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Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

3D digital model and virtual setup procedure

A. 3D digital model

B. Segmentation and normalization

C. Checking tooth movements and changes in angulation and inclination
D. Virtual setup

E. Checking arch coordination
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AA F FAY ok FHE B34 Af9 AS AT F Ade o FHE
7hA A ] Qe FASHA A&k, A AL AAGE HA S ALl
o] AL readout armo] 9@ ZtEv|® =A3le] 1 S T, R g
o] 7 AL ZzadeA AFss AFsE A4=E 7|dste A3
72 "l o] Aol FdE vlEo® ztu AP f JrE 5ol
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iA's
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Aol A Ale] wlE prescriptions 7]Eo 2 AP Attt 33k BA

S 98 Hz AY 23S #H3 LASER ~7lY (Orapix KOD-500, Orapix,

Korea) & ©o]-&3lo] t]xds}lalint.

B. Al fAd 2o 7 A9 (Fillion, 2011) (Fig. 1)
A Y x"l &8-S 3Txer program (Orapix, Seoul, Korea)oll A 7}4F Al
At tA" 2gs 77 Ao M2 ddslo] dental units R
dental unit& %3} (normalization)¥4 S E38] 7zt Aole] #=HZ AA

FA e o] 5 A} TRl dute oy FHE AdEsiar, WA A

A Al ATAE AL YA Aokl wjdS AE wd 7]S (automatic

alignment)s &3 dxpH o= Ald@sigity. adlal A5 gl me} o4

AR = EH Aote] A AldFstal, vpA o A, stet Aopte FE

(collision) &el&le] o] 2 343ttt

Az T F A g AY B4 598 AR e $Ustn 49

A Z1eAtel ofs) AgENem wy oAbl os HF e # FAHE

w2 5| e,



gAdst @ Aa Ay 2P 7Hd A= Rapidform 2006° (Inus
Technology, Seoul, Korea)S- ©]-& 341t}

1) 718 2 71£HHY 44 (Cho &, 2010)

(1) 714 (Fig. 2)

A7 (Mesial point): A X5 XJolo] Haddo|x HAH, S& FAF A

2497

(Distal point): X5 x]o}o] Hekdeoa] ¢
o] Wil gl HAAA

=224 (Buccocervical point): X3 Xo}o] uk

A% Hoke] AT HapwA

= 3] O
ASA &4

A (Linguocervical point): A X% X|o} 2o
TR 5 Aole] 2] HeA

FA 7% (FApoint): 97 =] #9] facial axis®] <3

(2 71=%4 (Fig. 3)

N gE uF o 3393 A AR



. A4 (Sagittal plane): AFe %5 FAA] W& (Occlusal point) ¢ 4

[

I} et S Al A YA (Distal point)e] FHE o] A

WEH ™ (Occlusal plane)d} =2 ¢l HH

o ¥4HH (Coronal plane): 1.3 (Occlusal plane)®} 2]/ ™ (Sagittal plane)

o 2ol Andrew ™ (Upper Andrew’s plane): ¢} Xo}2] FA & (FApoint)= =

e 3}t Andrew H™ (Lower Andrew’s plane): dlet X]o}9] FA & (FA point)<

rld
o
o>
oY,

Aoz 25 wsta,

to

—L
.

o

Ab W (Angulation plane): <)AF=] o

2lote]l weA (Occluasal point), 3327 (Buccocervical point), 4332

(Linguocervical point)2 Ay HH

O

i)

o HA A} HW (Inclination plane): X #2] FA # (FA point)S sk

(tangent plane)

2) Ho] 574 (Fig. 4)
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e  ZAA 7+ 7 (Intercanine width): %= ZA X %

e A2 AFX 7+ 7 (Intersecond premolar width): %5 A2 27X €5 oL

o Al "+* ZF Z7 (Interfirst molar width): 45 A1 W)+ 2AFES wF

o A2 A 7+ Z7 (Intersecond molar width): %= A2 %] 2AES

gratH,

L
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% 4d-g 4deo] (Arch Length): &5 F4dX 2 gA (Occlusal point)e] =43} &
= A 17X 94 (Distal point)2] FH 1 AgE SAHST

A 4dg =@ do] (Arch perimeter): A2 th+x] U445 (Distal point)ol] A] W)
H A2 d7+Ax d4A (Distal point)7hA1 o] X d& =@ Ho]E  sectional
measuring method S ©]-8-3}] =43} th

