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Abstract 

Purpose: The danger of radiation at low doses continues linearly, and without a threshold, investigations 

concluded that although the risk of cancer from Computed Tomography (CT) scans is low, it is not zero. 

This study aims to determine the patient's radiation dose and estimate the Lifetime Attributable Risk (LAR) of 

cancer incidence for a single chest CT scan in children.  

Materials and Methods: We divided 1,105 children into four age groups: 0 years, 5 years, 10 years, and 15 years. 

Dosimetric data of chest CT scan were plugged in VirtualDoseCT software, and organ dose and effective dose 

were calculated. The cancer risk based on organ dose is estimated according to the BEIR VII report. 

Results: The highest dose in boys was related to lung (5.13 - 6.8 mSv) and heart (5.27-5.97 mSv), and in girls, 

lung (4.98 - 5.91 mSv), breast (4.24 - 5.21 mSv), and heart (4.9 - 5.71 mSv) had the highest dose. The highest 

LAR (per 100,000) was obtained for the breast in the age group of 0 years (61.01), followed by the breast for the 

age group of 5 years (46.16) and lung in the age group of 0 years (43.32) in girls. 

Conclusion: This study shows a better concept of radiation dose in the chest CT scan in children and how much 

effective dose and organ dose values increase the cancer risk. 

Keywords: Lifetime Attributable Risk; Chest Computed Tomography Scan; Radiation Dose; Cancer Risk; 

Children; Biologic Effects of Ionizing Radiation VII. 
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1. Introduction  

Computed Tomography (CT) imaging in children and 

adolescents accounts for 3 to 11% of the total CT scan. In 

this age group, the range of organ doses from tens of mGy 

for one organ in the scan field to hundreds of µGy for one 

organ adjacent to the scan field [1, 2]. The organ dose 

received by the patient during a CT scan is powerful 

enough to alter the structure of the body's molecules, 

including DNA. These alterations may be complicated 

and irreversible; consequently, they can result in cancer or 

hereditary disorders [3]. There are worries regarding the 

usage of CT scans, which are expanding daily, and 

patients should be checked frequently. Epidemiological 

studies conducted in recent years have shown that ionizing 

radiation increases the risk of brain tumors, leukemia, 

breast cancer, and thyroid cancer in children [4, 5]. 

Because there is evidence for radiation hazards of less than 

100 mGy [6], the National Research Council's Committee 

on the Biological Effects of Ionizing Radiation (BEIR) in 

the seventh report (BEIR VII) proposes a linear no-

threshold model to evaluate the effects of doses less than 

100 mSv. The danger of radiation at low doses continues 

linearly and without a threshold, according to this model 

presented in Figure 1. Even the tiniest radiation dose may 

increase human risk [5]. For a given dose, such as a 

patient's dose on a CT scan, the Lifetime Attributable Risk 

(LAR) indicates the radiation risk and the likelihood of 

developing cancer over a patient's lifespan of up to 120 

years. This quantity is a risk expression model resulting 

from epidemiological literature and is a risk indicator in 

radiation protection [7]. Several studies have used BEIR 

VII report risk models to estimate the LAR of primary 

tumors caused by radiation on CT images in children. 

These investigations concluded that although the risk of 

cancer from CT scans is low, it is not zero [8-10]. Based 

on this background, in this study, we calculate the 

radiation dose on a chest CT scan in children and estimate 

the LAR of cancer for a single chest CT scan based on the 

risk assessment tables in the BEIR VII report. 

2. Materials and Methods  

2.1. Data Collection and Dose Estimation 

From December 2020 to September 2021, we 

collected 1,105 chest CT scans performed on children. 

Ethical approval was obtained for this study 

 

(IR.AJUMS.REC.1400.209), and informed consent 

forms were obtained before data acquisition. All 

examinations were performed with a GE LightSpeed 

16-slice CT scanner. All CT scans were done without 

injection of contrast agent. The parameters related to 

the patient, i.e., age and sex, and the parameters related 

to the radiation conditions of the CT scan machine 

were considered. We plugged these parameters into 

VirtualDose™CT software and calculated each 

patient's organ and effective doses. VirtualDoseCT is 

a web-based dose calculator software with 25 

phantoms to calculate patients' doses online. 

