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� 105ORIGINAL ARTICLE

Aim: The aim of this study was to collect data on the prevalence of apical periodontitis in relation to
the coronal status of teeth in xerostomic head and neck radiation patients and to compare these fig-
ures with data from a general population.
Materials and methods: Panoramic radiographs of 43 patients lacking dental treatment during and
after radiotherapy, taken on average 22.2 months after radiotherapy, were examined for periapical
and coronal condition. The findings were compared with a matched control group (data in paren-
theses).
Results: A total of 709 teeth were scored, and 5.6% (9.0%) were endodontically treated. Apical peri-
odontitis was found in 7.8% (9.5%) of teeth and in 12.5% (43.1%) of the endodontically treated
teeth. Of all teeth, 86.2% (17.5%) were decayed, with radiographic evidence of caries extending into
the pulpal space in the majority of cases. 
Conclusions: No difference was found in the prevalence of apical periodontitis between the two popu-
lations in spite of a high incidence and severe degree of caries that could have lead to a higher inci-
dence of apical periodontitis than in the general population. Bacterial shifts in the oral cavity and root
canal, resulting in a less pathogenic flora and/or a change in cellularity and vascularisation of irradi-
ated bone is a possible explanation.
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� Introduction

The relationship between apical periodontitis and bac-
teria infecting the root canal system is well estab-
lished1. Infection of the coronal pulp may spread 
apically, usually causing necrosis of the pulpal tissues,
and may reach the apical part of the root canal. The

infection then invades the periapical area resulting in
local bone destruction2. The role of apical periodontitis
in focal infection is suspected3.

A prevalence of apical periodontitis of 2 to 8% on
all teeth is found in general populations, and despite
improvements to techniques in root canal treatment
and the instruments used, an even higher prevalence
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of apical periodontitis associated with root filled teeth
has been demonstrated4-8. An explanation is found in
the influence of coronal leakage9 and the large
number of poorly performed root canal fillings10.

Patients irradiated in the head and neck region
present themselves with a series of specific medical
problems as a result of radiotherapy involving irradi-
ation of the salivary glands and jaws. This may cause
a number of characteristic changes in the oral tissues

such as mucositis, candidiasis (Fig 1), xerostomia,
reduced mouth opening and loss of taste, that are
potentially associated with increases in the incidence
of carious lesions in teeth11. Xerostomia and radiation
caries are in this respect the most common problem
when teeth are still present. Radiation caries (Fig 2)
is a sequela of xerostomia following damage to the
salivary glands12. Xerostomia results in a shift in the
oral flora to a more acidogenic and cariogenic flora
together with a shift in the anaerobic flora13-15. These
patients often change their dietary habits and con-
sume more carbohydrates16. Both cause the rapid
destruction of the teeth by radiation caries, especially
in areas where dentine is exposed (Fig 2). The
aggressiveness of the decay, when no preventive
measures have been taken, leads to the inevitable
exposure of the root canal space to the oral environ-
ment (Fig 3). 

Depending on the type of radiotherapy and radi-
ation doses, extensive damage to the pulp tissues,
such as circulatory disturbances, hyaline degradation
and complete necrosis of odontoblasts and fibro-
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Fig 2 Radiation caries
in xerostomic head and
neck irradiated patients.
All areas with exposed
dentine are prone to ra-
diation caries (b to d),
which will inevitably
lead to massive damage
of the teeth when no
preventive measures
have been taken (a).

Fig 1 Candidiasis in a
xerostomic head and
neck irradiated patient.

a b

c d
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blasts with haemorrage and inflammatory cell infil-
tration have been observed17,18. Contradictory results
are found in the literature, with no notable differ-
ences between irradiated pulps and control groups
on the one hand19-22, and from nuclear and cyto-
plasmic alterations in fibroblast metaplastic alter-
ations23 to fibrosis and hyaline degeneration on the
other hand24. Another side effect of radiotherapy is
the reduced vitality of irradiated bone caused by a
decreased blood supply to the bone as a result of pro-
gressive endarteritis25,26. 

