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ABSTRAC T

Comparison of accuracy of two indirect bonding methods using a jig fabricated from
digital setup model

Jong-Hyeon Lee, Dong-Song Choi, Insan Jang, Bong-Kuen Cha

Department of Orthodontics, College of Dentistry, Gangneung-Wonju National University

Aim: To evaluate the accuracy of indirect bonding using a jig fabricated from the digital setup model.

Materials and Methods: Total 120 bracket jigs for the maxillary teeth were fabricated using computer-aided design and
manufacturing (CAD/CAM) from 10 maxillary digital setup models. Brackets were bonded using the jigs on five models
(Group 1), and using the jigs and additional vacuum tray on five models (Group 2). The models were scanned again and
superimposed with each initial digital models for evaluation of bonding accuracy.

Results: Indirect bonding using CAD/CAM jigs showed the average bonding error of + 0.1 mm at linear measurement
and + 2.0°at angular measurement except labio-lingual inclination (3.36°) at the premolar of Group 1. The bonding accuracy
were not statistically different between both groups.

Conclusions: CAD/CAM jigs can transfer the bracket to the desired position regardless of whether additional vacuum
tray is used or not, and this indirect bonding system provides clinically acceptable accuracy.
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Fig. 1. Fabrication of transfer jig for indirect bonding.
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2L 0.022 inch slot®
USA)o| 3Tt

=4 H2H(3M Unitek, 3M,

1) Jigs o183k 7+ A2 (Group 1)

A3 2L 3D A9 (Freedom HD, DOF, Korea)
£ ol-gsto] A7lsto], STLuHY FA19 YA d 7 2
< AAstoitt. 121 o] Y Ad HE-2 3D ZHE(Pro-
jet MJP 3600 Series, 3D Systems, USA)Z tHA| &5}t
of AA| g4} 4l BePlE F2AE 27] 23 (Initial
model; [-model)& 5|3} tHFig. 2).

7HMvirtua)® ©AE 2gofA 3TxerTM(Orapix,
Seoul, Korea) Z2 131 o]-&sto] Bl 9215 27
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Fig. 2. Schematic diagram on fabrication of jig and vacuum tray and evaluation of bonding accuracy.
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Fig. 3. Vacuum tray for indirect bonding.
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Fig. 4. A. 3—dimensional coordinate system for evaluation; B. Superimposition of P-model and 0z
B-model by bestfit method. 5k

Central incisor Lateral incisor \ ¥ premelap-. Se P olar. emol

Fig. 5. Reference points for evaluation of the bracket position. Point 1, the mesio—gingival point of bracket tube
base; Point 2, the mesio—occlusal point of the bracket or tube base: Point 3, the disto—occlusal point of
the bracket or tube base; Point 4, the midpoint of the Point 1 and Point 3.
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Fig. 6. Measurements of angular differences of the bracket position between the B-model (red line) and P-
model (yellow ling). A. Rotation; B. Bucco-lingual inclination; C. Mesio—distal angulation.
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Table 1. Linear and angular bonding errors and differences between Group 1 and Group 2 :'-;
Group 1 (Jig) Group 2 (Jig and vacuum tray) Mann-Whitney i—_ﬁ
Tooth Measurements Mean SD Median Min Max Mean SD Median Min  Max  P-value Sig. (@
Incisors (r)_:tg
Anteroposterior (mm) 014 009 015 -002 026 011 010 014 -008 020 0989 ns :I;_I
Lateral (mm) -0.06 0.09 -0.04 -030 004 -006 020 -004 -055 019 0883 ns ﬁ
Vertical (mm) 001 007 003 -011 009 006 012 002 -002 040 0242 ns %—I
Mesiodistal angulation (deg) -047 164 -034 -331 286 -103 148 -068 -397 092 049 ns g
Labiolingual inclination (deg) -1.11 233 -151 -408 28 -072 1.12 -073 -300 1.03 0478 ns (J)?E
Rotation (deg) -146 152 -1.02 -528 -0.18 -153 050 -142 -244 -093 0414 ns E
Canine 2%
Anteroposterior (mm) -0.04 005 -005 -0.13 004 002 011 000 -012 020 0280 ns %
Lateral (mm) 001 008 000 -011 021 -003 007 -0.03 -0.14 012 0218 ns
Vertical (mm) -0.07 012 -0.09 -028 011 001 006 001 -010 012 0052 ns
Mesiodistal angulation (deg)  0.10 2.07 0.08 -2.31 368 -058 2.03 -0.83 -423 262 0579 ns
Labiolingual inclination (deg)  0.08 235 039 -599 220 099 166 109 -146 387 0579 ns
Rotation (deg) 136 194 193 -243 402 039 140 040 -188 279 0247 ns
Premolar
Anteroposterior (mm) 002 009 002 -016 014 -0.06 0.10 -0.07 -0.21 0.07 0678 ns
Lateral (mm) -0.10 0.08 -0.08 -021 001 000 022 005 -052 020 0149 ns
Vertical (mm) 007 021 006 -035 048 -007 015 -0.05 -034 011 0478 ns
Mesiodistal angulation (deg) -0.10 054 -0.02 -127 062 -0.09 084 016 -140 103 0327 ns
Labiolingual inclination (deg) 3.36 2.86 284 017 785 078 384 163 -8.12 569 0414 ns
Rotation (deg) 001 081 -004 -105 132 066 115 058 -068 285 0478 ns
Molar
Anteroposterior (mm) -006 007 -006 -0.18 0.05 -0.08 0.12 -0.05 -031 006  1.000 ns
Lateral (mm) 000 008 -0.01 -013 012 -0.01 017 007 -041 016 0579 ns
Vertical (mm) 000 005 000 -010 009 002 017 002 -024 034 079% ns
Mesiodistal angulation (deg) -0.56 1.15 -042 -2.39 154 -003 091 -020 -135 166 0218 ns
Labiolingual inclination (deg)  1.03 1.18 1.14 -0.82 278 016 130 048 -216 169 0280 ns
Rotation (deg) 012 088 -006 -094 158 -033 065 -028 -1.63 049 0393 ns

