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KEYWORDS Abstract Introduction: Radiotherapy is one of the treatment modalities for the treatment of head

Head and neck neoplasm; and neck cancer (HNC). However, it leads to the development of chronic and acute side effects.

Dry mouth; These side effects impact negatively on the patient’s quality of life and oral functioning. This clinical
Oral mucositis; review aims to provide basic information about HNC, understand the impact of radiotherapy on
Radiation caries; oral health, and explain the role of dental care providers for HNC patients during the pre-and
Osteoradionecrosis; post-radiotherapy time.

Radiotherapy Materials and Methods: Electronic databases (i.e., PubMed, Scopus, and Google Scholar) were

searched using defined keywords. The main inclusion criteria were any studies describing “‘dental
management of patients with head and neck cancer” and “dental management of patients treated with
radiotherapy.”

Results: Thematic analysis was used to summaries the findings of the included studies (n = 102)
into main headings and subheadings. All studies were published between 1970 and 2023.

Conclusion: The number of HNC patients is increasing. This necessitates the need for raising the
awareness of dental care providers to the side-effects of HNC therapy which includes treatment with
radiotherapy, chemotherapy, and/or surgery. Dental care providers should understand the common
side-effects and their treatments besides their role in the pre- (i.e., dental extraction of teeth with
poor prognosis and maintaining good oral hygiene) and post- (i.e., oral rehabilitation and post-
HNC dental care) radiotherapy dental care.
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1. Introduction

The National Cancer Institute (NCI) describes head and neck
cancer (HNC) as the types of cancers that arise in the tissues
and organs of the head and neck region, which includes the lar-
ynx, pharynx, throat, lips, tongue, tonsils, nasal cavity, para-
nasal sinuses, and salivary glands (NCI, 2016).

Squamous cell carcinomas of the head and neck region are
the sixth most common malignancy in the world, accounting
for over 500,000 new cases annually worldwide (Alsahafi
et al., 2019). It represents 3% of all cancers in the United
States (US) (Siegel RL, 2017) and 3% in the United Kingdom
(UK) (Cancer Research UK, 2017). Forty percent of HNCs
affect the oral cavity as primary tumours, while 60% appear
in the other organs of the head and neck regions (Ray-
Chaudhuri et al., 2013).

In 2016, an epidemiological study found that HNC is
increasing with a significant variation based on the cancer site.
For example, this epidemiological study found that the larynx
was the most common type of HNC (23%), followed by the
oral cavity (21%). The research team also found that the
age-standardised incidence has increased among men by 40%
and by 87% among women. Incidence was also higher in those
living in more deprived areas of London. Females from Asian
countries (mainly Bangladeshi) presented with a higher inci-
dence of oral, laryngeal and thyroid cancers compared with
their non-Asian counterparts, while both genders of Chinese
origin had a higher incidence of nasopharyngeal cancer
(Tataru et al., 2016).

2. Materials and Methods

Electronic databases (i.e., PubMed, Scopus, and Google Scho-
lar) were searched using the following keywords: head and neck
neoplasm/cancer, dentistry, dental management, osteora-
dionecrosis, oral mucositis, dry mouth, truisms, loss of taste
and radiation caries. The search included in vivo and in vitro

studies published in English. The main inclusion criteria were
any studies describing “dental management of patients with
head and neck cancer” and “‘dental management of patients trea-
ted with radiotherapy.”

3. Results

Thematic analysis was used to summarise the findings of the
included studies into main headings and subheadings. This
clinical review considered 102 articles/studies that discussed
the dental management of head and neck cancer patients. All
studies were published between 1970 and 2023. A summary
of the basic details about head and neck cancer besides the
negative impact of radiotherapy on oral and dental health
and their dental management are discussed below.

3.1. Aetiology and risk factors of developing HNC

There are three main risk factors that increase the risk of devel-
oping HNC: lifestyle, genetic factors, and environmental fac-
tors (Ghantous and Elnaaj, 2017).

Lifestyle (i.e. exposure to carcinogenic agents such as
tobacco use, betel quid chewing, alcohol and consumption of
low nutritional diet) is the most common reason for developing
HNC (Gupta et al., 2017, Ghantous and Elnaaj, 2017, Kumar
et al., 2016). It is common in both developed and undeveloped
countries. Carcinogenicity is dose-dependent and people who
have more exposure to carcinogenic agents are more suscepti-
ble to develop HNC than people who do not smoke or drink
alcohol. Furthermore, some factors act synergistically so that
the use of both smoking and consuming alcohol is far greater
than the sum of their individual risks (Mello et al., 2019).

