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Single Bond 2, adh, ans@infinfifllawmesianlussiuszneundn) way (2) a1sdafnalingliiesvea (Scotchbond
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(@) nmsldnsaneaniesn asluaunayldasinfnuuuienlasduiaveuny (E/S/Adh) uag (5) nsldnsaneanasn

' o

wdvansBafnviingidneseea (E/Uadh) 9ntduvhnisdadunuiesdunedlndsvinlnawl aewauduna 40
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Abstract

Objective: This study aimed to evaluate the shear bond strength of aged provisional 3D printed
resin repaired with different adhesive systems. Methodology: A silane coupling agent (RelyX Ceramic
Primer, S) and two adhesive systems; Adper Single Bond 2 (adh, dimethacrylate based resin) and
Scotchbond Universal (Uadh, dimethacrylate based resin containing silane coupling agent), were used.
Twenty-five cylindrical specimens (20x15 mm, diameter x height) were designed, 3D-printed and aged by
thermocycling for 5,000 cycles. Then, specimens (n=5) were repaired/bonded according to surface
treatments as follows: (1) no surface treatment (negative control), (2) ALLO; sandblasting (positive control),
(3) etching and Adper Single Bond 2 (E/Adh), (4) etching, silane coupling agent and Adper Single Bond 2
(E/S/Adh), and (5) etching and Scotchbond Universal adhesive (E/Uadh). After surface treatment, flowable
resin composite was bonded to the specimen’s surface by the aid of a Teflon mold (5x3 mm,
diameterxheight) and light cured for 40 seconds. All bonded specimens were kept in distilled water at
37°C for 24 hours and they were subjected to shear bond strength testing using an Instron testing machine
at a crosshead speed of 0.5 mm/min. Failure modes were analyzed by stereomicroscope (10x). Data were
analyzed using One-way ANOVA. Results: The highest shear bond strength was achieved in Al,O4
sandblasting (positive control) followed by E/Uadh and E/S/Adh which were not significantly different to
the positive control (p>0.05). The two lowest shear bond strength, significantly lower than the positive
control (p<0.05), was observed in no surface treatment (negative control) and E/Adh, respectively. Failure
modes were mostly mixed failure. Conclusion: E/Uadh and E/S/Adh are the suggested surface treatment
prior to repairing aged provisional 3D printed resin due to their comparable shear bond strength to the

ALO; sandblasting.
Keywords: Shear bond strength; Provisional resin; 3D printed resin; Repair; Adhesive
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¢ 2 viln Aeviln 3 Funeu TnednswIesiiludensavlearen &0 marslnswes wazarsdafin audndu
wazwiln 2 Suneu TnsnsseuRafiusiensarleanssn d1uh meeasazareiiflansinswesuavasinfnsaly
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4.2 nMsanaseansidauluaniizdesunn (Aging process)
ﬁw%umuiﬂﬁi”lammﬂsi’fmu‘[.uamwsdmmﬂﬁasm?mLﬂ?{ﬂmmaqqmmﬁunﬁau-LﬁuLﬂuf\Tnmz
31U 5,000 50U ﬁqmmﬁ 5°C wag 55°C laglananuy (dwell time) 30 3und wazanelau (transfer time) 5 3wl
(Wiegand, Stucki et al. 2015)
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nawl 1: No surface treatment nauitlallflodeuiiui (nduenuauisan)

nguil 2: Aluminum oxide sandblasting (sandblasting, NguAANEILIN) NANTINUNTIEF e
symnoraiidousenled wuin 50 lulasiuns Aszerving 10 fadwms anusu 2 un3 e 10 3w

naudl 3: Etching & Adper Single Bond 2 (E/Adh) nguiifinissdeufintunudaensnoanadn
wagldansinfnviiaueniUasdauiauouny) Tnemnsanleaednfifanudududosas 37 asuutunudunan 15
Jun#t §19 20 FunTluasitaure ntunnansdaiin (Adper Single Bond 2, 3M ESPE, St. Paul, Minnesota, USA) &g
vutnudunan 20 3und mndudhadliutudmnisanesaadune 10 Junit musuusiesdon