3 y7) (Overjet): 7, 3t Aol ugA (Occlusal point)e] T3S A
3 (Sagittal plane)o. =2 < ¥ w3k W (Occlusal plane)oll F<3sle] A3
e 3 Ate] AE SAsIAH

21 J7 (Overbite): &, sto} =9 g4 (Occlusal point)e] T3 Al
A (Sagittal plane) 2.2 £ & AW (Coronal plane)oll F38te] AA]

g 4 Aol ANE S

3) 4= =A (Fig. 5-7)

ZAF (Tip, Angulation): 2™ (Occlusal plane)ol] tale] A X 3o] &9

A wrgko @ 71gold 7t oustar, wdH W (Occlusal plane)@ 44

W 2 7ol A AALE 90° o|&tW X o] 94 AALE 9w 3},

g

E9 3 (Torque, Inclination): 23+ (Occlusal plane)ll thsle] AA; x]3o]
P Wego 7 v)|goW ZteE on|tar, wFH A (Occlusal plane)@ 4

Z4AF " (Inclinaiton plane) Ato]l ZH=E SA3ITh S4gko] 90° ©]/o]

3] (Rotation): ol 2 w HZF A4 (Mid-sagittal plane)o] g <

GAEe e A=s ofvstal, Aofe] AA (Mesial point)el A4 F



(Distal point)E 2 3HW (Occlusal plane)oll FAFsE #E (vector)e} A/
(Sagittal plane) Ato] ZHe& SAsth F+ 1w S 2pol7b 4o @
= YERH™ mesial-in rotations, &9 #tS e distal-in rotations €] 7]

.

4) American Board of Orthodontics Objective Grading System (ABO OGS)

A 23] A& HIIE 98] The American Board of Orthodontics Calibration kitZ-
o] g3ste] F 7HA WAom gHE AY BYPS FEEsith 7MY AY 2
Rapid prototype %8S A ZF (ProJet™ HD 3000, 3DSYSTEMS™, SC)alo] =A< A}
Gtk Ao Ay By BY AAE S35kt ABO 0GSoll A H7fst= 87}
A s FAdA Fwdwt AR AR FE ¢ e X2 @94 (Root
parallelism)= #| €3k 77§ & (Alignment, Marginal ridge, Buccolingual inclination,
Occlusal relationship, Occlusal contact, Overjet, Interproximal contact)®] o] 7} A}

45l t}(Casko 5, 1998).



[ Object|

| Object]
Torque

Torque  :0.00
i Tip
Height
M

Tip :0.00
Height  :0.00
MD

:0.00

Rotalon  : Rotalon - 0.

Fig. 1. 3D digital model and virtual setup procedure.
A, 3D digital model. B, Segmentation and normalization. C, Checking tooth movements and
changes in angulation and inclination. D, Virtual setup. E, Checking arch coordination.

F, Checking occlusal contact
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Fig. 2. Definition of landmarks on digital model.

1, Occlusal point: the midpoint of the edge of the incisors; 2, Mesial point: the most mesial
point; 3, Distal point: the most distal point; 4, Buccocervical point: the lowest and most
concave point in the buccogingival line; 5, Linguocervical point: the lowest and most concave
point in the linguogingival line; 6, FA point: the midpoint of the facial axis of clinical crown

Fig. 3. The reference planes for linear and angular measurements.
1, Occlusal plane; 2, Sagittal plane; 3, Coronal plane; 4, Upper Andrew’s plane;
5, Lower Andrew’s plane; 6, Angulation plane; 7, Inclination plane
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Fig. 4. Measurement values for arch dimensions.

ICW, Intercanine width: distance between the cusp tip of the right and left canines; IP2W,
Intersecond premolar width: distance between the cusp tip of the right and left second
premolar; IM1W, Interfist molar width: distance between the mesiobuccal cusp tip of the
right and left first molar; IM2W, Intersecond molar width: distance between the
mesiobuccal cusp tip of the right and left second molar; AL, Arch length: distance between
the midpoint of occlusal point of central incisor and the midpoint of distal point of first
molar; AP, Arch perimeter: perimeter between the distal point of the right and left second
molar; OJ, Overjet: horizontal distance between the midpoint of upper and lower central
incisor occlusal point; OB, Overbite: vertical distance between the midpoint of upper and
lower central incisor occlusal point.
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* Senall Angle : 88.37800 dog
* Large Angie - 9162191 deg

* Nomal of Plane 1 (Rec): 098032, 000238, 0.16742
* Normal of Plane 2 (Bue) : -0.02354, -099962, 001444

Fig. 5. Measurement of angular variables — Tip (Angulation)
Tip measure angles between the occlusal and angulation plane

* Smat Angle : 71 84445 deg * Smal Angle : 7184445 deg.

