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Abstract

Introduction : Tooth and restorative materials exposed to the complex oral environment. One of
these environment is acidic food and beverages consumptions. These could affect on tooth surface
and restorative materials in the oral cavity. After acidic food consumptions, in the case of
toothbrushing has been done consequently, tooth and restorative materials may be altered

progressively. Therefore, these may affected on the longevity of tooth and restorative materials.

Objectives : This ‘in vitro’ study was to investigate the effect of acidic conditions and brushing on

surface hardness, surface profile changes and scanning electron micrographs.

Materials and methods : Human enamel and 3 types of tooth-colored restorative materials were
used. These restorative materials included capsulated glass-ionomer cement (Fuji®BULK), resin
composite (FiltekTM 7350XT) and ceramic (Feldspathic : Vitablocs” Mark 1) were used here. For
glass-ionomer cement and resin composite, specimens were prepared and embedded in plastic
moulds. For enamel and ceramic, the specimens were embedded in self-cured acrylic resin. Before
experiment, all specimens were coated with nail varnish in order to provide the testing area of 5x5
mm” for surface microhardness measurement and 3x5 mm” for surface profile measurement (Ra
and Rz). Surface hardness and surface profile of each specimens were investigated prior to erosion-
abrasion cycle as a baseline data. The specimens were immersed in acidic solutions either vinegar
or artificial lemon juice for 1 hr. and follow with tooth brushing for 5 min. (150 strokes) with a
load of 150 g. Acidic immersion and following with brushing cycle 2" time was done , which
meant to complete Erosion-abrasion:A. Surface hardness and surface profile changes were then
measured. After Erosion-abrasion:A, the specimens were immersed and brushed again at the same

manner for 4 cycles. These meant to finish Erosion-abrasion:B. All specimens were investigated
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surface hardness, surface profile changes and scanning electron microscope . Surface hardness and

surface profile changes were analyzed by Friedman test and Wilcoxon signed ranks test (p<0.05).

Results : The mean hardness and surface profile of specimens in each group were measured before
experiment were greatly various. These different values depended on compositions of each
materials, chemical and physical properties by themselves. Surface hardness of enamel and glass-
ionomer cement immersed either vinegar and artificial lemon juice were significantly decreased
after Erosion-abrasion:A and progressively reduced after Erosion-abrasion:B when compared with
baseline data of each group. Surface hardness of resin composite and ceramic have been showed
moderate changes. Surface profile parameter (Ra and Rz) values of enamel and glass-ionomer
cement showed the same manner of surface hardness changes whereas resin composite was not
significantly changed in both solutions. Scanning electron micrographs showed obviously surface

alterations in all groups.

Conclusion : Enamel and 3 types of restorative materials immersed in acidic solutions and
following with brushing have shown that surface hardness and surface profile have been changed
greatly various depend on their chemical and physical properties. In order to investigate erosion

and abrasion effect, the experiment should have multiple measurements.
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(19) Aanaaalugili 2

Feldspathic
/7\ Leucite-based
Glass-matrix } Synthetic Lithium disilicate and derivatives
\ ceramics ) Flucrapatite-based
A
Alumina
Glass-infiltrated Alumina and magnesium
Alumina and zirconia
Alumina

Stabilized zirconia

Zirconia-toughened alumina

Dental ceramics and Golycrystalline
ceramic-like materials \__ ceramics

Alumina-toughened zirconia

Resin nanoceramic

e
[ Resin-matrix Glass-ceramic in a resin interpenetrating matrix

\  ceramics . . L. . .
p— Zirconia-silica ceramic in a resin interpenetrating matrix

310 2 naasmsuilsznveassiiia lumaiuanssy (19)

1. Glass-matrix ceramic : ﬂizﬂﬂﬂﬁlﬂl%‘ﬂﬁﬂ“ﬁﬁﬂﬁﬂmﬁ (glass phase)

a. Feldspathic @10819,%U IPS Empress Esthetic, IPS Empress CAD, IPS Classic, Ivoclar
Vivadent® ; Vitadur, Vita VMK 68, Vitablocs,Vident®
Ysznoudie AumtioyTeau (hydrated aluminosilicate) AI0AF (silica) tag wlaaih
fiRaduausssunA@Iunauves Tnunadounas Toaeues gl TuGaina)

] a . 2 o . [l
Twunaideumlagihezaedniunanad lam (Crystalline phase) FavunudTuna &4l



fsaudiinanuudus e siaquadailinesmauminzaudemstnlad Tany
T@ﬂi’ﬁ@iuﬂajuﬁlwuwz%x“1%'1uﬂ13ﬁ1’31ﬁﬂguu1ﬂiﬂamuazfﬂuﬂﬁauﬂmcﬁﬁﬁﬂ
Synthetic 1/5znouads 3 nqueos laun