VirtualDoseCT is sophisticated radiation dose 

simulation software for patient dosimetry in CT scans 

[11]. This software enables users to assess organ dose 

and effective dose, in addition to CTDIVOL and DLP 

data provided by the CT scanner. It is ready for use 

with the latest CT scanners and recent ICRP-60 and 

ICRP-103 recommendations on the effective dose [12, 

13]. 

2.2. Cancer Risk Estimation 

Because the BEIR VII model assumes linear no-

threshold at low doses, we chose this model. This 

model also considers cancer in doses less than 100 

mGy and a dose and dose-rate reduction factor of 1.5 

for solid cancers. The cancer risk based on organ dose 

is estimated according to the BEIR VII report. This 

value is based on a dose of 100 mGy per 100,000 

 

Figure 1. The linear no-threshold model considers the 

cancer risk in low dose values as possible and does not 

consider any threshold 
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individuals. The dose received by each organ may be 

entered into the following Equation, and the cancer 

risk can be computed using Table 12D-1, according to 

this report [5, 14]. 

𝐿𝐴𝑅 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑠𝑡𝑢𝑑𝑦 = 
𝑂𝑟𝑔𝑎𝑛 𝐷𝑜𝑠𝑒 (𝑚𝐺𝑦)

100
 × 𝐿𝐴𝑅100 (1) 

LAR100 is the BEIR VII risk estimate for a single-

dose (100 mGy) per 100,000 people. In the BEIR VII 

report, Table 12D-1 shows lifetime risk estimates for 

cancer incidence resulting from a single dose of 100 

mGy at several specific ages. This table provides age 

and sex-specific risk estimates for several organs 

(stomach, colon, liver, lung, bladder, red bone 

marrow, thyroid, breast, uterus, ovary, and prostate). 

2.3. Statistical Analysis 

All dosimetric data collected were analyzed using  SPSS 

Statistics 21 (SPSS Inc, Chicago, IL). Comparisons 

between boys and girls were performed with independent-

sample t-tests. A value of P-Value <0.05 was considered 

statistically significant. 

3. Results  

3.1. Data Collected and Radiation Dose 

Among 1,105 examined patients, 584 (52.8%) were 

boys, and 521 (47.2%) were girls. The mean age was 

14.1 ± 1.3 years for boys (age range from two months 

to 16.9 years) and 15.2 ± 1.1 years for girls (age range 

from eight months to 17.2 years). We categorized 

patients according to four age groups based on the 

BEIR VII report. Age group of 0 years (newborn up to 

2.5 years), age group of 5 years (2.5 to 7.5 years), age 

group of 10 years (7.5 to 12.5 years), and age group of 

15 years (12.5 to 17.5 years). Table 1 shows 

demographic data for the total population and each 

patient's age group. 

The parameters of chest CT protocols for all age 

groups are shown in Table 2. We selected the mean 

value as the scan parameters for each age group. Table 

3 reported the mean effective dose and equivalent 

organ dose for each organ, such as stomach, colon, 

liver, lung, bladder, red bone marrow, thyroid, breast, 

uterus, ovary, and prostate. In a CT scan, the dose 

received by the organ is directly related to the type of 

scan, so the organ inside the scan field receives a 

higher dose than the organ, not in the scan field. Table 

3 shows that the organs in the scan field receive the 

highest dose directly from the primary radiation. 

Table 1. Characteristics of 1,105 patients in this study 

 

Gender 

Age group at exposure 

0 5 10 15 Total 

Boys 58 82 181 263 584 

Girls 61 94 130 236 521 

Total 119 176 311 499 1105 

 

Table 2. Patient data scanning parameters according to age 

groups 

 

Scan parameter 

Age group at exposure 

0 5 10 15 

Tube current (mA) 120 120 150 150 

Pitch 0.7 0.7 0.938 0.938 

Tube voltage (kVp) 120 

Rotation time (s) 0.5 

Detector Collimation 

(mm) 
16 × 1.5 

Slice Thickness (mm) 5 

AEC / AutomA 3D ON 

Scan field of view 
From the thoracic inlet to the 

costophrenic angle 

Scan mode Spiral 

 

 

 

Figure 2. The distribution of effective doses in boys and 

girls 
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Consequently, the most significant doses are given to 

the breast, lung, esophagus, heart, and thymus. 

