Ionizing radiation, oral
symptoms associated
with radiotherapy
Oral biology lecture

Definition
► Ionizing

radiation consists of subatomic
particles or electromagnetic waves that are
energetic enough to detach electrons from atoms
or molecules, ionizing them.

► The

occurrence of ionization depends on the
energy of the impinging individual particles
or waves, and not on their number. An intense
flood of particles or waves will not cause ionization
if these particles or waves do not carry enough
energy to be ionizing.

Types of ionizing radiation
► High energy UV
► X-ray
► Radiation from radioactive






decay

α: He atom (mass, charge)
β: Electron – positron radiation
γ: no particles
Neutron radiation

► Energy (Frequency)
► Penetration (Mass)

Interaction with matter
► Particle

type
radiation (α, β) –
direct ionizing
effect
► Wave type: γ, xray
Photo-effect

Compton scatter

Pair production

Atomic number Z

Photo effect
dominating

Pair
production
dominating
Compton effect
dominating

Dose definitions
► Absorbed

dose: energy deposited per unit
mass of medium – physical dose

► Equivalent

dose: contains a constant for the
quality of the radiation (wR)
WRα = 20
WRβ = 1
WRγ = 1
WRn = 2.5-20 energy
defendent

Ionizing radiation biologic effect
►Excitation
►Ionization

The produced particles
are very reactive

Ionization
►α
►β
►X-ray,

γ

Penetration

Biologic effect of ionizing radiation
► Deterministic

effect:

 damage is proportional with the dose,
 treshold dose
► Stochastic

effect

 the probability of the damage is proportional of
the dose
 no treshold dose

Mechanism of damage
► Injury

to living tissue results from the transfer of
energy to atoms and molecules in the cellular
structure. Ionizing radiation causes atoms and
molecules to become ionized or excited. These
excitations and ionizations can:
 Produce free radicals.
 Break chemical bonds.
 Produce new chemical bonds and cross-linkage between
macromolecules.
 Damage molecules that regulate vital cell processes
(e.g. DNA, RNA, proteins).

Effects of radiation
Biological effect depends on:
 Typ α-β-γ
 Dose
 Timescale: shorter exposition is more
dangerous
 Amount of tissues - total body
irradiation

Cellular-effects
► Sensitive

Molecules: DNA, (chromosome)
Protein, RNA

►Direct and non direct (by water
originated free radicals) effect
 molecular structure could by chemical reactions
changed or destroyed
 Result: enzym defects and lost genetical
information

Free radicals
1.
2.
3.
4.
5.
6.
7.

H2O → H2O+ + eH2O → H• + OH+ + eH2O+ + H2O → H3O+ + •OH
H2O + e- → H• + OHH• + H• → H2
•OH + •OH → H2O2
H• + •OH → H2O

Radiosensitivity
► Radiosensitive

– Radioresistant tissues

>>Developing cells – developed cells<<





1 Vegetative intermitotic cells
2 Differentiated cells
3 Multipotent connective tissue cells
4 Postmitotic cells

Organs
► Ratio

of the parenchymatic and connective
tissue

► Radiosensitivity

depends on both cell types

Organs
► Blood
► Stomach

and gut

► Skin

► Testis

and ovarium

► Eyes

► Bones
► Liver
► CNS

lungs and kidney

Late effects
Other
malignances

Leukaemia

Osteoradionecrosis

Clinical features
►

Osteoradionecrosis (ORN): a problem with bone healing that can
occur in people who received high doses of radiation, particularly to
the jaw

►

can occur after dental surgery or extraction of teeth

►

incidence varies widely in the literature ranging from 1% to 37%.

