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Table 1. Ceramic brackets used in this study

CXIm X 373 43, 20074

Inspire Ormco, Glendora, CA, USA Monocrystalline alumina

InVu TP Orthodontics, La Porte, IN, USA Polycrystalline alumina

Clarity 3M Unitek, Monrovia, CA, USA Polycrystalline alumina (metal slot)
Virage American Orthodontics, Sheboygan, WI, USA Polycrystalline alumina (metal slot)
Signature RMO, Denver, CO, USA Polycrystalline alumina

Crystaline V Tomy, Tokyo, Japan Polycrystalline alumina

20/40 American Orthodontics, Shedboygan, WI, USA Polycrystalline alumina
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o] 0.0215 x 0.027 28|<l#F A 7 (SS) & TA
(3M Unitek, Monrovia, CA, USA)S o| &3l A=
AT ELAE AE39rh ,
7£9 BAE A|d5tH =0, 15E(nspire, Ormco,
Glendora, CA, USA)TF @474 &Fnu} Helzllo|H
I, YA 65 25 thdd ¢Fu|u BalelAd
th 6% 2 ¢Fnv Bl F 2% (Clarity,
3M Unitek, Monrovia, CA, USA), Virage (American
orthodontics, Sheboygan, WI, USA))2 metal slote] 4+
Y A2kl Seol gl (Table 1. 73] B2
7} 1570 AHg-ated - 105712 Bl Alg st
Ei‘:‘r.

AT Y

AJH A}

7}2 100 mm, A2 5 mm, 57 5 mme] o}=¥ n}
9] | Scotchbond adhesive (3M Unitek, Monrovia,
CA, USA)E =X3&lu, Algty HelAld Transbond
XT (3M Unitek, Monrovia, CA, USA)-& & &3}c] &
24 3333%7)(3M ESPE, St Paul, MN, USA)Z %=
Apstel 2B ¥ Aeke Beke] 20 mm
Aol 0.0215 x 0.027 SSwA-E ZA (M Unitek,
Monrovia, CA, USA)E ©X 1 FZRMO, Denver,
CO, USA)Z 1A A th Bl sloto| A 50 mm &
o]% o] FHE Eo] 0.9 mm SS3A (3M Unitek,
Monrovia, CA, USA)E 9448 4 JA sttt

J/Urfj AE & FA] AR (Fig 1)

ol3d BE & 16 mm A2 v o] Z&
A YE2 F 7] 0.022 ClippyA7t 28 w3 &
B 2}A(Tomy, Tokyo, Japan)& 22} Transbond XT2.
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[@—— attached to Instron
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Fig 1. Schematic diagram of testing apparatus.
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Fig 2. Distal view of fracture sites of brackets. (wp, wing
partial; wt, wing total; sp, slot partial; st, slot total)
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XA 372 4%, 20074

Table 2. Means, standard deviations, and minimum and maximum torque values at failure for all brackets tested (gm-mm)

Inspire 11,508 + 2,755°
InVu 10,632 = 1,984
Clarity 6,302 = 6005
Virage 5529 £ 637°

Signature 5882 + 7465
Crystaline V 6,328 = 813"

20/40 5048 + 8339

7085 163%
7665 14490
5160 7390
4075 6640
4645 6850
5220 7745
3595 6615

"Any groups with the different superscript letters are significantly different (p < 0.05).

Table 3. Means, standard deviations, and minimum and maximum angulation at failure for all brackets tested (degree)

Inspire 21.27 + 3.85°
InVu 21.07 = 267
Clarity 1403 + 1.09°
Virage 1359 + 368
Signature 12,78 + 1.34%
Crystaline V 1082 + 142
20/40 1002 + 1.77

147 282
17 25.3
12.3 16.2
79 22.7
92 141
9.3 126
7.1 12.8

*Any groups with the different superscript letters are significantly different (p < 0.05).