Figure 2 shows the effective dose distribution for 

boys and girls. In boys, the highest frequency of 

effective dose is in the range of 0.9 to 1.8 mSv with a 

mean of 1.33 mSv; for girls, the highest frequency is 

1.3 to 2.5 mSv with a mean value of 1.88 mSv. 

3.2. Cancer Risk Estimation 

Organ-specific LAR for organs in chest CT scan for 

children was determined using Equation 1. Figure 3 

shows LAR values for boys and girls in the stomach, 

colon, liver, bladder, leukemia, uterus, ovary, and 

prostate. According to Figure 3, in lower-dose organs 

(relative to the lungs, thyroid, and breast), we 

observed a significant risk (or LAR) for liver and 

stomach cancers in boys. In contrast, for girls, stomach 

cancer risks were significant. 

Despite receiving high doses of heart, thymus, and 

esophagus, LAR for these organs has not been 

reported in the BEIR VII report.  Based on BEIR VII, 

the lung, thyroid, and breast had the highest LAR of 

cancer incidence compared to other organs. 

Furthermore, according to Table 3 of this study, the 

lung, thyroid, and breast received high dose. As a 

result, the LAR of cancer incidence for these three 

organs in this study was much higher than the other 

organs, so we showed the LAR of cancer incidence for 

the lung, thyroid, and breast separately for each of the 

four age groups in Figure 4. 

Table 3. The mean value of effective dose (mSv) and equivalent organ dose (mGy) according to 

age groups for boys and girls 

 

 

Organ 

Boys Girls 

Age group at exposure Age group at exposure 

0 5 10 15 0 5 10 15 

Stomach 1.23 0.90 1.02 0.76 1.56 1.06 1.02 0.67 

Colon 0.27 0.08 0.06 0.03 0.19 0.09 0.06 0.03 

Liver 2.85 1.24 1.56 1.25 1.94 1.45 1.56 1.1 

Lung 6.18 5.60 5.59 5.13 5.91 5.71 5.61 4.98 

Bladder 0.08 0.01 0.01 0.01 0.06 0.01 0.01 0.02 

Red Bone Marrow 0.38 0.30 0.34 0.36 0.35 0.31 0.35 0.3 

Thyroid 3.06 2.04 1.1 0.84 3.05 2.59 1.76 1.37 

Breast - - - - 5.21 5.05 4.90 4.24 

Uterus - - - - 0.12 0.04 0.02 0.01 

Ovary - - - - 0.12 0.03 0.02 0.01 

Prostate 0.05 0.02 0.01 0.01 - - - - 

Esophagus 5.26 4.24 4.23 3.53 4.82 4.43 4.31 3.45 

Heart 5.97 5.86 5.67 5.27 5.71 5.68 5.67 4.9 

Thymus 5.71 5.92 6.04 5.01 5.65 5.34 5.04 5.83 

Effective Dose 1.92 1.36 1.35 1.18 2.29 2.05 1.98 1.66 

 

 

Figure 3. Lifetime Attributable Risk of cancer incidence 

in chest CT scan for children per 100,000 patients 

 

 

Figure 4. Lifetime Attributable Risk of lung, thyroid, and 

breast cancer in chest CT scan for all age categories children 

per 100,000 patients 
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4. Discussion 

The radiation dose received by children in four age 

groups was evaluated. Based on the radiation dose of 

each age group, we examined the LAR of cancer in 

irradiated organs. The highest dose in boys was related 

to lung (5.13 - 6.8 mSv) and heart (5.27 - 5.97 mSv), and 

in girls, lung (4.98 - 5.91 mSv), breast (4.24 - 5.21 mSv), 

and heart (4.9 - 5.71 mSv) had the highest dose. In almost 

all age groups in this study, the dose received by the 

organs was less by increasing age due to the sensitivity 

of young children to older ages, and tissue weight 

coefficients are different at different ages. This is also 

included in phantom dose calculation software. As 

shown in Table 3, the effective dose for girls in all age 

groups is higher than for boys. The effective doses of 

girls in the age groups of 0 years, 5 years, 10 years, and 

15 years were 19% (2.29 vs. 1.92 mSv), 50% (2.05 vs. 