►

Patients exposed to radiation doses of 50 Gy or higher to the jawbone
have the highest risk for the development of ORN

►

Symptoms of ORN may occur months to years after radiation

►

Common symptoms: mouth pain, jaw swelling and difficulty opening
the mouth fully (trismus)

Clinical features
► ORN

can be diagnosed by physical
examination and imaging studies (x-ray, CT
scan and/or MRI)
► may need biopsy of the problem area
► radiation therapy records should be
reviewed to determine the location and
dose of radiation that was given

Causative factors
►

mandible is an end-artery system supplied by the inferior alveolar
artery, with minor supply from the bony attachments. With ageing and
atherosclerotic changes there is increased dependence on blood supply from
the attachments.

►

both the mandible and maxilla are unique in being the only bones
in the body that are exposed directly to the external environment
through the gingival attachment of the teeth. Any breaches in the
integrity of the tissues result in healing with an increase in bone turnover.

►

In an irradiated field, minor insult such as periodontal disease,
pulpal infections and procedures such as dental extractions can
result in delayed healing and in some cases develop into
osteoradionecrosis. Only a minority of patients goes on to develop
osteoradionecrosis following radiotherapy and this number is thought to be
falling.

►

head and neck cancer patients are elderly, co-morbidity such as
diabetes or hypertension present, are from a poorer socioeconomic class and tend to be smokers and alcohol consumers. A
significant proportion will continue to smoke and drink following
diagnosis and treatment.

Causative factors
►

Radiation dose : It has been shown that increasing the external beam radiation

►

Time to deliver the radiation dose : Radiotherapy gives a progressive injury to

►

Mode of delivery, location and volume of irradiated tissue : More localized

►

Inadequate oral hygiene : Intraoral tissues are damaged by irradiation, which

►

Surgery : Any surgical procedure to the jaws that is performed after

dose above 50 Gray gives a significantly increased risk for developing
osteoradionecrosis.

tissues at a cellular and subsequently humoral level. If the entire dose is given in
a short period of time, this will prevent the remaining viable local nontumor cells from recovering and therefore will cause more damage. In the
same fashion different schemes of fractionated delivery of irradiation have been
shown to reduce the complications of radiotherapy.
delivery by means of e.g., brachytherapy limits radiation damage to
surrounding tissues compared to external beam irradiation where an entire block of
tissue is irradiated. Less vascularized parts of the mandible such as the posterior part
or surgically manipulated parts are more susceptible to osteoradionecrosis.
Furthermore, optimal planning and simulation of irradiation fields will help minimize
irradiation of surrounding non-involved tissues.
causes mucositis and xerostomia. These conditions, in combination with poor dental
care or a poorly fitting tissue-borne prosthesis, will give rise to odontogenic and
periodontal infections. This again can lead to osteoradionecrosis.
irradiation will increase the risk for developing osteoradionecrosis since
vascularization of these tissues is impaired.

Possible patomechanisms
► Classic

theory - hypoxia (Marx et al. 1983)

 radiation causes an endarteritis that results in
tissue hypoxia, hypocellularity, and
hypovascularity, which in turn causes tissue
breakdown and chronic nonhealing wounds.
 radiation therapy reduces the proliferation of
bone marrow, collagen, and periosteal and
endothelial cells

Possible patomechanisms
► New

data

 osteoclasts suffer radiation therapy-related effects
earlier than vascular alterations
 suppression of bone turnover via osteoclasia is the
true etiologic crux of osteoradionecrosis
 loss of vitality of osteocytes
 high incidence of osteoradionecrosis-like mandibular
bone disease in patients receiving bisphosphonate
therapy:
► Bisphosphonates

bind to bone mineral surrounding osteoclasts
and are internalized by them, thus disrupting osteoclastmediated bone resorption
► bisphosphonate inhibition of osteoclasts results in compromise
of bone vascularity via a complex interaction of cytokines and
growth factors.
► bisphosphonates prevent bony remodeling and subsequently
allow the accumulation of microdamage and decreased
mechanical strength.

