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# # 6175829132 : MAJOR PROSTHODONTICS

KEYWORD: Orthodontic Bracket, Shear Bond Strength, Zirconia
Ploylada Vitavaspan : Shear Bond Strength Between Metal Orthodontic Brackets and
Zirconia Using Different Surface Treatments and Resin Adhesives. Advisor: ATIKOM
SURINTANASARN, D.D.S., M.Sc., Ph.D

The purpose of this in vitro study was to compare shear bond strength between metal
orthodontic brackets and zirconia with different surface treatments. Zirconia blocks with
dimension of 8 x 8 x 2 mm were sintered. Sample size implemented was 12 groups with 10
zirconia blocks per group. The specimens were embedded in PVC cylinder using dental gypsum.
The specimen surfaces were polished and randomly treated by sandblasting (S), grinding with
diamond bur (G), zirconia primer (Z), sandblasting + zirconia primer (SZ), grinding with diamond
bur + zirconia primer (GZ). Another group with no surface treatment served as a control. Then,
the specimens were divided into 2 groups and bond to metal orthodontic bracket with either
resin adhesive (Transbond™ XT) or resin cement (RelyX™ U200). Subsequently, the specimens
were stored in distilled water at 37°C for 24 hours and tested for shear bond strength
using universal testing machine under crosshead speed of 1 mm/min. The mode of failure was
examined and categorized under stereomicroscope. Microstructure after debonding was
investigated using scanning electron microscope (SEM). The data were analyzed with Three-way
ANOVA, One-way ANOVA and Welch (0l=0.05). The result showed that surface treatment by
grinding with diamond bur resulted in higher shear bond strength than sandblasting and control
groups significantly (p<0.05). Zirconia primer containing MDP application increased the shear
bond strength in all groups. When zirconia primer was not applied, Relyx™ U200 gave
significantly higher bond strength than Transbond™ XT. In conclusion, zirconia surfaces treated
by grinding with diamond bur with application of zirconia primer had increased the shear bond
strength to metal bracket. This method could lessen the debonding complication and improve

the success of orthodontic treatment.

Field of Study: Prosthodontics Student's Signature ......ccccoeveniriennee,

Academic Year: 2019 Advisor's Signature ........ccoccevernienne.
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annengaugiisnaneldnnuiu Sennswasunlasiin wesladleinsideuaaieNgamgll
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1 (Low Temperature Degradation, LTD miL‘UgEJULLUaQIﬂSQﬁ%NNgﬂIUL‘flug‘ULLUUIMIu

adtinmihungnisiinsess1aidin (Microcrack) uagiaivgssveswesiade? (Uil 3)
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W niin (Load-bearing capacity) ¥adiwesialluagi 755 T3su FelAmnniinatagsiiny

a a

dndisuladawne (Lithium disilicate based ceramic)? %’

J9uideluvieamnasinaniin

DS LA ENUABDNISWANUNLATAIAILE 379 WwnzUraAtaway 501 wunzUldaia 3 98a0

UINNTWLIIUAALIVDINY I

A1319% 1 AanTAdnaveuwesiaily

AMENUATNG Aady

ANURUILUY 6.05 g/cm’
(Density)
AT 1200 HV
(Hardness)

ANNNNIULIIDN 2000 MPa

(Compressive strength)

ANUNIULTING 900 MPa

(Flexural strength)

AUNUNIUNITLANIN 7 MPa

(Fracture toughness)

UBANAYDIE 210 GPa

(Young’s modulus)

[y

ANduUUSEANSNISVENEANLBINNAINUSOU 11x10° 1/K

(Thermal expansion coefficient)
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n1suszgndldauvasvesiaily

wiiinfifiwesladieidussdusznauiiugny (Zirconia-based ceramic) iflesarnites
Tadleindnfiadosinn danumunudenisldau fergnsldmmunnninesdinylediiaan
Wussrdszneu anunsaidunldnuluaseuiiunds azwiuilu wissnusndieuls’ Tuludsa
woslauils (Monolithic zirconia) fiauieslunisidvumniudesiniidasinisuandn
(Chipping) Haeninguisiiniifies (Ceramic veneer) Ffwoslaoidunnunana® wes
Tauslumaitusnsaaldnisdugulaensldnenfinnoduitislunsudn vie CAD-CAM
(Computer-aided design and computer-aided manufacturing) I@a?ﬁms%ugﬂuwmﬂﬁa
nsnaawedladefin@umes (Fully-sintered zirconia) 33nsiasvinlimeslaiieluiinnns
vadvzIUABUIUS RN wiazvilfiAnnsdniivanddlddne? 8n3sfdentdléfeniands
weslalunounisndumes (Pre-sintered zirconia) lethlumndumesiznunisnadves
Tassadre¥oras 20 i 30 Sefesiinsvnwensnaivenseladludunouniseenuuu’®
Tngaesisannsoldldlumeiuanssy auaniiifvonsesladednussnsfoiduuasiiu
was anunsadlelndln” lngludayueslaeemhunldnulusuuuvvedlauludsawes

=] s

lafiailioannddnsinisunniin (Chipping) Hasningquiesniniifies (Ceramic veneer) Ml
wosladodunnunais! Mnenuidenunisuaninvesmesgauiivinunesaauiiiesid
AN & v o v 1Y} % A Ay a \
wasladeiduwnunalsiesas 6 D95esay 25 ®a9aNNSEUaILUTNSpeasNUINNIINS
Ly 1 6 [y a s A A = (Y .
wANINSEUINaneseaunulansluaseuiurianesaaunauganulane (Porcelain fused
to metal crown)!® ! v lrluludsawes iAo dA1A LRI ILS AL AINITAUNIUNITLANIN
11nN91 LesaNAAdouNeIYaU (Veneering porcelain) lasnsainnisgnfnniaiuse
~ & ~ ¥ Y & a = a o v A | |
maadduesiaduls witannaessidaaiuisadafniulaiiesninainuuanaevesen
duuszdndnisvenedifiunzgau (Coefficient Thermal Expansion, CTE) Tuanwuzifgaiu
NsORRRYRRILAFaUNDSTaUnUlanzlunsauiusdanasaautaufnfulanewnunane 39
nsuanindnvarinulduseiign® Wunauiainauldidiiuvesnuaudfssninuges
Tadgraznasaaulunatstadgiu ANUNUNIUNNTLANTIN ANUNULIINA ANFUUTZENTNNS

YLD enaAraIanINEAnew (Elastic modulus)® **
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Anduansuszneuieneegesls@aing (Hexafluorosilicate) silsiduiidunminggnida
sondeusdwlundniviAnivgse iunsdadndanald wedleuleduasiifgsn

I3 ¢ 19 i = s & =% | v ) Y o § va A a =
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= aq a v | | ' A a fa A Y aa
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(Silica coating) agvl¥AIAINRITUNURININNIT (Surface roughness) Lagdn15inzvoeTa
& a & ~ ~ £ v = v ) .
ANUUNURIVBITDS LA T U NTUS oAy 76 F9a1u1sabysunvasusenaulatau (Silane

coupling agents) tiiaLiinraessdafala 1y Rocatec and Cojet ¥03USEMaLON Diod
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NNSLYDURANAYNUSLLA]

TukeAIg NI TATaR AN 1950 Fuduwsdunlildtandaunsn
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(Filler) 1s@unansdnwilatdeluidunioy 1e9a1nn1sitsufnszinustunonsanwayiludsdl

T9I1AF AANIINAITNARIINUYAT8IN15AANELLS (Polymerization shrinkage)

a1 o

AaNURvBUTTULDA BTN AN AEUUTEANSN1SVENeMTias (Coefficient thermal expansion,

o w

CTE) uagA1n139Adul7ige (Water absorption) W utladeddnyi dnananissi@usziv

o

v A

3a01A (Microleakage)” Uadenislndfydnagsnanisazatedl (Solubility) L5TuLens

Fnfdosdinisazateiifian suiuauautRAnANgeIIesEnineiiuLaz Tan e 19um
a s a s a I~ P B~ ! = o ! ! &