Osteoradionecrosis (Fig 4) has been intensively
described in the literature as a sequela of dental extrac-
tions or dental surgery, or even occurring sponta-
neously following oral radiotherapy. Any disturbance
in the pulp tissue leading to infection may predispose
to osteoradionecrosis, and it is the most serious com-
plication of head and neck radiotherapy11. Most bony
complications in radiotherapy are seen with radiation
doses of more than 60 to 70 Gy. Radiation doses of
less than 40 Gy seldom cause complications26-30. Peri-
odontal bone destruction is also described after radia-
tion doses above 53 Gy27,31,32. 

Data on root canal treatment in irradiated patients
are limited and in most cases confined to a low number
of teeth33. Moreover, no information is found in the lit-
erature on the prevalence of apical periodontitis in
patients irradiated in the head and neck region. As
bone changes because of irradiation, it is not unlikely
that this affects the genesis and healing of apical peri-

odontitis. Root canal treatment in these patients is of
particular interest because extraction of teeth in gen-
eral may be associated with osteoradionecrosis irre-
spective of an association with bone infection. Root
banking (root canal filling and closure of the canal
entrance with a filling) (Fig 5) is then the only solu-
tion11.

The aim of the present case-control study was
to determine the prevalence of apical periodontitis
and the coronal condition of teeth in a Belgian sub-
population of head and neck irradiated patients,
using panoramic radiographs. These data were
compared with those of a controlled general popu-
lation. This study is also continuous work of a
precedent study presented at the European Society
of Endodontology (ESE) 10th Biennial Congress in
Munich, 200134.
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Fig 3a Radiation caries in a xerostomic head and neck irra-
diated patient.

Fig 3b (right) Panoramic radiograph of the patient shown
in Fig 2a. (1) Apical periodontitis in association with a root
filled tooth (arrow). No apical lesions were observed in the
maxilla (2) and mandible (3) where full exposure of the pulp
chamber to the oral environment was present.

Fig 4 Osteoradio-
necrosis and perforation
of the soft tissues of the
mandible.
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� Materials and methods

� Patient sample

The panoramic radiographs assessed in the present
study were obtained from patient files of patients irra-
diated in the head and neck region and attending the
Ghent University Dental Clinic, Ghent University 
Hospital, Ghent, Belgium. The minimum duration
between the end of radiation therapy and the obtain-
ment of the radiograph was 6 months. All patients
received a total dose of 66.0 Gy to 70.2 Gy.

Only those patients that had not received dental
treatment during and after radiotherapy were
selected. These were all patients that slipped
through the regular system of pre-radiotherapy
dental treatment (removal of inflammatory dental
foci) and the consequent caries prevention scheme.
Subsequently these patients all presented with

dental post-radiotherapy sequelae. This resulted in
43 radiographs for examination. The panoramic
radiographs were taken on average 22.2 ± 18.2
months after radiotherapy.

All panoramic radiographs were taken using a
Cranex® dc2 model sl-4/pt-10 (Soredex, Helsinki, Fin-
land), using orthodontic x-ray films, medium speed,
high contrast (GAC International, New York, NY,
USA). The radiographs were processed with a Dürr-
Dental AC245L (Dürr-Dental, Bietigheim-Bissingen,
Germany) and Dürr-automat developer and fixer
(Dürr-Dental).

The majority of each sample consisted of male
patients (83.7%). The mean age for the cases was
53.2 ± 9.9 years. The tumour data are listed in Table
1. Epidermoid epithelioma was the most frequent
tumour (93.0%). Positive lymph nodes were seen in
55.8% of the patients.
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Fig 5b The cervical caries in both mandibular incisors (ar-
rows) leads to extensive weakening of the teeth. Therefore,
tooth restoration is not advocated. 

Fig 5c Both incisors were decapitated. Root canal filling and
coronal filling with glass ionomer cement was performed in
order to preserve both teeth. Extraction was not possible
due to the high risk of osteoradionecrosis. All other teeth
with radiation caries were restored with conventionally set-
ting glass ionomer restorative materials.

