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Abstract

Radiation-induced caries represent a frequent and serious complication of head and neck radiotherapy,
significantly affecting patients’ quality of life. Their development results from several factors, including the
direct effects of radiotherapy on dental tissues, as well as indirect effects related to xerostomia and changes
in saliva. Diagnosis is based on clinical and radiographic assessment, which often reveals a specific pattern
of demineralization.

DOI: 10.7759/cureus.76810

The management of these caries requires a comprehensive approach, combining prevention, treatment of
lesions, and regular follow-up. It is essential to establish long-term fluoride prophylaxis, and advice on oral
hygiene and nutrition, in order to prevent new lesions. The choice of dental restorations must be considered
according to the state of salivation and the caries risk, favoring materials adapted to the specificities of
radiotherapy.

Categories: Oral Medicine, Radiation Oncology, Oncology
Keywords: caries management, etiopathogenesis of radiation caries, head and neck radiotherapy, radiation-induced
caries, radiotherapy-induced dental damage

Introduction And Background

Head and neck cancers are a major health concern whose management is often complicated due to the
functional and aesthetic implications of the tumor in this region. Head and neck radiotherapy (HNRT) plays

a crucial role in the treatment regimen for these cancers, with a total dose of 50 to 70 Gy delivered in
fractions over four to seven weeks [1]. This therapy presents considerable side effects: nearly all patients who
have received radiotherapy to the oral cavity will present one or more complications [2]. Even with intensity-
modulated radiotherapy (IMRT), which has reduced the effects, these remain inevitable and, when
underestimated, could compromise patients' quality of life temporarily or even permanently [3].

Post-radiation carious lesions, also known as radiation-induced carious lesions, are among the most severe
complications of cervicofacial radiotherapy. They affect approximately 29% of patients at the end of
radiotherapy and up to 37% two years later [4,5]. Their pathogenesis and the mechanisms behind their
aggressive progression remain uncertain and continue to be the focus of studies in the literature. Without
timely diagnosis and treatment, these lesions can lead to massive crown destruction. Thus, it would be wise
to understand the mechanism of occurrence of these lesions in order to better control their semiology and
be able to establish correct management.

Review
Clinical aspect of radiation-induced carious lesions

The radiation-induced carious lesion is characterized by its pattern of onset and progression, as well as its
clinical appearance, which are different from those of a conventional carious lesion: Radiation-induced
carious lesions begin particularly at the cervical region, the incisal edges, and the cusp tips (Figures /-2).
These lesions initially have a hard and smooth appearance with diffuse brownish-to-black discoloration of
the enamel and absence of cavitation (Figure 1) [6,7]. This appearance, which does not accurately reflect the
extent of the lesion, can mislead the practitioner. Consequently, he can underestimate the absence of
cavitation and omit prompt and appropriate treatment [8].
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FIGURE 1: Cervical lesions with hard, smooth surfaces and diffuse
brown-to-black discoloration of the enamel (black arrows), an
appearance that does not reflect the true extent of the lesion. Enamel
fissures (blue arrow) in a patient post-cervico-facial radiotherapy. Image
credits: Sara El Harram.

FIGURE 2: Radiation-induced caries affecting incisal edges and cusp
tips (black arrows). Image credits: Sara El Harram.

The post-radiation carious lesion progresses rapidly through cracked enamel, which has become porous and
rough. The enamel eventually fractures, exposing the underlying dentin. The progression continues, leading
to massive damage to dental tissues and, thus, crown destruction and amputation (Figure 3) [6-9].
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FIGURE 3: Severe crown destruction resulting from radiation-induced
caries in a post-cervico-facial radiotherapy patient. Image credits: Sara
El Harram.

Etiopathogenesis of radiation-induced carious lesions

Currently, it is widely accepted that the development of radiation-induced carious lesions arises from a
combination of direct and indirect effects of radiotherapy on the dental organ.