WodluesunIng LsFukendindeislun1sanusenunseinveiiy Fregadunsiarannis

(%
Y

\Ansesinranianigluiivesaseuiiuiesidn® ndwnduuaudfvesdunenddvign
Waunnsesq lnadundenludagiuiiesainauandang wu danudunuusidnigs

(Compressive strength) mmwuﬁiamaﬁaqq (Tensile Strength) ﬁﬂiﬂ@ﬁﬁ%%&jN@ﬂ (Elastic

[

47 a s % ¢ ~ a &
modulus)? 158ULansTNaIUNTIULANNNBIAUSEN D ULAS UTELNNYDINSITDURR AIT)
LUIRNNBIAUSENBUVAN

aa a a & < %
- pEAsANLSTULLNUA (Acrylic resin cement)
Tneoza3ansdududiiosrUsznauiugiulu arswfialuniaiian (Methyl
methacrylate) Uszneumediufitunsiuvesval lnediunsusenaulumenediuesves
a a a a s ~ a aaa . a a s
WwawnIAsaaniolanedwes waslaisisuufisen (nitiator) Aeansiwuledailas

£
a o [ a

aanlys (Benzoyl peroxide) WoNINAITNANTTINUTANTAUNTNGITUYIAMALANTE

a

(Pigments) lngdrevauvaiazysenaulise arswiialmiaiian wazaisioliunfeqil
(Tertiary amine) ufssfAzen oynindiunsazgnnazansuazsilviuaslnedud
Duveavmaninufisennesesnluniedl (Peroxide-amine interaction) Yaguudiuusingy
dinsiiuansiuduniasasndiefalasiudmaueulalass (4- Methyloxy Ethyl
Trimelletic Anhydride, 4-META) danalianuisaiianusenianiinuesalsynauaeeily
ﬁﬂﬁamﬁaLﬁqumi%aﬁﬁmmﬁu deultlunseuiulszinnlang *® nsundives

aa a A 6 I 1 . ! :-//
DLATANLITUYLUUAILLTULUUULLDY (Self-curing) 1Nty
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- laumesien@iuus (Dimethacrylate cement)

o

Tnglamasanduudiesdusenauiugiulnaifssiuianysusiiuyinisguaauln

dnna1fie Usenaumediusduuming tandaunsniavansaaiu tng Tuluwesnanily

q

<

Ao JadLdute (Bisphenol A glycidyl methacrylate, Bis-GMA) wagenadlaiulsznouves

£%
aaa

Imiumas‘ﬁ:ﬁﬁmﬂ’ﬂimLaﬂqam&w WU 71931030 (Triethylene glycol dimethacrylate,

TEGDMA) wianaumia Tudiuvesiandaunsnoraduldiasdaninoaasss wi

@ [ A

wuiSew wazniigeslaly deiansaunsniinswiadunuflsunuiandauwnsnily dua

q

1 [

AenMaNURTaNARAITINEA NV TAR LAY
Fuudna ud AN UuUNITUNLeIR 18U S8 m19ad (Chemically cured or auto
a Yo 2 A Ao o = | | v A =
cured) Heuldiuaseuiiumannsenseuiluniidnwaeiiu uasdewiulaen wuuiassfe
nsunimeuLa (Light curing) Tmeilaisuanlunsa3luu (Camphorquinone) 1usaisy
Ufisenilagnnszsusieuas dniesdldiuneseauiiies waswuuunmsiupeiinisuud

AELAITINAUNITUNLBIRIEU AT 10AT FLuudslatdasiIuaInNITULAIAIERES

aaa =

ABLBIENTUNDINEUANTEIMIBATTIRUARUUULMTTug liinsiAn U ATeN

" v
a s A aa IS

NOALUDSTLNEIND TUNTHN T UINUTANUAULAINT 8BNS BLa UTAMUNUININATN 2.5

NadUASYIaUSIUAUUSETAN AT LD

1 =] a
LUIRUNISAIINRINY

- SEUUONGLaUASUD (Etch-and-rinse system)

TA8sEUUENTWaUSSUTUI Tz uUlNMeatend dasldinusvan niiu Fansanld

(%
Y =]

onvazdunserloanesnidududosas 37 mnutudseendeuiierdatuaiiied (Smear
layer) wazalilosnan (Smear plug) qm%ﬁmﬁ}aﬁuaq e uwidmiuieiluasyinld
Ann1sazatveenvedlensandesnilng (Hydroxyapatite) \inn sinefiaesneaanau®
Mntumansinswesdsanstavdsenouluselulumesunsndudnlvludesinssesning @l

Aoaa1lau (nterfibrillar space) wagvintilaWu (Dentinal tubules) inluLAnlATIAT 199U

lau3a (Hybrid layer) uazanessdu (Resin tags) Yungluviaiilefluinnisdnfnszaugania

LY

(Micromechanical retention) bagn1@158nRAMN UBNINNUTILNITWAUINTTNADIT UMDY

[% (%
¥ v =X A

(Two step adhesives) lngnsiieraisinsiuessiudvastafalinieiu antudaguiu

1%
v

MBTUUA ENUITTULENTLaUAS UGS oSz UUlealendliitunaunsldauiigenuay
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g1ainmNEAnaInawmalialade witeRrelviAusadange™ degrustudiuudlungud

Y

L aﬁiaaﬂﬁﬂg (Variolonk I, Ivoclar Vivadent; Schaan, Lichtenstein) Liinda (Nexus, Kerr;

Orange, CA) \Jufu

- szuuanend (Self-etching system)

&

Tneszuuwaniendaaalinisusuan niniumeans nsiasiunsaainialssn 4

Tundonawenduraunseutdudunoumenls 3ntuIaNwAE ATUINUABLITUTLLUG

[
a

nMsEageszuuiinisantunounsuuanmiiugsensaudadnaieenty vilrnnslde
1oty Freandefinnarniienafinduainduneunisldnsafeiiiuld wavainauidenuin
syuviienaiinensderflundsaindadesniissuusyuudnduoussud uilssansnm
Tunswseuiifuluiiedeuiiuaalifivinssuussuudnduounsud™ frognastuduudiiy
ﬂq'uﬁym'u WU T e 2.0 (Panavia F2.0, Kuraray Medical; Tokyo, Japan) daf & e@

(Multilink, Ivoclar Vivadent; Schaan, Lichtenstein) sJusu

- szuuanlend@w (Self-adhesive system)
Tnpszuugailuenddn WWusdudmudnguilidesihnisusuanmiailuneunisin
Fua TuleSaddnsy 2002 waiuend@nisduduun lagnuuzihdulugiussdudiuuingy

Tduazidunfoneg1esinsa sdudiuudnquilfesrussnaundulugdesdiu msldanudet

[ '
Y !

aosehusrauiy dnsuuunaiuinluuauga (Capsule) Baasinistuiieunaulneginios
waufeun1slday Sngunuunisdeidumad (Paste) avvdiuneniy Jelinsuuunaumeile

(Hand mix) tazluulatenaudnlud® (Auto mixing tip) wilslussAusznaunanusznauld

a a

Agiyaatanlaluwes (Methacrylate monomers) lngsausiuaswaniline Jadioute
(Bisphenol A glycidyl methacrylate, Bis-GMA) lagiaaf wonddwisdudiuudvnyilag i

Tmhedulssinvdwuduiauusin Uasensneduiedulasnsiinnedwesiuveyya

[y

93¢ (Free radical polymerization) @sUslaviaiasuwarufjisenail antuinnisieuiu

vadluluwes vibiiianedwesiwinluanaguintu TugiausnaensHassTuBuud Jan

3 A ¢ & I & ] & v
7\]3Lﬂuﬂiﬂé‘j\‘mqﬂﬂ"l?ﬂNIMIULN@?LUU@QQUﬁSﬂ@U MNUUILABY ) anAMNULUUNIARILLALLUNE

&

a

[~ 1 [~4 1 a" QI d%’ 3 a aaa 1 a i
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1%

WANSLUUNURINUIAR 9 TafRvaasudiuussiaialtaudne ! fog1astuduus iy
nauiu Fladidndyanasos (RelyX™ U200 Self-Adhesive Resin Cement 3M-ESPE St.

