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1. 9782

1) A
B Aol A7 71 @A 713L oladA Brvz
Bis-hydroxymethacryloxy-propyloxy-phenylpropane<}
Bis-GMAE, &84 Z Triethylene glycol dimethacrylateZ

AHESFA R, & Urethane Al BxmE H7FstAh. 374
A} A7 E Arretd HFAQ BEawE 53R g
ZFA 1d& 2114-0}9113}

2) F71%31A 9 silane A2

24 o-oj e 4F IIRN) hybrid 2N WA}

A BERY FAANE AL BYstd 34T muhadr,
Coupling agent?! 7-methacryl-oxypropyltrimethoxy
silane(»*MPS)& 2447} 2-o]lAZ2® Q7 Tggdd ek
A7ksta 4X 7 B E6T. 224471 0l E3tag)
coupling agent’} E1lE EFAE a1 4417 B wnks)
Ak, EFNE oHeo silicaZ AASL 80T WFLE
2 AFBAM 2407 AR

3) SrFeAl FA4] A=

H Fo] Azsto] AlFE SiOz2(Junsei Chem. Co. Litd.,
99%, Tokyo, Japan) 40wt%$} SrFz(Aldrichi Chem. Co.
nc., 99.9%, Wisconsin, U.S.A.) 60wt%E A8t SrFe
A ZRAE Az EFEALEL 1,000 oA Akst
R o & HA|5] Hdle #7] &5 NHF.HFE 3718
o 1,300~1,350TCNA 271 fA] & FWAIA #1218 Az
St AxE felE EFvG SN 2T & AtES
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3l B2 (<400mesh)3} 31t}

4) N8 E4E B397e Az

SrizAl FHA geke] F BRI st 27 8w,
16wt%, 24wt%7t H =5 319 fYd 371& AAG &
A 71383 A EFES AL EF3 T, 60TCelsY
259 FF2ENA 7|2 E AASI AEE BaUE B3
Aoz Algstgoen 2z 2% Heliomolar(Vivadent,
Lichtenstein), Veridonfil (Vericom, Korea), Z100(3M,
U.S.A)), Aelitefil(Bisco, U.S.A.) 5& AM&3At}H(Table
1).

2. i

AETQ VFS, VF16, VF24¢9 tl=F<l HE, VE, ZH,
AEd) tidle] 31 FAAE, RRAE, vlRE, BE54se &
= L AE=AS AFsIA L, ATl VFS, VF16, VF24
o} 27 5 HEd tal) E2WEFE AFei.

1) F&zol

2% 9o Elojgd WEL 1 1 Yol AF dmm, T
o] 10mm¢! 33 28 ¥1 AF2Y e Bgye
N} SQEA BT FASEN G2t BFA T Seld
g ¥E3} fBS dolof 1 FEIAG. B2A
(Curing Light XL 3000, 3M Co., St. Paul., MN.,
USA)E ol&do] 1029} 30237t 21zt #zAke3 F3d)
N ARES AT AsE] ge RS Zekad uE F
oYz AsH REe ol whol Az v E (Mitutoyo,
Japan) 2 &34t}

2) 3% Y%= (3-point bending strength) &7
2ol 25mm, % 2.5mm, 4 2.0mm2] F3dl| 7t AlFA|
BE 7IZ7} A7IA A 284 FAE F, AshEE 47 RS

3l &
RS
2 ro] 7 B 1024 ¥ 8023 BFFeln 600 A

T2 dujgt & 37T, 100% gl 2@t 24413t
% 7} B9 & Digimatic caliper 83t 27 9 FAE 3
IR EAsln 1 PFFS AT 4 A5 10719 Al
AL w5A1E7)(Instron 6022, Instron Co., Unna, UK.)
oA 0.75mm/min® cross head speed®, 34 4&HHL
7¥sted BAd w7ix| o] HstEsS & F ol 4L o] &3t
o 3" F¥ 7= (3-point bending strength, FS)& F3t4th
(Fig. 2). oldle] T A& ol Al 20mmel ATt

- P: Fd 35(N)
FS(MPa) = Ty 1 : F AAAAL|9 Al (mm), 20mm
b : E(mm), h: FA(mm)

3) ¥¥7 % (surface hardness) &%

=7 3mm, 37 6mme LF F3 7127t A71A A
2AYAL 24 T S 1024 2027 F5HeA 2 Al
& 2 10709 AEE AFgct. uAZB =71 (DMH2,
Matsuzawa Seiki Co., Tokyo, Japan)Z& °]-&3td 100g¢]
33& 527 78t BlA X A E(Vickers Hardness
Number, V.H.N.)E 735t

Fig. 1. Schematic drawing of 3-point bending test.