Indirect Effects of Radiotherapy

The presence of salivary glands in the irradiation field can alter their functioning and lead to a quantitative
and qualitative change in saliva. By the end of the first week of radiotherapy, the amount of total saliva,
both stimulated and at rest, is reduced by 36.67% and 47.9%, respectively [9]. This decrease, causing
xerostomia, can progress to asialia. The serous acini, being particularly radiosensitive, undergo a decrease in
their activity, which leads to an increase in the saliva's viscosity. Then, it becomes more sticky and adheres
to dental and mucosal surfaces. As a result, the ability of saliva to ensure self-cleaning of dental plaque will
be affected [10]. The composition of saliva is also modified due to the alteration of membrane ion exchanges,
resulting from fibrosis of the walls of the excretory ducts. This alteration causes a decrease in the various
salivary constituents (minerals, enzymes, immuno-proteins) and alters the balance of certain electrolytes.
These changes reduce the production of antimicrobial components (immunoglobulins A, lysozymes,
lactoferrin, peroxidase), as well as a decrease in buffering capacity, leading to a salivary pH drop from seven
to five [10]. Furthermore, patients who have undergone cervicofacial radiotherapy frequently suffer from oral
mucosa burns and radiomucositis, which complicates tooth brushing and maintaining oral hygiene. This is
compounded by the alteration of general health and weight loss, which is associated with the reduction of
nutritional intake. Dry mouth and pain in the mucous membranes can also influence food choices,
prompting patients to consume cariogenic foods and beverages [11]. These conditions, along with a
weakened defense system, lead to an imbalance of the oral flora, favoring the proliferation of cariogenic and
periodontopathogenic microorganisms and candida [12]. Moreover, with low salivary pH and buffering
capacity of saliva, the dissolution of enamel and dentin minerals becomes easier, while the remineralization
process is compromised [13].

Direct Effects of Radiotherapy

Teeth affected by radiation-induced caries (RIC) showed an extensive radiographic pattern of
demineralization in the cervical region. These extensive demineralizations can be observed even in teeth
with brownish lesions on the enamel surface without cavitation [7], supporting the hypothesis that post-
radiation lesions are more destructive than they appear [14]. These teeth show a significant decrease in
calcium (Ca) and phosphate (P) levels compared to those with conventional caries and healthy teeth. This
finding suggests that the mineral matrix of teeth with RIC has been altered. In addition, a higher amount of
carbon has been found in the areas of RIC demineralization [8]. Despite their differences, the conventional
and RIC lesions seem to have similar histological patterns [6]. These observations have raised the question of
the direct effect of radiotherapy on dental hard tissues. This direct damage has not yet been fully evaluated
or elucidated [15,16]. However, the literature has reported some findings that could explain this
phenomenon.

The dentinal-enamel junction (DEJ) and inner enamel play a critical role in maintaining the cohesion
between enamel and dentin and the absorption of occlusal stresses. A significant reduction in
microhardness and elastic modulus has been observed from a cumulative exposure of 30 Gy, particularly in
this area, along with the appearance of microcracks in the inner enamel [17-19]. HNRT may alter the
micromorphological and biochemical characteristics of the DEJ, likely due to its high organic content [17,20].
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Radiation interacts with organic materials and water, inducing free radicals and hydrogen peroxide in dental
hard tissues, affecting the proteolysis of collagenous and non-collagenous proteins [21]. It had been
suggested that high doses of radiotherapy could activate matrix metalloproteinases (MMPs), particularly
MMP-20, which are responsible for the degradation of collagen over several months, leading to protein
breakdown and a reduction in the mechanical properties of enamel and dentin. The degeneration of organic
matter weakens the interaction between enamel and the DEJ, causing destabilization and exfoliation of the
enamel with exposure to the dentin [20].

The decrease in microhardness could also be related to a decarboxylation process of organic materials at the
junction between hydroxyapatite crystals and collagen fibers, thereby disrupting their fixation. In addition,
the release of carbon dioxide, a by-product of decarboxylation, could contribute to the formation of
microcracks in the dental structure [21]. Furthermore, the degeneration of minerals and organic matter
induced by radiation could reduce the crystallinity of hydroxyapatite crystals, decreasing their crystallinity
and increasing their solubility in acidic pH saliva [18]. All these damages to the microstructure of hard dental
tissues create an environment conducive to bacterial adhesion and colonization, which, combined with the
indirect effects induced by radiation, increases the risk of post-radiation carious lesions [22,23].

Radiotherapy can also induce a progressive and significant reduction in response to pulp sensitivity tests
immediately after treatment or within four to six months following (p < 0.00001). One of the explications of
this loss of sensitivity is the presence of vascular lesions in the pulp of irradiated teeth, likely causing
ischemia and reducing blood flow, leading to a state of anoxia. Therefore, the myelinated nerve fibers would
be inhibited and disrupt sensory perception, even during the progression of carious lesions, which could
explain the delayed consultation of patients at an advanced stage of carious lesions or after the appearance
of necrosis signs [24].