Paul, MN, USA) tJumu

v o oA
b

woflaleifiadudaiidos AoliAaufAenfuansdu irweladednadondni
e Fadimsimuinisiafniuiwesiademenussiad a1sdrrgnistafniuiagesiaieae
ANSWLBUAN (10-MDP; 10-methacryloyloxydecyl dihydrogen phosphate) WinduA Yy
mqjﬁﬁuﬂizﬂaulﬂﬁwawiﬂmLaqaﬁlmauﬁwﬂmaﬁwwﬁaL.i“;lumgl’gﬁa (Vinyl groups) i
UfAserfullumeslustuduudluyfAzenisiiawediues duwvaredntmilsdevs)ees
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uenanilessunluneavnueousiuss (Organo-phosphate monomer) fusgansnnlunis

v oa

= a S NG = [ 1 Y @ 2 o w 1 1 =
gaRnfuiaslalle® annsfinwissnanuandiviufsanuddyremyneaananistn

Aaduingesiaile iaduiusylaaudseninseendiaueznou (P-0-2r) (U7 4) &

a

NMSANEIUTI U UAMULT IS IUDINTE ARALY DS ALTE T2 NaNSEARANTAILUIENDUNEN

AT ULBUA N LazUadLdule (BisGMA; bisphenol-A-diglycidylmethacrylate) Wu31
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2 /O
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Unsalnazisn1saiiunisiae

1
Y =

Yagnldluauide

woslaevlnneidinoun1swiduwmes (Katana™ Zirconia Block; Kuraray
Noritake Dental Inc, Japan)

wusninalangl3aiin (Gemini series™; 3M Unitek Corporation, Monrovia, CA,
USA)

sFuTwuYlnUndaeuUlalidndgaesies (RelyX™ U200 Self-Adhesive
Resin Cement 3M-ESPE St. Paul, MN, USA)
ISTULDABTNVNAULA I IBLEINTIUEUDUA LONFT1 (Transbond™ XT Light Cure
Adhesive 3M-ESPE St. Paul, MN, USA)
ansUsuusesiadelnswesdlnsdnga (Z Prime™ Plus Ziconia Alumina
Metal Primer Bisco, Inc. IL, USA)

Gunsemnunsguduilalauainumeny 106 luasew (Standard double cone
shape bur, Intensive SA, Grancia, Switzerland)

gugunsviunnssn (Vel-Mix™ Die Stone Gypsum; Kerr, USA)
wiunnlavuiaaunud 50 luaseu (Scotch, 3M, USA)

NSEAEFANBUANS IUAAMUAZLDEA 800 WAz 1200 N3#

10. 19T

3N

S

©® N o u

a ] i a
ﬂagL@ﬂ@lﬂ'ﬂuﬂﬁgﬂ@U@%ﬁlumqiqﬂm 2

guUnsalil{lusuide

m'%laﬂ(?fm%uﬂmmmﬁaﬁw (Isomet 1000; Buehler, USA)
\A3padntuaudime (Minitech 233; Presi, Grenoble, France)
w3eadintuauulugeiy (Nano 2000, Pace Technologies, AZ, USA)
m’%laﬁmmwm?mzﬁa (Talyscan 150, England)

\A3Ds"8uas (Demi plus L.E.D curing light, USA)

WIN19UNATER (Nabertherm furnace 400-1, Germany)
ndesansavinamasielulasalal (SZ 61, Olympus, Japan)

psesinmnuudsuesian (ASTM D 2240 Type A.D PTC Instruments, USA)

18
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9. ﬁ"miam’]m%’sgﬂ (Alegra dental turbine, W&H company, Blrmoos, Austria)

10. 1ASDINAIABUANADITLOUT (Computer Numerical Control; CNC)

11. ¢

UN518 (Vario Basic®; Renfert, Germany)

12. 475 9aMAdBULIILUUBLUNUSZAIA (Universal testing machine EZ-S 500N,

Shimadzu Corporation, Kyoto, Japan)

13. ﬂﬁaﬂﬁawiiﬂﬁaLﬁﬂmauLL‘UUﬁ'aQﬂi’m (Scanning electron microscope)

A1319% 2 uanadaniililuauidy

Foan dulsznau USHMENGR  vidnglauyn
RelyX™  Base: Methacrylate monomers containing ~ 3M EPSE, 4819681
U200 phosphoric acid groups, methacrylate USA
Dual cure  monomers, silanated fillers, initiators,
self- stabilizers, rheological additives.
adhesive  Catalyst: Methacrylate monomers,
resin alkaline stabilizers, silanated fillers,
cement pigments, rheological additives.
Transbond™  Adhesive: Bis-GMA, Silane, Bisphenol A bis ~ 3M EPSE, N880549
XT (2-hydroxyethyl ether) dimethacrylate, USA
Light cure  Diphenyliodonium hexafluorophosphate
adhesive Primer: Bis-GMA, TEGDMA, Triphenyl N878578
primer antimony, 4-(dimethylamino)-
benzeneethanol, DL-Camphorquinone,
Hydroquinone
Z Prime™  Ethanol, Bis-GMA, MDP ,2-Hydroxyethyl Bisco, Inc. 1800004348
Plus Methacrylate, Proprietary USA

°According to the information provided by the manufacturers: Bis-

GMA: bisphenol-A-diglycidylmethacrylate; TEGDMA: triethyleneglycol

dimethacrylate; MDP: 10-methacryloxydecyl dihydrogen phosphate
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2511501 HUN15IY
- NSMTENTUIULDS ALY
Y ladardnne NI NN UNISEITUNDSUNIRALA LA TUINUIUIN 8x8x2 TaaLInS

1n8ldLA5 298 AT UIIUAINNLS IR (Isomet 1000; Buehler, USA) 91134 60 Tu 91nuLn

LY

Funuludalisaunienseaueiatanaunis bluaiseauAINNazdun 800 Wag 1200 N3e
pud1au Iaeldasoataduau (Minitech 233; Presi, Grenoble, France) AvuaAuLs9

250 $9UMDUNT WS99 50 fadu tuszeziian 1 Wil antutindunulumgumesluamwn

'
Y a o a

gaunailas (Nabertherm furnace 400-1, Germany) MmuUISEMEKRAANIUATIRUNQN 1,500

Y 9

=

sarnaided Wunaaestilus ielilianuuduss (Ui 5) antuhuiuweslealounil

ISDd a

aslurieWIFAeBUTUMTUANTIUL (Vel-Mix™ Die Stone Gypsum; Kerr, USA) wiialdd1nsu
v = & = v P A ° & o A | | v a g v
VAT LU BLULAT DINAGFRY (FUT 6) mmaﬂmuwaqiuwwaammaﬂmama
NIEANETANDUANS IUANSEAUAMULALLDEA 800 kag 1200 NSA AIUAINU AIELATEITATUIU
(Nano 2000, Pace Technologies, AZ, USA) fuuaa113i579 250 Sousau?l Ausenawingu
<@ a gj ) 1 A A [ a v a [
Wusgezian 1 i mﬂuumLLmuL%aﬁﬂLuswléﬂmmmﬁmgmzmmmmammmmmg%g

"3 (Profilometer; Talyscan 150, England) tiepiunuseauauiseuliyingu

1%

sUN 5 JuanugeslaileNtiumngumes
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[ o