Fig 5a Cervical radiation caries in all mandibular teeth.
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Table 1 Tumour localisation, histology, staging and lymph nodes involved in the patient sample (n = 43).

Tumour localisation Number

Localisation

Oral cavity 17

Oropharynx 14

Glottis 5

Hypopharynx 5

Rhinopharynx 2

Histology

Poorly differentiated epidermoid epithelioma 12

Moderately differentiated epidermoid epithelioma 22

Well-differentiated epidermoid epithelioma 6

Other 3

N0: no regional lymph node involvement (no cancer found in the lymph nodes)
N1, N2, N3: involvement of regional lymph nodes (number and/or extent of spread)
T1, T2, T3, T4: size and/or extent of the primary tumour
TX: primary tumour cannot be evaluated

Staging of epidermoid 
epitheliomas

T1 T2 T3 T4 Tx

N0 3 3 6 5 0

N1 0 3 0 2 0

N2 0 8 2 6 1

N3 0 0 0 1 0

Fig 6 The number of
teeth with apical peri-
odontitis in the radio-
therapy group and the
control group.

Number of teeth with apical periodontitits
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� Control group

The control group was composed of patients with no
relevant medical history. They were controlled for age,
sex and number of remaining teeth. The mean age for
the controls was 52.8 ± 10.2 years (83.7% were
males).

� Radiographic examination

All radiographs were evaluated under optimal condi-
tions. The radiographs were placed on a viewing box,
and light surrounding the radiograph was blocked.
Each tooth was separately evaluated by two authors
(GH and RDM). If disagreement existed, a joint eval-
uation was made until a consensus was reached. 

The following criteria were assessed on the
panoramic radiographs (excluding third molars,
multi-rooted teeth were classified according to the
root exhibiting the most severe periapical condition):
• Endodontically treated tooth: tooth with radio-

opaque material in the pulp chamber and/or root
canal(s).

• Apical periodontitis: widening of the periodontal
ligament or periapical radiolucency (radiolucency
in connection with the apical part of the root).

• Filling: restoration of the coronal part of the
tooth, which appeared to be a plastic restorative
material.

• Crown: restoration of the coronal part of the
tooth, which appeared to be a cast restoration or
a porcelain jacket crown.

• Caries: radiographic appearance of crown or root
caries.

• Without caries: radiographically acceptable resto-
rations or no crown or root caries in untreated
teeth.

� Statistical analysis

All data were processed and analysed using SPSS 10.0
for Windows (SPSS, Chicago, IL, USA). Chi-square
test was used to detect statistically significant differ-
ences between groups.

� Results

A total of 709 teeth were scored, i.e. an average of
16.5 teeth remaining per patient. Table 2 gives the
number of teeth with caries and apical periodontitis in
the radiotherapy group (RT-group) compared with the
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Table 2 Distribution of missing teeth, non-restored teeth, filled teeth and crowned teeth and the presence of caries in the
radiotherapy group and the control group.

