3) was extracted and transferred to an Excel
file. The mean (D,,.,,) and maximum (D,,,,) radiation doses
were calculated in the radiotherapy dose planning system for
the majority of patients, however, in some patients this had
to be done manually from the radiotherapy plan.

The diagnosis of ORN was set when clinical signs accord-
ing to Marx [8], i.e. exposed non-vital bone were observed, or
if radiological signs were identified according to Schwartz
and Kagan [28]. ORN was classified into three main stages,
I-11l (Table 4). Each case was carefully reviewed by two of the
authors (GB and GK). In case of any doubts, an oral and max-
illofacial radiologist was consulted for the final diagnosis.

Statistical analyses

An extension of Poisson regression models [29,30] was used
to study the association between the baseline variables and
the risk of ORN. In contrast to logistic regression, the Poisson
regression uses the length of each individual’s follow-up
period, and the hazard function is assumed to be exp (8, +
B, variable of interest). The observation period of each par-
ticipant was divided into intervals of one month. One ORN

Table 3. Gathered information of each specific patient.

. Date of tumor conference, i.e. date of diagnosis

. Diagnosis

. Tumor side (right or left)

. Tumor classification (TNM)

. Tumor stage (I, II, II, 1V)

. Previous malignancies other than oropharynx, date of the diagnosed
malignancy

. General health (cardiovascular disease, thyroid disorders, diabetes, lung
disease)

. Smoking, alcohol, snuff

. Radiotherapy (radiated or not, amount of Gy to right and left side, date of
radiation, radiation to primary tumor, radiation technique, fractioning, the
mean dose, maximal point dose, if the mandible was counted/included in
the CT before RT)

10. Mouth guards (use of mandibular protection device and mouth opening

device)

11. Chemotherapy (kind of chemotherapy and times administered)

12. Brachytherapy (yes/no and amount in Gy)

13. P16 (positive/negative/not tested)

14. Radiographic changes within irradiated area

15. ORN (date of diagnosis and area of necrosis)

16. ORN staging (according to Schwartz and Kagan [28])

17. Oral Health Data (before and after RT if applicable)

18. Final date of check up

19. Cancer recurrence

20. Deceased or living (date of death)

~ N bhs wWwWwN =

O o

Table 4. Patient and tumor characteristics.

n (%)
TNM
T1 85 (19)
T2 191 (42)
T3 66 (15)
T4 108 (24)
Stage
| 9
Il 45
1] 50
v 346
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Table 5. Radiotherapy.

n (%)
Radiotherapy
IMRT 272 (60%)
3DCRT 119 (26%)
VMAT 59 (13%)
IMRT + brachytherapy 97 (36%)
3DCRT + brachytherapy 103 (86%)
VMAT + brachytherapy 5 (8%)

per person, and time to the first ORN, were counted, and
time at risk was censored at the time of ORN. The associa-
tions between baseline variables and risk of ORN are pre-
sented as a hazard ratio per 1-unit step together with 95%
confidence intervals (Cl). Two-sided p-values were used for all
analyses and p<.05 is statistically significant.

For the multivariable analysis, a forward variable selection
strategy was used among the variables that had a p-value
<.10 in the univariable analysis. Each variable is chosen and
depending on the p-value, variables with the lowest p-values
were included until no other variable was statistically
significant.

Ethical considerations

Ethical approval was obtained from the Ethics committee in
Gothenburg (Project Number: 436-16).

Results

A majority of the 450 patients were men (n=322; 72%);
hence, there were 128 women. The mean age of all patients
at diagnosis was 61.3+10years. The mean age for men was
61.8 (£9.7) years and 60.2 (+10.6) years for women.

The mean follow-up period of the non-ORN patients was
4.5years (SD = 2.98). The longest follow-up was 13.3years.

Malignancy characteristics

Tonsillar carcinoma was the most predominant diagnosis
with 299 (66%) patients. Again, the majority of patients were
men (214). The base of the tongue was the second predom-
inant diagnosis amongst the patients, 127 (28%). The number
of women was less here [31] and the number of men was 90.
Also, 22 (5%) cases of oropharyngeal cancers were present,
with 16 men and 6 women. Only 2 cases of the combined
diagnosis of tonsil and base of tongue cancer were seen.

