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Introduction

Pre-radiation dental screening in head and neck cancer patients who will be sub-
jected to radiotherapy to the head and neck region is aiming to locate oral foci 
in order to be able to eliminate these foci, thus preventing later irradiation-relat-
ed oral complications, especially osteoradionecrosis (ORN) [1,2]. This approach 
is based on clinical experience and is hardly evidence-based [3,4]. Frequently, a 
short time period elapses between dental screening and the start of radiotherapy. 
This lack of treatment time available to eliminate foci of infection, can lead to radi-
cal decision-making in these patients. It is generally accepted that patients have 
to be free of dental foci 10-14 days before radiotherapy starts, in order to ensure 
initial healing of the oral tissues before radiotherapy. In 1992, Jansma et al [3] 
proposed a protocol for the prevention and treatment of oral sequelae resulting 
from head and neck radiotherapy, applicable in cancer centers operating with a 
dedicated dental team. The University Medical Center Groningen operates with a 
dental team consisting of an oral and maxillofacial surgeon (OMS), a hospital den-
tist and a dental hygienist. In our hospital, dental screening and dental treatment 
in head and neck cancer patients is performed according to this protocol [3].

Gortzak et al. [5] concluded that dental screening of patients is the current dai-
ly practice in Dutch hospitals, although there is little scientific evidence on its ef-
fectiveness. Moreover, wide variability between hospitals exists in the level of oral 
care that is provided to patients with head and neck cancer [5,6]. Recently, Ro-
sales et al. [7] showed that dental examination before radiotherapy may prevent 
or minimize complications in the post-radiation period and may provide better 
post-radiotherapy oral health conditions in patients. Determining evidence based 
clinical guidelines for dental screening is considered mandatory in head and neck 
cancer patients. To assess whether such a screening is effective, a retrospective 
study was done in order to assess oral foci observed during pre-radiation dental 
screening and oral problems found during follow-up in head and neck cancer pa-
tients treated in our facility. In addition, we tried to identify risk factors, related 
to the oral problems as observed prior to radiotherapy for oral problems after 
radiotherapy.

Materials and Methods

A retrospective, descriptive study was conducted by reviewing the files of 185 
consecutive adult head and neck cancer patients who had been subjected to pre-
radiation dental screening for oral foci between January 2004 and December 
2008 at the Department of Oral and Maxillofacial Surgery of the University Medi-
cal Center Groningen. Patients were included in this study, if they had undergone 
postoperative or primary curative radiotherapy or chemoradiation, as a part of pri-
mary cancer treatment for a carcinoma in the oral cavity or oropharynx. Patients 

Abstract

Background and purpose: Head-neck radiotherapy is accompanied by a life-long 
risk of developing severe oral problems. This study retrospectively assessed oral 
foci detected during pre-radiation dental screening and follow-up in order to as-
sess risk factors for developing oral problems after radiotherapy.

Materials and Methods: Charts of 185 consecutive head-neck cancer patients, sub-
jected to a pre-radiation dental screening in the University Medical Center Gronin-
gen, the Netherlands, between January 2004 and December 2008 were reviewed. 
Eighty (partially) dentulous patients scheduled for curative head-neck radiother-
apy met the inclusion criteria.

Results: Oral foci were found in 75% of patients, predominantly periodontal dis-
ease. Osteoradionecrosis had developed in 9 out of 80 patients (11%). Overall, 
patients presenting with periodontal pockets ≥6mm at dental screening had an in-
creased risk (19%) of developing osteoradionecrosis compared to the total group 
of patients. Patients in whom periodontal disease treatment was composed of 
initial periodontal instead of removal of the affected teeth, the risk of developing 
osteoradionecrosis was even higher, viz. 33%.

Conclusions: A worse periodontal condition at dental screening and initial peri-
odontal therapy to safeguard these patients to develop severe oral sequelae after 
radiotherapy were shown to be major risk factors of developing osteoradionecro-
sis.
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Treatment after dental screening before onset of radiotherapy
The pre-radiation dental treatment to eliminate oral foci was documented in the 
patients’ files. The types of treatment were gathered for this study, being tooth 
extraction, periodontal treatment, apicoectomy, a combination of the previous 
treatments, or no treatment. The number of teeth extracted was determined using 
consecutive panoramic radiographs, if it was not clear from documentation only. 
Extracted teeth during ablative surgery, due to their proximity to the tumor, were 
also identified in this study.