Tooth subgroup Radiotherapy group Control group

n % n %

Number of teeth scored 709 NA 796 NA

Missing teeth 495 NA 408 NA

Sound teeth** 64 9.0 491 61.7

Non-restored teeth with caries** 459 64.7 80 10.1

Filled teeth (plastic filling material) Without caries° 21 3.0 137 17.2

With caries° 144 20.3 48 6.0

Crowned teeth Without caries° 13 1.8 29 3.6

With caries° 8 1.1 11 1.4

Teeth with caries** 614 86.6 140 17.5

Root filled teeth* 40 5.6 72 9.0

NA, not applicable
n, number of teeth in the subgroup
%, percentage of teeth in subgroup as related to the total number of teeth
Statistical comparison between radiotherapy and control group: *P < 0.05, **P < 0.005, °P > 0.05 
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control group according to subgroups of teeth. There
were significantly fewer sound teeth in the RT-group
(9.0% vs. 61.7% for the control group; χ2 = 446.7, 
P < 0.005), significantly more non-restored teeth with
caries (64.7% vs. 10.1% for the control group; χ2 =
487.9, P < 0.005), significantly fewer teeth restored
with a plastic filling material and free of caries (3.0%
vs. 17.2% for the control group; χ2 = 81.0, P < 0.005),
significantly more teeth restored with a plastic filling
material presenting caries (20.3% vs. 6.0% for the
control group; χ2 = 68.7, P < 0.005), and significantly
fewer caries-free crowned teeth (1.8% vs. 3.6% for
the control group; χ2 = 4.54, P < 0.05). There was no
significant difference in prevalence of crowned teeth
with caries (1.1% vs. 1.4% for the control group). The

overall caries-score for the RT-group was 86.6%.
Compared with the 17.5% from the control group,
this difference was statistically significantly different
(χ2 = 708.3, P < 0.005).

There was a significant difference within the 
RT-group between the maxilla and mandible for the
following parameters (Table 3): non-restored teeth
without caries (11.7% vs. 6.4% respectively; χ2 = 6.1,
P < 0.05), non-restored teeth with caries (57.7% vs.
71.6% respectively; χ2 = 14.9, P < 0.001), and
crowned teeth free of caries (3.4% vs. 0.3% respec-
tively; χ2 = 9.8, P < 0.005). The caries prevalence was
significantly lower for the maxilla than for the
mandible (82.0% vs. 90.3% respectively; χ2 = 10.1, 
P < 0.005) 
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Table 3 Comparison between the number of teeth in the maxilla and mandible with and without caries in the radiotherapy
group.

Tooth subgroup Maxilla Mandible

n % n %

Sound teeth/non-restored without caries* 41 11.7 23 6.4

Non-restored teeth with caries** 202 57.7 257 71.6

Filled teeth (plastic filling material) Without caries° 10 2.9 11 3.1

With caries° 80 22.9 64 17.8

Crowned teeth Without caries° 12 3.4 1 0.3

With caries° 5 1.4 3 0.8

Teeth with caries** 287 82.0 324 90.3

NA, not applicable
n, number of teeth in the subgroup
%, percentage of teeth in subgroup as related to the total number of teeth
Statistical comparison between the groups in the maxilla and mandible: *P < 0.05, **P < 0.005, °P > 0.05 

Table 4 Prevalence of apical periodontitis (AP) in the radiotherapy group compared with the control group according to
several teeth subgroups.

Tooth subgroup Radiotherapy group Control group

n % AP n % AP

All teeth° 58 7.8 76 9.5

Maxilla** 24 6.9 48 13.2

Mandible° 31 8.6 28 6.9

Teeth with caries** 54 8.8 35 25.2

Endodontically treated teeth** 5 12.5 31 43.1

AP, apical periodontitis
n, number of teeth with radiographic signs of AP
% AP, percentage of teeth in subgroup with radiographic signs of AP
Statistical comparison between the groups in the maxilla and mandible: *P < 0.05, **P < 0.005, °P > 0.05 
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The periapical conditions of the teeth in relation to
the coronal status are presented in Table 4. Periapical
radiolucencies were detected in 7.8% of the teeth.
This is comparable to the 9.5% detected in the con-
trol group (P > 0.05). There was a statistically signifi-
cant difference in prevalence of apical periodontitis in
the maxilla between the RT-group and the control
group (6.9% vs. 13.2%, χ2 = 8.0, P < 0.005), the dif-
ference for the mandible, however, was not significant
(8.6% vs. 6.9%, P > 0.05). There was no difference in
the prevalence of apical periodontitis between the
maxilla and the mandible in the RT-group (6.9% vs.
8.6%, P > 0.05).

Only 20 subjects showed signs of apical periodon-
titis in the RT-group (46.5%) (Fig 6). This was clearly
lower than in the control group (32, 74.4%, χ2 = 7.0,
P < 0.05). 

