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ABSTRACT: One of the most effective methods to report organ dose in CT scan (Computed Tomography scan) is to 

report effective dose. This study aimed to investigate the actual dose during head and neck CT scans using an 

anthropomorphic head phantom. In this study, an anthropomorphic phantom was constructed with natural bone and 

paraffin wax. Then, we considered several sites in the phantom to investigate the dose. These sites include the Brain, 

Thyroid, Parotid, and Lens, which were filled by Gafchromic films. Finally, we irradiated the phantom using several 

CT protocols. Our findings indicate that the dose of the considered organs was in the different ranges according to the 

protocol used. The highest dose range was related to the ten-slice spiral, ranging from 0.75 to 15.8 mGy (Mean). We 

showed the lowest dose range in SPECT-CT which was in the range of 0.55 to 0.1 mGy (Mean). The absorbed dose of 

the eyes was much higher in most protocols compared to the other organs. There is also the most significant difference 

between the lens and the other organs in the ten-slice spiral CT. Comparing the 10 and 256 slice scanners; we showed 

that the organ dose in the 256 slice is less than ten slices. The lowest mean organ dose (mGy) and SD (Standard 

Deviation)  are related to the SPECT CT, which are 0.76±0.03, 0.95±0.02, 0.78±0.02, and 0.71±0.02 for the brain, 

parotid, lens, and thyroid, respectively. 

 
                        INTRODUCTION 

Computed Tomography (CT) is one of the most valued 

imaging techniques that use ionizing radiation and 

produces sectional images of the patient body for early 

diagnosis of diseases [1-4]. With the worldwide 

improvement of CT technology and utilizing multislice 

CT scanners, an increase in the demand for CT 

examinations has been followed [5,6]. Although CT scan 

is recognized as a high dose procedure, it is one of the 

most widely considered technologies in medicine due to 

its high-quality images and better diagnosis of diseases 

[7-9]. So, CT is utilized for a wide range of 

applications, including diagnosis of injuries, infections, 

tumors, and other disorders, which necessitate 

estimation of absorbed dose to organ at risk [6, 10]. 

As the potential risks of ionizing radiation used in CT 

scan, there would be a necessity to compromise the 

advantages of CT scan against the potential risk of 

cancer induction due to its relatively high dose of 
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radiation compared to other diagnostic modalities [3, 5]. 

Regarding increasing number of CT scans, the patient 

dose has become a significant concern because of its 

portion of the population dose [10-12]. Different 

methods exist to measure CT doses, such as CT Dose 

Index (CTDI), Dose Length Product (DLP), and 

effective organ dose. CTDI is one of the most 

frequently used parameters to estimate radiation 

exposure in CT scans [6, 13]. Most studies report their 

findings based on CTDI to measure organ radiation 

absorbed dose [14]. The effective organ dose could be 

measured by TLDs or Gafchromic films, which placed 

in the targeted organs in an anthropomorphic phantom 

to examine the radiation absorbed dose. This parameter 

is a measure of organ dose to present an estimation of 

radiation carcinogenesis due to stochastic effects [15, 

16]. 

So, this method can be applied for organ dosimetry in 

different protocols to facilitate dose optimization, and 

has been shown that practical organ dosimetry is a 

standard method to measure radiation risks [17, 18]. 

Absorbed dose to critical organs has been investigated 

previously using anthropomorphic head phantom, and it 

has been concluded that the mean absorbed dose to 

brain, eyes, and thyroid during head computed 

tomography imaging is firmly lower than the ICRP 

recommendation [19]. 

Although CT scan procedures have a higher effective 

dose compared to other imaging techniques, it is the most 

established practice; therefore, more attention should be 

paid to this imaging protocol [5, 20]. 

The main goal of this study is to focus on evaluating 

absorbed dose in most common CT protocols such as 

Angio, Spiral, Sequential, Flash, and Dual Source with 

several CT machines. An anthropomorphic head 

phantom was implemented to measure the absorbed dose 

during the CT exam using Gafchromic films. 

MATERIALS AND METHODS 

Phantom 

An anthropomorphic head phantom was produced using 

a human skull and paraffin wax with NaCl as an 

impurity, respectively [6]. To estimate total brain dose, 

we divided the brain into three regions, including Upper 

Brain, Mid Brain, and Brain Stem from the skull apex 

downwards and the anatomical position of the left to 

right parotid on the base of the skull (Figure 1). We also 

considered the weight coefficients of 0.25, 0.5, and 0.25 

for area, respectively. Besides, two small applicators 

with film insertions were considered at the side lobes of 

the thyroid to measure thyroid dose. Absorbed dose to 

the lens of the eye was measured at the surface. 

 
Figure 1. Head & neck phantom with the approximate position of considered organs. 

Calibration of Dosimeters 

To obtain a calibration curve, multiple pieces of films 

were divided into several groups, each consisting three 

pieces, receiving a known dose which was measured 

using a dose monitor device (Pehamed, Germany). To 
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obtain the calibration equation, the net optical density 

(netOD (Net Optical Density)) was obtained from the 

following relationship after reading with a flatbed 

scanner: 

netOD=ODexp-ODunexp=log10[(PVnexp-PVbg)/(PVexp-

PVbg)] 

PVunexp is the pixel value of the unexposed film, PVexp is 

for the exposed film, and PVbg is for opaque black 

cardboard.  