ChstR|ztolArESIX| RI6OH K52 2022 | 265



ORIGINAL ARTICLE

=l
L

oA T AT B 0.14mmA Tt $HH BE Aols &
S0 7P 2 L&A= Group 22 HA]9] SH43] {123kl
A -055mm=EA] AZg YA HT} 7F E TAEF0R

A= Qi HIS 22 [0 ShA|RE AR 7F AR
TA], o] Blste] ZUHOE B & QAFE HojE
O] f+= bt A2 9] Ak Fe|7} o2 A ote] wetH
FE2H 2] AP0 7] Ao E ZUHeRE @
27} A 7Fs/30] Sl A 2t Kim 59] Aol
A= tiTtA] 9] Bepl M2 Aot e §a5 0
= 05mmE gA| Yokou, A H 0 2= th Rt A
oA FHd @& Zko] 0.54mme} 0.7 1mm=zEA & o
T ke tha 7 SHE 9 Park 5179] AFollA]
T B2 oA W &0 2 FAE = 43RS HolH
2~AF O g 2 QRS BT, 1 ThE 292 29
Al 93} Qg WIS B ol7Le} Zo] oz} Ao &
2= 7okE Harskyle)

o] AL A Group 13} Group 2 25 A7HA] Wk
o] 7tk oM =4S AP UHA 4k, & 294 7
Aot 2lof| HlsiA B & *AFF HojFlek o) @4}
© &7ANA BEEAL, jighhe o832 1 7.85%&
= AP, jigeh vacuum tray S O84S of -8.12°(8=
ZAADE TEE| QI 850 29 | 2217} Group 1

=

]}\1 }ﬂi H]ﬂ} HPoc]:__E l:ﬂ-/\ﬂ o]— o]
»} SFAE A A a2}

O

i)
)
1 —
@]
[
o
[\)
mlm

S
e
el
=)
=
;L
N
S
1
i F

N
N
)
o =
19
o

E
|

ath ] ol-§3 = ¢l
Beplol ot
"41 #19] HE}’“"H ]OH 2717kt

& BEPlS jigol A2A7 = 2
oA A7} W¥sks AW = Utk EE 022-inch
slot9] HelAlo A 019x025-inch®] 2+ 2lo]olE 4]
e o) Bt olofo] Abo] 9] S FgAT] HiRt play
£ £10° 22 B g up Qop 2, wEba] Bepl

2} o] WA S5 Sl 23j0] Beblat ooo] 1k9)

play7}A] 2EE L 73-Loll= Q477 AP 2ot
o $4% Z4wg 285K § oHeS e 7HeAe]
itk E3] o]& 7R AT]oA T HHAISE 7154

o] ZU= CAD/CAM jigE o83t 7Hd &Alof| A4
gt o7F F asithal ALk A4 ES A
£ A9Jetals Y] ILE ABO 7|EP)0Y, o]#19] ot
2 =204 AAGH0.5mm, 2.0°01Hek= 7| &S 55
A E}. Park 572 & 04%@} e CAD/CAM_E zﬂ