Leucite-based 72081313 U IPS d.Sign, Ivoclar Vivadent® ; Vita VM7, VM9, VM13,
Vident® ; Noritake EX-3, Cerabien, Cerabien ZR, Noritake® udJumi manad lo Vfcl,’s"f
Wi Il ndnana iesnnkanan lssiiadudszans msvereduiiosnn
anudeuganTuundngnaid vaziamaduiiziusdaneluwnindnata ¥
usagati annsanldenfionesest1n1d (crack deflectioni g 1¥Tiauud s
undu Taefidanunuaenisea Tds ~80-140 wanzihania Honlfuiaqilad
Tangnionsouiuui luiumi

Lithium disilicate and derivatives #298191%1 IPS e.max CAD, IPS e.max Press, Ivoclar
Vivadent® ; Suprinity, Vita® ; Celtra Duo, Dentsply® Iagauilsznouvian 1aun nan

a A aa I =2 AA J Y <3 . R A1 v A @
amauy Vlﬂcﬁmﬂﬁ LﬂuWﬁﬂ‘l/]iJi‘]JiNﬂﬁﬁlﬁm (needle-like) HFIUMABUNITHNUHUDIULA

U

Tndifesduasiinivuesuasveuuningnata 1198 laidearu T sanae i

v
v

dy = A = a 9 Y A d' = a 9 ds@’ dal [
UDNIINUIINAUTNY L“]Jailu‘l/lﬁ‘lm\ﬁ’f]ﬂﬁ’ﬂ@ ﬂ’f]LiJ@iJﬂﬁlﬂﬂ‘i@EJ‘iT)"lluﬁl,uLu’E]’J’(?f@
Y Y = o a [ = a A an o 9y d'
UAIIBVYTNIIVSUNITIAUUUNUIIUFUNUANANUDIDINSY vl,ﬂ‘;]fﬁlﬂﬁ i]Z‘I/]ﬂ’HL“]JﬁEJHLL“]JaQ
a Y R~ o q ¥Ya 9 o Ao < 4 2 '
NANNVDITOYIN G]NllNﬁ‘l/]ﬂ’ﬂlﬂ@ﬂﬁ‘i’f]ﬂﬁ’)ﬁﬂﬁ\i AIUUAITULUUILTUNIUINUUNI

T A

g 9 A A 1 [ 9 a 9
ngudd laviseudaun Aelimanunuaemsan Ine ~350-450mnnziheaaia el
I 4 [ a a 4
Wudiies aseuluudluilunas azwiuiu 3 giialudunihdslunswiloes duiad

J [ I
pouad unanvessnwiioy Hudu
Fluoroapatite- based @108191% U IPS e.max Ceram, ZirPress, Ivoclar Vivadent®
o { 1 [

Uszneudrsnanvesrlgeslsaldanuarsnuannwanniiniu Tsaas Jains

2 . . YA @ a
N32990a (light scattering) 1naRBINUNUTITUIA
Glass-infiltrated 1/52001UA78 Alumina §398191% Y In-Ceram Alumina,Vita® ;
alumina and magnesium @208191% U In-ceram Spinell,Vita® ; alumina and zirconia
A79819%U In-Ceram Zirconia, Vita®
In-Ceram Alumina #aa1u1) 1989 Tagld3sadluaa (slip-casting technique ) Iaens

< a a S Y o g =< g o

unaezgiiitionosn ladudai lUm vimiuumsndudie taunmin na1d (lanthanum

A A A < s Y a v
glass) LWaﬂﬂgwguuaxqummumum ﬂﬂﬂﬂi%ﬂﬂﬂﬁﬂﬂtﬂwaﬂ ﬂi%ﬂﬂ'ﬂﬂ’w AlLO,

(82%), La,0; (12%), Si0,(4.5%), Ca0(0.8%) 11ag oxide 81 (0.7%)
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In-Ceram Spinell §nuuzii1luil 1994 naragnunsndudggnguvesnuniidoy
pzgiliug (MgALO,)
In-Ceram Zirconia 9nAA11ad91n In-Ceram Alumina Tagiiniye Iadigoon e ag
Tluesddsenovvesezgiiiionoon ladifofivanuuinssveuasiia
p9RYseney Usznaudie ALO, (62%), ZnO (20%), La,0,(12%), SiO,(4.5%),
Ca0(0.8%) t1a oxide '?iuc] (0.7%)

] Y
agiinlutienlasialungunara dudlamsauduiiesninanuernlumsyugll

(slip-casting technique) ttazIagiaNulzLazuaninite

v
= ]

Polycrystalline ceramics : UY3znoualosiian lulimanara Nauvealasaaiig
a o P Y A @ . . 4 <
Asada laundvuialndifeeny (fine-grain crystalline structure) 1IANUTILTI LA

129 o w

ANUMTHEINAIUMUMTUANTA (fracture toughness) ATV INATHTaA1 N Ia

) 4

(Translucency) taztiiosain lufidauveuranara i ldnguil inwenlumsly

4
1 =

a [ é Y 9 d%l 9J a a Y ] 9
nialalasnasinia Fedesldnaruudunaz 1dguugig wsiianguildauila
I 1 (] ]
i1 3 nqueee 1dun
Alumina #29819%Y Procera AllCeram, Noble Biocare®