Genetically, some families are more susceptible to develop
oral cancer in relation to their genetic inherited traits and weak
immunity to fight cancer cells (Fernandez-Mateos et al., 2019).
For example, inability to prevent the recovery of damaged
deoxyribonucleic acid (DNA) as a result of a genetic inherited
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impairment (Alsahafi et al., 2019, Fernandez-Mateos et al.,
2019). Another example is people with a genetic disorder (i.e.
Fanconi anaemia) have a high chance to develop squamous
cell carcinoma (Machiels et al., 2020, Hopkins et al., 2008).
Environmentally, infection with high risk of viruses such as
human papillomavirus (HPV) might lead to development of
oropharyngeal cancer (Alsahafi et al., 2019). Oropharyngeal
cancer mainly affects white men with a higher socioeconomic
status and minimal history of smoking (median age at the time
of diagnosis = 54 years) (Elrefaey et al., 2014).

3.2. Prognosis of HNC

Generally, the prognosis of HNC is highly dependent on the
stage of cancer with early-stage HNC having a better progno-
sis (eight-year survival rate for early-stage HNC is 70.9%) than
advanced-stage cancer (eight-year survival rate for advanced-
stage HNC is 30.2) (Chow, 2020). Level of tumour extension,
level of invasion, spread of tumour to other organs (metasta-
sis), and number of involved lymph nodes determine the stage
of HNC (Platzek et al., 2014). Clinical examination,
histopathology tests, and imaging techniques are used to deter-
mine the stage of tumour and the prognosis (Leemans et al.,
2011). For example, the Tumour, lymph node, and metastasis
(TNM) staging system, the use of HPV status and the history
of tobacco use are important factors that determine the prog-
nosis of oropharyngeal cancers (Anantharaman et al., 2018, St
Guily et al., 2017). Unfortunately, the rate of developing a sec-
ond primary tumour in the head and neck region is higher than
other types of malignancies, meaning poor outcomes with a
high mortality rate (Leoncini et al., 2018).

Besides the clinical multidisciplinary work in HNC man-
agement, the investigation of the impact of the microbiome
in the development of HNC has increased dramatically. Study-
ing oncogenic characteristics of cancer, HNC inflammatory
mediators and immunology, and the role of anti-HNC therapy
showed promising findings. This is crucial as recent studies on
the microbiome and HNC showed controversial findings when
compared to previous works. For example, a retrospective
case-matched study on adult patients (<40 years old) who
received treatment for squamous cell carcinoma reported no
difference between younger and older patients when compared
to overall, cancer-specific, or progression-free survival.
Accordingly, this study concluded that further studies are
needed to identify oncogenic factors that play a crucial factor
in raising the prognosis of HNC and reducing the failure rate
of the treatment (Blanchard et al., 2017). This indeed will also
have a positive impact on the prevention of HNC as well as
increase the success rate of the anti-cancer therapy. However,
the direct relationship between the microbiome and HNC has
not yet been fully understood and further studies are indeed
required (Orlandi et al., 2019).

3.3. Treatment modalities

Different treatment modalities have been recognised in the
field of HNC, such as surgical removal of the tumour, radio-
therapy, chemotherapy, or a combination of these. The recom-
mended modality for HNC depends on the tumour’s grade,
TNM stage, site and the number of affected lymph nodes
(Platzek et al., 2014). Radiotherapy has the advantage of

organ preservation. It may also be used for inaccessible or
inoperable tumours. It works by using high-energy radiation
from x-rays, gamma x-rays, protons, neutrons and other
sources, which destroy cancer cells and reduce the size of the
tumours (Delaney et al., 2005). Moreover, radiotherapy could
be used as adjunctive treatment following the surgical removal
of the primary tumour or after the surgical removal of the
affected lymph nodes (Chow, 2020). Recent advances in radio-
therapy techniques (i.e. intensity-modulated radiation therapy
(IMRT) accompanied by a better understanding of the tissue’s
reaction to radiation therapy make radiotherapy the best treat-
ment modality for most HNCs (De Felice et al., 2016). The
ionising radiations work through direct damage to the nucleic
part of any cell (DNA) or indirectly because of the interaction
between the water and radiation (free radicals). Thereby, its
effect is not limited to the cancer cells, and it also damages
the other healthy cells. High doses of radiotherapy produce
more damage to the normality and functionality of non-
affected cells as the damage is dose-related and depends on
the turnover survival rate of the tissue’s stems cells, and in turn
high volume will produce more significant side-effects (Chang
et al., 2014, Abdollahi, 2016). Tissues in the oral cavity have a
rapid cell turnover, meaning that the oral mucosa is affected
by the acute and chronic toxicity form of the radiotherapy
(Bhandari et al., 2020). The success rate of treatment is signif-
icantly higher if modern radiotherapy (i.e. IMRT) is applied
for early-stage cancer (Sowder et al., 2017).