R Ur
o] B QI Bk o 22 243 7t
oA 7He] Bt Al
2 a}al olm|A]e] 59o] 33194 % 4
gero e Bel 92k gk

5t Bele xp7Azk v

e
AL Q= 2] w2l
o
S

—4 *—"g% x—E % ]—roﬂfﬂ resin base-J
3

ks

=

Jig® o183 2 W2l 4
o] efatol Aiato] WAt 7

oS BEAZ 5 9 o] Yomt, i Holo] 5

266 | CHetx(ZtoIAEEIX| HIBOH RI5E 2022




ORIGINAL ARTICLE

T R BlYh

U s Beple fabsfof st & tha HASEaL A7to]
o] 4 Q &= thdo] Qlt}. $HH jig 2]of vacuum tray
A 0 = ARESHH Zg A4 9 7 2 Al
UAIGE, o] B 9] 49 jighh o]- & 7Hy =2t
715 o] St B R @AfE F7F 7RsAdo

oha AYZYE| Qi SEAIRE, o Aol A jig BHE ©]
St Group 13} jig@} vacuum trays S3H4 0 & A8t
Group 2 7toll Be}A19] 42 0 2f= SAH 02 Fod
TR 2ol 7k gll o B g Q7= jighh AREShe WY
7} jiget vacuum trays E9H4 0 2 ARgol=HS H
olof| wje} Melstd € Aoz Atgdch Falg CAD/
CAMO.Z A& hard acrylic tray®} soft one-layer
silicone trayE ©|-83h 7H A2 ] A vl A+
oA i B Ao g ol 4 9lou hard
acrylic tray®] =7} tha FEBPCHS, 2Lt ol
A= 7N Z[oto jigE ARESHo] BEplE o] A
2Rt ] vacuum trays g Y502 ARk
Alo]7] wj&of CAD/CAMOZ AH acrylic tray= A&
Sh= o] A ALk tray A2 HFAl|A] o] 7} Qlof A
29l H]1= otk o A= ATA T4 AA|
oF Ateks AP Ao AA REA 2 E U]
A B HAS dlofl= Al F2A, A& Al jigs

=

u
)

%0 oL MmN
w1l
o 4

&

¢

AN £71etke] 4, BEA) HE=et T, Al
Ao] A, Bl B2 59 TRt Wavh 1 A
Ao oS Z 5 93P, Xopo] nhzo] HD, A
Qo] B75310] Hree} # Wolxo] §RE Bl
2V e Hewo] o 9L Z 5 Gk Ao
B30 0 ofdl F¥o] et 57} A7rt ek,

V.2E

CAE A 2FPojA CAD/CAM 71&= A2t jigs:
ol-get Bl 7+ k&t F7H 0% vacuum tray
£ 53H 0 2 ARESt 79-9] A teof tiet |7} At of
get Z2 2423 =&

o JigtkZ 0|83t 73t jig?t vacuum trayE EFA L
B ARSSE 710 BEEl HAF A= o3t o]
7k it

o TIXE Al 1 Fof|A CAD/CAM 7|&=E AZstjig
£ ol&st Hel 7H A& vacuum tray®] Ak
& of o] IAQle] dFHoE +GATRE AT
£ Hol3qlth

B

Il brllo

[
I{Y

2 ietem Ivie S i28lo 2013

OO0 | —AO LA A
Ny oA 2R RiZ

R

ChstR|ztolArESIX| RI6OH K52 2022 | 267



ORIGINAL ARTICLE

g |

o

Mo
rok

1. Siverman E, Cohen M, Gianelly AA, Dietz VS. A universal direct
bonding system for both metal and plastic brackets. Am J Or-
thod 1972;62(3):236-244.

2. Kalange JT. Indirect bonding: A comprehensive review of the
advantages. World J Orthod 2004; 5(4): 301-307.

AR uNE HeFo| 7Ry HAE.  iSHRIZOARSIX
1999;37(7):530-535.

4. Klocke A, Shi J, Kahl-Nieke B, Bismayer U. Bond strength
with custom base indirect bonding techniques. Angle Orthod
2003;73(2):176-180.

5. Moskowitz EM, Knight LD, Sheridan JJ, Esmay T, Tovilo K. A
new look at indirect bonding. J Clin Orthod 1996;30(5):277-281.

