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ABSTRACT

Comparison of model analysis among plaster model,

laser scan digital model, and cone beam CT image

Lim, Mi-Young
Advisor: Sung-Hoon Lim, D.D.S., M.S.D., Ph.D.
Department of Dentistry

Graduate School of Chosun University

The purpose of this study was to evaluate the possibility of using digital
model and CBCT image for model analysis. CBCT images, plaster models,
digital models of 20 orthodontic patients with permanent dentition were
used for comparison of model analysis measurements (tooth size, arch
width, required space, available space, arch length discrepancy, Bolton
tooth size discrepancy)

The results were as follows.

1. Absolute deferences of repeated measurements of tooth size and dental
arch width were 0.06 to 0.27 mm, 0.26 to 0.84 mm in plaster models,
0.01 to 0.20 mm, 0.25 to 0.63 mm in digital models and 0.15 to 0.26

mm, 0.34 to 0.49 mm in CBCT images.



2. The average differences of tooth size measurements between digital
model and plaster model were 0.01 to 0.20 mm, and digital model

showed significant differences in the 7 tooth sizes.

3. The average differences of tooth size measurements between CBCT
image and plaster model were -0.22 to 0.01 mm, and CBCT image

showed significant differences in the 5 tooth sizes.

4. The average differences of arch length discrepancy measurements
between digital model and plaster model were below 0.82 mm, and the
difference of Bolton discrepancy measurements was below 0.44 mm.

There was no statistically significant difference.

5. The average differences of arch length discrepancy measurements
between CBCT image and plaster model were below 0.43 mm, and
there was no statistically significant difference. Overall Bolton
discrepancy measurements was 1.25 mm smaller in the CBCT images

and was statistically significant.

In conclusion, although there were statistically significant differences in
some model analysis measurements between digital model and plaster
model, and between CBCT image and plaster model, the ranges of
measurement errors were clinically acceptable. Therefore, digital model and

CBCT image can be used for model analysis measurements.
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Table 1. Absolute differences of repeated measurements of tooth sizes of

plaster model, digital model and CBCT image (in mm)
Plaster Model Digital Model CBCT
(n=40) (n=40) (n=40)
Mean + SD Mearn + SD Mean + SD
Maxillary Arch
Central incisor 0.12 + 0.23 013 £ 0.11 0.20 £ 0.16
Lateral incisor 0.10 = 0.10 0.17 + 0.15" 0.18 + 0.15
Canine 0.08 + 0.08 0.16 = 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 0.11 = 0.09 0.15 + 0.12
Lateral incisor 0.06 £ 0.08 0.18 = 0.15 021 + 0.18"
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 0.22 + 0.20"
1% Molar 0.18 + 0.21 022 £ 0.15 020 + 0.17

P < .05 (paired rtest)



Table 2. Absolute differences of repeated measurements of arch length
discrepancies, arch width, Bolton discrepancies of plaster model, digital model

and CBCT image (in mm)
Plaster Model Digital Model CBECT
(n=20) (n=20) (n=20)
Mean = SD Mean + SD Mean + SD
Maxillary Arch
Sum of anterior teeth 0.42 + 0.41 0.46 + 037" 0.62 + 0.33
Sum of all teeth 0.66 = 0.56 0.79 + 0.55 1.06 + 0.68
Required space 0.49 + 0.46 0.71 = 0.55 0.86 = 0.50
Available space 0.21 £ 0.14 0.26 £ 0.26 0.25 £ 0.25
Arch length discrepancy 0.51 £ 047 0.76 + 0.68 0.77 £ 0.63
Intercanine width 0.38 = 0.43 0.37 + 0.27 0.49 = 0.37
Intermolar width 0.84 = 2.22 0.25 + 0.17 0.37 = 0.27
Mandibular Arch
Sum of anterior teeth 0.56 £ 151 0.77 + 1.37 0.43 £ 0.42
Sum of all teeth 1.37 £ 1.85 1.15 £ 1.30 0.83 + 0.63
Required space 1.12 + 1.87 1.01 + 1.38 0.65 = 0.41
Available space 0.25 = 0.25 0.22 £ 0.21 0.28 + 0.22
Arch length discrepancy 1.17 + 1.90 1.05 + 1.50 0.65 £ 0.52
Intercanine width 0.33 + 0.30 0.48 + 0.44 0.34 + 0.28
Intermolar width 0.26 £ 0.23 0.63 = 0.53 0.40 £ 0.34
Bolton Discrepancy
Anterior 0.93 + 1.89 1.02 £ 1.79 0.75 = 0.74
Overall 1.70 £ 2.00 1.17 £ 1.66 1.34 + 1.63
"P < 01 (paired /test)
2 43 28, OA9 28, CBCT FANA Aok 73 2 o
7, 7tE I ASFSA
M1 wdv UA" wa CBCT 942 23 249 3 AEge ASA
2 oo 7 A=A iy TFAAAE S5 (Tables 3 and 4).