Hybrid

Srb2.8i02 8wt%
Test VF16 - - Hybrid 80 SrF2.8i02 16wt%
VF24 - - Hybrid 80 SrF2.S5i02 24wt%
HE Heliomolar Vivadent Microfilled 76 YbFs 5vol%
VE Veridonfil Vericom Hybrid 80 -
Control .
ZH 7100 3M Hybrid 85 -
AE Aclitefil Bisco Hybrid 80 -
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4) P}R= (two-body abrasion) =%

PIREAE S BAAEADAAN A3 ARG o] gaigT},
7t AR 2 10709 Algel dsted £AE 0177 SH8m
PFRAIR7] (K236, FAWEH, Tokyo, Japan)E o] &3t 250
g9l 3% 3tllA] 4009 AL 98 10m G FPA|Z] 2 oA
FAE 3t olw o) A golth AZE A Ao w3t
Ao NE A FA g Y 3o 2 AR ninga
Bt

5. 28 X (water sorption) ¥ 23E (solubility) S

F7 0.5mm, A% 15mme] F¥o| BFYHL s
A 478 77t 1024 £ 8047 BEHsY 7 A=
2 570e] AlEE HEQIT A1H-S F8 A AAST 130T
A BAIZE 2% Silica gel & 2HE AZA}] Yo} 37°ColA 24
At BABIIT o F 23T AR $7)a 147 Has)
AT A FAE EFHHm). olwl mie Alzke] 7t
A2 F3 o8 W F3ee] BARL] 0.2meoldlE LA}
A o] TA=Z skde}.

A9 AFE 37T FFHFol 797 BF T cellulose tis-
sueZ ER| £E& AAS D FAS 231 (m2), (1)9 &
S2RE 7Y ¥ EFFES A2t o] Aee Axa
oA 24Xt AZAZ F FAE E2F5tw, w) 244 tujct HE
5 3438l B W7l 0.2mge 293X gLy HE A
£ F HAm)Z 3, (2)9 Hezry S5 2aq

o

(1) Water Sorption ( #gz e
mm S
(2) Solubility (£5) = -9
mm S

S A (mm?)

m1: The conditioned mass of the specimen before

immersion in water

» The mass of the specimen after immersion in
water

» The reconditioned mass of the specimen

AI@Z3 HES tiste) 24 Alg @ 47l A8 A =stea
AlE9 371 A gl 10mm, 47} 2mmelit}. BE A|H
T 9T 102 datk 44, F 8023t BxAK A2y
600% AEZS o] 83l BWE w27 & T 42272 A
F3ja] AHgSH T

50ml E2EA &71ol 23 TFH< bmle B2 2t AR T
e MBS AAAAAM 37CAN U713 Baete Bau
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S F=% ¥ 5mlY 23 SHTE AFstn, 89 ARe
A 23 FH bmlZt BAA Qe Zelddd &7)0) A4
A 37CAA A7z BT ol Al HE Z2HGE BA
Hag 23 &710 TINA Baled FEA7 255
% 10ml7} A 3tk BawEo] ¥ AL Buffer
(TISAB 1, Orion Research, U.S.A.) 1ml< A718lm BA
Basigioh 9o Wioz 1Y, 49, 189, 254, 329 48
d, 62¢A o BEAHEE F23 a9 B2 F(ppm) S
S T wo/em’o 2 BRI

BawEd 532 A4=3%47](Orion 970 pH meter,
U.S.A)E &3t HAEHt. 232 Fluoride F&4H
(Orion Research, U.S.A.)¢ 0.1ppm, 10ppm, 50ppm,
100ppm o= 8911, Zzte] FFENL BEoWEAFoM 9
PFE7EA 2 10mlS 1mle) Bufferd ¥7tate] A1gstgic,

