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Azl A Role] Zr|e} FHE A SAI= A A, 2 P It A X=eM A A= A e
A3 vl Fas zdeloh A F7HA] AFH oz ol FAL &7 (divider) LA} (caliper) 22 7|75 o] 83le] o]
FolAgtom Al oot el WY & o]g3= slvh Evk SRS Ao didt =vte] EelA] ¢ster
ARG = FAZE et HT A5t 7)o WAL S FEIA ABEH T 9lew X M E ARng 7Ee] &4
o] m-$- wte] AP et 1 F2] stz 32+ (3-dimensional, 3-D) 71 2.3 (virtual model) & £ 4+ ik & AFelA
T olEdt Az’ F stz wAEA AR 29U E o] £8ted T el AlEA 7L Autoscan system for dental
application™ (ASDA; INUS technology INC, Korea)2- A}-4-3le] AgA)S 7AA Bk}
oz oAl e 9], ol E B3 FHEITh o] RHES A0 AR IS W AAR ASe] AlY
He ‘:H”i A AE F HEAAE BAF Byo] Huz 9] RyA QJAS AS3ta AA 1R A 23S A2l
A&2 002mme] e A9E Zhe YAE HHAES o g3lith A d Ry FAl 23 REE dYifoz Aol
4, °}€HE“’] AF, e 25 AF, H3, AR T FL S, 23 AANAM $, oleliE"e] £33 Ae}
fﬂ‘ﬂi‘ﬂ—‘%ﬂ A= %" sleh AR Al Ay e] TR 2219 X I 25 HAS Far 23] AX EA
Al “5}3’3\‘4 il m3 oAl S Yl oz ASDA A|2HlS o] 83| Y RS TSIt M3 B3-S ASsRY 29
] A3 ASHE oz LT EYE o] 43l FAT F AL dflsiTh %zﬂ £ SPSSver 1155 o] 4-3}e]
A ﬁl%ﬂ"ﬂ e AA S AAEla A WSS Rot=r] AEF X el A= AS o] A Balket. o4l wiA]
AHRA] (2-way Analysis of Variance : 2-way ANOVA) W A}373 4 (Post hoc test)-S- é_l/\] 3ol om, AZA} 297 AU
Qloll i3l R En) S ¢)3) Bonferroni®] pairwise comparison method & AF-8-3)3]t}.
AA AZH P Hotzr] AZA| e} RopzkAR] ASAZ o] st B A} 2E WA AZA 29lev A
o] 34 ']94 el BAM oz {3t ks FA 3tk BE WA fo = 0.97 o] el on M=
0°1%ict. whetA] & AEA7) 23]o] A3 ASE A3 Al 2571 9l ASAe] 2 F= ¢l UAH o] E (dginate) 14
ol 23 ‘“}~°V} Al myjelut 7} w8 mE AR oz AHEget s Zhe va & 4 9ldh
olgdt AFE & u] v &£H iyt A V|Ee® YRE LIRS AHSEE Aol /M A A dA mav
AR AT 7 ARREHE o] £3te] SAT Fhol B2 FSES AW o] fel A7 G AR HeA ot m
ol 7bsA S5 EE 9 gdom vl dukst @ oz A

fo Mz
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7HA AFH oz o2dt FA> E&7] (divide)t HHA}

M 2 (caliper) 7 7|5 o] 43} o]Feoixgtow (Daidjan et

al., 1995; Bishara et al., 1997; Harris, 1997), A}zl &od 0|1} 7]

A Hm ol Z|ote] Z7|e} F7HE AYE] FAH3= AL el 9 5% o83 = 3lodv(Ades et al., 1990; Mok &
A, B 9 duk X3 A 5efA A Aw A £3E Cooke, 1998). 12|v} ZA7ke] A& el Hgt E=7te] #FolA|
28 wj-e- 393 =+¢] o]t} (Motohashi & Kuroda, 1999). A& oletow M@ % 27} oldeh HZ st 7)&e] kA
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Fig. 1. Auto Scanning System.
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= 4 gleh sheslol

o} wp} pmEge] Hrow

nypo o] & Alojsle HFE] AlnHlo=
TAE &4]01 HEL Azle] S 43l Ak
2 doje LzEe 10194 dolzl A2 F o]83te] AA=