Table 3. Tooth size measurements of plaster model, digital model and

CBCT image (in mm)
Plaster Mode! Digrtal Model CBCT
(n=40) (n=40) (n=40)
Mean + SD Mean + SD Mean + SD
Maxillary Arch
Central incisor 853 £ 0.53 8.67 £ 0.56 858 £ 0.53
Lateral incisor 7.18 £ 0.63 7.30 £ 0.63 7.22 £ 0.68
Canine 798 £ 0.46 8.08 £ 0.45 7.80 £ 0.42
1* Premolar 765 £ 041 7.66 £ 0.42 743 £ 0.44
2" Premolar 7.03 £ 0.36 7.07 £ 0.36 6.87 £ 0.35
1% Molar 10.60 + 0.47 10.81 + 0.45 10.39 £+ 0.41
Mandibular Arch
Central incisor 538 = 0.28 5.49 + 0.30 545 + 0.27
Lateral incisor 6.08 = 0.36 6.18 = 0.35 6.09 + 0.38
Canine 6.85 £ 0.63 7.01 £ 0.63 6.84 £ 0.37
1% Premolar 744 £ 0.68 7.60 £ 0.47 7.39 £ 0.48
2™ Premolar 7.31 £ 0.49 7.36 £ 0.53 7.26 £ 0.49
1* Molar 11.30 + 0.53 11.50 + 0.47 11.27 = 0.44
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Table 4. Measurements of arch length discrepancies, arch width, and

Bolton discrepancies of plaster model, digital model and CBCT image

(in mm)
Plaster Mode! Digital Model CBCT
(n=20) (n=20) (n=20)
Mean + SD Mean + SD Mean + SD
Maxillary Arch
Sum of anterior teeth 47.38 £ 2.86 48.11 + 2.80 4718 + 2.85
Sum of all teeth 97.93 £ 4.81 99.17 £ 4.63 96.55 + 4.61
Required space 76.75 £ 4.04 7758 + 3.92 7579 £ 3.99
Available space 76.48 + 4.17 76.89 £ 4.16 7596 = 4.27
Arch length discrepancy -0.28 £ 2.25 -0.68 £ 2.40 0.15 + 291
Intercanine width 34.82 £ 3.16 34.98 £ 3.08 34.36 = 3.01
Intermolar width 54.17 + 3.97 54.64 + 3.86 53.95 + 4.08
Mandibular Arch
Sum of anterior teeth 36.66 £ 1.71 37.37 £ 1.85 36.78 + 1.72
Sum of all teeth 88.75 £ 4.14 90.28 £ 4.06 88.64 + 3.82
Required space 66.17 £ 2.34 67.21 £ 191 65.95 = 2.11
Available space 66.13 = 4.03 66.34 + 3.86 6558 = 3.73
Arch length discrepancy -0.05 = 3.46 - -0.87 £3.39 -0.37 £ 2.99
Intercanine width 26.49 £ 3.00 26.75 £ 3.09 26.33 £ 2.99
Intermolar width 45.34 + 3.09 4567 + 3.13 45.34 = 3.05
Bolton Discrepancy
Anterior -0.08 + 1.24 -0.25 £ 1.74 -0.43 + 1.55
Overall 0.75 £ 161 0.31 + 1.84 -0.51 + 1.99

3. A3 233 gAY B3P, CBCT 3% Aol AZF A Aol
Ao H+

OAg mygs Hu wyge] Ao} 7 AZA Aol AUzt FEL 013
~033 mme WYE RAL CBCT @4 Hi wde Xof £A4 A=
stole] Aelgk WS 0.12~030 mme] WS wA (Table 5).