Treatment options
► Hyperbaric

oxygen

 idea originating from the sixties, newer double-blind
randomized controlled studies are with controversial
results
 When?
► To

prevent osteoradionecrosis following dental extraction:
Studies show that the chance of getting ORN is reduced from
28 percent to 5 percent with hyperbaric oxygen treatment.
► To repair damage from established osteoradionecrosis:
Improvement is documented in 83 percent of cases treated with
hyperbaric oxygen.

 Proposed mechanism of action
► Increasing

oxygen promotes tiny new blood vessels to grow
inside and around the radiation site.
► Decreasing swelling (edema) around the radiation site.
Decreasing the swelling allows the blood to flow more freely to
the area, bringing with it oxygen.
► High oxygen levels increase the ability of the white blood cells
to kill bacteria

Prevention of ORN
►

Radiotherapy regimes such as accelerated fractionation and hyperfractionation, improve local control
but at the expense of increased local complications. Newer protocols such as 3D conformational
radiation therapy and intensity modulated radiotherapy are able to maximize delivery to treatment
areas and minimize dose to surrounding normal tissue. Nevertheless, preventive measures should be
put in place to help to reduce the incidence and severity of osteoradionecrosis. These measures
should be applied both before and after the radiotherapy.

►

Multidisciplinary approach : As soon a head and neck malignancy is diagnosed, the patient should be

►

Preventive measures prior to radiotherapy : The patient should have a full dental evaluation.

reviewed within a multidisciplinary team. This team should include a dentist who is sufficiently
experienced in dealing with oral cancer patients. If such a person is not available within the team and
the patient is likely to receive radiotherapy, then a referral must be sought.
This should include radiographs to show all the teeth as well as the jaws to check for unerupted teeth
and any bony pathology. A panoral radiograph should be a minimum but ideally, periapical views of all
the teeth should be taken. All the teeth should be meticulously charted for caries and periodontal
pocketing. Each tooth should be given an individual prognosis and a treatment plan completed and
discussed with the patient. It is important to educate the patient regarding meticulous oral hygiene
and the need for life long regular follow up. The patient's motivation and compliance should be taken
into account when assessing which teeth can be salvaged and which should be removed. All teeth
should be cleaned and scaled. The patient should be encouraged to rinse with a fluoride and
antibacterial mouth wash on a regular basis and high risk patients should have custom trays made to
assist in regular fluoride treatment. Patients with no teeth are easier to treat but should still have a
baseline radiographic evaluation to check for buried teeth. Dentures should be inspected for fitting to
ensure minimal trauma to the tissues.

The timing of extractions is controversial but 2-3 weeks prior to radiotherapy is advised
to ensure timely healing. The extractions should be carried out in a non-traumatic
manner with minimal damaged to the surrounding tissues. Recent studies have shown no
difference in the osteoradionecrosis rates in patients who had extractions prior to radiotherapy or
after radiotherapy, however it is still the policy in most institutions to remove unrestorable teeth prior
to radiotherapy. Teeth with questionable prognosis should be carefully discussed with the patient.

Prevention of ORN
►

Hygiene during radiotherapy : During radiotherapy, the patient will

►

Other measures : Patient medication should be reviewed as

►

experience mucositis and xerostomia. Regular review with the
dentist is essential to minimize discomfort. The xerostomia will
cause dryness of the mouth due to lack of saliva, which is essential
to wash away debris and dilute the plaque. Regular mouthwashes
and meticulous oral hygiene is essential during this period. A dry
mouth will sometimes result in patients resorting to foodstuffs that
are sloppy and sticky and have more carbohydrate component
which together with a low saliva flow rate may lead to increased
caries.
Biphosphonates, used in various conditions such as osteoporosis,
Paget's disease and metastatic breast disease have been shown to
cause osteonecrosis of the jaws. The exact mechanism is not known
but is related to suppression of osteoclastic activity. Paradoxically,
biphosphonates have also been used in the treatment of
osteoradionecrosis, highlighting our incomplete understanding of
the condition.