9 a A s a £ 9 a3 @
Usznoudeozgliiouosn laqusqns (99.5%) Iiluiaaunu luszuu CAD/CAM
A o 3 a < 1
YBIVTHN Nobel Biocare AMULAIAIFI (17-20 GPa) HAZUTITIZI ANVTAKGUYD
wenad = 300 nnnziiania geigalunguasiialumeiuanssy i lddeaenis

AN A (bulk fracture)
Stabilized zirconia 398191%1 NobelProcera Zirconia, Nobel Biocare® ; Lava Plus, 3M
ESPE® ;In-Ceram YZ, Vita® ; IPS e.max ZirCAD, Ivoclar Vivadent®

. . k) @ 9 U aan A = A =
Pure zirconia Y5znouae 3 i1 laun TuTuadtin Mades 1170 eeruzaidod
uaz sz Inuea uag Aln N 2370 serusarmed n5lasuain waszInuea i
<3 aa = A = A . = d*
Wi Ty TuAalnaeiMIINUYBIANATIAR DY (shear strain) aZ/TNIATHINUU 4%
=< A A 2 T A 9 ° ' A 2 = A 9
¥ Psmesimuanniuszietlasosd1n i hlgmamuaiuvesnnumilenndruniu

o 1 I'4 ] Y] A

MILANYN (59021 NI UaeTuTy NWinuile (transformation toughening) Tay

dy Aa a 9 = d' a 9y 1A =
ﬂizmumiummﬂﬂuaa Hag AUN ADIUTDYTNYUNINYID Iﬂﬂfﬂiﬁl’c’f DNy

s A = = = 4 ] a J
UUDUIYIY HUAQLEYIY LS LYDLTSN m"l,ﬂcluwaimuﬂ f]f]ﬂll‘slfﬂ NITHUNTUAUDN LHDT
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3 @ ' oy . . .
Taioilu ey Tnseadreszaunania laun fully stabilized zirconia (FSZ), partially
stabilized (PSZ) 4t8¢ tetragonal zirconia polycrystals (TZP) Tag 1vof Tatialuma
o Z‘, I ~ o Y A 1a A A =\ =
NUANTIU VI\?W?J@LIIH TZP ﬂgﬂﬂ?iﬁlﬁﬂﬂiiﬂﬂiﬁmﬂﬁﬂﬂ (Y-TZP) 179 150158 %3 Y-

I A~ <3 A = = Ay o
TZPL'IJug‘l]LL‘]J‘]JVIZJﬂ'NJJLL‘UQLLiQﬁJWﬂVIQﬂL!ﬁ%Nﬂ?WNLﬁufJ’JVIﬂ']uVH‘L!ﬂTﬁLlﬂﬂWﬂiﬂﬂ

A
nga

=

o I 1 o a J
wo lafle1d luauiagnidlulasesslumeiuanssulse@bg (prosthetic framework
{ a a a 4 I o aa
materials) NlnllaaloissiinsiaounselfiduiaqysuzdszanTuTudan
. . ~ o I 2 a a s A Y
(monolithic restoration) taginsHa iy Inalasuian uaamay uazaan el
= A g’/ dy a A
LaﬂullﬂﬂﬁﬂﬂﬁWﬂWﬁWﬂm'ﬁ]QﬂQLu@ﬂungWﬂlﬂaﬂﬂﬁu
Zirconia-toughening alumina and alumina-toughened zirconia @19819%YU In-Ceram
I oA . :
Zirconia, Vita® 1 ustia Zirconia-toughening alumina
A ' = | Jd =~ a J .
ieeanlunguae TnllsazitluamsiBoad madlad iwase Inuoea (partially
stabilized tetragonal phase) a1 WaIu azgﬁm—mj alalile (zirconia-toughened
alumina [ZTA]) 1l LU¥D Tatde-oy [ TR (alumina- toughened zirconia[ AZT])
Usgneudlslaseadszangamanazul Ty

A a

Y H 4
ZTA Nozglilen >50% lagunin vz AZT Nie Ity >50% laguiniin
¥NAI1061915 U ZTAUTENOURIY  Z10,67.9%; ALO, 21.5%;Ce02 10.6%; MgO
. Y A @ dy A =4 @ A 1 A ~
0.06%;Ti0, 0.03% 19AVDITAAUINDINIVUNY Y-TZP A0 NUABMITIADNT 1N
a o [ A @ 1
gungiaI, UA1NUTWIge HazANUMileINAUMUMsUANHN WINNI1 Y-TZP

I [
Wuaeam

a

9 a J a A o 4 o @ A = 3
uaafl%manmcluﬂqniwaﬂiﬁma"lau GI,Uﬂ'liﬂ'lﬂi’f]UﬁUﬁaQ LHBIVTNUAITLLUILEIN

