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Abstract

The purpose of this study was to examine the effect of amounts of resin components on fracture
toughness of experimental glass ionomer cement for filling. A conventional and a resin-modified
glass ionomer cements for filling were tested. The resin components adjust Bis-GMA and TEGDMA
by the molar ratio 1:1 as a base resin, Camphorquinone and DMAEMA were added each 0.1wt% and
0.2wt% of the resin component as a polymerization initiator.

The resin component was added to the liquid of conventional glass ionomer cement each 0, 10, 20,
40wt%, and also mixed at liquid of resin modified glass ionomer cement each 0, 20, 40, 60, 80wt%.
Each glass ionomer was mixed at three different ratios: (1) the manufacturer’s recommended ratio
(MRR); (2) 0.6g of the powder was subtracted from the recommended amount of powder for 1.0g
liquid at the manufacturer's recommended ratio (MRR-); (3) 0.6g of the powder was added to the
recommended amount of powder for 1.0g liquid at the manufacturer's recommended ratio (MRR+).
The fracture toughness of the glass ionomer cements at 24 hours after the start of mixing were
determined.

For the conventional glass ionomer cement, the fracture toughness of 20wt% of MRR were greater
than those of 0Owt% (p<0.05). There was an optimum range of additional resin to the liquid of the
conventional glass ionomer cements to increase the fracture toughness. Except for 80wt% of MRR+,
the greater resin components indicate the greater fracture toughness of the resin modified grass
ionomer cement. The set structure of resin-modified glass ionomer cement was altered by the

incorporated amounts of resin components.

Key words: Glass polyalkenoate cement, Bis-GMA, TEGDMA, Powder-liquid ratio, Fracture

toughness
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A Z R/ NRICT 272012, URHMERIF—iJ 6 mm, K% 12 mm O1E = MANREE %
HAWTV vy FARED NTP EZHWD Z & & LT, RN ORIEIZES L TRl
R OKMAHEMIC K& 2P BE2 RIETE VbR T0d Y. Z O KM EHNES
KOHORREDOWMREGIT LD b DONEHWT 52 LITIEFICHETHD & 31
TW5. E->T, A CIEREBHERIERICHAE L7-RED N ) ORER, REFREE
U 3 d =3 KB 600 2 T — & R IAFES 217 W aUBHR 1Rl O B AR5 &
AIRBNCHERR Lz, 6o T, THHDOEEIZLY VI AT A4/ ~v—& X FOffitk
BRI k3 D U 2 R S E [ 2 SR D D Z E N TE LB X TS, 4 [E NTP
EAZ R0 PE U7 MR Xk B e A o b O LY R RO BT 0.5

MPa-m'?F25, [FEEIS, L UIRIIE A v RO LY USRI OFENT 0.6~1.1
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MPa-m"? OHEIFH Th-7=. BIRS Y IINTPEEZHWTABEHN S FAT A4 ) ~—%
AV N ORI 2 JE L7z & 25, (ERAE A2 R TiL 02 MPa-m' 2, LY
VIERINELE A 2 R C0.6~0.7 MParm'? OFER D, &FE5 Y OME IR 2 v
KT 0.2 MPa-m'? 2, LYV iRMNAIE A > b T 0.7~2.3 MPa-m'"? OfE R 135 51
TWa. FEHEGENOENTH D & DODONTNOGE & IEEL L I IR 25
LI TEY, SFEONTPIEC LD AE LICBEREEII RS THDH LB X TN D.

