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M3 BFE 29 uy o wel BRslo] A
L2 3%(3Dxer 3.5, Orapix, Seoul, Korea)S ©] &
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BA R, dEdH oz 9Afghol Kol o)A
A" mgo] AddH oz fesittn 319
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E(Aroma Fine DF III, GC, Toyko, Japan) = 3}
=3, AE T vl2 744 3 (New Plastone, GC,
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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.

2009 Mo BEE #olx] A7 W] =AY
(Orapix scanner, Oraplx, Seoul, Korea) 2 A7} 11,
A& 3Dxer 3.5 L2 18 (Orapix, Seoul, Korea)
= o] &3tk AlE 72 Ao BEX e} FY
8HA 3tEth ol sl BE-E 7 X|ofe] Ao
2 zto] H2F XA F wFHAAAA A=
dHH HAd FEFE Y3t FAIESTE old

BAEE Aol B AZS A9 4B} 9AW
o AT 71% Helo] Al FH1E up2A A
HFEAE GAsgon], ARy 1Fgaol Ao

H
FTEHE AR & A5 AW 7 HHe &
A4l YAE Z2 WA detail control of two
points ™7 el 2 HES o] &t HIIATH
(Fig 1).

CBCT 227 (Dental Cone-Beam x-ray system, CB
Mercuray, Hitachi, Osaka, Japan)& ©]-8-3}c], 149.5 X
149.5 mme] FOV (field of view), 15 mA, 120 kv, 2
7 ek 9.6%, 0292 mm A= C?Jﬂi A3} o
#9 S 7\]533}@ 2lofe] wFHS 3 57]
M &= EA O}Oq ghzte] wEhE 4 T
A7) ’EJ’EH oA #Hgslir AZFS Accurex 1.0
(Cybermed, Seoul, Korea)S ©] &34t} =E A=
Aol 7l Ma B et L3 ste
olf 3D zoom 715 o]&ste] = staa} o}t
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9] A% (thresholding)oll 2lolAlE = 13ef U
& preset B T Aok} /MG A Heltkn g
%= teeth 3 presetS 7% glo] AF&E}] on, o]uj
2] M= 306 - 3,685 Hounsfield unit ¥ ¢
(Fig 2).
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w3 mEEae e, FHNeR dold »
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3 23 Atole] Bolion §-3:3F AlSA|| JuHaAA
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2o} Z7 o] RHE A SR Zfolo] Mgk o]
ol A3 2y e Zole] upel 0.06 - 027 mmel
M E H9or, golA 2~ PAE 2EL 011
- 031 mm, CBCT 942 0.15 - 026 mme HHE

itk xo} ZA o] ukE A=A d) tha & 7
7é A3 A1 25 bt A1AhTH 9] FHA A
dol# 270 uxE 2Ly ot A9} HAE
7oA Feldt Abol & B om CBCT 9474 shet
SAR G} A2aTA] EH A {7 AfolE H
t} (Table 1).

A EE iﬁA W AlEA] ztele] Mgk Hat

o 9JolH A3 2L 026 - 0.84 mme] WIS B
Fown, o 17& 270 UAE 282025 - 0.63 mm,
CBCT 942 034 - 049 mme] HYE B o}
e Al S]] abols BAIASR folskA] %%k
th 2 EF Ao %ii} %M W Al 53] 2ol €]
) o oA 051 - 1.17 mm B
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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)

Maxillary arch
Central incisor 0.12 £ 0.23
Lateral incisor 0.10 £ 0.10
Canine 0.08 £ 0.08
1% Premolar 0.09 + 0.10"
2" Premolar 0.09 = 0.10
¥ Molar 0.14 + 0.14

Mandibular arch
Central incisor 0.06 = 0.07
Lateral incisor 0.06 £ 0.08
Canine 027 £ 1.10
1% Premolar 027 £ 110
2" Premolar 0.17 + 019
1™ Molar 0.18 + 0.21

(.13 + 011 020 = 0.16
0.17 + 0.15" 0.18 + 0.15
016 + 0117 0.17 £ 011
0.16 = 0.14 0.19 £ 0.13
0.23 + 0.19 0.18 + 0.16
018 + 0.14 0.26 + 0.21
0.11 £ 0.09 015 £ 012
0.18 £ 0.15 021 = 018
0.31 = 1.00 0.16 + 0.14
0.18 = 0.12 0.18 £ 0.18
0.22 + 0.19 022 £ 020
022 = 015 0.20 £ 0.17