14T 4 =S S AR A

T Az Edelz FAHH(Fig. 1).
ol2igt ARl AW Tk Rofell wA AE 7]

ARSI or] o) F Azppolill N HF S8F el At
Aot w2 whg =g AFHE T 5 glom,
el Aol @A) Sl N AgstE Aulsag
AF3stx ¢lok(Dalidjan et al., 1995; Motohashi & Kuroda,
1999).01 5 JANAM = Ao FelM A5E ARA =&
23S ol AA AR o]gste] AFAE M 2yE
oAbl A stz Hu|FA "ot A o) ARale] el A
FEIAM EelEd A AdE Adetn Az AFs AL
T e, Fxef A Hgel gt AE g F s A
A= d= 88 A 4 oo 53] B

£ dFeofokels A AEANME o] wA R B
2 Aol oS A 7] Wi, o5 73] FHdz
Aelste] AFE el BAZH F7he] depent ozt de
g A= g w23 {47 Ftepd 4= glok (Marcel, 2001). o= &k

1

Aol BA Rl s

FE3 4

ray A\ 2ish Aeslo] meh mgHoz ol 4¥ Aolch wa

A3 9= HAE X-
Mele HAFE Adxe] njepHgl wHd o=z 34 work station
9 2% HFEHAMY 7hestd 2 Ee] PCA 7hs
174 XAl A5-5A4 54 5 A =

0% olzigt Aol gleleks AR AFAA el A
Ao} AUEs} Dojrlchd Abgol] B Al Hme
o} $elutete] A4S uS segele) Ak wlE 9Tl w)
a o Wold Qe sl AL AT xEg ol
B AAR El giglel AssAs AQAZ Az
8 R oS PR S8 axegels) At sbs
& Aol Tt ojn] AEl szmegolsl Alxwlel Hs)
Al S=e] A g ez e B o)A gl
o1} (Kuroda et al., 1996; Gallo et al. 1997; Peters et al., 1999;
Sohmura et al., 2000; Marcel, 2001; Tomassetti et al., 2001;
Brosky et al., 2002; Kojima et al., 2003; Zilberman et al., 2003),
SeltetlHe ok FAHQl HZe] oleiAA ¢k gk
Bt Aol AH4EE Huege) A dos fo
22 AR AUEst eFE, Aoke] YA T
el 7] (undercut) 2] &) S0z At z|FA o] & fjAk
o B3] o]72 Heo| gJv}(Mok & Cooke, 1998). =3t A2 A]
3 A ASdE Agehe o gle] xlule oba ] Aozt
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glo] A= Aoz ¥k U EA7} % 4 ek

ol Ao MEA e A4 AR AT A
2~Hle] Autoscan system for dental application™ (ASDA; INUS
technology INC, Korea)] A =2 mA4 =3 7=3)
Bz wAg w3e] BXMe Fed 7k 24F HAE U9
A2 AZEa AR 2SSkl d B A} v
I 73RS moket

1. =2o| =H| H AF et

Al A 9l oele mae Fulsloleh @ A4S mEA
Aopdsh 2718 e weledn el ol de 297
22 915 AT DA A= A maL ALgslleh Hojo|

WdE dubow EgpEsle] A (crowdmg)ﬂr 7+ (spar
cing)e] & E¥E AEEislon g AolA oz 2h2e]
FUEE A Ask] vl F2He Ak

T sl S W AA R ASe] AldEE i <l
AAE F HEIX e AT o] e o o It
Aoz Jg| ol Ux|H|o|E (dginae)E o] g3le] A&
AE3tar AN BAF w3E ARl A 3 A 4, ol
A ] m3go] Fr)E i

