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Shear bond strength between orthodontic metal brackets and Y-TZP
according to the various ceramic surface treatments
before and after thermocycling

Ji-Bong Choi', Seon-Mi Byeor™”
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Oral Bioscience and BK21 Plus Project, School of Dentistry, Chonbuk National University,
Jeonju-si, Republic of Korea

“Dental Clinic of Ebarun, Suncheon-si, Republic of Korea

In this study, clinically applicable methods of improving the bond strength between Y-TZP and the bracket were considered,
which the method was confirmed for the durability in a humid oral environment. The bond strength of Y-TZP bonding surface
and the surface characteristics were analyzed following the surface treatment of Y-TZP specimens with conditioning by 30
Um tribochemical silica coating, or tribochemical silica coating with one of the following primers: silane, MDP, or an MDP-containing
silane primer, It was found that after surface treatment, the surface roughness of all groups increased (p<0.05), and Si was
uniformly distributed on the Y-TZP surface after silica coating. The bond strength value of the group treated with silane primer
and tribochemical coating was not significantly different after thermocycling (p)0.05). The group treated with MDP primer and
tribochemical silica coating showed a significant difference in bond strength values after thermocycling (p{0.05), and it showed
the lowest bond strength values except the untreated groups (p¢0.05). The group treated with tribochemical silica coating and
MDP-containing silane primer showed the highest bond strength values (p<0.05), and was not significantly different after thermocycling
(p>0.05). Therefore, the surface treatments of Y-TZP with MDP-containing silane primer after 30 Wm tribochemical silica coating
enhanced the bond strength to the orthodontic metal bracket; such a clinically applicable method may advance studies on
the surface treatment of Y-TZP.

Key words : Y-TZP, Tribochemical silica coating, Primer, Shear bond strength, Thermocycling

Ji-Bong Choi (ORCID: 0000-0003-4055-7068) *Correspondence: Seon-Mi Byeon (ORCID: 0000-0003-3611-7000)
28, Ocheon 7-gil, Suncheon-si, Jeollanam-do, Republic of Korea
Affiliation: Dental Clinic of Ebarun, Suncheon-si, Republic of Korea 54896
Tel: +82-61-741-0275, Fax: +82-61-741-0275
E-mail: sumsel205@naver,com

Received: Mar, 12, 2020; Revised: Apr, 26, 2020; Accepted: Jun, 25, 2020


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2020.47.2.83&domain=http://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

M E

EEDRER zle:vwou A uu} ek

FU

o v 2 olFoian siekn, e, 4519 ol
A W&ol FAEEN, T bRt BETE
7O 2 AZtE BAE wgd Hepls +
EE} A2zolz Aze HAE Bepls 73
857F S7F8kAL QITK2).
Y-TZP (yttria-stabilized tetragonal zirconia polycrystal)
QFgSE Alef]olng gRivtke] AgrHo] =4 &t o]
gk ol ol Y-TZPE Azt =3 w8 Bl
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H AzZFYo}ol| 3-methacryloyloxypropyl trimethoxy-
silane (MPS)-based silane
dihydrogen phosphate (MDP)&
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F¥38}3) silane ZEfo|HE

AgapE T Qe AR AES B 4 Aek St
9, 10),

oldl, & AT e A ATFEY HE 21 gy
30 um= ¢ *?‘U]H SAto|E F7)E WSt Eg|EANZ
Alg]7F FES R3PsEeal. silane, MDP ¥ MDPE X33}
silane ”ﬁ*’]‘:ﬂ«] Ag3taA 1AL 55 Heple] Agt
BAEE A8k B3, ek & ulde Al
T

Mz 3 g

1. AlE A= 2 FHR 2|

7VaA" v-1zP 99 E-E(Zirmon, Kuwotech,

Gwangju, Korea)2 S-77F Lo+ 1% A7) (Isomet
5000, Buehler, Lake Bluff, IL, USA)o| A 967]¢] &5 A)
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Bl & (Archist Bracket, Daeseung Medical, Seoul,
Korea) 5% 3] 3¢FA constant loading 4|2 5 N¢| 3%
< 7ste] AT A2 & Bl e oF gkl
JAFRO|Z AA 3L, FZRAs Bl AREHo A
A2svol mWdt 45° R 247 1024 F 40% ¢t
B skt

Hepllo] Rabe 25U o} AlHe] H¥ke 37H1CHF

[e)
ol 24A17HEeE HA8EY AL, Y A] ARk fAR = 5T
9} 55¢ollA] HZARE 15%(0]% AR 152) 2 50003] g

3+ A 2](INV-TCS-109, Invertech, Gwangju, Korea)E A]8)
skt

FHAE I gk A2 o Fo] wEt 7RI 870
o] NgTo R thad Zo] EF3FATHTable 1).

