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Abstract
Objective: The purpose of this study was

to investigate the effect of different adhesives
on shear bond strength of bonding between
polyetheretherketone and resin composite
Material and methods: Thirty nine specimens
of polyetheretherketone were prepared by Isomet
(5%5x2 mm?), and were embedded in a metal ring
with an auto-polymerized acrylic resin. All
specimens were polished with P400 P800 P1200
and P2000 grit sand papers. Three specimens were
randomly selected to investigate surface roughness

before and after sandblasting with 110 pm alumina
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particles at atmospheric pressure of 4 bars for 15
seconds. The rest of the specimens were sandblasted,
as previously described, then were randomly
divided into 4 groups (n=9) according to the
adhesives application: Control (no adhesive
applied), Heliobond, Clearfil SE bond and AQ Bond
plus. Three specimens in each group were subjected
to contact angle measurement with de-ionized
water. Six specimens were bonded to resin
composite and subjected to shear bond strength
testing in a universal testing machine. The surface
roughness data were analyzed with paired
sample t-test, the contact angle and the shear bond
strength were analyzed with One-way ANOVA and
Scheffe multiple comparisons with significant set
at p = 0.05.

Result: Clearfil SE bond group revealed the
highest shear bond strength (31.24 + (1.63) MPa).
There was no significant difference in shear bond
strength between Clearfil SE bond group and AQ
bond plus group (28.44 £ (2.60) MPa), but there
were statistically significant differences compared
to that of Heliobond group (24.96 + (3.77) MPa)
and Control group (23.04 + (3.11) MPa). The
surface roughness before sandblasting was
significantly lower than that of specimens after
sandblasting. The contact angle of AQ Bond plus
group had the least value (22.85 £ (2.89) degrees),
and Control group was significantly higher than the
other groups (140.42 + (6.04) (degrees)

Conclusions: The highest shear bond strength
was achieved by application of Clearfil SE bond

after sandblasting with 110 um alumina particles.

Keywords: contact angle, polyetheretherketone,
sandblasting, shear bond strength, surface

roughness
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Table 1 Studies of different adhesives effect on bond strength between Polyetheretherketone and resin composite®710:1316.18.20)

Studies Test value Adhesive Sg;;i;h
1. Stawarczyk et al., 20139 TBS Visiolink & Signum PEEK bond ~ 40-60
2. Fuhrmann ef al., 2013®?) TBS Monobond plus 5 min + Luxatemp LC 20 s + ~15-21
Multilink automix
3. Keul et al., 201410 TBS - Heliobond 18.0 £5.0
- Signum PEEK bond 15.0+7.0
- Visio.link 18.0+3.0
4. Stawarczyk et al., 20181 TBS Visio.link 28.0+3.0
5. Stawarczyk et al., 2014®) TBS Visio.link 20.0+3.0
6. Kern et al., 2012 TBS Luxatemp. Glaze & Bond 15.0+£3.0
7. Stawarczyk et al., 2015 Fracture loading - Highest Fx loading : No surface treatment + 737 £138
Visio.link + Signum composite
- Lowest Fx loading : Piranha solution + Visio.link | 277 + 71
+ Signum composite
8. Caglar et al., 2018(® SBS Visio.link 19.86 +2.52
9. Zhou et al., 20149 SBS - SE Bond/ clearfil AP-X 8.7+0.2
- Rely X Unicem 74+0.6
10. Sproessera et al., 20147 SBS Recommended...
- Rely X ARC 153+7.2
- Variolink IT 152+7.2
- Clearfil SA 6.4+5.9
11. Stawarczyk et al., 201319 Adhesion No adhesion from cold plasma + Visio.link/ Signum | 0.0
PEEK bond/ Ambarino P60
*SBS = Shear bond strength, TBS = Tensile bond strength
mswi 2 Tanildluie
Table 2 Materials used in this research
6l U3ENRWAR saudszney Lot. No.
LHUABDLA Dentokeep PEEK, Polyetheretherketone Titanium dioxide pigments 13DK1801
Nt-trading Karlsruhe, (ceramic filled 20%)
Germany
p:ATANIETUTAUNDY Lang, Wheeling, Methyl methacrylate 99-97-8 N, N-dimethyl-p- 1880-13AA
Illinois, USA toluidine
mstinfnviingdlovous Ivoclar Vivadent, Bis-GMA 60%, TEGDMA 40% W87421
Schaan, Liechtenstein
ssfafnvlianfsiiaesdueud | 3M ESPE, St Paul, MDP Phosphate Monomer*, dimethacrylate resins, | 000040
Minnesota, USA HEMA
f3tnfnulinAIUaUANG Sun Medical Co., AQ Bond: water, acetone, 4-META* UDMA, SS1
Shiga, Japan monomethacrylates, photo-initiator, stabilizer
AQ-sponge: sodium p-toluenesulfinate adsorbed
in polyurethane foam
uneulndnuinlnaus 3M ESPE, St Paul, Methacrylate resin monomers Bis-GMA, TEGDMA | N522139
idinauyn 350 18nGT Minnesota, USA and Bis-EMA; dimethacrylate polymer; silica (75 nm)
and zirconia (5-10 nm) nanofiller; approximately
65% wt filler load
DUNIANTIY Cobra™, Renfert, Alumina oxide 110 micron -
Hilzingen, Germany
“UONOLUDIAGUIIITY




