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ABSTRACT

Aim: The aim of this study is to present a literature review on 
the effects of the ionizing radiation from radiotherapy treatment 
on dental tissues.

Background: Among the effects of increasing global life expec- 
tancy and longevity of the teeth in the oral cavity, increasing 
rates of neoplastic diseases have been observed. One of the 
important treatment modalities for head and neck neoplastic 
diseases is radiotherapy, which uses ionizing radiation as the 
main mechanism of action. Therefore, it is essential for dentists 
to be aware of the changes in oral and dental tissues caused 
by ionizing radiation, and to develop treatment and prevention 
strategies.

Results: In general, there is still controversy about the effects 
of ionizing radiation on dental structures. However, qualitative 
and quantitative changes in saliva and oral microbiota, presence 
of oral mucositis and radiation-related caries are expected, as 
they represent the well-known side effects of treatment with ion-
izing radiation. Points that still remain unclear are the effects of 
radiotherapy on enamel and dentin, and on their mechanisms 
of bonding to contemporary adhesive materials.

Conclusion: Ionizing radiation has shown important interac-
tion with organic tissues, since more deleterious effects have 
been shown on the oral mucosa, salivary glands and dentin, 
than on enamel.

Clinical significance: With the increasing number of patients 
with cancer seeking dental treatment before and after head and 
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INTRODUCTION

During the last decades, there has been a substantial 
improvement in the treatment of head and neck cancer, 
and radiotherapy is currently a widely used and impor-
tant part of this treatment.1 In comparison with surgical 
procedures, it shows better results because it can be used 
as a curative, adjuvant, neoadjuvant and palliative type of 
treatment, and is often used in conservative approaches, 
with protocols that preserve organs and tissues.2 Ionizing 
radiation is considered a corpuscular or electromagnetic 
wavelength that carries energy and when energy interacts 
with the tissues, it causes fast movement of electrons, 
which ionize the chemical environment and produce 
effects, such as water hydrolysis and DNA modifications. 
Cell death can result from several mechanisms.3

Head and neck radiotherapy consists of cumulative 
doses that are mostly fractionated and delivered in daily 
sessions with pauses on weekends. The treatment usually 
lasts for about 7 weeks and its total doses range from 40 
to 70 Gy.4-8

 Since radiotherapy interacts with healthy surrounding 
tissues, it can cause different side effects. Although new 
techniques, such as intense-modulated radiotherapy 
(IMRT), make it possible that the primary target receives 
the total amount of radiation while the adjacent healthy 
tissue receives the lowest possible amount of secondary 
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doses, it is still common to observe changes in salivary 
gland structures and saliva properties, since salivary 
glands are very radiosensitive.9-12 Furthermore, changes 
in oral microflora may be linked to the changes in saliva, 
since the oral cavity becomes more acidic with the 
decrease in saliva pH.13-17

It should be pointed out that these changes in the oral 
microflora may act as a factor for the development of oral 
mucositis, as well as for the development of radiation-
related caries.18 Moreover, hard tissue modifications are 
considered a side effect of radiotherapy. However, this 
controversial topic should be studied with caution since 
there are different results and opinions described in the 
literature.

In addition to the changes in saliva, oral microflora 
and possible hard tissue alterations, radiation-related 
dental caries is another multifactorial complication that 
may occur after radiation, tends to develop in the first 
year and become more severe over time, leading to 
emotional and physical harm to the patient.19

In the past, no information about the exact effects 
of ionizing radiation on the oral tissues was known by 
the dentists. As a consequence, full mouth extractions 
were prescribed before radiotherapy and with all the 
oral changes that occurred, the prosthesis were not well 
tolerated by the patient. Nowadays, with all informa-
tion provided, there is no doubt that the best option for 
these patients is to maintain as many healthy teeth as 
possible.19-22

Since radiotherapy is a common head and neck cancer 
treatment and its effects are extremely important for the 
management of dental treatment, the aim of this article 
is to review these effects on oral environment and on 
dental hard tissues.

Pubmed and ISI web of knowledge search engines 
were used, and articles relevant to clinicians were 
selected.