* Large Angle £ 108.15555 deg * Large Angie  108.15555 deg

* Normal of Plane 1 (Red) : 002364, -0.90662, -0.01444 * Normal of Plane 1 (Red) . -0.02364, 099962, 001444
* Normal of Plane 2 (Blue) : -0.18726, 030262, 093453 * Normal of Plane 2 (Ble) : -0.18726, 030262, 093453

Fig. 6. Measurement of angular variables — Torque (Inclination)
Torque measure angles between the occlusal and inclination plane

Large Angle : 124 20545 deg
* Semalt Angle : 56,7945 deg
*Vector 1 - 082386, 001121, -0.56669

“Vector2: 00021, 001457, -090988 “i

* Smal Angle 65,7948 deg

*Vector 1: 082386, 001121, -056669

*Vector 2. 000521, 001457, 099968
2t

Fig. 7. Measurement of angular variables — Rotation
Rotation measure angles between the sagittal plane and the vector composed of mesial and
distal point of each tooth
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SPSS software version 17.0 (IBM, Chicago, IL)S ©]-&3}e] 7|&=4 3 A= & 3

3 A BAS ARSAT. Ade AP AAYS ke gel, mE A5
o @ wRY 28], UIY AR SYstav. A #d BAE 94,

intraclass correlation coefficient (ICC)S |33ttt A1 A 2y 7k Al &

HS T oW SAHze 7<= 5 A% (Means and standard deviations)S &},

I B & 5 54 FAE vlaste] fiAgs gQleslal 7 aEt 54
2ol BAZA fo)Ads #Eslz] 98] Wilcoxon signed rank testE A 33t 0.1, p-

valueZ} 0.05 olstd - SAH R Fo7t 2po]S Belvtar A skgit.
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. A+23

7h AR 22k HA

S

o] ANFAS et 317] 93 Intraclass correlation coefficientS ZAFS A3} 1

[}V
ox
&

Ay
N

JAe = MFES

M= r=0.991 oA 0.998 (p<0.001) Alo]& RE W49 =

B

32
=

U £ AY 28] do] B4 2 H|IL (Table 1)

rln
g
N
-
R
1%
K
td
ot
o

dol 4o Az, ot A+ A HA4& A =

A 2ol ¥ 2w Bt 7P 2 Aolgte Bl Was Aok AdT =4

—

(UAP, 2.20 mm £ 1.31 mm, p<0.01)3it}. =t 52 I7jet =3 71 Al 27 0.50
mm, 0.46 mm A1 R3] Al 1Fo] FHom, Aol XdF o] (UAL, 0.55 mm +
0.75 mm, p<0.05), 3}} A2 A7 27 (LIP2W, 0.96 mm + 1.16 mm, p<0.05), A1
W27 74 (LIMIW, 1.46 mm + 1.30 mm, p<0.05), #|2 X7+ =7 (LIM2W,

1.25 mm + 1.40 mm, p<0.05)9ll 4 A H o2 Fo0A4 At 2Fo]E Bt

AR ZFolA AAE (Tip)ollde A

o

Al mye] Yy Woh A9, Am e

o

oF 2] (U2, 1.94° + 2.23° p<0.05)9} a}e} 7] (L3, 1.96° + 1.70° p<0.01)°l 4], 3]
A (Rotation)o] A= Aol ZA x| (UL, 0.57°+ 0.61°, p<0.05) % A2 &% (U5, 2.42°
+2.11° p<0.05), A2 W5+ (U7, 2.29°+ 2.49°, p<0.05), 3} A2 A% (L5, 1.57°+