79 AuMuaeMILAntn ualdoidene sirldaseuduiany liTysele Jununzee

Y

M3l luiunas

. . . Y A JAd a A . N
Resin-matrix ceramics :ﬂizﬂf]‘]Jﬂ’JEJET’Ju"ll’éNLiJVIiﬂGIW]L‘]Ju’é)uVI’iEJ (orgamc matrix) N

a . . =] =1 I'4 ] ]
9¢ 11 oYNALEIINA (ceramic particles) (NauvedInameosogludiuilsznon
a A J A Y 14 a a [
pHUNTY NUTENOUAIY WOTHAYW NAE 1T INA LA NAE-L¥31NA) BUI5NN MY

psddlszneueiiunid Mty 3 nqudes’laun

Resin nanoceramic 91298194%Y Lava Ultimate,3M ESPE®
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a a 4 a Bo’ ]
UsznouAaIs FULNI AFIaz oY 1AL T 1ln 80% Taguviin Taslsgnouais
aa 9 ] 4 = a
AUNIATANT W TU (LT URIgUINEAIT 20 W TINAT), DYNIAWD Tattigyilaul T

1 o Aaa [ g 1 1
(Furguanan 4-11 1 Tuwas) uaziwe Iadle-Fan1 W TuaddnessI0aas09119
a 4
yoyNIANamos
b. Glass ceramic in a resin interpenetrating matrix #198191%U Enamic, Vita®
1 =Y 1 1 =) 30} -
Usgnaudaile 19un 2 wilalaun S1aumaaian (86% Tasiiniin/ 75% lae
=Y 1 4 %’ o =Y 4
33199 uazs1aun Inawes (14% laeuiiniin/ 25% laglsuias) eenilsznouved
Srunlaathdn 1aun 58-63% Si0,, 20-23% ALO,, 9-11% Na,0, 4-6% K,0, 0.5-2%
] 4
B,0,, less than 1% Zr,O and CaO 9 1 Inawessznouaie (urethane dimethacrylate
T Y
:UDMA) ttag (triethylene glycol dimethacrylate : TEGDMA) a mfwam‘%auaguﬁm
Tausawsiin
c. Zirconia-silica ceramic in a resin interpenetrating matrix
a Ia 4 a a ] Aaa
Usgnoumewningounsdnatesiia uazlitssdanatoguuy 1wy #aFan e In
=\ an a ad 3 A é
oy Fame gimu lawnselasan lasenau Inanea lammss lasian e &

[ a A I 1 ’o} Y]
arulsznevotunI ouUTVIUNINNI 60% Tasiniin

% \J T A A [y
1.2.2 msnﬂnﬁauﬂammaauﬁmmxmqysmxﬁu

mananmsnanseuvesR e U uLaz Taqysazluiaazatiaiing Infiuana1enu 1ieeain
J = A ' 1Y a 9 J 1 A

paf1lszneumanlvesasnegnmeluiaquazmananuszuetesnlssnounig Namse

nuaeminansou lanintesuanaienu wazludiuvesna lnvesiaqusuelundagwiiall

Y
daae lli

(Y] \ T A A
nalnmananiaudeiunaa Ny

[ 1 = a da! Y 9 ' d' =)
ﬂTﬁﬂ@ﬂiﬂuﬂ1ﬁlﬂh%ﬂﬁﬁulﬂ@ﬂluqﬂiﬂﬂ 2 ATZUIUNIT (ZO)UI,ﬂLLﬂ NITUVIUNITIN 1 AD
A QOJ I @ 9 ~ 1 ~ A
’c’f1ia$ﬁ1ﬂ1/llli]ﬂ‘ﬁlﬂuﬂi@lmﬂﬂ’)lm3114“181@5&%1!“1@@@1! HAZNIEUIUNIIN 2 @IUNKADIIN
@ a o . A a Y a 9
mil,l,ﬂﬂmmm”laimuﬁ]u"laaau%mmﬂuuau"laaau (anions) ﬂﬁWNWiﬂLﬂﬂIﬂi\‘iﬁiNl%ﬁ“ﬁ@u
= = d[ = \ = . o . % =
NMUANN VLAY INYILTYNINTITALAN (Chelatmg agent) ‘1/]1ﬂ1i*ﬂ‘]Jﬂ‘]JLLﬂaLGISEJlIUI,fJfJfJLl6U@\‘1ﬁu

NUATZUIUNTAAY¥Y (chelation)
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H 3 1 =) =) a
na'lad 1 laTasaulessu () 1dnnmsazarsvesnsaluin sulunsadain amsonas
leTasaulosou'ld 3 Tuana dqlalasaulossuamnsnazaronssiguuaiiulaomsiu

Y] o [
fuasusiua lossunianeava leoou dsaums (1)

Cay(_,Na, (POy)s—, (CO,), (OH),_, F, + 3H* —

(10—x)Ca?* + xNa* + (6—y)(HPO2") + z(HCO;") + H,O + uF~ (1)
naa1nmIilfnserlasassveslalasoulossu Taomssiunuaisvetuansenoaiva
d' Y a 1 dy a = o 1 [ 1 dy a o [] [
o liinansiaes loseuniniuriveswaniih ligmsnansounuiiTasass sndred1amsy