From the patients’ files, it was analyzed whether or not a patient was free of 
foci before radiotherapy. Due to lack of time, it was impossible to evaluate the 
outcome of initial periodontal treatment before the onset of radiotherapy, as usu-
ally established after 3 months in healthy patients. In this study, patients who had 
initial periodontal treatment for teeth with pockets ≥6mm, instead of tooth extrac-
tion, were not considered free of foci before radiotherapy started, since we did 
not know if these pockets did respond to periodontal treatment and if they were 
healed before radiotherapy started.

Furthermore, it was noted whether custom trays for the application of a fluoride 
gel had been made for the patients.

Radiotherapy
Until the end of 2007, the majority of patients were treated with 3D-CRT. Since 
2008 patients were increasingly treated with IMRT. Radiotherapy was delivered 
using megavoltage equipment (6 MV linear accelerator). For all patients, a con-
trast-enhanced planning CT scan was made in supine treatment position.

Patients treated with concomitant chemoradiation therapy (CHRT) were irradi-
ated with a conventional fractionation schedule (2Gy per fraction, five times per 
week up to 70Gy in 7 weeks). In case of primary radiotherapy of the more ad-
vanced tumors, which were considered ineligible for CHRT, an accelerated schedule 
with concomitant boost technique was used, either or not combined with cetuxi-
mab. These patients were treated with 6 fractions per week with a second fraction 
on Friday afternoon with a minimum interval of 6 h, up to a total dose of 70Gy in 
6 weeks.

In patients treated with 3D-CRT, no attempts were made to spare the salivary 
glands. Most of these patients received bilateral elective irradiation of the neck 
nodes to a total dose of 46Gy and a boost on the primary tumor and pathological 
lymph nodes to a total dose of 70Gy.

IMRT treatments attempted to spare the parotid glands without compromis-
ing the dose to the target volumes. In general, 7-field equidistant, non-opposing 
beams were applied. All IMRT treatments applied a simultaneous integrated boost 
(SIB). Most patients received bilateral elective irradiation of the neck nodes to a 
total dose of 54.25Gy, in fractions of 1.55Gy. The primary tumor and pathological 
lymph nodes were treated to a total dose of 70Gy, in 2Gy fractions.

had to be (partially) dentulous at the time of the pre-radiation dental screening. A 
total dose of at least 40Gy had to be delivered to the mandible body by external 
beam radiotherapy. In general, the major salivary glands and a substantial part of 
the oral mucosa received a clinically relevant dose. Furthermore, a pre-radiation 
dental screening, including a panoramic radiograph and periodontal examination, 
should have been performed as well as a dental follow-up of at least 6 months 
after radiotherapy by the hospital’s dental team. Patients were excluded if they 
had undergone previous radiotherapy to the head and neck region or if they were 
scheduled for brachytherapy.

Demographic data
General patient characteristics and potential confounding factors such as age, 
gender, tumor site, T- and N-stage, histology, oncologic treatment, alcohol con-
sumption, tobacco smoking, and oral hygiene were collected from the patients’ 
files.

Dental screening data
According to the standard procedures, every patient diagnosed with head and 
neck cancer was subjected to dental screening by a dental hygienist and a hos-
pital dentist [3]. A panoramic radiograph and a periodontal status were routinely 
made in all patients. Oral hygiene instructions were given, adapted to the patient’s 
needs. Dental foci were reported on and an individualized treatment plan was pro-
posed by the dental team, including which foci had to be eliminated, depending 
on the estimated radiation dose. Eventually, the multidisciplinary team decided 
which foci had to be treated after discussion in a multidisciplinary team meeting 
consisting of an ablative surgeon, a radiation oncologist, a dentist and a dental 
hygienist.

Data on the oral foci found during dental screening were documented in the 
patient’s file and collected for this study, as the following oral foci were taken into 
consideration: severe caries (defined as a carious lesion in which dentine excava-
tion may lead to pulpal exposure, according to clinical and radiological judgment), 
periodontal disease (teeth with pockets ≥6mm), periapical dental pathology (peri-
apical radiolucency on dental radiograph), (partially) impacted teeth, residual root 
tips, radiographic abnormalities (for example root resorption), and dental cysts 
[3].