"p < 005 (paired t-test).
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25 2 A A Bolton F%3+2] whE A Zx]9] 3}o]
v Al 7FA B¥elA zHzE 117 - 1.70 mm, 0.75 -
102 mme] HYZ YEgon] BAHz {3}
A YT} (Table 2).

glo]A 270 YAE 2y} N3 23 xlo]o x|
of 27 AEA] Aol Aozt HiF-2 0.13 - 0.33
mme] HE o (Table 3), Ho]A 27 )X
g REox dF ) ot 0] FofsA A
A &5 T} (Table 4). CBCT 4} A1 28 Alo]
o] 2o} £ AER] Apole] Ak HHFE 012 -
0.30 mme] HHE B o (Table 3), CBCT 4*F
AN A 7 Aote] ZHo] F-olsiA 2 A2
AL g 7 Xolke] FAo] FoatA AA AZHQ
t} (Table 4).

go|A 20 YAd 2} Hu 2g Alo]oA
ARG ot A7) el ztolo] Azt Hgo] Aot
A 0.74 mm, 3te}ol A 096 mmE VERGOo™, A
A Ao} A7) 3o Aole] Azt F2 AFetol A
1.26 mm, d}etollA| 1.76 mm=Z VeI (Table 5),
B dolA 27 gAE ByolM FosiA o =

CHX|wHR| 393 13, 20094

A AZE Aoz Yepdtt (Table 6). CBCT 94
M3 B AtoldlA & AR F R|o} A7) §he] Aol
o] Azt Hol Aol A 0.53 mm, sl A 0.55
mm= e o™, A o} A7) ] zpole] A
izt HES Aetol A 1.45 mm, 3FetollA] 1.12 mm
2 JvElgton, ot MR o} A7] FoAgh
CBCT F8lA FoatA 2HA ASE o2 e
gon o2 Xof A7) FAME FAFLE 79
gk zpo] 7t §IQATE (Tables 5 and 6).

AL do] §=23} ko] AEA] 2pe] Aozt 3
e golA 27 YAE 283} M1 23 Alo]d
ME getolA 0.56 mm, 3o A 1.23 mmE UE
wow, golA A7 YAE 2YoA F3A 2
A ASEE Aoz Yelys, CBCT 9743 Hx
58 Aolol A& Abeto| A 0.88 mm, dFetell A 1.03
mmZ YEIE O T, Aols § BFoA SAFR
o 8lA] %A Th (Tables 5 and 6).

golA 2~ YAY 234 M3 =Y, CBCT 9
4 A3 BE Abelo] X BT EH Q] AISA] Apol
o] Azre] HHFS 033 - 1.00 mme] M= Vet
son, X7 £ CBCT 94 AZx7}

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)

s

Maxillary arch

Sum of anterior teeth 042 £ 041
Sum of all teeth 0.66 + 056
Required space 049 + 046
Available space 021 = 0.14
Arch length discrepancy 051 + 047
Intercanine width 0.38 + 043
Intermolar width 084 £ 222
Mandibular arch
Sum of anterior teeth 056 = 151
Sum of all teeth 137 + 1.8
Required space 112 £ 1.87
Available space 025 £ 025
Arch length discrepancy 117 + 1.90
Intercanine width 0.33 + 0.30
Intermolar width 0.26 + 0.23
Bolton discrepancy
Anterior 093 + 189
Overall 1.70 + 2.00

sy

046 + 0.37 062 = 0.33
0.79 + 0.55 1.06 + 0.68
071 £ 055 0.86 + 0.50
026 = 0.26 025 + 0.25
0.76 + 0.68 0.77 = 0.63
0.37 £ 0.27 049 + 0.37
0.25 + 0.17 0.37 £ 0.27
077 + 1.37 043 = 042
115 + 1.30 0.83 + 063
1.01 + 1.38 065 + 041
022 + 0.21 028 + 0.22
1.05 £ 150 065 = 052
048 + 044 034 £ 028
063 = 053 040 + 0.34
1.02 £ 1.79 075 £ 0.74
1.17 + 1.66 1.34 + 163

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)

Maxillary arch
Central incisor ~ 0.16 + 0.17" 0.15 + 0.12
Lateral incisor 017 + 0137 0.19 = 0.11
Canine 0.18 + 0137 023 + 0207
1 Premolar 0.13 + 0.09 025 + 018"
2 Premolar 017 + 0.11 022 + 0167
1 Molar 023 = 0167 025 + 0.197

