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ABSTRACT 

The radiation exposure from standalone CT in neck area might increase the thyroid cancer risk particularly in 

paediatric. The aim of this study is to characterize the dose received by adult and paediatric thyroid undergoing CT 

examination in the neck region. Two sets of Thermoluminescent dosimeters (TLD) and Optically Stimulated Luminescent 

Dosimeters (OSLD) were installed into a solid 3D thyroid phantom of adult and 10 years old paediatric patients, to 

measure the thyroid dose during neck scanning in DECT. The displayed dose quantities on the CT workstation were used 

for effective dose evaluation in the thyroid. In addition, CT-Expo software was used for verification purposes. The CTDIvol 

was very close to the absorbed dose from dosimeters inside the thyroid phantoms. The study reveals that the risk of 

collecting cancer later in life in the thyroid from the common CT scans in neck area is up to 192 per million children. The 

number is considered as low, but should not be ignored, while CT scans procedures are increasing every day.  
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1. INTRODUCTION 

The usage of CT in medicine is increasing 

gradually, which spotlights the radiation dose to the 

patients and the fear of collecting cancer later in life 

particularly in paediatric patients.  

More than 11 % of all CT tests are conducted for 

paediatric patients, and between 30 % and 80 % of these 

procedures are done on the neck and head, including the 

thyroid gland [1].  

Recently, the examination of the neck area has 

become widely used as a result of the development of the 

CT scanner, especially in the dual energy CT. The risk of 

collecting cancer in the future from the CT examination 

especially for paediatric has higher chances than the 

adults, which the ability of children for gaining cancer risk 

is three times higher than the adults at the age of 35 years 

[2]. Many studies reported that the risk of collecting 

cancer for paediatric is increased especially for thyroid 

and other organs such as brain and breast due to radiation 

exposure [3]. 

In CT examinations, the most appropriate direct 

method to measure the absorbed doses is the phantoms. 

Mathematical methods are another way to estimate the 

effective dose to a specified organ tissue. Many 

commercial software were developed to achieve this goal, 

such as ImPACT spreadsheets [4] and CT-Expo excel 

sheets [5]. The computational method considers the 

dominant interaction of x-rays (Compton scatter and 

photoelectric absorption) with a standard virtual phantom, 

wherein further corrections are needed whenever different 

patient sizes are used [6].  

Patient size is very important to estimate the 

patient dose, which is missing in the CTDIvol, as it 

describes the dose in a standard phantom diameter. 

Therefore, the AAPM report no. 204 [7] provides 

conversion factors for CTDIvol on the use of 16 cm and 32 

cm diameter PMMA phantom. Patient size was considered 

in calculating these conversion factors, especially for 

small adult sizes and paediatric patients. These conversion 

factors are used to correct the CTDIvol to estimate the 

patient dose over a certain area relying on an individual 

patient effective diameter.  

In this study, a 3D printed thyroid-neck phantom 

was used to evaluate the absorbed dose to the thyroid 

gland from the Dual-Energy CT procedures. This study 

aims to characterize the radiation exposure to thyroid 

gland associated with the CT test in neck area to assist 

clinicians in minimizing the effective dose necessary to 

achieve beneficial results for the patient. 

The results were used to compare the effective 

dose to the neck area obtained from the reported CTDIvol 

and DLP in CT console as well as the estimated dose from 

CT-expo software. The estimation of lifetime risk of 

developing cancer in the thyroid was also investigated 

 

2. MATERIALS AND METHODS 
The 3D model of thyroid gland designed by 

Alssabbagh et al [8] was used in this study to fabricate a 

solid versions of adult and 10 years paediatric thyroid 

phantom for CT dosimetry purposes. The model has two 

holes for the accommodation of TLD and OSLD in each 

lobe as shown in Figure-1.  
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Figure-1. The 3D thyroid-neck phantom loaded with 

the dosimeters. 

 

Single-source dual-energy Siemens SOMATOM 

Definition 128 detectors CT scanner that is capable of 

producing dual-energy (DE) imaging was used as shown 

in Figure-2.  

The protocol used in the hospital was followed. 