{ E ] 1
ninlalasaaninnazareldluihedeauysel awnsndaeslalasnulesounazaanlsa
1 ] o o w ' A J (= 1
loosusdrasrainaziiinisazarsnaziisanisig Tashaae lidloosululinane

ﬂiZU’Juﬂ”liﬁgaTﬂuil‘mﬂ

A I aan = o Yo 2 g U A A o
ﬂﬁ]’lﬂ‘ﬂ 2 Lﬂuﬂgﬂimﬂm%u mﬂmivlmmmuhlaaﬁ)uGlfﬂl,ﬂuﬁilumwa’a"umﬂmmﬂmnmnm

vo4lalasnulesou whlimsuendian (Co0) Suduuaadon Tooouluiu dagali 3

HC CH HC EH
C
} A ’ £e)
070 070
C . 0=C Cz . 0=C

a A a & a a ~ A '
51U 3 nanamsinafadulasdiasalosoufanunaidon losou Tuvazih COOH 2 nqu
) .
gquavlalasoulosounaziiluilszyay Fenegailszyuinvesnaidonlesou (a)
A ' a Ay ~
uazvazl COOH 3 ngugadslalasonlossunazgnunuiiarsunamey loosu (b)

(20)

A a A AaAan A o 9 1 a %} =\ v 1 g’z

nsagasniilfnserndudouniinialalasaasin luhvelimsuananduaiunauns
{y 1 H . .

laTasiaulooounazuoulooou (citate) uaz Tnanavosnsaf liaza1eiil (undissociated

. 2 d o o 1A o Y Ao U
acid molecules) FUYUAINIMUA NI TUDIEITAZ Y "laimhau"laaaumwumﬂman
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y 9 X a = ' A a
Gumv“luiﬂamiazmawummmwamwma%ammazueﬂ%mu mmmmu"leeemz
a aan a 9 o = o Y = = zil a = 1 =
Lﬂﬂﬂ;]ﬂit’ﬂlslf\i“]iﬂuﬂULLﬂﬁWEﬂJ‘ﬂﬂWLLﬂaL%‘EJ?JQﬂ@N’E]E]ﬂMﬂWiJW’maﬂL!i‘ﬁ'lﬂéllﬂﬂﬂu SHALLDU

1 a < 1 @ a aan a [
"laeaummﬂimmaxGmmﬁmmwumﬁumnmNﬂuiumﬁmﬂﬂgﬂﬁmwa%’auﬂmmm%u

[

2 9 ' o W A = = 9
61]1!@EJﬂTJTﬂj\TﬁTNGUENTﬂJLaf;laLlagﬂ’ﬂﬂ\l\?'lflell@ﬂﬁjllumﬂmﬂgﬂ\?f}ﬂllﬂalcﬁﬂumﬂn1

U

2 1 ' =

< Z [ 2 1 A d o a
ﬂ']'lllll"l]QllﬁQGU’ENﬂﬁﬂuuﬂ]u@ﬂﬂﬂﬂTﬂﬂV]iuﬂ1ﬁa$a1EJ (Kd) “BQﬂTT]LTJUﬂﬁgIfJ"]f'LlTLlﬂWﬁﬂ‘ﬁUTfJ

U

A A

< a o o a A = T < 7 o

ANVLAIIIVBINMIINANUTEADLAaTENAD pK, FuTlumasnisnundulandunniuveg
' A = A X ' 2 Y A & A 2 A
maanlunisazats (K,) $INSNLUUV0IAT pK, HU18DINTUNUTL NUUIUTININTY BT
@ A g = 2 a 34 a (Y
WUTL NN ANNAIIs0 TunshanaEsueanInAITuNEIn Tasvazinanisng
niouvoIluINITazaIenIAvzNAl§naen 2 od1esaunu Aemsaateved lalasioulesou
mldinansazatsveaussquazmanaiusziBgouvesaadounutou loooudaieni
Unsenaty

15190 1 1daen pK, UoInIaLaza15aAan (Chelating agent)(20)

Acid PK,, PK,, PK.;
Acetic 4.76
Lactic 3.86
Citric 3.13 4.76 6.40
Phosphoric 2.15 7.20 12.35

a Aa A o 9 a 9 =\ d' =) 1 [ d‘ d‘
nsagasnianususou s Inssairananil ie1niial pK, 3 A1 09015199 1 11199910
9 )
TaTasiulosouna 3 looouvseniaansanunay ldiomanuseiusnsa looouadaas

luaums)

