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ABSTRACT

The number of head and neck cancer patients is steadily increasing, and the use of radiotherapy for treatment in this patient 
group has been associated with side effects such as mucositis, trismus, xerostomia, dental caries, periodontal disease, and 
osteoradionecrosis. Radiation caries can be atypical, and their treatment can be challenging. Preventing and treating RC 
become crucial as post-radiotherapy tooth extraction can pave the way for osteoradionecrosis. The aim of this review is 
to evaluate the restorative dental treatment for head and neck cancer patients before, during, and after radiotherapy. This 
includes examining the impact of radiotherapy on tooth decay and demineralization, and providing solutions to address 
these effects.
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To ensure individuals diagnosed with HNC receive the 
most effective treatment, a multidisciplinary approach is 
adopted. Scientific studies highlight the importance of 
consulting the restorative dental treatment clinic for HNC 
patients undergoing treatment to identify and address dental 
problems that may interrupt or jeopardize HNC treatment 
and maximize oral rehabilitation opportunities, thereby 
improving the quality of life during cancer treatment.20

Radiation caries (RC) are atypical and can be challenging 
to treat. Preventing and treating RC become crucial as post-
radiotherapy tooth extraction can pave the way for ORN. Our 
aim in this review is to evaluate HNC patients undergoing 
radiotherapy before, during, and after treatment from the 
perspective of restorative dental treatment. We seek to 
provide solutions by examining the direct and indirect effects 
of radiotherapy on tooth decay and demineralization.

PRINCIPLE OF RADIOTHERAPY

Radiation is a physical agent used to destroy cancer cells, 
known as ionizing radiation, as it generates ions upon 
interaction and deposits energy in the cells of the traversed 
tissues. This accumulated energy can kill cancer cells or 
induce a series of genetic changes leading to their demise. 
High-energy radiation damages the genetic material 
(deoxyribonucleic acid, DNA) of cells.

Radiation can cause this damage in two ways:21

1. Direct effect of radiation: Radiation can directly interact 
with cellular DNA, causing damage.

INTRODUCTION 
Head and neck cancers (HNC) encompass a broad term that 
includes epithelial malignancies affecting the oral cavity, 
nasal cavity, paranasal sinuses, salivary glands, pharynx, 
and larynx localized in the head and neck region.1,2 These 
epithelial malignancies are predominantly identified as head 
and neck squamous cell carcinomas. Tobacco and alcohol 
consumption have been identified as the most significant 
risk factors.2,3 HNC are reported to represent 6% of all 
malignancies.⁴ Globally, it is estimated that over 550,000 
individuals are diagnosed with HNC each year.5,6 In 2020, it 
was reported as the sixth most common cancer worldwide, 
with over 870,000 new cases and 440,000 deaths.⁷

Treatment options for HNC patients involve surgical, 
radiotherapeutic, chemotherapeutic, or combined 
approaches, considering the condition of malignant 
tumors at the time of diagnosis, whether they are local, 
regional, or advanced.8-10 Although surgical treatment 
is generally considered the primary choice, the selection 
depends on factors such as the location, size, and depth 
of infiltration of the cancer.11 The most commonly used 
method is a combination of radiotherapy and surgery; 
however, for malignancies that cannot be removed surgically, 
simultaneous chemoradiotherapy has become a standard 
treatment, demonstrating higher survival rates compared to 
either radiotherapy or chemotherapy alone.1,12

Unfortunately, radiotherapy not only affects cancer cells 
but also damages normal cells in the irradiated area.10,13 
Side effects such as mucositis, trismus, SGD, dental caries, 
periodontal disease, and ORN are commonly documented 
outcomes of radiotherapy in HNC patients.14-19
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2. Indirect effects of radiation: Indirect DNA damage caused 
by free radicals resulting from the ionization or excitation of 
cellular water components.

Fractionated radiation treatment is based on the differing 
radiobiological characteristics of cancer and normal tissues. 
These regimens are applied to advantageously enhance 
the survival rate of healthy cells compared to cancer cells. 
While aiming to maximize the destruction of tumor cells, 
radiotherapy also seeks to minimize damage to normal 
cells.10,13 After radiation application, healthy cells can often 
repair themselves and maintain normal activity levels more 
rapidly than cancer cells. However, differentiated cancer cells 
are not as effective in repairing radiation-induced damage as 
normal cells, making radiotherapy more effective in causing 
the death of cancer cells.21