Two voltages (80 kVp and 140 kVp) were set for the DE 

mode. The automatic current modulation feature 

(CareDose4D) was used. 

Two sets of Thermoluminescent dosimeters 

(TLD) and Optically Stimulated Luminescent Dosimeters 

(OSLD) were installed in each loop of the 3D printed 

thyroid phantom (Figure-2). The Tomogram CT 

acquisition was taken before the scanning procedure in the 

DE imaging with the purpose of determining the scan 

length. The exposure from the Tomogram was considered 

in this study.  

 

 
 

Figure-2. The 3D thyroid phantom under the CT scan. 

 

To calculate the effective diameter of the head, 

abdomen and the neck, we refer to the elliptical shape to 

represent these parts in the human body. The Anterior 

Posterior (AP) and Lateral (LAT) dimensions are used to 

calculate the area (A) of the ellipse shape. These factors 

will be employed in the size specific dose estimate 

(SSDE), along with the CTDIvol, as given below: 

 

SSDE = f x × CTDIvolx                                                (1) 

 

where 𝑓𝑥 represents the conversion factor to normalise the 𝐶𝑇𝐷𝐼𝑣𝑜𝑙𝑥  displayed on the CT console using either 16 cm 

or 32 cm diameter phantom. 

On the other hand, the dose length product (DLP) 

can be used as a product with the coefficients k 

(mSv.mGy
-1

.cm
-1

) to estimate the effective dose 

normalized over the region of the body being scanned. The 

effective dose then can be calculated from the DLP that 

displayed on most CT systems [6]: 

 𝐸 = 𝑘 ×  𝐷𝐿𝑃                                                              (2) 

 

The results were used to compare the effective 

dose to the neck area obtained from the reported CTDIvol 

and DLP in CT console. The estimation of lifetime risk of 

collecting cancer in the thyroid was calculated. 

 

3. RESULTS AND DISCUSSIONS  

The CTDIvol obtained from the CT scan 

performed on a standard 16 cm PMMA phantom. The total 

CTDIvol reported from the CT console was 16.79 mGy and 

19.95 mGy for adult and paediatric, respectively.  

From the tables of conversion factors (f
16

) [6] 

based on 16 cm phantom, the f
16

 was 1.18 (Effective 

diameter: 12 cm) and 1.32 (Effective diameter: 9 cm) for 

adult and paediatric neck phantoms, respectively.   

The calculated SSDE for both phantom sizes 

were 19.81 mGy and 26.33 mGy for adult and paediatric, 

respectively. 

The reported CTDIvol values and the new 

normalized values were used to calculate the Dose-Length 

Product (DLP).  

The protocol followed in the hospital for neck 

scan covered the distance of 12 cm for adult and 

paediatric. The DLP in the CT report was 212 mGy.cm 

and 223 mGy.cm for adult and paediatric, respectively. 

The calculated DLP after normalizing the CTDIvol was 

238.28 mGy.cm for adult and 315.96 mGy.cm for 

paediatric.  

The conversion k-factors of the neck for the adult 

(0.0059 mSv/mGy/cm) and 10-years old paediatric neck 

(0.0079 mSv/mGy/cm) were used to calculate the effective 

dose E from the reported and normalized DLP. Table-1 

shows these results with the percentage difference among 

them. 

The results showed a significant difference 

between the values of the normalized and reported 

effective dose (E) for both phantoms. The effective dose to 

the child's neck was increased by a factor of 1.4 and 1.8 in 

comparison to the adult for the E and the normalized E, 

respectively. This indicates that the effective diameter 

affects the absorbed dose in the CTDIvol, which increased 

exponentially with the phantom diameter decreasing and 

hence the DLP.  

The effective dose was evaluated by other 

approach based on the direct measurement of thyroid dose 

by using the TLD and OSLD. The absorbed dose to the 

thyroid was determined by using the average reading of 

the TL and OSL dosimeters as listed in Table-2. 