Imaging Protocols 

As shown in Figure 2, we used several CT machines, 

including two SPECT-CT as Siemens Symbia Truepoint, 

and GE Infinia Hawkeye 4 and two CT machines, 

including Siemens Somatom definition flash 256 slices 

and Somatom Sensation 10 slice. The most common 

imaging protocols as spiral, sequential, flash, dual-source 

and CT Angio for an adult man for the head region were 

selected to simulate the exact condition related to 

phantom measurement; no parameters of the scan were 

changed. The scan parameters are shown in Table 1.  

Dosimetric Measurements 

Our target organs for which the doses were measured 

included the whole brain (with an estimation of measured 

doses from two perpendicular applicators), the lens of the 

eye, thyroid, and parotid. The exposed films were 

scanned as previously described, and the red channel 

from the RGB image was extracted in Matlab (R2021a, 

Mathworks, USA) to obtain the organ dose. To increase 

reproducibility and reduce noise, each measurement 

triplicates. 

Table 1. The scan parameters related to the protocols used in this study. 

Protocol kV/ mAs 

SPECT CT (1) 80/ 225 

SPECT CT (2) 130/ 260 

SPECT CT GE 140/ 100 

256 Slice CT Angio 120/ 175 

256 Slice Dual Source 80, 140/ 222 

256 Slice Flash 120/ 160 

256 Slice Sequential 120/ 340 

256 Slice Spiral 120/ 390 

10 Slice Brain Angio 120/ 95 

10 Slice Sequential 120/ 300 

10 Slice Spiral (1) 80/ 320 

10 Slice Spiral (2) 120/ 320 

 

 
(a) 

 
(b) 

 
(c) 

Figure 2. The head phantom was placed at the (a) SPECT-CT, (b) 10 slice CT and (c) 256 slice.
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                               RESULTS 

Figures 3 to 6 show data that are related to the calibration 

of Gafchromic films used in this study. The calibration 

was performed in different kVs, including 80, 120, 130, 

and 140kV. We calculated the Calibration Equation and 

Correlation Coefficient (R2) in each kV. In the 

calibration equation, y (the vertical axis) represents the 

dose in mGy, and x (the horizontal axis) shows the 

netOD. 

 
Figure 3. Calibration curve at 80kV. 

 
Figure 4. Calibration curve at 120kV. 

 
Figure 5. Calibration curve at 130kV 

 
Figure 6. Calibration curve at 140kV. 

 

 
Figure 7 presents the mean absorbed dose to the critical 

organs, including the Brain, Thyroid, Parotid, and lens of 

the eye. The absorbed dose to the brain, Thyroid, and 

Parotid is an indicator of the mean depth dose, and the 

dose delivered to the lens is described as the mean 

surface dose.  

According to Figure 7, the highest dose delivered to the 

brain has been observed in protocol 10 Slice Spiral 

(120kV, 320mAs), while the lowest absorbed dose is 

related to the protocol SPECT-CT GE (140kV, 100mAs). 

According to the results in Figure 7, the highest absorbed 

dose to the thyroid is shown in the protocol SPECT-CT 

(80kV, 225mAs), and the lowest dose is related to 

protocol 256 slice Dual Source (80/140kV. 222mAs).  

As shown in Figure 7, the highest absorbed dose to 

parotid is as same as thyroid, but the lowest dose has 

been observed in protocol 256 Slice Dual Source. Figure 

7 also shows that the highest dose delivered to the lens is 

related to protocol 10 Slice Spiral (120kV, 320mAs), and 

the lowest dose has been observed in protocol SPECT-

CT GE, precisely the same as the brain. 
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Figure 7. Mean organ dose (SD) in mGy in different protocols. 

                           DISCUSSION 

In the present study, we compared doses to the Brain, 

Parotid, Thyroid, and lens of the eye in several CT 

scanners under clinical conditions. To simulate a more 

accurate clinical condition, we used an anthropomorphic 

phantom in this study that provided appropriate tissue 

organs. Gafchromic films, which are sensitive to low 

doses of radiation embedded at related sites of the 

phantom to measure the organ dose. 

Measurement of effective dose is a well-known method 

used to analyze radiation risk and is considered very 

valuable in calculating the dose received by the patient. 

This method also allows us to compare different CT 

protocols so that a lower dose reaches the patient during 

the CT examination [19, 21]. 

The patient radiation absorbed dose from CT procedures, 

is influenced by several factors such as beam quality 

(kVp), slice thickness, the current tube time (mAs), and 

the number of detectors in the scanner. There is 

considerable evidence suggesting that the effective organ 

dose delivered by CT procedures can be directly related 

to the increase in cancer incidence [4]. 