HOOCCH,COH(COOH)CH,COOH <> HOOCCH,COH(COOH)CH,COO™  (2)
&3 "OOCCH,COH(COOH)CH,CO0 ™+ “00CCH,COH(COO0™)CH,CO0™

A a yyd ) A
Fiasa looouamnsona lane 3 junuudedu minlelasinuleosu 2 wie 3 lossuseniin
Twrana dedwsanalnseudesdounvuaaiFon 58031 tree-dimensional electrostatic
. . A YY) 2 A a a a1 A o
interaction 91NMINNGY COO TuNUUAATEN Tasiionsagasnliaiitowi (pH=2) lalasiau

v W

o Y ' A A 2 A ° Y A
1@@@”%3%1‘””11’] U Ullﬁﬁ'Ki]I@ﬂ@iQLlaglN@ﬂWWlﬂcﬁqqmu (pH:7) %Lﬁﬁﬁqﬂﬂﬂu%zﬂiﬁUWﬂ
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=2 = a =3 = -4 A A 1 dy
ﬂ\‘]LLﬂaLGﬁEJZJllfJf]EJUE)E)ﬂ%"IﬂW’JGII’ENNﬁﬂllﬁlﬂiﬂﬂclfﬂSWﬂ‘ﬂVI HAZNMNBFITHINUY (pH=2-7) 9%

Y
A YAIeNIa 039819

= ~ A= ~ A o A A
MNNITANHIVUDN Larson Lo Nyvad bluﬂ 1999 (2) 'V]ﬁﬂy'lﬂaEUENWL@%'V]!L@ﬂ@n\‘]ﬂuiulﬂﬁﬂ\‘]ﬂﬂ

~ = 4 % sld' 4 a 1 =i
ﬂszm‘n‘nllummaﬂ@ 8’E]E1Nﬁ3JLLa314!'1NalliJ'V]'JN"’IJNJi‘L!“]JS%!‘WﬁLWL!lHiﬂ 18 BUANDNITANUD

A AaA

a A 4' ] 1 d’ =} 9 1 'o 1 1A
AunaouNumoa1du 1 wud esesauninesilosni 5.5 HaZAIN AL NG
= Aa A A 2 ) = ¥ 1 @
ANVOIRNAARDUNUNVVUABDATLEZIAT 7 TU 1A IAga1TONLNTANALA 24 ¥ 1905
A A A = 4 %’ 9 =
Tuinsespun liliueanegeanauazindy 11az91AN1IANEIVOS von Fraunhofer 11a% Roger
{ =) 4 1 4 4 H 1 d’ =)
113l 2004 (21) AAAEIMITAzA18vRIRNAdRUN B IATeaauN liuliupanogedyila
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A : Microhardness tester
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Scanning Electron Microscope : SEM
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(Characterization of enamel and restorative materials)
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Surface roughness (um)
Materials Vicker’s hardness (kg/mmz) Ra Rz

Enamel 292.96(50.15) 0.2(0.08) 5.53(0.54)

296.45 0.19 4.43
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(Vitablocs” Mark II) 639.15 0.09 2.68
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(Surface changes after acidic condition and brushing)
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Solutions
Materials Vinegar Lemon juice
Before Erosion-abrasion:A Erosion-abrasion:B Before Erosion-abrasion:A | Erosion-abrasion:B

Enamel 257.5(16.91) 152.18(23.99) 131.53(30.59) 328.42(34.24) 157.83(26.47) 142.36(29.64)

258.9° 154.3° 136.82° 334 151.57° 140.8°
Glass-ionomer cement 64.88(7.91) 62.61(12.78) 33.26(7.76) 66.87(14.63) 41.92(9.18) | = -
(Fuji"BULK) 66.3" 65.93" 33.85" 65.07" 43.6°
Resin composite 73(3.81) 71.83(3.21) 69.78(3.33) 76.15(3.13) 75.79(2.85) 66.49(3.54)
(Filtek  Z350XT) 72.58° 71.55° 68.88" 75.43° 76 66.37°
Ceramic 605.68(48.38) 490.35(97.87) 465.57(116.55) 644.15(59.4) 378.36(153.06) 359.5(158.14)
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Ceramic Vinegar * *
(Vitablocs” Mark IT) Lemon juice * *
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Solutions
Vinegar Lemon juice
Materials % of difference after % of difference after % of difference after % of difference after
Erosion-abrasion:A Erosion-abrasion:B Erosion-abrasion:A Erosion-abrasion:B
Enamel 40.9 48.92 51.94 56.65
Glass-ionomer cement 3.5 48.74 3131 | e
(Fuji"BULK)
Resin composite 1.6 4.41 0.47 12.69
(Filtek  Z350XT)
Ceramic 19.04 23.13 41.26 44.19
(Vitablocs® Mark II)
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3197 7 UAAIAUNRY (DIVY) LazMNTEgIU (D18 1) ANNKHEIURIVOIHIATOUWULAY