1.36 mSv), 44% (1.98 vs. 1.35), and 40%, (1.66 vs. 1.18 

mSv) higher than boys, respectively. The effective dose 

for girls in age groups of 5, 10, and 15 years was 

significantly higher than the same age group in boys (P 

< 0.0001). For the age group of 0 years, there was no 

significant difference between the effective dose of girls 

and boys (P = 0.17). In particular, >65% of girls present 

an effective dose upper than 1.6 mSv, while in boys, 

>60% present an effective dose below 1.6 mSv. 

This can depend on various factors, but one of the 

most important reasons can be related to breast tissue in 

girls because according to the equation: E = ∑ 𝑊𝑇𝑇  ×

𝐻𝑇 , the effective dose is equal to the sum of the weighting 

tissue factor (WT) multiplied by the equivalent organ 

dose (HT) and when the breast dose in girls is high, it can 

increase the effective dose. The dose received by patients 

in this study was lower than in other studies. For 

example, the dose of red bone marrow in this study for 

all age groups is about 0.3 mGy, while in the studies, 

Journy et al. [9], Pearce et al. [15], and Miglioretti et al. 

[8] were 1, 3.9, and 3 mGy, respectively. 

In Figure 3 and Figure 4, we plotted the LAR value 

for the organs. Figure 3 shows the organs that received 

lower doses and had lower incidence rates in the BEIR 

VII report. The LAR of cancer incidence (per 100,000) 

for organs that were not in the scan field, but in these 

organs, the incidence for stomach in girls (0.9) and liver 

in boys (0.87) was higher significantly than in other 

organs (P < 0.001). After that, the incidence of the 

stomach in boys (0.84) and leukemia is the highest (0.53 

in boys and 0.38 in girls), which is due to the amount of 

dose received by the red bone marrow. Figure 4 shows 

the LAR of cancer incidence for the thyroid, lung, and 

breast, which received higher doses and higher incidence 

rates in the BEIR VII report by age group. This figure 

clearly shows that the risk of cancer decreases with age. 

However, the breast and lung have high LAR of 

incidence. The highest LAR was obtained for the breast 

in the age group of 0 years (61.01), followed by the breast 

for the age group of 5 years (46.16) and the lung in the 

age group of 0 years (43.32) in girls. For girls, the LAR 

value was significantly higher for the breasts and lungs 

than for other organs (P < 0.001). In boys, the LAR value 

for the lung was significantly higher than for other organs 

(P = 0.0377). This result was precisely in line with a 

study by Niemann et al. [16]. He reported the highest 

LAR for the breast, lung, and thyroid, respectively. 

Hence, the results of Niemann et al.'s study were lower 

than this study, so the estimated LAR of cancer incidence 

in children, and he obtained 47.58 for the breast of 0-

year-old girls, 31.24 for the breast of 5-year-old girls, and 

19.9 for the lung of 0-year-old girls. For a better 

explanation, LAR values for these organs are per 

100,000 persons, which means that if a 5-year-old girl 

has a chest CT scan, the breast dose will be 5.05 mGy 

(according to Table 3), and the risk of breast incidence 

will be 46.16 per 100,000, i.e., approximately 46.16 / 

100,000 = 0.0004616 or 0.04%. The highest LAR value 

was related to the breast, lung, and thyroid, consistent 

with the results of Ozasa et al. [17] and Hall and Giaccia 

[18], and well explained the risk of radiation exposure in 

children for these three organs. In a study, 

Tahmasebzadeh et al. also estimated LAR values in CT 

scans for children; in chest CT scans, the highest value 

was related to the breast, which is entirely consistent with 

the results of this study [19]. 

People who were thoroughly studied to determine the 

health effects of ionizing radiation are survivors of the 

Hiroshima and Nagasaki atomic bombs. 65% of these 

survivors received doses less than 100 mSv, 

approximately 40 times the average yearly background 

radiation exposure (2.4mSv). Surveys of Hiroshima and 

Nagasaki survivors showed that the incidence of solid 

cancers increased with increasing doses [7, 20]. 

Estimates of the risks are uncertain due to limitations. 

