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Table 1. Bracket types used in this study (Mandibular anterior bracket. 022" standard).

. Graup ” ' _ Products Manufactirer , - BaseConﬂguratwn -
ML Microloc Tomy Micro-Loc base
CB Archist Daesung Chesshoard base
FM Ultratrimm Dentaurum Non-etched Foil-Mesh base

Table 2. Number of samples used in this study.

ML(Micro-Loc) 10 10 10 10 10 10 10 10 10
CB(Chessboard) 10 10 10 10 10 10 10 10 10
FM(Non-etched Foil-Mesh) 10 10 10 10 10 10 10 10 10
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Fig. 1. Bonding the bracket to the metal bar. a: bracket bonding device. b: metal bar with bonded bracket.

2. &Y 2 peel 2L W E(PBS)9} DA FHZ(SBS) 9 A2
FZAE(TBS)E F4stArt
D =5%9 A% AGEAT7F=(SBS)E &3] Yt Bl
FEEE 10x7xTmme] 37|12 7 o] M2 43 S 7| AR do] 7A =5 A (Fig. 2a),
ol HE & W, F&4%9 1w AAVE 7} AAAJAL(TBS)E &73t7] Hste] Beple <
A717]1 el AAdRgor AR & A6 A& A58t Ni-CrA $H2(Rexillium, USA)S.2
o, fabel A TR My Ayt 7 P o vl EYE ARt o] &89 2 (Fig. 2b, 20),
A TG BEEES AAsAT) vpxgtez F peel 27t xe] 4 & 93] 543 ALE g9
A& sandblasterg o] &3] F4%59 EHE sand- To Bepllo] FiE F&8s 1AL %é?-%
blasting 3tth ou| Q8-S M)ste] 1 A FA] o] Ztzb 0°, 15°, 30°, 45°, 60°, 75°, W°E AR =
sandblast®] 37}A] ZAEL BF A& A% A z243% & Bl AdE wingel 0.0127 ~H < Eﬂ
ol 7H Atk A9E Ao, A dd 19 s 2 28 HALE Aol g4 A3t PBS S8 44
HWrvete F 2 o] #Ad HaA Y 248 Afold o] Zt & Aoz FH e, FHH
A EAEEA] ghar ElR H & A 9 BEAl 7] A R Alol dal Beple] 4=E WsiAlA Bl A 8He
A LAt RS Fsich S Wk sl thFig. 2d).
Peel €2 & A] 319 whako] whe}l 0°peel bond
2) BepAle] Ay 43 JEJ =2 strength(oPBS), 15°peel bond strength(isPBS), 30°
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Japan)E S5%0 =X 319 3, AlZxke] A o u}h strength(7PBS), 90°peel bond Strength(goPBS)i -+
gt Beplle 4589 HHd AXA7) 2 7l & ®3519 o v (Fig. 3a), oPBSSF SBS 2 oPBS9F TBS
e & 7 JdE FoF FH(Fig. 1a)F o) g3dk 15 E 47y o] wako]l ZAN GE AL E e
Z Bt 560ge] S le) RS dAsison, oz et thFig. 3b).
Bl FHE E2E B9 % &Xﬂa el o2
Atk 2t &%= 4 g e 10709 B 3 dnj7
S HAsn Ao did FE5EL Lo Ao ALgHE 74 2l 714 Iyl
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A 5418 7} (Instron Co, Model 4201, USA)o| A1H o] 2% Bl 7AR FHE FARAE 7 (Jeol,
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Fig. 2. Bond strength testing devices. a : shear bond strength testing, b : tensile bond strength testing, ¢ : Jigs for tensile bond

strength testing. d : pesl bond strength testing device.
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Fig. 3. Force direction used in this study. a: pesl bond strength. b: tensile and shear bond strength.
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Table 3. Characteristics of bracket base.

Group Configuration Area (mm? Characteristics
ML Micro-Loc base 991 Etched surface, 500pm diameter spherical indentation
CB Chesshoard base 8.28 02.8um width deep and shallow grooves in different direction
™M Non-etched Foil Mesh base 9.16 Monolayer mesh pattern with 132.3um diameter smooth wires

Fig. 4. SEM images of the surface configurations of the brackets used in this study.
a:ML x25 b :ML x200, ¢c:CB %25, d:CB %250, ¢ FM x25, f:FM x100.