The number of teeth present at dental screening was counted on the pano-
ramic radiograph. The periodontal status was used to specify the number of deep 
(≥6mm) and shallow pockets (4-5mm). If the level of oral hygiene was document-
ed, this was also used for analysis in this study. Oral hygiene level was based on 
subjective judgment of the oral hygienist, and scored as bad (plaque and bleeding 
index >60%), moderate (plaque and bleeding index 20-60%) or good (plaque and 
bleeding index <20%).
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Chemotherapy was given concurrently with conventionally fractionated radio-
therapy and consisted of carboplatin on day 1 (300-350 mg/m2 in 30 min intrave-
nously) and 5-fluorouracil (5-FU) from day 1 to 4 by continuous infusion (600 mg/
m2/24 h), consisting of 3 courses given with an interval of 3 weeks.

During radiotherapy
During radiotherapy patients were seen daily (Monday to Friday) by a dental hy-
gienist. The patients’ oral cavity was cleansed by spraying with saline according to 
protocol, and instructions were given to the patient to rinse their mouth with salt-
baking soda solution at home [3]. If any oral problems occurred and/or treatment 
was needed during radiotherapy, these problems and its treatment were routinely 
documented in the patient’s file. These data were used in this study. Furthermore, 
data on radiotherapy (start/end date, cumulative doses, type) were retrieved from 
the patients’ files.

Follow-up
The follow-up period in this study, starting after the end of radiotherapy until the 
end of this study (December 2009), was at least 6 months. After radiotherapy, all 
patients visited members of the dental team (dental hygienist, dentist and/or OMS). 
The frequency of visits varied between patients, depending on the treatment need, 
patient compliance and oral hygiene level. Dental hygienist visits were focused on 
patients’ oral hygiene and dental condition. Panoramic radiographs were made 
yearly in the study group according to protocol. If oral problems occurred, such as 
dental caries or periodontal breakdown, additional radiographs were made after 
discussion with the hospital’s dentist or an oral and maxillofacial surgeon.

During the follow-up period, the following data were gathered from the files: 
number of new carious lesions (all new carious lesions reported, including initial 
lesions), progression of periodontal pocket depth (all cases where periodontal 
pocket depth, measured with a periodontal probe, increased when pathological 
pockets were present (>3mm)), periapical problems discovered on radiographs, 
number of tooth extractions, incidence of oral candidiasis, incidence of ORN (ex-
posed bone trough an opening in the overlying mucosa, persisting as a non-heal-
ing wound for three months or more [8], level of oral hygiene (bad, moderate, 
good), frequency of fluoride application, patients’ complaints about a dry mouth 
(xerostomia) and clinical signs of a dry mouth.

Statistical analysis
Data were explored, using descriptive statistics and graphs, in SPSS 16.0. Normal-
ity was tested using Q-Q plots. Risk analysis was done using Chi square test and 
Fisher’s exact test. Values of p < 0.05 were considered significant.

Table 1. Demographic and clinical characteristics of the study group (n=80).

Variable Category Number of 
patients

%

Age, years
Mean 58

Range 20-89

Gender
Male 43 54

Female 37 46

Tumor site
Oral cavity 70  88

Oropharynx 10 12

T- classification

T1 18 23

T2 19 23

T3 9 11

T4 17 21

Tx 17 22

N-classification

N0 29 36

N1 14 18

N2 21 26

Nx 16 20

Histology
Squamous cell carcinoma 54 68

Other 26 32

Treatment plan

Radiotherapy 13 16

Radiotherapy + Surgery 58 73

Radiotherapy + Chemotherapy 9 11

Chemotherapy type

Carboplatin/5-FU 7 9

Cetuximab 2 2

No chemotherapy 71 89

Functionally inoperable
Yes 8 10

No 72 90

Alcohol consumption

Patient drank alcohol in the past,  
amount unknown

4 5

Patient never drank alcohol 10 13

Patient drinks ≤ 2 drinks p.d 27 34

Patient drinks > 2 drinks p.d 19 23

Not reported* 20 25

Smoking

Patient smoked in the past,  
amount unknown

22 28 

Patient has never smoked 15 19

Patient smokes ≤ 1 pack of cigarettes p.d. 8 10

Patient smokes > 1 pack of cigarettes p.d. 19 23

Not reported 16 20

Oral hygiene level

Bad 19 24

Moderate 21 26

Good 18 22

Not reported 22 28

p.d.= per day

*Not reported= data were not reported
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Results