v

Y
Erosion-abrasion:A 18¢ Erosion-abrasion:B Gluu”lﬁgfj uaey

agysngiu(Ra, Rz ; 1uInswas) tazandeuuunnsgiu nounaaoLaznag

Surface roughness parameter (um) : Ra

Materials Before Erosion-abrasion:A Erosion-abrasion:B
Enamel 0.25(0.14) 3.29(0.44) 6.18(0.88)
0.25" 333" 6.33°
Glass-ionomer cement 0.28(0.1) 0.95(0.4) 2.78(0.41)
(Fuji"BULK) 0.3" 0.9° 2.77°
Resin composite 0(0) 0.01(0.03) 0.03(0.06)
(Filtek ~ Z350XT) 0° 0° 0°
Ceramic 0.08(0.05) 0.38(0.39) 0.22(0.2)
(Vitablocs” Mark II) 0.1° 0.22° 0.15°
Surface roughness parameter (um) : Rz
Materials Before Erosion-abrasion:A Erosion-abrasion:B
Enamel 5.91(4.23) 19.76(4.17) 46.95(7.54)
433" 19.22° 45.17°
Glass-ionomer cement 7.31(2.16) 13.27(3.94) 25.94(4.52)
(Fuji’'BULK) 74 12.82° 25.65°
Resin composite 0.78(0.36) 0.83(0.67) 1.29(1.3)
(Filtek  Z350XT) 0.8° 0.65" 0.75"
Ceramic 3.64(1.97) 6.63(3.26) 5.23(1.87)
(Vitablocs” Mark II) 3.58" 6.1° 5.07°

WU AIDNHTENNIHIOINGBNA AU HRIeDTAMLANA19 89T

@

ARAMIAATILHANUUANANYIA Wilcoxon signed ranks test il p<0.05

vddynatAiionaaeualn
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M3199 8 LAAIAINAY (D) HAZANTEFIU (UDIA ) ANURIIUAIVOIR AR UT LAY

v

agysmeu (Ra, Rz ; 1W1Aswas) tazandeuuuinasgiu nounaaolaznad

Y
Erosion-abrasion:A /8% Erosion-abrasion:B 11113g 1118

Surface roughness parameter (um): Ra

Materials Before Erosion-abrasion:A Erosion-abrasion:B
Enamel 0.14(0.08) 6.12(0.51) 11.08(2.04)
0.13° 6.2" 11.17°
Glass-ionomer cement 0.22(0.1) 7.02(1.18) 11.33(1.9)
(Fuji"BULK) 0.22° 7.02° 11.83°
Resin composite 0.05(0.07) 0.03(0.04) 0.1(0.13)
(Filtek  Z350XT) 0.02° 0.02° 0.08’
Ceramic 0.07(0.05) 0.17(0.05) 0.19(0.05)
(Vitablocs” Mark IT) 0.08' 0.17° 0.2°
Surface roughness parameter (um) : Rz
Materials Before Erosion-abrasion:A Erosion-abrasion:B
Enamel 5.14(2.38) 37.76(3.86) 93.88(9.42)
4.52° 37.08° 91.83°
Glass-ionomer cement 5.46(2.46) 49.2(7.19) 131.79(10.91)
(Fuji"BULK) 5.58" 49.52° 133.5°
Resin composite 1.08(0.77) 0.91(0.66) 1.89(1.5)
(Filtek  Z350XT) 1.07° 0.8* 1.73°
Ceramic 2.49(1.21) 4.28(1.44) 4.54(1.12)
(Vitablocs” Mark IT) 1.78° 3.8° 435"

MBI AIDNHTINNTBIBINBNANNU HUeDANUIANA19DE19T1

@

aa a 7 ' a y
AOANITUATIEUANNUUANANYUA Wilcoxon signed ranks test ﬁp< 0.05

vy ataiionaaeudle
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p<0.05
Significantly
Materials Solutions
Erosion-abrasion: A Erosion-abrasion:B

Enamel Vinegar * # * H#
Lemon juice * H *H
Glass-ionomer cement Vinegar * H# * H#
(F“ji®BULK) Lemon juice * H# * #
Resin composite Vinegar --- --
(Filtek  Z350XT) Lemon juice - -
Ceramic Vinegar * # * 4
(Vitablocs® Mark II) Lemon juice * 4 * 4

WO IATOMANY * HIEEM Ra uanatuesniitedynieada

IA389MINY # HINEEIA Rz iananariued il iameaa

@

1A309MNE — Mo liuanannuedeliisd Ay neana
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pm = = Enamel =M= Glass-ionomer cement =M~ Resin composite =M= Ceramic
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Resolutions Before Vinegar Lemon juice
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Resolutions Before Vinegar Lemon juice
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Resolutions Before Vinegar Lemon juice
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Materials Before Erosion-abrasion:B

Enamel

Glass-ionomer

cement

Resin composite

Ceramic
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Wilcoxon Signed Ranks Test

Vinegar 2cycle - Vinegar_6c¢cycle - Vinegar_6c¢cycle -

Vinegar before Vinegar before Vinegar 2cycle
z 2.521° -2.521° -2.100°
Asymp. Sig. (2-tailed) 012 .012 .036

a 4 [ 3 a Qy (=Y { ] aoJ
mﬁmmmmiamiwmi’au“ammmmmmmawmmﬂqummﬁauﬁuﬁuﬂuumzumﬁfm

Wilcoxon Signed Ranks Test
Lemon_2cycle - Lemon_6cycle - Lemon_6cycle -
Lemon_before Lemon_before Lemon_2cycle
z 2.521° -2.521° -1.540"
Asymp. Sig. (2-tailed) .012 .012 123

a J 1 3 A 2 1 I I 1
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Wilcoxon Signed Ranks Test