JUN 6 BunuweslateniurnFumesiaduiefigaegudumaiunnssy

- NTWUANGNTUUMINNITUSUEN NI

Fuaugeslafogniuiuuaniu 12 nqu nquag 10 Fu lnsusaznguldnisusu

ANNWNURINLANANIAY 19N1TUSUFNINEITINAAZNITNIANTUSURNNWRINI9LATI

o a IS) 1 ) ' I A =2 oa =] M Yo o
nsUFuanmiIenavzuUsesniliuaungy nauvidsiawesladelalasunisusu

aniuindunquatuau nauiassdngesiadognnuntezgdideneenladvuin 50

Tuaseu Ausssu 0.25 wnztrana Wunan 15 3uft fisvesine 10 faduns MEANUNTIY
(Vario Basic®; Renfert, Germany) waznguitansldidunsoninmussusuidalaumameny
106 lumsau (Standard double cone shape bur, Intensive SA, Grancia, Switzerland) n58
ﬁ?ﬂﬁ"gﬂsammﬁ’s@ (Alegra dental turbine, W&H company, Burmoos, Austria) A3UAL
WS lY wazfirniawewinselaein3eindsneuiamesaisud (CNG Computer Numerical

Control) lngatsindunsaninmaslinindngulausuuuauIukassuuUsUWNGR

Y

voagunugailaly AUl 7 AuaTeuinnulagriuduinnureunInfnouiines

a

A& dll & o a a ] A o ° Y o
“ULEJU"?I"USL@@@UV]LUULaUWiQWﬁVﬂQL@EJ'Jf\]qﬂ"?ﬂ‘EJVLTJGU’J’]IUGUQJSVIV'Jﬂi@VHQWUEJE’JﬂUVI NP

Y

Usuanmidadena Junugniluvhanuazeinsieasosdansiteinludindwdunal 5
W9 Wetunuwaimundlavuieanumu 50 luaseu (Scotch, 3M, USA) anggiivun

Busurugnats 2.38 Sadiuns 8195911970 1SO 4049:2009% uay 1SO 29022:2013% Lile

Y

17 ' (2 2
Y] a Y o1 C%

PNNANUNEARALAZAIUANAMULNYBLITURDA TNV IUAar TUlALYINAL A1nTiuLUINgum

1 [

ansusuugsiwesladelnsiuesdlnsinda muAuugdveusTEnEnGs tnedngunsdl

q
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nauauay (O Rwasladlglilasunmsusuaninily

nauvaaes (2) mansusuusiuwesiadelnsiues

a

nauneaea (S) nunsergiiduusanlys

Y

NANNAGEY (G) NTBMIBLTNNTININLNYS
nauvAaes (S2) wunsergiilleneanlansiuiumansusulssiiweslallelnswes

naUVAaRY (G2) nsemeidunsaninunessandumansusuugsiwesiadelnswes

- A159ATUIY
uuiniunsUuanniautseeniduasanqulrenguusndaduwuinnadndly
% a aa a | L% [ @ & a 1 = (Y] @ [ %
ALITULATTNVTAUNFINIUUEINTIVAUOUA LONTN Uazdnnaudaiuluininadnilusie
A a ¢ a W = ¢ & ¢ v A Y aa A av Y a o
SFUBUAvlaUiasawuUsladiendeaedies (M13199 3) AeTnuNUITENERERAmUA
TnevuednldLAs 99l o NI NUALLISEUIUNSEAR AL A R INAUT W uwazlsuIndnng 1

Alansu AMdasdunenddaruiueandieniuwinidn nasaintuaieuasdniu tunan

a

fuaz 20 ufl (U7 8) thunuildeufaudrluiulilmhnauiigaumall 37 ssmwaidea

Wuan 24 $7lus neuthesnumaasuidssidadausaly

- MSNAFUMAAILsIEnLRau

ussfadouszgninlnoiad osmaaouunsauuuaiunUszasd (Universal testing
machine EZ-S 500N, Shimadzu Corporation, Kyoto, Japan) 1Ay N 1A ANTIVDILA ?I%N
naaauIzeivUlUAURIweslade waznsusnasessase I uS AT uLaywes
TaLdey ﬁ’qgﬂﬁ 2 mwm%mﬁwﬁmmﬁlaumaauaﬁ 1 §adunsaouli anwdasuiain I1SO
29022:2013% quiusumanoenanfusazArmasnsadaidouszgnaanluniismng

Urama (MPa) (3U71 9, 10) lneiaussiiduiungaesnaniudsdimbeaiduiadiuv (N) w3

PgANUNMINFRvasdIudanAnduA1T 9 TaR NS



M15199 3 NFUTUINUNTNAGDS

N15USUANINRA
a 1 <
1ena wuady

nguay 40 Yueu

Tailasunisusu

ANNRILTING

120

JUIUY , -
Nurergilifley

aanlua

NSOMELINNTD

ATALNYT

MUy

&
PUI

MEs
YFuugein
1wasladiey

Twsiues

Zirconia

= .;I 14 a ad
N13YAYUIIUAIYLIYULDATUN

Transbond™ XT
RelyX™ U200
Transbond™ XT
RelyX™ U200
Transbond™ XT
RelyX™ U200
Transbond™ XT
RelyX™ U200
Transbond™ XT
RelyX™ U200
Transbond™ XT
RelyX™ U200
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JUN 7 wanaaddUsenaunInInianeninestoudiuas insevnenseTuI



JUN 8 uansesAUsenauvizEnunuLaTagLa

v Shearing load

PVC
metal bracket
resin adhesive pipe

zirconia

UM 9 uansasAUsznaunsadeuiaLsBniou
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JUT 10 LARILASOINAABULSIMUUBLUNUTEAA

- ASANEIANYZAINUANLAAY
= [ ¥ a a éf o Qy 09.11 = < [
AnwanwauEANUANAIINATY Tngindunuiaeesladawazwusninaaniulans

1% ¥ L3 v

wdesrendesanssauviinameslolulasalay (Stereomicroscope) AiM&aEe 45 Wi

'
=

Wag3UluuANUALLMEaT (Mode of failure) Yaeusignfinseninawesialefuistuwendd
Swunedumandy ¢ wuu® §ed wuanudumeasewinedumeslaetusdunenad
(Adhesive failure at ceramic-resin adhesive interface) S pvay 70 i‘fyulﬂ NI ONUAINY
Suwanluduisdunensdl (Cohesive failure in the resin adhesive) Aefinsumnsinluduts
FuBuudtosas 70 TUlU vEenumudumansEwInstusuLen TN AuLUENnA STt lany
(Adhesive failure at resin adhesive-orthodontic metal bracket) $agay 70 ‘ﬁlulﬂ PIONU
AuANEILUUREL (Mixed failure) Aaflanudumaissninstuwesladofuisdunonsam

P30LIFULDATINAULUSLNRTANY LaznuAuaLad luTULISTULASTW 1aen1SLANTnYas

Qe

=4

wladunilsegszninedosay 30 89 70 nuuiufinnniiendeganssaididnasoukuy
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%
[y

d949n579 (Scanning electron microscope) AM&3UIY 2000 N NINURIT00ETLALTENAS

N1INAEDY

- A5IAITIITaUA

v

ToyadzgniiundiasizvinieaiAniglusunsu SPSS 22 (Statistical Package for

Statistical Science Inc., Chicago, IL, USA)Iﬂaﬂﬂiwﬂaa‘umiﬂismaLLUUﬂﬂﬁmaﬁsﬁauua

a (3

(Kolmogorov-Smirnov test) 3nuuldn153AT18%N1905218v0300Ya kagaAULUTUTIU

[}

WUUAILNS (Three-way ANOVA) fisgautisdfey 0.05 Toaifnnunlsusiutuuniaien
(One-way ANOVA) W3iguiiguamadansdnousdaznay (Post hoc) lngldatinnsnaseu
LUeaRveINAe (Tukey's HSD test) ladifiiad (Welch) LUSauifisuAiasussgnidouws

agngu (Post hoc) Ingldadiaunaeu (Tamhane’s) wagld Independent samples T-Test
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NaN15I8