3.4. Implications of radiotherapy for the oral cavity

Treatment of HNC with radiotherapy can have long-term side-
effects, which puts oral health at risk. Two types of toxicity
related to radiotherapy might develop; acute/early form toxic-
ity and chronic/late form toxicity (Bhandari et al., 2020).
Acute adverse effects include oral mucositis, taste disturbance,
xerostomia (dry mouth) and trismus. The chronic adverse
effects include radiation caries and osteoradionecrosis (ORN).

3.4.1. Acute form toxicity

3.4.1.1. Oral mucositis. Oral mucositis is an early complication
following radiotherapy, chemotherapy or a combination of
both. Clinically this appears as mucosal inflammation with
sloughing erythematous, and pain related to the mucosal tis-
sues that line the gastrointestinal tract (GIT) (Bhandari
et al., 2020). In the head and neck region, areas that are lined
with mucosal tissues include larynx, pharynx, nasal cavity,
paranasal sinuses, oropharyngeal region and the oral cavity.
Oral mucositis usually starts within 12-15 days post-
radiotherapy (The Royal College of Surgeons of England/
The Britsh Society for Disability and Oral Health (RCS/
BSDH), 2018). On some occasions, it is combined with atro-
phy and ulceration that affect the patient’s social life (Jung
et al., 2019). A significant number of patients suffer whilst eat-
ing, which in turn affects their nutritional status and reduces
their food intake with difficulties in swallowing (Nakajima
et al., 2015, Ray-Chaudhuri et al., 2013). There are different
levels of oral mucositis, which depends on multiple factors
such as radiation technique used, field of radiation and dose
of the radiation (Sheibani et al., 2015). Treatment of oral
mucositis  involves either pharmacological or non-
pharmacological treatments. Difflam (15% Benzydamine oral
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rinse) is one of the most common medications used in the man-
agement of oral mucositis (15 ml every eight hours and up to
three weeks post-radiotherapy (Riley, 2017)). The pharmaco-
dynamics of the drug is described by its local action with high
therapeutic range. It acts as an analgesic and an anti-
inflammatory agent as an inhibitor to the pro-inflammatory
cytokines such as tumour necrosis factor and interleukine
(Sonis et al., 2000). Non-pharmacological approaches have
been advocated; for instance, ice cubes may help to prevent
oral mucositis associated with the treatment. However, this
shows significantly better results with patients post-
chemotherapy rather than the patients who received radiother-
apy (Nawi et al., 2018). Patients with HNC following radiation
who develop oral mucositis often have difficulty maintaining
good oral hygiene. Brushing teeth can become a painful beha-
viour, thereby, a soft toothbrush or oral swabs are suggested to
maintain good oral hygiene (Kumar et al., 2013).

3.4.1.2. Taste disturbance. Direct ionising radiation damages
the majority of taste buds in all parts of the oral cavity.
Three types of taste disturbance might develop in HNC
patients post-radiotherapy, which are altered taste (dysgeu-
sia), diminished ability to taste (hypogeusia), or complete loss
of taste (ageusia) (Bhandari et al., 2020). Taste disturbance
usually starts early after beginning radiotherapy and before
oral mucositis (Vissink et al., 2003). Taste bud irritation usu-
ally appears around the fifth week post-radiotherapy
(Deshpande et al., 2018). A systematic review which included
seven cross-sectional and 11 cohort studies concluded that
70-100% of HNC patients have taste disturbance
(Deshpande et al., 2018). Taste disturbance reduces food
intake and leads to further complications in chewing
(Bhandari et al., 2020). Recovery of normal taste level in
HNC patients post-radiotherapy varies from patient to
patient, and may be achieved after cessation of radiation,
but permanent damage has been observed in some cases
(Deshpande et al., 2018).

3.4.1.3. Xerostomia (dry mouth). Xerostomia (dry mouth) is a
common and significant chronic oral complication in HNC
patients (Samim et al., 2016). Dry mouth starts to develop at
26 Gy and above (Tribius et al., 2013). The exact incidence
and prevalence of dry mouth is still unknown and reported dif-
ferently worldwide, however, a reduction in cases secondary to
advanced radiotherapy techniques, for example IMRT, can
help reduce damage to surrounding soft tissues such as salivary
glands (Burke et al., 2012, Nutting et al., 2011).

In the UK, research conducted in Cardiff (The Holme
Tower Marie Curie Centre) reported the prevalence of dry
mouth as 77% of 197 patients (112 men, 85 women) who were
terminally ill with different types of cancers admitted to hospi-
tal (Jobbins et al., 1992). In the Netherlands, an explorative
study (Jager-Wittenaar et al., 2011) stated that all of 116
patients with oral/oropharyngeal cancer receiving different
cumulative radiation volumes to the salivary glands suffered
a moderate to severe dry mouth. Another survey in the Nether-
land reported 65% of 39 long-term survival patients with a
malignancy in head and neck region experienced a moderate
to severe degree of dry mouth post-radiotherapy (Wijers
et al., 2002). In the US, a retrospective study in the University
of Texas reported 29% of 748 patients diagnosed with several
types of HNCs to have different levels of dry mouth, each with

differing perceptions of quality of life (QoL) (Hanna et al.,
2015).