The effective dose to the thyroid was calculated 

using the tissue-weighting factors (WT) that equal to 0.04 

[9]. It was also noticed that the normalized CTDIvol was 

very close to the absorbed dose from dosimeters inside the 
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thyroid phantom for both phantoms. This may refer to that 

the CTDIvol representing the dose in the central axial over 

a scanned volume, which is the thyroid phantom fell in 

this volume in our case. 

The effective dose values (E) from the reported 

DLP and the normalized DLP were higher than the E 

values obtained from the dosimeters by a factor of 2 and 

2.5, respectively.  

For verification purposes, the CT-Expo software 

v.2.5, released on Feb 2017, was used in this study to 

estimate the absorbed dose and effective dose to the 

thyroid based on the reported CTDIvol and DLP. The new 

release of the software facilitates the calculation of organ 

doses through the Application Module ‘Light’ option, 

where only CTDIvol and DLP values provided by the CT 

scanner are required independently from the scanner type. 

This option provides dose evaluation for adult patients 

only [10].  

As shown in Table-2, the estimated effective dose 

value from the CT-Expo was very close to the resulting 

value of the dosimeters (for adult), when using the 

normalized CTDIvol and DLP. This indicates that using the 

effective diameter of the phantom affects the SSDE and 

consequently the final effective dose to the thyroid.  

An estimation of lifetime risk of developing 

cancer in the thyroid was carried out by multiplying the 

obtained thyroid dose in mGy times the conversion risk 

factor (0.75 × 10
-2

 Gy
-1

) for the radiosensitive glands, as 

recommended by the ICRP publication no. 60 and 

National Council on Radiation Protection and 

Measurements (NCRP) report no. 80 [11] 

 

Table-1. Neck CTDIvol, DLP and E for adult and paediatric of 10 years from the DECT scan. 
 

Phantom CTDIvol CTDIvol
n
 % diff. DLP DLP

n
 E E

n
 % diff. 

Adult 16.79 19.81 18.00% 212 238 1.25 1.40 12.14 

Paediatric 19.95 26.33 32.00% 223 316 1.7617 2.4964 41.71 
 

* n = normalized 

 

Table-2. Effective dose for adult and paediatric from the dosimeters and CT-expo software. 
 

Phantom 
OSLD 

(mGy) 

TLD 

(mGy) 

Average 

(mGy) 
E (mSv) 

CT-Expo 

(mSv) 

CT-Expo
n
 

(mSv) 

Thyroid (Adult) 18.28 18.61 18.45 0.7378 0.66 0.78 

Thyroid (10 y) 25.52 25.73 25.63 1.025 - - 
 

* n = normalized 

 

4. CONCLUSIONS 
The dosimetry study provides direct 

measurements in the middle of the thyroid gland, while the 

simulated software package and the dosimetry quantities 

displayed in the CT console estimate the dose in the neck 

area, including the radiosensitive gland.  

In CT scan procedures, the dose can be lowered 

considerably by means of several dose-reduction 

techniques, such as automatic current modulation, low 

kVp and choosing the reconstruction algorithms.  

It is important to consider the variation of 

acquired dose in CT due to various types of CT scanner, 

scanning protocols and the divergence of scan length 

selected. Therefore, a standard recommendation regarding 

a good practice in CT, especially for paediatric, should be 

considered, whereas the use of CT is still rising. 

Disregarding the low doses that might be applied 

in different CT tests, the understanding of the biological 

effect in the future is not matured yet, particularly when a 

series number of CT tests may be applied, and the 

possibility of having cancer risk later in life may increase 

as well. Therefore, assessment of cancer induction risk 

allows to choose more efficient CT protocols to decrease 

the dose. 

The excess induction risk of thyroid cancer for 

the 10-years old paediatric is 192×10
−6

, which is 

calculated from the absorbed dose measured by the 

dosimetry study. This means that the risk for cancer 

induction of the thyroid from the neck CT scan is up to 

192 per million children. The number is considered low, 

but should not be ignored; meanwhile the numbers of CT 

scan procedures are increasing every day.  

The effective dose obtained in this study from the 

DECT is not sufficient to cause deterministic effects, but it 

is enough to increase the risk of developing cancer later in 

life, which is known as ‘stochastic effects’ [12]. 
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