After radiotherapy : The patient should be reviewed regularly to reenforce oral care and look for signs of dental disease or mucosal
damage.

Osteoradionecrosis of the
mandible: Etiology, prevention,
diagnosis and treatment
►

►

Year : 2007 | Volume : 40 | Issue : 12 | Page : 65-71
Sukh S Rayatt, Marc A.M Mureau, Stefan O.P Hofer
Department of Plastic and Reconstructive Surgery, Erasmus University Medical Center,
P.O Box 2040, NL-3000 CA Rotterdam, Netherlands

► http://www.ijps.org/article.asp?issn=0970-

0358;year=2007;volume=40;issue=12;spage=65;
epage=71;aulast=Rayatt

Salivary dysfunction after
radiotherapy
►

starts early during treatment: in the first week, a 50% to
60% decrease in salivary flow occurs; and, after 7 weeks
of conventional RT, salivary flow diminishes to
approximately 20%.

►

salivary function continues to decline for up to several
months after RT

►

some recovery is possible until 12 to 18 months after RT,
depending on the dose received by the salivary glands

►

Isolated data shows that salivary output could still
recover many years after RT, with an approximately 32%
increase in salivary flow from 1 year to 5 years after
treatment

Oral effects salivary glands

Patomechanism
► saliva-producing

cells do not disappear but lose
their function during the first days after irradiation

► acute

damage: defect in cellular functioning
because of selective membrane damage,
confounding the receptor-mediated signaling
pathways of water excretion

► late

damage: classical cell killing of progenitor cells
and stem cells, thus inhibiting proper cell renewal,
and by damage to the cellular environment,
causing a shortage of properly functioning
secretory cells

Oral mucositis
►

Historic paradigm:

 radiation kills rapidly dividing normal cells  clonogenic cell death 
imbalance in the equilibrium of epithelial loss and replenishment 
ulceration

►

New data  more complex theory
 Early tissue damage
► subepithelial

damage (fibroblast apoptosis, microvascular endothelial
damage) before clinical signs
► KGF (kerotinocyte growth factor) produced by endothelial cells may
plays as growth signal for the epithelium

 Role of cytokines
► levels

of the pro-inflammatory cytokines tumor necrosis factor (TNF),
interleukin-6 (IL-6), and interleukin-1 beta (IL-1β) increase before
tissue damage is apparent
► severity of oral mucositis correlates with the intensity of pro-inflammatory
cytokine production
► platelet-activating factor, increases correspondingly with the severity of
oral mucositis; interventions that inhibited platelet aggregation have been
demonstrated to reduce mucositis severity

Oral mucositis
► New

data  more complex theory

 Role of apoptosis
►much

of the tissue damage seen in mucositis is a
consequence of apoptosis
►in certain instances, interfering with apoptosis can
prevent mucositis
►ceramide pathway is a mechanism leading to
apoptosis
►many attenuators of ceramide in the submucosa
favorably affect the severity of mucosal injury
►in genetic conditions influencing apoptosis,
mucosal damage is also influenced – in psoriasis
(decreased apoptosis) reduced risk of mucositis; in
Addison’s disease (increased apoptosis) increased risk
of mucositis

Sonis ST et al. J Support Oncol 2007

Signaling Pathways Involved in the
Development of Mucositis

Sonis ST et al. J Support Oncol 2007

Five-stage model of oral mucositis

Sonis ST et al. J Support Oncol 2007

Definitions
► Electromagnetic

Radiation
► Quantum, frequency, wave length, isotope,
radioactivity, decay
► Spectrum und source
► Thermic und photo effect
► Ionisation, wave typs
► Biological effects
► Total body irradiation
► Organs – oral cavity

Electromagnetic Radiation
► All

living organism is exposed to
electromagnetic radiation
► Quality and source
 Particle and wave (mass, charge,
frequency - wave length)
► Sun (visible, UV, infra red) cosmic radiation
► Radioactive isotopes
► Artificial (microwave, UV, X-ray etc.)