Effects on Salivary Glands

The major oral surrounding tissues that present important 
side effects when interacting with ionizing radiation 
from radiotherapy are the salivary glands. These tissues 
usually receive secondary doses from those delivered to 
the head and neck tumors, and although they have a low 
mitotic rate, salivary glands are considered extremely 
radiosensitive.11

While radiation damage to salivary glands is well 
known in the clinic by its sides effects, it is not known 
exactly what mechanism of destruction the ionizing 
radiation have on salivary glands. However, it is known 
that serous acini are more radiosensitive than mucous 
acini.11,23 Some studies have shown that after the first 

fractionated dose of radiotherapy, serous were modified, 
while the mucous acini remained intact.9-11 It is known 
that fibrosis and glandular atrophy begin immediately 
after the treatment and they intensify until treatment 
ends. These effects cause a rapid and irreversible reduc-
tion in salivary flow.9-11 Some authors have stated that 
depending on the radiation field, after radiation with only 
20 Gy, approximately 80% of salivary function is lost, and 
after 30 Gy the damage caused seems to be permanent. 
By the end of radiotherapy, salivary flow is reduced by 
up to 95%.8,13,24-27

In addition to the changes in the quantity of saliva, 
qualitative changes also occur. There have been reports of 
an increase in saliva viscosity, changes in the antibacterial 
properties and consequent alteration in the oral micro-
flora. Moreover, saliva pH decreases to about five. All 
these changes also reduce the buffer capacity and modify 
the concentration of saliva ions. As a result of the reduc-
tion in pH and buffering capacity, the demineralization/
remineralization system is thrown out of balance, and the 
equation moves to the demineralization side, making it 
easier for the minerals found in enamel and dentin to be 
demineralized after radiotherapy.13-17

Simultaneously to the qualitative and quantitative 
changes in saliva, the oral microbiota is also altered. 
Xerostomia caused by radiotherapy results in an immu-
nological and protein deficit and an increase in the 
number of acidogenic and cariogenic microorganisms, 
such as the rise in concentration of Streptococcus mutans, 
Actinomyces and Lactobacillus, while the concentration 
of Nisseria, Fusobacterium and Streptococcus sanguis is 
decreased.25 In addition, oral Candida albicans infections 
are frequently observed in patients, both during and after 
the radiation treatment.25,28-30

Oral Mucositis

Oral mucosa responds quickly to ionizing radiation with 
the appearance of oral mucositis, an inflammatory reaction 
of the mucous membranes due to the loss of squamous 
epithelial cells by mitotic death of basal keratinocytes, 
which may occur in esophageal, pharyngeal, laryngeal 
areas, and in the oral cavity, also linked with changes in 
the oral microflora.14,31-34

Oral mucositis is a painful, multifactorial inflammation 
that usually appears in the beginning of head and neck 
radiotherapy and persists until the 3rd week after the 
end of treatment.14,35 Since oral mucositis can be very 
painful, it makes it difficult for patients to eat, and leads 
to nutritional deficiency.36 To avoid enteral nutrition by 
tube, the patient’s diet becomes more frequent and rich 
in carbohydrates.13,14,36,37
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Oral mucositis does not have an infectious etiology, 
but secondary microbial colonization in the lesions can 
cause a systemic or local infection that can exacerbate 
mucositis.33

The onset of oral mucositis depends on the radiation 
dose and the fractionation schedule. Nearly all patients 
that receive head and neck radiotherapy will develop 
this inflammatory reaction.34 In more traditional treat-
ments, with duration of 6 to 7 weeks, at doses of 2 Gy 
per day, 5 days a week, oral mucositis usually appears 
at the 2nd week of treatment, and persists until the 3rd 
week after the end of treatment.14,35 Symptoms of oral mu-
cositis include pain, dysgeusia (distortion or decreased 
sense of taste), dysphagia (difficulty in swallowing) and 
odynophagia (painful swallowing).32 Oral mucositis may 
also indirectly affect the teeth, as oral hygiene may be 
impaired and when associated with other factors, such as 
changes in oral microflora, decreased buffering capacity 
of saliva and changes in diet, increases the risk of caries 
and periodontal diseases.14

