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On this lecture we going to discuss the following: 

 Thyroid cancer background and epidemiology. 

 Types of thyroid cancer . 

 Risk factors of thyroid cancer. 

 Exposure to dental X-rays and risk of developing thyroid cancer. 

 Dental radiology . 

 Radiation dose and risk. 

 Epidemiology Studies of dental X-ray and risk of thyroid 

cancer . 

 Radiation shielding in dentistry. 
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Abstract  

The thyroid, a small butterfly-shaped gland that impacts almost all of the body’s 

metabolic processes ,is among the most susceptible sites to radiation induced 

carcinogenesis. The risk of thyroid cancer arising from radiation exposure is 

strongly dependent on age at exposure. This risk is greatest in children, 

increasing dramatically as the child’s age at exposure decreases.Risk of thyroid 

cancer for adults exposed to radiation is low, but not absent. It is only recently 

that a risk for exposure after the age of 15 has been observed .Among children 

and adults alike, the risk of thyroid cancer resulting from radiation exposure is 

reduced proportionately with the dose of radiation received. Thyroid cancer 

incidence is increasing throughout the world. In the US in particular, it is 

increasing faster than any other cancer, with more than 56,000 people diagnosed 

with thyroid cancer in 2012 alone .Although it is unlikely that radiation 

exposure is the predominant contributor to this trend, an increase in the use of 

diagnostic x-rays, is widespread and necessitates the protection of the thyroid 

gland where possible to diminish thyroid cancer risk . 

 

 

 

 

Fig 1: Thyroid gland.  
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Introduction  

The thyroid gland is a small butterfly-shaped gland highly susceptible to 

radiation carcinogenesis and exposure to high-dose ionising radiation is the only 

established cause of thyroid cancer. Evidence for an association between 

exposure to high-dose ionising radiation and thyroid cancer has come from 

studies of children who had received x-ray treatment for benign conditions such 

as enlarged tonsils, hae-mangioma, ringworm of the scalp , skin disorders, and 

painful arthritis and spondylosis of the cervical spine [3]. Similar evidence has 

also come from radiation treatment of children with a range of malignancies 

where the treatment field included the thyroid. Additional evidence has come 

from the study of Japanese survivors of the American atomic bombs of 1945 

and the Chernobyl nuclear power plant accident in 1986 [4].Medical diagnostic 

x-rays of the head and neck, particularly dental x-rays are an important source 

of ionising radiation to the thyroid gland. The anatomic position and the 

relatively high radiosensitivity of the thyroid gland make it an organ of concern 

in dental radiography. There  is limited epidemiological data on thyroid cancer 

risk associated with low-dose radiation exposures from common diagnostic x-

rays. Low-dose radiation has been associated with thyroid dysfunction such as 

thyroid autoimmunity among young females, thyroid cysts in females of all ages 

and papillary thyroid cancer in younger women. An increased risk of thyroid 

cancer has also been reported in dentists,dental assistants , diagnostic x-ray 

workers and radiologic technologists suggesting that multiple low-dose 

exposures in adults may also be important. 
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Thyroid cancer background and epidemiology 

Thyroid cancer is the most common type of endocrine malignancy,thyroid 

cancers represent approximately (1%) of new cancer diagnoses each year. 

About 23,500 cases of thyroid cancer are diagnosed annually in the United 

States. The incidence of the disease is three times higher in women than in men 

and the incidence of thyroid cancer peaks in the third and fourth decades of 

life.A study by Davies et al using data from the National Cancer Institute's 

Surveillance, Epidemiology, and End Results (SEER) Program and the National 

Vital Statistics System found that between 1975 and 2009, the rate of thyroid 

cancer among adults in the United States rose from 4.9 per 100,000 individuals 

to 14.3 per 100,000 persons.Thyroid cancers are divided into papillary 

carcinomas represents (80%)of all thyroid neoplasms. Follicular carcinoma is 

the second most common thyroid cancer, accounting for approximately( 10% ) 

of cases. medullary thyroid carcinomas (MTCs) represent( 5-10%) of 

neoplasms. Anaplastic carcinomas account for (1-2%). Primary lymphomas and 

sarcomas are rare[5].Patients with thyroid cancers generally have a favorable 

prognosis compared with that of patients with many other solid tumors, an 

estimated 1200 patients died of thyroid cancer in the United States in 1998. 