AAR Aok A7)e Gol B ASA Aol Auz HEe tAL =Y
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I 3 123 Alolo A= Ao 074 mm=ZE sl A 0.96 mm=E L EFSE
i, CBCT @43 Mo 2y Afelo A= AofolA 053 mm=E dhofol 4 0.55
mm= e T (Table 6).

AA Aob 2718 Frol #3 ASA Aol dAdigh W HAE BEH
A3 18] Alol ol A= Fol 4 1.26 mm= sFetol A 1.76 mm= YEFYL L
CBCT %73 Al 23y Alo]o A& AFetol A 145 mm= aketol Al 1.12
mm= e T (Table 6).

Ade Aol Fx3t o ASFA zolo Aoy HdEe tAYE EEF A
i B Afojo A= AFetel Al 056 mmE sFetel A 1.23 mm=E Y ERYE AL
CBCT %73 Ala 23 Alo]oAl&= ZFefol A 0.88 mm= aFetol Al 1.03
mm= e T (Table 6).

Ao By OA" 2y, CBCT 9374 Ateld XA £ AZFA Aol
o Adigte] Hy 2 0.33~1.00 mme ¥ HolAl e (Table 6).

Overall Bolton 23} ko] AlSA zkelo HAuoigh Ho> vAE By}

3 B3 Apolo A 142 mm=E WERREAL, CBCT 943 AaLREE Afo]of A
£ 170 mm= e Th Anterior Bolton %3} ko] ASA Aoleo Auigk

T A" mgy A 2d Alolo] A 1.12 mm= YER AL, CBCT 934
¥ A3 By Abolo A= 097 mm=E YEFSLTE (Table 6).

- 12 -



Table 5. Absolute differences of tooth size measurements between digital

model and plaster model, and between CBCT image and plaster model

(in mm)
DG-PL (n=40) CT-PL (n=40)
Mean + SD Mean + SD
Maxillary Arch
Central incisor 0.16 £ 0.17 0.15 £ 0.12
Lateral incisor 0.17 £ 0.13 0.19 £ 0.11
Canine 0.18 £ 0.13 0.23 £ 0.20
1* Premolar 0.13 + 0.09 0.25 + 0.18
2" Premolar 0.17 + 0.11 0.22 + 0.16
1** Molar 0.23 + 0.16 025 = 0.19
Mandibular Arch
Central incisor 0.15 = 0.10 0.14 = 0.11
Lateral incisor 0.13 = 0.09 0.12 = 0.10
Canine 0.33 = 0.67 0.24 + 0.49
1*" Premolar 0.25 + 0.52 0.30 + 0.53
2" Premolar 0.18 + 0.17 0.16 + 0.11
1*' Molar 0.23 * 0.15 021 + 0.16

2L, Plaster Model; 2¢, Digital Model; ¢7, CBCT Image
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Table 6. Absolute differences of arch length discrepancy, arch width, and
Bolton discrepancy measurements between digital model and plaster model,

and between CBCT image and plaster model (in mm)
DG-PL (n=20) CT-PL (n=20)
Mean + SD Mean + SD
Maxillary Arch
Sum of anterior teeth 0.74 + 0.42 0.53 + 0.43
Sum of all teeth 1.26 £ 0.60 145 £ 1.10
Required space 0.87 + 0.51 1.10 + 0.90
Available space 052 + 0.22 056 + 0.45
Arch length discrepancy 0.56 + 0.45 0.88 + 0.80
Intercanine width 0.33 + 0.26 0.55 + 0.28
Intermolar width 1.00 = 0.99 0.75 £ 1.11
Mandibular Arch
Sum of anterior teeth 0.96 £ 0.86 055 £ 0.72
Sum of all teeth 1.76 £ 0.97 1.12 £ 1.07
Required space 1.39 £ 1.27 1.04 £ 0.92
Available space 0.34 + 0.23 058 + 0.52
Arch length discrepancy 1.23 + 1.29 1.03 £ 1.21
Intercanine width 0.48 + 0.60 0.47 + 0.53
Intermolar width 0.49 + 0.46 0.46 + 0.32
Bolton Discrepancy
Anterior 112 + 1.22 0.97 £ 0.96
Overall 142 + 1.21 1.70 + 1.68

/L, Plaster Model, 2¢, Digital Model, ¢7, CBCT Image

4. A1 2383 gAY 23 CBCT GAANAY A=A vl

4-1. A ofe] A4 74

OAde 2y AZAES Aa mge A=A ulm A ol W
0.01~0.20 mm= e ow txd waoa Ay 7§ Aop(idet FAA,
A=, AA, ALHFAS} stet T4 | ZAA, ALHFA) Z7 o] H 23
A ZA A=HA. CBCT Ao AZx2 Hu mao A= o ula A

2ol o] WolE -0.22~007 mm= EFo™, CBCT 4ol A 571 x| o}(4et

N\
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A, ALaTA, A2, AL A1) FAG o] FolshA A ASH A
174 A ot(etet A9 FA4o] fFolstAl 2A A=A (Table 7).