Mandibular arch
Central incisor 015 + 0.107 0.14 + 0.11"
Lateral incisor 013 + 0.097 0.12 + 0.10
Canine 0.33 + 067 024 + 049
1% Premolar 025 + 052 0.30 + 053
2™ Premolar 0.18 = 0.17 0.16 = 0.11
1" Molar 023 + 015" 021 + 016

PL, Plaster model; DG, laser scan digital model; CT,
CBCT image. ‘p < 005 'p < 00L; Tp < 0.001 (Paired
t—test).

golx A4 CXE 2, 2 & CT dd2| 2% 24

M5 wge] ASAEY Rl A2
EFstt} (Tables S and 6).
ﬁz]f Bolton H-Z3}2] 74]27?] 7‘<} 19] qu]g}

Ao 1}

m 1.12 mm% UrEPﬁ:ﬂ, CBC *oﬂr M 2y
Aol 0.97 mmE VER o™ o|uf CBCT 4
el felshA | A ASE Aew vewnt
(Tables 5 and 6). A 3] Bolton F-33}e] ASA] #}o]
o] Azt Hit- golA 270 YA B Ma
23 Alolo A 142 mmE VeI, CBCT 44
A3 2 Alojd A= 1,70 mmE WERE e Zjo)
nE EAA O R §95kR] AT} (Table 5). A

i

= RE

T EAE B3l AAF 2 AA Bolton 28}l A
golA 27 tAd 2y M3 2¥, CBCT 974
I A3 Rgo] e FTBAIE 31%'5 28k
t} (Table 7)

k-

CBCT7} 1 P 2o 22 #dsi & T
& Fcke vl gl AHE  dve Eavt
A CBCT 73l ot %7 3 ofg %7
Zo] HEAFE 2R AT ofF Zetiy]

o} ouldd Al 7 el 3% FREC] dE

Table 4. Differences of tooth size measurements between laser scan digital model and plaster model, and between
CBCT image and plaster model (unit, mm)

Maxillary arch
Central incisor 014 = 018
Lateral incisor 012 = 0.17
Canine 0.10 = 0.20
1* Premolar 001 + 016
2" Premolar 0.05 + 0.19
1% Molar 020 = 0.19

Mandibular arch
Central incisor 011 £ 0.14
Lateral incisor 0.10 + 0.12
Canine 0.16 + 0.74
1* Premolar 0.16 + 0.56
2" Premolar 006 = 025
1" Molar 0.20 = 0.18

0.000" 0.05 + 0.18 0.101
0.000" 004 = 021 0.221
0.004" -0.19 + 024 0.0007
0.808 -0.22 + 022 0.0007
0.119 -0.16 + 0.23 0.000"
0.0007 022 + 024 0.0007
0.0007 007 + 0.17 0.012"
0.000° 001 + 0.16 0.764
0.190 -001 + 055 0.897
0.076 -0.05 + 061 0.606
0.229 -0.05 + 0.19 0.135
0.000" -0.03 + 026 0.494

PL, Plaster model; DG, laser scan digital model; CT, CBCT image. p < 0.05;, 'p < 0.01; "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)

Maxillary arch

Sum of anterior teeth 074 + 0427 053 + 0.43

Sum of all teeth 126 = 0607 145 = 1.107
Required space 087 + 0517 110 + 0907
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 + 086" 055 + 0.72

Sum of all teeth 176 + 0977 112 + 107

Required space 139 £ 1277 1.04 = 092

Available space 034 + 023 058 + 0527
Arch length discrepancy 123 £ 129" 103 + 121

Intercanine width 048 + 060 047 + 053

Intermolar width 049 + 046" 046 * 0.32

Bolton discrepancy

Anterior 112 £ 122 097 + 096

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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A X 9} %«%d_ilfﬂ AF =7t Aoz Bt
an'*2 FA9] o] Fo) FAIgle] PeolA 2
g 239 BE XoldA A=} 34t
iﬂ%iﬂ dlo| A& o] &3 270 A& FA
g RPN AGA A A Ho] b
o] ditAbrE dojut X|of QIFFHe 33k AlF
o] FRHAnE TR BFo|A Xo} Z7A<]
ANEE T dge vg Aoz Y4d =
g glo]A 270 HAE BY A HA g4l ¢
T2 HolBR HEHY 9A] A Hu B
Yol 7o} AJol7t AL 5 Qi) okF EAHL A
& 9 golx 27 YAE 2E FollA= ol
AFF o] B o] opd FHo 7 FE o] FHE3)
AlZo] olg]go] UUTE CBCT 949 ZASd=
voxel Alole] Ado] Ao o)|Fox|1, B3] A=
o AF4-3F 3D zoom ELEOHH“ st A] voxel Abo]
o] Aol FEHA HEE st 7w 845
o] X|oto] ErtE - Pr—lil«l Hej7t A Bo
= %H@O] A
2 A7 HolA 270 YAE R M3 BF
*}OH Aot %7 AEA] zto]E= 0.01 - 020 mme]
W2 Park” ¥} Han'*o] 2E3% 003 - 0.16 mm,
0.01 - 0.17 mm®} fAFSHA VEF o, X|o} A
AZ2)2] AL 0.33 mm ©]dtE VElA At
A 8ol 7Med FEoE AT (Table 3). £
ATA dolA A0 gAY ZEFL HMm 2y}
Hlal Al A, akel A F-9F A1) e|4] 2] ofe]
Aol FoatAl Fedl, o8 EHECNA old
2ol & Hole zole] RG-S éléi F= %
P ol 4 myuit} 14 iy der) 2=
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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)