Contemporary treatment of patients with thyroid malignancy requires a 

multidisciplinary approach involving an endocrinologist, a thyroid surgeon, a 

radiologist, and, on occasion, medical and radiation oncologists. 
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Types of Thyroid Cancer 

 Papillary carcinoma 

Papillary carcinoma is the most common thyroid malignancy representing 

approximately( 80%). Papillary carcinoma and follicular carcinoma make up the 

well-differentiated thyroid carcinomas. Women develop papillary cancer 3 

times more frequently than men do and the mean age at presentation is 34-40 

years.[5] 

 

 Follicular carcinoma 

Follicular carcinoma is the second most common thyroid malignancy and 

represents about (10%) of thyroid cancers. Follicular carcinoma represents an 

increased portion of thyroid cancers in regions where dietary intake of iodine is 

low. Similar to papillary carcinoma, follicular carcinoma occurs 3 times more 

frequently in women than in men. Patients with follicular carcinoma are 

typically older than those with papillary carcinoma at presents. The mean age 

range at diagnosis is late in the fourth to sixth decades.[5] 

 

 Medullary thyroid carcinomas 

MTCs represent approximately( 5% )of all thyroid malignancies. A slight 

female preponderance is observed. Tumors arise from the parafollicular C cells 

of the thyroid gland. C cells are neural-crest derivatives and produce calcitonin. 

About (75%) of MTCs occur sporadically, and( 25% )occur familially. Familial 

cases are commonly multifocal throughout the thyroid gland, whereas sporadic 

cases are usually not multifocal.[5] 
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 Anaplastic Thyroid Carcinoma 

Anaplastic thyroid carcinoma is one of the least common thyroid carcinomas, 

accounting for( 1.6%) of all thyroid cancers. However, it has the most 

aggressive biologic behavior of all thyroid malignancies and one of the worst 

survival rates of all malignancies in general. Like papillary and follicular 

carcinomas, anaplastic thyroid carcinomas affect more women than men, with a 

female-to-male ratio of about 2-3:1. Patients with anaplastic thyroid carcinomas 

present later than those with other thyroid malignancies,the former most 

typically present in the sixth or seventh decade of life.[5] 

 

Risk factors of thyroid cancer 

Risk factors for thyroid cancer include the following: 

 Gender : Women are diagnosed with 3 of every 4 thyroid cancers. 

 Age:Thyroid cancer can occur at any age, but about two-thirds of all 

cases are found in people between the ages of 20 and 55. Anaplastic 

thyroid cancer is usually diagnosed after age 60. 

 Genetics:genetic conditions such as familial medullary thyroid cancer 

(FMTC), multiple endocrine neoplasia type 2A syndrome (MEN2A), or 

multiple endocrine neoplasia type 2B syndrome (MEN2B). 

 Family history of thyroid disease or thyroid cancer. 

 Race:White people and Asian people are more likely to develop thyroid 

cancer, but this disease can affect a person of any race or ethnicity. 

 Low dietary intake of iodine does not increase the incidence of thyroid 

cancers overall. However, populations with low dietary iodine intake 

have a high proportion of follicular and anaplastic carcinomas .[5] 

 Breast cancer: recent study showed that breast cancer survivors may 

have a higher risk of thyroid cancer, particularly in the first 5 years after 

diagnosis and for those diagnosed with breast cancer at a younger age. 
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 Radiation: Radiation exposure significantly increases the risk for thyroid 

malignancies, particularly papillary thyroid carcinoma. This finding was 

observed in children exposed to radiation after the nuclear bombings in 

Hiroshima and Nagasaki during World War II. Additional evidence was 

gathered after atomic bombs were tested in the Marshall Islands, after the 

accident at the Chernobyl nuclear power plant, and in patients who 

received low-dose radiation therapy for benign disorders (eg, acne, 

adenotonsillar hypertrophy). Low-dose radiation exposure from imaging 

studies has not been found to have a tumorigenic effect. Radiation 

targeting the thyroid gland (eg, iodine-131 ablation of the thyroid) or 

high-dose external-beam radiation therapy does not appear to increase the 

risk of papillary thyroid carcinoma. This is presumably because cell 

killing increases with these doses.[5] 

 

 

Exposure to dental X-rays and risk of developing thyroid cancer 

 Dental radiology 

Radiographs are essential to dentists for diagnosis, treatment planning and 

monitoring treatment or lesion development. However, an integral part of 

radiography is exposure of patients and potentially clinical staff to X-rays. No 

exposure to X-rays can be considered completely free of risk, so the use of 

radiation by dentists is accompanied by a responsibility to ensure appropriate 

protection.[2] 
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 Three factors make dental x-rays a concern as a potential risk for 

thyroid cancer.  