Tumor p16 status was available in 119 patients, and a
total of 103 (86%) of these were pl16+ (74 men and
29 women).

Treatment

The patients were treated with intensity-modulated radio-
therapy (IMRT), Three-dimensional conformal radiotherapy
technique (3DCRT), and volumetric arc therapy (VMAT). For
those patients also receiving a brachytherapy boost, this was
given as a low dose rate (LDR) or pulsed dose rate (PDR).
Further specifications are shown in Table 5.

The radiation regimen used was either hyperfractionated
accelerated with 1.7Gy per fraction twice daily, 5days per
week with an overall treatment time of 4.5weeks to 64.6 Gy,
used in the earlier part of the time period, or moderately
accelerated fractionation with 2.0Gy per fraction, six fractions
per week, for 6 weeks to 68Gy, used in the later part of the
time period.

The dose to adjuvant lymph nodes was 40.8 and 52,7 Gy,
respectively.

For those patients who were also treated with brachyther-
apy, this was given to the primary tumor only, either as a
smaller boost of 10-12Gy after 64.6 or 68Gy external beam
radiotherapy or as a larger boost of 20-25Gy after a lower
external beam dose of 40.8 or 46 Gy. Typically, smaller tumors
(T1 and T2) were treated with a lower external beam dose
and a larger brachytherapy boost, while larger tumors (T3
and T4) were treated with the higher external beam doses
and a smaller brachytherapy boost.

The mean prescribed radiation dose to the primary tumor
with external beam radiotherapy+brachytherapy was
69.9+5.5Gy in all patients. A high D_,.,, radiation to the pri-
mary tumor increased the risk of developing ORN (p=.0495),
the risk increased by 4% for every Gy.

Additional use of brachytherapy significantly increased the
risk of ORN development. In the ORN group, 68.9% of the
patients had received brachytherapy, compared to 39.8% in
the non-ORN group (p=.035) HR 1.64 (1.04, 2.60). In the mul-
tivariable analysis, the risk of ORN development increased by
63% by adding brachytherapy.

A total of 362 patients (81%) had induction or concomi-
tant chemotherapy. Induction chemotherapy with 2 cycles of
cisplatin + 5-fluorouracil (PF), sometimes in combination with
taxotere (TPF) was used mostly in the beginning of the
period, while concomitant treatment with weekly cisplatin
was used in the later period.

During radiation, a total of 205 patients had some type of
mouth guard for mandibular protection. One of the guards
opens the patient’s mouth during radiation to separate the
upper and lower jaw to protect either, depending on the
tumor location. The other device, used for brachytherapy,
protects the mandible through an occlusal splint of plastics
and lead, eliminating unwanted radiation from reaching the
mandible (Figures 1 and 2).

Figure 1. Protection guard.



Figure 2. Mandibular protection guard.

Most of the mouthguards used were mandibular protec-
tion devices (n=184).

Oral status

Information about the oral conditions was difficult to assess
due to several reasons, one being sparse information in the
records. Another confounding factor was the varying time
points (2-6months after RT) at which the information was
available, due to the patient-reported complications.
Information was available for 340 patients before RT and 345
after RT. Thirty-two percent had poor oral hygiene before RT
and approximately 25% after RT.

Smoking

Nearly 93% (n=417) of the men and all women were current
or previous smokers.

Osteoradionecrosis

The study evaluated 450 charts of patients who were treated
with RT during an eleven-year period. Collectively, 90 patients
(20%) were diagnosed with ORN.

According to the classification by Schwartz and Kagan
[28], 41 patients had a Class | ORN, 31 patients had a Class Il
ORN, and 17 patients had a Class Ill ORN. One patient was
not possible to classify. In most of the patients, ORN occurred
spontaneously without an initiating event.