Eighty patients met the inclusion criteria (figure 1). Mean follow-up time was 26 
months (range 6-69 months). Patients received a mean radiation dose of 64Gy 
to the primary tumor site (range 50-70 Gy). Twenty-seven patients died during 
follow-up due to tumor-related causes. Demographic and clinical characteristics 
of the patients are summarized in table 1.

Pre-radiation: dental screening and treatment of oral foci
Oral foci were diagnosed in 60 out of 80 patients (75%). The types of oral foci at 
dental screening were periodontal pockets ≥6mm (43 patients), periapical dental 
pathology (15 patients), severe caries (8 patients), impacted teeth (7 patients), re-
sidual root tips (6 patients) and radiographic abnormalities (3 patients). Since one 
patient can be diagnosed with more than one oral focus, the sum of the numbers 
is higher than 60.

Tooth extraction
Extraction of teeth to eliminate oral foci was performed in 56 patients. An average 
of 7.7 teeth was extracted per patient. In 13 patients extractions were combined 
with periodontal treatment to other teeth. In the remaining 43 patients teeth were 
extracted because of periodontal pockets ≥6mm (25 patients), severe caries (8 
patients), a combination of severe caries and periodontitis (3 patients) or for other 
reasons (7 patients) (figure 2). In addition, in 11 patients teeth were removed be-
cause of a close proximity to the tumor during ablative surgery.

Periodontal treatment
Forty-three (75%) out of the 60 patients had periodontal pockets ≥6mm. Peri-
odontal treatment was performed in 15 out of these 43 patients, often combined 
with tooth extractions (13 patients) in order to eliminate the oral foci (figure 2). 
Periodontal treatment was performed before radiotherapy, but the effects of peri-
odontal treatment could not be effectively evaluated due to lack of time before 
radiotherapy. Therefore, these 15 patients were not considered to be free of foci 
before radiotherapy started.

Smoking and alcohol consumption
Data on smoking habits and alcohol consumption are summarized in table 1.

Fluoride trays
Fluoride trays were made before radiotherapy in 64 out of 80 patients. The other 
16 patients received full mouth extractions before radiotherapy. Patients who re-
ceived fluoride trays were informed on their use by a dental hygienist. A 1% neutral 
sodium fluoride gel was prescribed to be used every second day; this regimen was 
based on the studies by Jansma et al [6,9].

Figure 1. Flow chart showing the results of dental screening and the results of follow-up.
Since one patient could be diagnosed with more than one oral problem, the sum of the number of 
problems is higher than the number of patients.

No problems
during follow-up 

n=25

Problems
during follow-up 

n=16

No problems
during follow-up 

n=4

Problems
during follow-up 

n=15

Patients included in the 
study n=80

Foci found at  
dental screening 

n=60

No foci found at
dental screening 

n=20

No problems
during follow-up 

n=20

Focus free at onset 
of radiotherapy n=41

Not focus free at 
onset of radiotherapy 

n=19

Oral problems observed during radiotherapy
During radiotherapy, oral Candidiasis was reported in 14 patients. Treatment con-
sisted of antifungal lozenges (amfotericine B 10mg, q.d.).

Post-radiation: problems during follow-up
During follow-up, 31 out of 80 patients (39%) developed oral problems (figure 1). 
The oral problems comprised of osteoradionecrosis (ORN), progression of perio-
dontal pockets, development of one or more carious lesions, and periapical patho-
sis (figure 1).

