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q-’— o]’}«AJ—
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P ZS EAGEAT A 29 A5 HA
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&5tod Al A 23, oA =7 yxd
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Fig 1. Measurements of tooth size and dental arch width
of a laser scan digital model. 3DXer ver 3.5 was used.
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Fig 2. Volume rendering model of CBCT data con-
structed using Accurex ver 1.0. 3D zoom mode was
applied and displayed in the main window for measure-
ment of lower left lateral incisor width. The thresholding
ranges of teeth 3 preset that were used in this study
are shown in the fine tuning tab on the bottom of the
program window.

2089 M3 By oA 2 W 2y
(Orapix scanner, Orapix, Seoul, Korea) 2 ~703}93 1L
AlZol| = 3Dxer 3.5 Z 213 (Orapix, Seoul, Korea)
= o] &3tk AS 71T A3 B9 TY
Spll Bksich. ol sheel wRg 7t Hoke] el

Aol = ﬁxwfa F RHB A B

CBCT 2~7l|d(Dental Cone-Beam x-ray system, CB
Mercuray, Hitachi, Osaka, Japan)E ©]-83}o], 149.5 x
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W] A% (thresholding)®l] YoIX = ZTZaH] U
& preset B T X[opb 7HE & BRIty e
== teeth 3 preset= 774 g0l AH&3Elem, ol
2] W& 306 - 3,685 Hounsfield unit H$ %t}
(Fig 2).
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2o} L7 o] WHE ASA| ztele] Azt H it
QoA M3 2L xolo ule} 0.06 - 0.27 mme]
HAE Heon, golx 271 Yxd 2gL 0.11
- 0.31 mm, CBCT A< 0.15 - 026 mme] W=
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g £ v ASA] Aolo] Hdigh A
o oA A 2L 026 - 0.84 mme] WS B
Rom, oA =7 Yxd 232 0.25 - 0.63 mm,
CBCT 9A< 034 - 049 mme] HYE Hgor}
e AlSA] 9] Aol BAHCRE fFolsiA] &%
th g3 Aol Fx3} o] whE A5 Aol
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Table 1. Absolute differences of repeated measurements of tooth sizes of plaster model, laser scan digital model

and CBCT image (unit, mm)

Plaster model (n = 40) Digital model (n = 40) CBCT (n = 40)
Mean + SD Mean + SD Mean + SD
Maxillary arch
Central incisor 0.12 + 0.23 013 £ 0.11 0.20 + 0.16
Lateral incisor 0.10 £ 0.10 017 + 0.15° 018 £ 0.15
Canine 0.08 + 0.08 016 + 0.11" 0.17 £ 0.11
1™ Premolar 0.09 + 0.10" 0.16 + 0.14 0.19 + 0.13
2" Premolar 0.09 + 0.10 0.23 + 0.19 0.18 + 0.16
1™ Molar 0.14 + 0.14 0.18 + 0.14 0.26 + 0.21
Mandibular arch
Central incisor 0.06 £ 0.07 011 £ 0.09 015 £ 012
Lateral incisor 0.06 + 0.08 0.18 + 0.15 021 + 018
Canine 0.27 + 1.10 0.31 + 1.00 0.16 + 0.14
1*" Premolar 0.27 + 1.10 0.18 + 0.12 0.18 + 0.18
2 Premolar 0.17 + 0.19 0.22 + 0.19 022 + 0.20°
1** Molar 0.18 + 0.21 0.22 + 0.15 0.20 + 0.17

p < 0.05 (paired t—test).



= Jehen SAHcZ foskA] Zdrh A
25 2 A A Bolton F-238he] WHE Al SX]2] 2ol
t Al 74 28elM ZHzF 1.17 - 1.70 mm, 0.75 -
1.02 mme] MR Yeporm SAHCR Kot
] ¢St} (Table 2).

golA 27 gRd g} M1 2F Alo]e] X
of 73 ASA| Aol Augk H2 0.13 - 0.33
mme| WS B o (Table 3), #o]|A 270 A
g 2FolA AF 7l Xote] o] fef3tA =LA
AlS= AT (Table 4). CBCT G743 A1 23 Alo]
o] Ao} ZA ASA| Aol Mgk B2 0.12 -
030 mme] MYS 2 om (Table 3), CBCT A4
oAl oAl 7 Rofe] F73o] FelstAl FA ASE
A g 7 Xote] FAo] fFelstA ZAl ASEHU
t} (Table 4).