P9, AT U7 41 adufl 2 wa.-s.A. 2563

classic, Baden-Wurttemberg, Germany) ynANU§:010
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6 Tu grihludafuisduroulndniaindrnuudouse
fnfou
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Table 3  Experimental groups
N N15UUNNRNNARDS (n=9)
Whnseeeome
2 Whne + wileveud
3 Wnse + edesiaesduaun
4 Wnge + LoAILaUANES

N13ANMIANNDIVTTHIVOIUNUNDDLA

MIRn¥IANNYTUTEAURIABEIA AN ITRM
nezAENTIBINNANNABEAIUATY 3 TunufeiaTes
AIIINDUANNYIVIT (profilometer Mitutoyo Surf-
test SJ-310, Kanagawa, Japan)) siiinauinsail 2
lulpsiuns wazAnueAnean (cutoff) 0.8 fafiuns
TuiinAiAnuugese (Ra) Tnemsanwaduiduidunse
uszazmoe 2 SaRunT winziusuaind suvis usaz
Auntoieiu 0.5 fafwnsuazuinuiu ilumeuads

(21,23) A v . A
LwaLﬂuﬂmﬂammmmmzwum

uA Ry
Aoumanhnge Maduhiveuionuaimaeuda
nduninddedsianluduninfn edudayan
ANuBgEIzLRavIM It thiayariodeuuaz

AMSUNNTIEUINNITUIANUBANATIAILRDANITNATOU
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ATHLANAIAIARTRY 2 UszeInsfiludas: (pair
sample t-test) fiszAuANudesiuionn: 95 fMealusunsu
azinoaifesfeonies 1039 24.0 (Statistics
analysis program, SPSS version 24, IBM, New York,
USA)

nsAnmyuduisTosuiuRaaIARIARauRURI Y
ssBnfAnusaziin®t?

ihiuumogongua: 3 du Miwmanmne
waznseEsinfnudazeiin JiATciyududalaens
nemihunanleesy 20 lulasansaouuiuiaiae
lulastn wazdhenmwusnaiufidudadeondesld
A3zana:viau (Mirrorless camera Sony A6300, Sony,
Tokyo, Japan) sauuiausaranininlag (Macro lens,
Minolta 100 mm., {/2.8) Tnernunszezigainiv
0w 15 dadwns hawaedlfllmuamyuduls
selusunsudnnsianaeduiuae et 1.6.0_24
(image processing program, Image-J version
1.6.0 24, New York, USA) sheniilgludiasiza Tae
ldsdansIATzRANNuUsUTIUmMoLAs) (One-way
ANOVA) saudugdfdotdou Scheffe saalusunsy

AATIZANTDALDRNLONLON 39571 24.0

MIANENANULTONISTALRDUITHINRDDIAAUNT
inAnuiineie 9 AusBuneulndn

ihiuumoongua: 6 du Aiwmanmne
waznEsinfnluuAazAguA283I5AIIVILRZAIB LD
muiiuFEnnanivun Aanoudiuilanzuuuiensou
1§ (customized split mold) AfdosirevuAduNIY
Audnane 3 dafiuns go 2 dafwas (U 1 A) Nouu
AvdunuiimasBafinuds nsramouudfunlansld
Uszauaiinwed ldisfuraulninginluaunliifiudes
lanzAunan (gﬂﬁ 1 B) 218uss 40 17 LOAWUANA
Tanzeoniieamousodidn 40 3wfi arnsuidueu
methoudluhnduiigamni 37 ssrmwades unm
24 $lug shlunaseumanuudoussdnidenfenias
nagaus1na (Universal testing machine: Instron 5566,
Massachusett, USA) muunnsgiu ISO/TS 11405:2003

Tnaimuamanusnnedi 1 dafunsdemndl au
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sun 1 uaay
(4) wuiulavzuvvuengauls
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gndnAunaaia