Table 7. Differences of tooth size measurements between digital model
and plaster model, and between CBCT image and plaster model (in mm)

DG-PL (n=40) P value CT-PL (n=40) P value
Mean + SD Mean + SD
Maxillary Arch
Ej?etrrj e 0.14 + 0.18 0005 0.05 + 0.18 101
Canine 0.12 = 0.17 000 0.04 = 0.21 221
I* Premolar 0.10 = 0.20 004 -0.19 = 0.24 000
9" premolar 0.01 = 0.16 .808 -0.22 = 0.22 000
1 Molar 0.05 + 0.19 119 -0.16 = 0.23 00053
0.20 + 0.19 000 -0.22 + 0.24 000
Mandibular Arch
Central incisor 0.11 + 0.14 00033k 0.07 £ 0.17 012
Lateral incisor 0.10 = 0.12 000 0.01 = 0.16 764
Canine 0.16 + 0.74 190 -0.01 = 0.55 897
1* Premolar 0.16 + 0.56 .076 -0.05 = 0.61 .606
2" Premolar 0.05 £ 0.25 229 -0.05 £ 0.19 135
1% Molar 0.20 £ 0.18 00053 -0.03 + 0.26 494

2L, Plaster Model; 2¢, Digital Model; ¢7, CBCT Image
P <05 TP < 01 T2 < 001 (Paired test)

4-2. AAF 2oke] Fap HA Aobe] 3 9 Bolton §-x3} %

gAd myga Ao 2y Abo]o Al Aol AR Holo] it Aol dA A
of g9 Hol= Zz H 073 mmet 124 mm=Z e ow ) st AR
Aoke] 3t skel HA Aop o Aol Z4zt W 071 mmet 1.53 mmE
et g 1A A9 AR {93 AolE Rt (Table 8).

CBCT 973 Ma =g Apolo A Aot AR Xoto] o Aot A A
ol #o Aol= Z+7 Hit -0.19 mmet -1.38 mm=E YElon, el XA
Hozloke] gt skel WA Aok el ztol= ZAZt W 012 mméet -0.12

mm= ek o8 1A A sk A Aol FelAnt FAHoR K
olgt zto] & R AT} (Table 8).

-z

O
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- 15 -



Anterior Bolton %3} ko] Atol= tAE R I} A 2 Apofof A
Hit -0.17 mm% 32, CBCT G743 A 2E Atolo A v -0.35 mm3A .
Overall Bolton 23} #te] ztol= txd Ry A B3 Ao]o A
-0.44 mm%ial, CBCT 943 A 2y Apolela Hit -1.25 mmAUtt
(Table 8). Bolton Fzx3} gte] zkolo] wis] & A8 AP A3
CBCT 9= M3 =3 Ako]e] overall Bolton 23} ke Apo]of Al gt
Aoz fog Aol7k YElRTE (Tables 8). F7Fd oz A3 £4& 53
gxdg 2y Aa 23y, CBCT 943 M3 23 o] anterior ¥ overall

Bolton H-%3} ol A =& AAAA7 dSS F2eddt (Table 9).

=
°

Gy A3 23 Apole A AdF Aol ¥x3} ke Aol Aot
oANA Hit -0.41 mm, dFetelA Hit -0.82 mm=z UAE ZFPA f2 A
27l YRS T (Table 8).

CBCT <73 A 23 ApolellA Adg Heo] Fx3t o] Aol 4
N HF 043 mm, et A HiF -032 mm= UENY L EAFH F9
Holz ¢koktt (Table ).