ANSNAFBUNIAILIIBALADU

o w

ARAEINAILSITARUYWINNEUNINAFBIMALANTLAULINTFIULAASLUAIS19T

[
v

4 waggun 11 fsil

a ! o w = A 1
A19199 4 LERSANANALLIIEARBUYDMNNGY (MPa)

Mechanical
Resin Chemical
dhesi Control Sandblast Roughened
adhesive
Mean + SD Mean + SD Mean = SD
No
1.07 + 0.143A! 211 + 0.25"*1 4,05 + 0.55!
primer
Transbond™
Z
XT , , ,
Prime™ 3.63 + 0.412%1 3.93 + 0.43*%1 690 + 0.80"%!
Plus
No ; ) }
3.03 + 0.49%"2 343 + 0.43%"? 4,62 + 057"
primer
RelyX™
Z
U200

Prime™  3.69 + 0.43%%" 4.19 + 0.5*°Y 833 + 0.9208%
Plus

Note: The same lower-case letters indicate no significant differences from One-way
ANOVA (for RelyX™ U200 and Z Prime™ Plus with Transbond™ XT) Welch ANOVA (for

no primer with Transbond™ XT) in the same row (p>0.05).

The same upper-case letters indicate no significant differences form independent t-

test in the same column with the same resin adhesive (p>0.05).

The same number indicate no significant differences from independent t-test in the

same column with the same chemical pretreatment (p>0.05).

SD: Standard deviation
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ARAENGIsEaRauLazANTBLUNNINIgIY (Mpa)

10

No primer Z PrimeTM Plus No primer Z Prime Plu

—~

o

N

w

N

-

Transbond XT RelyX U200

[l Mechanical Control' g Mechanical Sandblast i Mechanical Roughened

5UN 11 psmluandiafemausdnnouua AL UgwuulInTg LY NNGUNITIAREY

PMNNTIATIERANULUTUTIULULAIUNNE (Three-way ANOVA) Taefidauusau 3

v A

faAe NSUSUANINEILT9NE N1SUSURNINEININAL LazIRATDLITULDATTN FkUSAUAD

1 o w = A 4 v dy A
AMSsigaReu lnglrnansd (M5 5)

1. Uszanvasnisusuanimiadena wWusuwlsniuasonndansidadousgng

o w

NlpdAgiszauauieiusovas 95 (p<0.05)
[y a = § & Y aa J 1 o w =2
2. msmarsusuanmiawesiadelnswes iWudndsnlinaneainassdn

WRouegltud Ry iseAuANUITeUSaEaY 95 (p<0.05)

Y LY

3, yiavensiunendi Wudulsiifinademidusdndouesadivedfoyd
STAUANULTRLIUTOsAY 95 (p<0.05)

4. msUSuanmindenadujduiusiunismansusvanmiawedlatlelng

Y

Wwos agnadideudn

[y

aissruauideiudosay 95 (p<0.05)
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v o

5. mMsUsuanmidnalifiujduiusiveiavesBunenddn ogrelivudAmy

NszduANueiuiasay 95 (p<0.05)

[ a

6. mamansusvanmiugesiatlelnswesiujduiusivrlinueansduwensd

I =

WegralltpdAgyiszauauiietuiovas 95 (p<0.05)

o

€

7. AUSAUNIEINAL AD NISUSUANINRITING NISNIEISUSUANINEILDS

v 6 1 U U 1

ladlglnswasuasyinvensTuwanddniiujduiusdeduwasiu o819l

Y

vdAgTzAUMINTRIUSoUaY 95 (p<0.05)

A9199 5 LAAINITIATIZRANULUTUTIULUUAILN (Three-way ANOVA)

Type llI
Mean
Surface treatments Sum of df F Sig.
Square
Squares
Mechanical 221.141 2 110.571 349.976 <0.001
Chemical 127.471 1 127.471 403.469 <0.001
Cementation 26.051 1 26.051 82.457 <0.001
Mechanical*Chemical 22.835 2 11.418 36.139 <0.001
Mechanical*Cementation .325 2 163 515 .599
Chemical*Cementation 3.681 1 3.681 11.650 <0.001
Mechanical*
10.020 2 5.010 15.857 <0.001

Chemical*Cementation

WD MUNANUNNTUSUANINRNTINARILNNS AN IUILAVD S TULDATTN WAL NSUSU

anmamaailiieniu nansfinvmuiimsnsedadunseninimaslianmdusidaidougs

A

c{' = = v a i Y | a a ¢ M Yo y)
‘V]E‘j@Lll@LU?EJ‘UW]EJ‘Uﬂ‘U@ﬂa@QﬂEle Gﬂllll’]@'}EJﬂ']iWUNQE]%Q@JLUEJiJ@@ﬂVLGU@ LLaz‘lﬂJlﬂiUﬂqiﬂﬁU

o w

an nituiagana muaau lnenguiignnsesiedunseninnashiaiawssdndeugenia

A v o W =

quiviunsergiiensanlenuavngulilasunisuiuanmidudenasgaidudfey Tuvauey

]

A P I3 Ay v Yo ) a P ' ) | =
unniursezgdioneanteduazngulilasunisusuanmiildiauunndieiuegned

)}
o))

o o 1Y oAy vy [y a = 51 Y} ™ a aa a
ydanmey EJﬂLauﬂqmwiuiﬂwﬂaﬁﬂiuﬂgﬂmL%aﬁﬂLUEJlWiLaJaiiwﬂumiEmLi%uLLam%WﬂIUW

Uudseuamsuauaus ondi laearmawussdadouveanquiignnsesiadunsaninings
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=

geninguiviunsezqgilillenesnleduwaznqunlilasunisuuanmiidnaniud1iu ogred

Y [y

HodAgyiszauauTetuioas 95 (p<0.05)

Wadwunmun1sUTuanInimaail nan1sAnwnuIngunmansusuugiiages

& v

ladlglnswesiimawssgadounnninguinlulanasuiulsrugesiatelnswesiu

1 a v [

nnngu egiitd Ay seRuanueiuiesas 95 (p<0.05) AsgUR 12

q

RelyX™ U200 Transbond™ XT
10 10
T
8 o 8 =
: 6 /J-
4 & Y = -4 4 e T )
| St - o ! = - -
2 2 == L Ao
' -
0 0
Control Sandblast Roughened Control Sandblast roughened
Mechanical Mechanical
= @ = RelyX U200 No primer = @ = Transbond XT No primer
=== RelyX U200 Z Prime Plus === Transbond XT Z Prime Plus

5UN 12 nsmluansdatemauusidaneuazAldgauuningguy

Woduwunausnveusdulenddnnlyd nan1sAnwimuiminlalaniaisusuugein

waslavdelnsiwes nquildisdudwudyiauufmastuusladidndyaeiosliridusdn

'
o w A LY

2 i I Ay Y a aa a 1w v s & ea K
LQ@UQQﬂ’ﬂﬂﬁjiﬁ/ﬂfﬁLﬁ"?IULLEJ@Iﬁ"UWGUHWUSJWJWJEJLLﬁQWiWUﬁU@U@ LDAYN DYNUUYAIREUNITEAU

ANUWRIuTaay 95 (p<0.05) lunnngunsusuanImialena uivinmansusularges
Tadlglnsiwessauiunisldistuwenddnsiauudeuamsmuauous Ond7viseLsTudiuug
a 1w = & & 1% Y Ay v aaa Y 4 o v
yiaUudaeswuuslalidndgansdeslinanliunnesiunadinseduanugeduiovay 95
(p<0.05) snviunguiinsemeidunsaninimes nsliistutuudvinuuiaesuuslaliandy

aosseeTiuiunImasuuusiigeslallelnsues aglimmdwusdaidouganiinislils
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(3

faundaieuamsuaveaus dngfisuiunismanssulssiawesiadelng

'
=

w3 egaiifudfgynseiunnueiuiagay 95 (p<0.05) wandlugui 13

o~ N W A U1 O N ® O

Control Sandblast
9
8
7
6
5
A
q - an =
2 ®
1
0
No primer Z PrimeTM Plus No primer Z PrimeTM Plus
Chemical Chemical
= @ = Control RelyX U200 = @ = Sandblast RelyX U200
e CoONtrol Transbond XT Sandblast Transbond XT
Roughened