HTMH
E23 3t (Torque value)

Bl ol A B 4o Hatgt, A 3
HeS T3k (Table 2). 9 A9 B Ee3
-2 20/409] 5,048 gm-mmo|| 4] Inspire2} 11,508 gm
mm7iAe) WIS Btk A9 Al o] Yojut
TP AR BEoA ghe Bl AET 2 20409
3,595 gm'mmo|$13L, 71} & #E EY A¥LL
Inspire®] 16,395 gm-mm%th. Clarity7} 7} 2& %
ZHAN600.5 gm-mm)E H 3, Inspire’} 7} 2
¥ HAH2,755 gm-mm)E H Tl

ABTL AFHA ool BAA L KB Aol
(p < 0.05)°0 wz} 2719 Fo 2 R/} Inspire
o} InVuz o] £o]7l Fo] tvix] HakHe s o] o]
A TR Ee 3 o] foakA =skth (p <0.05).
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Metal sloto] A€ th2% &Fr|v Bl (Clarity,
Virage)S metal sloto] AFJ 5] &2 Bl vl
g u] InVuol] tHIIA T Fo3tA R FE R
o} (p < 0.05). Table 20 #7te] BAA fFjde &
Attt

E@3 ZtE (Torque angle)

B 38 Ao HE ELA ZFE 20/409]
10.02°0| ] InspireS] 21.27°7}A] thefet ghg& Bt
(Table 3). F& Al HA ZtTE 20/409] 7.1°9 171,
AW 2= & Inspire?] 28.2°%1 T} Inspired| A EF H
A7} 3.852 713 Fow, Clarity7} TZ2HA} 1.092
74 12 B¥XE HYch

EA B4 23} Inspires} Vue & £79 2}
Az} BAH o2 {3 2o & BT} (p < 0.05). 2}
T3t Zpolel BAA F94dS Table 3o YeR)SITH
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Table 4. Location of bracket fracture

E23 20 M2 Matel 2213 e Ny

Inspire

InVu

Clarity
Virage
Signature
Crystaline V
20/40 9 5

O L <IN e B JU RN |
Ol DN 1 O DNDow

0

oo O O W

0 0 0 4 0
3 0 0 3 1
0 0 0 15 0
0 0 0 8 0
0 0 0 8 0
0 0 0 7 0
0 0 0 1 0

wp, Wing partial, partially fractured at tie-wing; wt, wing total, totally fractured at tie-wing; sp, slot partial, partially
fractured at slot base; st, slot total, totally fractured including slot base.

£33 P& Bl /e o sdHE A4
o W& FFE Table 49 ure}q} u}. 2E 58
A AT H9 9] tie-wingol| v o] Ao}

2] #gkeh AwE F-9oll A& InVudt AAH <l slot
base?] FAL BHgon, 2 2E BIAME
FHEAQ slot base o] dojydth. InVus] 7
A YA 7t GeFstA vkt e, Claritys = —5
gAlo] A H9)9) slot basedll A F-wEHo=
gdo] velgth AA std FoljA XA F9je
BAL 56.2% (59/105)Q 3L, Ahd R o sbA
43.8% (46/105)2 JEFSETE Tie-wing H-9)9] oh4 &
46.7% (49/105), slot base F-91o] AL 532%

o rELrsL T % 7

a

. SEM evaluation of failed Inspire (mono-crystal) bracket. A. x100; B. x500.

(56/105)°] A t}. Inspire=
oA shdo] dojkom InVue A4
Aoyt o} tie-wing¥ slot baseol|x] FL3HA A
o] dojytr}. Clarity: slot baseol| AT s o] o]
o™, 20/40S tR-Eo] A AR tie-wingo A I}
Aol dojdth YA & vl thFe o <F
S wgen WA o] g AFE Table 49
et ATt

F2 A% wing 9

2o 4] Aol

T o e

(Figs 3-6)

~ Virage, Signature, Crystaline V % 20/40] FALA
AN LA AYAA A dF B
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Fig 4. SEM evaluation of failed InVu (resin-modified ceramic) bracket. A. x100; B. x500.