< 7474 AAEE T, AFE S 9
+ Duncan® TR HSZH
0.05).

mz
1) 221 JIMEC] SEH0l st SEM 245
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Chessboard base(CB)2] 825 &
©@etar, 92.8um £ Za EA AR b AR
Z% o1 gigler, FFF WAL 828mm” A}
(Fig. 4c, d).
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132.3um A7 e] vinelE AQAoR o]Fojx o
AR aEwo] FH F28 FHE Byom,
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Table 4. Peel bond strength of Micro-Loc and Chessboard base bracket after storing 24 hours in dry condition.

ML CB M
; Mean + SDtke)" - Group Mean = SD(kg) Group Mean + SDikg) Groﬁpf

SBS 1884 + 143 1550 = 0.98 1226 £ 0.38

oPBS 13.06 + 0.67 11.97 = 1.13 6.91 = 0.39

15PBS 860 £ 0.29 806 £ 0.71 B 529 + 0.28 B
»PBS 6.72 + 046 B 646 t 0.39 496 + 038 A
sPBS 599 + 0.29 A 573 £ 063 A 471 + 042 A
aPBS 552 + 047 A 527 £ 048 A 421 = 022

=PBS 6.86 = 0.54 B 547 + 051 A 478 + 0.33 A
2PBS 6.79 = 0.75 B 2.28 + 0.27 A 530 + 0.22 B
TBS 1065 + 1.15 859 + 1.12 B 771 £ 0.30

PBS : Peel Bond Strength, Items with same letter are homogeneous subsets at p<0.05

25r
100 % Micro—-Loc
20 F 1768 %
—
o 69.3 %
X 157 122.6 % 56.5 %
g 1 457 % 100 %
% 10 ¢ 80,8 % 35.7 % 31.8% 29.3 % 36.4 % 36.1 % ——
[+) . (] [+ [+
ﬁ 61A 563% 518 % 644 % 638%
2 o
o
[an]
O L i L L J
shear 0 deg 15deg 30deg 45deg 60deg 75deg 90deg tensile
peel  peel peel peel peel peel peel

Force direction

Fig. 5. Peel bond strength/SBS. TBS in Micro-Loc base.
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Table 4+ Bl & F-&dtm 4A 7 Bt
B3 3 2 A zolth A %
57t 748 o m(ML : 18.84+1.43kg CB : 1549+
0.98kg, FM : 12.2610.38kg, p<0.01), peel <%} 4
o W3l w2 PBSY| Wi de Al FF/< Bl
AN BT FABIAIL, peel &-H 9| A& Zo] F718
& PBSE #4asteer 60°dA AA#S 2yt
(p<0.05).
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F9g 71AA Felol H8E peel ] B
e A3 Ee] Aol ¥md 43, 0°PBS7F ML
oA 13.06+0.67kg, CBelA 11.97+1.13kg, FMellA
6.91+0.3%g 2.2 th& wWrako] A 9] peel {7 =R}
721 (p<0.05), MLeA 30°PBS(6.72+0.46kg), 75°
PBS(6.86+0.54kg), 90°PBS(6.79+0.75kg)E EAIH o
2 AR 2 (p>0.05), 3AE 75 60°PBS(552
047kg)E  45°PBS(5.99+0.29kg)t  FAFEFA BHp>
0.05). CBel H2d¥73E=2 60°PBS(5.27+0.48kg) &=
45°PBS(5.73+0.63kg) = 75°PBS(5.47+051kg), 90°
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glo] giek 2 BER w2 =Hapo| Ayds

20 r Chessboard

100 %

180.4 %
15F 1 772 %

139.3 %
520 % 55.4 %

10 b

Bond strength (Kg)

o

938% 41.7%

75009 O/0% 340% 353 % 341 %

66.7 % 3% 637% 615%

{INIRIR NN

100 %

shear 0 deg 15deg 30 deg
peel peel peel

45 deg 60deg 75deg 90deg tensile

peel peel peel peel

Force direction

Fig. 6. Peel bond strength/SBS, TBS in Chessboard base.

15 1
100 % ,
159.0 % Non-Etched Foil-Mesh
5 10F 62.8 %
X 56.3 % 100 %
89.6 % 9 0 %
£ ol M04% ggae 33y BI% LY
2 | 0% 643% 610% sap% 619% LD
:
©
c
@]
as)
0

shear 0 deg 15deg 30 deg
peel peel peel

45 deg 60deg 75deg 90deg tensile

peel peetl peel peel

Force direction

Fig. 7. Peel bond strength/SBS. TBS in Non-etched Foil-Mesh base.