2. 40 2 A=

AZz2 002mme] xS 2
toyo corp., Japan) £ °]-8-3tsieh AS2 A =
BRE dAdes AolellA 4, o= «1 HER R

EF, A 2T FE SASAT, 2y A A
2l ok E e $33 ARe AR 25t A=lE A
Aok 2R A2 Age] FRI 2919 XA} 23
d AL Fa 236l BAH SAS AdsH EAd 4 9l

Table 1. One example of measurement table
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2 HassmAd 34 el daled 32
sodch A% @ =aelA 679 Ao} F3} 4
2 z7algen 240 28 29E AW
Ho} Zoll d)Rt Zket 160708 Holzt A

e
i
lo e

Bl 53 oA A4S tAle s ASDA A|AElE o] 85t
wFEgich WA AlxEle] AR 2714 (optoTOP-HE, Breuk-
mann, Germany) 2 2.3 o] TAF ]9l AH| o]A 2 23|I 7}
o] 10~20%) W2 Fojaje] el Hole wat AA 93
of e ARE dofigion], 27hie] xRS QAW F
oA g Ale] Az Ee]el optoCATS ]33t} o ]
EHEx 3 230 3] 27] o= 10~2042] o] x}PdA oJAko
= Hojglom, 59 AFEe] serzad] AgE W A
A AFA AzZEge]el RapidForm 2004 (INUS technology
INC, Seoul, Korea)ell /| 3H4 4 A5 oz 74 =it
M3 2yE ASsAR 2<0e] FIF ASHE ddez o

Fig. 2. Measurement items on the dental model.

s A B C D E
ATE cex 9= cex A= cex A= eex 9=  ezm 9=
9 e o}z o) 8.88 8.85 8.08 8.12 9.34 9.30 8.78 8.92 8.88 9.12
ozl &l qtz oty 554 564 616 6.4 610 622 576 582 58 590
BEEEa 818  7.98 872 864 864 847 809 815 824 804
olgj &l &3y 6.68 6.64 7.48 8.14 7.22 7.18 6.80 6.63 7.24 7.30
BEPEEREN 1028 1021 1024 10.18 1083 1064 1065 10.72 1052 10.72
ol & 3 A Zo] 2 1148 1142 1062 10.64 1084 10.72 1175 1172 1098 1132
e 237k Ag 35.61 37.48 34.50 36.87 35.84
ol &l &3 7 A 26.43 29.14 2217 27.86 28.61
S e 3 A) Zo] 21 7+ A 2 51.42 58.54 51.64 53.86 51.82
obeE A A Zo] 2L 7 AR 4329 48.58 42.68 47.88 43.84
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Fig. 3. Virtua dental model production from duplicated model.

ElHelge aZEge] AS vxE olsdel 3UF F

e deuigist
4. £ =4

7WERE AZe] A B AdAdE AAE] sk
SPSSVer. 115 =2 731 o|g3le] FAEAE 3lolon A
A AZA Hgt AAE AAEI A g Het=7] A
23} AobAe) Aoz vhro] Ads maleh AlZApsh
AZAZE o], Supgel e Aol 3 279 4w
sabgel UT AL sedor] ol slal ol WA
A (2-way Analysis of Variance : 2-way ANOVA) 3 Al3&7 A
(Post hoc test) & A1 A15}31h, =4k, A4 2.215h 244 2
Qlel] o3t AjEr) S ¢J8] Bonferronie] pairwise comparison
method 2 AF&-3}193 )

4

AA AFA 8l Aopzr] AFA G AeptAe] AFA=
whro] AAste £ A3 mE WA ASA 2lol Al
S edle] FAAG Fhell FAMeR FolF FE F
A Fepdeh 2E WA Fel=s 0.97 ool wet
A g ASAE 23]el A2 AS AR A /7 fal A

Table 2. Overall discrepancy test.