The pain from oral mucositis associated with dys-
phagia, odynophagia, nausea and loss of appetite causes 
the patient to lose a significant amount of weight. Physi-
cians and nutritionists should change the patient’s diet, 
increasing the frequency and quantity of carbohydrates 
to avoid enteral nutrition and improve the quality of 
life.13,14,37 Currently, there are not well defined protocols 
for the treatment or prevention of oral mucositis, but the 
irradiation with low power lasers is described as being 
a complementary treatment tool in the prevention and 
treatment of oral mucositis lesions, with significant and 
important results.33,34

Radiation-related Dental Caries

The literature about the effects of ionizing radiation on 
dental structure is still controversial. With regard to the 
radiosensitivity of specialized dental cells, there are studies 
that have reported that ameloblasts have a less sensitive 
response to ionizing radiation than odontoblasts.39 
A study with incisors in mandibles and jaws of mice 
observed that radiation affects odontogenesis.1,40 It is 
known that the severity and extension of damage caused 
by ionizing radiation in dental tissues depends on the area 
affected by the radiation, radiation dose, and mineral and 
organic content of tooth structures.41

In the clinic, the lesion frequently appears as a dif-
fuse brown discoloration on the smooth enamel surface, 
with rapid progression and is usually not associated with 
severe pain.6,42 Typical dental caries usually occur in fis-
sures and interproximal areas of the teeth, while radia-
tion decay tends to occur at the dentinoenamel junction, 

cusps, incisal (regions exposed to occlusal load) and 
cervical (associated with flexion) areas, sites considered 
more resistant to regular dental caries.14

 Despite the relationship between radiation and 
dental caries not being well documented, it is important 
to note that although caries from irradiated patients 
differ considerably in clinical appearance, radiation-
related caries seems to have the same morphological and 
demineralization pattern as ordinary caries. Silva et al, in 
their study, found the presence of demineralized dentin, 
translucent zone, dead tracts in dentin, reactionary dentin 
and intratubular dentin deposition; they concluded that 
ionizing radiation does not seem to be essential to the 
microscopic progression of radiation-related caries.42

Clinical observations have suggested that higher the 
radiation dose is, the more severe lesions will occur.14

Radiation-related caries appear only in patients 
undergoing radiotherapy; thus, it is well-known that the 
changes caused in salivary glands, saliva, oral flora, the 
occurrence of oral mucositis, diet changes and decrease 
in the standard of oral hygiene are important factors for 
the onset of this multifactorial disease. The aspect/topic 
that still needs more research concerns the direct effect of 
ionizing radiation on dental tissues and its consequences 
for the onset of radiation-related caries.

There is a lack of randomized clinical trials for radiation- 
related caries treatment, so the recommendation of treat-
ments is mainly based on clinical experience.6

The use of neutral fluorides is preferable in patients 
with xerostomia, since acidified gels could cause harmful 
effects on the oral mucosa and teeth, the enamel would 
be dissolved and the decreased salivary flow would 
hamper the remineralization process.6 Therefore, with a 
daily topical application of 1% neutral sodium fluoride 
gel, using a custom tray, caries occurrence seems to be 
greatly reduced.6,18,43,44 There have been reports that 
fluoride application every 2 days is more effective than 
daily rinses with fluoride solutions.45-47

 For plaque control, daily chlorhexidine mouthwashes 
should be used in conjunction with a normal daily 
toothbrushing with a soft brush.6,13 The prevention of 
hyposalivation also helps to prevent radiation caries.45

Nevertheless, all these methods of care may be not 
enough to prevent radiation-related caries. The dentist 
will find several complications in the restoration proce-
dure, such as trismus, pain from oral mucositis, difficulty 
to perform appropriate soft dentinal caries removal, cavity 
preparation and little mechanical retention.13,48,49 As 
regards the restorative material, there is a lack of studies 
and thus, there is no gold standard of restorative treat-
ment. Composite resins appear to be the restorative mate-
rial of choice. They have been shown to prevent in vitro 
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recurrent caries, good retention due to their bonding 
potential, sealing ability and marginal adaptation in the 
long-term.13,45,50

