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Dose estimation of cone-beam computed tomography in children using personal
computer-based Monte Carlo software

Department of Oral and Maxillofacial Radiology, College of Dentistry, Dankook University

Eun-Kyung Kim

Objective: The purpose of the study was to calculate the effective and absorbed organ doses of cone-beam computed
tomography (CBCT) in pediatric patient using personal computer-based Monte Carlo (PCXMC) software and to compare
them with those measured using thermoluminescent dosimeters (TLDs) and anthropomorphic phantom.

Materials and Methods: Alphard VEGA CBCT scanner was used for this study. A large field of view (FOV) (20.0 cm x
17.9 cm) was selected because it is a commonly used FOV for orthodontic analyses in pediatric patients. lonization chamber
of dose-area product (DAP) meter was located at the tube side of CBCT scanner. With the clinical exposure settings for a
10-year-old patient, DAP value was measured at the scout and main projection of CBCT. Effective and absorbed organ doses
of CBCT at scout and main projection were calculated using PCXMC and PCXMCRotation software respectively. Effec-
tive dose and absorbed organ doses were compared with those obtained by TLDs and a 10-year-old child anthropomorphic
phantom at the same exposure settings.

Results: The effective dose of CBCT calculated by PCXMC software was 292.6 pSv, and that measured using TLD and
anthropomorphic phantom was 292.5 uSv. The absorbed doses at the organs largely contributing to effective dose showed
the small differences between two methods within the range from —18% to 20%.

Conclusion: PCXMC software might be used as an alternative to the TLD measurement method for the effective and
absorbed organ dose estimation in CBCT of large FOV in pediatric patients.
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Table 1. The technical specifications and the exposure parameters of the C mode of Alphard VEGA CBCT scanner used in this

study

Parameters

Value

Total filtration

2.8mm Al equivalent

Focus—collimator distance 76 mm
Degree of rotation 360°
Imaging area 200 x 179 mm
Dimension of collimator 22.7 x22.7 mm
Focus-rotation center distance 715 mm

Exposure factors

80kV, 4mA, 17s
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Fig. 1. This
anthropomorphic head and neck
phantom (ATOM model 706 HN-C)
used for TLD measurement.

shows a 10-year-old
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Fig. 2. lonization chamber of DAP meter is located at the tube side of
CBCT scanner for the DAP measurement.
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Table 2. Input values for dose calculation in PCXMC and PCXMCRotation software

PCXMCRotation software PCXMC software
Age 10 years 10 years
X-ray voltage 80 kV 80 kV
Filtration 2.8 mm Al equivalent 2.8 mm Al equivalent
Projection/ oblique angle of the central ray - 0°/0°
Focus—to-reference point distance (FRD) 715cm -
Focus—to-skin distance (FSD) - 66 cm
X-ray width x height at FRD/FSD 214 x21.4 cmat FRD 19.7 x 19.7 cm at FSD
DAP value Mfﬁ;ﬁ{egé%ﬁ gfcynfzmz Measured: 88.7 mGy cm’
Reference points on X-, Y-, and Z-axes (cm) (0,-3.0,62.0) (5.5,-3.0,62.0)
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Table 3. Effective doses calculated by PCXMC software and those measured using TLD and phantom

Protocols of CBCT C mode
Epcxc (USv) Scout 10.8
Main CBCT 281.8
Total 292.6
Erio (uSv) 292.5
Difference 0.03%

Ercxuc: effective dose calculated by the PCXMC software

Eqp | effective dose measured using TLD technology, published data”

Difference : (Epcuuc = Eno) / Eno

Table 4. Absorbed organ doses at various organ and tissues calculated by PCXMC software and those measured using TLD

and phantom

Organ/tissues Cone-beam CT (C-mode)
Decxvic (LGy) Drip (UGy) Difference

Bone marrow 343 290 20%
Oesophagus 52 232 -78%
Thyroid 3094 3582 -14%
Bone surface 1613 1043 55%
Brain 1875 1671 12%
Salivary glands 2939 2685 1%
Skin 515 191 170%
Remainder

Lymphatic nodes 690 145 376%

Muscle 161 145 1%

Extrathoracic airway 2079 2540 -18%

Oral mucosa 2403 2512 4%

Drcxvic- absorbed organ dose calculated by the PCXMC software

Drp : absorbed organ dose measured using TLD technology, published data”

Difference : (Deexc = Do) / Do
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Head tip
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Fig. 3. This shows the positive direction of x, v, z axis of the
phantom in PCXMC software.

» Left-hand

0 X

Fig. 4. Lateral image of 3-dimensionally reconstructed  Fig. 5. This shows adiograph’ image with z axis 62 cm on

CBCT (C mode) of the anthropomorphic phantom PCXMC program.
was used for the determination of Yref value of the
rotation center. The width of this image is 20.0 cm
and the length from the left margin to most mid-
anterior point of the cervical vertebrae 12.0 cm.
Thus, the length from center to most mid-anterior
point of cervical vertebrae is 2.0 cm. Meanwhile,
the Y-axis value of the most mid-anterior point
of cervical vertebrae inferior to the mandible was
approximately =1.0. So Yref value of the rotation
center was determined to be -3 cm.
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