Tests of between-subjects effects
(Dependent variable: 3] #])

Typelll

Source df Mean square F P
sum of squares

Corrected model 10.747* 9 1.194 .005 1.000
Intercept 202791.924 1 202791.924  922.489 .000
MAN 9325 3 3.108 .014 .998
IMP 4181 2 2.090 .010 .991
MAN * IMP 3.797E-02 4 9.491E-03 .000 1.000
Error 173666.694 790 219.831

Total 393529.904 800

Corrected total 173677.441 799

2R Squared = .000 (Adjusted R Squared = -.011)
MAN: A Z2} 291, IMP: A1 5wy 2.9

B} Yol MY By BE QAo ART gE %
S ¥ 4 9k

= 20 A4 AZA deted ASA =

v F b mR) abgeide W exe AR Aelw,
3o 9 23y} B4} mYE A5 Gt 7 &
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Table 3. Overall discrepancy test for different type of models
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Pairwise comparisons

(Dependent variable: 23] %))

95% confidence interval for difference®

(1) Al &ny J) A= Mean difference(I-J) SE pa
Lower bound Upper bound
- Alginate model -1.972E-02 1.172 1.000 -2.832 2.792
Original modd Virtual model - 1120 1.436 1.000 -3.556 3.333
} Original model 1.972E-02 1172 1.000 -2.792 2.832
Alginate model Virtual model ~9.178E-02° 1.436 1.000 3536 3.352
: Original model Jd11° 1.436 1.000 -3.333 3.556
\% -
il model Alginate model 9.178E-02° 1436 1.000 3352 3536
Based on estimated marginal means
#Adjustment for multiple comparisons: Bonferroni.
PAn estimate of the modified population margina mean (J).
°An estimate of the modified population marginal mean(l).
Table 4. Overall discrepancy test for different type of observers
Pairwise comparisons (Dependent variable: %7 %))
_ _ i 95% confidence interval for difference®
OAZEE  ASYE Meandifference(l-)) SE pa
Lower bound Upper bound
2.00 -.246 1513 1.000 -4.248 3.756
1.00 3.00 -3.750E-02° 1.353 1.000 -3.617 3.542
4.00 -3.994E-02° 1.513 1.000 -4.042 3.962
1.00 .246° 1.513 1.000 -3.756 4.248
2.00 3.00 .208°0 1513 1.000 -3.794 4211
4.00 .206°° 1.658 1.000 -4.178 4.590
1.00 3.750E-02° 1.353 1.000 -3.542 3.617
3.00 2.00 -.208%° 1.513 1.000 -4.211 3.794
4.00 -2.437E-03%° 1.513 1.000 -4.005 4.000
1.00 3.994E-02° 1513 1.000 -3.962 4.042
4.00 2.00 -.206%° 1.658 1.000 -4.590 4.178
3.00 2.437E-03°P 1.513 1.000 -4.000 4.005

Based on estimated marginal means

@Adjustment for multiple comparisons: Bonferroni.

PAn estimate of the modified population marginal mean (J).
°An estimate of the modified population marginal mean (1).

A2} 100: A2 AL 3 A A S, A2} 2,00 A 2A129) @A A2, A2 3.00: A2A22] 3 A A%, ASA400; A S 20] FwiA A,

A & 7T7AE 9, ofhE AEHAY, H3, ZelFlel |
ste] Al AFd oAb AR S AAF AFeln & 8ol =
107441 9, okl 324zt Azleh Zeiguzt Azl |

s 93 74 AAG Aztold),

|
-
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i

o] 7o) Ahe el BpEe] Fo% g (Pvauge] 1
oA} 18] ARk & 204 AAH AR AE ww
A% 2 Zel mE §ow ghel BE g5 w3

°fzk

At

SSHA (P =0.991) BASHH 02 Aol7h gl 4]
I 1% By A 2R FE Aol

(mean difference)’} & A Jebdovt §o= Zle] P=

100022 EAETH zlelx ¢lglT) o
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Table 5. Tooth width discrepancy test gp}_,] 2271 93 7P 2EE Y 2y 9 B vy = 4
Tests of between-subjects effects Z e o)A A=3 ZH} A=3) 7k 7l AL ¢k ¢ )7}