Fig 5. SEM

Fig 6. SEM evaluation of failed poly-crystal ceramic brackets - Virage (A), Signature (B), Crystalline V (C), and 20/40 (D)
bracket. x500.

Wi

Aol AATZE BLL 5 YYoH SWG ol At (Fig 3). Invus] A9 ohe 4as Leey

Holx| = gt} (Figs 3-6). Inspired] 7%, w2 WS HaAgle g2 =A8u4 2742 29 (Fig
0t 22 e Fohe FHE A »19;12 4), so0ufel A 5AQ AYTF2E BHN] oH
o ohad%y day BHeiAlale 92 Y12 o, A3 2AFZI Boon, AR 4Fo)

298



Vol. 37, No. 4, 2007. Korean J Orthod EQ3 20| e M2t9 gaizie) oid NEy

Table 5. Recommended maxillary incisor torque values

Reitan, 1957% Central incisor
Newman, 1963% Central incisor
Neuger, 19674 1035~1665 Central incisor
Wainwright, 1973% 2000 Central incisor
Hammond, 1991% 1624~2190 Central incisor
Schrody, 19747 2824 Incisor segment
Steyn, 19778 941~2113 Incisor segment
Nikolai, 1985” 3000~ 3500 Incisor segment

G Q) lnspiredt® GE A} F2E ARtk BAEZ BgEe] B ARAE UE WA 9
Metal sloto] Ateld ohAdx <oy HaA<l 2= 9t}

Claritys:= slot Mo Mt s}ao] dojytig] A} Lindaver £%¢] 7o <J3std wAg& 349
ARG LA = metal slot®} Al 242! base A} second order bendol] €&+ Alghal Bl tie-wing®]
olo FUg e E& #HEY & Uk Clarity oA ZJEE 47159253 gm MUY, HA ZHE
79 SEM AMlS 53| ZHEiz #EEigl o = 15,905 gm-mmo] ¥ HEHEE 35291 gm'mm
10008] FALAALE ) B AA A A& 3 sloto] & o]¢t}. Third order movement (torsional movement)=
dEHEA AAFHQA FHE oSS B FUh second order movement (tipping movement) 2.t} Al 2k
(Fig 5). u Bl e o A 4o £ Utk B

2 AgA7A 9 1 de Bl dee] 7tEE
Lt HA Agsn, 2aEg] &3 (couple) 22 AT
oA B wbd B tie wingollA B A
giitie] Mgty Heple @Ay SRy A YeA =7] w ook & Aoxe Ha H
(monocrystalline  alumina)v} ©}A% LFo|u) 7 el E°l 5048 gm'mmE 0.0215 x 0.028 w73 &
(polycrystalline alumina)2 | ZH Ty 2% &5 AL AFEE w Bl tie-wingol| A 7,211 gme]
= Ea‘rf’ﬂ—s— EB}?}I EH Fdo] AAE7 A7t #Aslo] RulER 243 M (5048 gm-mm/0.7
' oAy vy B R 23 54 xq EIgS mm = 7,211 gm; 0.028 inch = 0.7 mm), ©] ¥ B3
Zr=tig 61—1;} g oy FEol AAEHE =7 & H® second order momentel] 2]3t tie-wing®] WA 7t
Hel Z2 #E€L HAWH Ha, 3 A2 =9 M el JA #Hoh
FaHAY G2 SFu FERT Yol A ¥ WHR 7 Al oA ghe] = AR A et F-A] A
O BE olE #Ge @y A FAE AL & 2 HoP] AT BeA g we d7AS
o WAL HIAL X877t ot ekl & 3 A AAE LT (Table 5).57% Reitan™ - torquing
g A "=l A8 A L4 ZAAKsecond movement <+ X o A 130 gm2] 3 o] AlE-F o]
order)¢} E © Z(third order)7} LA H = & &84 of gtz At At FHX 9 A§ BepAld
718 RHEZ} 25t o] RRlEd oa) wA& A A2AARA B Ast 1825 mmolng A4
Ao 717 gE wakow vl wihw =3} e E9A3E 2,373 gm-mmy} @) Wainwright” &=
A& & tiewingS F2A HH, olgg ¢t e v Macaca speciosa monkeyE ©]-8-gF 2|2l 3] o}o]
Aol FAS 4G Hed RS sl & F AN e} g 387 E0 g 9 4
). B3] X8 upAet @A oA AebARA glAel 31& 2,000 gm-mmi}il 3+t Nikolai” &
29 o]FS Y3 ELAE A gshd vwE 7rgk FAFAQ FdAA 1§ ATeleE AT ELA
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9] k& 3,000-3,500 gm-mmet 1 AA| ST o]Abe]
Aol oJehd gFAel At $EA 9 torsional
movementE 93 T E = 2,000-3,500 gm-mm Y
B & 5 gk

