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Abstract
Objectives: The purpose of this study was to

T
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nUssaon  AnBIANLTIuIIBnARgIzNI1eg Y
uiisuezasansfuildisuassiumeignoaunsn  study of tensile bond strength between non-rein-

2 UNNRUTNUINABALNINALANFAIAY forced and reinforced alumina filler with different
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amount in acrylic denture base

Methods: The 3, 5, 10 and 15 wt% of non-
silanized and silanized alumina filler were mixed
with heat-polymerized PMMA. PMMA without
The

EDS analysis was used to detect silicon (Si) on

reinforced alumina was served as control.

the surface of alumina filler. All of 9 groups were
packed with acrylic denture base and prepared in
dumbbell-shaped specimens (n=10). The tensile

bond strength test was performed using a universal
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testing machine. The mean tensile bond strength
was determined and analyzed by 2 way-ANOVA
and Duncan’s test. (p<0.05)

Results: The EDS analysis showed the
deposition of silicon element on the surface of
alumina filler. The 3 wt% of silanized alumina
filler group showed the highest mean tensile bond
strengths. From statistical analysis, the mean ten-
sile bond strengths of 3, 5 and 10 wt% groups were
significantly higher than those of the other groups
(p<0.05). The fracture mode of specimens was
almost adhesive failure. From SEM analysis, gaps
between silanized alumina fillers and resin matrix
were not observed.

Conclusions: The mean tensile bond strengths
of 3, 5 and 10 wt% groups were significantly
higher than those of the other groups (p<0.05).

Keywords: Alumina, Denture Base, Silane Cou-

pling Agent, Tensile Bond Strength
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Table 1 Product name, manufacturer of testing

materials.

Product Name/ Code
(Manufacturer)

SR Triplex® Hot
(Ivoclar Vivadent AG, Schaan,
Liechtenstein)

Silane A174
(Sigma-Aldrich Pte Ltd,
Singapore)

AH35-125

(Nippon Steel & Sumikin
Materials Co.,Ltd. Micron
company, Japan)

AR1203B
(RCI Labscan Limited,
Thailand)

GN1056
(RCI Labscan Limited,
Thailand)

AR1002
(RCI Labscan Limited,
Thailand)

AR 1069
(RCI Labscan Limited,
Thailand)

Material Lot No.

Heat-polymerized R35540

PMMA

MPS SLB0787V

Aluminium Oxide

Tetrahydrofuran 13120184

Deionized Water 13090174

Acetic acid gracial | 13 11 0236

Ethanol 99.8% 13 14 2678

msimSeudusaegs
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Ao duwmad 10 Aafans) ilvunluiigu 73.9 oomm-
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99411
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Figure 1 Prepared specimen for tensile bond strength
testing

A: Non reinforced denture base

B: Available space for packing heat-poly-

merized acrylic resin of each group

AR 678 WAz 9 AD AD BATRNIITUNENTINAL
Tandnunsnagimniuiugnuwiuiludadiuiandn

unsnogiiusesa: 35 10 uaz 15 laethuiln musiay

?/“y'uﬁaun751./ﬁ/ﬂmwﬁyuﬁaﬂam”ﬂ@éhumnagﬂm
(Silanization of alumina particle)“s)

USugawiiuiiansnunsnagiviziansonay
vadusuAudnas 18-23 luasou Suiifs 0.36
maedafmasdenioniu Tasldmsdauduios lu
Uiinadesn: 0.1 Tashwindosnniduuiinudams
AruiinUfasenaioduiniiaunietu (monolayer)
ﬁuuuﬁuﬁmmi&@émLmsﬂagﬁm FoAndunugns
mMsfwntuAieunilstuzesordiag (Arkle’ s equa-

tion)(m) AONUANT



. unsns U7 36 aufl 2 n.A.-5.A. 2558

103

CM Dent J Vol. 36 No. 2 July-December 2015

USuaesiInmiu (ni) = [USiadsndaunsn (nSi) X Wuninuiigndauwnsn (Mmaeliafiunsneviiensy)]

Aasiudlunsinfeuniieeigazessnsaniu (Mmelafunsaeviioniy)

\demuasiuiilumaafouiidesiigavesmadau
WWunes JAinAu 314

WILUTITRZALLEMUDR ANUTUTUToEA: 70
lnaU3uns (70% ethanol solution) laethieniuea
ANudNTusaea: 99.8 InsUsunsu3um 100 daddns
WeruAUUTIAINBoeY (deionized water) ldluwan
Indefiay (polyethylene) nuas1saza18nIARZTIAN
(acetic acid) \ieUsumanumdunnuazanuiiumg
Tnelvindu 4.5 dalasldinasinnnudunsaua:
A1 (pH-meter) 1ansfAIUENNLEs 0.1 ATY Way
Tumsnzmeiemueaiiaioul dunazwenlidngu 16
f1IRZA18T0INIAAIVIBUALDF I WEIUBR ANLTY
u $owaz 0.1 Tamiwiin fivlil¥amsamuduiieain
UfnAsenlalaslada (hydrolysis) uaziAnlassaiuloaiuen
(silanol formation) ¥snsazmefaseulimusuanin
fufiniandauninegiin Inehiandaunsnogiu 100
n5u ldadlumsnzmemagaiuduiies Juuazunau
fIRzMeTmevLn IAuidnsnusnegiuniuiuaam
i lugilesiumauideuionmaiivios dunan 14
Fu ivoliwisoehoauysal thisnsnunsnegiuilely
AATzimInsoguasdineuuuiuin diuiansaunan

sgilwildusuanmwiniagnliidunquaiunu

mMsaATIzYinIsAceLessImdaney (Silicon depo-
sition analysis)