7. MZESM Al

A& 10mm, T4 2mme] AR & AZ sl AL Al
FAujR o] A ZA17]7] A9l ethylene oxide 7FAZ B3
. FNELLE 97%, 1-Methyl.3 -nitro-1-nitrosoguani-
dine 0.4¢gE A AHRAE, SAURTLS FALE
AN AR E AHESIG o o]F HA
LB A Zsle] o] &35t}

L-92941 29 F/A(3x10°/m)E HE F 90mm9
petri-disholl A EZFE-HFY 10ml& A7} & 2443 w319
o} wjFdE AAS, 45~50C2] Eagle' s agar medium
10ml& 2+7+¢] petri-disholl H71etdth. A-&dA 3083 &
218t} 1143l © Eagle s agar medium® 9899 neu-
tral red vital stain €% 10ml& HA3] F7lsle] AR &
Afo] HALE g F 3087 et FAAL A AL
7Fed g el AlH S 3o WA ES gle 37T, 5%
CO2 F%=9 wjg7] <ol Al 2417k wh kst

Petri-dish® #=] 9o ¥31 St 2tz @44 2o 3
71 BFste] @X5E gD, A44218M4 (Olympus
C2, Tokyo, Japan)< ol-&-3ta] @AE 29 ol A A L7} A}
e vle-g st AHEAFE T3 8 A5 (Zone
index) 9 AP8A4 (Lysis index)oll W& ¥H3-A4*(Response
index)l &3t} AEZA S B 718 FdtHResponse
index = Zone index/Lysis index). B42|$, Abdz|4 2
g 5] 71EH ol £ MEEY T 7]FL Table 29}

2t

=N -1
ST T =&

HEwHol Au 5

8. ANz

Aldwd tlzT 2t
2 $3x, 121 3
A HESFE SANHS 129 BARA vl Kruskal-

Wallis one way ANOVA test(Chi-Square Approximation)

S
!
o
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Table 2

No detectable zone around or under sample

Zone limited to area under sample
Zone index Zone not greater than 0.5cm in extension from sample

Zone not greater than lem in extension from sample

Zone greater than lcm in extension from sample, but not involving entire plate

Zone involving entire plate

No observable lysis
Up to 20% of zone lysed
20~40% of zone lysed
40~60% of zone lysed
60~80% of zone lysed
Over 80% lysed within zone
None 0/0
Response Index . Mild 1/1~1/5, 2/1
Moderate 2/2~2/5, 3/1~3/5, 4/1~4/3
Severe 4/4, 4/5, 5/1~5/5

Lysis index

BWw D= OO R WD O

o

& AHgsle] 95%¢9] A= PN felate HAsiged, & g Jehiglen], E4wE B34% AEQ HE Histe] -+

183k (Prob)o] 0.0571%Q1 Ao f2l27t vk Bdat T FYBEE JEMNAUTHpC0.05) (Table 4, 7, Fig. 2). 3

A}, A B EAA AFT 7 oAb IATHpC0.05) (Table
7).

. ol 7as

1. SEol
FAReE WxTd ZHVL 7P £33, VF16, VF249] &
74 &=

Ao Fzole dEEEy Y. AdELe 1029 3 UAEE VES #4181 er, VRS ARS fARRE ERAE
ZAMA] dmm o], 3029 FZAM] 5mm ©]4te] FEolE 2 Yehigla, A8 F 25 HEY vg) $58 FUA=E 4
VERIATE. tlZ2at2 1029] 324 4mm o8}, 30z # R TH(p<0.05) (Table 4, 7, Fig. 2). A1&T 3914 VF8o]
ZAHA] Smm ©l8te] FHFz ol & YERUTHTable 3). VF16, VF249)] Hla] FRA=7L B %tH(p<0.05) (Table 4,

7).

