
68 www.jrpr.org

Original Research
Received  January 17, 2024 
Revision  March 25, 2024 
Accepted  April 11, 2024

Corresponding author: Dong Yeon Lee

Department of Radiological Science, 
Dong-Eui University, 176 Eomgwang-ro, 
Busanjin-gu, Busan 47340, Korea 
E-mail: gymnist@deu.ac.kr 

 https://orcid.org/0000-0002-9360-1897

Co-corresponding author: Yeong Rok 
Kang

Dongnam Institute of Radiological & 
Medical Sciences, 40 Jwadong-gil, 
Jangan-eup, Gijang-gun, Busan 46033, 
Korea 
E-mail: yeongrok@dirams.re.kr 

 https://orcid.org/0000-0003-2981-6559

This is an open-access article distributed under the 
terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by-nc/4.0), 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
work is properly cited.

Copyright © 2024 The Korean Association for 
Radiation Protection

Depth Dose According to Depth during Cone 
Beam Computed Tomography Acquisition and 
Dose Assessment in the Orbital Area Using a 
Three-Dimensional Printer
Min Ho Choi1, Dong Yeon Lee1, Yeong Rok Kang2, Hyo Jin Kim2

1Department of Radiological Science, Dong-Eui University, Busan, Korea; 2Dongnam Institute of Radiological & Medical Sciences, Busan, Korea

Background: Cone beam computed tomography (CBCT) is essential for correcting and verify-
ing patient position before radiation therapy. However, it poses additional radiation exposure 
during CBCT scans. Therefore, this study aimed to evaluate radiological safety for the human 
body through dose assessment for CBCT.

Materials and Methods: For CBCT dose assessment, the depth dose was evaluated using a 
cheese phantom, and the dose in the orbital area was evaluated using a human body phantom 
self-fabricated with a three-dimensional printer.

Results and Discussion: The evaluation of radiation doses revealed maximum doses of 14.14 
mGy and minimum doses of 6.12 mGy for pelvic imaging conditions. For chest imaging condi-
tions, the maximum doses were 4.82 mGy, and the minimum doses were 2.35 mGy. Head im-
aging conditions showed maximum doses of 1.46 mGy and minimum doses of 0.39 mGy. The 
eyeball doses using a human body phantom model averaged at 2.11 mGy on the left and 2.19 
mGy on the right. The depth dose ranged between 0.39 mGy and 14.14 mGy, depending on 
the change in depth for each imaging mode, and the average dose in the orbit area using a hu-
man body phantom was 2.15 mGy.

Conclusion: Based on the experimental results, CBCT did not significantly affect the radiation 
dose. However, it is important to maintain a minimal radiation dose to optimize radiation pro-
tection following the as low as reasonable achievable principle.

Keywords: Depth Dose, Radiation Therapy, Cone Beam Computed Tomography, Dose As-
sessment
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Introduction

Radiation therapy stands as a key cancer treatment method alongside surgery and 

chemotherapy. Additionally, the field of radiation therapy has continuously developed 

for decades because of the development of diagnostic imaging equipment, such as 

computed tomography (CT), magnetic resonance imaging, and positron emission to-

mography, along with the advancement in computer technology [1]. The advent of the 

multileaf collimator has enabled the implementation of intensity-modulated radiation 

therapy, minimizing radiation damage to normal tissues while concentrating the pre-
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scription dose on the lesion, unlike conventional two-di-