3. RELC VRS DBEMMNTSATAF/ I—E A2 FOWIERHHEICRIZTEE

PR TR, FRERIR LI T D L i OUINEDS 20 wt% D551 0 wt% & ke
1 L CAHEICR X 7RSI MEAE 2 7R L7 (p<0.05) . BEFHHE A > b ORI iE X1,
AV MEHEEF O T BN N v 7 ADHRE, arv v b v 7 ADOFEERS
CHBEZT DI ENMBATND T AEFRE L 3 FEHOMIRIICBE LT, Kk
ST 10, 20, 40 Wt%D LY U DIMEAT T2l TH D), EFEOE X b
BRI 6 D LY o iliay OB IERMIE L T 3.2, 6.5, 13.0 %, FRAERIRIL T 2.7,
54, 109 %, KT 23, 4.7, 93 %& 5. RKIRHIZH T 5 10 wi%dD LT
5y DB TR T O L L VO D 2EEN 3.2 % THY, oL H
BEHBLTY N v 7 ZE@ERLENZ ERHERISND. BHEAMHE L RS~ N v 7
A BEOHEINTAEEBEIHEZ KRELSTHZEDRTHRINS. S BV VUG ORI
RO BIESIMEARE <22 Z e pHEISND. 16> T, RMIRILIZKIT S 10 wi%
DU G DEINL 0 wt% & iR L THI 1.6 fEDEZ /R LTIz & B A biviz. 10 wt%
LLED VYU By ORGS0 wt¥% & Flg U CREGH AR B 2213580 DL s R3S
Hivlz. ZAUE, AEER L7c b2 Ui DN RERIE & A T % Bis-GMA Td ¥, Methyl
methacrylate (MMA)X> HEMA 72 E OfIR & 0+ & B D EAEROBI AR E <, Bk
FIPEEZ R LIZK W2 ENEZBND. 1o T, MERMEIT L Y RIMEOHMIZ
tEOFXI 72~ Y v 7 ZABOIK TR HHH DD, IR L2 LY U psy HIROR S|
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Eom bEEBHEETDIE R, WEPHENRES B LRroTctEZIBND.
EREICBI L CTHRER R 2 L REBEZ HILDD, 40 wt% D L ¥ L i DI L 0 ¥
PERVEE 2Rk~ h) v 7 ZBOKT & LY HIROMR S I X0 MEMERREER BN
HRERE72D, 0 wi% & bk U CREEEIEMISM 23 DfEZ R Lz EZExbND. —

05, BEHERYR L TUE 20 wt% D L VR OWRIIZ LD 0 wt% & il L THEIC KR X 72
EERIMEE 27~ L (p<0.05) , K72 b NCEMmRL & B D82 R L Cunz. (R
MRIIZB N ThE AL MEEFR O~ R v 7 2EEBIMS NIV VUG O 5
DLEGHEG L TWD EBX bNDD, WiEREmMFEO Lo,

PEFRTLE A 2 N ORERIHEREZ ORBIOBE R~ 70T 74 FIck D=
WETH, KHEETGOBETIE, VY VRSORMENEMT 1240~ M) v
AHUT LV UG BERIR & 2 WL ERIRIZ /i L 7o Bl S ivio. AFgE oA L
TV UATITBR R R T LD, KT ANBI b8 A v MY v ARNIZ
WIRT 5 Z & BIRICAER SNz B2 b, ZORBRISHE LI LY ik
MEA R~ Y w7 AFIZT 4T —L L TCOMKREZ /R LT, MEESIEEIC 2L K
EL LRSS, (AL, LYVE{EEEA L b~ Y v 7 ARFEE LTV HHE

BRSNS, TIAT A ) ~—% A2 MIEHEED 2 D et B¢
372K, 74 7=~ MU v I AN RN OBAEAMEHEEN SR 2 8
KU, BINLUT72 V2 By DS PEAE Z & OFRRE A Z KX T O )E OFE IR
T&Rhol. ARIfEA L7 Bis-GMA & TEGDMA &/ ~— D4, BEEEEIZE
B RIATT BBEIRE R NET 2 2 L ARE E T,

LRI A v N TR IEEIZB N T, LYV OBESIEOEINC LY 0
wt% & i U T RIS R & 2R B EIMEE 27~ L 72(p<0.05) . L ¥ U AL CIE 4 IRk
E L7z 3 FREOKKIICE LT, ks i 20, 40, 60, 80 wt%®D L ¥ L pisy DR
MZEATST20ITTH LN, FEEOE A Y MEUEAFIZED D LY U OEEE, K