10

9

8 &

o i

7 >

6 s L d - 1

5 > - -

. &

L

3

2

1

0

No primer Z PrimeTM Plus
Chemical

== @ == Roughened RelyX U200

=== ROughened Transbond XT

5UN 13 nsmluandadeiauusdaouuarAldgauunnsgu
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ANSANYIANWAUZAUAULA
= 1% 1% ¢ a a
- wansAnwslendesgansimiviingnasiolulasalay
PUANBEULAIUAULMAIUSIUWANTNADILUUAD ANUALLNAITLAINIT U DT LALTY
AULSTULEAETN (Adhesive failure at ceramic-resin adhesive interface) AadN1TLANIN

[

SEMINNTUBS LA ULSTULanFTNS peay 70 YulU wasnuAuALLaIkUUNEY (Mixed
failure) AeflAuAauMAdITENITUESIAE T ULSTULDATTN NIoLsTULDATTNTULUSALNA
il wagnuANEmadlutwsTuwendavl Tnensuanvinvestulatuniliegsenineleay

30 64 70 F99N3199 6 WARIENWUEANUAUNAIIFUN 14

M1319% 6 anwazANaLaITAnTLluLAaYNgUVIaeY

Adhesive
Adhesive failure
. - Mixed Cohesive  failure (%)
N15USUENINHA (%)
failure (%) failure (%) (Metal bracket
(Zirconia/adhesive)

/adhesive)
CNT 100 0 0 0
CNU 70 30 0 0
cZT 100 0 0 0
czu 50 50 0 0
SNT 100 0 0 0
SNU 90 10 0 0
SZT 100 0 0 0
SzU 70 30 0 0
GNT 100 0 0 0
GNU 60 40 0 0
GZT 70 30 0 0
GzU 40 60 0 0
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&
VA ALEY

' f“‘/{/‘\t’ \
Q\Q:“/" /4

Ul 14 wansdnusiiuinveasesladeniinmnaeusegansmisiaanoilelulasalad
fitdens 45 wh mevdimavaasuidusdndeu (a) uansamuduvaissinsduses
Taulofuisdunensdn (b) mnudumainuunas Tunguiililduivanmidagena (© wang
Arudumansewintueiladofuistunendd (d) mnudumaiuuunay lunguiifames
Taiflogniiunsezgiidensented (e) uansaudumansenindueesladofuistusenddn

(f) Anuduvawuunay lunguiRaweslalagnnsemedunseninimes

- wamsfnedieganssmiBidnasaunuudadniin

wuinguitiigesladelildsunisusuanmitui @)b) SiuifiFouwandude
Fendu Tndidestudnvastuislunduiimansusuusinsesladeinawes (o(d) lungud
Ruweslaflugniunsesgfidlonsenlas (e)f) wudhvaiiifimuusussuuunsednnszane

a a

Wuieatunguiignniunsezgiifisnsenladuazmansuiuussiiweslafelnsiwes @0
waznauitfaweslalognnsafedunsaninmes () nudnwasiuwesladendamagusy
TuwnAnainnninauiigniunsergdidevesnled snunzdnulunduiignnsesedunsonin
wysuasmansusulgsiaesladelnswes (0O wudu Tunmngu (X0 wuisTulenddn

1 A 1 a IS v A
‘U'N’d'J'LWIaQLWa@@%UUN?ﬂJ@QL‘ﬁ@ﬁﬂLUH LLﬁﬂ\?ﬂ\‘iE‘U‘W 15
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(a) (e) 0)

(b) ® (0)

(0 (9) (3]

(d) (h) ()

U 15 wanadnuariuiiveaseslallend n1sneaaeurieganssaudianaseuLuudes

N319NANA9818 2000 i1 NENSIN1TNRFRUaLsIEadeu (a) nau CNT Aalweslaly
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Lil@sunisusuanmiauazdasfunendivaiaundmeuamsiuauoud Wngi (b) ngu

f @ 6

CNU RwesiadelilasunisusuanimiuasBnmelsguiiuudsiinuudiaesuuuslaidndy

do3¥on (o) nau CZT Mawesladlelasunismansusulssrugesiadalnsuasuasdasdu

13 L4

wanddvlviaundameuamsuauaus 1BngA (d) nqu CzU Aaweslallelasunisnians

Usulssiamesladelnswesuasdasduduudsiaunmanaiuuilaliondgansdon (e) ngu
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A157497 8 Tests of Normality

50

Kolmogorov-Smirnov® Shapiro-Wilk
surface
treatment Statistic| df Sig. | Statistic| df Sie.
shear bond CNU 229 10 147 916 10 324
strength .
CNT 212 10 .200 .895 10 193
czu 226 10 .158 .902 10 233
czZT 159 10| .200° 929 10 440
SNU 211 10 200" .860 10 077
SNT .148 10 200" 946 10 626
SzU 237 10 117 853 10 .064
SZT .189 10 200" .897 10 .205
RNU 238 10 116 .859 10 .075
RNT 202 10 200" 961 10 7195
RzU 231 10 .140 923 10 381
RZT 150 10 2007 979 10| 957

*. This is a lower bound of the true significance.

a.

Lilliefors Significance Correction



A15199 9 Tests of Between-Subjects Effects

Dependent Variable:

Shear bond strength

51

Type lll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 411.525° 11 37.411 118.414 .000
Intercept 1999.363 1 1999.363 6328.345 .000
mechanical 221.141 2 110.571 349976 .000
chemical 127.471 1 127.471 403.469 .000
cementation 26.051 1 26.051 82.457 .000
mechanical *
22.835 2 11.418 36.139 .000
chemical
mechanical *
.325 2 163 515 .599
cementation
chemical *
3.681 1 3.681 11.650 .001
cementation
mechanical *
chemical * 10.020 2 5.010 15.857 .000
cementation
Error 34.121 108 316
Total 2445.009 120
Corrected Total 445.646 119

a. R Squared = .923 (Adjusted R Squared = .916)
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M151971 10 Test of Homogeneity of Variances

Shear bond strength

52

Levene Statistic dfl df2 Sig.
4.446 2 27 .021
A15197 11 Robust Tests of Equality of Means
Shear bond strength
Statistic” df1 df2 Sig.
Welch 159.283 15.021 .000
a. Asymptotically F distributed.
A91497i 12 Post Hoc Tests
Multiple Comparisons
Dependent Variable: Shear bond strength
0] ) 95% Confidence Interval
Mechanical ~ Mechanical Mean
Difference
surface surface Upper
treatment treatment (1)) Std. Error Sig. | Lower Bound Bound
Tukey HSD  control sandblast -1.04803700" 16940646 | .000 -1.4680664 -.6280076
roughened -2.98323200" 16940646 | .000 -3.4032614 -2.5632026
sandblast control 1.04803700" 16940646 | .000 .6280076 1.4680664
roughened -1.93519500°" 16940646 | .000 -2.3552244 -1.5151656
roughened control 2.98323200" 16940646 | .000 2.5632026 3.4032614
sandblast 1.93519500" 16940646 | .000 1.5151656 2.3552244
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0]

@)