oA =7 tAYE Bgy} 3 2y Alo]ofA]
AX|F- X|o} =7] gte] ztole] gk Hto] et
ol A 0.74 mm, 3F2toll A 0.96 mm=E YEECH, A
A 2o} A7) 3he] Afole] Mgt -2 el A
1.26 mm, 3}l A 1.76 mm= YEFEIL (Table 5),
R oA A7 gAY nddA folsH o =
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Al ASE Z o2 YEETE (Table 6). CBCT 973
A3 B Atolof| A= HX|F X|o} A7] o] A}o]
o] Mgk Hito] AetolA 0.53 mm, dF2tellA 0.55
mm=E UEEOoH, A x|o} 7] ge] zfeole] A
gk He Aelo A 1.45 mm, dFetell A 1.12 mm
2 Yephsen, et "R Xof A7) FellA Rk
CBCT @7delA frolatA 2HA AlSd Ao =2 e}
wow tE Xof A7) Pl e FAACE {2
3k zpo] 7} $IATH (Tables 5 and 6).

2T do| Fx3} gke] ASA] zte] gk 3
T2 do|A 270 tAE 23 3 B Alo]d
A& AetelA 0.56 mm, dFetoll A 1.23 mmE YEh
o, oA 27 Y'Y 2ol felstA &
A ASEHE AC R YEsta, CBCT 9743 AJx
28 Alolo| A= Adeto A 0.88 mm, dFtolA 1.03
mmZ YE o, Zfols & oA EAH R
o 5FA] &Skt (Tables 5 and 6).

dolA A7 tAE 22} 1 =g, CBCT 4
BT A3 B Atole] BT FA | ASA] Afo]
o Adiztel Hi-S 0.33 - 1.00 mme] H = el
o, At Z7A CBCT YJge A7}

Table 2. Absolute differences of repeated measurements of arch length discrepancies, arch width, Bolton discrep-
ancies of plaster model, laser scan digital model and CBCT image (unit, mm)

Plaster model (n = 20) Digital model (n = 20) CBCT (n = 20)
Mean + SD Mean + SD Mean + SD
Maxillary arch
Sum of anterior teeth 042 = 041 046 + 037" 0.62 = 0.33
Sum of all teeth 0.66 = 0.56 0.79 £ 055 1.06 £ 0.68
Required space 049 = 0.46 0.71 £ 055 0.86 = 0.50
Available space 021 = 0.14 026 £ 0.26 025 = 0.25
Arch length discrepancy 051 + 047 0.76 = 0.68 0.77 £ 063
Intercanine width 038 + 043 037 = 0.27 049 + 0.37
Intermolar width 084 + 2.22 025 = 0.17 037 + 0.27
Mandibular arch
Sum of anterior teeth 056 = 151 0.77 £ 1.37 043 = 042
Sum of all teeth 137 £ 1.85 115 + 1.30 083 + 0.63
Required space 112 + 1.87 101 + 1.38 065 = 041
Available space 025 = 0.25 022 £ 021 028 = 0.22
Arch length discrepancy 1.17 £ 1.90 1.05 £ 1.50 0.65 = 0.52
Intercanine width 0.33 £ 0.30 048 + 044 034 £ 0.28
Intermolar width 026 + 0.23 063 £ 053 040 + 0.34
Bolton discrepancy
Anterior 093 + 1.89 1.02 £ 1.79 0.75 = 0.74
Overall 1.70 £ 2.00 117 £ 166 1.34 £ 1.63

*p < 0.01 (paired t-test).
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Table 3. Absolute differences of tooth size measure-
ments between laser scan digital model and plaster mod-
el, and between CBCT image and plaster model (unit,
mm)

DG-PL (n = 40) CT-PL (n = 40)

Mean + SD Mean + SD
Maxillary arch
Central incisor ~ 0.16 + 0.177 0.15 + 0.12
Lateral incisor 017 + 0.137 0.19 £ 0.11
Canine 0.18 = 0.13" 023 + 0207
1 Premolar 0.13 + 0.09 025 + 0.187
2 Premolar 0.17 + 0.11 022 + 016"
1 Molar 023 = 0.167 025 + 0.197
Mandibular arch
Central incisor 015 + 0107 014 + 011"
Lateral incisor 0.13 = 0097 0.12 = 0.10
Canine 033 + 0.67 024 + 0.49
1* Premolar 025 £ 052 0.30 = 053
2™ Premolar 018 + 0.17 0.16 + 0.11
1 Molar 023 + 0.157 021 + 0.16

PL, Plaster model; DG, laser scan digital model; CT,
CBCT image. 'p < 005, 'p < 001; Tp < 0001 (Paired
t-test).

HI

golx A CXY 2, = dYe 2Y =M

Na mgel ASAEY Foleid 22 Aoz
Elr‘/fb:]' (Tables 5 and 6).