These differences in both prevalence and incidence result
from variable measuring tools, differences in radiation doses,
varying tumour locations within the head and neck region,
tumour stages, timing of the measurement and its effect on
major or minor salivary glands (Hanna et al., 2015). Addition-
ally, advanced radiotherapy techniques such as IMRT have
significantly improved the severity of oral dryness and may
account for some differences between studies (Owosho et al.,
2017).

Xerostomia increases the risk of dental caries and specifi-
cally radiation caries. This could be explained by the indirect
effect of reduced saliva, buffering changes (more acidic media),
and reduced innate protection mechanism of the saliva (Arrifin
et al., 2018). A systematic review has found that the level of
fungal infection is also significantly increased in patients
receiving cancer therapy (Lalla et al., 2010).

Oral health providers have a clear role to help reduce dry
mouth in HNC patients (Burke et al., 2012). Two approaches
are usually considered for managing patients with xerostomia.
The dental team frequently advise patients to take regular sips
of water and use sugar-free chewing gum to stimulate the
remaining saliva acinar cells (Kaae et al., 2016). In addition,
a systematic review and meta-analysis which included three
studies concluded that using pharmacological treatment (i.e.
Pilocarpine®) can help to stimulate parasympathetic system
and stimulate salivary acinar cells significantly (Cheng et al.,
2016). Artificial saliva can help to reduce the patient’s percep-
tion of mouth dryness and acts as a lubricant (Burke et al.,
2012, Lysik et al., 2019). Further, as noted above, using IMRT
has helped to reduce the radiation side-effects including xeros-
tomia (Wang and Eisbruch, 2016).

3.4.1.4. Trismus. Trismus is defined as difficulty to open the
mouth to the normal range of opening due to fibrosis of the
masticatory muscles (Bhandari et al., 2020). Dijkstra et al.
(2006) described trismus as the reduction of the mouth opening
less than 35 mm, due to the inflammation of the elevator mus-
cles of the mandible resulting from ionising radiation. A sys-
tematic review concluded that the prevalence of trismus was
found to be 17% at baseline, 44% at six months post-
radiotherapy, 32% at 12 months post-radiotherapy and 32%
at 3-10 years post-radiotherapy (Watters et al., 2019). It
appears clinically two months post-radiotherapy with a reduc-
tion of 2-4% in the mouth opening per month (Bhandari et al.,
2020). As a result of trismus, patients can have difficulties in
maintaining self and professional dental care and this affects
their QoL negatively (Burke et al., 2012).

Jawad et al. (2015a) recommend patients with HNC to
exercise the masticatory muscles before the treatment with
radiotherapy, as this may help to prevent trismus post-
radiotherapy treatment. A systematic review found that early
exercise therapy is crucial for successful results (Kamstra
et al., 2017). For example, using wooden tongue depressors
between the upper and lower teeth is suggested to help increase
the opening of mouth post-radiotherapy, increasing the num-
ber of wooden tongue depressors over the time (Jawad et al.,
2015b). Another example is the Therabite appliance©, which
works in the same way (Kamstra et al., 2013). Using Therabite
appliance© and wooden tongue depressors helps to increase
mouth opening significantly if used together (Ezzat et al.,
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2020). On the other hand, some oral surgeons suggest early
extraction of posterior teeth if the radiation dose is high and
trismus is expected to develop. On some occasions, patients
with severe trismus may be seen by physiotherapists, speech,
and language therapists, or all of them for advice (Burke
et al., 2012).

For urgent or elective dental treatment of patients with tris-
mus, the dental team has to plan to accommodate dental treat-
ment. For instance, short dental appointments, resting-time
during the dental procedure, and use of a mouth prop with
paediatric dental burs (short bur lengths) with paediatric head-
pieces may be required (Burke et al., 2012).

3.4.2. Chronic form toxicity

3.4.2.1. Radiation caries. Radiation caries in patients with
HNC develops rapidly and aggressively post-radiotherapy
(Burke et al., 2012). It affects around 30% of HNC patients
post-radiotherapy (Palmier et al., 2020). It has unique features
and appears differently from the usual characteristics and clin-
ical presentation of dental caries in healthy patients of the gen-
eral population (Hegde and John, 2018). It has an unusual
appearance on smooth surfaces of the tooth and at the cusp
tips. Radiation caries is characterised by its distribution along
the lines of the cemento-enamel junction of the tooth, which
leads to severe crown destruction around the gingival margin
(Palmier et al., 2020). Clinically, this destruction can lead to
crown amputation if it is not managed properly in the early
stage (Burke et al., 2012).