3T ¢
(Dependent variable: 7] =]) A G oF 2 9)ginh o] =S 98t w=A Aol

Source megfp;;Sars df Mean square F P Al &) 2glo] WHAIEE Zlow AztEc)
e S dakent AARAEE AR 9

Corrected model ~ 9.098E-02* 9 1.011E-02 .003 1.000 i !
Intercept 41302327 1 41302.327 11789.474 .000 HegEge] SAAL BAA Aol slod v A
MAN 4743E-03 3 1581E-03 .000 1.000 o 5]47(01 s WAE F gow e melid Ao
IMP 6.310E-02 2 3.155E-02 009 991 kel 1o ¥13) AAE AE A= s | Zlet
MAN * IMP 1503E-02 4 3.757E-03 001 1.000 o] Hej7} ZA 7)ol o2 dw o] wked® Aoz Helgh
Error 2066.960 590 3.503 H]$=3) 9= A AHE By wALoz AR A FA]
Total 46992.043 600 o a1 s = (v

Corrected total 2067051 599 S 3= 37HA] AZE o] (Quick ceps, HATS, Ortho CAD)

o

A} o -g =S R Q
"R Squared = .000 (Adjusted R Squared = -.015) S tjAte = Bolton tooth-size 48 3 <7} ok (Mok &
MAN: Al 27} 2.1, IMP: A2 uby 2.9 Cooke, 1998). ¥]wsl7] $13F 7|5 32 o] Ao} vzt

Table 6. Tooth width discrepancy test for different type of models

Pairwise comparisons (Dependent varigble: =% 7] )

95% confidence interval for difference?

() A =u 9 AZ&Hd Mean difference(1-J) SE pa

Lower bound Upper bound
ognimas ATl amE om0 =
Mgraemod GO TES s op 2 1o 7o pes
Lo~ - S~ =

Based on estimated marginal means

#Adjustment for multiple comparisons: Bonferroni.

PAn estimate of the modified population marginal mean (J).
°An estimate of the modified population marginal mean(l).

Table 7. Tooth width discrepancy test for different type of observers

Pairwise comparisons (Dependent variable: =4 3))

95% confidence interval for difference®

(1) Al Zuky I AZ Mean difference(1-J) SE p2
Lower bound Upper bound
2.00 -1.008E-02° 221 1.000 -.594 574
1.00 3.00 -2.722E-03° 197 1.000 -.525 .52
4.00 -1.100E-02° 221 .000 -.595 573
1.00 1.008E-02° 221 1.000 -.574 .594
2.00 3.00 7.361E-03°° 221 1.000 -.577 .591
4.00 -9.167E-04¢°P 242 1.000 -.641 .639
1.00 2.722E-03° 197 1.000 -.520 .525
3.00 2.00 -7.361E-03°° 221 1.000 -.591 7
4.00 -8.278E-03°P 221 1.000 -.592 .576
1.00 1.100E-02° 221 1.000 -.573 .595
4.00 2.00 9.167E-04°° .242 1.000 -.639 .641
3.00 8.278E-03°P 221 1.000 -.576 .592

Based on estimated marginal means

#Adjustment for multiple comparisons: Bonferroni.

bPAn estimate of the modified population marginal mean (J).

°An estimate of the modified population marginal mean (1).

A2} 1.00; A ZAHLe] 3 AR A2, A 22} 2.00: A1 221 29] £ HA Al S, 422} 3.00: A ZA120) R WA A2, A A 400: A ZA20] F A A2
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Bl

A2 Woju]e] WA} (Vernier calipern) 2 A3t ke 2183} Table 8. Intercanine and intermolar width discrepancy test for di
ik wpme] W Fpoli 9lglol} WE sxEge]e] = fferent type of observers

%ol 15mm o]e] 2248 ue] FASH o2 §o)7 Aolg T B e o oot varisble: 278 A)
el ol2idt Aol HsiM ASAlEe] AZEY S Typelll