As far as glass ionomer is concerned, the literature 
has demonstrated that xerostomia causes dehydration 
and loss of the material because of the reduced salivary 
buffer capacity, decrease in oral pH and formation of 
hydrofluoric acid resulting in rough and plaque reten-
tive margins, causing a serious problem of loss of mate-
rial.13,45,51 Modern glass ionomer materials appear to have 
better resistance against abrasion and reduced solubility 
resulting in better protection against erosion, but not 
on a hyposalivation situation.45,52,53 However, as these 
materials release fluoride into the oral cavity, and help 
to prevent secondary caries, they would be the optimal 
choice for temporary treatment of cervical radiation-
related caries. When the glass ionomer fails because of 
the erosion, it may be replaced with composite resin or 
with a sandwich technique (when a composite resin is 
used to cover the remains of the glass ionomer).45

Changes in Oral Hard Tissues

As regards the effects of ionizing radiation on the hard 
dental tissues, there are still doubts and contradictions. 
It is well described in literature that the organic part 
of dental tissues is more susceptible to the effects of 
radiotherapy.1,53-55 This could be related to the fact that 
dentin microhardness is affected by ionizing radiation, 
whereas there are still some contradictions in the literature 
about the properties of enamel after radiotherapy.56-58

With respect to enamel, there is no agreement about 
the exact consequences for this substrate when it interacts 
with ionizing radiation. The literature reports that there 
is destruction of prismatic structures in irradiated enamel 
resulting in a demineralization pattern that differs from 
that of nonirradiated enamel.8,56,59 A study in rats has 
indicated the loss of organization in enamel prisms after 
doses higher than 0.5 Gy.1 Reports have indicated that 
the interaction of ionizing radiation with the enamel 
structure reduces its mechanical properties.60 It has been 
seen that the apatite crystals eventually incorporate 
sodium, carbonate and magnesium ions during their 
formation when undergoing radiotherapy. These 
retained ions can be removed and modify the structure of 
crystals, changing the physical structure of enamel.41,61,62 
Nevertheless, enamel demineralization is a controversial 
topic in the current literature. Some studies have 
indicated no difference between the patterns of in vitro 
demineralization and in situ remineralization, concluding 
that the enamel interaction with ionizing radiation is not 
the main cause of the initial enamel demineralization in 

patients with xerostomia caused by radiotherapy.6,57,63 
Other studies have reported that irradiated enamel shows 
greater resistance to acid attack.8,64,65 An in vitro and in situ 
study stated that no difference in mineral loss or depth 
of caries lesions was observed in irradiated enamel.57 
In a more recent article, it was demonstrated that with 
doses of up to 30 Gy, a decrease in enamel microhardness 
was observed, while doses from 40 to 60 Gy showed no 
statistical difference in mean microhardness values, when 
compared with the control group.58

Other authors have stated that enamel microhardness 
is not affected by ionizing radiation, and suggested that 
any changes in the mineral structure caused by radio-
therapy, are more likely to be due to chemical interactions 
rather than physical changes. A great part of the literature 
declares that the effects of ionizing radiation in therapeu-
tic doses has greater effects on organic components than 
on mineral content.61,65

With regard to microhardness in dentin, it has been 
stated that this property decreases after only 10 Gy, and 
with doses higher than 60 Gy dentin is severely weakened, 
losing its capacity to support enamel.56 Furthermore, it 
has been said that the use of fluorides does not improve 
the microhardness of the tissue after irradiation.56,58,63

Kielbassa et al evaluated the effects of radiation on 
dentin microhardness and found that within the limits 
of an in vitro study, dentin is severely affected by radia-
tion, which may be a feasible explanation for the side 
effects of radiotherapy, such as gap formation at the 
amelo-dentinal junction, and radiation-related caries in 
the cervical region of teeth.63

Mellara et al evaluated the effects of radiation therapy 
on enamel and dentin microhardness in primary teeth 
(n = 12), before and after each 10 Gy of irradiation up to 
a dose of 60 Gy. They found that enamel microhardness, 
as a whole, increased (p < 0.05) after a dose of 60 Gy, 
particularly in superficial enamel. There was significant 
difference in microhardness between the nonirradiated 
dentin in comparison with dentin irradiated with doses of 
10, 20, 30 and 40 Gy.66 At 60 Gy, there was no significant 
difference between the irradiated and nonirradiated 
dentin. The groups irradiated with doses of 30 and 60 Gy 
presented better surface alterations in enamel and dentin, 
in comparison with the nonirradiated groups. With the 
increase in radiation dose, there was progressive rupture 
of the enamel and dentin morphology.66