)
o
-11-‘

o,
o

4-4. g =7

UAd 2 M B Apo]o] oy H7 ASFA Aole] Ht2 016~
0.47mm<e] W92 vEbskal, skofe] A E Ao AR gAE R
oAl 2A AS= A (Table 8)

A 2y CBCT 949 o5 &4 ASA Aole] At -046~0.01
mm?e| W2 YEbska, AFete] HAAIE FA AR CBCT 4olA +2lst
A ZHA ASE A (Table 8).
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Table 8. Differences

of arch length discrepancy,

arch width,
discrepancy measurements between digital model and plaster model, between

and Bolton

CBCT image and plaster model (in mm)
DG-PL (n=20) P value CT-PL (n=20) P value
Mean + SD Mean + SD

Maxillary Arch
Sum of anterior teeth 0.73 + 0.43 000 -0.19 £ 0.66 .208
Sum of all teeth 1.24 = 0.64 L0003 -1.38 £ 1.19 L0003
Required space 0.83 £ 0.55 000533 -0.96 £ 1.07 001 %%
Available space 0.41 £ 0.38 L0003 -0.52 + 0.51 L0003
Arch length discrepancy -0.41 = 0.60 007 0.43 + 1.13 109
Intercanine width 0.16 £ 0.40 .089 -0.46 = 0.42 L0003
Intermolar width 047 £ 1.34 131 -0.22 £ 1.33 .469

Mandibular Arch
Sum of anterior teeth 0.71 = 1.07 008 0.12 = 0.89 555
Sum of all teeth 1.53 £ 1.30 L0003 -0.12 £ 1.56 745
Required space 1.05 + 1.58 008 -0.22 £ 1.38 494
Available space 0.21 £ 0.36 019 -0.55 + 0.57 L0003
Arch length discrepancy -0.82 £ 1.59 0323 -0.32 £ 157 373
Intercanine width 0.26 £ 0.74 130 -0.16 £ 0.69 313
Intermolar width 0.34 £ 0.58 017 0.01 £ 0.57 .969

Bolton Discrepancy
Anterior -0.17 £ 1.66 .661 -0.35 £ 1.31 247
Overall -0.44 + 1.83 297 -1.25 + 2.08 014

/L, Plaster Model;, 2¢, Digital Model, ¢7, CBCT Image
P <05 TP < 01 T2 < 001 (Paired - test)

Table 9. Pearson correlation of Bolton discrepancies between digital model

and plaster model, and between CBCT image and plaster model.

DG vs PL C7T vs PL
Anterior Bolton discrepancy 0.708™ 0.764"
Overall Bolton discrepancy 0.662"" 0.718"

2L, Plaster Model; 2¢, Digital Model; ¢7, CBCT Image
P <01
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(
=

2 oAgoME dxn 2y A" By, CBCT 949 2RI 4
HWE T3 XoF 4 9 ofF 7 Xd¥ Zo] F X3} Bolton FZ3}
Az AL vuwsdo. Ao CBCTE F4%F oA @o] o
g3 Qe el CBCT #Avle dwrdel stwgvl #9979 A7)

H 5k 30x olate] Algre] A8 EW WARA
AbEe CBCT 71Alol whe} thskA it NewTom cone beam CTe] 7
e el CBCT7 Aof &

A3 B 2 2L S48 d Yol AAT & Avhe oa
g

S

F-{N
(U
[o
ftl
E
B
)
=Y
’:Y‘
f
X
rlr
E
O
12

o AR S A AT obA FHolr 7] offu. dqRAd Al AU
FEEo] = 45 CBCT 974°lA scatter @40l dojup= Zo] #
w =wolMe 7hed Al
HAEN 3% 55 v 3= AdAzom, 53 Ao} £74 AFo|

dFe ARG FA

CBCT 94 Z#olAt thye] wass 3% $222 2t 8404

i
i,
32
o
[
fitl
&
Q
ol
ol
i)
r
5|\
N
o
do
o
9

=

Aop A ofd ZAY AL HdS A RYPelA A7 0.06~0.27

mm, 0.26~0.84 mm, YAE EFFA 0.11~0.31 mm, 0.25~0.63 mm, CBCT
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G4kl 4 015~026 mm, 0.34~049 mme] W= vpehis 2 Fol7l gl
SH(Table 1). A =g A% @& 7 AololA UAd 2g3} CBCT 94l
A% T ) AolelA wE 23 A fel@ Aozt ot Ao e,
Aole] Aujgt Bitol Al 022 mmEA BANE FEe ohetn wurs
gk we Fae] gl tAY RPN FAAG} 24 AAES Ay
o wgtn dgm, @0 S o fel BAYel ALY wye) mE
Aokl AREs} EFTL G, dolAE o] §8 27 Ao FA
of J ol AT SR Wol Aekso] wukasl dojr} A
o} AWl 339 Aol RATFAALE T4 Gl A Aok 4 A
B 40 9 we Aow ARt =d UAY RydAE wd