ZH7Y 7 B9 A8 70~80MPad T3
71&2) Bag Aol VE 2 AES A3 3374 =

_&l‘_,

Table 3. Polymerization depth(mm) of materials tested

VF16 4.6 6.2

VE24 4.3 5.8

HE 2.8 3.5

VE 3.6 4.8

ZH 3.7 5.0 Fig. 2. Mean 3-Point bending strength(MPa) and
AE 3.2 4.0 hardness(V.H.N) of materials tested.
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4.0t T

VF16, VF247} @& nfR =8 Yehyon HEZ} 718 =2
R =& VERARITHTable 4, Fig. 3). A& Fo|A VRS
VF16. VF24¢ #9348 HAHp<0.05) (Table 7). A&+
< dxT T HE, ZHA vlgf 22 »nxg dehggn
(p€0.05)(Table 4, 7).

operties of materials tested

CHgtobx|absts| ] 28(1) 2001

b 285TE % Sdit

o}

AldTe] EFTEE 2T%F HE, VE, AES §ARBIH
), ZHETRs 2K (p(0.05)(Table 4, 7). Al@T3HA
2|3k ¢ (p<0.05) (Table 7).

gAY A$ AATLS GRT F HES §9371 992
W VE, ZH, AEEYE & £ =8 vdeguydg
(p€0.05)(Table 4, 7, Fig. 4). AF2TNA Fo3E At
(p<0.05) (Table 7).

. _VF16

3-point

bending 79.3+6.9 70.0£6.3 78.5+3.9 45.6+3.1 87.5+0.3 103.8+8.5 859439
strength(MPa)

Hardness

(VHN) h55+1.7 66.0=2.9 65.2+4.2 228304 66.1+2.7 103.6+1.7 57.6+1.7
Abrasion

(%) 3.93+0.38 2.83+0.09 2.76+0.07 575+£0.23  2.99%£0.24 4.2+0.14 3.91+0.1
Water ,

Sorption  5.90+0.38 3.95+0.11 3.74+0.06 5.08+0.2 3.91+0.18 7.15+0.16 4.96+0.08
(#g/mm?)

Solubility

(ttg/mm?) 1.9840.04 1.29+0.02 1.75+0.1 1.29+0.02 1.21+£0.23  1.31+0.01  1.33%+0.17

19. 3. Mean abrasion{%) of materials tested.

Solubitity
|8 Water Sorption

[l
VF8

Fig. 4. Mean water sorption and solubility of materials
tested,

Table 5. Total cumulative amounts of flucride(uy/cm’) released during various time periods. Mean values

day 1 day 4 day18 = day25  day32  da o4
67 137 242 311 353 393 413
VF16 118 222 394 501 584 659 698
VF24 187 324 570 704 823 955 1037
HE 11 17 26 32 36 42 45
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Table 6. Various indices of the materials by agar overlay test

VF8 1 1 1/1
VF16 2 1 2/1
VF24 2 1 2/1
HE 1 2 1/2
VE 0 1 0/1
ZH 1 1 1/1
AE 0 1 0/1

Fig. 5. Total cumulative amount of fluoride(ppm) released
as a function of time. Mean values.

Table 7. Statistical evaluation of materials tested

1=x
2=o0
VF16 3=0
4=x
5=x
1=x 1=x
2=o0 2=x
VF24 3=o0 3=x
4=x 4=x
5=x 5=x
1=o0 1=0 1=o0
2=0 2=o0 2=0
HE 3=o0 3=o0 3=o0
4=x 4=x 4=x
5=x H=x 5=x
1=x 1=x 1=x 1=0
2=0 2=x 2=x 2=0
VE 3=x 3=x 3=x 3=o0
4=x 4=x 4=x 4=x
5=g¢ 5=x 5=0 5=0
1=0 1=0 1=0 1=0 1=x
2=0 2=0 2=0 2=0 2=0
ZH 3=o0 3=o0 3=0 3=0 3=x
4=x 4=0 4=¢ 4=x 4=0
5=0 5=0 5=0 5=o0 5=0
1=x 1=0 1=x 1=o0 1=x 1=x
2=x 2=0 2=0 2=0 2=0 2=0
AE 3=x 3=0 3=x 3=0 3=x 3=x
4=x 4=x 4=x 4=x 4=x 4=9
5=0 5=0 5=o0 5=0 5=0 5=0

1=Variable Difference of 3-point Bending Strength Test

2=Varialbe Difference of Hardness Test

3=Variable Difference of Abrasion Test

4=Variable Difference of Water Sorption Test

5=Variable Difference of Solubility Test

All tested materials have a variable difference in the Fluoride-Release Test.
If there is the variable difference, the mark is O