 First, in contrast to mammograms they are used routinely in children and 

also in the treatment of prevalent dental conditions in children.  

 Second, the thyroid gland in children is especially sensitive to the effects 

of radiation.  

 Third, a child’s thyroid gland is closer to the target of the dental x-ray. 

  

There is little doubt that, when used appropriately, dental x-rays are of 

benefit.[22] 

 

 Radiation dose and risk 

 X-rays 

X-rays are a type of electromagnetic radiation. electromagnetic radiation also 

includes visible light, radio waves, microwaves, cosmic radiation, and several 

other varieties of rays. All can be considered as packets of energy, called 

photons, which have wave properties most importantly a wavelength and 

frequency. X-rays are short wavelength, high frequency electromagnetic 

radiation. The importance of this is that high frequency means high energy. 

When X-rays hit atoms this energy can be transferred, producing ionisation of 

atoms.[2] 

 

 Radiation damage 

When patients undergo X-ray examinations millions of photons pass through 

their bodies. These can damage any molecule by ionisation ,but damage to the 

DNA in the chromosomes is of particular importance. Most DNA damage is 

repaired immediately, but rarely a portion of a chromosome may be 

permanently altered (a mutation). This may lead ultimately to the formation of a 

tumour. 
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 The latent period between exposure to X-rays and the clinical diagnosis of a 

tumour may be many years. The risk of a tumour being produced by a particular 

X-ray dose can be estimated, so knowledge of the doses received by 

radiological techniques is important. While doses and risks for dental radiology 

are small, a number of epidemiological studies have provided evidence of an 

increased risk of thyroid[6,7]tumours for dental radiography. 

 

 Radiation Exposure and Dose 

Radiation dose is expressed as an effective dose measured in units of energy 

absorption per unit mass (Joules / kg) called the Sievert (more usually the 

microSievert, μSv, representing one millionth of a Sievert). In practice, 

effective dose is calculated for any X-ray technique by measuring the energy 

absorption in a number of key organs in the body, so that the final figure is a 

representation of whole body detriment. While effective dose is an impossible 

quantity to measure in vivo, it is possible to determine it from laboratory studies 

or computer modelling. This can then be used to estimate radiation risk.Many 

studies have measured doses of radiation for dental radiography, but only a few 

have estimated effective doses. There are still a number of radiographic 

techniques for which no published data are available and some for which very 

different results have been reported .[2] 
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 The amount of exposure varies depending on the following: 

 Film speed: Radiation exposure can be limited by using the fastest film 

available. The use of F-speed film instead of D-speed reduces the absorbed 

dose by (60%). Using F-speed film instead of E-speed reduces the absorbed 

dose by an additional (20%).[8] 

 Collimation: Radiation exposure can be limited by using rectangular 

collimation. The use of rectangular collima- tion instead of round 

collimation reduces the absorbed dose by( 60%) to( 70%).[8] 

 Technique: Radiation exposure can be limited by increasing the source-to-

film distance. The use of the long-cone paralleling technique and increased 

source to film distance reduces the skin dose.[8] 

 Exposure  factors: Radiation exposure can be limited by using a higher 

kilovoltage peak. The use of higher kilovolt- age peak reduces the skin 

dose. 