AR Bolton ¥x38he] AZx] ztole] Auigk
Fe o)A 270 tAg 233} Mu mg Apol
oA 1.12 mmZ e}, CBCT 94 A1 =8
Atolol A& 097 mmE YElsten] oju] CBCT 4
FAA FesHA o ZA ASE Aer derst
(Tables 5 and 6). A4 Bolton F-33}2] A|S3] #|o]
o] Azt HFE HolA A7 UAE R} A
23 AlolollA] 142 mm= WEFEIL, CBCT 944

A3 23 AbolelA = 1.70 mmE WERGOH 2po]
E BT AHCR folatA] &kTh (Table 5). 7
7 BAS =5 A 7‘(] 2 9 A A Bolton F-Z3}el|A]
Ho]A ~7 Ogxd 2383 M3 23, CBCT I4
I M3 2Eo] we @'%33_’74]7]' Ue= Felska
T} (Table 7)

k=

Table 4. Differences of tooth size measurements between laser scan digital model and plaster model, and between

CBCT image and plaster model (unit, mm)

DG-PL (n = 40) CT-PL (n = 40)
p value p value
Mean + SD Mean += SD
Maxillary arch
Central incisor 0.14 £ 018 0.0007 0.05 £ 018 0.101
Lateral incisor 0.12 = 0.17 0.000" 0.04 = 021 0.221
Canine 0.10 = 0.20 0.004" -0.19 + 0.24 0.000"
1 Premolar 001 + 0.16 0.808 022 + 022 0.000
2 Premolar 0.05 = 0.19 0.119 -0.16 + 0.23 0.000"
1 Molar 0.20 = 0.19 0.000" -0.22 + 024 0.000"
Mandibular arch
Central incisor 011 = 0.14 00007 0.07 £ 017 0.012"
Lateral incisor 0.10 = 0.12 0.000" 001 + 0.16 0.764
Canine 0.16 + 0.74 0.190 -001 + 055 0.897
1 Premolar 0.16 + 056 0.076 -0.05 + 0.61 0.606
2™ Premolar 0.05 = 0.25 0.229 -0.05 + 0.19 0.135
1 Molar 020 + 0.18 0.000" -0.03 + 0.26 0.494

PL, Plaster model; DG, laser scan digital model; CT, CBCT image. ‘p < 0.05; T p < 0.01; T p < 0.001 (Paired ¢-test).
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Table 5. Absolute differences of arch length discrep-
ancy, arch width, and Bolton discrepancy measure-
ments between laser scan digital model and plaster
model, and between CBCT image and plaster model
(unit, mm)

DG-PL CT-PL
(n = 20) (n = 20)
Mean £ SD  Mean = SD

Maxillary arch

Sum of anterior teeth 074 + 0427 053 + 043
Sum of all teeth 126 = 0607 145 + 1107
Required space 087 + 0517 110 + 090"
Available space 052 + 0227 056 + 0457
Arch length discrepancy 056 * 0457 088 + 0.80
Intercanine width 033 + 026 055 + 0287
Intermolar width 100 £ 099 075 + 111
Mandibular arch

Sum of anterior teeth 096 + 0867 055 + 0.72
Sum of all teeth 176 = 0977 112 + 1.07
Required space 139 £ 1277 104 + 092
Available space 034 + 023" 058 + 0527
Arch length discrepancy 123 + 129"  1.03 + 1.21
Intercanine width 048 + 0.60 047 = 053
Intermolar width 049 + 046" 046 + 032
Bolton discrepancy

Anterior L12 122 097 + 09
Overall 142 + 121 170 + 168

PL, Plaster model; DG, laser scan digital model; CT,
CBCT image. 'p < 005 "'p < 005 Tp < 0001 (Paired
t-test).
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%) o} %XE Ao AAErt iAoz vkt
an'*& FAY Q] of Fol HAIRle] HolA 2
g BEgo] BE XoloA] AAET} =tk
sttt #ol A& o] &3 =70 Aodl= FA
REoA AG R} F2HFglolA] Hlo] A4
o] kAL dofut xlo} 01%3‘%54 3k A
geA B2 bR 2YPA 2o} F79]
A o] o3-S WS- 74 o2 A=) T
27 A E RoAE WA gAlo] ¢
Holma HEHe] 93] AAdA a2
-} zto|7b AL = ok ofg FA S A
dlo]A A7 A" 2 oA E Xofe
o] Zx|Ho] ohd FH o Ty o] et
ol#o] Atk CBCT Ao ZSel=
voxel Atole] o] Ho R o] FojA| a1, 53] A
o] AF8-3} 3D zoom EEA = ] A] voxel AFo]
FEgA HEs e 7]so] Zqﬁlﬂﬂ
Rl Rlote] Z7t R Fo] FErt T2 Hol
xﬂx%o] 01
T HIOW 270 UAE Ry Hu 2y
40154 2o} 73 A=A 2o+ 0.01 - 0.20 mme]
W2 Park”7} Han''o] ¢33 0.03 - 0.16
0.01 - 0.17 mm9} FAFSHA Yebton, o}
ASAe] AT 0.33 mm ©]3t= UERFA
2 o] 7He3t FFo 2 AZE Y (Table 3).
ATolA HeolA 27 tAE RES M3 =Y
Hlw Al A, ket AR 7ok At x| oA X o}e]
Z73o]l folstA e, g8 THECA olH S
zto] & Hole ot dHAde e v fld
PP ol 7 it 24 wg eyl dean
2 AlZo] ol Aot F-97F EekA]7] wolgt
3 A7FE T} Santoro 522 OrthoCAD YR8 23
oAA AZE Aofe] ZAdo] At Aria sHa,
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Table 6. Differences of arch length discrepancy, arch width, and Bolton discrepancy measurements between laser
scan digital model and plaster model, between CBCT image and plaster model (unit, mm)