Preventing and managing carious lesions in patients with orofacial
cancers

The treatment of RIC is particularly complex due to the extension and accessibility challenges of the lesions,
which can lead to incomplete elimination of carious tissues. Additionally, the cavities are often minimally
retentive, complicating restorations. HNRT may also impair the bonding strength of materials and the
quality of restorations [25,26]. Management is further complicated by the risk of osteoradionecrosis, which
makes extraction decisions more challenging. For these reasons, it is important to implement oral and
dental care prior to radiotherapy in order to establish favorable conditions that reduce the risk of radiation-
induced carious lesions [26]. The global approach requires, first, periodontal therapy, a key step in reducing
bacterial load by removing plaque, thereby creating a healthy gingival environment for restorations.
Thereafter, the elimination of all carious lesions and restorations can be performed, ideally with bioactive
materials. However, protocols must be adapted to avoid any delays in initiating cancer treatment, which
could negatively impact the patient's prognosis. Thus, it may be more relevant to focus on moderate to deep
lesions or only symptomatic ones [27,28]. After HNRT, managing RIC lesions has to be a part of a global
approach aimed at reducing caries risk (treating existing lesions) and maintaining it at the lowest level
possible over the long term (preventing new lesions) [26].

Regardless of the adopted protocol or the timing of the consultation (before or after radiotherapy), it is
essential to immediately initiate prophylactic measures aimed at eliminating etiopathogenic factors. The
prophylactic phase is based on patient awareness and education in oral health. The purpose is to achieve
lasting changes in habits and behaviors. Patient motivation begins with clear information about the side
effects of radiotherapy, both immediate (radiomucositis, dysphagia, dysgeusia) and delayed (trismus,
aggressive caries, xerostomia). Patients must understand the importance of maintaining rigorous oral
hygiene and following a balanced diet to minimize mucositis effects, promote healing, prevent carious
lesions and osteoradionecrosis, and ultimately improve their quality of life [29,30].

Long-term prophylaxis is essential for patients treated with HNRT and should ideally be initiated before
head and neck treatment. Fluoride helps preserve the mineralization of irradiated enamel and cementum
but cannot prevent the alteration of enamel mechanical properties caused by HNRT [31,32]. Despite a
decrease in salivary flow, improvements in oral health have been observed, including a reduction in the
incidence of RIC and stabilization of cariogenic flora [9,10,33].

Application of 1.1% fluoride gels using vinyl trays for five to 10 minutes daily is recommended, as well as
application of 5% fluoride varnish every three months after professional plaque control [9,31,34]. For
patients who cannot tolerate trays, a 1.1% (5,000 ppm) fluoride toothpaste is an alternative [29]. Fluoride
mouthrinses have also been shown to be effective in preventing caries [35]. However, long-term adherence
to these treatments remains a challenge. One study reported that only 12% of patients continued to use
fluoride gel with trays after two years [36]. This points to the importance of clinical monitoring and tailoring
recommendations to patient needs [28]. The use of a chlorhexidine mouthrinse (0.12% to 0.2%) once or
twice daily has been proposed to reduce plaque and Streptococcus mutans in patients undergoing HNRT.
However, it does not affect Lactobacillus or periodontopathogens and may cause side effects such as dental
discoloration and temporary taste alterations [28].
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Patients should also be given palliative treatment for xerostomia based on patients' needs [37]: saliva
substitutes (such as mucin, carboxymethylcellulose, or aloe vera) play a pivotal role in oral lubrication,
relieve xerostomia symptoms, and protect enamel while avoiding low pH products that aggravate erosion.
For pharmacological stimulation, pilocarpine and cevimeline can improve salivary flow, but their use should
be closely monitored, especially in patients with contraindications (respiratory or cardiovascular diseases)
[11]. When planning radiotherapy, ideally, the salivary glands should be preserved to minimize the risk of
xerostomia. Advanced techniques, such as stem cell therapy, could be considered for severe cases of
xerostomia, although further research is needed [10,11].

Nutritional education is essential to prevent excessive consumption of sugary drinks, which is common in
xerostomia patients. Sweeteners such as xylitol may be beneficial. A personalized approach should take into
account altered food preferences and chewing difficulties, advocating a healthy, less cariogenic diet while
maintaining adequate caloric intake [11,38].

Dental restorations in HNRT patients should be adapted to the effects of radiotherapy and specific oral
conditions such as xerostomia. Composite resins (CRs) are recommended because of their superior durability
compared to glass ionomer cements (GICs) and resin-modified GICs (RMGICs) [28,39,40]. They offer better
marginal adaptation and good mechanical resistance but require strict compliance with fluoride use and
good oral hygiene to prevent caries recurrence. Conversely, while GICshave recognized cariostatic
properties, they are more sensitive to erosion and structural degradation, particularly in the presence of
xerostomia [28]. Radiotherapy influences the mechanical behavior of CRs and adhesive systems.
Radiotherapy, applied in vitro after bonding procedures, does not significantly modify the bond strength or
mechanical behavior of composites. However, if applied before bonding, a reduction in adhesion strength is
noted, compromising the longevity of the restoration [26,28]. The choice of materials should, therefore, be
guided by the caries risk, salivary status, and fluoride use. For fluoride users, composites and RMGICsoffer
better longevity. For non-users, CGIs may be an option to reduce secondary caries, although they require
more frequent replacements due to their fragility. Optimal management relies on careful planning,
appropriate restoration protocols, and rigorous follow-up (every three months) at a low caries risk,
preventing recurrences and promptly detecting potential restoration failures [28,41].