Some patients with HNC complain of less severe dental
pain post-radiotherapy, which does not reflect the severe den-
tal status. This could be explained by a reduction of the vascu-
larity of the dental pulp with fibrotic tissues developed as a
result of exposure to ionising radiation (Abed, 2021).

Providing dental restorative treatment to caries in irradi-
ated teeth requires careful management and treatment plan-
ning to help prevent early loss of the teeth. Advanced
adhesive techniques in dentistry (i.e. chemical bonding of the
tooth with the glass ionomer materials) and atraumatic
restorative technique (minimal invasive dentistry) is best used
in patients with radiation caries (Jawad et al., 2015a). For
example, using spoon excavator or dye gel to remove dental
caries through advanced adhesive technique and minimal inva-
sive dentistry will help to provide dental treatment for HNC
patients who cannot tolerate hand-pieces and/or mouth open-
ing for a long time because of mouth trismus post-
radiotherapy (Moore et al., 2012).

3.4.2.2. Osteoradionecrosis. The definition of ORN has not
been clearly agreed. Most published definitions rely on the
clinical features of the lesion, but inclusion of radiographs
has been suggested to help diagnosis of ORN (Stere and
Boysen, 2000). The major difference is the duration of bone
exposure before the lesion can be recognised as ORN. Marx
(1983b) described ORN as “an area of exposed, devitalized
bone present for greater than three months in an area that has
been irradiated, with no signs of local neoplastic disease”. Tt
may be asymptomatic or symptomatic causing pain, swelling,
discharge, erythema, and skin fistula (Nabil and Samman,
2012). This may be superimposed with infection by a microbial
organism if it is left undiagnosed and untreated (Madrid et al.,
2010). High dose of radiation can lead to early development of

ORN (Jawad et al., 2015a), while late development of ORN is
related to traumatic procedures such as tooth extraction (Nabil
and Samman, 2012). A systematic review by Nabil and
Samman (2011) concluded that seven of 100 patients having
dental extraction post-radiotherapy will develop ORN and
that two of 100 teeth extracted post-radiotherapy will develop
ORN (Nabil and Samman, 2011). Table 1 presents the sum-
mary of ORN classification developed by Lyons and
Brennan (2014).

3.4.2.2.1. Factors affecting the development of ORN. The
reported incidence of ORN is different between studies, and is influ-
enced by radiation dose, presence of local trauma, field of radiation,
and location of the tumour (mandible or maxilla) (Nabil and
Samman, 2012). Each of these are now discussed in turn.

(a) Radiation dose

The radiation dose is the most important risk factor for the
development of ORN (Beumer et al., 1984, Morrish et al.,
1981). The higher the dose received, the higher the risk of
developing ORN (Thorn et al., 2000, Clayman, 1997,
Widmark et al., 1989, Curi and Lauria, 1997). Nabil and
Samman (2011) found that no patients receiving 60 Gy or less
had developed ORN. However, this conclusion should be
interpreted with caution, because data in their systematic

Table 1 The summary of ORN classification developed by
Lyons and Bernnan (2014).

Stage Description Clinical picture

<2.5 cm length,
asymptomatic exposed
bone; required medical
treatment only.

>2.5 cm length
asymptomatic exposed
bone including
pathological fracture and/
or inferior alveolar nerve
canal involvement;
required medical
treatment only, unless
dental sepsis or obviously
loose necrotic bone.
>2.5 cm length,
symptomatic exposed
bone, but with no other
3 features despite medical
treatment; consider
debridement and local
pedicle flap.
>2.5 cm length,
symptomatic exposed
bone with pathological
fracture and/or inferior
alveolar nerve canal or
orocutaneous fistula.
Reconstruct with free
flap.
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review was based on a limited sample size and the risk is not
eliminated when doses are below 60 Gy (Thorn et al., 2000,
Widmark et al., 1989). A recent case series study found that
the occurrence of ORN in patients who received 57.3 Gy
and above is high (Igbal and Kyzas, 2020).

(b) Presence of local trauma

Dental extraction has been considered as one of the major
risk factors for the development of ORN (Nabil and Samman,
2012). There is still debate regarding the best time to perform
the dental extractions in relation to radiotherapy. For example,
Lajolo et al. (2020) reported that dental extraction prior to treat-
ment with radiotherapy would increase the risk of developing
ORN, with an incidence of 2.2%, while Nabil and Samman
(2011) found that dental extraction post-radiotherapy is a more
risky procedure and will increase risk of development ORN, with
an incidence of 7%. Pre-radiotherapy dental assessment,
patient’s education, excellent oral hygiene, use of high fluoride-
containing toothpaste (5000 ppm), and careful attention to diet
and nutrition will reduce dental treatment post-radiotherapy
(i.e. dental extraction) (Burke et al., 2012), but these efforts will
not totally prevent the need for dental extraction in irradiated
populations (Banjar et al., 2023).