1.04° p<0.01)ellA] BAH O o4 9l Aol2 BT, EL T (Torque)s 5

15



Zpol7h At tA" 2] 7 A Lol M e - Wil Al AL (Tip)ell A

rr

ot T A (UL, 1.02° £ 1.26° p<0.05) % S4X] (U2, 1.68° + 1.34°, p<0.01)°l A,
3] A (Rotation) ol A= AFet A2 A% (U5, 1.98° + 1.76°, p<0.05)cll A EA 2 o2

o4 gl AolE W oW, EQ I (Torque)oll A= - xto]:= gldTh

gt F AY 239 Ao} A= HlA £4 (Table 3)

Mol Byl A s gAY B T Y el Aop A4k Ha A
I}, AAF (Tip)E et 43 (UL, -1.21° + 1.42°, p<0.01) &, #|2 &7 (U5, -1.16°
+ 2.23° p<0.05), 3t} =H =] (L2, -1.19° + 1.64° p<0.01)olA] EAZ o7 FolA4 gl
= AolE Eth B (Torque)™ ‘gt FH X (UL, 2.78° + 4.31°, p<0.05) ¥ =
A=A (U2, 3.42° £ 5.08° p<0.01), 73] (U3, 2.00°+ 3.93°, p<0.05), &} 73] (L3, 1.75°
+ 3.23°, p<0.05)°l 4, 34 (Rotation)> &t A1 %] (U6, 2.98° + 4.18°, p<0.01)<}
slel 54 (L2,2.30°+ 2.63° p<0.01) Z A1 t]7-X] (L6, 1.45°+ 2.16°, p<0.01), A2
o2 (L7, 1.73° £ 3.83° p<0.05)° 4] TAIA o= oA U= Aol& BT AL
ZFol gk (Tip difference)> Aot A1l tF+A& ALd BE SEoA txd 23]
7 Y 1o & e ®Bela, EQI o]k (Torque difference)S Aol |
FolA Ma myge] A 1Fe] & e B, 31 Aok (Rotation difference)

2 shet AN N3 mYel A 1Fo] T g nrh

vl F AY 23 AF 7} (Table 4)
ABO OGS H]xul A3} Interproximal contact> -+ 13 X7 0°=2 X|7F ¥ &

54 Gk EH F OF BE 53 1F 2H 459 24 2592 ¥4 9
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o debxow fAY myPef Y AY 2Fel Aal By AY 1F HBo 3
o] wetor, £3] Overjet (-2.70 + 2.31, p<0.01), Occlusal contact (-3.10 + 1.79,
p<0.01), Total score (-7.20 + 4.80, p<0.01) &EoA FTAHCRE FolA A& Aol

Holoh
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Table 1. Comparison of arch dimension between the manual and virtual setup (unit: mm)

Manual Virtual Difference p-value
Upper ICW 37.65+1.09 37.07+£1.25 0.57+0.81 0.114
IP2W 45.62+1.01 45.02+1.23 0.60+0.82 0.059
IM1W 51.01+1.15 51.14+1.03 -0.13+0.64 0.508
IM2W 57.62+1.69 56.96+1.81 0.66+1.07 0.114
Arch Length 31.73+1.17 31.19+1.26 0.55+0.75 0.047*
Arch Perimeter 105.74+£3.23 103.55£3.15 2.20+1.31 0.007*
Lower ICW 28.35+0.71 28.13£1.16 0.22+1.06 0.575
IP2W 36.44+0.88 35.48+1.62 0.96+£1.16 0.037*
IM1W 42.17£1.25 40.71+2.02 1.46+1.30 0.013*
IM2W 49.37£1.76 48.12+2.31 1.25+£1.40 0.028*
Arch Length 27.77+£1.03 27.70+1.24 0.07+0.95 0.721
Arch Perimeter 99.09+2.72 97.75+3.33 1.34+1.63 0.028*
Overjet 3.15+0.34 2.68+0.33 0.4610.34 0.00571
Overbite 1.95+0.34 1.45+0.32 0.50+0.34 0.0051

Note) Wilcoxon signed rank test was done.
* significance at the 0.05 level.
+ significance at the 0.01 level (unit: mm)
ICW, Intercanine width; 1P2W, Intersecond premolar width; IM1W, Interfist molar width;
IM2W, Intersecond molar width;
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Table 2. Comparison of angular variables between the right and left side (unit: °)