The mean age of the patients with ORN was 56.6years,
whereas the mean age among patients not developing ORN
was 62.5years (p=.01). The older the patient the lower the
risk of developing ORN. The risk increased immediately after
radiation and plateaus after 2years and increased again after
almost 6years. The median age of the whole population was
60.9years. Increased patient age lowered the risk of ORN
development by 3% for every additional year in the univari-
able analysis [.95-.99], p=.01, a finding even more significant
in the multivariable analysis (p=.007) [CI].
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The mean follow-up period of the ORN patients was
3.9years (SD = 2.91). Follow-ups were made until 4years on
average and the range was 0.4-13.8years.

Most of the patients diagnosed with ORN had tonsillar
cancer (56; 62%), followed by cancer in the base of the
tongue (29; 32%), and oropharyngeal cancer with no further
specification of location (4; 4%). Cancer in both the base of
the tongue and the tonsils was diagnosed in one patient.
Among the 56 ORN patients with previous tonsil cancer, 32
were men and 24 were women. ORN in patients with tongue
base cancer was seen in 23 men and six women, whereas all
four patients with oropharyngeal cancers developing ORN
were men.

Of the 90 ORN patients, the distribution in relation to
T-classification of the tumors was as follows: T1=16 (18%),
T2=35 (39%), T3=16 (18%) and T4=23 (26%). Statistical uni-
variable analysis showed that higher T-classification implied a
greater risk of developing ORN, 23% for each T-stage, p=.036.
In addition, the risk of developing ORN on the tumor side
increased by 26% for each increase in T-stage, p=.037.

Among the ORN patients, two patients had stage | tumors,
six had stage Il tumors, 10 stage Ill tumors and 72 stage IV
tumors according to UICC 7 (Union for International Cancer
Control) [32]. The incidence showed that the risk of develop-
ing ORN was greater in stage IV compared to stage Il. Stage
IV had the highest risk of ORN development followed by llI
and stage |. Stage Il tumors displayed the lowest risk of ORN
development. However, the number of patients with stage |
and Il disease was very small.

No correlation could be seen between p16 status and
developing an ORN (p > .30)).

A total of 44 (49%) of the ORN patients were treated with
IMRT, 39 (43%) patients with 3DCRT, and seven patients (8%)
were treated with VMAT. IMRT showed a small tendency to a
somewhat lower risk of developing ORN compared to 3DCRT
and VMAT (p=.058).

In the multivariable analysis, the risk of ORN development
with IMRT was lower compared to the other radiation tech-
niques. The probability of developing ORN was 85% higher
for patients subjected to 3DCRT and VMAT, compared to
IMRT (p=.0066).

Before the year 2008, when most patients were treated
with 3D-CRT, the mandible was not taken into consideration
when planning the radiation. In only 81 patients (18%) the
mandible was delineated, and the dose calculated for in the
planning computed tomography (CT) prior to treatment.

In the ORN group, the D to the primary tumor was
71.2Gy (n=90).

The D, to the mandible in the ORN group was 42.6 Gy,
whereas in the non-ORN group, the D, was 42.2Gy.
Statistically, a higher radiation dose to the mandible increased
the risk of ORN, p=.04.

The mean D, to the mandible was 64.6Gy in the ORN
group and 67.2Gy in the non-ORN group. However, this was
not statistically significant.

Once the diagnosis of a malignant tumor was set, the risk
of ORN development increased by 8% every year after radia-
tion (p=.04). The mean time from the end of radiotherapy to
the diagnosis of ORN was 3.9years. In the multivariate

mean
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analysis, the risk of developing ORN increased by 13% each
year after radiation (p=.0013).

A total of 205 (45%) of all 450 patients received brachyther-
apy as a part of their treatment. Among the 90 patients diag-
nosed with ORN, 62 (69%) received brachytherapy, a factor
significantly increasing the risk of ORN development, p=.04.

A total of 89 of the 90 ORN patients also received chemo-
therapy, which in the majority of cases (89%) was given con-
comitantly with RT. Patients receiving chemotherapy in
combination with RT showed a tendency toward a higher risk
of developing ORN, p=.07.

In 70 patients (78%), ORN developed on the ipsilateral side
of the primary tumor, whereas 18 patients developed ORN on
the contralateral side. In two patients, the precise location of
the ORN was unclear. The mean follow-up from the comple-
tion of RT to the confirmed diagnosis of ORN was 3.9years.