Effects of electromagnetic
radiation
► Physical
► Chemical
► Biological

effects depend on the energy of
the single particle

► The

energy have to be absorbed

 Timescale, dose

Usual effects
► Thermic

effect (Infra red radiation)

► Photochemical

effect (OPTIC, photosynthesis –

UV, vitamin D3)
► Ionisation (excited particles, ions–negative and

positive, free radicals)
► High

energy radiation types are able to produce
charged ions, ionize the atoms.

» Prevention of Osteoradionecrosis

Radiotherapy regimes such as accelerated fractionation and hyperfractionation, improve local control
but at the expense of increased local complications. [12] Newer protocols such as 3D conformational
radiation therapy and intensity modulated radiotherapy are able to maximize delivery to treatment
areas and minimize dose to surrounding normal tissue. [13] Nevertheless, preventive measures
should be put in place to help to reduce the incidence and severity of osteoradionecrosis. These
measures should be applied both before and after the radiotherapy.

Multidisciplinary approach : As soon a head and neck malignancy is diagnosed, the patient should be

reviewed within a multidisciplinary team. This team should include a dentist who is sufficiently
experienced in dealing with oral cancer patients. If such a person is not available within the team and
the patient is likely to receive radiotherapy, then a referral must be sought.

Preventive measures prior to radiotherapy : The patient should have a full dental evaluation.

This should include radiographs to show all the teeth as well as the jaws to check for unerupted teeth
and any bony pathology. A panoral radiograph should be a minimum but ideally, periapical views of all
the teeth should be taken. All the teeth should be meticulously charted for caries and periodontal
pocketing. Each tooth should be given an individual prognosis and a treatment plan completed and
discussed with the patient. It is important to educate the patient regarding meticulous oral hygiene
and the need for life long regular follow up. The patient's motivation and compliance should be taken
into account when assessing which teeth can be salvaged and which should be removed. All teeth
should be cleaned and scaled. The patient should be encouraged to rinse with a fluoride and
antibacterial mouth wash on a regular basis and high risk patients should have custom trays made to
assist in regular fluoride treatment. Patients with no teeth are easier to treat but should still have a
baseline radiographic evaluation to check for buried teeth. Dentures should be inspected for fitting to
ensure minimal trauma to the tissues. [13]
The timing of extractions is controversial but 2-3 weeks prior to radiotherapy is advised
to ensure timely healing. The extractions should be carried out in a non-traumatic
manner with minimal damaged to the surrounding tissues. Recent studies have shown no
difference in the osteoradionecrosis rates in patients who had extractions prior to radiotherapy or
after radiotherapy, however it is still the policy in most institutions to remove unrestorable teeth prior
to radiotherapy. Teeth with questionable prognosis should be carefully discussed with the patient.
[6],[13],[14]

►

Hygiene during radiotherapy : During radiotherapy, the patient will

experience mucositis and xerostomia. Regular review with the
dentist is essential to minimize discomfort. The xerostomia will
cause dryness of the mouth due to lack of saliva, which is essential
to wash away debris and dilute the plaque. Regular mouthwashes
and meticulous oral hygiene is essential during this period. A dry
mouth will sometimes result in patients resorting to foodstuffs that
are sloppy and sticky and have more carbohydrate component
which together with a low saliva flow rate may lead to increased
caries. [4],[13]

Other measures : Patient medication should be reviewed as

Biphosphonates, used in various conditions such as osteoporosis,
Paget's disease and metastatic breast disease have been shown to
cause osteonecrosis of the jaws. The exact mechanism is not known
but is related to suppression of osteoclastic activity. [15]
Paradoxically, biphosphonates have also been used in the treatment
of osteoradionecrosis, highlighting our incomplete understanding of
the condition. [16]

After radiotherapy : The patient should be reviewed regularly to reenforce oral care and look for signs of dental disease or mucosal
damage.