Preventing and managing radiotherapy-induced caries: limitations,
recommendations, and future directions

The effects of radiotherapy on dental tissues, particularly regarding the development of radiotherapy-
induced caries, remain largely understudied. Several factors limit our understanding and optimal
management of these lesions, including limited access to clinical studies specifically dedicated to the direct
effects of radiotherapy on dental tissues, as well as the diversity of irradiated patients (variability in
administered doses, irradiated areas, and treatment duration). In addition, there is a lack of long-term
follow-up to assess the evolution of post-radiotherapy caries lesions and their functional impact.

However, recommendations can be drawn from existing data and clinical practices. The synthesis presented
in Table I results from an analysis of different studies reviews and highlights the need to develop a
standardized protocol for the prevention of radiotherapy-induced caries. Furthermore, regular and
multidisciplinary follow-up after radiotherapy, including dentists and oncologists, is strongly recommended
to ensure comprehensive patient care [29].
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Dental care
Details of care
step
First
consultation
(before or Contact interdisciplinary team: cancers’ prognosis/treatment outcomes; type of radiation used/to be utilized; anatomic
after head and areas in the radiation field; total dose of radiation; commencement and timeline of head and neck radiotherapy; concurrent
neck therapy (e.g., chemotherapy).
radiotherapy)
[29]
Periodontal charting.
Clinical and Identification of soft tissue lesions, xerostomia.
radiographical
exam [29] Documentation of existing restorations.

Caries charting.

Clear information about the side effects of radiotherapy: immediate (radiomucositis, dysphagia, dysgeusia) and delayed
(trismus, aggressive caries, xerostomia). Importance of rigorous oral hygiene and a balanced diet to minimize mucositis
effects, promote healing, and prevent carious lesions.

Sensibilization
and education Nutrition education: maintain adequate caloric intake (including foods easy to chew and swallow while limiting sugary and
ucati

cariogenic foods). Recommend the use of alternative sweeteners (xylitol-containing candy or gum) to avoid excessive

of patient ) ) ) ) .
[29.30] consumption of sugary beverages (common in patients with severe xerostomia).
Xerostomia management: personalized approach is essential to minimize the impact of xerostomia. Palliative treatment:
saliva substitutes (e.g., mucin, carboxymethylcellulose, or aloe vera) or, if needed, salivation stimulants (e.g., pilocarpine
and cevimeline).
Oral hygiene/oral care instructions.
Preventive
dental care Long-term fluoride prophylaxis: application of neutral 1.1% sodium fluoride gels with vinyl trays for five to 10 minutes.
[33] Application of 5% sodium fluoride varnish every three months after professional plaque control. Fluoridated toothpaste
containing 1.1% fluoride (5,000 ppm)+ fluoride-containing mouth rinses for patients who cannot tolerate fluoride trays.
Hygiene appointment.
Restorative care: complete elimination of all caries lesion is recommended before radiotherapy but avoid any delays in
Dental initiating cancer treatment. Adapt restorative material choice to the effects of radiotherapy and specific oral conditions for
treatment fluoride users: composites and resin-modified glass ionomer cements offer better longevity. Composite resins provide

[27,28,39,40]  better marginal adaptation and superior durability, especially when restorations are performed before radiotherapy, but
require strict adherence to fluoride use and good oral hygiene to prevent recurrent caries. For non-users: glass ionomer
cements have cariostatic properties but require more frequent replacements due to their fragility, erosion, and structural
degradation, particularly in xerostomia patients.

Recal exams.
Follow-up and

maintenance  Treat induced caries lesions. When appropriate, establish ongoing care schedule.

[29]
Ongoing education, monitor oral hygiene, monitor use of fluoride trays.

TABLE 1: Dental care sequence for the prevention and treatment of radiation-induced caries in
head and neck radiotherapy patients

As for future perspectives, it is essential to conduct longitudinal studies to better understand the impact of
radiotherapy on dental microstructure and carious lesions. It is also necessary to conduct more studies on
the impact of intraoral radiation stents in the prevention of radiation-induced carious lesions [42]. The
development of more effective adhesion protocols or restorative materials for these altered tissues, as well
as the exploration of preventive approaches such as remineralizing treatments adapted to irradiated
patients, constitute promising paths of research to improve the prevention and management of post-
radiotherapy carious lesions.