The prevalence of apical periodontitis on teeth
with caries was 8.8% (Table 4). This was statistically
significantly less than in the control group (25.2%; 
χ2 =28.9, P < 0.005). Of the teeth examined, 5.6%
(40 teeth) in the RT-group were endodontically
treated, and 9.0% (72 teeth) in the control group
(Table 2). This difference was statistically significantly
different (χ2 = 6.3, P < 0.05). Only 12.5% of the
endodontically treated teeth were associated with
periapical radiolucencies in the radiotherapy group
(Table 4). This was statistically significantly lower than
in the control group (43.1%, χ2 = 11.0, P < 0.005). 

� Discussion

The sample used in the present study consisted of
xerostomic head and neck irradiated patients, irre-
spective of previous surgery. These patients had not
been seen previously in our dental clinic and sought
dental treatment because of the oral side effects of
radiotherapy. This also meant that the present patient
sample consisted of a group that had no pre-radio-
therapy dental check-up and subsequent rehabilita-
tion. No preventive measures had been taken to pro-
tect the teeth against the deleterious effects of
therapeutic ionizing radiation. These post-radiation
xerostomic patients therefore provided an appropriate
population to investigate the effect of root canal infec-
tion on the periapical condition of teeth in an irradi-
ated and xerostomic oral environment.

The majority of the patient sample was male. This
is in agreement with Belgian government figures indi-
cating that the incidence of head and neck cancer is
three to four times higher in males compared with
females35.

Several studies have been published on the 
evaluation of the periapical status, and the methods
of examination vary. Some studies have used
panoramic radiographs36,37 or a combination 
of panoramic and periapical radiographs38,39. A
combination of clinical and radiographic examina-
tion has also been made40,41. When comparing
panoramic radiography with periapical radiography,
some studies concluded that periapical lesions were
equally well diagnosed by the two methods, and
therefore panoramic radiographs should be pre-
ferred because of the low radiation dose42,43. Other
investigators, however, then found that an under-
estimation of lesions occurred when panoramic
radiography was used44,39 and that periapical lesions
are not always detected even with conventional
radiographic techniques45-47.

In the present study, panoramic radiographs
(orthopantogram, OPG) were used for the evaluation
of the coronal and periapical status. The reduced
mouth opening and flexibility of oral tissues due to
fibrosis, caused by irradiation, made it impossible to
take a complete set of periapical radiographs in all
patients. As mentioned above, Ahlqwist et al42 stated
that the use of panoramic radiographs in epidemiolog-
ical studies of dental health was acceptable. They
found a high specificity and sensitivity of 86 to 96%
for the detection of periapical pathology on OPG com-
pared with full mouth surveys. Modern panoramic
machines produce better radiographic quality, even in
the anterior region. Muhammed and Manson-Hing48

found that a periapical survey revealed more radiolu-
cencies than a panoramic survey, although the differ-
ence was not statistically significant. The underestima-
tion in scoring periapical lesions on OPGs of good
quality is thus low, and the validity of evaluating peri-
apical conditions on OPG is reliable. This was also
confirmed by evaluations of the specificity for detect-
ing periapical lesions on OPG49,50. 

The percentage of missing teeth was high in the
RT-group. This indicates the poor condition of the
teeth in this group prior to cancer therapy. This find-
ing is supported by Brown et al51, who found that the
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incidence of decayed teeth in head and neck oncology
patients before the start of therapy was higher than 
in the general population. The control group was
matched to this criterion to exclude this as a possible
explanation for differences.

The effects of radiotherapy for head and neck
cancer on oral tissues are well documented. At first,
the salivary glands are damaged. These glands are
extremely radiosensitive52. Damage to these glands
causes xerostomia and changes in saliva produc-
tion53,54. The patients in this sample were all xeros-
tomic, as the salivary glands were all within the field
of irradiation. Secondly, alterations in the oral flora to
a more acidogenic and cariogenic flora are seen14,15.
Irradiated patients also exhibit a change in diet to con-
sumption of more carbohydrates and soft food, which
promotes plaque production16. Both the change in
flora and diet cause radiation caries, with its typically
rapidly progressing decay in mostly the cervical third
of the teeth55,56. The prevalence of caries was very
high in untreated teeth as well as in filled and crowned
teeth (Table 2).