95% Confidence Interval

Mean
Mechanical Mechanical
Difference
surface surface Upper
treatment treatment (I-)) Std. Error Sig. | Lower Bound Bound
Bonferroni  control sandblast -1.04803700" .16940646 | .000 -1.4804400 -.6156340
roughened -2.98323200" 16940646 | .000 -3.4156350 -2.5508290
sandblast control 1.04803700" 16940646 | .000 6156340 1.4804400
roughened -1.93519500" 16940646 | .000 -2.3675980 -1.5027920
roughened control 2.98323200" 16940646 | .000 2.5508290 3.4156350
sandblast 1.93519500" 16940646 | .000 1.5027920 2.3675980
Tamhane control sandblast -1.04803700" .09587685 | .000 -1.3083310 -.7877430
roughened -2.98323200" 18949303 | .000 -3.5243061 -2.4421579
sandblast control 1.04803700" .09587685 | .000 1877430 1.3083310
roughened -1.93519500" 20247386 | .000 -2.4916950 -1.3786950
roughened control 2.98323200" .18949303 | .000 2.4421579 3.5243061
sandblast 1.93519500" 20247386 | .000 1.3786950 2.4916950
Games- control sandblast -1.04803700" .09587685 | .000 -1.2994348 -.7966392
Howell
roughened -2.98323200" 18949303 | .000 -3.5019530 -2.4645110
sandblast control 1.04803700" 09587685 | .000 71966392 1.2994348
roughened -1.93519500" 20247386 | .000 -2.4717316 -1.3986584
roughened control 2.98323200" 18949303 | .000 2.4645110 3.5019530
sandblast 1.93519500" 20247386 | .000 1.3986584 24717316

*. The mean difference is significant at the 0.05 level.




M151971 13 Test of Homogeneity of Variances

Shear bond strength

54

Levene Statistic dfl df2 Sig.
1.359 2 27 274
A99it 14 ANOVA4
Shear bond strength
Sum of Squares df Mean Square F Sig.
Between Groups 13.661 2 6.831 24.698 .000
Within Groups 7.467 27 277
Total 21.128 29
mi'N‘ﬁ 15 Post Hoc Tests
Multiple Comparisons
Dependent Variable: Shear bond strength
0] ) 95% Confidence Interval
Mechanical ~ Mechanical
surface surface Mean
treatment treatment Difference (I-J) |  Std. Error Sig. | Lower Bound | Upper Bound
Tukey HSD  control sandblast -.39847900 23518766 | .226 -.9816074 1846494
roughened -1.58851300" .23518766 | .000 -2.1716414 -1.0053846
sandblast control .39847900 23518766 | .226 -.1846494 9816074
roughened -1.19003400" .23518766 | .000 -1.7731624 -.6069056
roughened control 1.58851300" .23518766 | .000 1.0053846 21716414
sandblast 1.19003400" 23518766 | .000 6069056 1.7731624
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0] ) 95% Confidence Interval
Mechanical ~ Mechanical
surface surface Mean
treatment treatment Difference (I-J) |~ Std. Error Sig. | Lower Bound | Upper Bound
Bonferroni  control sandblast -.39847900 23518766 | .305 -.9987858 .2018278
roughened -1.58851300" 23518766 | .000 -2.1888198 -.9882062
sandblast control .39847900 23518766 | .305 -.2018278 9987858
roughened -1.19003400" 23518766 | .000 -1.7903408 -.5897272
roughened  control 1.58851300" .23518766 | .000 .9882062 2.1888198
sandblast 1.19003400" .23518766 | .000 .5897272 1.7903408
Tamhane control sandblast -.39847900 21714128 1 .230 -.9710226 1740646
roughened -1.58851300" 250651421 .000 -2.2493130 -.9277130
sandblast control .39847900 21714128 | .230 -.1740646 9710226
roughened -1.19003400" 23656550 | .000 -1.8174302 -.5626378
roughened  control 1.58851300" .25065142 | .000 9277130 2.2493130
sandblast 1.19003400" .23656550 | .000 5626378 1.8174302
Games- control sandblast -.39847900 21714128 | .187 -.9536881 1567301
Howell .
roughened -1.58851300 .25065142 | .000 -2.2293195 -.9477065
sandblast control .39847900 21714128 | .187 -.1567301 .9536881
roughened -1.19003400" .23656550 | .000 -1.7979567 -5821113
roughened control 1.58851300" .25065142 | .000 9477065 2.2293195
sandblast 1.19003400" .23656550 | .000 5821113 1.7979567

*. The mean difference is significant at the 0.05 level.




M151971 16 Test of Homogeneity of Variances

Shear bond strength

56

Levene Statistic dfl df2 Sig.
1.973 2 27 .159
A5197 17 ANOVA
Shear bond strength
Sum of Squares df Mean Square F Sig.
Between Groups 65.254 2 32.627 88.366( .000
Within Groups 9.969 27 369
Total 75.223 29
15197 18 Post Hoc Tests
Multiple Comparisons
Dependent Variable: Shear bond strength
0) () 95% Confidence Interval
Mechanical ~ Mechanical
surface surface Mean
treatment treatment Difference (I-J) |  Std. Error Sig. | Lower Bound | Upper Bound
Tukey HSD  control sandblast -.29813900 27174457 | 524 -.9719073 3756293
roughened -3.26699400" 271744571 .000 -3.9407623 -2.5932257
sandblast control .29813900 27174457 | 524 -.3756293 9719073
roughened -2.96885500" 271744571 .000 -3.6426233 -2.2950867
roughened control 3.26699400" 271744571 .000 2.5932257 3.9407623
sandblast 296885500 271744571 .000 2.2950867 3.6426233
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0] ) 95% Confidence Interval
Mechanical ~ Mechanical
surface surface Mean
treatment treatment Difference (I-J)) |  Std. Error Sig. | Lower Bound | Upper Bound
Bonferroni  control sandblast -.29813900 27174457 8471 -.9917558 .3954778
roughened -3.26699400" 271744571 .000 -3.9606108 -2.5733772
sandblast control .29813900 27174457 847 -.3954778 9917558
roughened -2.96885500" 27174457 | .000 -3.6624718 -2.2752382
roughened  control 3.26699400" 27174457 | .000 2.5733772 3.9606108
sandblast 2.96885500" 27174457 | .000 22752382 3.6624718
Tamhane control sandblast -.29813900 19820497 | .386 -.8197475 2234695
roughened -3.26699400" .30035434 1 .000 -4.0854330 -2.4485550
sandblast control .29813900 .19820497 | .386 -.2234695 8197475
roughened -2.96885500" 30337666 | .000 -3.7924693 -2.1452407
roughened  control 3.26699400" .30035434 [ .000 2.4485550 4.0854330
sandblast 2.96885500" .30337666 | .000 2.1452407 3.7924693
Games- control sandblast -.29813900 .19820497 | 313 -.8040859 .2078079
Howell i
roughened -3.26699400 .30035434 1 .000 -4.0570475 -2.4769405
sandblast control .29813900 .19820497 | .313 -2078079 .8040859
roughened -2.96885500" .30337666 | .000 -3.7643225 -2.1733875
roughened control 3.26699400" 30035434 | .000 2.4769405 4.0570475
sandblast 296885500 .30337666 | .000 2.1733875 3.7643225

*. The mean difference is significant at the 0.05 level.




