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Fig. 1 Jaw models of the X-Ray Phantom; x-ray
simulator for practicing dental radiography.
(Nissin Dental Products INC., Kyoto, Japan)
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Fig. 2 The study models created from an impression
of the jaws of the X-Ray Phantom.
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Table 1 The scanning conditions of cone-beam computed tomographic images and the exposure

dose recommended by the manufacturer.

FOV

Voxel size (mm)  Exposure time (s)

Exposure dose (uSv)

diameter (cm) high (cm)
0.40 X 040 X 040 17.8 17 74
0.25 X 0.25 X 0.25 26.9 13 174

The tube voltage (120kV), the tube current (5mA), and the covered scanning angle (360°) were
the same in each condition.

Fig. 3 Cone-beam computed tomography scanning of Jaw models (a) and the study models (b, c).
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Table 2 The absolute error between the actual measurements and the measurements on the
cone-beam computed tomographic (CBCT) images.

1) Mesiodistal width

The jaw models and
their CBCT images

The study models and
their CBCT images

Voxel size (mm) 040 0.25 0.40 0.25
Mean = SD (mm) 041 = 0.28 042 = 0.27 0.35 = 0.22 029 = 0.24
Median (mm) 041 0.36 0.34 0.24

(p =093 (» =021)

2) Buccolingual dimension

The Jaw models and
their CBCT images

The study models and
their CBCT images

Voxel size (mm) 0.40 0.25 0.40 0.25
Mean £ SD (mm) 042 = 0.31 0.30 £ 0.35 049 = 0.29 0.29 = 0.22

Median (mm) 0.38 0.19 0.46 0.23
(p < 0.05*%) (p < 0.001%)

The mesiodistal width and buccolingual dimensions were measured for each tooth. The average

and median absolute errors between the actual measurements of the jaw models and the

measurements on their CBCT images, and absolute error between the actual measurements of
the study models and the measurements on their CBCT images were calculated. The CBCT
images at a voxel size of 040 mm were compared with those at a voxel size of 0.25 mm.

SD (standard division)
*p < 0.05

WL LBV TEAEIHEA TS, SHEOH
BHEHIC TV 7 Vi 2 FIH 9 5 1T, MR & ik
AR, TENORERHERGHE R EOBE - AR
FEEAMCEEI L T S L3R EAHEE 2
B, fEE L OHEHEELHEICTELI LR, BHI
T B R T VWEREZIRIRTEL IR
& B ARELHfETE L. SROMETIEE

496

The surface renderings of the cone-beam computed tomographic (CBCT)
images of the jaws of the X-Ray phantom. a: A CBCT image at a voxel size
of 0.40 mm. b: The same CBCT image at a voxel size 0.25 mm.

O—iE LTHEE (KBIZETIET7 7~ b & O
A o CBCT Wif§ & 2o b T 7e iR o 5 —
5%V 7 s ET3DALLTHEL, ZOHKEIRD
A % AT o 7.

%9 3D ERHIOFHMHHEIZOWT, 77 ¥ A
O FIER LW R O FEWE & CBCT 7 — 4 1L C
AL 22 o RR L, Wb S D T voxel



H%H CBCT @ 3D & i 5% o 274l

Fig. 5 The surface renderings of the cone-beam computed tomographic (CBCT)
images of the jaws of the x-ray phantom, overlaid with the surface
renderings of CBCT images of the study models. a: A CBCT image at a
voxel size of 040 mm. b: The same CBCT image at a voxel size of 0.25 mm.