nawil 4: Etching, silane & Adper Single Bond 2 (E/S/Adh) nsinesindusiugaensavieaniedn
lnauuarliansBafnvianenosdufavousy lnsmnsaeanssniidaudutuiosar 37 asuudunudunm
15 3undt &4 20 Funiwasius aandumansloay (RelyX Ceramic Primer, 3M ESPE, Seefeld, Germany) 1iu
1181 60 U9 LWL (Haneda, Almeida Jr et al. 2017) wazn1ansdnfn (Adper Single Bond 2, 3M ESPE, St.
Paul, Minnesota, USA) AIUUTUNIY AUALUZT TS

ﬂdmﬁ 5: Etching & Scotchbond Universal adhesive (E/Uadh) ﬂ’liwﬁﬂuﬂ?’ﬁym’luﬁaﬂﬂim
weanaindmiunisliarsBafnviagiineseen Ineminsaneanasniiieududuiosay 37 asuufunuunm
15 3117t &19 20 Funiuazituis antumnansiafn (Scotchbond Universal, 3M ESPE, St. Paul, MN, USA) aqu
Furudunan 20 Juit ntutauliufudmnsasuaaduna 10 3w sufuuzuveIuITn

4.4 MsYouuTNTUIIL (Repair of the specimens)
pEnvnawsRiuitun Ui ﬁaﬁw%mwuiuLLﬁia:ﬂzjaJMﬂﬁnﬂW5Sdammméha L5BUA

aulndnvlinlviaus (Filtek Supreme XT Flowable Restorative, 3 M ESPE, ST. Paul, MN, USA) lns@nianadluvie
sUnsanszuanidn (Teflon mold) U1 5x3 fadluns (Eurgudnataxanugy) weviliiAnnsBndaduiiuina

Aananawesliuny Mnuuimdndiuiuvvesiunsulndnsialvaud waziivtunuliniaumgd 37°C Wunan 24
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Falg
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4.5 nMsnAdaUAINIAdLsIBAIEa (Shear bond strength testing)
hunuigngdenugulunegeumeariaussdadeussnindunuias Tangouusy lnensliaies
VAADULIILUUAINS (Instron, ElectroPuls™ E1000, England) tnemnisgaduaudnivaunsal Inelviszuiuves
Uaeilniaglivegeu (knife-edge shear blade) vuufiusessesynisgunuiuiagililunisdeuusuuarlviaies
= I3 W a a = Y a o = = 1 o w
9ONUIINANANIST (crosshead speed) Wiy 0.5 TaBuns/ANT AunseNIaAANTLANTN (NN 3) Berringa
wssgadeuldainnisinalagiusadeuasans (force, N) seniufivesianfildlunisdeuusy (area, mm?) i

nheduungniaaia (MPa)

Eb3IINA

FunuFUNsINTEUENITugy
Yanildlunisdouus
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MW 3 83AUSENEUVBINTNARDUASILTIBALABY (Shear bond strength testing)

4.6 nM3Anw1UuUUANUNGENWA? (Failure mode analysis)

[

naRINTUAaNIswanIn ddunulvdesmendesansaiameilelulasalauiinndaene 10

Wi dlefnwnguiuuaudinmad (mode of failure) nsanunsaudals 3 Ussiam dail

5%
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1) nMs8nlaleg (Adhesive failure): inANUANWAITEVINTBYsBYR AR TUIATIAT1ITIUSY