Byt T 5.9, 11.8, 17.6, 23.5 %, FEAERNHLL TS, 10, 15, 20 %, miklt T 4.4,
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8.7, 13, 174 %L 75, LY UIRINETCIE~ M v 7 ANIZER SN DR Y ~—HiE
DAFEIZ LD, EkBE A 2 b &G U CHERHEEZ R L TWD 2 ERHEINS.
WoT, LI UEIEE X 2 ORI IR A P LD b REL Lo T
5. 2O MY w7 ANITERE N DR Y v —REEDOFIEITNZ, S 5RO VYUK
ST DOEIMT L0, BAKMEZ 5 NZHUKEZDbTE A h~ ) v 7 AND LY Rk
GYONNC £ BHEPIMER A BEICRELL Rol b ZEAbLD.
LY IRV A 2 S OREEIEEIE % OREI OB F#~ A 7 v T F T4 P
TWREF, HFEEFGOBETIIL Y U OTWIED 40 wi% E TIIESIN S
NIV Vg ntE A b~ MY w7 ZARNITERIZSE L, VO CBRIMENENT 5
IZPEWERIRD LY BT LTz, DF 0, ' A MEBIKOEEITZEN
U, EOZDBEEPEED M RICORB ol EX BND.
Uiboz Xy, SEER LZRIEL Y vy , TREESIVEEIL L Y TN
(B AT DHEPHDSFEL, WA A R E LUV A > hTIERAEL Y
¥ RRTIRINE DFRMEE A MEALIROREE R R D Z LR O o T,
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V. # &

TR T TZATAF ) ~—C AN KRBT TATA T 7 ~—8 A 1 FEH,

VORI G AT AF ) ~—k A bR OBRKbE 2T, SO

I A NTITFRIEL Y U R B A Y FIRED 10-40 wt%, LY ishifile 2o

b

TEMEL Y U2 A MRED 20-80 wt% sl L, AREEEIMEEIZ DUV CTRET 21T

Sl 2 A, UTORENME ST,

1.

PERAE A 2 MZBWT, BHESMMEOR I, VY UsIIE S 2 50 fipH 23
FET D 2 EDRB S L.

VYUV A 2 MR WT, LY U ERINE O BN AL RS M B 3 1 0
T HMmER L.

VO VRGNS iz A 2 MEIRDORE G, R A R E LU UIR
IR A FNTIEER DL ZEDRW LN LR o7, &I, VOVriiflE A v

N TN R DE M K 0 bR OG22 L.
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B

WA DITHIY, HARY) 2 DS LR ZIHY £ LePE  wadRIcEE,
LEMOBERLUET. E£7o, fx OMEBUR LEKM A £ UoBRRIRFRIE 75k
VEQRIFHEIE 508 Fril EBdR, BERRORAFIRIE Rl e R iR 0 B KA %
272 b NP RERERE R B e O e/ N R 0 B D SRBRICE LA Lk
FET.

Fo, HEOZATICHIZ ) BEEZBUR LS 2 THE £ L Ay SRR S
IR RIS FBBICEHOBEER L ET.
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Tables
Table 1 Glass ionomer cements for filling used in this study
Table2 Composition of resin components incorporated into the glass ionomer cements for filling
Table 3 Summary of analysis of variance for the amount of incorporated resin components
(conventional)
Table 4 Summary of analysis of variance for the amount of incorporated resin components

(resin-modified)

Figures

Fig 1 Fracture toughness values (Kic) of conventional glass ionomer cement mixed with the
experimental resin components.
Same upper-case letters indicate significant statistical differences (p<0.05) among the
different amounts of resin components incorporated at each powder/liquid ratio.
Same lower-case letters indicate significant statistical differences (p<0.05) among the
different powder/liquid ratios at each amount of resin components incorporated.

Fig 2 Fracture toughness values (Kic) of resin-modified glass ionomer cement mixed with the
experimental resin components.
Same upper-case letters indicate significant statistical differences (p<0.05) among the
different amounts of resin components incorporated at each powder/liquid ratio.
Same lower-case letters indicate significant statistical differences (p<0.05) among the
different powder/liquid ratios at each amount of resin components incorporated.