A15197 19 Test of Homogeneity of Variances

Shear bond strength

58

Levene Statistic dfl df2 Sig.
2.147 2 27 136
AN5147 20 ANOVA
Shear bond strength
Sum of Squares df Mean Square F Sig.
Between Groups 129.596 2 64.798 136.571 .000
Within Groups 12.811 27 474
Total 142.407 29
A9497i 21 Post Hoc Tests
Multiple Comparisons
Dependent Variable: Shear bond strength
0] () 95% Confidence Interval
Mechanical ~ Mechanical \ean
Difference
surface surface
treatment treatment (I-)) Std. Error Sig. | Lower Bound | Upper Bound
Tukey HSD  control sandblast -.49298200 30804751 .263 -1.2567604 2707964
roughened -4.63478900" .30804751 | .000 -5.3985674 -3.8710106
sandblast control .49298200 30804751 | .263 -.2707964 1.2567604
roughened -4.14180700" .30804751 | .000 -4.9055854 -3.3780286
roughened control 4.63478900° .30804751 | .000 3.8710106 5.3985674
sandblast 414180700 .30804751 | .000 3.3780286 4.9055854
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0]

0)

95% Confidence Interval

Mean
Mechanical ~ Mechanical
Difference
surface surface
treatment treatment (I-)) Std. Error Sig. | Lower Bound | Upper Bound
Bonferroni  control sandblast -.49298200 30804751 | .363 -1.2792606 2932966
roughened -4.63478900" .30804751 | .000 -5.4210676 -3.8485104
sandblast control .49298200 30804751 | .363 -.2932966 1.2792606
roughened -4.14180700" .30804751 | .000 -4.9280856 -3.3555284
roughened control 4.63478900" .30804751 | .000 3.8485104 5.4210676
sandblast 4.14180700" .30804751 | .000 3.3555284 4.9280856
Tamhane control sandblast -.49298200 22166666 | .114 -1.0781475 .0921835
roughened -4.63478900" 33663112 | .000 -5.5591809 -3.7103971
sandblast control .49298200 22166666 | .114 -.0921835 1.0781475
roughened -4.14180700" .34960433 | .000 -5.0879405 -3.1956735
roughened control 463478900 33663112 .000 37103971 5.5591809
sandblast 4.14180700" .34960433 | .000 3.1956735 5.0879405
Games- control sandblast -.49298200 22166666 | .095 -1.0603407 0743767
Howell
roughened -4.63478900" 33663112 | .000 -5.5261365 -3.7434415
sandblast control .49298200 22166666 | .095 -0743767 1.0603407
roughened -4.14180700" .34960433 | .000 -5.0560120 -3.2276020
roughened control 4.63478900" 33663112 .000 3.7434415 5.5261365
sandblast 4.14180700 .34960433 | .000 3.2276020 5.0560120

*. The mean difference is significant at the 0.05 level.
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A5197 22 Independent Samples Test (CT)

60

Levene's
Test for
Equality of
Variances t-test for Equality of Means
Sig. 95% Confidence Interval
of the Difference
(2- Mean Std. Error
F Sig. t df |tailed)| Difference | Difference Lower Upper
Shear  Equal
bond variances | 6.943 | .017 | -17.806 18 .000 | -2.56697000 | .14416111 | -2.8698412 | -2.2640984
strength assumed
Equal
variances
-17.806 | 10.949 .000 | -2.56697000 | .14416111 | -2.8844477 | -2.2494922
not
assumed




A15719% 23 Independent Samples Test (CU)
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assumed

Levene's
Test for
Equality
of
Variances t-test for Equality of Means
95% Confidence Interval of
Si. the Difference
(2- Mean Std. Error
F | Sis. t df |tailed)| Difference [ Difference Lower Upper
Shear  Equal
bond variances | .033 | .858 | -3.059 18| .007] -.66411900].21707910| -1.12018527  -.20805273
strength assumed
Equal
variances
ot -3.059117.623 .007 | -.66411900 | .21707910| -1.12088511 | -.20735289




A51991 24 Independent Samples Test (ST)
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assumed

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval
5. of the Difference
(2- Mean Std. Error
F Sig. t df | tailed) | Difference [ Difference Lower Upper
Shear  Equal
bond variances | 7.625.013 | -10.919 18 .000 | -1.8170720 | .16641860 | -2.1667045 | -1.4674394
strength assumed
Equal
variances
ot -10.919 | 14.579 .000 | -1.8170720|.16641860 | -2.1726781 | -1.4614658




A519% 25 Independent Samples Test (SU)
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Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2-1 Mean Std. Error
F Sig. t df | tailed) | Difference | Difference Lower Upper
Shear  Equal
bond variances | 1.255].277| -3.421 18 .003 | -.7586220 | .22172755| -1.2244543 | -.29278970
strength assumed
Equal
variances
-3.421117.432 .003 | -.7586220 | .22172755] -1.2255449 | -.29169901
not
assumed




A15719% 26 Independent Samples Test (RT)
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Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval
Sig.
s of the Difference
(2- Mean Std. Error
F Sig. t df | tailed) | Difference | Difference Lower Upper
Shear  Equal
bond variances | 1.023 | .325| -8.783 18 .000 | -2.850732 |.32455802 | -3.5326031 | -2.16886090
strength assumed
Equal
variances
-8.783 ] 15.963 .000 | -2.850732 |.32455802 | -3.5388932 | -2.16257077
not
assumed




A59d 27 Independent Samples Test (RU)
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Levene's
Test for
Equality
of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference | Difference Lower Upper
Shear  Equal
bond variances | .851 | .368 | -10.330 18 .000 | -3.7103950 | .35919815 | -4.4650423 | -2.9557476
strength assumed
Equal
variances
-10.330 | 15.027 .000 | -3.7103950 | .35919815 | -4.4758860 | -2.9449039
not
assumed
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A59d 27 Independent Samples Test (CN)

66

Levene's Test
for Equality

of Variances

t-test for Equality of Means

95% Confidence

assumed

S1g. Interval of the
& Mean Difference
tailed | Differenc | Std. Error
F Sig. t df ) e Difference | Lower Upper
Shear Equal
bond variances 6.368 | .021| 11.519 18 .000| 1.963566 | .1704663| 1.605429 | 2.321702
strength  assumed
Equal
variances
ot 11.519 | 10.360| .000 | 1.963566 | .1704663 | 1.585524 | 2.341607




A59d 27 Independent Samples Test (CZ)
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assumed

Levene's
Test for
Equality
of
Variances t-test for Equality of Means
95% Confidence Interval of
the Difference
Sig. (2- Mean Std. Error
F]Sis | t df | tailed) | Difference | Difference Lower Upper
Shear Equal
bond variances | .055].817.308 18| .762 .06071500 | .19709639 -.35336915 47479915
strength assumed
Equal
variances
ot 308 | 17.977| .762| .06071500 | .19709639 -.35340696 47483696




A15197 28 Independent Samples Test (SN)
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assumed

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2- Mean Std. Error
F Sig. t df | tailed) | Difference | Difference Lower Upper
Shear Equal
bond variances | 1.710 | .207 | 7.955 18 .000 | 1.31400800 | .16517848 | .96698090 | 1.66103510
strength assumed
Equal
variances
ot 7.955| 14.668 .000 | 1.31400800 | .16517848 | .96124344 | 1.66677256




A15719% 29 Independent Samples Test (SZ)
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assumed

Levene's
Test for
Equality
of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2- Mean Std. Error
F | Sis. t df tailed) | Difference | Difference Lower Upper
Shear Equal
bond variances | .468 | .503 | 1.148 18 266 | 25555800 | .22265294 | -.21221846 12333446
strength  assumed
Equal
variances
ot 1.148 | 17.490 267 | 25555800 | .22265294 | -.21319788 712431388




A15719% 30 Independent Samples Test (RN)
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assumed

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2- Mean Std. Error
F | Sie t df tailed) | Difference | Difference Lower Upper
Shear Equal
bond variances | .617 | .442 | 2.155 18 .045 | .56884700 | .26396017 | .01428726 | 1.12340674
strength  assumed
Equal
variances
ot 2.1551 17.986 .045 | .56884700 | .26396017 | .01425567 | 1.12343833




A15719% 31 Independent Samples Test (RZ)

71

Levene's
Test for
Equality
of
Variances t-test for Equality of Means
95% Confidence Interval
of the Difference
Sig. (2- Mean Std. Error
F | Sis. t df tailed) | Difference | Difference Lower Upper
Shear Equal
bond variances | .119].734 | 3.520 18 .002 | 1.42851000 | .40581554 | .57592319 | 2.28109681
strength  assumed
Equal
variances
3.520| 17.692 .002 | 1.42851000 | .40581554 | .57485880 | 2.28216120
not
assumed
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