Ahgahe | ol%abA) ol A2 7ol Aolzt Uodm Hole) SO gumof squares & Meansauare - F P
AR e Ags] AAsks b ol gl A st Corrected model 345442 9 3.838 017 1.000
Atk o]l AT AE o3t TAlZ ZE] 9d AZAS :\;lfrl\tl:ept 275128.2% é 275198.382 1202.312 .ggg
o mle} el *}“"’“‘E’é’% %*fﬁ] sHstgem ASH A yp 14109 2 705 031 970
Aol 2R3 202 Ax 2Ey Azgre] 1}ex = F MAN * IMP 141 4 035 .000 1.000
Skt 0 O CAD SxmAelS gl G DT SR 20w

AT AFeM e o] AZEL 7} 22 AHFAE 7FA AHe Correctedtotal ~ 54968.274 249

=2 olg3l= ¥ EAIZF givkxm B assict (Zilberman et al., *R Squared = .001 (Adjusted R Squared = -.037)

Table 9. Intercanine and intermolar width discrepancy test for different type of models

Pairwise comparisons (Dependent variable: =7 #])

95% confidence interval for difference®

() A2y @ Az Mean difference(1-J) SE pe

Lower bound Upper bound
oonims  fgmero gz weo e s
Mpenwa  Clgmnd g8z o ewe s
LT oo R - 7 S S S <

Based on estimated marginal means

#Adjustment for multiple comparisons: Bonferroni.

PAn estimate of the modified population marginal mean (J).
°An estimate of the modified population margina mean(l).

Table 10. Intercanine and intermolar width discrepancy test for different type of observers.

Pairwise comparisons (Dependent variable: = %))

95% confidence interval for difference?

() A&y () AZwE  Mean difference(1-J) SE pa
Lower bound Upper bound
2.00 -774° 2.762 1.000 -8.123 6.574
1.00 3.00 -.125 2471 1.000 -6.698 6.447
4.00 -.108° 2.762 1.000 ~-7.456 7.241
1.00 q74° 2.762 1.000 -6.574 8.123
2.00 3.00 .649° 2.762 1.000 -6.699 7.998
4.00 667°° 3.026 1.000 -7.383 8.716
1.00 125 2471 1.000 -6.447 6.698
3.00 2.00 -.649° 2.762 1.000 -7.998 6.699
4.00 .018° 2.762 1.000 -7.331 7.366
1.00 .108° 2.762 1.000 -7.241 7.456
4.00 2.00 -.667°P 3.026 1.000 -8.716 7.383
3.00 -.018° 2.762 1.000 -7.366 7.331

Based on estimated marginal means

aAdjustment for multiple comparisons: Bonferroni.

PAn estimate of the modified population marginal mean (J).

°An estimate of the modified population marginal mean ().

A2} 1.00: A2t 19) 3 WA A2, A 22} 2.00: Al 241 22) F A A2, Al 221 3.00: A ZA29) 3 A AZ, A 24 4.00: A SA20) T A A S
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2003). o] QA A}sh o AT Ao FYseinm 4
A Shefd et Sxedle) wke o e
AHgAe SREst Aol ARYE AR W HE T
7)edsl Aoz vepge,
gl X3} odeloll ] AL ATARE olgaled AT H
e Auel A7 2y AZTh BA SEoA B wAst
ookt 382 Al=ska ok # 2 Kojima 5 (2003)2 ¥4
G A Bxe) Aud Ame) ARY M mHE ol g
EHE SIS E2A (oft sl 7128
Aol Az mYAAL] N FH oz BE 712 @3
= maea% o o F1EAEE g es s
Y= FEslolon], 4T Wgoet el Beg A
=05e 24 & Lf;wam 2A)% biteblock 9]l B2
sted vehds okl® wFe] £934 (negative image)E A}
A ATAT F SHe e olgskelnh o 94 AR
AT Al2ge] A S 43 3 ozt & 4 glom oA
o] g3 7]EA (reference point)& ©]-8-3F w3 Ao 74
FAL Mg Aelet 2=yt AA Ao 7 T2 A3
=3} o] A ARz o] Gl Aol ohlet g%
e FAoz Y8 dx 2 55 3 9, ol Hok=
24 o] AAA A AA =z Mz "hiA "o (Galo et
al, 1997, 2000). 7t Fzpe] 77} AelE 3] A Hstaat
b ©<ed] A RS 2hee] Wi dA X Al
ohlzl Hid wi WA T= LZEYE B3 AFA
g0 AA| FhAte] LS 7HA A Sl M) BAE v
ol ol & Aol