(c) Field of radiation

It is known that an area included within the field of radiation
will have a higher chance to develop ORN. Thorn et al. (2000)
reported that only one patient out of 80 patients with HNC
had developed ORN outside the field of radiation. Treatment
with IMRT may also help to eliminate the possibility of ORN
of the extracted tooth/teeth in the area outside the field of radi-
ation as it works by focusing the radiation on the region affected
by cancer cells and protects the non-affected region (Nutting
et al., 2011, Burke et al., 2012). However, a recent study found
that the rate of ORN in the era of IMRT still is unknown and
requires more studies (Caparrotti et al., 2017).

(d) Location of the tumour

Proximity of the mandible or maxilla to the tumour region
has been reported to increase the risk of development of ORN.
This is explained by the pattern of blood supply to the mand-
ible being less than in the maxilla. Additionally, the mandible
is included usually in the radiation field more than the maxilla
(Nabil and Samman, 2012). Thereby, dental extraction in the
mandible has to be considered as higher risk for developing
ORN post-radiotherapy. The exact incidence and prevalence
of ORN is still unknown and reported differently worldwide;
however, a reduction in cases secondary to advanced radio-
therapy techniques, for example, IMRT, can help reduce the
development of ORN (Banjar et al., 2023).

3.4.2.2.2. Theories of the development of ORN. Three are
three theories about the development of ORN. Corresponding
treatment modalities were developed and based on the theo-
ries. These are explained below.

(a) Radiation trauma-infection theory

Meyer (1970) defined ORN as an oral lesion that developed
due to the combination of ionising radiation, present of local

trauma and infection. He suggested that the trauma provided
the portal for the invasion by bacteria into the underlying irra-
diated bone. His theory lasted for a decade and became the
foundation for the popular use of antibiotics with surgery to
treat ORN.

(b) Hypoxic-hypocellular-hypovascular theory

The availability of oxygen atoms, the ability of the body’s
cells to proliferate and the presence of blood supply are major
key factors for a successful healing process. Marx (1983a)
developed the hypoxic-hypocellular-hypovascular theory of
the development of the ORN. The pathophysiology sequence
suggested by Marx is the presence of the ionising radiation,
in addition to the reduction of the oxygen level at the cellular
level, reduced cells proliferation and reduced blood supply.

These sequences lead to persistent hypoxia and tissue
breakdown that cause a chronic non-healing wound. This
pathophysiology gives a clear explanation why hyperbaric oxy-
gen (HBO) is used in the treatment of the ORN. HBO has a
long history in the management of ORN started by Mainous
and his colleague (Mainous et al., 1973). In 1983, Marx sup-
ported the use of HBO in the management of ORN based
on the hypoxic-hypocellular-hypovascular theory by its effi-
cacy as bactericidal and bacteriostatic. In 1987, Marx and
Johnson found that HBO plays a very important role in
increasing the fibroblast cells, collagen and angiogenesis
(Marx and Johnson, 1987). It requires one session at least prior
to dental extraction to help reduce the development of ORN.

Recently, there has been a debate about the availability and
efficacy of HBO. For example, one session of HBO lasts for
90 min, and it cannot be used in patients with acute pain
who required urgent dental extraction (Vudiniabola et al.,
1999). Additionally, the Marx protocol suggests 30 dives + /-
10 for one patient and one dive costs £233 (Patel et al.,
2017). HBO has some reported common complications such
as middle ear barotrauma and myopia. Other less common
complications are pneumothorax, oxygen toxicity seizure and
acute pulmonary disease (Camporesi, 2014). Therefore, a sig-
nificant number of clinicians do not recommend HBO as an
effective treatment for ORN.

(c) Radiation-induced fibro-atrophic theory (RIF)

Radiation-induced fibro-atrophic theory was proposed by
Delanian and Lefaix (2004). They found that the total cellular
depletion of fibroblast cells might contribute to the develop-
ment of ORN (Delanian and Lefaix, 2004). Three phases of
the RIF had been recognised. The first one is defined by the
pre-fibrotic phase (change of the endothelia cells and establish-
ment of acute inflammation). The second phase is the constitu-
tive organised phase, characterised by the disorganisation of
the extracellular matrix and functional of the abnormal fibrob-
last called “myofibroblast”. The last phase is the formation of
the fibro-atrophic phase (Delanian and Lefaix, 2004).

The main pharmacodynamics goal of the treatment of
ORN by considering the RIF theory is the regulation of
fibroblast cells function. A combination of pentoxifylline
(400 mg/ twice per day), which is an antioxidant drug, and
vitamin E (1000 U/ once daily) works as a potent anti-
fibrotic agent, and it showed a significant result recently
(Kolokythas et al., 2019).
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Table 2 The RCS/BSDH recommendations for the oral
management of oncology patients requiring radiotherapy,
chemotherapy, and haematopoietic stem cell transplant.