Surface exposure or the measure of the intensity of radia-tion at the patient’s 

skin surface in coulombs per kilogram or roentgens, is typically used when 

referring to patient exposure. A single intraoral radiograph (D-speed film, 70 

kVp, long PID) results in a mean surface exposure of 250 milli- roentgens 

(mR). With F-speed film, a single intraoral radio- graph results in a mean 

surface exposure of 100 mR.[8]The concept of absorbed dose may also be used 

when referring to patient exposure and dose. The absorbed dose from a 20-film 

series of dental radiographs (round collima- tion, F-speed film, long PID) is 

estimated to be 41 mrads (0.00041 Gy). If rectangular collimation is used, the 

absorbed dose decreases to approximately 13 mrads (0.00013 Gy).[8] 
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Table 1: Absorbed dose from intraoral radiographs .[8] 

 

 

 The risks 

Radiation damage can be considered as the total harm experienced by an 

irradiated individual. In terms of stochastic effects, this includes the lifetime 

risk of fatal cancer, non-fatal cancer and hereditary effects. The probability of 

radiation-induced stochastic effects for the whole population is 7.3 x 10-2Sv-1. 

 

 

Table 2 :Nominal lifetime probability coefficients for stochastic 

effects. [23] 

 

 

Risk is age-dependent ,being highest for the young and least for the elderly.In 

fact, risk for females is always relatively higher than for males. 
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Table 3: Risk in relation to age. [23] 

 

Beyond 80 years of age, the risk becomes negligible because the latent period 

between X-ray exposure and the clinical presentation of a tumour will probably 

exceed the life span of a patient. In contrast, the tissues of younger people are 

more radiosensitive and their prospective life span is likely to exceed the latent 

period. 

 

Table 4 :Effective doses and risks of stochastic effects. [24] 
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Dental radiography is associated with low doses and risks for the individual 

patient. However, while dental radiography is generally low dose, it is a high 

volume procedure, with many millions of radiographs taken annually in the 

European Union . 

 

 

Table 5: Estimated annual numbers of dental radiographs in EU 

countries for which data are available . [9] 

 

 

 Epidemiology Studies 

Studies from Los Angeles County suggest that epidemiologic methods could be 

used to identify the risk of cancer from dental x-rays. For example, a case-

control study of (408 )patients with benign (269) and malignant (139) parotid 

gland tumors and (408) neighborhood controls found an association between 

cancer and both cumulative radiation exposure and exposure before age 20 from 

full-mouth and panoramic dental x-ray examinations. Recognizing the 

possibility of selective recall in a study of this kind, the authors verified the 

dental records of a subset of the cases and controls. Thyroid cancer was not part 

of this study and it is likely that the doses for the examinations included in this 

study have decreased with technological advances [10,11].In Kuwait 313 thyroid 

cancer cases were matched to an equal number of controls.  



 

[14] 
 

Personal interviews were conducted and the consistency of the interviews was 

confirmed by follow-up phone interviews in a subset of the participants.  

Any dental x-ray versus no dental x-rays were associated with significantly 

increased risk of thyroid cancer (OR 2.1, 95% CI 1.4-3.1). Also, the number of 

dental x-rays reported was significantly associated with thyroid cancer [12].This 

study should be considered inconclusive. First, it depended completely on self- 

reporting of diagnostic x-rays which is subject to recall bias. Second, the 

number of dental x-ray procedures used as a surrogate for dose cumulative 

doses to the thyroid in this study are not known. Third, other sources of 

radiation exposure were also obtained by self-reporting and were adjusted for 

however, the procedure used to perform this adjustment was not described.The 

potential for recall bias in case-control studies of diagnostic x-ray exposure has 

been carefully documented in two studies, one in Sweden and one in the U.S 

and Sweden [13,14]Studies in both countries found substantial lack of agreement 

between interview and medical records and potential evidence of bias, although 

largely non-differential. 

 

Radiation shielding in dentistry 

 External shielding 

Shielding is the application of an external material to attenuate the primary X‐

ray beam and any external scatter of the X‐ rays. Shielding should be the final 

consideration in dose reduction after optimizing all other variables such as 

,collimation ,film speed and exposure. Shielding should be applied to 

radiosensitive structures (e.g. the thyroid) when they are within 5 cm of the 

primary beam, and the shielding does not impair the necessary diagnostic 

information. Doses to tissues outside the X‐ ray beam occurring from internal 

scatter radiation cannot be shielded.[1],so it is important to use external shielding 

when indicated and to position it precisely to maximize dose reduction. 
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 Intraoral dental imaging 

 Thyroid collar 

The thyroid gland is one of the more radiosensitive organs in the head and neck 

region. It is frequently exposed to scattered radiation and occasionally to 

primary beam during dental radiography. Because people under age 30 are at 

greater risk of radiation induced thyroid cancer than older individuals, some 

have argued that thyroid collars should be used when intraoral radiographic 

examinations are made on this population[15].However, it is probable that 

rectangular collimation for intraoral radiography offers a similar level of thyroid 

protection to lead shielding.Thyroid shielding is inappropriate for panoramic 

radiography as it may interfere with the primary beam. In cephalometric 

radiography lead thyroid protection is necessary if the beam collimation does 

not exclude the thyroid gland. Thyroid shielding was found to reduce radiation 

doses of 45% during CT of the head and is strongly recommended, especially in 

younger age groups [16]. 