LAY

mewnsasiiuiuuy 3 faduiagnlilunsdeuusy Tanasvaauenesnaniulagauysel

2) M3WPeNKUUENIMAT (Cohesive failure): WinAuaumadluilovasTansdurlintinsinivusy

eesesiisnivuy 3 87 vieludeanililumsteuuss TnglifinmsdummasourquissosseszwineTanii 2 ¥ia
3) MadummnuURE (Mixed failure): Wianudsmaiauuunisinlaiog uasniad euuviudaman
Tnewuiinsdumaniisosdenarluiovesagi 2 vn
4.7 nsansevideya
Terwideyalagliaiiinseamuuwusuniumade (one-way ANOVA) wazilTeuiieunnuuaneig

a (YY) o

YoIANMAusBAdauTENIINqumENsWIsuisukuuIudvliayie (Tukey’s post hoc test) NseRuTEaATY

Y

0.05 uagldrfosazuazmanuiiiioaluleguiuuaLaNYa)
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5. HAN15IY

Amdsussdndounds drudsnuuinasgiu mgaauasaisign (Wnznania: MPa) vasianisdusie
Framiitugudeiniesiuiuuy 3 fafHunshasmislinuluangdesin Agndeunenlnelénisedeuiuin
Aumnsinatfy diethdeyalunnasunisuanuasvesdoyadmedBaiu (Levene's test) wuirdeyaluynngunisneasad
N15N5¥91803°030 YAk ULUNA (p>0.05) IINNANITNARBINUIINITHUNI AU NIABE g dilanaanlyd
(sandblasting) Terihdaussdnideugeiigade 12.99 + 2.46 wnzynana waznauiilsiaidausdadoutiosiian
Fonquitlifinawdeuiiuia (no treatment) i 7.41 + 1.50 wnemaaa

oAiATginIuUSUTIMUUMAAY) (one-way ANOVA) Lazdinsigsimnuuansiassninanguuuudueg

a

wyanuailayfig (Tukey’s post hoc test) Wu31 AIMAwsEadauausadwunliduasanguaiuauuang1

agallifd “’aum’maﬁa g nqu#l 1 (no treatment) WazNguyl 3 (etching & Single Bond 2) wagdnngufe Nguil 2

(sandblasting) ﬂ?jm 1 4 (etching, silane & Single Bond 2) LLaSﬂ@:Mﬁ 5 (etching & Universal adhesive) (An5747i 1)

A19199 1 ArMdussdaReuwade d1uleuuunnnigIu AgeEaLAzAEIEn (WNgWNan1a: MPa)

Shear bond strength (MPa)
Group Surface treatment
Mean + SD Maximum | Minimum
1 No surface treatment (negative control) 7.41 + 1.50* 8.79 5.33
2 Sandblasting (positive control) 12.99 + 2.46° 15.38 9.59
3 Etching & Single Bond 2 (E/Adh) 10.69 + 1.93" 12.81 7.99
a Etching, silane & Single Bond 2 (E/S/Adh) 12.56 + 0.75° 13.34 11.89
5 Etching & Universal adhesive (E/Uadh) 12.88 + 2.20° 16.28 10.47
Fonvdsrnade: maﬂwﬁnmemaﬂuLLammﬂamﬁﬁmmaaLLsastaaumLmﬂmNﬂuamq HgdAgyn1eann
(p<0.05)
Mode of failure (%)
100
80
60
40
0
No surface Sandblasting Etching & Single  Etching, silane & Etching & Universal
treatment Bond 2 Single Bond 2 adhesive

B Adhesive [l Cohesive I Mixed

AW 4 N13NTEALVBIFURUUAINAIMET (mode of failure, Sogag)

158



MIANTINYRUUUNALDLTE

o

Uil 14 auil 4 sanaw - Sunau 2567

Al 4 wamsgUuuUALENWED (mode of failure) dsthTunuiiianisumnsinudansmagouramy
ulausadousndasnendondenanssmianeilelulasalaidmens 10 wh wuhiunuimaanguauauilsd
mswdsiuineunstenussinnudumaininnisialiog (adhesive failure) uazngudl 2 finsndouituiiage
nswunTefseynaozgiilousentes wuiinsdumaia 3 ¥ia uiwun1sBeuniuduiman (cohesive failure)
Hudnilug) drvdununguil 3-5 idnslinsadaufunismansinfiafunnsstununsdumainuusay (mixed
failure) WAz 3 euuudNMAY (cohesive failure) unfigamudiy uilinuaudumalvianisdaliie