PBS(5.28+027kg)¢t SAFe e EATHp>0.05).
FMell A 15°PBS(5.29+0.28kg)+= 90°PBS(5.30+£0.22kg
)& FAFEFA I 30°PBS(4.96+0.38kg), 45°PBS(4.71+
0.42kg) B 75°PBS(4.78+0.33kg) = o BT} BHe £

oA SANEE AFRE HPom(p<0.05), DAl 60°
PBS(4.21:022kg)ellX HAZSZEE Vet
(p<0.05).
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Table 5. Bond strength per unit area of Micro-Loc and Chessboard base bracket in various force direction after storing 24
hours in dry condition.

CHAWAAl 334 65, 20034

(B

Mean ¢ SDOR) Mean « SDOB)

‘ Mean + SD() , rol o
SBS 1864 + 141 1835 + 116 1 1312 + 040
(PBS 129 + 066 * 1418 + 134 1T 739 + 042
sPBS 851 + 029 ** 954 + 084 T 566 £ 030
wPBS 665 + 045 ** 765 + 046 1 530 + 041
£PBS 593 + 029 ** 679 + 075 1T 504 + 045
«PBS 546 + 046 ** 624 + 057 1 450 + 023~
=PBS 679 + 053 648 + 060 T 511 + 035
%PBS 672 + 074 626 + 032 ' 567 + 024
TBS 1054 + 113 1017 132 7 8% £ 031
* o p<oob #* . p<001 between ML & CB
Popos YT p<001 between CB & FM
p<005 * . p<001 between FM & ML
------- Micro-Loc
20 r Chessboard
18 N\ — — —-Foil-Mesh

Bonding strength (MPa)
>

o N OO @
=

shear Odeg 15deg 30deg 45deg 60deg 75deg 90deg tensile
peel peel peel peel peel peel peel

Force direction

Fig. 7. Peel bond strength/SBS, TBS in Non-etched Foil-Mesh base.
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AAFRAE(R25:03METH ZHzE ] 2m (p<0.01),
ML# CBolA & A& §ARII tHp>0.05). 4223
7259l R AF 60°PBSE FMolA 450+0.23MR 2
4 Agrom CBOlA 624+0600RE 7HE Zh
(p<0.0D). &)U AT 75°PBS 2} 90°PBSE ML CB
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oM FAFFE . (p>0.05), FMAAM 7 gkt
(p<0.05). YA 0°PBS, 15°PBS, 30°PBS %
45°PBSE FMOA 748 23 CBolAM 7H3 2 #he
Ho| H2ZTAEQ 60°PBSY A FEE B3
H(p<0.05)(Table 5, Fig. 8).
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AUAG AU E o] &3l Bl 7|AR e
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- ABSTRACT -

Comparison of bracket bond strength in various directions of force

Hyun-Jung Lee, Hyung-Soon Lee, Young-Mi Jeon, Jong-Ghee Kim

Departments of Orthodontcis, School of Dentistry, Institute of Oral Bioscience, Chonbuk National University

The purpose of this study was to evaluate the bond strength of orthodontic brackets bonded to metal bar with
chemically cured adhesive (Ortho-one, Bisco Co, USA) in various types and directions of force application. Three types
of metal bracket with different bracket base configurations; Micro-Loc base(Tomy Co, Japan), Chessboard base(Daesung
Co, Korea), Non-etched Foil-Mesh base(Dentaurum, Germany); were used in this study. Peel, shear, tensile bond strengths
were measured by universal testing machine and compared each other. The peel force directions applied were 0°, 15°, 30°,
45°, 60°, 75°, 90°. And then, in consideration of the different surface area of the bracket bases, the bond strength per unit
area were calculated and compared.

The results obtained were summarized as follows :

1. The bond strengths according to the types and the directions of the forces were greatest at the shear forces in all three
bracket base configuration groups(p<0.01).

2. As the peel force direction grew higher in degree, peel bond strength decreased. The patterns of peel bond strength
change according to force direction was similar in all three bracket base configurations. The minimum bond strength
was 60 degree—peel bond strengths in all three bracket base configurations.

3. In Micro-Loc base group, minimum peel bond strength(ewPBS) was in 29% level of shear bond strength and 52% level
of tensile bond strength. In Chessboard base group, «PBS was in 34% level of shear bond strength and 61% level of
tensile bond strength. In Non-etched Foil-Mesh base group, «PBS was in 34% level of shear bond strength and 55%
level of tensile bond strength

4. The bond strengths per unit area were lowest in Non-etched Foil-Mesh base group and highest in Chesshoard base
group(p<0.05). However, there were no differences in shear bond strength, tensile bond strength, sPBS and xPBS per
unit area between Micro-Loc and Chessboard base groups. '
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