Radiation therapy does not immediately kill cancer cells. 
Cancer cells begin to die hours, days, or weeks after the start 
of treatment, and the process of cancer cell death can continue 
for weeks or months after the completion of radiotherapy.22

ORAL SIDE EFFECTS OF RADIOTHERAPY 
Typically, radiation for the treatment of HNCs is administered 
in fractions, with a total dose ranging between 50 and 70 
Gray (Gy) over a period of 4-7 weeks. Despite advancements 
in radiation techniques, high doses of radiation can lead 
to various undesirable reactions in large areas, including 
the oral cavity, maxilla, mandible, and salivary glands. 
Common complications of radiotherapy include mucositis, 
candidiasis, taste alterations, RC, ORN, soft tissue necrosis, 
and xerostomia.10

SALIVARY GLAND DYSFUNCTION
Salivary glands produce and channel saliva, a secretion 
called “saliva”, into the oral cavity mucosa and surrounding 
areas. Salivary gland dysfunction (SGD) is defined as “any 
alteration in the qualitative (qualitative) and quantitative 
(quantitative) structure of saliva due to hypersalivation 
(increase) or hyposalivation (decrease) resulting from salivary 
gland secretion”.23-25 In HNC treatment, SGD is commonly 
observed as a side effect.26 In HNC patients, SGD manifests 
as xerostomia (dry mouth) and hyposalivation (low saliva 
flow).24

Saliva, a complex and dynamic biological fluid, consists of 
approximately 99.5% water, 0.3% protein, and 0.2% inorganic 
matter. Inorganic elements in saliva include sodium, chloride, 
calcium, potassium, bicarbonate, phosphate, fluoride, iodine, 
and magnesium. The majority of proteins in saliva are 
glycoproteins, including mucoproteins, immunoglobulins, 
lactoferrin, peroxidases, and agglutinins, contributing to 
the structure of saliva. Mucoproteins provide lubrication, 
while other glycoproteins have antimicrobial properties. 
Proteins rich in statherin and proline contribute to calcium 
balance in saliva, while defensins play a role in the natural 
immune response. Sialins are protease inhibitor proteins with 
antimicrobial and immunomodulatory properties.27-29

Saliva composition, both qualitatively and quantitatively, is 
affected by the pathophysiological conditions of the body. Thus, 
changes in saliva reflect not only alterations in the oral cavity 
but also systemic changes occurring throughout the body.30

In cancer patients, hyposalivation and xerostomia can lead to 
functional problems such as eating, speaking, and swallowing, 
increase the risk of dental caries and oral candidiasis, 
contribute to the emergence of psychological issues, and 
worsen existing problems.31 Causes of hyposalivation and 
xerostomia in cancer patients may include chemotherapy, 
radiotherapy applied to the head and neck region, and 
dehydration.32

Studies conducted among HNC patients have reported 
irreversible damage to salivary glands in approximately 63% to 
93% of cases when radiation is applied to the gland’s location.33 
Saliva serves various functions, including oral cavity and tooth 
protection as a natural defense system with its antimicrobial 
activity.34-35 In cases of xerostomia and hyposalivation, 
affecting these functions may lead to complications.36

While the enamel surface continually reshapes through 
demineralization and remineralization processes, if 
demineralization becomes dominant in this dynamic process, 
mineral loss can occur, leading to cavitation through the 
breakdown of matrix components.37-38 The remineralization 
process relies on two main substrates found in saliva, 
calcium, and phosphate. Changes in saliva flow and content 
in HNC patients can disrupt the remineralization process 
and promote demineralization, as an adequate supply of 
calcium and phosphate is crucial for remineralization.23,38-39

Additionally, a study by Valstar et al.40, published in September 
2020, demonstrated the presence of bilateral seromucous-
secreting glands located on the posterolateral nasopharyngeal 
wall. These glands, named tubarial glands, are positioned 
above the Torus tubarius and have been proposed as a new 
organ. Since the macroscopic glandular structure in the 
posterior pars nasalis pharyngis was previously unknown, it 
has not been included in the structures to be protected during 
radiotherapy. Based on these findings, researchers suggested 
that the detection of previously unnoticed salivary glands 
residing in the posterior pars nasalis pharyngis could help 
avoid side effects of radiotherapy in patients.41