In the present study, we compared the organ dose in 

several CT protocols, which are different in mAs, kVp, 

and the number of slices. The radiation dose of 10 Slice 

Spiral protocols (120kV, 320mAs) is much higher than 

the other protocols due to its high rate of CT parameters 

and the small number of slice scanners. However, we 

expect the organ dose should be lower in this protocol 

because it scans the body in a spiral path. 

As is observed in Table 2, by comparing protocols 

SPECT-CT (80kV, 225mAs), SPECT-CT (130kV, 

260mAs), and SPECT-CT GE (100kV, 140mAs), we 

showed that there is a relation between protocol dose and 

organ absorbed dose. According to the Table 1, in 

SPECT CT (130kV, 260 mAs) the doses which are 

delivered to the brain and lens of the eye are higher than 

the two other protocols due to the higher beam 

parameters. So with increasing the protocol dose, the 

organ dose also increases. In the case of the thyroid, the 

difference may be due to the strict collimation and its 

position relative to the slices [6]. This is precisely the 

case with the two other protocols, such as ten slice Spiral 

(80kV, 320mAs) and ten slice Spiral (120kV, 320mAs). 

As indicated in this Table and Figure 7, the lowest 

absorption dose is related to the SPECT-CT GE, which is 

significantly different from other protocols due to its 

shallow tube time-current product (mAs). 
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Table 2. Mean organ dose in mGy at three different CT protocols 

Protocol Brain/ mGy (Mean) 
Parotid/ mGy 

(Mean) 

Lens of Eye/ mGy 

(Mean) 

Thyroid/ mGy 

(Mean) 

SPECT-CT 

(80kV, 225mAs) 
10.27 8.28 10.97 1.22 

SPECT-CT 

(130kV, 260mAs) 
11.99 8.15 13.46 0.14 

SPECT-CT GE 

(140kV, 100mAs) 
0.76 0.95 0.78 0.71 

 

Our results showed the absorbed dose to the lens of the 

eye was the highest in almost all protocols, which could 

be due to exposure to primary radiation [22, 23]. The 

highest mean dose (mGy) and SD of the lens were 

23.21± 0.9 in ten Slice Spiral (120kV, 320mAs). 

Regarding the nature of CT angiography, which is 

tracing the blood flow in arteries, it requires the sectional 

images to be gathered fast, so it is better to use 

multidetector CT (MDCT) to take good images while 

reducing organ dose due to the higher number of detector 

arrays, like the 256-slice scanner [6]. However, 

according to our results, the absorbed dose in the 256-

slice CT angiography protocol is a little more than the 

ten slice scanner because of the higher mAs used in the 

256 slices CT Angio. 

These results are consistent with the results reported by 

Seyedatashi et al., that compared the organ dose in ten 

slices and 256 slices CT Angio. They showed the 

absorbed dose in 256 slice is higher than ten slices [6]. 

It should be noted that in 256 Slice Dual Source and 256 

Slice Flash protocols, due to the nature of the protocols 

and by utilizing tissue absorption coefficients at different 

voltages, we can achieve better images with lower doses, 

and as a result, lower organ doses are obtained as shown 

in our results. 

As it can be seen from table 3, in sequential and spiral 

protocols with the difference in the slice numbers, the 

organ dose in 256 slice scanners (except for the thyroid 

in the Spiral protocol and thyroid and parotid in the 

Sequential protocol) is lower than ten slice scanners. 

There are several explanations that can be associated 

with lower doses of the 256 slices compared to ten slice 

protocols. It could be due to the higher number of 

detector arrays in 256 slice scanners, which causes a 

lower dose to reach the organs despite the higher CT 

parameters in the 256-slice protocol [6]. Our results are 

in agreement with the study conducted by Moore et al., 

who measured and compared radiation dose in 4-8 and 

16 MDCT and showed that the radiation dose in 4-

detector scanner is 47% higher than in 16-detector 

scanner, which correlates with our results [24]. 

The differences seen in the organs such as thyroid and 

parotid could be due to the direct incidence of CT 

exposure on dosimeter location in these organs. 

Table 3. Mean organ dose in mGy at four different CT protocols. 

Protocol 
Brain/ mGy 

(Mean) 

Parotid/ mGy 

(Mean) 

Lens of Eye/ mGy 

(Mean) 

Thyroid/ mGy 

(Mean) 

10 Slice Spiral 

(120kV, 320mAs) 
15.79 6.51 23.21 0.73 

256 Slice Spiral 

(120kV, 390mAs) 
13.1 6.1 15.3 0.87 

10 Slice Sequential 

(120kV, 300mAs) 
13.41 4.03 22.43 0.45 

256 Slice Sequential 

(120kV, 340mAs) 
12.27 5.74 14.35 0.56 
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                               CONCLUSIONS 

A survey was performed on the most prevalent CT 

protocols to present data in hand in order to have an 

estimation of dose levels of such protocols, which helps 

health professionals to decide. It is concluded that if the 

dose delivered to the patient is high, the absorbed dose 

should be reduced by optimizing the dose using scan 

parameters modulation and technical measures [7] to 

make sure the patient and public dose do not cause 

cancer induction. 
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