olmz JEAe 92 Age] Mu wH9 B9} Aol

2tl. CBCT A9 7Z$ox voxel Alole] edZAo] Ho=w o]Fojxi, E
8] AZel AH8-g 3D zoom &
A HEE gt 7lso] &8 9o Aote 7R FEo FEH7
A Hols A Atk wEkA CBCT 94 ASFY ASd= txd =3
Aol et vpzbA = HE4 2 wFAge 914 AdA ofelwel AAnd A
o2 AzHn

2lof HA] §, F8 F S I3 AET Aol ¥x3F F Y Bolton
sk ge Ad=s A By, gAd 2y, CBCT 98 E5FolA FAkS
ATt (Table 2). olul Z A Ao} #7429 3(sum of all teeth), & FI+ X
A3 ZHo] F =3} overall Bolton %312l Af-ols A o RFolA T A4
oA AR v e AAEE H=(Table 2), o= o5 AlSA
o] Aof ZA 9 d& ot AAtets FAESolAA AN Aof FAS F
Abstel ASAE ke A JHR Aok ZAoA Y ASF L AEo] FAHAA

PR AZA 97 AD S AE W /AskE Aoz AzEr)
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2.8 23 gAY 2y, CBCT oA A9 AZFA v F7t

2-1. Aot 4 Z7

gAY 2y Ma 2y Alo]o] Xof £ AZFA Aol 0.01~0.20 mm
of Moz u'y %] wEe 0.03~0.16 mm, 0.01~0.17 mmst FAMEHA
e om, Xol E74 ASA o Auix: 033 mm °]stE YERLA] A A
Fgo] 7hed oz AZET (Tables 5 and 7). ¥ AFolA ¢fxd &

g Am mys ma A A, et AARer AT ANA Hofe] EA ol

oA e, o8 FAENA AelE Hol= Aote] dHAdE FHe T
o ole 24 mygeit 24wy Fdust g2a F487] ode
dels zZte AotEol v%styl wWRol@a AzHEch Santoro FUE

OrthoCAD ©lA|Yd B oA AZF3g Aofo] FAo] 34 Ay i, 4t
sPe OAY magda Qgd dHe ARk a0 o A AZEe
Age Bty 9. 21t Quimby 57 OrthoCAD TAE & o] A

Zg Aot Lol B Atku Hgor, o5& gAY mPeA Ao}
Z7ol ¢ AA ZAHEE Yooz 7 3AL9 scanning FAH Y AZE o] 9

zegol A W& F& AU
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kol 28 % AT

CBCT @3 A &y Apole] Ao} &4 AFA 2ol -0.22~0.07 mm
of M= vewow, Aop 24 AFA9 ddiA= 030 mm o]st® LER
AoHA" 2y vt R dadd F8o] e d FEoR Azdd
(Tables 5 and 7). CBCT 94< A a 2a} vjal Al Aot AX, AliaTH,
A2, ALH A9 ZA o] FoatA A ASHJL dtot FHA F
7ol FostA A A=A (Table 7). CBCT G4S tlAE 2o n
af FAeol F= Usus A, stel dAFelA #E AolE Hl=H o=
CBCT <7tol & AFelA A8d HA" m3yx e 39 =W (surface
scan) W2lo] ol EF ~7l(volume scan) WA o2 F5H7] wio] F

Ao s @ we AoR AZHY (Tables 7). UAY 2o A=
5]

(

Ay

Aoz A7tETh Sakabe 50 AotE AF Nl wjEE FYAS LA}
7] Heo] CBCT el A# FAES ZAST o 24 = A53 S ¥
wg Ay CBCT 9AolAd 009 mm © 2A ZSAHHJA 3190
Marmulla 5%& 216709 AZ% L 2zt AMES CBCTZ 2=735e] =4

~
23 AE A=XE v H 0.13 mme ZeolE X iE¢ 1 Lascala

mm©e] o]z} YElkow CBCT A4elA A7)7F o A AZHArta 3§t
ot} B o Fo] A= Lascala S0 wael §AFEA CBCT 9Atol A =7]7}b
g ZA ASEH= o] #EFHAT (Table 7).