DG-PL (n = 20) CT-PL (n = 20)
p value p value
Mean + SD Mean + SD
Maxillary arch
Sum of anterior teeth 0.73 + 043 0.000" -0.19 + 0.66 0.208
Sum of all teeth 124 + 064 0.0007 -138 + 1.19 0.0007
Required space 0.83 + 055 0.0007 -0.96 + 1.07 0.001"
Available space 041 + 038 0.000" 052 * 051 0.000"
Arch length discrepancy -0.41 + 0.60 0.007" 043 + 1.13 0.109
Intercanine width 0.16 = 0.40 0.089 -0.46 + 042 0.000"
Intermolar width 047 + 1.34 0.131 -022 + 1.33 0.469
Mandibular arch
Sum of anterior teeth 071 + 1.07 0.008" 012 + 0.89 0.555
Sum of all teeth 153 + 1.30 0.000" -0.12 £ 156 0.745
Required space 1.05 £ 1.58 0.008" -0.22 + 1.38 0.494
Available space 0.21 + 0.36 0.019" -055 + 057 0.000"
Arch length discrepancy -0.82 + 1.59 0.032" -0.32 + 157 0.373
Intercanine width 026 = 0.74 0.130 -0.16 * 0.69 0.313
Intermolar width 0.34 + 058 0.017* 0.01 £ 057 0.969
Bolton discrepancy
Anterior -0.17 + 166 0.661 -0.35 + 1.31 0.247
Overall -0.44 + 1.83 0.297 -1.25 £ 2.08 0.014"

PL, Plaster model; DG, laser scan digital model; CT, CBCT image. ‘p < 0.05; T p < 001, i p < 0.001 (Paired t-test).

Table 7. Pearson correlation of Bolton discrepancies
between laser scan digital model and plaster model,
and between CBCT image and plaster model

DG vs PL CT vs PL

0.708" 0.764"
0.662" 0.718"

Anterior Bolton discrepancy
Overall Bolton discrepancy

PL, Plaster model; DG, laser scan digital model; CT,
CBCT image. 'p < 0.01.
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ORIGINAL ARTICLE

Comparison of model analysis measurements among plaster

model, laser scan digital model, and cone beam CT image

Mi-young Lim, DDS, MSD," Sung-hoon Lim, DDS, MSD, PhD"

Objective: The purpose of this study was to evaluate the possibility of using a digital model and cone beam com-
puted tomograph (CBCT) image for model analysis. Methods: Model analyses of CBCT images, plaster models,
and digital models of 20 orthodontic patients with a permanent dentition with no proximal metal restorations, were
compared. Results: The average differences of tooth size measurements were 0.01 to 0.20 mm, and the average
difference of arch length discrepancy measurements were 0.41 mm in the maxilla and 0.82 mm in the mandible.
The difference in Bolton discrepancy measurements was 0.17 mm for the anterior region and 0.44 mm overall
but with no statistically significant difference. When comparing CBCT images with plaster models, the average
differences in tooth size measurements were -0.22 to 0.01 mm, and the average differences in arch length dis-
crepancy measurements were 0.43 mm in the maxilla and 0.32 mm in the mandible. Difference in Bolton discrep-
ancy measurements were 0.35 mm in the anterior region and 1.25 mm overall. CBCT images showed sig-
nificantly smaller overall Bolton discrepancy measurements. Conclusions: Although there were statistically sig-
nificant differences in some model analysis measurements, the ranges of measurement errors of the digital model
and CBCT images were clinically acceptable. Therefore, a digital model and CBCT image can be used for model
analysis. (Korean J Orthod 2009;39(1):6-17)

Key words: Digital model, Cone beam CT, Model analysis, Plaster model
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