 

 Leaded aprons 

Lead aprons do not protect against scattered internal radiation, and their use 

does not provide a significant difference in the extremely low gonadal doses, so 

they are not indicated for dental imaging.[17] 

The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA), 

the UK Guidance/National Radiation Protection Board, the American Academy 

of Oral and Maxillofacial Radiology and the European Commission on 

Radiation Protection all agree that there is no justification for the routine use of 

lead aprons. 
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 Pregnant women 

Many studies conclude that there is no need for a protective lead apron during 

pregnancy and deem routine use unnecessary unless they are used to allay 

perceived patient anxiety.[18]Therefore, providing there is sound clinical 

justification, pregnant women should not have their treatment deferred due to 

potential foetal risk from ionizing radiation from intraoral dental 

radiography.[18] 

 

 Panoramic radiography 

ARPANSA and the European Academy of DentomaxilloFacial Radiology 

guidelines emphasize that there is no evidence supporting the routine use of lead 

apron or thyroid shielding in panoramic imaging if the thyroid is outside the 

primary beam.[19]Thyroid shielding may interfere with the primary beam and 

cause artefacts. It may also obscure anatomical structures or pathosis  which may 

lead to the need for a repeat exposure.[18] 

 

 Cephalometric imaging 

In the case of cephalometric radiographs, shielding of the thyroid is only 

warranted when it cannot be excluded from the primary beam via collimation or 

positioning.[18] 

 

 Collimation 

Collimation of the primary beam should be matched to the receptor size, and 

hence rectangular collimation should be used. This has been shown to reduce 

patient exposure by at least 50% compared to a standard 7 cm circular 

collimator.[20]the use of rectangular collimators in dental practice is very rare. 
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 Film speed 

Changing film speed has a significant impact on the exposure required to 

produce an image. Simply switching from D‐ speed to F‐ speed film can reduce 

patient exposure by (60%). Utilizing digital sensors can further reduce the 

exposure by approximately (25%), but this is subject to variances, e.g. the type 

and manufacturer of the sensor, and the brand of X‐ ray machine being used 

[21]with some digital sensors and X‐ ray machines using the same exposure as 

F‐ speed film. Although digital radiography has a claimed dose reduction 

benefit of( 50–80%), the increased number of radiographs taken utilizing digital 

systems reduces this figure to approximately( 25%).[21]This is likely to be a 

result of the procedure for retaking digital images being so convenient that the 

clinician may be more inclined to repeat exposures compared to those using 

film.A reduction in dose by a factor of 10 for bitewings can be achieved by 

adopting rectangular collimation and F‐ speed film as opposed to circular 

collimation and D‐ speed film.[20] 

 

 Other people 

A lead apron, or equivalent is required for any individual in the room during 

radiographic exposure if additional to the individual who is being irradiated 

(e.g. a parent when a child is having radiographs taken). Alternatives to a lead 

apron are the use of an external shield, or by ensuring that there is at least two 

metres distance from the X‐ ray tube and the person is not positioned in the 

direct pathway of the primary beam.[19] 
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Conclusions 

Exposure to ionizing radiation at a young age is an established risk factor for 

thyroid cancer. However, the data to support this are based largely on studies of 

atomic bomb survivors and therapeutic doses of radiation, which involves 

exposure to much higher levels of radiation than dental imaging. Although it is 

thought that the low doses of dental radiography present little risk to patients 

until there is clear evidence for a threshold dose below which patients are not at 

risk, it must be assumed that dental radiography involves a small, but real risk. 

Therefore, reducing techniques such as the use of thyroid shielding should be 

employed where possible, and when it will not interfere with image quality. 
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