Problems include: 
ORN n=3

Pocket progression n=2
Carious lesions n= 8

Periapical pathosis n=8

Problems include: 
ORN n=6

Pocket progression n=9
Carious lesions n= 5

Periapical pathosis n=3
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Osteoradionecrosis
Osteoradionecrosis (ORN) developed in nine patients (11%) (table 2). All regions 
in which ORN developed had received a cumulative radiation dose >40Gy. More 
smokers were seen among patients who developed ORN (78%) than among non-
ORN patients (36%; p = 0.029) resulting in an OR of 6.1 [CI 1.2-32.4] for a higher 
risk of developing ORN in smokers.

Patients who presented with periodontal disease (pockets ≥6mm) at dental 
screening had a significantly higher risk of developing ORN during follow-up than 
patients without periodontal disease (p = 0.033). It has to be noted, however, that 
in 7 out of 9 patients ORN developed in an area in which teeth had been removed 
because of severe periodontal disease. Severe caries, periapical problems, residual 
root tips, impacted teeth, and radiographic abnormalities at the time of dental 
screening were not found to be a risk factor for developing ORN in our study.

Of the 43 patients presenting with periodontal disease (pockets ≥6mm) at 
dental screening, 15 patients were considered not free of oral foci as treatment 
(partly) consisted of initial periodontal therapy and not the removal of these teeth. 
Among these 15 patients, 5 developed ORN, suggesting that the chance of de-
veloping ORN, when periodontal pockets ≥6mm are not aggressively treated, is 
highly increased, viz. 33% in this study.

In 3 out of 9 patients, post-radiotherapy extractions were done in the region 
where ORN developed because of pain with endodontic origin in 2 patients, and 
pain from a root tip in 1 patient.

What is remarkable is that none of the patients who were judged to be free of 
oral foci at the dental screening developed ORN (figure 1).

Post radiotherapy pocket progression
In 14 patients (18%), progression of periodontal pocket depth was observed dur-
ing follow-up. In 3 of these 14 patients periodontal pockets 4-5 mm were present 
at dental screening and progressed during follow-up. In 11 of these 14 patients 
periodontal pockets ≥6mm were already present at dental screening. In 6 out of 11 
patients initial periodontal therapy was combined with tooth extractions. In 4 out 
of 11 patients teeth were extracted without initial therapy (in 2 of these 4 patients 
some teeth with pockets ≥6mm were left, in the other 2 patients all teeth with 
pockets ≥6mm had been extracted). In 1 out of these 11 patients initial periodontal 
therapy was performed without extractions.

After pocket progression was observed, treatment consisted of further initial 
therapy, tooth extraction or individualized oral hygiene instructions.

Caries
Thirteen patients (16%) developed one or more carious lesions. All these carious 
lesions developed within 2 years after radiotherapy.

Table 2. Characteristics of patients with osteoradionecrosis (n=9).

Variable Category Number of 
patients

%

Age, years
Mean 58

Range 49-74

Gender
Male 6 67

Female 3 33

Tumor site
Oral cavity 6 67

Oropharynx 3 33

Treatment plan

Radiotherapy 1 11

Radiotherapy + Surgery 5 56

Radiotherapy + Chemotherapy 3 33

Cumulative dose on the 
mandible

Mean 66 Gy

Range 60-70

Cumulative dose ORN region
Mean 61 Gy

Range 40-69

T- classification

T1 3 33

T3 2 23

T4 3 33

Tx 1 11

Alcohol consumption
Yes 7 78

No 2 22

Smoking
Yes 6 67

No 3 33

Type of foci
Pockets ≥6 mm 8 89

Severe caries and residual root tips 1 11

Treatment of foci
Tooth extraction 4 44

Periodontal treatment and tooth extraction 5 56

Free of foci before start RT
Yes 3 33

No 6 67

ORN region
Mandible 8 89

Maxilla 1 11

ORN onset in months after RT
Mean 13.5

Range 3-31

Extraction in ORN region
Pre- RT 8

Post RT* 3

ORN = osteoradionecrosis 
RT = radiotherapy
* Reasons for post-radiotherapy extractions were an untreated oral focus, which was a periodon-
tally affected molar (pockets 7 mm), pocket progression in a patient who had pockets ≥6mm at 
dental screening and was periodontally treated combined with tooth extractions, and a residual 
root tip, remaining after pre- radiotherapy tooth extraction in a patient who had pockets ≥6mm at 
dental screening and was periodontally treated combined with tooth extractions. In all 3 patients, 
ORN developed in the area where extractions had been performed post-radiotherapy.
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oral hygiene level was good in 4 patients, moderate in 6 patients, bad in 5 patients, 
and was not reported in 1 patient.