Vinegar 2cycle - Vinegar_6cycle - Vinegar 6¢cycle -

Vinegar_before Vinegar_before Vinegar 2cycle

z -420° -2.521° -2.521°

Asymp. Sig. (2-tailed) 674 012 .012
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Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6c¢ycle -

Lemon 2cycle

Z

-.560"

-2.521°

-2.521°

Asymp. Sig. (2-tailed)

575

.012

.012
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar_6cycle -

Vinegar_before

Vinegar 6cycle -

Vinegar 2cycle

Z

-2.521°

-2.521°

-1.120°

Asymp. Sig. (2-tailed)

.012

.012
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Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

Z

-2.380"

-2.521°

.000°

Asymp. Sig. (2-tailed)

.017

.012
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar 6cycle -

Vinegar before

Vinegar 6cycle -

Vinegar 2cycle

Z

-2.521°

2.521°

2.524"

Asymp. Sig. (2-tailed)

.012

.012

.012
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Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

Z

-2.521°

-2.521°

2.521°

Asymp. Sig. (2-tailed)

.012

.012
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar 6cycle -

Vinegar before

Vinegar 6cycle -

Vinegar 2cycle

Z

-2.533

2.521°

-2.521°

Asymp. Sig. (2-tailed)

.011

.012

.012

a d Y 1 Aa 2 1 4= S
AT NUFTAINITAUATIEHUDYAAIAITNNYTUND (Ra) 511f)aGmmﬂaquﬂam"laiaiuguawmuw

9. % a
u Tz e

Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

V4

-2.521°

-2.521°

2.524"

Asymp. Sig. (2-tailed)

.012

.012

.012




MANUIN (AD)

&1

a J 1 a 2 1 a a { 1
ﬂﬁNLLﬁ’ﬂ\iﬂﬁ’)tﬂﬁwﬁélsljﬂuuaﬂWﬂ’NiJWt’ﬂ‘UW’J (Ra) mawmmﬂgmwuﬂﬂuTwamﬁwﬂu

hdumoy

Friedman Test

N 8
Chi-Square 5.600
df 2
Asymp. Sig. .061
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Friedman Test

N 8
Chi-Square 783
df 2
Asymp. Sig. .676
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar 6cycle -

Vinegar before

Vinegar 6cycle -

Vinegar 2cycle

Z

-2.366"

-2.388"

-1.859¢

Asymp. Sig. (2-tailed)

.018

.017

.063




MANUIN (AD)

82

a J 1 a 2 1 a ! 1 ¥
ﬂﬁNLLﬁ’ﬂ\iﬂﬁ’)tﬂﬁwﬁélsljﬂuuaﬂWﬂ’NiJWt’ﬂ‘UW’J (Ra) mawmmﬂqmmﬁmﬁwﬂumwun

=
ey

Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

Z

-2.530"

-2.536"

-1.473

Asymp. Sig. (2-tailed)

011

.011

141

a 4 J a 2 1A { 1
@ﬂﬁNLLﬁ'@Nﬂ'li’)mi'lgﬁ%ﬂgﬁﬂ?ﬂ’ﬂﬂﬁﬂ?ﬂﬂﬂ (R2) mawumuﬂgummﬁauﬂuﬁuﬂu

3 v
ERGEO R

Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar _6cycle -

Vinegar before

Vinegar_6cycle -

Vinegar 2cycle

Z

-2.521°

2.521°

2.521°

Asymp. Sig. (2-tailed)

.012

.012

.012
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Wilcoxon Signed Ranks Test

Lemon 2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_ 2cycle

Z

-2.521°

-2.521°

2.521°

Asymp. Sig. (2-tailed)

.012

.012

.012
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar 6cycle -

Vinegar before

Vinegar 6cycle -

Vinegar 2cycle

Z

-2.521°

-2.521°

-2.521°

Asymp. Sig. (2-tailed)

.012

.012

.012
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Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

Z

-2.521°

-2.521°

2.521°

Asymp. Sig. (2-tailed)

.012

.012
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Friedman Test

N 8
Chi-Square 1.067
df 2
Asymp. Sig. .587
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Friedman Test

N 8
Chi-Square 1.750
df 2
Asymp. Sig. 417
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Wilcoxon Signed Ranks Test

Vinegar 2cycle -

Vinegar before

Vinegar_6c¢cycle -

Vinegar before

Vinegar 6c¢cycle -

Vinegar 2cycle

Z

-2.521°

-1.680"

C

-1.521

Asymp. Sig. (2-tailed)

.012

.093
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Wilcoxon Signed Ranks Test

Lemon_2cycle -

Lemon_before

Lemon_6cycle -

Lemon_before

Lemon_6cycle -

Lemon_2cycle

Z

-2.521°

-2.521°

-1.263°

Asymp. Sig. (2-tailed)

.012

.012
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