mensional (2D) and three-dimensional (3D) conformal ra-

diation therapies [2–4]. However, this precise radiation tech-

nique requires accurate patient positioning owing to the in-

tricate delivery of varied radiation intensities. To address 

these issues, image-guided radiation therapy (IGRT) was ad-

opted, which enhances treatment precision by capturing the 

patient’s image just before treatment and comparing it with 

the reconstructed image from the treatment plan, which in-

creases overall treatment accuracy [5]. Previously, beam’s 

eye view imaging was utilized in IGRT, using the actual treat-

ment beam to confirm the arrangement of the beam and 

target organs irradiated through the electronic portal imag-

ing device to verify the treatment position. However, because 

beam’s eye view uses megavoltage energy, which is treat-

ment energy, it produces poor image quality and radiation 

exposure. Therefore, current therapeutic linear accelerators 

incorporate a diagnostic X-ray generator to obtain images 

suitable for identifying anatomical structures. The diagnostic 

X-ray generator mounted on the linear accelerator reduces 

unnecessary exposure by enabling the acquisition of both 

2D (anterior-posterior [AP] and lateral [LAT]) and 3D (cone 

beam computed tomography [CBCT]) images. CBCT can 

pinpoint treatment positions by identifying normal and tu-

mor tissues in three dimensions [6], making it crucial for 

precision treatment techniques involving complex-shaped 

target volumes and rapid changes in dose distribution [7, 8].

The acquisition of CBCT images leads to added radiation 

exposure, warranting consideration of stochastic effects and 

potential risks [9]. Moreover, delivering doses to both tumor 

and normal tissues might surpass the prescribed treatment 

plan, potentially impacting treatment efficacy.

Therefore, this study aimed to evaluate radiological safety 

by analyzing the radiation distribution in the human body 

and evaluating the radiation dose from CBCT imaging ac-

quisition.

Materials and Methods

1. Experimental Equipment
1) Linear accelerator

The X-ray volumetric imager (XVI) attached to the linear 

accelerator (Elekta Versa HD) (Fig. 1) was used in the experi-

ment. XVI can verify the patient’s position by taking 2D, AP, 

and LAT images. However, limitations were encountered 

when correcting the patient’s position during sophisticated 

and precise radiation therapy using only the X, Y, and Z axes. 

Therefore, CBCT was developed to complement this. CBCT 

acquires images through a 360° gantry rotation, reconstruct-

ing them into 3D images that correct setup errors in the X, Y, 

and Z axes, as well as pitch, roll, and yaw directions, which is 

beneficial for treatment plans with sophisticated and precise 

dose distribution [10]. Additionally, its usage frequency is 

rapidly increasing owing to the advantage of checking the in-

side of the human body through black-and-white (grayscale) 

images [11].

2) Phantom

(1) Cheese phantom

The water phantom is the most basic phantom used in 

quality assurance for medical linear accelerator equipment. 

The water phantom measures various aspects, such as dose 

depth and beam flatness. The water phantom can conduct 

measurements with the gantry fixed in place. However, for 

this study, there were limitations to experimenting with the 

water phantom because the aim was to evaluate the dose re-

ceived by the human body during CBCT imaging, where the 

gantry rotates. Therefore, the research team chose the cylin-

drical cheese phantom with a diameter of 30 cm and a length 

of 18 cm, as shown in Fig. 2. The cheese phantom is designed 

to allow the installation of dosimeters at specific depths and 

is composed of materials equivalent to water, making it suit-

able for evaluating human dose exposure.

Relative evaluation of the dose using a film in the center 

of the circle and absolute evaluation of the dose by inserting 

an ion chamber can be performed simultaneously. In addi-

Fig. 1. A linear accelerator and an X-ray volumetric imager (XVI) sys-
tem.
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tion, there are 20 plugs, including four solid water plugs and 

16 tissue substitute plugs with an electron density of 0.29–

4.59 g/cm3 for water on the other side. These are used in im-

age calibration through the Hounsfield unit value of CT den-

sity [12, 13].