A qualitative study using polarized light micro- 
scopy and scanning electron microscopy to analyze teeth 
extracted from irradiated patients showed a reparative 
dentin, which demonstrated that irradiated dentin can 
respond to aggressions, such as radiation-related caries.48
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It has been shown that the pattern of demineraliza-
tion and susceptibility to caries in irradiated dentin is 
equivalent to that of non-irradiated dentin.48,67,68

Knowing the composition of dentin and its large 
amount of organic components, and the fact that the 
organic part of dental tissues is more susceptible to the 
effects of radiotherapy, there are two possible lines of 
thought. One is that the effect of ionizing radiation on 
the collagen fibrils possibly does not play a crucial role 
in the development of radiation-related caries, consi-
dering that the onset of radiation caries has been seen 
to be very similar to development of regular caries in 
sound teeth.38-42 The other line is that the alterations 
that occurred in dentin after irradiation may result from 
the damage caused to the collagen fibrils, which led to 
a significant fall in hardness, wear resistance, amelo-
dentinal junction stability and tensile strength.11 These 
results may justify the appearance of radiation caries at 
the dentin-enamel junction, since the interruption of the 
dentin-enamel junction would lead to gap formation and 
microbial colonization.4

Dental Adhesion to Irradiated Tissues

When it comes to adhesion, there are both in vitro and 
in situ studies that show that the bond strength of dental 
materials to irradiated teeth is not impaired by the 
different amounts of energy coming from radiotherapy.

An in vitro study compared four different adhesive 
systems on sound dentin, and dentin irradiated with 60 
Gy. The result indicated no influence of radiation on any 
adhesive system.43 The same was found when Galetti 
et al, in a study using sound teeth and teeth extracted 
from irradiated patients (60–70 Gy), tested three different 
adhesive systems.69 They concluded that there was no 
difference between the two types of substrate and the 
three adhesive systems used. Although irradiation was 
capable of changing the microhardness and collagen 
matrix, these changes were not enough to interfere in the 
bond strength between the dentin and adhesive.69

Furthermore, Soares et al in an in vitro study, with 
60 Gy and an all-etch adhesive system, tested the bond 
strength with different directions—either parallel or 
perpendicular of the dentinal tubules and prisms.53 The 
authors found that irradiated teeth presented decreased 
bond strength values irrespective of the direction of the 
tubules and prisms.53

Lastly, Naves et al studied the bond strength of 
irradiated dentin in vitro when the adhesive system was 
used either before or after irradiation with 60 Gy.41 The 
result showed that when the adhesive was used before 
irradiation, there were no statistical differences when 

the results were compared with those of sound teeth. 
However, when the adhesive procedures were performed 
after irradiation, the bond strength was decreased. It 
was supposed that the dentin must have suffered effects 
that impaired the bond strength, probably in the hybrid 
layer.41

Osteoradionecrosis

Osteoradionecrosis (ORN), a late radiation damage 
to bone and the vascular system, is characterized by 
inadequate bone repair, since radiation reduces the 
potential for tissue vascularization. The resulting tissue 
conditions of hypoxia and hypovascularity can damage 
cellular activity, collagen formation and tissue healing 
capacity.70-73

Changes in mature bone related to radiotherapy include 
osteoradionecrosis, pathological fractures, atrophy and 
radiation-induced neoplasia.74 Osteoradionecrosis can 
present as small asymptomatic bone manifestations, 
which can remain stable for months or years or heal with 
conservative treatment; or severe necrosis, which requires 
surgery and reconstruction.8 Some prospective studies 
have shown that irradiated bone induces bone damage 
leading to endocarditis, hypocellularity, hypoxia and 
hypovascularization, creating a predisposition to necrosis 
with less trauma over time.75