AiAT1zimIA0graTRnauULNUATIIASAUNTA
agfiu1 Tneldndosganssmidiannsaunuudasnan
(scanning electron microscope) FauAUATIaLUA-
Insdmesnszarendonu (energy dispersive spec-
trometer, EDS software) 91n1iuf16iansnunsn
opinfiUsuanmwiuiamemdau Bauiiealaelisns
wnszlalaswiu (tetrahydrofuran) ludelwdiafifu i
daienmagaulutuilven (physisorbed) panlvivie
uilusdiuvesduiafiven (chemisorbed) 1ha1sians:-

lalasysundoinsamnanaseulasliindooanlnsl-

Inflines (spectrophotometer, Nicolet Evolution 500,
Thermoelectron Corp., WI, USA) a9lazATI980UAU
sIRzmefidouanemaAnsunAnALLEg (absorbance
spectrum peak) fiANuenIAdy 250 wiluins Joifuem
sinasuganduussesmInzmeianazlolnaysudlid
ssdututlew ihinnsaunIneginiiuiugnmiuinly
oulviuiongamnil 37 esmwaiden iluna 1494 e
Tuiseenouysnl ntuwsueduasisnsnumsn
agﬁmﬁﬁmmwﬁuﬁmﬁLm”u:ﬁmimaq'ﬂaa%ﬁﬂau
fufnTandaunsnogiin weasAniuimnasesa:lng
ihninvassnegiiisuuazendinouluinnsaunan
agimnnounazioassae maanszlalasysiu Tnenqu

JandnunsnegiuiliusuaamwiuAndunguaiunu

MSATLUNIDZATANTTUNTNTTADAUNTNDGAU

ﬁﬁﬁmﬁ’mLmiﬂaﬁgﬁmﬁlam{uamwﬁumLm:ﬂ%’u
sAmiNuRmemIgmuENfies Uiina feunz 0.1 Tas
ThiinwsnsNfuReezAsansBusinuufenuseu
ludndiuiandnaunsnegiiuniosa: 35 10 uaz 15 law
i uielndedtu iludulidimladldiaies
Hunss (non bubbling kneader, NBK-1, Nippon
Seiki, Tokyo, Japan)

msasuTusiIeeedmIuNINATOUAIILLT IS
gnfu

hehuwsiiiaien | luudazngunsuAudumaiues
pATRNLITUTHALNAEANUS BT ARI I UYT BII9 TR0
winzudnuulidendefudumetofieglulmanesiu
lumausvssuuuiuiiisuvesmass inluvusmsgangd
wazmmuiingun Iadusieegiooun ANue 40
HRALWAT AINAI 25 TARIUAT AUAL 2 IRRLNAT
ihiuseenoiila lUsnussmeaseosnaeslildoun

5)

o A o aal . 1 1% A
AIATNNIUITENARNINITUDY Vallittu' WeAsAIIUN 2

ARUR: 10 Tu



9. Wunsns U7 36 aufl 2 n.A.-5.A. 2558

FanundlisounazlAssuIuuuATInsEnTAE
N1 Wwed 600 1,000 waz 1,200 MNE1IAU 11T
megsudiinaulugmunuaavail 37 ooAgaTe

wWuna 24 92lus neunasoUANULIILTIEAR S

MSNARBUAIIUBTOBSUIAAY

ihdumetoldlumduia nsmageuanuuds
wsoBnfslaelfinToonagousina (universal testing
machine, Instron, Model 5566, USA.) Ususiuvnug
TWiusoteagfonausnietiuiduresiaiamasou
fnaToasiy uEARIFUT 3

Tiusofonszyhretuieenofennusl 1 Tafuns
foundi d1Anuuausengluae 0 fis 500 dadu 3ufs
AT TufDn TufinAusofivinlidudetonan
gonanAuluniefifuinuuaiuiuTnfiuanin
feedosianeside mivives uwuAines wluduin
Auileisusnanuiisesdefivnangnsanunienn
ANusTITasuInainn iailduesiudiegimniv

wAmnamanuudousinis Tnaligns

Anuudoussdinfs (unnzlsAR) = wsone (H2Au)

104

L d d a o a a
AuMRRBUIMUANKHN (MIAARUNT)

16.0 mm

25.0 mm

gt/ﬁ'Z USRI TN 9ENY
A: gUTwuazywIm (AUATI0LRZET7)
B: vw1a (A3134%347)
Figure 2 Diagram of the test specimen
A: Shape and size (width and length)

B: Size (thickness)
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Figure 3 The test specimen was inserted in holding
device prepared for tensile bond strength

testing
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P13797 2 Usinasoea: lngiminvassinogiiie
unzmadaneuluinndnunsnegiuiliysy
AATWANAIURE S URA WA UAIAI8T1TAAIY
lenau (3 Tusog so Ag)

Table 2 Mean percentage of Al and Si composition

in non-silanized and silanized alumina

fillers (n=3).