Conclusions

RIC represents a major complication of HNRT, with a significant impact on patients’ quality of life. Their
occurrence results from complex mechanisms combining the indirect and direct effects of radiation on hard

2025 El Harram et al. Cureus 17(1): e76810. DOI 10.7759/cureus.76810 6 of 8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

dental tissues. The management of these lesions requires a comprehensive approach involving patient
education regarding oral and dietary hygiene, fluoride prophylaxis, appropriate restorative treatments, and
regular follow-up. By integrating preventive strategies and a multidisciplinary approach, it is possible to
reduce radiotherapy-related oral complications and to sustainably improve patients' oral health and general
well-being.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sara El Harram

Acquisition, analysis, or interpretation of data: Sara El Harram, Tarik Sqalli
Drafting of the manuscript: Sara El Harram

Critical review of the manuscript for important intellectual content: Tarik Sqalli

Supervision: Tarik Sqalli

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Lanzetti ], Finotti F, Savarino M, Gassino G, Dell'Acqua A, Erovigni FM: Management of oral hygiene in
head-neck cancer patients undergoing oncological surgery and radiotherapy: a systematic review. Dent |
(Basel). 2023, 11:83. 10.3390/dj11030083

2. Brosky ME: The role of saliva in oral health: strategies for prevention and management of xerostomia . J
Support Oncol. 2007, 5:215-25.

3. Duarte VM, Liu YF, Rafizadeh S, Tajima T, Nabili V, Wang MB: Comparison of dental health of patients with
head and neck cancer receiving IMRT vs conventional radiation. Otolaryngol Head Neck Surg. 2014, 150:81-
6.10.1177/0194599813509586

4. Moore C, McLister C, Cardwell C, O'Neill C, Donnelly M, McKenna G: Dental caries following radiotherapy
for head and neck cancer: a systematic review. Oral Oncol. 2020, 100:104484.
10.1016/j.oraloncology.2019.104484

5. Aradjo Andrade S: Is there evidence that radiotherapy for head and neck cancer influences the incidence of
dental caries?. Evid Based Dent. 2020, 21:116-7. 10.1038/s41432-020-0119-1

6. Silva AR, Alves FA, Antunes A, Goes MF, Lopes MA: Patterns of demineralization and dentin reactions in
radiation-related caries. Caries Res. 2009, 43:43-9. 10.1159/000192799

7. Bohn]JC, Chaiben CL, de Souza SS, et al.: Conformational and constitutional analysis of dental caries
following radiotherapy for head and neck cancer. Rep Pract Oncol Radiother. 2021, 26:389-99.
10.5603/RPOR.a2021.0046

8. Silva AR, Alves FA, Berger SB, Giannini M, Goes MF, Lopes MA: Radiation-related caries and early
restoration failure in head and neck cancer patients. A polarized light microscopy and scanning electron
microscopy study. Support Care Cancer. 2010, 18:83-7. 10.1007/500520-009-0633-3

9. Epstein JB, Chin EA, Jacobson J], Rishiraj B, Le N: The relationships among fluoride, cariogenic oral flora,
and salivary flow rate during radiation therapy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1998,
86:286-92. 10.1016/s1079-2104(98)90173-1

10. Kielbassa AM, Hinkelbein W, Hellwig E, Meyer-Liickel H: Radiation-related damage to dentition. Lancet
Oncol. 2006, 7:326-35. 10.1016/51470-2045(06)70658-1

11. Kawashima M, Kawabata T, Ando C, et al.: Radiation-induced xerostomia and cariogenic dietary habits.
Support Care Cancer. 2024, 32:92. 10.1007/500520-023-08298-x

12.  Miiller VJ, Belibasakis GN, Bosshard PP, Wiedemeier DB, Bichsel D, Riicker M, Stadlinger B: Change of saliva
composition with radiotherapy. Arch Oral Biol. 2019, 106:104480. 10.1016/j.archoralbio.2019.104480

13.  Michalak P, Krzywda A, Hajto-Bryk ], Zarzecka J: Dental complications of radiotherapy: clinical picture,
diagnostics, treatment. A review of the litterature. ] Stoma. 2019, 72:234-40. 10.5114/j0s.2019.93326

14. Morais-Faria K, Neves-Silva R, Lopes MA, et al.: The wolf in sheep's clothing: microtomographic aspects of
clinically incipient radiation-related caries. Med Oral Patol Oral Cir Bucal. 2016, 21:e299-304.
10.4317/medoral.20886

15.  Arnold WH, Bietau V, Renner PO, Gaengler P: Micromorphological and micronanalytical characterization of
stagnating and progressing root caries lesions. Arch Oral Biol. 2007, 52:591-7.
10.1016/j.archoralbio.2006.11.008