Cancer therapy Dental recommendations

stage
Pre-cancer 1. Elimination of oral infection and potential risk
therapy of oral disease or discomfort such as sharp teeth

or ill-fitting dentures.

2. Achieving optimal healing after any tooth
extraction.

3. Oral hygiene instructions.

4. Impressions of the mouth are taken for study
casts to construct applicator trays and where
appropriate for obturators planning.

1. Recommendations to use an alcohol-free
chlorhexidine mouthwash.

2. Reducing the side-effects such as xerostomia
and mucositis.

3. If the mouth is too painful for cleaning with a
soft toothbrush, the tissues can be cleaned with
oral sponges or gauze moistened with alcohol-
free mouthwash.

1. Regular radiographs, oral health advice and
preventive regime reinforcement.

2. Strategies for dealing with xerostomia
continue.

3. High fluoride toothpaste should be used.

4. Jaw exercises are implemented in the event of
trismus.

During cancer
therapy

Post-cancer
therapy

4. Discussion

4.1. The role of the oral healthcare providers with HNC patients

The Calman—Hine report of 1995 examined cancer services in
the UK and suggested a restructuring of cancer services to help
achieve equitable level of access to high levels of expertise
throughout the country. The report highlighted the need to
focus cancer treatment and medical management regimens
on both longevity and QoL (Calman and Hine, 1995). Mainte-
nance of good oral healthcare is an important factor to post-
cancer treatment adaptation and QoL (Santos et al., 2017).
Thus, oral healthcare providers have an important role in
improving the QoL of patients with HNC. They are involved
in a multidisciplinary team (MDT) who promote consistent
high standards of oral care through an integrated care path-
way. The patient should be referred to the dental department
for pre-treatment review once the cancer is diagnosed and
radiotherapy is planned (The National Institute for Health
and Care Excellence (NICE), 2004). The role of the dentist
who is involved in the MDT is to diagnose oral diseases, man-
age patients before, during and after the cancer treatment, and
also help to rehabilitate the oral function during any stages of
HNC treatment. Their role is to work with other team mem-
bers to provide prompt advice and treatment at all stages of
the patient pathway from diagnosis to discharge. The Royal
College of Surgeons of England/The Britsh Society for Dis-
ability and Oral Health (RCS/BSDH) (2018) published clear
clinical guidelines to help provide effective oral and dental
management of cancer patients receiving radiotherapy,

chemotherapy and/or haematopoietic stem cell transplant;
see Table 2.

4.2. The pre-radiotherapy dental assessment of HNC patients

The dental needs of HNC patients have been noted to be
higher than the general population yet may have had irregular
dental attendance. For example, in a Brazilian study, 207 (135
of whom were non-edentulous) HNC patients were assessed
before they started radiotherapy (Jham et al., 2008). The study
reported that 89% of the non-edentulous patients had peri-
odontal diseases and among them 63% needed urgent peri-
odontal treatment, a further 33% of the 207 patients had
remaining roots that required dental extraction and 18% had
dental caries that required dental restorations. Another exam-
ple of a cohort study at the Royal London Hospital on 100
HNC patients (66 male and 34 female patients) during the
pre-radiotherapy dental assessment found that of all dentate
patients (n = 98), 71% were diagnosed with periodontal dis-
eases and 61% presented with one or more carious teeth
(Critchlow et al., 2014). Recently, a large retrospective obser-
vational study of 886 HNC patients who received treatment
with radiotherapy for the three most common HNC subsites
(i.e. larynx, oral cavity and oropharynx) at Guy’s and St Tho-
mas’ NHS Foundation Trust between 2011 and 2017, found
that the number of decayed, missed and filled teeth (DMFT)
across three subsites were statistically significant with those
with laryngeal cancer having an average of 18.2 on DMFT
index (SD = 6.3) compared to 16.5 in those with oral cavity
(SD = 7.8) and 15.4 in those with oropharynx (SD = 7.8) can-
cers (DMFT index ranges from 0 to 28) (Patel et al., 2020).
Patel and colleagues concluded that oral profiles of HNC
patients vary substantially, and for this reason dental proto-
cols should be tailored accordingly.

The dental team and patients may experience problematic
dental appointments at this stage. A significant number of
patients are in a state of shock after being diagnosed with can-
cer. Patients have also reported that they have little informa-
tion given to them (Ray-Chaudhuri et al., 2013). Therefore,
clear, concise information in writing is indeed recommended.
It is essential for the dental team to discuss with the patient
why they have to be assessed by a dentist before starting the
treatment with radiotherapy. Additionally, patients need to
know about future dental appointments (post-radiotherapy
dental assessment) until the end of the cancer therapy regimen
(Burke et al., 2012). Dental assessment should start with a
thorough oral and dental examination, and investigation (i.e.
pulp testing and dental radiographs) to help approach defini-
tive oral and dental diagnosis for each tooth (Ray-
Chaudhuri et al., 2013). This should be followed by the usual
standard assessment such as chief complaints, standard histo-
ries (i.e. medical history, dental history, social history, and
family history), diet analysis, and short- and long-term treat-
ment plans. Then an honest discussion with the patient about
the likely side-effects of ionising radiation on the head and
neck regions, and specifically on oral and dental health, is cru-
cial (Burke et al., 2012).

