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Objective of the project: 
To estimate organ doses and calculate effective doses from 
dental X-ray exposures using paediatric anthropomorphic 
phantoms complimented with patient dosimetry, to establish 
conversion factors between skin and organ doses, and to use 
both types of measurements to estimate patient-specific 
cancer risk by applying the most recent risk models.

Target of this study: 
To measure organ doses with Thermo luminescent dosimeters 
(TLD) are placed into anthropomorphic phantoms 
representing children at ages 5 and 10. Measurements are 
done using different types of dental X-ray equipment: cone 
beam computed tomography (CBCT), panoramic and 
cephalometric radiography, and intra-oral radiography. For 
CBCT in particular, a large amount of units were included to 
cover the available range of exposure protocols. 







• Lifetime attributable risk estimates: cancer 
incidence and mortality per 1000,000 persons 
attributable to radiation exposure from
different applications are determined for a 
population and given in person-Sv (Collective
Effective Dose).



‘There is mercy on the controversy of 
the people’

• ‘Effective dose’ has been defined and introduced by 
International Commission on Radiological
Protection (ICRP) for risk management purposes. It was 
designed to allow comparisons of the risks associated 
with different spatially-inhomogeneous exposures, now 
most frequently from different imaging techniques / 
scenarios.

effective dose (i.e. summed organ doses, each weighted 
with committee-generated numbers)[1]
The effective dose is a quantity which is a risk metric, and is 
not a dosimetric quantity.







• Türkiye Halk 
Sağlığı Kurumu 
Kanser Daire 
Başkanlığı

• http://kanser.gov.t
r/Dosya/2017Hab
erler/2017_4_sub
at.pdf



CT and XA Phantoms for educational
and dosimetric purposes



• Imaging phantoms, or simply "phantoms", are specially designed objects that 
are scanned or imaged in the field of medical imaging to evaluate, analyze, 
and tune the performance of various imaging devices. These objects are more 
readily available and provide more consistent results than the use of a living 
subject or cadaver, and likewise avoid subjecting a living subject to direct 
riskThese materials offer the X-ray attenuation and density characteristics of 
natural human tissue for diagnostic imaging modalities. 

• The basic components can be brought into any anthropomorphic shape. Some 
of these materials are appropriate for calibration purposes. Solid material 
that mimics human bone. Available in many concentrations of Calcium 
Hydroxyapatite (CaHA) up to 1000 mg HA / ccm.

• All type of tissue can be provided for X-ray imaging modalities: soft tissue, 
liver, muscle, fat, etc.

• These phantoms can be based on tissue or water equivalent materials, solid 
resins or pmma as well.

• Anthropomorphic phantoms are physical test objects simulating anatomical 
structures of the body in an easier and more ‘convenient’ way to use. Some 
phantoms provide equivalent properties as the real human body does, i.e. 
organs as lung, liver, fat, bone, etc.. This is an advantage in X-ray imaging due 
to dose issues – so medical devices can be tested without using human 
volunteers.



• Thermoluminescent
dosimetry (TLD) 
measurements are 
done by placing TLD 
chips (TLD-100H, 
Thermoscientific, 
USA) into certain 
locations to 
determine organ 
doses with a 
traceably calibrated 
TLD reader 
(Harshaw 4500, 
Thermoscientific, 
USA).







• As CBCT exposures can show sharp dose gradients in the horizontal and 
vertical planes, it is essential to estimate the absorbed dose for each organ by 
spreading out an adequate number of TLDs throughout it

• Organs in the head and neck region that are included in the effective dose 
calculation are bone surface, brain, oesophagus, red bone marrow, salivary 
glands, skin, thyroid and remainder tissues. For the remainder tissues, the 
extrathoracic region, lymphatic nodes, muscle and oral mucosa were 
included. The dose to the eye lens was also measured as there is increasing 
evidence for its high sensitivity for non-stochastic effects at relatively low 
doses.

• The absorbed dose to each organ or tissue (T) was calculated in different 
ways, depending on the anatomical distribution of the tissue in question. For 
the brain, salivary glands, thyroid, oral mucosa and extrathoracic region, all of 
which are found solely in the head and neck region, the absorbed dose could 
be calculated as the average value for all TLDs used for these organs. 

• For the other tissues, the fraction of the tissue that was covered by the head 
and neck portion of the phantom was estimated. For muscle and lymphatic 
nodes, an overall fraction of 5% was applied to the average value of all TLDs; 
for the oesophagus, a fraction of 10% was used. For bone surface, red bone 
marrow and skin, organ fractions were determined based on the estimated 
fractions of these tissues in each slice of the phantom.
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Results

• In the UK about 0·6% of the cumulative risk of cancer 
to age 75 years could be attributable to diagnostic X-
rays. This percentage is equivalent to about 700 cases 
of cancer per year. In 13 other developed countries, 
estimates of the attributable risk ranged from 0·6% to 
1·8%, whereas in Japan, which had the highest 
estimated annual exposure frequency in the world, it 
was more than 3% [1].

• In Turkey Total CBCT exposures about; 500 
scanner*250 days/year*5 exposure/day =625,000/year



CONCLUSION

• Effective doses are calculated using ICRP 103 tissue weighting factors. Using the anthropomorphic 
phantom measurements an age- and gender-dependent risk model will then be applied to estimate 
the lifetime attributable cancer risk for each patient.

• The age-dependent, gender-averaged lifetime attributable risk (LAR) for cancer mortality was 
calculated based on the dose-risk model proposed in the BEIR VII report, assuming an age of 16 
years for the adolescent phantom. Results: Effective doses (10-year-old / adolescent) were between 
16-282 / 18-216 µSv for CBCT, 10 / 6 µSv for panoramic radiography, 2 / 1 µSv for cephalometry, and 
605 / 1047 µSv for MSCT. The salivary glands, thyroid gland and remainder tissues contributed most 
to the effective dose for both phantoms. The LAR, expressed as patients per million developing a 
mortal radiation-induced cancer, ranged between 3.4 and 59.0 for CBCT for a 10-year-old and 
between 2.7 and 32.9 for an adolescent. LARs for a 10-year-old and adolescent were 126.7 and 
159.6 for MSCT, 2.1 and 1.0 for panoramic radiography and 0.3 and 0.2 for cephalometry. 
Conclusion: A wide dose and risk range was seen for the included CBCT devices and protocols. 
Individual cancer risk estimations from dental exposures were small but significant, considering the 
frequent use of radiographic imaging in dental practice. It is of particular importance for young 
children to justify the use of dental CBCT or MSCT over conventional X-ray imaging, and to optimize 
doses for each individual exposure. The influence of the age at exposure on the dose-risk relation 
should always be kept in mind as well as the increased risk for female patients, especially at a 
young age. 
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