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Effective dose of cone-beam computed tomography for
orthodontic analysis in pediatric patient

Department of Oral and Maxillofacial Radiology, College of Dentistry, Dankook University
Eun-Kyung Kim

Objective: The objectives of this study were to measure pediatric organ and effective doses of cone-beam computed
tomography (CBCT) for orthodontic analysis and to compare them to those of panoramic and lateral cephalometric radiography,
the conventional radiography for orthodontic analysis.

Materials and Methods: Alphard VEGA for CBCT, Planmeca Proline XC for panoramic radiography and Orthophos CD for

cephalometric radiography were used for this study. Thermoluminescent dosimeter (TLD) chips were located at 24 anatomic sites
of 10-year-old anthropomorphic phantom and exposed during CBCT (C-mode; 200 x 179 mm FOV), panoramic and lateral
cephalometric radiographic procedures at the clinical exposure settings for 10-year-old patient. Pediatric organ and effective doses
were measured and calculated using ICRP 2007 tissue weighting factors.

Results: Effective doses of CBCT, panoramic radiography and lateral cephlometric radiography in pediatric clinical exposure
settings were 292.5 ¢Sv, 19.3 Sv, and 4.4 Sv respectively. The thyroid gland contributed most significantly to the effective dose
in all the radiographic procedures.

Conclusion: Effective dose of CBCT was about 12 times to conventional radiographic procedures for orthodontic analysis in
pediatric patient. The use of CBCT for orthodontic analysis should be fully justified over conventional radiography and dose
optimization to decrease thyroid dose is needed in pediatric patients.
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thyroid gland dose
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Fig1 Ten-year-old anthropomorphic head and neck phantom (ATOM model 706 HN-C)

Table 1. Exposure parameters and specifications for cone-beam CT, panoramic and lateral cephalometric radiography

Exposure parameters Cone-beam CT Panoramic Lateral cephalometric
(C-mode) radiography radiography

kv 80 66 76

mA 4 1 1

exposure time (seconds) 17 18 0.64

imaging area (mm) 200 X 179

voxel size (mm) 0.39

Degree of rotation 360°
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Table 2. Phantom locations of TLD chips in 10-year-old child phantom

Phantom location Phantom level TLD ID No.
Calvarium posterior 2 1
Calvarium anterior 2 2
Calvarium left 2 3
Midbr ain 3 4
Pituitary 4 5
Ethmoid 5 6
Left maxillary sinus 6 7
Right parotid 6 inferior 8
Left parotid 6 inferior 9
Right ramus 6 inferior 10
Left ramus 6 inferior 11
Oropharyngeal airway 1 12
Right submandibular gland 7 inferior 13
Left submandibuar gland T inferior 14
Right mandible body 8 15
Left mandible body 8 16
Center cervical spine 8 17
Thyroid - right 9 18
Thyroid - left 9 19
Esophagus 9 2
Right lens of eye 4-5 21
Left lens of eye 4-5 22
Right cheek 6 23
Left back of neck 6 24
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Table 3. Estimated fraction of tissue irradiated and the dosimeters used to provide an indication of dose to each organ

Organs/Tissue Fraction indicated (%) TLD ID
Bone marrow 15.4
Mandible 1.1 10,11,15,16
Calvaria 1.6 1,2,3
Cervical spine 2.1 17
Thyroid 100 18,19
Esophagus 10 20
Skin 5 21,22,23 24
Bone surface 15.4
Mandible 1.1 10,11,15,16
Calvaria 1.6 1,2,3
Cervical spine 2.7 17
Salivary glands 100
Parotid 100 89
Submandibuar 100 13,14
Brain 100 45
Remainder
Lymphatic nodes 5 89,13,1418-20
Muscle 5 89,13,1418-20
Extrathoracic tissue 100 6-9,12-1418-20
Oral mucosa 100 89,12-14

Table 4. Current International Commission on Radiological Protection (ICRP) tissue- weighting factors (W:) for calculation of
effective dose

Organs/tissue 2007 W:
Bone marrow 0.12
Breast 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.04
Esophagus 0.04
Gonads 0.08
Liver 0.04
Thyroid 0.04
Bone surface 0.01
Brain 0.01
Salivary glands 0.01
Skin 0.01
Remainder tissues 012

1 : adrenals, extrathoracic tissue, gal bladder, heart, kidneys, lymphatic nodes, muscle, oral mucosa, pancreas, prostate, small intestine,
spleen, thymus, uterus/cervix
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Fig. 3. Panoramic image of 10-year-old child head and neck phantom

Fig. 4. Lateral cephalometric image of 10-year-old child head and neck phantom
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Table 5. Equivalent dose (/8v) and effective dose (#Sv) at various organ and tissues for cone-beam CT, panoramic and F;I'

lateral cephalometric radiography in 10-year-old pediatric population EI'&

1

Organ/tissues Cone-beam CT (C-mode) Panoramic radiography Lateral cephalometric o

radiography 10

ol

HT (/8V) E (8v) HT (#Sv) E (8v) HT (48V) E (18v) ;HJ

18

Bone marrow 290 34,77 18 214 6 0.70 ES

Esophagus 22 929 21 085 4 018 -

Thyroid 3582 14328 132 5.27 a7 1.87 @

Bone surface 1043 10.43 7 0.75 22 022 4_0

Brain 1671 16.71 R 0.32 29 0.29 folr

x

Salivary glands 2685 26.85 K 361 3 0.39 (r)E”r

Skin 191 1.91 6 0.06 3 003 =

Remainder I%

Lymphatic nodes 145 1.33 14 013 2 0.02 re
Muscle 145 1.33 14 0.13 2 0.02
Extrathoracic airway 2540 23.45 260 2.40 3 0.36
Oral mucosa 2512 23.19 397 366 3 0.34
Effective dose (total) 2925 19.3 4.4

Table 6. Percentage organ dose contribution to effective dose of cone-beam CT, panoramic and lateral cephalometric

radiography (%)
Organ/tissues Cone-beam CT Panoramic Lateral cephalometric
(C-mode) radiography radiography
Bone marrow 12 11 16
Esophagus 3 4 4
Thyroid 49 21 a3
Bone surface 4 4 5
Brain 6 2 1
Salivary glands 9 19 9
Skin 1 0 1
Remainder
Lymphatic nodes 0 1 0
Muscle 0 1 0
Extrathoracic airway 8 12 8
Oral mucosa 8 19 8
200 mm x 179 mm)= &Fsh= Al &2 © A2 g 5 Stk ol 49 HEE ARl &4
a5HA & FOVE ARESHY] Fig. 2014 e Bl 3 o] Ao H= fraideol tigt A A
Bol IAPAC] B Aol ZAFEORM of7lEl o] 7]odmrt 129 | A} Hlwa] w2 Aol7}
Aoz AZyEn] AR Table 6914 Hi= Hie} Zo] = As &4 AU 2 Aol A Fradwre] gt
fEAG g A Age] 71odwrt 49% B A A 7ol sheetul WAbE o) &
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