4.2.1. Pre-radiotherapy dental extraction

It has been recommended that any teeth with a poor prognosis,
if they are included in the field of radiation, should be
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extracted prior to treatment with radiotherapy (Burke et al.,
2012). Additionally, removing any teeth with pocket depth of
more than 7 mm was also recommended (Scully et al., 2007).
Additionally, removing the teeth that are unopposed or will
become unopposed after dental extraction of other teeth has
been recommended (Ray-Chaudhuri et al., 2013). This is to
help prevent the need for non-recommended and invasive
dental treatment that might lead to development of ORN
post-radiotherapy (i.e. dental extraction, oral and periodontal
surgery, and any procedures have an impact on the bone).
Every patient should have their assessment based on their risk
factors and after careful analysis of the advantages and disad-
vantages of dental extraction. Unfortunately, there are no
clear guidelines regarding the type of teeth that should be
extracted and no standard definition for the meaning of “hope-
less tooth/teeth”. This may explain why there is a difference
between oral and dental care providers in the UK regarding
the pre-radiotherapy dental extraction, with some of them
favouring extraction of posterior teeth to reduce the possible
needs of that post-radiotherapy and hence increases risk of
ORN (Ray-Chaudhuri et al., 2013). For example, patients
who are planning to receive ionising radiation to the posterior
part of their mouth (i.e. molar teeth are included in the field of
radiation) have their posterior teeth extracted and patients are
left with short dental arch (i.e. from the lower right second pre-
molar to the lower left second premolar). Clinicians who sup-
ported this point found that a short dental arch could provide
enough function in a significant number of patients (Kiyser,
1981, Witter et al., 1990). This part of dental treatment (i.e.
dental extraction of posterior teeth prior to treatment with
radiotherapy) is less understood by the patients and their car-
ers and can add additional psychological trauma to the diag-
nosis with HNC (Clough et al., 2018).

4.3. Post-radiotherapy regular review and oral rehabilitation

Patients diagnosed with HNC and treated with radiotherapy
require review appointments to check their understanding
regarding the cancer therapy, and their compliance with the
suggested oral health regime. Post-radiotherapy dental care
mainly focuses on the management of post-radiotherapy com-
plications. This is usually achieved by the patient’s local gen-
eral dental practitioner who should receive full details from
the secondary care centre about the patient’s medical condition
and their needs. A thorough oral examination is required to
check for any suspicious new pathology or local recurrence
for early referral to a secondary care centre. At this stage,
patients usually attend with many questions regarding their
oral rehabilitation, as they have been left without posterior
teeth or even sometimes anterior teeth (Ray-Chaudhuri
et al., 2013). Therefore, some patients are left with difficulty
swallowing and eating related to their missing teeth (Abed
et al., 2019). Each patient should be assessed for oral rehabil-
itation and a decision made based on the best interest of each
patient. For some patients, no attempt at prosthetic treatment
may be the option of choice, especially where patients may not
be able to tolerate a denture and may wish to continue as they
are (Abed et al., 2023). If teeth are to be replaced, different
options might be considered such as removable partial den-
tures, fixed prosthesis, or dental implants with/without
retained fixed or removable prostheses (Siddall et al., 2012).

5. Strengths and limitations

This narrative review showed what exactly has been properly
accomplished regarding the dental aspects of HNC patients,
hence showing the gaps that need to be addressed. Also, it gave
a summary of the dental amendment of HNC and great insight
into the dental management of HNC patients for new dentists.
On the other hand, this narrative review lacks comprehensive
and systematic searching; therefore, valuable studies on the
field could be missed. Additionally, this narrative review did
not have a clear method; hence the review’s reliability is low
(Grant and Booth, 2009).

6. Conclusion

The number of HNC patients is increasing. This necessitates
the need for raising the awareness of dental care providers to
the side-effects of HNC therapy which includes treatment with
radiotherapy, chemotherapy, and/or surgery. Treatment with
radiotherapy includes acute (i.e., dry mouth, oral mucositis,
loss of taste, and trismus) and chronic (i.e., radiation caries
and ORN) side-effects. These side-effects affect the HNC
patients’ quality of life negatively. Dental care providers
should understand the common side-effects and their treat-
ments besides their role in the pre- (i.e., dental extraction of
teeth with poor prognosis and maintaining good oral hygiene)
and post- (i.e., oral rehabilitation and post-HNC dental care)
radiotherapy dental care.
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