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53| particles IPAIA 71AIAQ] FAHE A=
(Fig 1). 28 F3s17] 9138 =4 Al H-2 con-
ventional feldspathic porcelain®] 3+ FF< Ceramco
3 (Dentsply, York, PA, USA)3} glass ceramic®] 3+ &
<1 Empress II (Ivoclar, Ellwangen, Jagst, Germany),
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tem-= Transbond XT primer, Transbond XT Adhesive
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Jbusany WD23 . 1mm'15 0KV x30,
Phsde ) Dl 28 a .
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Fig 1. SEM photomicrograph of ceramic bracket base
before bonding (magnification x 30). Silica particles
can be seen.
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Fig 2. Application of shear debonding force.
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Table 1. Decrease of shear bond strength after thermocycling

Thermocycled (n = 10)

Non thermocycled (n = 10)

t p

Mean + SD Mean + SD
Ceramco 3 488 + 1.00 706 + 1.76 -3.390 .
Empress 1T 546 £ 1.35 755 £ 238 -2.402 *
Zi-ceram/Vintage ZR 484 + 1.01 719 + 1.38 -6.151 *

SD, standard deviation; p < 0.05 (independent ¢-test).
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Table 2. Two-way analysis of variance (ANOVA) of reciprocal action between porcelain

CHXI™X| 39 45, 2009¢

and thermocycling

Sum of squares df Mean square F D

Model 10,162.10 5 2,032.42 6.31 :

Porcelain disc (PD) 465.50 2 232.75 0.72 NS

Thermocycling (TC) 9,672.32 1 9,672.32 30.02 ’

PD = TC 24.28 2 12.14 0.04 NS

NS, not significant; “p < 0.05.
_ Il Thermocycled Table 3. One-way analysis of variance (ANOVA) of
127703 Non thermocycled 19 shear bond strength in the thermocycled group
© © ~ o
S 10 2 =
= ~ ~ n Mean £+ SD F P
£ 8- €
= 3 w 3 Ceramco 3 10 488 + 1.00
g 64 ¥ v Empress 11 10 546 + 1.35
5 - 094 NS
T Zi—ceram/
S 4- : 10 484 + 1.01
Q Vintage ZR
®
s 27 SD, standard deviation; NS, not significant.
0
Ceramco 3 Empress Il Zi-ceram/
Vintage ZR Table 4. One-way analysis of variance (ANOVA) of

Fig 3. Shear bonding strength was significantly reduced
in the thermocycled group.
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shear bond strength in the non-thermocycled group

n Mean + SD F D

Ceramco 3 10 706 = 1.76
+
gf?;fj;/n 10 755 + 2.38 0.18 NS
+
Vintage 7R 10 719 £ 1.38
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Table 5. Modified adhesive remnant index scores for the groups tested

HEHAZES DYy

1 2 3 4 5 p
Ceramco 3 (T) 9 1 - - -
Ceramco 3 (NT) 10 - - - -
Empress II (T) 10 - - - - NS
Empress II (NT) 10 - - - -
Zi-ceram/Vintage ZR (T) 9 1 - - -
Zi-ceram/Vintage ZR (NT) 10 - - - -

T, thermocycled; NT, non thermocycled; NS, not significant. x? = 4138,

busan WD24 -6mm 15:0kV x30{

-._-u--\-.-.h.d___.._..._k R

Fig 4. SEM photograph of failure site (magnification x 30). A, Silica particles were removed from the bracket base;
B, the rest of the adhesive can be seen attached to the porcelain surface.
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Fig 5. SEM photograph of porcelain disc (magnification x 1,000). A, D, G, Glazed porcelain surface; B, E, H, air-
borne-particle abrasion with 50 «m AlLOs; C, F, I, surface etched with 9.6% hydrofluoric acid for 2 min (Ceramco
3: A B, C, Empress II: D, E, F, Zi-ceram/Vintage ZR: G, H, I).
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ORIGINAL ARTICLE

Effect of thermocycling on shear bond strength and mode of
failure of ceramic orthodontic brackets bonded to

different porcelain restorations

Sang-Wook Kang, DDS, MSD," Woo-Sung Son, DDS, MSD, PhD,”
Soo-Byung Park, DDS, MSD, PhD,” Seong-Sik Kim, DDS, MSD, PhD°

Objective: The purpose of this study was to investigate the effect of thermocycling and type of porcelain restora-
tion on shear bond strength (SBS) and mode of failure of monocrystalline ceramic brackets. Methods: A total
of 60 porcelain discs were made and divided into three equal groups as follows: Ceramco 3, IPS Empress |,
Zi-ceram/Vintage ZR. ceramic brackets were bonded to the prepared porcelain surfaces in the same manner.
Each group was divided randomly into two subgroups: thermocycled group and non-thermocycled group (control).
All samples were tested in shear mode on an universal testing machine. Results: SBS of the non-thermocycled
group was clinically acceptable (Ceramco 3: 7.06 + 1.76 MPa, IPS Empress Il: 7.55 + 2.38 MPa, Zi-ce-
ram/Vintage ZR: 7.19 + 1.38 MPa). But, SBS of the thermocycled group was significantly reduced (Ceramco 3:
4.88 + 1.00 MPa, IPS Empress II: 5.46 £ 1.35 MPa, Zi-ceram/Vintage ZR: 4.84 + 1.01 MPa, p < 0.05). There
was no difference between the shear bond strength by type of porcelain restoration. All bonding failure occurred
between bracket base and adhesive, except for 2 samples. Conclusions: The results of this study suggest that
the type of porcelain restoration did not affect SBS, but thermocycling weakened SBS. Therefore, the effect of
thermocycling should be considered when using ceramic brackets in practice. (Korean J Orthod 2009;39(4):225-
233)
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