A total of 70 ORN patients were assessed to have poor
oral hygiene before RT and 74 after RT.

Current or previous smokers accounted for the majority of
the patients developing ORN (n=61; 68%).

Discussion

The hypothesis of the present study was that there was a
difference in ORN prevalence when comparing modern exter-
nal RT techniques with older conventional techniques. The
risk of developing ORN for patients receiving IMRT was lower
compared to patients treated with the other techniques in
the multivariable analysis.

Studies describing the prevalence of ORN are controversial,
and frequently they present contradictory results. Some stud-
ies show no difference when comparing modern RT tech-
niques with older ones [24], and many studies have no
statistically significant results to support their conclusions
[25,26]. Noticeable in most studies is the low number of
patients included, and whether the patient was irradiated for
the first- or second-time, is not always clear. Both factors may
affect the results significantly. Modern radiotherapy tech-
niques like IMRT and VMAT make it possible to spare normal
tissue in order to reduce side effects and also provide better
target coverage than 3DCRT. However, it is not possible to
spare all organs at risk. For the radiotherapist, the main prior-
ity is to adequately treat the tumor volume and to spare the
most vital organs at risk, for example, the medulla. Tumors of
the oropharynx are anatomically located close to the posterior
parts of the mandible, and it is often not possible to ade-
quately treat the tumor without also giving high doses to
these parts of the mandible. Due to other organs at risk, the
radiotherapist must prioritize. Often sparing one or both
parotid glands has been prioritized to reduce the risk of xero-
stomia, and this is sometimes done at the cost of a higher
dose to the mandible and oral cavity, respectively. These con-
siderations may, to some extent, explain why we see little
effect on ORN with IMRT or VMAT compared to 3DCRT.

Our results indicate a high prevalence of 20% of ORN in
comparison to most recent publications. However, in contrast
to others, our study has two strengths: a large number of
patients (n=450) and a long follow-up (3.9-13.8years). Our

results are in contradiction to other studies showing few or
close to no ORN [19,33,34]. However, higher figures are also
reported [31], even though the follow-up is shorter in com-
parison to the present data. Another strength in our data is
that the last follow-up was done four years after the last
inclusion, which helped to detect some cases of late-onset
ORN. This has not, to the best of our knowledge, been pre-
sented earlier.

Another factor contributing to the relatively high inci-
dence in our study is the classification used. The classification
system introduced by Schwartz and Kagan [28] includes rela-
tively early signs of ORN, whereas most of the other studies
do not present or specify their ORN patients by classification.
Hence, explaining the higher number of patients in stages |
[35] and 1l [32] ORN.

Since the pathogenesis of ORN is multifactorial, several
causes can explain the large variations in reported ORN prev-
alence. Factors such as the follow-up period, number of
patients, radiated area of the malignant tumor, radiation dose
and volume of the mandible irradiated, and the fact that
some areas are more sensitive to radiation may contribute to
the results.

One of the aims of the present study is to relate ORN
prevalence to tumor location and tumor stage. In our analy-
sis, we included all TNM stages, not excluding T3 and T4
tumors, as done by others [26]. Our study indicates that the
risk of developing ORN is higher when the tumor classifica-
tion increases.

According to the literature, ORN most frequently occurs in
the posterior parts of the mandible, probably due to higher
radio sensitivity in this part [9,26,36]. Hence, it is possible to
assume that these tumors, due to their anatomical proximity
to the posterior parts of the mandible, also result in more
ORN in comparison to radiation treatment of, for instance,
oral or nasopharyngeal tumors. In our study, we limited the
study population to include patients with malignancies in the
oropharyngeal area. The primary location of the tumor is not
frequently discussed in the ORN literature; however, one
study [36] has shown that oropharyngeal cancers are more
likely to develop ORN in comparison to oral cancers. All our
patients received a high dose of radiation to the posterior
part of the mandible, which may explain the somewhat
higher incidence of ORN in this study compared to other
recent studies [15,19,37,38].