Manual Virtual
Right side Leftside  Difference Right side Leftside  Difference
Variables Mean+SD Mean+SD Mean+SD  p-value Mean+SD Mean+SD Mean+SD  p-value
Tip ()
Ul 9221+162 92.05+1.23 0.16+1.13 0.646 03.84+221 92.83+156 1.02+1.26 0.037*
U2 05.88+2.05 93.94+1.75 1.94+2.23 0.047* 96.82+2.22 95.14+#2.11  1.68+1.34 0.007}
U3 93.34+163 93.36+247 -0.03+2.22 0.959 9450+£345 94.29+3.14 0.21+1.98 0.721
U5 94.83+2.82 95.06+2.04 -0.23+3.28 0.878 96.40+2.14 95.82+258 0.58+2.90 0.575
U6 01.85+2.18 92.14+2.22 -0.29+1.65 0.646 91.10£255 90.47+3.74 0.63+2.29 0.386
u7 88.35+2.38 87.89+4.39 0.45+3.07 0.646 89.86+5.14 90.97+4.49 -1.12+2.18 0.169
L1 91.08+1.13 91.63+1.27 0.56+1.24 0.169 91.71+056 92.28+1.02 0.57+0.86 0.074
L2 9156+0.66 91.58+1.35 0.02+1.21 0.646 93.07+£151 9245+149 -0.62+142 0.386
L3 94.64+2.31 96.61+2.17 1.96+1.70 0.009} 95.80+2.91 96.11+2.38 0.31+2.08 0.646
L5 96462296 9647+240 0.05+3.03 0.959 97.37+240 96.65+2.78 -0.71+2.63 0.445
L6 9253+1.16 92.13+140 -040+1.86 0.646 9252+1.63 92.26+2.70 -0.28+2.86 0.878
L7 93.18+2.15 92.64+1.77 -0.54+164 0.333 93.11+253 94.02+3.26 0.90+2.56 0.285
Torque (°)
Ul 7486295 7549+245 -0.63+1.07 0.169 7224442 7256436 -0.32+1.17 0.508
U2 78.30+£3.05 78.72+2.79 -042+2.68 0.878 7540658 74.77#5.78 0.63+1.83 0.285
U3 92.09+242 92.28+265 -0.19+1.28 0.575 90.30£3.63 90.06£3.90 0.24+2.33 0.959
U5 93.72¢299 9322+259 0.50+1.92 0.721 94.24+2.34 9355364 0.68+3.31 0.575
ué 100.28+4.49 99.11+558 1.17+2.54 0.139 99.85+5.13 99.81+3.84 0.04+3.22 0.799
u7 102.92+4.42 102.16+5.08 0.76+2.81 0.386 102.62+4.51 102.00+4.42 0.62+3.22 0.959
L1 88.61+2.77 88.46+1.89 -0.15+1.30 0.959 88.68+5.35 88.39+5.08 -0.30+0.89 0.333
L2 90.64+2.39 89.62+342 -1.02+2.14 0.139 89.67#552 89.05+6.25 -0.63+1.64 0.333
L3 97.16+3.83 96.95£3.78 -0.20+2.24 0.959 95.15+441 95.46+4.44 0.31+1.36 0.508
L5 108.39+4.09 109.25+4.86 0.86+3.12 0.386 107.88+4.32 108.75+4.40 0.87+2.81 0.445

L6 115.06+4.40 115144330 0.13+1.54 0.799 115.78+4.82 114.70+3.86 -1.09+1.75 0.059
L7 116.1845.49 114.50+456 -1.68+4.15 0.241 115.86+4.66 116.66+4.59 0.80+1.64 0.114