Figure 1  Shows

(4) Customized split mold

(B) Resin composite injecting into the mold to bond

with PEEK

Force

Resin composite

Acrylic block

LEAYAITNANOUAIIULTIUTIEMADNAILIATEY

gi.lﬁ" 2

NANDUNIIN
Figure 2 Shows shear bond strength testing in a universal

testing machine

fruvansfunoulninnanoan TuiinArusenngni
MUILENINABENINAY HIHIAINIMAIANLLTINTY
fadowadslumbe wazthaaa® ?
ihiyarmanuuiousodnideunldluiinmzinng
wsUsaumeiAe SIuAuadfdoden Scheffe fow
Tusunsudinnzimondfieafitodion 1osdu 24.0 91
tuthiunuiethsiiuaninluamagoustiuumauan
(mode of failure) MengosganIsAtLUUNLAD lonTou
JuAnAIW (Stereo microscope with digital camera:

Olympus SZX7 & SZ2-ILST LED illuminator stand

CM Dent J Vol. 41 No. 2 May-August 2020

& E-330, Olympus, Tokyo, Japan) fifaovens 25 1w
uwaztufinnalpeutoguuumsuanoaniiu 4 wuy®?
laun

wuufl 1: niswaniinuinmiada (adhesive
failure) Mu18fy ATUANANTZNINITDLADNDDLALAY
1sTumaulnin

wuudl 2: msuanveenisdenudulutuisu-
AaulWRA (cohesive failure within resin composite)
wnpde wumsuaninluditureosduneulngn

wuudl 30 msuanveensdeundulutuiias.n
(cohesive failure within PEEK) #u18fis n13uaniin
Tusdutuzesiissn

WUUT 4: MIUANUUUKEY (mixed failure, a com-
bination of adhesive and cohesive and failures) vue
fo mauaniniisludiuiissianioisdunoulndn Saudy

AMTUANANTZNINITOEABNDDIALAZLITUADL IWR R

HAMSANH
AMANNTTITERUR R0 BB IALRAdlUAT107 4
idefiasanmadsunlacuasmaAnuugusiuAuede
(mean surface roughness) S NOTUNURULRAR IS
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Table 4  Mean surface roughness parameter of PEEK before
and after sandblasting
T-test
Parameter | Mean pre Ra Mean post Ra | p-value
(um) [n=3] (um) [n=3]
Surface
0.26+0.01 1.50+0.04 0.000
roughness
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Table 5  Mean contact angle, mean shear bond strength and mode of failure of each group

Mode of failure
Mean contact angle (0) | Shear bond strength Cohe-
Grou hesi i
p [n=3] (°)MPa ([n=6] Adhesion Co emSlon gtre)s n sion Mixed
composite (PEEK)

Control (1) 140.42+(6.04)C 23.04+(3.11)* - - - 100%

Heliobond (2) 46.35+(2.25)B 24.96+(3.77)° - - - 100%

Clearfil SE bond (3) | 46.26+(2.83)B 31.24+(1.63)B - - - 100%

AQ bond plus (4) 22.85+(2.89)A 28.44+(2.60)A-B - - - 100%
AW IAILAUTATAIATIUUAAA WO LTI TARYNISFAR
Different capital superscript letters indicate that SBS values were significantly different at p<0.05

Control Heliobond Clearfil SE bond AQ bond plus

140.42+(6.04)° 46.35+(2.25)° 46.26+(2.83)° 22.85+(2.89)°

U3 waauyusuiaves v unAReuARTUUNAURIND BIA luusazAgu naswudIsezgivieanlydua:ldasEinansmoyidnni

Figure 3  Shows specimens in experiment of contact angle on PEEK in each group after sandblast and using different adhesives

Control Heliobond
>~ & 3 ‘ V ‘
| h oot
Clearfil SE bond AQ bond plus

 —~

- \ /.

7Un4 ugavgUyUMIUARnLUUNE LYY T IUMaRes luusAasngy vaswudIgesgiuieanlus unzldasdnanmeniiniy

Figure 4  Shows specimens in experiment of mode of failure in each group after sandblast and using different adhesives
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Figure 5 Shows chemical structure of functional monomer of
each adhesive

(4) 10-MDP in Clearfil SE bond

(B) 4-META in AQ bond plus

(C) Methylmethacrylate in Heliobond

(Modified from Landuyt et al, 2007)%?
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Table 6  Chemical formula and molecular weight of functional

monomer of each adhesive

Methylmeth- | 4-META | 10-MDP
acrylate
Chemical formula | C;H O, C,sH,,0, | C,,H,,0.P
Molecular weight | 100.12 304.20 322.34
(g/mol)
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