(2) Human body phantom

A human body phantom was fabricated using a 3D printer 

(Fig. 3) to investigate the effect on the actual human body. 3D 

modeling was performed by Materialize Mimics 21 software 

(Materialize) using a DICOM file that imaged the Rando phan-

tom with Biograph mCT 64 (Siemens) to fabricate the phan-

tom. J850 pro (Stratasys) was used as a 3D printer, and the 

polyjet printing method, which is a mixture of light curing 

and inkjet methods, was used. The head and neck were di-

vided into 10 tomographic planes, with the ability to insert a 

glass dosimeter into the orbital area, corresponding to the 

fourth tomographic plane. In a study by Alssabbagh et al. [14], 

nine 3D printing materials were compared and analyzed with 

the mass attenuation coefficient of the human body to verify 

tissue reproduction, and the optimal 3D printing material 

was identified. Materials such as polycarbonate (PC), acrylo-

nitrile butadiene styrene, thermoplastic polyurethane (TPU), 

and polylactic acid (PLA) were compared and analyzed with 

the mass attenuation coefficient of human tissues such as 

the brain, breast, lens, kidney, and skin [14]. Table 1 shows 

the elements and densities of the 3D printing materials used 

in this study. Filament materials, composed of substances 

similar to the human body, encompass nine representative 

types. Based on existing literature, TPU material was em-

ployed for the eyes and skin, whereas PLA, the filament ma-

Table 1. Elements and Density of 3D Printing Materials Used

Material
Elemental composition (%) Density 

(g/cm3)C N O Al Si S K Ca Ti

PLA 54.76 44.99 0.13 0.12 1.25
TPU 66.63 8.98 24.13 0.06 0.10 0.09 1.10
PC 76.28 22.79 0.11 0.82 1.21

3D, three-dimensional; PLA, polylactic acid; TPU, thermoplastic polyurethane; PC, polycarbonate.

Fig. 2. (A) Front and (B) back of the cheese phantom.

A B

Fig. 3. A human body phantom fabricated using a three-dimension-
al printer. (A) Head and neck phantom divided into 10 layers. (B) 
Head and neck phantom with single-layer assembly.

A B
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terial with the highest density, was selected for bones. How-

ever, given that PLA material has a density of approximately 

0.4 g/cm3 lower than that of bones, PC material with a densi-

ty of approximately 0.2 g/cm3 higher was used for the brain 

region to offset this disparity. The size of the phantom was de-

rived from the Rando phantom, with dimensions set at a 

length of 28 cm and a depth of 19 cm for the cranial part.

3) Glass dosimeter

Fig. 4 shows the dosimeter used for measurement, which 

consists of a glass dosimeter (GD-352M; AGC Techno Glass) 

and a reader (FGD-1000SE; AGC Techno Glass). A glass do-

simeter is effective for dose assessment in small fields because 

the handling and reading process is simple and the effective 

size is small [15]. Unlike a thermoluminescence dosimeter, it 

can be read repeatedly, has excellent device-to-device repro-

ducibility, and has low energy dependence on photons. There-

fore, it is widely used in dose assessment [16]. In this study, 

we selected a glass dosimeter capable of measuring radiation 

exposure from rotating sources and simultaneously measur-

ing multiple dosimeters at different depths. The glass com-

ponents of the glass dosimeter were calibrated using a 137Cs 

standard radiation source. Prior to the experiment, the com-

ponents underwent annealing by heating at 400 °C for 1 hour, 

followed by cooling, after which the initial values were mea-

sured. Subsequently, after preheating at 70 °C for 1 hour 

following the experiment, the dose values measured on the 

components were repeatedly measured 10 times to calcu-

late the average value and standard deviation.

2. Experimental Method
1) Dose assessment according to depth change

First, we measured the radiation exposure index, comput-

ed tomography dose index (CTDI), which serves as a funda-

mental dose parameter in CT scans. We measured the CTDI 

values in the air under the pelvis, chest, and head imaging 

conditions. Additionally, we measured the CTDI weighted 

average of center and periphery dose (CTDIw) values, con-

sidering both the central and peripheral regions. CTDIw is 

defined by Equation (1).