2025 El Harram et al. Cureus 17(1): €76810. DOI 10.7759/cureus.76810 70f8


https://dx.doi.org/10.3390/dj11030083
https://dx.doi.org/10.3390/dj11030083
https://europepmc.org/article/med/17564151
https://dx.doi.org/10.1177/0194599813509586
https://dx.doi.org/10.1177/0194599813509586
https://dx.doi.org/10.1016/j.oraloncology.2019.104484
https://dx.doi.org/10.1016/j.oraloncology.2019.104484
https://dx.doi.org/10.1038/s41432-020-0119-1
https://dx.doi.org/10.1038/s41432-020-0119-1
https://dx.doi.org/10.1159/000192799
https://dx.doi.org/10.1159/000192799
https://dx.doi.org/10.5603/RPOR.a2021.0046
https://dx.doi.org/10.5603/RPOR.a2021.0046
https://dx.doi.org/10.1007/s00520-009-0633-3
https://dx.doi.org/10.1007/s00520-009-0633-3
https://dx.doi.org/10.1016/s1079-2104(98)90173-1
https://dx.doi.org/10.1016/s1079-2104(98)90173-1
https://dx.doi.org/10.1016/S1470-2045(06)70658-1
https://dx.doi.org/10.1016/S1470-2045(06)70658-1
https://dx.doi.org/10.1007/s00520-023-08298-x
https://dx.doi.org/10.1007/s00520-023-08298-x
https://dx.doi.org/10.1016/j.archoralbio.2019.104480
https://dx.doi.org/10.1016/j.archoralbio.2019.104480
https://dx.doi.org/10.5114/jos.2019.93326
https://dx.doi.org/10.5114/jos.2019.93326
https://dx.doi.org/10.4317/medoral.20886
https://dx.doi.org/10.4317/medoral.20886
https://dx.doi.org/10.1016/j.archoralbio.2006.11.008
https://dx.doi.org/10.1016/j.archoralbio.2006.11.008

Cureus

Part of SPRINGER NATURE

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lieshout HF, Bots CP: The effect of radiotherapy on dental hard tissue—a systematic review . Clin Oral
Investig. 2014, 18:17-24. 10.1007/s00784-013-1034-z

Seyedmahmoud R, Wang Y, Thiagarajan G, Gorski JP, Reed Edwards R, McGuire JD, Walker MP: Oral cancer
radiotherapy affects enamel microhardness and associated indentation pattern morphology. Clin Oral
Investig. 2018, 22:1795-803. 10.1007/s00784-017-2275-z

Lu H, Zhao Q, Guo ], Zeng B, Yu X, Yu D, Zhao W: Direct radiation-induced effects on dental hard tissue .
Radiat Oncol. 2019, 14:5. 10.1186/s13014-019-1208-1

Siripamitdul P, Sivavong P, Osathanon T, Pianmee C, Sangsawatpong W, Bunsong C, Nantanapiboon D: The
effects of radiotherapy on microhardness and mineral composition of tooth structures. Eur ] Dent. 2023,
17:357-64. 10.1055/s-0042-1746414

McGuire JD, Gorski JP, Dusevich V, Wang Y, Walker MP: Type IV collagen is a novel DE] biomarker that is
reduced by radiotherapy. ] Dent Res. 2014, 93:1028-34. 10.1177/002203451454822.1

Hiibner W, Blume A, Pushnjakova R, Dekhtyar Y, Hein HJ: The influence of X-ray radiation on the
mineral/organic matrix interaction of bone tissue: an FT-IR microscopic investigation. Int J Artif Organs.
2005, 28:66-73. 10.1177/039139880502800111

Zhang X, Li Y-]J, Wang S-L, Xie J-Y: Effect of irradiation on tooth hard tissue and its resistance to acid . Chin J
Stomatol. 2004, 39:463-6.

Gongalves LM, Palma-Dibb RG, Paula-Silva FW, Oliveira HF, Nelson-Filho P, Silva LA, Queiroz AM:
Radiation therapy alters microhardness and microstructure of enamel and dentin of permanent human
teeth. ] Dent. 2014, 42:986-92. 10.1016/j.jdent.2014.05.011

Weissheimer T, S6 BB, Pradebon MC, de Figueiredo JA, Martins MD, S6 MV: Head and neck radiotherapy
effects on the dental pulp vitality and response to sensitivity tests: a systematic review with meta-analysis.
Int Endod J. 2022, 55:563-78. 10.1111/iej.13726