2 A7 Aol ojabul Aake] Beb 9d Al
B ELA 2 20/409] 5,048 gm-mmol|A] Inspire
9] 11,508 gm-mm7tAe] Mg Bk @@y &
Frju BapA]l Inspire®] 3-8 Aol 713 =%
oH, & %5 YA EXT HALE A Ve
otk AZA el Aot =229 torsional movementZE
A% A 2AES} 3,500 gmmm”e}T Foid, 2
AFNA 7Hg ZHe HTF(5,048 gm-mm)S K9
2040E 0= Ata & 5 glvk o] ge 20/409] ¥}
g dog)e Hagkel 3,595 gm-mmE T Zpoba
ol Aol ALEE Alghe] HapAle gAE el Aot
4] 9] torsional moment A]of] ¥} o] WA3}7] o]
ATR & 5 Qv B A7 A3 il Hae
A 5,000 gmemm o]2ke] £.9.5 gl N salo] U
A ee &+ Uk

Flores 57'& 3%9] 0.018-inch slot H&}Alo] B9

S ALt AP AR BE Eea gl
Transcend+ 6,083 gm-mm, Allure [1I3= 5,253 gm-mm,
Starfire= 9,228 gm-mmo]Attal 3Gl FLE F
Fo HgAL AEF Holt %9 AFA=
022-inch slots AT A3 HF EL3 o]
Transcend+= 5,771 gm-mm, Allure IlI= 6,042 gm-mm,
Starfire= 6,177 gm-mm®Z Starfirec)| A2+ §-2] 31 2} o]
£ H33 yrAle AR A9E EYcia 93l
I =2

Johnson £ Alhe] BalAG)A tie-wing -3}
ol AL AL wel Y PRE Y
tl, Inspiree] 34 A &o] 7} E3ka InVu, Clarity,
Virage A2}l 313 2™, Clarity®} Virager= E7] 3}
How folg Aol7} Yitkn ek Azke nek
Aol B4 AE A7 FLF 22 29 shbt
s TARele @ ¢ Qe gdy smi-
twin Be}Hl(Virage)> THE% true-twin HEPAH T}
FARCE FotA £ A% A A2 Bk
ol g Aol= HapAl AA| 9] FEjA SN 79
g AoR AZE |, semitwin HelA] H$-&
=94 tie-wingo] dhte] unito 2 A 2tE o] A4y
B2 cross-stabilizing effect’E 2HA] o] true-twin B
FART 58 Aol Ackn ALk HAT Eo

£ A8 2 Apoe 2 e Fes

300

CIXIZERA] 37 48, 20074 "

Zole A A Z JFE FA EIACh
True-twin E&AQ] InVurt thd% Bl Fol|lA 7t
2 2 oA AgAdS BoFglen, T oE true-twin
HepAQl Clarityw WA semi-twin B2}A7 57
Ao Z {og Aol Holx esith (p > 0.05).