3) Glass dosimeter 

Fig. 4 shows the dosimeter used for measurement, which consists of a glass dosimeter (GD-352M; 

AGC Techno Glass) and a reader (FGD-1000SE; AGC Techno Glass). A glass dosimeter is effective for 

dose assessment in small fields because the handling and reading process is simple and the effective 

size is small [15]. Unlike a thermoluminescence dosimeter, it can be read repeatedly, has excellent 

device-to-device reproducibility, and has low energy dependence on photons. Therefore, it is widely 

used in dose assessment [16]. In this study, we selected a glass dosimeter capable of measuring radiation 

exposure from rotating sources and simultaneously measuring multiple dosimeters at different depths. 

The glass components of the glass dosimeter were calibrated using a 137Cs standard radiation source. 

Prior to the experiment, the components underwent annealing by heating at 400 °C for 1 hour, followed 

by cooling, after which the initial values were measured. Subsequently, after preheating at 70 °C for 1 

hour following the experiment, the dose values measured on the components were repeatedly measured 

10 times to calculate the average value and standard deviation. 

 

2. Experimental Method 

1) Dose assessment according to depth change 

 First, we measured the radiation exposure index, computed tomography dose index (CTDI), which 

serves as a fundamental dose parameter in CT scans. We measured the CTDI values in the air under the 

pelvis, chest, and head imaging conditions. Additionally, we measured the CTDIw values, considering 

both the central and peripheral regions. CTDIw is defined by Equation (1). 

CTDI𝑤𝑤 = 1
3𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 +

2
3𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑒𝑒𝑒𝑒𝑝𝑝𝑝𝑝ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (1) 

During radiation therapy CBCT scans, the tumor’s target position varies with the treatment area and 

patient. Furthermore, the positions and types of normal organs differ at each location. As point doses or 

CTDI represent the dose at a specific location or from a radiation source, assessing target tumor or 

normal organ doses based on position changes becomes limited. Therefore, we attempted to predict the 

absorbed dose resulting from the CBCT scan at various positions by assessing dose changes at different 

depths. 

(1)

During radiation therapy CBCT scans, the tumor’s target 

position varies with the treatment area and patient. Further-

more, the positions and types of normal organs differ at each 

location. As point doses or CTDI represent the dose at a spe-

cific location or from a radiation source, assessing target tu-

mor or normal organ doses based on position changes be-

comes limited. Therefore, we attempted to predict the ab-

sorbed dose resulting from the CBCT scan at various posi-

tions by assessing dose changes at different depths.

As shown in Fig. 5, glass dosimeters were inserted into holes 

created at 1 cm intervals from the surface to the center point 

of the cheese phantom, accompanied by the insertion of 

pencil-shaped solid water sticks. Subsequently, images were 

acquired. Dose measurement involved assigning numbers 

to the holes, with the one closest to the surface labeled as 

number 1 and the center as number 13 (Fig. 6). CBCT scans 

were performed using scan modes configured for body parts 

(head, chest, and pelvis) during routine clinical practice, as 

detailed in Table 2. Average doses were assessed by repeat-

ing measurements five times for each scan mode.

2)  Dose assessment in the orbit area using the human body 

 phantom

The orbit contains major visual organs in the human body, 

including the eyeball, optic nerve, iris, and retina, with the 

Fig. 4. A glass dosimeter and a reader. (A) A glass dosimeter. (B) A 
glass dosimeter reading equipment.

A B A B

Fig. 5. (A) A photograph of glass dosimeters and (B) solid water 
sticks inserted.



72 www.jrpr.org

Choi MH, et al.

https://doi.org/10.14407/jrpr.2024.00024

JRPR

lens being relatively more sensitive to radiation exposure than 

general skin tissue [17]. Therefore, the International Com-

mission on Radiological Protection (ICRP) recently proposed 

a lowered value of approximately 7.5 times the lens dose 

equivalent limit recommended in ICRP 103 [18]. In light of 

continued reports on lens-related risks and their significance, 

underscoring the imperative for proper management, we as-

sessed the dose to the orbital area, encompassing the lens, 

during CBCT acquisition utilizing the human body phantom.