=5
)
_}1‘_1‘
AC)
ol
g
2
=)

2t bl AEe 7 7 SN
279 71(SV-3000, Mitutoyo, Tokyo,

e
Japan)& ARt RHAAVE SAH3AL, BHEE &

¥ 5 mm, 0.2 mm/se] HE2 A7) ghkRa)}E SBAL,

A} #n] A (FE-SEM; SU-70, Hitachi, Tokyo, Japan) 2.

4}
= ¥ GHjE s, o) Ak XA SR EDS

EDAX Octane pro, Ametek, USA) S 2 AJH FEHS] 94

o)
24 $EE SAHAHFR 34 92 0, AL Si, v, 7).

de)7} 28 E A 2aoele} Zeto|n o] steha Aghs
7] HeiA Xad BdAF EFH(XPS; Theta Probe
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Table 1, Groups of the different treated zirconia surface in the present study

Surface treatment

Surface treatment & condition

Groups Groups
. & condition (37¢) P (Thermal cycling: 5-55%)
P Polishing PT polishing
30SS 30 um Tribochemical silica coating + silane primer ~ 30SST 30 um Tribochemical silica coating + silane primer
30SM 30 um Tribochemical silica coating + MDP primer ~ 30SMT 30 um Tribochemical silica coating + MDP primer
30SMS 30 um Tribochemical silica coating + MDP - 30SMST 30 um Tribochemical silica coating + MDP -

containing silane primer containing silane primer
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4HEA (one-way ANOVA)S Al8YFlaL, £l 2to] 7k §h
¢ld]] sl A= Tukey's multiple comparison H ..

S SFAtH e =05). dedAe] 7, $o s

e SHIEE ttestE o]83FATH @ =.05).

2 I

Table 2= FAx]g]o] W v-17P2] B A A7) Fholth.
P} Hlwsle] B AEd yHA FELS BF foe
Z}O] 2 Ra gko] S7FFATHpP0.05). 30SS, 30SM, 30SMS
TEL Zejo|n FHo| w2 B AZY| gelle fodt
ZFol7h AATHp) 0.05).

ol ATt e FHAE el EuANZ dejrt
18] 3L Figure 1A9] =23} 3}SIT}. Figure 1 30
um L Qiatel] FRe] Ae7h vhie QA AE "
VRS AHo] BARE 3 SEMO 2 B3 Zlo]al, EDSE
Al$} sio] X2 gl thFigure 1G), EgE A0z
Ag)7} FEE Y-TZP TS A goA #ae19e o,

(groove)¥} 2k (bridge) 9] BFE0] Bt 2lsl/ £25
AE ARl THE YEPtiFigure 1B). IH&-o 4] 2
2]

SHg e AEsk e 44Ee] Wold Wi 2
Bt AFES] 5 5]0] A HEgure 10), 7L

= ]

YA Holx Uzt ¥ 78] Aelrt the Pabge] 127

o] 9l AL A4 BRI £ QI THFigure 1D).
(e}

v
[
3l o] 2 AlE FEA O 2 WREoe] 9= e A
(3]

FHE X tHFigure 1F),
Figure 2% 30 um EgRANZ He7} I"&Ae] &

Table 2, Mean surface roughness values (Ra) after surface
treatments

Groups Surface roughness values (unit, um)
P 0034 + 0.007°

30SS 0.159 + 0.012"

30SM 0.157 + 0,029

30SMS 0.152 + 0,034

2% Groups shown with different letters were significantly different
(0€0.08),

s

. ALO, © SO

Element Wit% At%

o 2873 6276
Al 208 269

Figure 1. (A) Schematic illustration of tribochemically sandblasted Y-TZP processes. (B) FE-SEM images of 30 um tribochemically
sandblasted Y-TZP, (C) alumina particle (red arrow) with silica nano particles indicated by sky blue arrows, and (D) uniformly distributed
silica nano particles, (E) Distribution of Al, (F) Si, and (G) EDS detection on the tribochemically sandblasted Y-TZP,
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sk Zlolo), Egr A Aelrt 28 Azl ofsf AR
F4d 19 R zEto|mrt a2A =X Ho] Y=
P Bk

EgBAnZ g7} ZEE Y-TZP9} = gho]w(silane,
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Figure 2, FE-SEM images of Y-TZP after (A) 30 pm tribochemical sandblasting + silane primer, (B) 30 um tribochemical sandblasting
+ MDP primer, (C) 30 pum tribochemical sandblasting + MDP-containing silane primer,
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Figure 4, Shear bond strength (SBS) of orthodontic metal bracket bonded to Y-TZP after surface treatments with and without thermal
cycling, Bars indicate the standard deviation, One-way ANOVA, Tukey multiple comparison Test, T-test (* : p<0.05).
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