The osteoradionecrosis presents more frequently in 
the mandible, because of the lower blood supply when 
compared to the maxilla, and also because patients with 
head and neck cancer (HNC) are inevitably exposed to 
high doses of radiation when the tumor is near the jaw.76,77

Reuther et al, in a 30-year period, evaluated 830 
patients with CCP and suggested that the tumor stage, 
and bone infiltration adjacent to extractions are the most 
important risk factors for the development of osteoradio-
necrosis.78

Store et al, by means of DNA-DNA hybridization, 
demonstrated that a wide variety of bacterial species may 
play a key role in the pathophysiology of osteoradione-
crosis and the teeth present within the irradiation field 
may represent a gateway to microorganisms.79

Clinically, mandibular osteoradionecrosis may have 
pain, swelling, trismus, malocclusion, painful mucosal 
ulcers with evidence of exposed bone sequestration, 
pathological fracture in more severe cases, and exposed 
bone with oral fistula formation.80

Since the abnormality of the soft tissue can be inter-
preted as tumor recurrence, typical imaging examina-
tions should be performed to determine whether the 
abnormality is mandibular bone osteoradionecrosis 
or not. These include changes in bone density, cortical 
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disruption, disorganization of the trabecular bone and 
bone fragmentation.70,81

From the histological point of view, there is evidence 
of reduction or obliteration of the vessel lumina and 
sclerotic changes in their walls, reduction in number 
and width of the bone trabeculae with increased marrow 
spaces, which may contain necrotic debris and sometimes 
bone formation.82

Currently, osteoradionecrosis has an annual preva-
lence rate of approximately 5% in patients irradiated 
for CCP, while the approximate frequency is 15% lower 
than it was 20 years ago, which was observed with the 
improvement in therapeutic treatments.70

Some risk factors associated with the development 
of osteoradionecrosis are the treatment performed, total 
dose of radiation, staging and primary tumor site, tumor 
proximity to the bone, patient’s general health, age, 
trauma associated with surgery, extractions before or 
after radiotherapy, presence of dental remainders, poor 
oral hygiene and continuous use of tobacco or alcohol.83

As was previously shown, the radiation dose in head 
and neck regions usually ranges between 40 and 70 Gy, 
but even lower doses may lead to the development of 
changes in salivary glands, in the oral microflora, or 
hypovascularization.71 Typically, the risk for developing 
osteoradionecrosis is associated with medium doses of 
50 to 60 Gy, but professionals are always faced with 
difficulty in the clinical planning of post-radiation dental 
extractions, because the exact dose of radiation reaching 
the area surrounding the bone and teeth has not been 
commonly reported in the literature.76

Thorn et al evaluated the clinical characteristics of 
patients with ORN of the jaws (n = 80) and the relation-
ship between the extent of osteoradionecrosis and the 
irradiation field. It was found that more than half of the 
cases of osteoradionecrosis started after extraction, while 
a third of the cases began spontaneously, with 74% of the 
patients developing ORN in the first 3 years. The most 
common site for the development of osteoradionecrosis is 
the molar region of jaw and all cases of osteoradionecrosis 
were found in the irradiation field.84

CONCLUSION

Since radiotherapy is a common treatment for head 
and neck cancer, it is important for dentists to know 
what to expect and how to treat these patients. Despite 
the well-known effects of radiation on the oral cavity, 
such as xerostomia, changes in the oral microflora, oral 
mucositis and changes in salivary glands structure, it 
is still necessary to conduct further studies to show the 
exact interaction of ionizing radiation with hard dental 

tissues. While radiation-related caries maintain the same 
pattern of evolution as regular caries, they have a different 
behavior and clinical aspect. It is known that the effects 
of ionizing radiation, which occur in saliva, hygiene and 
dietary changes in oncologic patients, are key factors in 
the development of radiation-related caries. However, it 
is not known which changes may occur when ionizing 
radiation interacts with dentin and enamel, and how 
these changes would contribute to the onset of radiation-
related caries.

With the increasing survival of patients with head and 
neck cancer, the need is recognized for proper manage-
ment of oral toxicities in order to ensure the long-term 
oral health and general well-being of the patient.
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