CBCT scan was performed in the head scan mode among 

the modes previously set for depth dose assessment after in-

serting glass dosimeters into three positions in the left and 

right eyes of the orbital area located in the fourth single layer 

of the self-fabricated human body phantom (Fig. 7). Average 

doses were evaluated after repeated measurements three 

times by separating inserts for the left eye (eye 1, eye 2, and 

eye 3) and right eye (eye 1, eye 2, and eye 3).

Results

1.  Measurement Results on Cheese Phantom According 
 to Depth Changes

Table 3 presents the CTDI values obtained from the XVI 

source. In the air, the CTDI values were observed to be 49.6 

mGy for the pelvis, 11.9 mGy for the chest, and 1.3 mGy for 

head conditions, respectively. Additionally, considering 

both central and peripheral doses, CTDIw values were deter-

mined to be 26.8 mGy for the pelvis, 4.9 mGy for the chest, 

and 1.0 mGy for the head conditions, respectively.

Figs. 8–10 illustrate the experimental results of dose evalu-

ation according to depth variation under pelvis, chest, and 

head imaging conditions. The Y-axis represents the absorbed 

dose, whereas the X-axis represents the glass dosimeters in-

serted into the cheese phantom. The measurement results of 

glass dosimeters from 1 to 13 are shown, with 1 being the clos-

est to the surface and the numbers increasing towards the 

center.

Fig. 8 is a graph of average values measured using the cheese 

phantom according to the changes in depth under the pelvis 

scan mode. The highest measurement was 14.14± 0.32 mGy 

at point 1, closest to the surface. The lowest measurement 

was 6.12± 0.08 mGy at point 11 and 6.40± 0.17 mGy at point 

13, the most central point.

Fig. 9 is a graph of average values measured using the cheese 

phantom according to the changes in depth under the chest 

scan mode. The highest measurement was 4.82 ± 0.15 mGy 

at point 1. The lowest was 2.35 ± 0.10 mGy at point 12 and 

2.44± 0.12 mGy at point 13, the most central point.

Fig. 6. Schematic diagram of cheese phantom.

Fig. 7. Insertion positions of glass dosimeters into the human body 
phantom.

Table 2. Scan Modes for Cheese Phantom

Body part Scan mode

Head 100 kV, 10 mA 10 ms, F0 filter+S20 filter
Chest 120 kV, 20 mA 20 ms, F1 filter+M20 filter
Pelvis 120 kV, 40 mA 40 ms, F1 filter+L20 filter

Table 3. Computed Tomography Dose Index by Scan Mode

CT dose index
Scan mode (mGy)

Pelvis Chest Head

CTDIw 26.8   4.9 1.0
CTDIair 49.6 11.9 1.3

CT, computed tomography; CTDIw, computed tomography dose index 
weighted average of center and periphery; CTDIair, computed tomography 
dose index free-in-air.



www.jrpr.org 73

Evaluation of Human Dose Distribution during CBCT Imaging

https://doi.org/10.14407/jrpr.2024.00024

JRPR

Fig. 10 is a graph of average values measured using the 

cheese phantom according to depth changes under the head 

scan mode. The highest measurement was 1.46 ± 0.00 mGy 

at point 1. The lowest measurement was 0.39 ± 0.01 mGy at 

point 12 and 0.41 ± 0.01 mGy at point 13, the most central 

point.

The means and standard deviations of the measured val-

ues under the three scan modes are listed in Table 4. The 

doses decreased under the three scan modes as the depth 

increased. The highest dose was measured under the pelvis 

scan mode. The standard deviations averaged 2.06% under 

the pelvis mode, 3.28% under the chest mode, and 3.03% un-

der the head mode. The overall average was 2.79%.