The radiation dose is frequently discussed as a factor of
ORN development and a common statement is that ORN sel-
dom occurs at doses below 48Gy and most patients have
been subjected to > 64 Gy, based on Marx’s data published
1983 [8]. The earlier observations did, however, not discuss

D,ean VS- D, Of radiation. More recent reports focus on both
the D, and D, of the mandible, and it seems like the
D, ean is Of greater importance. Several studies indicate that

D, ean below 50Gy seldom results in ORN in the mandible
[26,35]. In addition, Moon et al. [39] postulated that 49.0 Gy
is the lower limit for ORN development. Our results indicate
that ORN in the mandible may develop at lower mean radia-
tion doses. In the ORN group, the D,,.,, radiation was 42.6 Gy,
whereas in the non-ORN group, it was 42.2Gy, indicating a
narrow limit between ORN development and not. A higher



dose increases the risk of ORN. In this study, we have not
looked at the volume of the mandible irradiated. However, a
higher mean dose indicates that a larger volume of the man-
dible has received a higher dose.

Our data also indicate that ORN develops at a somewhat
lower mean D, ,, (64.6Gy), compared to several other recent
studies [35,36,39]. However, the results are in accordance
with the dose reported by Marx [8].

A possible cause of the deviating data may be the long
follow-up in our study, which also accounts for the late-onset
ORN. Usually, follow-up periods are very short [19,22,24,25],
and late-onset ORN may not have been detected in other
studies. The results in the present study indicate that the risk
of developing ORN increases every year after RT, supporting
a long follow-up period for these patients.

The majority of patients who developed ORN in our study
had received brachytherapy as part of their treatment, and
we found that brachytherapy significantly increased the risk
of ORN (p=.04). A recently published study using data from
the Swedish Head and Neck Cancer Registry, focusing on the
base of tongue cancer, showed similar results [40].
Brachytherapy is a highly conformal radiotherapy technique
that enables the deposition of high radiation doses to the
tumor with the dose decreasing rapidly with distance. It is
therefore considered to be a normal tissue-sparing technique.
However, it also demands both technical skill and specific
radioprotective considerations, and with the immense devel-
opment of external beam radiotherapy that we have seen
over the past twenty years, its use in the treatment of head
and neck cancer has declined. Our study and the study by
Danielsson et al. [40], suggest that brachytherapy should be
used with care in patients with oropharyngeal cancers, and
preferably only for selected patients in randomized studies.

As in most other studies [12,13,41], oropharyngeal cancer
was more common in men also in our patient cohort.
Consequently, most of the patients that developed ORN were
men. This has also been shown by others [9,42].

Also, in accordance with the literature [12,43,44], past and
present smoking was more common in men compared to
women. Smoking during RT has been shown to increase the
risk of ORN [26] but was not a significant factor in our study,
where 68% of the ORN patients were present or previous
smokers compared to 65% of the ORN-free patients.

Head and neck cancer usually debut in late middle age,
around 60years [13,44], in agreement with our results.
However, these studies focus on both oral cavity cancers and
oropharyngeal cancers in contrast to ours. This may also be
a factor contributing to the difference in ORN incidence
between our results and others. The mean age of ORN debut
in our study was 56,6 years, in agreement with others [42,45].
One interesting finding among our results was that older
patients had a lower risk of developing ORN. This has not, to
the best of our knowledge, been shown previously. ORN
does not increase with age it just plateaus after two years.

Some previous studies indicate that poor oral hygiene has a
worrying impact on ORN [46-48]. In the present study, however,
it was not possible to identify an increased risk for ORN in
patients with poor oral hygiene. One possible reason for our
results may be due to a lack of information in the medical charts.
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In four cases the assessment of ORN could only be done
based on data from the medical charts, lacking radiological
confirmation. However, the assessments were done in the
same clinical center by a few experienced clinicians.
Regardless, this is one of the largest studies of ORN focusing
only on oropharyngeal cancer with the relative number of
parameters that have been investigated.

The main findings in the present study were that the mean
radiation dose to the mandible seems to be of greater impor-
tance for the risk of ORN development than the maximum
dose in patients with oropharyngeal malignancies. In addition,
elderly people with oropharyngeal cancer seem to be less
prone to develop ORN. Smoking seems to be of minor impor-
tance for ORN development in oropharyngeal malignancies.
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