6. Read MJF, O'Brien KD. A clinical trial of an indirect bonding tech—
nique with a visible light-cured adhesive. Am J Orthod Dentofa-
cial Orthop 1990:98(3):259-262.

7. Shiau JY, Rasmussen ST, Phelps AE, Enlow DH, Wolf GR. Bond
strength of aged composites found in brackets placed by an in—
direct technique. Angle Orthod 1993:63(3):213-220.

8. A, CAD/CAM 7|&E 285t 2l WHA|Z-WERIHN 75
SASATIR|, CHEHR|ZHOIARREIX| 2014:52(1):17-26.

9. Garino F, Garino GB. Computer-aided interactive indirect bond—
ing. Prog Orthod 2005;6(2):214-623.

10. Mayhew MJ. Computer-aided bracket placement for indirect

bonding. J Clin Orthod 2005:39(11):653-660.

11. Redmond WJ, Redmond MJ, Redmond WR. The OrthoCAD
bracket placement solution. Am J Orthod Dentofacial Orthop
2004;125(5):645-646.

12. Castilla AE, Crowe JJ, Moses JR, Wang M, Ferracane JL, Cov—-
ell DA, Jr. Measurement and comparison of bracket transfer
accuracy of five indirect bonding techniques. Angle Orthod
2014:84(4):607-614.

13. Schmid J, Brenner D, Recheis W, Hofer-Picout P, Brenner M,
Crismani AG. Transfer accuracy of two indirect bonding tech—
niques—an in vitro study with 3D scanned models. Eur J Orthod
2018;40(5):549-555.

14. Son KH, Park JW, Lee DK, Kim KD, Baek SH. New virtual orth—
odontic treatment system for indirect bonding using the ste—
reolithographic technique. Korean J Orthod 2011;41(2):138-
146.

15. Kim J, Chun YS, Kim M. Accuracy of bracket positions with

a CAD/CAM indirect bonding system in posterior teeth with
different cusp heights. Am J Orthod Dentofacial Orthop
2018;153(2):298-307.

16. Yun D, Choi DS, Jang |, Cha BK. Clinical application of an intra—
oral scanner for serial evaluation of orthodontic tooth move—
ment: A preliminary study. Korean J Orthod 2018:48(4):262-
267.

17. Park JH, Choi JY, Kim SH, Kim SJ, Lee KJ, Nelson G. Three-
dimensional evaluation of the transfer accuracy of a bracket
jig fabricated using computer-aided design and manufactur-
ing to the anterior dentition: An in vitro study. Korean J Orthod
2021;51(6):375-386.

18. Pottier T, Brient A, Turpin YL, Chauvel B, Meuric V, Sorel O, Bre—
zulier D. Accuracy evaluation of bracket repositioning by indirect
bonding: hard acrylic CAD/CAM versus soft one-layer silicone
trays, an in vitro study. Clin Oral Investig 2020;24(11):3889~
3897.

19. Jung YR, Park JM, Chun YS, Lee KN, Kim M. Accuracy of four
different digital intraoral scanners: Effects of the presence of
orthodontic bracket. Int J Comput Dent 2016;19(3):203-215.

20. Park GH, Son K, Lee KB. Feasibility of using an intraoral
scanner for a complete—arch digital scan. J Prosthet Dent
2019;121(5):803-810.

21. Creekmore TD. Dr. Thomas D. Creekmore on torque. J Clin
Orthod 1979;13(5):305-310.

22. Dellinger EL. A scientific assessment of the straight-wire ap-
pliance. Am J orthod 1978;73(3):290-299.

23. Casko JS, Vaden JL, Kokich VG, Damone J, James RD, Can-
gialosi TJ, Riolo ML, Owens SE Jr., Bills ED. Objective grading
system for dental casts and panoramic radiographs. Ameri—
can Board of Orthodontics. Am J Orthod Dentofacial Orthop
1998;114(5):589-599.

24. Xue C, Xu H, Guo Y, Xu L, Dhami Y, Wang H, Liu Z, Ma J,
Bai D. Accurate bracket placement using a computer—aided
design and computer-aided manufacturing-guided bond-
ing device: an in vivo study. Am J Orthod Dentofacial Orthop
2020;157(2):269-277.

25. Grlnheid T, Lee MS, Larson BE. Transfer accuracy of vi-
nyl polysiloxane trays for indirect bonding. Angle Orthod
2016;86(3):468-474.

268 | Cetx(zIoIAEEIX| RIB0H RI5Z 2022