Maxillary arch
Sum of anterior teeth 073 + 043 0.0007 -0.19 + 066 0.208
Sum of all teeth 124 + 064 0.0007 -138 + 1.19 0.000"
Required space 0.83 * 0.55 0.0007 -096 + 1.07 0.0017
Available space 041 + 0.38 0.000" -052 + 051 0.000"
Arch length discrepancy -041 + 060 0.007" 043 + 1.13 0.109
Intercanine width 0.16 + 0.40 0.089 -046 + 0.42 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" 0.12 + 0.89 0555
Sum of all teeth 153 + 1.30 0.000" 012 + 1.56 0.745
Required space 105 + 158 0.008" 022 + 1.33 0.494
Available space 021 + 0.36 0.019" -055 + 057 0.000"
Arch length discrepancy -082 £ 159 0.032" -0.32 = 157 0.373
Intercanine width 026 + 0.74 0.130 -0.16 + 0.69 0.313
Intermolar width 034 + 058 0.017" 001 + 057 0.969

Bolton discrepancy
Anterior 017 + 1.66 0.661 -035 + 1.31 0247
Overall -0.44 + 1.83 0.297 -125 + 2.08 0.014"

PL, Plaster model; DG, laser scan digital model; CT, CBCT image. p < 005 'p < 001, Tp < 0.001 (Paired t-test).

Table 7. Pearson correlation of Bolton discrepancies o ge A7to] AaETh
between laser scan digital model and plaster model, CBCT At} A3 23 xlole] x|o} £7 74]3']
and between CBCT image and plaster model ol —022 - 007 mme W= ek A

o} %73 AZAe] Ari A1 030 mm o] O}E Lhen

Anterior Bolton discrepancy 0,708 0.764 A EelA 270 HAd 28 a} vRH R 1
Overall Bolton discrepancy 0.662" 0.718" F8o] 7hsek o R AZE T (Table 3). CBCT
Qe A was vm A et A%, A1ePA,

PL, Plaster model; DG, laser s digital model; CT, y ; =
aster mode aser scan digital mode A2, Ah21e] A o] FefsHAl AA A
CBCT image. p < 0.01

SEQQaL st FEA Y A0 FolstA A Al

259t} (Table 5). CBCT 942 dlolA A7 A
2ol A%hA/] AT Nn wys 0" | ege) He) el 2 vehle 4, 6 4
RS HlastiA AlSshe A} A7 sl B A o 2o o2 Hl=r] o] CBCT o
wFatmal st 99 Hote] M7TE UAE aro] B Aol Abed oA A7 oA E v
EPE AT Aol 9Al 7z ghete] mg 22 Fw ~7(surface scan) Wl o] olg}t E&
ol Frhai 3SAth Lee 57 oAl 79 bxd = 2N (volume scan) W2 0.2 HEW7] ujito] A4
65101]}‘1 IV:‘ Dgo 74]%}]'7} ilo]— ::,"5-7334‘ 9}% 5_:—73% 9/] O 6}:.9_ =] "o 74 oz gg L%q qX‘IEq E:dé-q]
AlSste] gk 23 AZARY 2 F77) gt 750 = I A (undercut) o] FEFL W= dolAE
B8k, Stevens 5% Al SARE fro] @t alol= o] &8 Frl 27 o] obd E9& CT (industrial
Rt Badlech 2 At @ W AS oD AR B A0 BAg e Aede
At Az om, 43 mel vldl HAY 2@ 2o 9P D 0E o YA Lascala T
oAA, HAE B&] nls] CBCT Y dolx AZ A & Az Z/HES CBCTRE 2Mete] A2k} Hlm
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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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