Rotation (°)
Ul 80.16+1.73 79.59+1.83 0.57+0.61 0.025* 80.74+3.31 80.59+3.17 0.15+0.49 0.386
U2 59.02+2.42 58.64+2.17 0.38+1.21 0.333 58.32+2.46 57.70+2.88 0.62+1.09 0.074
U3 37371415 36.88+325 0.49+1.81 0.508 37.42+3.72 37.14+2.00 0.28+2.20 0.241
us 28.03+t348 25.60+3.89 242+2.11 0.013* 27.19+3.14 2520+343 1.98+1.76 0.017*
U6 17.90+4.02 18.21+353 -0.32+2.52 0.959 15.18+2.87 14.96£2.49 0.22+1.95 0.646
u7 8.27+498 10.56+5.04 -2.29+2.49 0.037* 8.26+450  9.59+4.45 -1.33+2.10 0.074
L1 83.91+152 84.24+157 0.33+0.80 0.114 83.51+1.84 84.10+1.74 0.59+0.85 0.059
L2 66.80£2.13 66.74+2.33 -0.06+1.04 0.445 64.29:2.01 64.64+2.14 0.35+2.24 0.721
L3 4090+£1.76 40.60+256 -0.31+2.26 0.721 3853+2.65 39.48+3.77 0.95+2.50 0.445
L5 26.14+1.73 2771159 1.57+1.04 0.007% 25.68+3.13 2597+3.03 0.29+1.64 0.285
L6 21.63+1.11 21.83+221 0.20£1.80 0575 20.25+1.88 20.29+2.07 0.04+1.74 0.878
L7 18.31+2.02 18.88+3.37 0.58+2.84 0.445 16.61+2.30 17.11+4.31 0.50+2.50 0.508

Note) Wilcoxon signed rank test was done.
*significance at the 0.05 level.
tsignificance at the 0.01 level (unit: ©)
U1, the upper central incisor; U2, the upper lateral incisor; U3, the upper canine; U5, the upper
second premolar; U6, the upper first molar; U7, the upper second molar; L1, the lower cental
incisor; L2, the lower lateral incisor; L3, the lower canine; L5, the lower second premolar, L6, the
lower first molar; L7, the lower second molar
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Table 3. Comparison of tip, torque, rotation between the manual and virtual setup (unit: °)

Tip Torque Rotation

Position ~ Manual Virtual Difference  p-value Manual Virtual Difference  p-value  Manual Virtual  Difference p-value

Ul  9213+1.40 93.33+1.93 -1.21+1.42 0.003f  75.18+2.66 72.41+4.28 2.78+431 0.030* 79.87+1.76 80.67+3.16 -0.79+2.42 0.179
U2  9491+2.10 95.98+2.28 -1.07+2.65 0.218 78.51+2.85 75.09£6.03  3.42+5.08 0.005f 58.83+2.25 58.01+2.63 0.81+2.57 0.232
U3  93.35x1.77 94.39+3.21 -1.05+2.87 0.135 92.19+2.47 90.18+3.67  2.00+3.93 0.025* 37.13+3.64 37.28+2.91 -0.15+4.03 1.000
U5  94.95+2.40 96.11+2.33 -1.16+2.23 0.033*  93.47+2.73 93.90+3.00 -0.43+3.16 0.526 26.82+3.80 26.20+3.36 0.619+3.84 0.737
ué  92.00+2.15 90.79+3.13 1.21+3.01 0.093 90.69+4.97 99.83+4.41 -0.14+3.63 0.896 18.05£3.69 15.07+2.62 2.98+4.18 0.0097

u7 88.12+3.44 90.42+4.74 -2.30+5.67 0.126 102.54+4.66 102.31+4.36 0.23+4.04 0.263 9.42+5.02 8.93+4.41 0.49+6.05 0.627

L1 91.35+1.20 91.99+0.85 -0.64+1.37 0.059 88.54+2.32 88.53+5.08  0.00+4.05 0.940 84.08+1.51 83.80+1.77 0.27+1.57 0.765
L2 91.57+1.04 92.76+1.50 -1.19+1.64 0.009f  90.13+2.92 89.36+5.75 0.77+4.21 0.351 66.77+2.17 64.47+2.03 2.30+2.63 0.002f
L3 95.63+2.41 95.95+2.59 -0.33+2.81 0.911 97.06£3.71 95.30+4.31 1.75#3.23 0.030* 40.75+2.15 39.02+3.23 1.73+3.77 0.048
L5 96.45+£2.63 97.01+2.56 -0.56+4.19 0.502 108.82+4.39 108.31+4.27 0.50+3.04 0.654 26.92+1.81 25.83+3.00 1.20+3.44 0.062
L6 92.33+1.27 92.40+2.18 -0.74+2.41 0.881 115.07+3.79 115.24+4.29 -0.17+3.59 0.911 21.73+1.71 20.27+1.93 1.45+2.16 0.012*

L7 92.91+1.94 93.57+2.88 -0.65+3.34 0.502 115.34+4.99 116.26+4.52 -0.92+3.57 0.100 18.60+2.72 16.86+3.37 1.73+3.83 0.040*