Fig. 6 Color-coded errors on the surfaces of the study models in comparison with
the surface renderings of cone-beam computed tomographic (CBCT)
images of the jaws of the X-Ray phantom. Green areas indicate the errors
between —0.20 mm and +0.20 mm. a: A CBCT image at a voxel size of
0.40 mm. b: The same CBCT image at a voxel size of 0.25 mm.

size 040 mm #HEHE & voxel size 0.25 mm #shE T
BREAAIM o 7228, BEETIX voxel size 0.25
mm FIEFREIC BV THERISREN D v v ) R
Lo lz WEEED voxel size AVNE W T E, S
OO FTHIMTE L7720, WiR L To R FH
DREINEL b EZONL, EBEOWET
(&, R OFRREE I HGEAR D S OHGEL X MO 5

R, XfZRNLRTWHEICLET—F 7727 b
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Table 3 The absolute errors calculated from measurements of the surface of the three-
dimensional models created from cone-beam computed tomographic images: between
the image of the jaw model and of the study models.

1) Tooth cusp tip

Voxel size (mm)

Max
040 0.25

Min
0.40 0.25

Mean £ SD (mm)

080 = 022 024 = 0.29

017 £ 031 001 £ 005

Median (mm) 0.90 0.00 0.00 0.00
(p < 0.001%*) (p < 0.01%)
2) Mesial area
Max Min
Voxel size (mm) 0.40 0.25 0.40 0.25
Mean *= SD (mm) 087 = 0.22 067 £ 0.21 0.13 £ 0.31 0.00 £ 0.00
Median (mm) 1.00 0.70 0.00 0.00
(p < 0.001%*) (p < 0.05*)
3) Distal area
Max Min
Voxel size (mm) 0.40 0.25 040 0.25
Mean *= SD (mm) 091 £ 017 075 = 0.26 009 £019 004 =014
Median (mm) 1.00 0.80 0.00 0.00
(p < 001%) (p =0.24)
4) Labial/Buccal area
Max Min
Voxel size (mm) 0.40 0.25 040 0.25
Mean *= SD (mm) 096 £ 007 062 = 027 015 £ 028 0.00 = 0.00
Median (mm) 1.00 0.65 0.00 0.00
(p < 0.001%*) (p < 0.01%)
5) Lingual/Palatal area
Max Min
Voxel size (mm) 0.40 0.25 040 0.25
Mean *= SD (mm) 095 £ 008 090 = 0.10 008 £ 022 004 = 0.00
Median (mm) 1.00 0.90 0.00 0.00
(p =007) (p =007

The maximum and minimum absolute errors were measured on the teeth from (1) the tooth
cusp tip, (2) the mesial area, (3) the distal area, (4) the labial/buccal area, and (5) the lingual/
palatal area. The images with a voxel size of 0.40 mm were compared with those with a voxel size
of 0.25 mm.

SD (standard division)

*» < 0.05
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Evaluation of three-dimensional images constructed from cone-beam computed
tomographic images and study models

Migiwa Kuroda™®, Kenji Seki and Kazuyuki Araki

Abstract —— Cone-beam computed tomography (CBCT) is widely used in dentistry, and the CBCT
images can be analyzed along with other investigation data to provide useful information. In this study,
we evaluated the digital three-dimensional (3D) representations of CBCT images, overlaid with the imag-
es of study models using 3D modeling software. We used 30 teeth samples of a phantom with removable
jaws to develop the study models of the upper and lower jaws. Then, we captured the CBCT images of
the phantom'’s jaws and the study models in voxel sizes of 0.40 mm X 040 mm X 040 mm and 0.25 mm X
025 mm X 0.25 mm and used the software to make the 3D models. The maximum and minimum values
of measurement errors were calculated for each tooth from the mesial, distal, buccal, and lingual surfaces
and the areas of tooth cusp tips. We used the t-test to compare the values of errors between the images
with the large and small voxel sizes. This study identified that the images with the smaller voxel size had
smaller errors at the mesial, buccal, and tooth cusp tip areas than those with the larger voxel size. Be-
cause of radiation exposure during the CBCT examination, appropriate imaging parameters must be se-
lected in the software and according to the purpose of CBCT when the digital composition is performed.

Key words: cone-beam computed tomography, three-dimensional imaging, dimensional accuracy, digital
dentistry
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