DelLong & ﬂﬁ ol2]gt HXolel] I ATFES %3
ste] gkt 7}* 23 AellA wiE #3918k %“”&
AZEOE Uty ARz AL tJokst =7 oA 1)
wsle] 5 ‘3_21 AFNE el w7 (articulator)®] 7]
e Az EJ] A AAF 4 35S BeFSic} (Delo-
ng et al., 2002a). =3t 7HF HAE E& YAk o 7]ellA
Aehe o77F wg AFel A g A7} AFx Y
sled HH Fo] o F7F ¥H3 g HZFel <3S wH7]
T aglont Hel ofF A2 A= o)Fdhs Aol &
e A3 A Ele] &5 WM dfe] glvx
B 13193t} (Delong et al., 2002b). o 7] Alxpd oz )3
AE etelige] Hoh= 7 HIE ] fx= (guide)ell <8 <]
g 2] o} whAl Elﬂ% il o 7+ A%, & & A3

AF7H] A 5L AR ATFAEE o] 83ked 'E
Eolzl M my> 34‘4011/} Xﬁﬁﬂ“ﬂlﬂ ez FF
3] 2 %l‘ Aoz J*“ﬂﬂ Al A mEel| A
5 25E B8 JA 9 5 o
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— Abstract —

An Evaluation of Validity of Measurements using Digital Caliper
and Three-dimensional Virtual Dental Models

Joo-Hoon Lee, Ki-Suk Paik, Mi-Sook Chang and Seung-Pyo Lee*
Department of Oral Anatomy, College of Dentistry, Seoul National University

The measurement of tooth and the space analysis of dental study models are essential for precise diagnosis and
treatment plan for orthodontic or prosthodontic cases. Traditionally, these have been done on study models with instru-
ments, such as a divider or a caiper. At present, three-dimensional (3-D) virtual dental models are available for clin-
icians, supplemented by dedicated software for performing needed measurements on them. For example, Autoscan
system for dental application™ (ASDA; INUS technology INC, Korea) is one of these systems using a non-contact 3-
D scanner. The accuracy of this system has been tested and validated by the Korea Testing Laboratory. However, the
outline of dental models is not simple and has many undercuts. Therefore, we sought to evaluate the accuracy of mea-
suring models using digital calipers or ASDA to compare these two techniques.

From each ten study models, 10 duplicated stone and 10 virtual models were generated. Virtual models were scanned
from duplicated model because of reviva of clinical situation. Then, central incisors, canines, first molars, arch (interc-
anine and intermolar) width of original model were measured by a digital caliper, and the same items of virtual models
were measured by software. All measurements were performed twice by two experienced observers. Data were stati-
stically analyzed by 2-way Analysis of Variance (2-way ANOVA, SPSSVer. 11.5).

The results from this study have demonstrated that virtual model is highly valid and reliable for measuring both tooth
size and arch width. Although some values of virtual model are higher or lower than original dental model, the signi-
ficance value is still higher than 0.97.

A digital caliper seems to be a more precise instrument to perform a scientific work, ASDA’s accuracy is clinically
acceptable. Furthermore, considering its present advantages and future possible applications, the examined or equiv-
alent 3-D virtual models may become the standard for clinical use.

Key words: 3 dimensional reconstruction, Virtual dental model, M easurement, Accuracy