Hu Y, Li YQ, Smales R], Yip KH: Restoration of teeth with more-viscous glass ionomer cements following
radiation-induced caries. Int Dent J. 2002, 52:445-8. 10.1111/j.1875-595x.2002.tb00640.x

Madrid Troconis CC, Santos-Silva AR, Brandao TB, Lopes MA, de Goes MF: Impact of head and neck
radiotherapy on the mechanical behavior of composite resins and adhesive systems: a systematic review.
Dent Mater. 2017, 33:1229-43. 10.1016/j.dental.2017.07.014

Graboyes EM, Kompelli AR, Neskey DM, et al.: Association of treatment delays with survival for patients
with head and neck cancer: a systematic review. JAMA Otolaryngol Head Neck Surg. 2019, 145:166-77.
10.1001/jamaoto.2018.2716

Hong CH, Hu S, Haverman T, et al.: A systematic review of dental disease management in cancer patients .
Support Care Cancer. 2018, 26:155-74. 10.1007/s00520-017-3829-y

White JM, Panchal NH, Wehler CJ, et al.: Department of Veterans Affairs Consensus: preradiation dental
treatment guidelines for patients with head and neck cancer. Head Neck. 2019, 41:1153-60.
10.1002/hed.25519

Kawashita Y, Soutome S, Umeda M, Saito T: Oral management strategies for radiotherapy of head and neck
cancer. Jpn Dent Sci Rev. 2020, 56:62-7. 10.1016/j.jdsr.2020.02.001

Agarwal D, Purohit B, Ravi P, Priya H, Kumar V: Effectiveness of topical fluorides in prevention of radiation
caries in adults: a systematic review and meta-analysis. Oral Oncol. 2022, 129:105869.
10.1016/j.oraloncology.2022.105869

Lopes CC, Soares CJ, Lara VC, Arana-Chavez VE, Soares PB, Novais VR: Effect of fluoride application during
radiotherapy on enamel demineralization. ] Appl Oral Sci. 2018, 27:€20180044. 10.1590/1678-7757-2018-
0044

Lee HJ, Han DH, Kim JH, Wu HG: The effect of comprehensive oral care program on oral health and quality
of life in patients undergoing radiotherapy for head and neck cancer: a quasi-experimental case-control
study. Medicine (Baltimore). 2021, 100:e25540. 10.1097/MD.0000000000025540

Scotti CK, Velo MM, Brondino NC, Guimaraes BM, Furuse AY, Mondelli RF, Bombonatti JF: Effect of a resin-
modified glass-ionomer with calcium on enamel demineralization inhibition: an in vitro study. Braz Oral
Res. 2019, 33:e015. 10.1590/1807-3107BOR-2019.v0l33.0015

Gupta N, Pal M, Rawat S, et al.: Radiation-induced dental caries, prevention and treatment - a systematic
review. Natl ] Maxillofac Surg. 2015, 6:160-6. 10.4103/0975-5950.183870

Thariat J, Ramus L, Darcourt V, et al.: Compliance with fluoride custom trays in irradiated head and neck
cancer patients. Support Care Cancer. 2012, 20:1811-4. 10.1007/s00520-011-1279-5

Aykut-Yetkiner A, Wiegand A, Attin T: The effect of saliva substitutes on enamel erosion in vitro . ] Dent.
2014, 42:720-5. 10.1016/j.jdent.2014.03.012

Kaae JK, Stenfeldt L, Eriksen JG: Xerostomia after radiotherapy for oral and oropharyngeal cancer:
increasing salivary flow with tasteless sugar-free chewing gum. Front Oncol. 2016, 6:111.
10.3389/fonc.2016.00111

Palmier NR, Madrid Troconis CC, Normando AG, et al.: Impact of head and neck radiotherapy on the
longevity of dental adhesive restorations: a systematic review and meta-analysis. ] Prosthet Dent. 2022,
128:886-96. 10.1016/j.prosdent.2021.02.002

De Moor RJ, Stassen IG, van 't Veldt Y, Torbeyns D, Hommez GM: Two-year clinical performance of glass
ionomer and resin composite restorations in xerostomic head- and neck-irradiated cancer patients. Clin
Oral Investig. 2011, 15:31-8. 10.1007/s00784-009-0355-4

Palmier NR, Migliorati CA, Prado-Ribeiro AC, et al.: Radiation-related caries: current diagnostic, prognostic,
and management paradigms. Oral Surg Oral Med Oral Pathol Oral Radiol. 2020, 130:52-62.
10.1016/j.0000.2020.04.003

Singh A, Rosen EB, Randazzo JD, Estilo CL, Gelblum DY, Huryn JM: Intraoral radiation stents-Primer for
clinical use in head and neck cancer therapy. Head Neck. 2021, 43:4010-7. 10.1002/hed.26848