CHANGES IN ORAL MICROBIOME 
The microbiome is an ecological community composed of 
symbiotic, commensal, and pathogenic microorganisms, 
including all genes and genomes, along with their metabolites 
and protein products. In other words, it is a system that 
encompasses the microbiota and its metabolic and protein 
products.42,43 The oral microbial flora includes viruses, 
protozoa, archaea, fungi, bacteria, and is considered one 
of the most complex bacterial populations associated with 
the human body after the intestines.44-45 Understanding 
the relationship between the microbiome and the oral 
environment is crucial to comprehend the cause of diseases 
developing in the oral cavity. There are two regions in the oral 
cavity where bacteria can reside: the hard surfaces of teeth 
and the soft tissues that make up the oral mucosa.46

A decrease in saliva flow can alter the ecological environment, 
leading to an increase in bacterial sequences associated 
with tooth decay. In patients exposed to severe radiation, 
an increase in cariogenic oral bacteria of the streptococcus 
and lactobacillus types associated with tooth decay has 
been observed.47 In patients with HNC, the transition to 
cariogenic microorganisms has been clearly documented 
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during and after radiotherapy. These bacteria have effects that 
increase the risk of tooth decay through acid production.48 
Additionally, candida infection can be observed in 17-29% of 
patients exposed to radiotherapy. The increased risk of oral 
candidiasis may be attributed to the decrease in saliva flow as 
a result of radiotherapy.10

Radiation Caries and Demineralization 

The oral cavity is highly sensitive to the negative effects 
of radiation. This sensitivity may be attributed to the rapid 
renewal rate of cells in the oral mucosa, a complex oral 
microbiota, and constant trauma to tissues even during 
normal function. One of the problems arising in the oral 
cavity due to radiotherapy is radiation-induced caries. 
Radiotherapy is a significant risk factor for the rapid 
development of rampant caries, known as RC.13 

RC is one of the chronic oral complications of radiotherapy 
with a multifactorial etiology.48,50 Studies have shown that 
approximately 29% of HNC patients experience tooth 
decay after radiotherapy. Furthermore, the probability of 
developing tooth decay within two years after radiotherapy 
in the head and neck region is reported to be approximately 
37%.51 Unfortunately, the risk of tooth decay continues 
persistently after radiotherapy.52 RC negatively impacts 
the quality of life of patients, leading to reduced chewing 
efficiency, pain, chronic oral infections, increased risk of 
ORN, and adverse effects on diet, speech, and aesthetics.53 
Clinically, radiation-induced tooth decay typically starts 
with superficial enamel demineralization and progresses 
to lesions that turn brown or black over time. As 
demineralization advances, enamel dissolves, exposing the 
dentin underneath, which becomes highly susceptible to the 
cariogenic oral environment.54

The clinical features of RC differ from those of bacterial 
caries and are commonly found in the lingual surfaces of 
mandibular anterior teeth, tubercle peaks, incisal parts of 
incisors, and most frequently in the cervical portions of teeth, 
where traditional dental caries are rarely encountered.50 

RC, progressing rapidly from the cervical part of the tooth, 
can lead to a decrease in the support of the dental crown, 
its fracture and loss, leaving an infection-prone dental root 
behind in the oral cavity.50,55

Three different types have been defined in the progression 
process of carious lesions clinically.13 

•	 Type 1: The most common lesion type that affects 
the cervical surfaces of teeth. The development of 
circumferential caries extending up to the cement-enamel 
junction occurs, and crown fracture is common in this 
type. 

•	 Type 2: Demineralization occurs on all surfaces of the 
teeth. Widespread erosion is observed along with wear on 
incisal and occlusal surfaces. 

•	 Type 3: A condition with changes in dentin color. Dark 
brown or black lesions occur in the crown with incisal or 
occlusal wear.

The treatment of RC should include appropriate treatment, 
oral prophylaxis, and restorative procedures. Tooth 
extractions should be avoided to prevent the risk of ORN 
after radiotherapy.

Osteoradionecrosis

ORN is a serious pathological condition that occurs as a side 
effect of radiotherapy, where non-healing exposed necrotic 
bone persists in the jaw for at least three months, leading to an 
opening in the oral cavity or skin.56 Situations that increase 
the risk of ORN in patients who have undergone radiotherapy 
include:20

•	 When the total radiation dose exceeds 60 Gy

•	 When the patient’s immune system is compromised

•	 In case of inadequate nutrition

•	 Poor oral hygiene

•	 Local trauma caused by tooth extraction or inappropriate 
prosthesis

•	 Tumor proximity to bone

•	 Periodontal diseases

•	 Presence of a tumor in the posterior mandible due to 
compact and dense bone structure

A strong relationship has been shown between tooth 
extraction after radiotherapy and the development of ORN.57 