2-2. AAF Aot 3 AA Aot 3 % Bolton F-x3} gk

1958 Bolton®& 559 48 w3 e A4S ooz o a7
o Fx37F At dAol v A= Gkl ] Agske], sket A A
obe] 24 Z7e 3 ol Aot AA Aok U4 Z7e] Fhe] u] & (overall

ratio) 9 ahet 6] 29N ZAe F o) At 61A) 294 £ F
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9] ¥ & (anterior ratio)= A3t A . Bolton& overall ratiox 3 91.3%,
anterior ratiox= Wt 77.2%¢FaL sl ow 1962 HH e 94 Sl Bolton
ratios H8§ A3 gFHow fgartn 9 9” Tomassetti 50 227)
A Vernier caliper(OIS® Orthodontics, Aston, PA)Z o] &3}

of Ho} £S5 FAT G 374 AZE Y o5 (Quick cephs, HATS, Ortho
CAD)Il A SA T Aot 74 ge WY S=E Bolton +%3F gs v g+ 2
I 4t 0.88 mme] anterior Bolton 3} ko] Aol 9} 1.34 mme] overall
Bolton %3 g zto]E W19l 1, Daron 5% eModelS WA oz 2]
. 283} Bolton H¥x3F ¢S wlwd 23 0.38 mme anterior Bolton %
st gkl #Fol9k 0.50 mm<el overall Bolton %3 ke ZolE R sty
Ao s gAY 2Ya AHu B S vlal A fAd B oA anterior
Bolton § %3} gto] 0.17 mm %A, overall Bolton §33} gtol 0.44 mm %}
A Yeb oy, AR FoatA= @kt (Tables 9 and 10).

CBCT 943 Ax =yg& vl Aloe A, 8 A5 §3 st A
Aok FelM= FAASLE FoF Aol7t gl oy, Aot
CBCT 7oA 1.38 mm FolatAl 2A ASE A, o]= CBCT 7l
det AA B A FAo] FoetA AA ASH wWEow A4E (Tables
7 and 8).

Bolton #x3} & vluwg Az CBCT ASA oA A =3 A
W Zk2 anterior Bolton F-Z3lollA Wit -0.35 mm= FAH o= Folgt A

o] 2 HolA %A overall Bolton FZ3}o = HiF -1.25 mm= 9 3

Lo

AA

=

o) oF fhe

=

=3

AN

kol 7k Ak Aot A oem EdE Bolton Fx3t Al4kgke]l CBCTollA
g AA ASE Aoz yeiskew, oy Aol A CBCT FAelA ot
A8 A FGo] oA A ASE Moz AZEd (Table 7 and

gAd 2y M w®¥, CBCT 9743 A 2y Atold

rr
)

ant

overall Bolton 23} AlZxo] 9olA 0.662~0.764 M9 HBAA7} U=
AR Uegow yAE g a2y Apololq FaEaAAE ¥ st
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(Table 9).

2-3. N GF Ao] Rz} 3
Ox4d Roae= Ao 2o vjef Aote] 71§ ¥ 041 mm =
AZH g stete 744 FE 021 mm A ASHUE=d (Table 8),
Quimby 5% A" mFo|A 744 F3ho] FotolA 054 mm, 3hetel A
288 mm © A A=HYvn Rusgl. gRE o e xdE 2o
Fxste] mE FFEFol Ao m o] HE] Aetel A 041 mm, sFotellA
o7 AZ¥Ed (Table 8), Kelvin 5"% txd m¥
7 mm, detel A 01 mm o Ad Aoz AX

HAaokar ek ol g Ades 2 Aol A" EFPolA 7HE F 3t

0.82 mm © A% A

CBCT 9ol Ae= Ags 4ol Fxsto] W2 FHFFo] i B H
sl AotollAl 043 mm €k Aoz et A 032 mm ¥ A HAoB AF
HA=H, ol= CBCT @¥olA 53] Aot dA 2 % ZHo] #A AZ4
o 7]lgk Ao g AZErt (Tables 7 and 8)

2-4. o= A

A" 2y A3 w3y Aole ofF EA AZA oAl W 016~047
mme Wz w7 &%) wxet 050~0.81 mm, 0.03~0.55 mme} M| g
= W 9 &2 FEoE e, ASAY dua Jd = 0.33~1.00 mm2
HAZ YetuA ddH oz 4 7tee FFolgt AZE (Tables 6 and