If there is not the variable difference, the mark is X

60



VF8, VF16, VF249} HE| thatd 629 Bt Bawaa
REASEL EAE WS

& 238 A%, A 5 s
o, 3§ 24N F BAWETE
A7 2A BAENEY

a3t
< VF249lA 74 wgteH, ot

= VF16, VF8, HEY] &A1t =< HEC ®l8) VF24
© AF 2407 BdelE oF 1TH) Be B4E W&y
o, 2 F A AYI|ESE o 228 olA] 234 B BA
}23t3th. VF162 HE vl3) B 154
Z331oH, VF8L HE w8 37 9n) 2
sttt

Al EaESe 349 SiFe Al 2349 o nj=
= o2 Jepton (Table 5, Fig. 5), 2t Fol|A
A BRJTHp<0.05) (Table 7).

ok

16
mo H A
W T
o B

< 548

T o
25 fe

7. MZ=SH

AREH e 25 ok P=g AESYE
oh(Table 6). £2%% 232
FAURT £ WeALE bl ot Bagze 9
@ A2 wuEn 249F 2gud Sd4E AT
VF8e] 7§ e wheA4E it}

YehiA
AR HEGA o2 &

4

8. EAIN &7}t

A ARFEIN 521283 (Prob)e] 0.055th Fo} fel7)
7} & VBT 2 23ke] S92 Table 79 2},

1A

2 al
V. =2 9 &

ofZzte] B4 ulg $ul9 Aujd #4le] 7} v o)
= B8R ] ARA R F R e v Fo] AAH Zvlsta 9
o asiy B3] 2EeEo g s (2 $24] Ao
o] F& 59l $o) sl 1 T 5]o] M Fejo] FZo]
AR 5 Jo9 . A3} FEA Aole) FFe FEI AT
271 H1, old MA¥Zo 98 Ado] A g stE]o] b
gt olA A Fol BEgEH S Aeisle 3 9902 9y
A Qom“s BMArE Bold Bivl 28 A$ 0|24
Zol #agrhe AMdo] HnE bl 9o® xAd Bivl F
FEE 71AL il g 8o mto] AL o|H o
Mg E2FE7} ol 4 9lo] Bhito] Aol 75 o] =,

FA%F Aol AHA E4F =0 8 900~6000ppmel
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Abstract

PROPERTIES OF LIGHT-CURED COMPOSITE RESINS CONTAINING SrF. GLASS FILLER

Hee-Jung Kim. D.D.S., Kyung-Nam Kim*, D.D.S., Ph.D.,
Byung-Jai Choi. D.D.S., Ph.D., Jong-Gap Lee, D.D.S.,Ph.D.

Department of Pediatric Dentistry, Department of Dental Materials®, College of Dentistry, Yonsei University

The aim of this study was to investigate the fluoride release and some mechanical properties including 3-point
bending strength, amount of abrasion, surface hardness, water sorption/solubility and cytotoxicity of the newly
developed.composite resins containing 8, 16, 24 wt% SrF2 glass filler (VF8, VF16, VF24) and four commercially
available composite resins, Heliomolar(HE), Verdonfil(VE), Z100(ZH) and Aelitefil(AE). To investigate cytotoxic
effect, agar overlay assay was done. Amount of fluoride released into distilled water was measured over a 62-
days period from VF8, VF16, VF24 and HE.

Results were as follows:

1. Experimental composite resins showed similar mechanical properties to commercial composite resins, but 3-

point bending strength and surface hardness of experimental composite resins were inferior to ZH.

2. Over a 62-day period, the amount of fluoride released was ordered: VF24)VF16)VF8)HE. In experimental
composite resins, the amount of fluoride released was 9-23 times greater than HE and seemed to be propor-
tional to the content of SrF2 glass filler.

3. Experimental composite resins and all control composite resins showed mild cytotoxicity.

This study showed significantly greater fluoride release from newly developed composite resins than
control(HE) and addition of SrF2 glass filler did not decrease mechanical properties or increase cytotoxicity of
composite resin. The results from this study imply that newly developed composite resin have adequate mechan-
ical properites, mild cytotoxicity and some potential for secondary caries prevention.

Key words : SrFz glass filler, Composite resin, Mechanical property, Fluoride release, Cytotoxicity.
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