Alete] Beplle] 12d g d o Agde &
olx, WAL A GF olF Al npAY 7HAE ¢
o] B}l ol metal slotS 43 ® sit) ZEkA
g HelA & o] &3 E A0 AU metal slotS 4}
A3 Ao Ee T Lo B3 ATE AFHUA
2 ekl Balle] metal slot2 A4S wjol
B9 ol &3 AFE ¢ =7 Aotk Eg)
28l B}FlE o] &8 Feldner 579 Aol ojshd
metal sloto] AFl® Bl £ metal slote] 43<]
A e Bl dEY BAHE {ofiiA B2
Eoa k3l e W3S Hol metal slote] Ao 2
Qe ZetxE BEepple Bl AAVE FxH0R
FEE 0 ELAE HEA 0 SR A=E 7}
AA Eohn stk Algte] BepElo M EehaE
HepA 9 np7tA 2 metal slote] 4bedo] o4 A&
Aol &S & Aol o4 & Utk AT = A
TollA 2% &Fvv Bl 5 metal sloto] 49
¥ Bep(Clarity, Virage)> 1HA| &2 Hapzlo
Hl&l InVuE A|9etae 93 2] & Bo|x] sk
T} o] A& metal slotg AUPAE 3 Aol o
TS A E3F S orlste Aotk Metal slot
B zAY] F32F ol JodsA T my S
A HER R AEE e P o) Ay ¥
o dAste #EE FAF R A A= EIt
= Ag ¢ F UAgTE E=g 2= A 2 A slot AHA|
7} AR 3 porousdt FHE 7 § 9genz Eo
o] &g Ag g oJ@A wEGE BHux Ytk

AAZ Y AL A A Bl oA Ag
Aol #A3F F83 KAE EQF ghtorque value)
o} E93 Zl(torque angle)o|th AAE S TXA
o] HIEZ R Q% Xofe] XZolF IHFTHS
F02 3v IHEFY FHE dEidt. oebA
THE 3H Ee A 7] Z/lE4E EoAE &
7heb HepAle] sdL 4A ofrl€th

2 dFedM e Bapll gido] dojue 119 E
L3 7t o= 3 AP =& v
st st} B E 0.3 2%t 2040004 10.02°
2 7 22 3 Jehda, Inspire} 21.27°2 FH )
e YERRATE o AgoA] 022 slot B}l
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0.0215 x 0. 027 SSTA S o] &3} play7} 2k 1.8°7}
=S AYstAct Holt $') o3t tir-e] A
ghe] Ja}Ald| A 8°~10°9] torsional rotationo]™ &
A7 Aokl 5 A% VDA Y& 2L+ Aok @
BA wF g Mo EeaE Aed uw Ay B
Ble e =) dadE BEg sde
torsional rotatione I ot & AA A= =
AL alr] Y 10° miute] E03 24w E YA
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ORIGINAL ARTICLE

Fracture resistance of ceramic brackets
to arch wire torsional force

Jung-Heum Han, DDS, MSD, PhD,* Minn-Hii Chang, DDS, MSD,’
Yong-Kyu Lim, DDS, MSD, PhD,° Dong-Yul Lee, DDS, MSD, PhD*

Objective: The purpose of this study was to estimate the fracture resistance of commercially available
ceramic brackets to torsional force exerted from arch wires and to evaluate the characteristics of
bracket fracture. Methods: Lingual root torque was applied to maxillary central incisor brackets with
0.022-inch slots by means of a 0.0215 x0.027-inch stainless steel arch wire. A custom designed
apparatus that attached to an Instron was used to test seven types of ceramic brackets (n = 15). The
torque value and torque angle at fracture were measured. In order to evaluate the characteristics of
failure, fracture sites and the failure patterns of brackets were examined with a Scanning Electron
Microscope. Results: Crystal structure and manufacturing process of ceramic brackets had a significant
effect on fracture resistance. Monocrystalline alumina (Inspire) brackets showed significantly greater
resistance to torsional force than polycrystalline alumina brackets except InVu. There was no significant
difference in fracture resistance during arch wire torsional force between ceramic brackets with metal
slots and those without metal slots (p > 0.05). All Clarity brackets partially fractured only at the incisal
slot base and the others broke at various locations. Conclusion: The fracture resistance of all the
ceramic brackets during arch wire torsion appears to be adequate for clinical use. (Korean J Orthod
2007;37(4):293-304)
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