CBCT d4elx AZ® 93 FR& M3 =gy wws FF 046~
001 mmel #ol& nol M3 wPnct A 44 AZHAYo} FAHC
F4 7bs@ ol AR (Table

Qg E7 AZ A Acks wEeA g we e
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A7 F wEgel 334d S A FAsE AHAA solgolE Py
Aol oA Aol NUL F AUtk UAY B npAsA

CBCT el d=aiA7] A7+ A 23 CBCT 945 vlustHA

h

AdAH o g YAE Ry CBCT A4S &837] Hsirds A n3ygo

FE3 A7 Ay gAE 2gy CBCT A4S 7|vto =z 3
Aol JNN Hote] 7 AZFol dojA B R otEd

A YgA" gy A3 28 CBCT 943 A 23 Alolo] 23k o] 7}

gd= Aow el X9F 7 F%3} overall Bolton %3} gk 5ol A
T f 9% Aol7k yEyttl (Table 8). 23y A1 R HE thge] X o}
of 749 ForfE AdtE= AFAES 498 w2 AdeE Bl A
S ot w xdF ¥ P28 overall Bolton ¥-%38 gkl Aol &
= Aa BYs gidlste] gAE RYoly CBCT 94s 38 &40 AHE
g FRle A2 & S obdda AZET ovk Aa RFPolE A
g 2y = CBCT 9ozl 3roll o5l vt Aof A4 Fowy
B A s ASFAES dudez 9 Add Bojgs HE dFd F&
Zlo] npskA e Aok

2 Ao A= 0.3 mm slice thicknessZ &3 ¥ CBCT 7ol teeth 3

preset A& o] gdto] HolE AFstA =, weF 2 A Ee CBCT 94

A8 o] 835 A Y teeth 3 preset¥y tFE AHALS o] &3t E AFogs e

A7 U2 F dua AP B Ao CBCT 92l A thA| = Ao}
A

Z73o] ZA AZE AL teeth 3 preseto] AdFHe HPFFH s =
AAZ7] WEY T2 Adr 2y weF AW HAQFSE FEHIF F45
Aot A2 wfdo] ded FRETE AFYM HFo] oIy e A5t
2o AAo|A f Eojgojo & Aow AZtHo HAUEFE Fu =29
7t yvran AzbEo md teeth 3 preseto] WlE & ¢ v

=

kel
=

i

7)
Hounsfield unit #9% ZAFESE 9x WS AA(thresholding)S =
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) =
nzse] A=)e Addte vnd A3 Gen pe AL A

Aop A oy FAY AAE HFdS M BYA ZZ 0.06~0.27
mm, 0.26~0.84 mm, YAE =EFJA 011~0.31 mm, 0.25~0.63 mm,
CBCT %9714 0.15~0.26 mm, 0.34~0.49 mme] ¥ = YelA Z 3}

ol 7F A

—

2. OAE By Aa myge] Hop A AFA zolo] W= 0.01~0.20
mmz Ve om 12709 Ao} F 77} Xole] AZA A gAY R
A FosiA & Ao AU

3. 9AE nygy Mu g Adg Ho] Hxd e AZFA Aol 0.82
mm ©]3t= YEREI, Bolton %3} #te] ZFol+= 044 mm ©|st= ERR
4. CBCT 973 Aa 2ol Ao} 74 AZFA #ole W= -0.22~0.01

mm=z e on], 1278 9] Ao} T 57§ Aol A Fod ztolE wGl

5. CBCT 973 Mu 2y x4y Zo] Hx3} ghol A=A Aol 043
1}

mm °]3t2 e FAA f942 ¢tk Overall Bolton H23F
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my

Fig 1. Apparatus used in this study. A, 3D dental =7J4; B, CBCT machine.

Fig 2. Measurements of tooth size and dental arch width in 3D digital model.

A, Measurements of tooth size; B, Measurements of dental arch width.
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in 3D digital

Fig 4. Measurements of tooth size and dental arch width in CBCT image. A,
Measurements of anterior tooth width; B, Measurements of posterior

tooth width; C, Measurements of dental arch width.
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Fig 5. Image from CBCT. A, B, 3D Hard tissue image from CBCT,; C,
Panoramic image generated from CBCT; D, Mandibular dentition image

from CBCT. Scattering from metallic restoration can be seen.
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