2025 El Harram et al. Cureus 17(1): €76810. DOI 10.7759/cureus.76810

8of8


https://dx.doi.org/10.1007/s00784-013-1034-z
https://dx.doi.org/10.1007/s00784-013-1034-z
https://dx.doi.org/10.1007/s00784-017-2275-z
https://dx.doi.org/10.1007/s00784-017-2275-z
https://dx.doi.org/10.1186/s13014-019-1208-1
https://dx.doi.org/10.1186/s13014-019-1208-1
https://dx.doi.org/10.1055/s-0042-1746414
https://dx.doi.org/10.1055/s-0042-1746414
https://dx.doi.org/10.1177/0022034514548221
https://dx.doi.org/10.1177/0022034514548221
https://dx.doi.org/10.1177/039139880502800111
https://dx.doi.org/10.1177/039139880502800111
https://europepmc.org/article/med/15854315
https://dx.doi.org/10.1016/j.jdent.2014.05.011
https://dx.doi.org/10.1016/j.jdent.2014.05.011
https://dx.doi.org/10.1111/iej.13726
https://dx.doi.org/10.1111/iej.13726
https://dx.doi.org/10.1111/j.1875-595x.2002.tb00640.x
https://dx.doi.org/10.1111/j.1875-595x.2002.tb00640.x
https://dx.doi.org/10.1016/j.dental.2017.07.014
https://dx.doi.org/10.1016/j.dental.2017.07.014
https://dx.doi.org/10.1001/jamaoto.2018.2716
https://dx.doi.org/10.1001/jamaoto.2018.2716
https://dx.doi.org/10.1007/s00520-017-3829-y
https://dx.doi.org/10.1007/s00520-017-3829-y
https://dx.doi.org/10.1002/hed.25519
https://dx.doi.org/10.1002/hed.25519
https://dx.doi.org/10.1016/j.jdsr.2020.02.001
https://dx.doi.org/10.1016/j.jdsr.2020.02.001
https://dx.doi.org/10.1016/j.oraloncology.2022.105869
https://dx.doi.org/10.1016/j.oraloncology.2022.105869
https://dx.doi.org/10.1590/1678-7757-2018-0044
https://dx.doi.org/10.1590/1678-7757-2018-0044
https://dx.doi.org/10.1097/MD.0000000000025540
https://dx.doi.org/10.1097/MD.0000000000025540
https://dx.doi.org/10.1590/1807-3107BOR-2019.vol33.0015
https://dx.doi.org/10.1590/1807-3107BOR-2019.vol33.0015
https://dx.doi.org/10.4103/0975-5950.183870
https://dx.doi.org/10.4103/0975-5950.183870
https://dx.doi.org/10.1007/s00520-011-1279-5
https://dx.doi.org/10.1007/s00520-011-1279-5
https://dx.doi.org/10.1016/j.jdent.2014.03.012
https://dx.doi.org/10.1016/j.jdent.2014.03.012
https://dx.doi.org/10.3389/fonc.2016.00111
https://dx.doi.org/10.3389/fonc.2016.00111
https://dx.doi.org/10.1016/j.prosdent.2021.02.002
https://dx.doi.org/10.1016/j.prosdent.2021.02.002
https://dx.doi.org/10.1007/s00784-009-0355-4
https://dx.doi.org/10.1007/s00784-009-0355-4
https://dx.doi.org/10.1016/j.oooo.2020.04.003
https://dx.doi.org/10.1016/j.oooo.2020.04.003
https://dx.doi.org/10.1002/hed.26848
https://dx.doi.org/10.1002/hed.26848

	Radiation-Induced Caries: Exploring the Pathway to Manage the Challenge
	Abstract
	Introduction And Background
	Review
	Clinical aspect of radiation-induced carious lesions
	FIGURE 1: Cervical lesions with hard, smooth surfaces and diffuse brown-to-black discoloration of the enamel (black arrows), an appearance that does not reflect the true extent of the lesion. Enamel fissures (blue arrow) in a patient post-cervico-facial radiotherapy. Image credits: Sara El Harram.
	FIGURE 2: Radiation-induced caries affecting incisal edges and cusp tips (black arrows). Image credits: Sara El Harram.
	FIGURE 3: Severe crown destruction resulting from radiation-induced caries in a post-cervico-facial radiotherapy patient. Image credits: Sara El Harram.

	Etiopathogenesis of radiation-induced carious lesions
	Preventing and managing carious lesions in patients with orofacial cancers
	Preventing and managing radiotherapy-induced caries: limitations, recommendations, and future directions
	TABLE 1: Dental care sequence for the prevention and treatment of radiation-induced caries in head and neck radiotherapy patients


	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