Fig 3 Electron probe micro analyzer images of the fracture surfaces of conventional glass ionomer

cement for filling mixed with Owt% of the experimental resin to the liquid.



Fig 4 Electron probe micro analyzer images of the fracture surfaces of conventional glass ionomer
cement for filling mixed with 20wt% of the experimental resin to the liquid.
Fig 5 Electron probe micro analyzer images of the fracture surfaces of conventional glass ionomer
cement for filling mixed with 40wt% of the experimental resin to the liquid.
Fig 6 Electron probe micro analyzer images of the fracture surfaces of resin-modified glass
ionomer cement for filling mixed with Owt% of the experimental resin to the liquid.
Fig 7 Electron probe micro analyzer images of the fracture surfaces of resin-modified glass
ionomer cement for filling mixed with 40wt% of the experimental resin to the liquid.
Fig 8 Electron probe micro analyzer images of the fracture surfaces of resin-modified glass
ionomer cement for filling mixed with 60wt% of the experimental resin to the liquid.
Fig 9 Electron probe micro analyzer images of the fracture surfaces of resin-modified glass
ionomer cement for filling mixed with 80wt% of the experimental resin to the liquid.
Fig 10 Scanning electron microscopic images of the fracture surfaces of conventional glass ionomer
cement mixed at powder/liquid ratio of 2.1/1.0.
Arrows indicate the bulk of cured resin components incorporated.
Fig 11 Scanning electron microscopic images of the fracture surfaces of resin-modified glass
ionomer cement mixed at powder/liquid ratio of 3.0/1.0.

Arrows indicate the bulk of cured resin components incorporated.
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Fig.1 Fracture toughness values (Kic) of conventional glass ionomer cement
mixed with the experimental resin components.
Same upper-case letters indicate significant statistical differences (p<0.05) among the
different amounts of resin components incorporated at each powder/liquid ratio.

Same lower-case letters indicate significant statistical differences (p<0.05) among the
different powder/liquid ratios at each amount of resin components incorporated.
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Fig.2 Fracture toughness values (Kic) of resin-modified glass ionomer

cement mixed with the experimental resin components.

Same upper-case letters indicate significant statistical differences (p<0.05) among
the different amounts of resin components incorporated at each powder/liquid ratio.
Same lower-case letters indicate significant statistical differences (p<0.05) among
the different powder/liquid ratios at each amount of resin components incorporated.
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Fig.3 Electron probe micro analyzer images of the fracture surfaces
of conventional glass ionomer cement for filling mixed with
Owt% of the experimental resin to the liquid.
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Fig.4 Electron probe micro analyzer images of the fracture
surfaces of conventional glass ionomer cement for filling
mixed with 20wt% of the experimental resin to the liquid.
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Fig.5 Electron probe micro analyzer images of the fracture surfaces
of conventional glass ionomer cement for filling mixed with
40wt% of the experimental resin to the liquid.
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Fig.6 Electron probe micro analyzer images of the fracture surfaces
of resin-modified glass ionomer cement for filling mixed with
Owt% of the experimental resin to the liquid.
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Fig.7 Electron probe micro analyzer images of the fracture surfaces
of resin-modified glass ionomer cement for filling mixed with
40wt% of the experimental resin to the liquid.
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Fig.8 Electron probe micro analyzer images of the fracture surfaces
of resin-modified glass ionomer cement for filling mixed with
60wt% of the experimental resin to the liquid.
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Fig.9 Electron probe micro analyzer images of the fracture surfaces
of resin-modified glass ionomer cement for filling mixed with
80wt% of the experimental resin to the liquid.



Fig.10 Scanning electron microscopic images of the fracture
surfaces of conventional glass ionomer cement mixed at

powder/liquid ratio of 2.1/1.0 .
Arrows indicate the bulk of cured resin components incorporated.



Fig.11 Scanning electron microscopic images of the fracture
surfaces of resin-modified glass ionomer cement mixed at

powder/liquid ratio of 3.0/1.0.
Arrows indicate the bulk of cured resin components incorporated.