Fifty-five patients (69%) out of the 64 patients of whom data of a dry mouth 
and clinical signs of a dry mouth were available, did complain of a dry mouth. In 
all these patients, clinical signs of a dry mouth were observed and reported by the 
clinician in their files shortly after radiotherapy. One year after radiotherapy, similar 
findings were observed in 38 patients (88%) out of the 43 patients of whom data 
were available on complaints of a dry mouth and clinical signs of a dry mouth.

Discussion

About 75% of the head and neck cancer patients subjected to a pre-radiation den-
tal screening have oral foci that need treatment when head and neck radiotherapy 
is scheduled. The majority of these foci encompassed periodontal decay, as peri-
odontal pockets ≥6mm were observed in most of the patients. This is a rather sig-
nificant observation as our analysis revealed that particularly these patients were 
prone to developing ORN.

ORN is a late side effect of radiotherapy which is hard to treat [2]. Prevalence 
of ORN in patients treated with conventional radiotherapy is 7.4% [CI 4.8-10] [10]. 
In this study we diagnosed ORN in 9 out of 80 patients (11%) occurring on an 
average of 13.5 months after radiotherapy (range 3-31 months). The patient who 
developed ORN after 3 months, which is considered very early, developed ORN 
in a mandibular area reconstructed with an iliac crest bone graft, not related to 
dental pathology. Eight out of nine ORN patients were diagnosed with severe peri-
odontal disease at dental screening. Periodontal disease and an increased risk of 
developing ORN seemed to be associated. In fact, if existing periodontitis was not 
aggressively treated before radiotherapy ORN developed in 33% of these patients. 
The association between periodontitis and the development of ORN has to be 
assessed in future studies, as the acidic oral environment after radiotherapy is in 
general especially thought to be prone to development of dental caries and oral 
infections [11-14]. Such an acidic oral environment is not an environment in which 
periodontal pathogens are likely to survive. However, in periodontal pockets the 
pH might be dissimilar from the pH in the oral cavity and thus be more favorable 
for periodontal pathogens.

The majority of patients with oral foci in our study had periodontal disease 
(75%). This was also reported in other recent articles [15,16]. Unfortunately, a num-
ber of oral foci marked by our dental team appeared not to be eliminated before 
radiotherapy. In the far minority of the cases this was due to an oral focus that was 
missed before the onset of radiotherapy, but in the far majority this violation of 
the protocol was related to a too short period between diagnosis of periodontal 
disease and start of radiotherapy to allow for a proper evaluation of the effect of 
initial periodontal therapy. Also prosthodontic considerations were noted, that led 

Figure 2. Treatment of the oral foci after dental screening.
Tooth extractions were needed in 43 patients because of severe periodontitis (pockets ≥6mm), 
severe caries, a combination of severe caries and periodontitis and for other reasons in 7 patients. 
Sixteen patients had a full mouth clearance after dental screening, including the 3 patients who 
had tooth extractions because of a combination of severe caries and periodontitis, 9 patients 
with severe periodontal breakdown, and 4 patients in the group ‘other’. The association between 
type of treatment and number of patients within that group that developed ORN is indicated 
between brackets.

Treatment of oral foci

Post radiotherapy periapical pathosis
Eleven patients (14%) developed periapical pathosis during follow-up, discovered 
on radiographs. In 8 out of these 11 patients periapical problems were not found at 
the time of dental screening, but developed during follow-up. In the other 3 patients, 
periapical lesions had been left untreated after dental screening. Further treatment 
consisted of endodontic treatment in 4 patients, tooth extraction in 2 patients and 
in 5 patients, who had no complaints, an expectative policy was followed.