2. Dosimetry Results on Human Body Phantom
Table 5 lists the dosimetry results of the orbital area using 

the human body phantom. Fig. 11 shows the dose for eye 1, 

eye 2, and eye 3 positions in the left and right eyes. The X-axis 

represents the positional variation from eye 1, the inner-

most part of the eyeball in the manufactured human body 

phantom, to eye 3, the outermost part where the lens is lo-

cated. The Y-axis represents the absorbed dose. In the left 

eye, the average dose for eye 1 position was 2.08± 0.14 mGy, 

that for eye 2 was 2.06 ± 0.10 mGy, and that for eye 3 was 

2.19± 0.15 mGy. In the right eye, the average dose for eye 1 

was 2.13 ± 0.12 mGy, 2.14 ± 0.14 mGy for eye 2, and 2.29 ±  

0.10 mGy for eye 3. The highest dose was measured at eye 3 

Fig. 8. Dosimetry results according to depth change (pelvis).
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Fig. 9. Dosimetry results according to depth change (chest).
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position, close to both the left and right eye surfaces.

Fig. 12 shows the average doses to the left and right eyes in 

the orbital area. The average dose to the left eye (eye 1, eye 2, 

and eye 3) was 2.11± 0.11 mGy, and the average dose to the 

right eye (eye 1, eye 2, and eye 3) was 2.19± 0.11 mGy.

Discussion

This study analyzed the dose distribution based on posi-

tion during CBCT acquisition, which is widely used in clini-

cal practice, by evaluating the dose according to depth. In 

addition, we aimed to ascertain its potential application in 

Table 4. Means and Standard Deviations of Dosimetry According to 
Depth Changes

Glass 
no.

Scan mode (mGy)

Pelvis Chest Head

Mean SD Mean SD Mean SD

1 14.14 0.32 4.82 0.15 1.46 0.00
2 12.39 0.42 4.15 0.13 1.29 0.06
3 11.30 0.37 4.15 0.13 1.14 0.05
4 9.63 0.27 3.44 0.04 0.91 0.04
5 8.84 0.11 3.35 0.12 0.78 0.02
6 8.60 0.25 3.10 0.02 0.67 0.01
7 7.87 0.02 2.92 0.13 0.60 0.03
8 7.18 0.18 2.74 0.10 0.54 0.02
9 6.72 0.05 2.61 0.09 0.49 0.00

10 6.50 0.14 2.66 0.12 0.46 0.02
11 6.12 0.08 2.39 0.07 0.40 0.01
12 6.22 0.07 2.35 0.10 0.39 0.01
13 6.40 0.17 2.44 0.12 0.41 0.01

SD, standard deviation.

Table 5. Dosimetry Results in the Orbital Area Using a Human Body 
Phantom (mGy)

1st 2nd 3rd

Left Right Left Right Left Right

Eye 1 2.15 2.07 2.18 2.27 1.92 2.05
Eye 2 2.03 2.06 2.17 2.30 1.98 2.06
Eye 3 2.04 2.18 2.34 2.37 2.19 2.31
Average 2.07 2.11 2.23 2.31 2.03 2.14

Fig. 10. Dosimetry results according to depth change (head).
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clinical settings through dose assessment of the orbital area 

using a human body phantom created with a 3D printer.

Analysis revealed that additional doses were generated 

from CBCT scans performed during IGRT. In an experiment 

using the cheese phantom, high radiation exposure was ob-

served in the sequence of pelvis, chest, and head. This is be-

lieved to be due to the relatively high tube voltage, tube cur-

Fig. 11. Average dose by position of the left and right eyes in the 
orbital area.
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rent, and exposure time. In a dosimetry study by Kitazato et 

al. [19] using a water-equivalent material phantom with an 

ion chamber, the average absorbed dose in the pelvic region 

was 1.16± 0.16 cGy, and 0.23± 0.06 cGy in the head region. 