In a previous study evaluating periapical health
related to the quality of coronal restorations and root
fillings, a weak correlation existed between radio-
graphic and clinical coronal parameters10. It is clear
that the diagnosis of caries only on the basis of radi-
ography will result in an underestimation. In the situ-
ation of radiation caries, i.e. lesions with radiographic
evidence, however, these lesions are extensive and are
easier to diagnose (see Figs 2, 3 and 5). The high caries
prevalence, when compared with the caries preva-
lence in the control group, should not present too high
an underestimation. 

Mandibular teeth showed a significantly higher
caries prevalence than maxillary teeth within the RT-
group. A higher rate of radiation on the mandibular
teeth compared with the maxillary teeth, and the
reduced stability in the region of the dentine-enamel
junction of irradiated teeth might be the cause of this
higher caries prevalence57. However, conflicting results
regarding the mechanical properties of enamel after
radiotherapy exist58,59. 

The prevalence of apical periodontitis in the RT-
group was 7.8%. This was, surprisingly, not signifi-
cantly different from the control group. The high
prevalence of caries and its rapid progression60 suggest
a high rate of pulpal involvement in the caries process

with subsequent invasion of bacteria into the pulpal
space. Apical periodontitis is caused by this invasion of
bacteria and bacterial by-products out of the pulp
space into the periapical region1. Moreover, an irradi-
ated pulp becomes hypocellular and is therefore more
sensitive to necrosis caused by rampant caries61. This
implies that an increase in apical periodontitis in irra-
diated patients would be expected. The present study
was the first to show that this is not the case. Several
explanations or combinations of the following findings
may explain the lower-than-expected prevalence of
apical periodontitis in xerostomic head and neck irra-
diated patients: 
• Irradiation damages the Haversian bone system

and vessels and reduces the vascularisation due
to progressive and obliterative endarteritis and
fibrosis of blood vessels26,62. A number of authors
have described decreased cellularity of irradiated
bone26,63,64 and fibrosis of irradiated bone26. The
normal process of apical periodontitis is a com-
plex process involving various immunological and
cellular mechanisms65. Osteoclastic activity nev-
ertheless still occurs in irradiated bone64,66. The
combination of pertinent osteoclastic activity and
the reduced amount of granuloid and lymphoid
cells in irradiated bone might cause disturbances
in the process of apical periodontitis67. 

• Early studies have described a shift in the oral
flora following radiotherapy, i.e. a more acido-
genic and cariogenic flora as well as a shift to a
less anaerobic flora occurs13-15. Endodontic peri-
apical infections are mainly caused by anaerobic
bacteria1. Since the total number of anaerobic
species in the oral cavity decreases following
radiotherapy, this could imply a change in the
root canal flora, implicating a less pathogenic root
canal flora and less periapical inflammation.
However, factors such as bacterial virulence and
pathogenicity cannot be ruled out. No data on
the root canal flora in head and neck irradiated
patients exist in the literature and research is
needed to support this hypothesis. As changes in
the oral flora commence 3 to 6 months following
the start of radiotherapy and last up to 4 years
after13,14, a change in the oral flora and hence the
root canal can therefore be expected in the stud-
ied patient group. 
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Studies have shown that a radiographically detectable
periapical lesion can develop within 15 days68,69.
Therefore, the minimum period of 6 months between
the end of radiotherapy and the radiographic diagno-
sis seems acceptable, especially in the studied group of
patients with radiation caries.

� Conclusion

The prevalence of apical periodontitis in patients irra-
diated in the head and neck region was lower than
expected, considering the high percentage of ram-
pant caries. Several explanations are possible, i.e. a
shift in the oral flora and subsequent changes in the
root canal flora, and a reduced vascularisation and
cellular changes in irradiated bone. Clear data on this
issue are lacking and further research on this topic is
needed.
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