Level of oral hygiene, fluoride prophylaxis and xerostomia
Shortly after radiotherapy, 16 patients (25%) reported discontinuation of their use 
of fluoride trays. Reasons for not using the trays mentioned in the patients’ files 
were: it was too painful to use the trays or the fluoride gel was irritating the oral 
mucosa (10 patients). Six patients stated having not understood that they had to 
continue to use the trays after radiotherapy had ended. In these 16 patients, the 
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Currently, head and neck cancer patients are treated according to a protocol, but 
no standardized protocol is used for documentation of data. Therefore, a number 
of data were missing that limited the interpretation of the results of our retrospec-
tive study. Another limitation of this study was that over 25% of the patients died 
after a relatively short follow-up period. In these patients, only early side effects of 
radiotherapy could be evaluated.

In this study oral foci were common in head and neck cancer patients seen 
for a dental screening. Oral foci that were left untreated or that were not proven 
adequately resolved before start of radiotherapy increased the risk on post radio-
therapy tooth extraction and thus the risk of developing ORN. The results of our 
retrospective analysis suggest that particularly patients with severe periodontal 
disease were prone to develop ORN, particularly when the periodontally affected 
teeth in these patients were not (aggressively) treated. Therefore, a prospective 
study is needed to assess the relation between periodontal disease and the risk of 
development of ORN. Besides the risk of ORN due to leaving strategic teeth with 
periodontitis, risk of ORN by removing these teeth and the functional gain must 
be taken into account. In addition, the efficacy of the treatment modalities used 
for eliminating oral foci pre-radiotherapy, especially in patients with periodontitis, 
has to be further assessed.

to the preservation of periodontally compromised teeth to enhance retention of 
prosthetic devices thought essential for oral functioning.

The results of initial periodontal treatment in patients scheduled for radiothera-
py of teeth with pockets ≥6mm are unclear and hardly any literature on this subject 
is available [17,18]. As particularly in this group of patients a rather high number of 
ORN cases developed, it has to be assessed in future studies whether all severely 
periodontal diseased teeth do have to be removed before radiotherapy and if ini-
tial periodontal therapy is not a proper alternative treatment modality to eliminate 
periodontal disease in this type of patients. The latter might be due to the nature 
of the oral flora present in the pockets with bone destructive properties, as well as 
that maintaining teeth with periodontal pockets ≥6mm after radiotherapy may put 
the patient at risk for post-radiotherapy extractions. With regard to this assump-
tion one has to bear in mind that periodontal disease progressed in the majority of 
the patients after radiotherapy.

Decisions to remove teeth that are considered a focus can be complex, espe-
cially because dental awareness is increasing and patients sometimes refuse tooth 
extractions. In addition, a larger part of the population is dentulous nowadays, 
and therefore, more head and neck cancer patients are dentulous. Where doubt-
ful teeth used to be extracted in patients subjected to radiotherapy to the head 
and neck region, it is often decided nowadays to save (some of these) teeth for 
prosthetic use. The results of our study suggest that remaining doubtful teeth for 
prosthetic use might put patients at an increased risk of developing ORN.

Smoking and alcohol abuse are well known risk factors for developing oral can-
cer [19,20]. In the literature, it has been suggested that vasoconstriction caused 
by smoking enhances the risk of developing ORN [19]. In accordance with these 
findings, in this study the highest risk on developing ORN was observed in smok-
ing patients. However, it has to be noted that data on smoking habits could not be 
retrieved from all the files.

Because of the usually irreversible irradiation-induced reduction of salivary flow 
[11,12,21-23], head and neck radiotherapy patients possess a life-long risk of de-
veloping so-called radiation caries [24]. Nevertheless, it was documented in the 
patients’ files that some patients stopped using fluoride trays because the fluoride 
gel was reported to be irritating the oral mucosa, or because it was not clear to 
them that the use of fluoride trays had to be continued after radiotherapy ended. 
Neutral fluoride gels were prescribed which have to be made by the pharmacist, 
but it seems that some pharmacists provided the patient with an over the coun-
ter acidified gel. Not only can this acidic gel be very irritating on the oral mucosa 
during radiotherapy, because the integrity of the oral mucosa is damaged by ra-
diotherapy (mucositis), it also can cause dental erosion since irradiated patients 
often have a reduced salivary flow and therefore less buffer capacity. The clinician 
can learn from these findings that oral hygiene instructions should be repeated 
frequently, since patients tend to forget the information that had been given, and 
the patient should be motivated repeatedly.
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