The incidence of ORN due to tooth extraction and infection 
resulting from periodontal disease is three times higher 
in patients who have undergone radiotherapy compared 
to edentulous patients. Therefore, it is recommended to 
extract decayed and periodontally compromised teeth before 
radiotherapy.56

Conditions requiring tooth extraction include:20,58

•	 Teeth with extensive periapical lesions

•	 Unrestorable deep and extensive caries

•	 Moderate to advanced periodontal disease, especially 
with advanced bone loss and mobile or furcation-involved 
teeth

•	 Roots

•	 Impacted third molars and unerupted teeth associated 
with the oral environment

Teeth with a poor prognosis should be extracted at least two 
to three weeks before radiotherapy.57

PREVENTING THE ORAL SIDE EFFECTS 
OF RADIOTHERAPY 

Before Radiotherapy
The purpose of evaluating patients by a dentist before starting 
radiotherapy for HNC treatment is to enhance the quality 
of life, preserve necessary teeth for function, aesthetics, 
and speech during treatment, and prevent the occurrence 
of ORN due to tooth extraction after radiotherapy.20 ORN, 
characterized by exposed and necrotic bone, has been reported 
to be predisposed by untreated dental caries before, during, 
and after radiotherapy.53 Considering this, eliminating dental 
pathologies and providing patients with oral hygiene education 
to maintain these practices become crucial.

Surgical treatment of advanced lesions can result in aesthetic, 
functional, and psychological outcomes. Depending on the 
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type and location of the lesion, maxillary cancer surgery 
often includes the hard palate, maxillary sinus, and nasal 
cavity.59 After surgical procedures, some patients may need 
to use maxillofacial prostheses. The main objectives of using 
maxillofacial prostheses are to restore oral functions and 
enhance facial aesthetics and the patient’s quality of life. 
To minimize the risk of dental and periodontal problems 
due to difficulty in maintaining oral hygiene, good hygiene 
education is essential.59

Patients should pay attention to the following for maintaining 
oral hygiene:60

•	 Use a soft-bristled toothbrush with an atraumatic 
brushing technique.

•	 Use fluoride-containing toothpaste.

•	 Rinse with alcohol-free 0.12% chlorhexidine mouthwash.

•	 Use dental floss or interdental brushes for interproximal 
cleaning.

•	 Apply fluoride gel for 5 minutes daily using patient-
specific appliances (twice daily during radiotherapy).

•	 Clean the tongue with a soft toothbrush or gauze.

•	 Perform saltwater gargles.

Radiotherapy and chemotherapy can make soft tissues highly 
sensitive to trauma, so irregularities in restorations and 
sharp areas of teeth should be smoothed out, and adaptations 
should be made to prevent trauma if patients have prostheses 
in their mouths.20,57-58

During Radiotherapy

The goal of oral treatment during radiotherapy is to prevent 
secondary infection associated with severe mucositis, control 
pain, and support the patient’s nutrition. Changes in the 
diet of HNC patients during BBK treatment can increase 
the risk of tooth decay. Due to the risk of weight loss during 
cancer treatment, patients are often advised to consume 
frequent small meals with high-calorie foods. Increased 
meal frequency can complicate brushing between meals, 
and patients may be compelled to use liquid supplements 
containing refined carbohydrates that adhere easily to tooth 
surfaces and promote decay.

Pain arising from mucositis can make it challenging to 
mechanically remove plaque.61 While maintaining oral 
hygiene does not prevent the onset of mucositis, it can reduce 
the risk of oral infections. If using a toothbrush is painful 
due to the presence of mucositis, mouth rinsing can be a 
good alternative. The use of 0.2% chlorhexidine gluconate 
is recommended three to four times a day. Differentiating 
between mucositis caused by fungi and that resulting from 
radiotherapy is crucial, with candidiasis being one of the 
most common oral infections during radiotherapy.63

After Radiotherapy

After completing cancer treatment, restorative dental 
treatment can be performed normally. Effective restoration 
of tooth decay should be done to prevent the progression of 
lesions and eliminate the need for extraction, reducing the 
risk of ORN development.64 Access to RC can be extremely 
challenging due to trismus and surgical defects, and the 
restoration can be difficult due to the presence of decay in 

cervical and root lesions, providing minimal mechanical 
retention in the prepared cavity. Given these technical issues, 
the development of protective and therapeutic strategies is 
crucial for the early treatment of radiation-induced dental 
caries.48