This is similar to the result obtained in this study, reinforcing 

its reliability. Under all three scan modes, the highest radia-

tion dose occurred on the surface area and decreased as it 

moved toward the center. This is consistent with the results 

obtained for the maximum dose at the surface when the en-

ergy was below 400 kV [20].

Assuming a prescribed dose of 1.8 Gy per treatment for the 

target tumor, as per the cheese phantom experiment results, 

an additional dose ranging from 0.02% to 0.79% was delivered 

based on the depth when evaluating the depth dose during a 

single CBCT scan. In other words, when performing a single 

CBCT scan, an additional dose is irradiated compared to the 

prescribed dose. If applied to normal tissues, this poses a risk 

of additional irradiation owing to CBCT scans, which may 

increase the likelihood of radiation-induced side effects.

The orbit contains the lens, an important organ in the hu-

man body. As radiation therapy progresses, the lens is sus-

ceptible to opacification at a threshold dose of 0.5–2 Gy and 

cataracts at 4 Gy [21–23]. Therefore, we fabricated a human 

body phantom using a 3D printer and conducted a dose 

evaluation in the orbit area in this study. Our findings re-

vealed that higher doses near the surface have the most sig-

nificant impact on the lens. This is similar to the study results 

by Choi et al. [23] and Kim [24], with a slight difference in the 

mGy value. Therefore, the results of our study are credible.

During radiation therapy, CBCT scans are performed pe-

riodically depending on the frequency and purpose of treat-

ments for patients. Radiation exposure through CBCT is eval-

uated based on CTDI values. However, the CTDI values only 

represent the amounts of X-rays generated from the source. 

Therefore, it is not the actual dose delivered to the patients 

[25].

In the study by Park et al. [26], experiments with the Rando 

phantom yielded an average dose of 22.28 mGy for a single 

pelvic CBCT scan. Additionally, Amer et al. [27] conducted a 

study utilizing the Rando phantom to measure CBCT doses. 

However, differences in the average dose evaluation of the 

head, chest, and pelvis regions reveal challenges in deter-

mining doses according to the location of tumors and critical 

organs within the human body during radiation therapy.

This study assessed depth-based dosing and evaluated the 

effect of CBCT on patients using a self-fabricated human body 

phantom. These study results can be effectively applied to 

establish an efficient radiation treatment and dose reduction 

plan by predicting the dose at each location according to the 

frequency and cycle of CBCT image acquisition.

Conclusion

In this study, we evaluated the radiation dose from CBCT 

to determine its safety in humans, considering its recent im-

portance in radiation therapy. Results showed an additional 

dose of 0.02%–0.79% at varying depths compared to the pre-

scribed dose of 1.8 Gy. According to the International Com-

mission on Radiation Units and Measurements (ICRU) 62 

recommendation [28], tumor doses from CBCT scans are 

deemed acceptable if they are at a maximum of 107% or less 

of the prescribed dose, indicating compliance with recom-

mended standards. Moreover, normal tissue doses during a 

single CBCT scan varied from 0.39 mGy to 14.14 mGy de-

pending on the location, with an average orbital area dose 

of 2.15 mGy. However, the value obtained is the dose from a 

single CBCT scan. Assuming that the frequency of CBCT 

scans increases as the number of treatments increases, it 

cannot be dismissed that there is no effect on the human 

body. Notably, stochastic effects due to CBCT image acquisi-

tion cannot be ruled out.

Through this study, it is anticipated that additional doses 

according to depth variation for each imaging condition can 

be predicted. By predicting additional doses for key critical 

organs during the planning stages of therapy, it is expected 

that adverse effects and complications resulting from radia-

tion therapy can be minimized.

Therefore, radiation workers should consider the radiation 

exposure dose based on the number of CBCT retakes, imag-

Fig. 12. Average doses to the left and right eyes of the orbital area.
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ing scan modes, and imaging scan cycles and should strive 

to keep the radiation exposure dose to patients as low as pos-

sible according to the as low as reasonably achievable prin-

ciple. 
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