Note) Wilcoxon signed rank test was done. *significance at the 0.05 level. Tsignificance at the 0.01 level (unit: ©)
U1, the upper central incisor; U2, the upper lateral incisor; U3, the upper canine; U5, the upper second premolar; U6, the upper first molar; U7, the upper second molar;
L1, the lower cental incisor; L2, the lower lateral incisor; L3, the lower canine; L5, the lower second premolar, L6, the lower first molar; L7, the lower second molar
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Table 4. Comparison of American Board of Orthodontics Objective Grading System

between the manual and virtual setup (unit: point)

Manual Virtual Difference p-value
A 2.90+£1.73 4.10+2.73 -1.20+2.86 0.324
MR 0.60+0.70 1.40+1.78 -0.80+1.81 0.167
Bl 2.40+2.17 1.90+1.37 0.50+2.07 0.308
oJ 0.70+0.82 3.40+2.17 -2.70£2.31 0.009t
oC 2.10+1.60 5.20+1.62 -3.10£1.79 0.005F
OR 2.60£2.12 2.50£2.17 0.10+£1.79 0.891
IPC 0.00+£0.00 0.00+£0.00 0.00+£0.00 1.000
Total 11.30+£3.95 18.50+4.28 -7.20+4.80 0.008+

Note) Wilcoxon signed rank test was done.
*significance at the 0.05 level. fsignificance at the 0.01 level (unit: point)
A, Alignment and rotation; MR, Marginal ridge; Bl, Bucco-Lingual inclination; OJ, Overjet;
OC, Occlusal contact; OR, Occlusal relationship; IPC, Interproximal contact; Total, total score
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T Y m¥e] A4 H7lE 9l8]l American Board of Orthodontics Objective grading
system (ABO OGS)< ¥ 7}3815th. ABO OGS:= OrthoCAD® (Cadent Inc., Carlstadt, NJ)
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ABSTRACT

Comparison of virtual and manual tooth set up
with digital and plaster model

: extraction case
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(Directed by Prof. JUNG-YUL CHA, D.D.S., M.S.D., Ph. D.)

Since the 3-dimensional (3D) imaging technology developed, it has been utilized in the
orthodontic field and is becoming more versatile: cast analysis and virtual set up using digital
cast, three-dimensional analysis of tooth movement and customized orthodontic appliances by
CAD/CAM. In particular, digital model is applied in lingual orthodontics which uses indirect
bonding system for precise bracket positioning. 3D virtual setup program has an advantage of
cast analysis and model setup for indirect bonding and bonding of orthodontic appliances
using 3D virtual program.

At present, even though many articles on techniques in lingual orthodontic cases and virtual
set up by 3D virtual setup system are available, there is no article on its criteria and features of
virtual setup. Therefore, the aim of the study was to find out the characteristics and its
limitations of virtual setup via three-dimensional digital model by comparing those with
manual setup using plaster model. The arch dimension (arch width and length, perimeter,
overjet and overbite), angular variables (tip, torque, rotation), and ABO OGS of digital virtual

setup model was compared to those of plaster model setup and we got results below;
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1. The digital virtual setup model resulted in smaller arch perimeter than that of plaster
setup model; 2.20 mm in upper arch (p<0.01) and 1.30 mm in lower arch (p<0.05). Also,
the digital virtual setup showed a significant decrease in overbite and overjet (p<0.01).

2. There were no difference between virtual setup and manual setup in torque of the left and
right sides of the arch, while virtual setup model resulted in more symmetrically aligned
in tip and rotation of the both sides of the arch than those of manual setup.

3. The digital virtual setup had a tendency of mesial angulation of anterior teeth, labial
inclination of upper anterior teeth (p<0.05) and distal-in-rotation of lower teeth (p<0.05).

4. The evaluation result by ABO OGS showed a statistical significance: the virtual setup
model was deducted more in overjet and occlusal contact and total score (p<0.01) than

the manual setup model.

We could expect further developments in orthodontic diagnosis and treatment with digital
model setup using 3D virtual program. However, we need to recognize the difference between
the digital setups and manual setups and a delicate adjustment in interproximal and occlusal

contact is needed.

Key words: 3D virtual program, Digital model, Virtual setup, Indirect bonding
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