The selected material for restoration should provide proper 
adhesion to the tooth, prevent secondary caries, and be 
resistant to acid erosion.65 McComb and colleagues have 
stated that fluoride-releasing materials are effective in 
preventing secondary caries in patients who have undergone 
radiotherapy.66 Glass ionomer cements, despite having 
shorter oral retention and a higher incidence of secondary 
caries compared to composites in the cervical area in a 
healthy population, have been found to be more effective in 
preventing secondary caries than composites in radiotherapy 
patients with a high risk of dry mouth.67 In radiotherapy 
patients who do not routinely receive fluoride, glass ionomer 
cements may be a better option compared to other materials.51 
Composite materials and resin-modified glass ionomer 
cements can be considered as applied options over traditional 
glass ionomers (sandwich technique) due to their adhesive 
potentials and sealing capabilities.62

For patients with reduced mouth opening, post-treatment 
xerostomia, or those with a high intake of cariogenic diets, 
an increased risk of tooth decay should be considered, and a 
more intense fluoride regimen should be contemplated. High-
concentration fluoride toothpaste can be prescribed with the 
recommendation for the patient not to rinse their mouth after 
brushing. Additionally, using a fluoride mouthwash at times 
other than toothbrushing may be advised.68

Application of tropical fluoride can increase resistance to 
tooth decay. Fluoride toothpaste has been shown to provide 
significant benefits in preventing and remineralizing root 
caries in patients who have undergone radiotherapy.69 

However, preventing tooth decay in HNC patients is not 
easy. In these patients, the effect of fluoride may be limited 
due to decreased calcium and phosphate in the oral cavity as 
a result of hyposalivation.70 Since remineralization does not 
occur if there is not enough calcium and phosphate in saliva 
in relation to the tooth, cancer patients with SGD should be 
called for regular check-ups by dentists to reduce the risk of 
widespread caries, and the use of 1.1% sodium fluoride gel or 
fluoride toothpaste should be recommended.23

For preventing tooth decay in HNC patients, regular dental 
care, maintaining oral hygiene, applying sodium fluoride to 
teeth for 3-4 minutes daily using custom-made appliances 
(with instructions for the patient not to eat or rinse their 
mouth for the next half hour), and minimizing the intake of 
cariogenic and acidic foods are recommended.31

SALIVARY GLAND DYSFUNCTION AND 
ARTIFICIAL SALIVA 

The use of artificial saliva should be considered to alleviate the 
negative effects caused by xerostomia. Substitutes for artificial 
saliva should closely resemble the composition of human 
saliva, exhibiting biophysical properties such as lubrication 
and mucoadhesive function, similar to natural saliva.71 There 
are numerous commercially available substitutes for artificial 
saliva, with the essential characteristics of these products 
summarized in Figure.72
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SALIVARY GLAND DYSFUNCTION AND 
PHARMACOLOGICAL INTERVENTIONS 
The literature discusses variety of pharmacological 
approaches to prevent radiation-induced salivary gland 
dysfunction.77 Some examples of these interventions are:

1. Parasympathomimetic drugs, including choline esters and 
cholinesterase inhibitors, induce salivary secretion by activating 
the parasympathetic nervous system. This system, responsible 
for increasing bodily secretions like tears, gastric juices, mucus, 
and saliva, aids in defending the body and facilitating digestion. 
Pilocarpine hydrochloride, classified as a choline ester, stands 
out as the most commonly prescribed parasympathomimetic 
for treating radiation-induced salivary gland dysfunction, with 
licensing in numerous countries.73,77

2. Parasympatholytic medications exert effects contrary to those 
of parasympathomimetic drugs; they act as anticholinergics, 
thereby suppressing saliva secretion.74,75,77 Findings from animal 
experiments and research conducted by Rode et al.75 propose 
that inhibiting saliva secretion during radiotherapy could 
potentially safeguard against subsequent damage to the salivary 
glands and enhance saliva production post-treatment.

3. Cytoprotective agents are administered prior to, during, or 
following cancer therapy to reduce or prevent harm or toxicity 
to normal cells and tissues while maintaining therapeutic 
effectiveness. Amifostine serves as one such cytoprotective 
agent and has demonstrated accumulation in the salivary 
glands. Reports suggest that this accumulation may potentially 
decrease parotid parenchymal damage caused by radiotherapy 
and reduce the occurrence of radiation-induced xerostomia.76,77

CONCLUSION 
Adhesive materials that prevent secondary caries should be 
used for the restoration of RC. Resistance to tooth decay can be 
increased by applying topical fluoride. Ensuring and maintaining 
oral hygiene during and after radiotherapy is essential.
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