Uncertainty can depend on the radiation dose, quality, 

age, and sex. Therefore, if two people of the same age 

and gender are exposed to the same amount of radiation, 

according to the BEIR VII report, there is an equal risk 
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of developing cancer. However, other influential factors 

mentioned above can increase this risk. In other words, 

the BEIR VII report's risk assessment models calculate 

the risk of radiation-induced cancer for that specific 

exposure. However, the person may be re-dosed and 

receive radiation from imaging modalities at subsequent 

visits, or genetic, nutritional, and other factors may 

increase the risk of cancer. A patient may be exposed to 

radiation often during treatment, and each of these 

exposures must be documented in the patient's medical 

record. This study calculates the patient's radiation dose 

on chest CT scans in children and estimates the risk of 

cancer for a single chest CT scan based on the BEIR VII 

report. The linear no-threshold is still debatable because 

it is difficult to estimate the risks at low doses, but 

epidemiological and experimental studies still confirm 

this model [21, 22]. Therefore, it is better to reduce the 

patient's dose to prevent the same low risk. Studies were 

performed to estimate cancer risk due to patients being 

exposed to CT scans, which show that even a single CT 

scan may be associated with an increased risk of cancer. 

Especially for patients under 20 years of age, cancer risk 

is increased by 24% with a single CT scan [23]. 

 In this study, except for the pitch factor, the other 

scanning parameters were the same for different age 

groups. In contrast, in the study of Tahmasebzadeh et al. 

[24], a significant difference was considered for the 

scanning parameters of different age groups (P-value < 

0.05). This variation in scanning parameters may affect 

the patient's radiation dose. The risk of cancer for 

children due to radiation exposure is 2-3 times higher 

than the risk for adults; therefore, minimizing the 

radiation dose associated with pediatric CT examinations 

is particularly important [5]. There are various ways to 

reduce the dose in children; the first step is to check 

whether the benefits of a CT scan outweigh the risks. 

In many cases, it is possible to achieve the desired 

diagnosis with other less dangerous modalities such as 

ultrasound or Magnetic Resonance Imaging (MRI) [25]. 

The CT scan protocol in children should be explicitly 

defined for this age group, and its parameters should be 

appropriate to the children's physical conditions. One of 

these factors is Automatic Exposure Control (AEC). The 

use of AEC can essentially prevent children from being 

exposed to radiation. This technique depends on the 

amount of radiation attenuation in the initial topogram 

and can reduce the mAs in children by 4-5 times 

compared to adults [26]. The use of low tube voltage 

(kVp) in children effectively reduces the dose. Because 

the attenuation of the beam is less in children, it is 

possible to obtain images with a suitable contrast with a 

lower kVp without increasing the noise of the image 

[27]. It is suggested to increase the Pitch factor to check 

the cases that do not need very high-resolution images to 

reduce children's exposure to radiation. 

Below are the strategies to reduce the patient radiation 

dose in CT scans: 

- increase tube filtration; 

- use maximal slice thickness appropriate for specific 

diagnosis; 

- reduce mAs;  

- decrease kVp for thin objects; 

- use the shortest rotation time available;  

-use a spiral scan with pitch >1 (e.g., 1.5) to reduce the 

dose length product. 

Finally, due to the dangers of exposing the patient to 

CT scans, As Low As Reasonably Achievable (ALARA) 

principle should be followed as much as possible [28]. 

Therefore, patient protection should be prioritized as 

much as possible, and methods and techniques that 

reduce the patient's dose should be used [29]. These 

techniques include automated tube current modulation, 

low kVp protocols in thin and non-obese patients, 

reducing the scan range, and iterative reconstruction 

techniques. Besides, the correct patient position can 

reduce the patient's dose [30, 31]. 

5. Conclusion 

This research aimed to estimate the LAR of cancer 

incidence in children based on a single chest CT scan. 

This study showed that in pediatric chest CT scans, the 

organs that have the highest risk of cancer are the breast 

and lungs. This study reminds the importance of 

adhering to the principles of ionizing radiation 

protection. It shows a better concept of the radiation dose 

in CT scans and how much the organ dose values 

increase the cancer risk. In this study, we expressed the 

risk caused by radiation in children's CT scan 

numerically and comprehensibly. Therefore, this article 

clearly and numerically shows how hazardous cancer 

can be in children, considering the years ahead. Our 

article expresses all the concepts and risks in radiation 
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protection with numbers. It can lead physicians, 

radiologists, and CT scan Operators to understand the 

risks of radiation exposure in children more accurately. 
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