(Adhesive failure)

6. d5Uuazaiusnena
nsfiunuwdassiusssznindtagnaiaaunsalalaenisiinanuvivszvesiuindieiiunisin

Aniana (mechanical retention) Wy MIsvunsesweynreailiioteanlyd wagnisliiinge Bn1siinariund

¥ '
a

PYNNNUARIEMTUN13TANIE BI8VNAINEZRIANURD WAaLIRUNSIUNURY (surface energy) L@suaseliin

Y
a a °o o A

N158RRANATY (Kiomarsi, Saburian et al. 2017) LLazé‘maiﬂﬁﬁmmmﬂmﬂa nsasransiamanailiiiodaasuly
\innuszLadl (chemical retention) lon nslaasdafin nslaluiau Jeong and Kim 2019, Lim NK 2020) laglnd
wosvesansdainaylvaingsesunnuuinidnvesiaqusniziiieaineanisdanig (micro-entanglement) uazsatae
WislFuiatauden (surface wetting) ¥ilAnn1sdnanlanay
msanwiilunmsinuiwaresmasseuituiagensidasiafnaiinmese fdusdnideusywing
Fansdurdatianuiunszuiumsiaesnsiinuluaniizdesiinuas Sandenueviaisduasulndnyinlaus

PNMIANYIMUITANUUANANTUBE T TEd A sEnININgunaaes Tnenguil 2 (sandblasting, NEuAIUANTIUIN

oA oA =

) nquyt 4 (E/S/Adh) wagngud 5 (E/UAdN) Trianidaussgaideuniasniinguaiuauiieay (ngud 1) egreditdudfny

q q

@i wansbiiudanisldnsaveanesniindunisly launavarsBnfinsiawenilesdaiavaudy (E/S/Adh)
wagmislinsanleanio3nimiunislianstnfavinginesuea (E/UAdN) \unandoniiuinfiiussansnimnniian
TnefiadfieuiAssiunguauauidainilinmsriunnesseymasyaiifonsanlys (sandblasting) AlvAnidause
faidougeiign FsmswunsoiduitinesgrunesdeutuegaunivanaiiieliiAnn1safaiiaian
MnEaMITAREmMUIINMEIsLuRdens dnsaeananfmfunsliansinfnelinuenosdaia
vousy (E/Adh nawit 3) Wenfdasdaidedlndifsstunduaauauideay (nguil 1) Aldlddniandoufiuituay

(p>0.05) wandliiiudnswieuniuiilaenslinsareaneinsuiunisldasafnviaueniesduiavaudyens

a d ¥ o

Liwisneivziiunsbafafials Sududesmluaunounsmansdafnviinueniuosdauiavousy dudungud 4

(E/S/Adh) Wetiulszdnsninnisinfn Inelsiaugisiuiuindaniulen (surface wetting) 1aelvasdnfin

P
= = 1

s lralNtUUNURITUUlA AT U sRsd R asUNN5 AR BaNIaed IR BT UNIINISNENSEARALN e 98 LREN

fatunguil 3 uregdlsfinuguuuuanudumaivesdurulunguriuaudau (nquil 1) Wusdanisdalied

v
® a aa = '

(adhesive failure) viaviun wansliiuiernuliuduswesiudafnliintuseningfansduriintinsniuas iag

q
[ ]

Houuruvinisdunoulndnvialvaud wilunguil 3 (E/Adh) wumuaumalsianas (mixed failure) tludulng

o

' a

Linunisusninafinnistinlaieg (adhesive failure) Sawandliiiuiinguil 3 In1sdadniifindy widngud 3 (E/adh)
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