Mass Percentage of elements composition (SD)

Specimen Al Si
Non-THF | After THF | Non-THF | After THF
washing washing washing washing
non-si- 100.0 (0.0) | 100.0 (0.0) - -
lanized
alumina
filler
silanized 96.2 (0.6) 96.4 (0.5) 3.8 (0.6) 3.6(0.5)
alumina
filler

MPS = Methacryloxypropyltrimethoxysilane
THF = Tetrahydrofuran
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WAz 26.90+2.96 wnnzNE@AIR MUEIAY) FIAINRY
AupgeiudAnesds Mszsuanudesiuieua: 95

Fousnolunon 4
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UueAusou (Co-PMMA) a1y 57 Ju 1uns
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Table 3 The mean tensile bond strength was determined and analyzed by 2 way-ANOVA

Tests of Between-Subjects Effects

Dependent Variable:tensile

Source Sfsquares | 9| square | F Sig.
Corrected Model 558.379a 7 79.768 7.404 .000
Intercept 49162.433 1 49162.433 | 4563.170 .000
percent alumina 174.840 3 58.280 5.409 .002
treated surface 330.942 1 330.942 30.717 .000
percent_alumina * treated surface 52.596 3 17.532 1.627 191
Error 775.710 72 10.774
Total 50496.521 80
Corrected Total 1334.088 79

a. R Squared = .419 (Adjusted R Squared = .362)

(Two-way ANOVA)

317 4 AUAREANNUTINSOEAFIUNAAGUVIAREY  URUEAITINIU AL AITUANYANENATOUA TN TIUSOEAF

Table 4 Tensile bond strength of all test groups and shows number of failure mode after tensile testing

Tensile bond Mode of fracture
Group Condition strength

+SD (MPa) | Co-RePMMA! | Co-PMMA? | Ad® | MF*
1 no filler (control) 20.42+2.99 ° 5 5
2 3% Al without silane treatment 23.46+2.38 ° 8 2
3 5% Al without silane treatment 23.1343.92° 7 3
4 10% Al without silane treatment 22.76+2.50 ° 5 4
5 15% Al without silane treatment 21.68+2.32° 2 6 2
6 3% Al with silane treatment 28.99+4.24 2 8 2
7 5% Al with silane treatment 28.32+3.55% 8 2
8 10% Al with silane treatment 26.90+2.96 * 1 7 2
9 15% Al with silane treatment 23.08+3.75° 3 7

!Co-RePMMA (cohesive failure in alumina reinforced PMMA): msuaninuuui@auudumeluezasantsdu

Tiauumeanuiouilisumasumeindaunsnagiiu

2Co-PMMA (cohesive failure in PMMA): msuansinuuui@euuduneluszasanisfuridauumennuiou

Ad (adhesive failure): MsuAnAnLULEARARA

*MF (mixed failure): MIunARALUUNEL

lunguiddnwsenmilonnuliinnuuanmsedofidodAgmosds (p>0.05)

Values with the same letter of superscript were not significantly different at p>0.05
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uandnLULEnAn (Ad) 914 29 1u uazidunisunnin
wuu@enudumelusza3ansdurianuuaisnnuioun
lasumsisumednndaunsnagiivn (Co-RePMMA)

U 4 TU AoUFAILUAITI9T 4

wnmsﬁnmTﬂwﬂ?"wim”u?nmﬂﬂaaﬁyuﬁamﬂm"[v
MINANOUAIIUKTIUTIEARS

nauezAIANITUdNELALTEnS AU Tnog Ll
USusmniuin wudeeiulnuseuiandaunsnagiu
winguozAIinIsTuRUuanwiuAa ldwudasinlag
50UTRAOALNTABRANT WUMSERRATBITRABAUNTA

aglwnAusTuunInglan Joueoiuiandnunsnogim

A = demonstrated no filler (control)

B = was 3% Al without silane treatment

C = was 3% Al with silane treatment

D = was 5% Al without silane treatment

E = was 5% Al with silane treatment

F = was 10% Al without silane treatment

G = was 10% Al with silane treatment

H = was 15% Al without silane treatment

I = was 15% Al with silane treatment Reinforced

PMMA.

Uil 4 mmuaaolpseassAueamATesALAIAE

NAINITNANOUAIIUIUTIUTITARY

Figure 4 SEM images of the the test specimen sur-
faces after the tensile bond strength test.
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