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BHAl ISEHE AU E (Portland cement) & L3110
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HMZEE hPC & Algtale L o120

el Zei(Silanized glass filler)E &850
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7 A A

799

A7 1

A 7F A2 (Self-adhesive) @R AHES X3} WAL Ha ZAHAEZA,
A GdEAE EeetE dF 71 (resin matrix), 2

EW= AW E (hydrated Portland cement, hPC)S ¥ 3sl= Hel(filler)S X33, X3 o

A1 Fel SlelA,
371 AR dEAE,

v 2w = SHUASYE tuletad g o] E (bisphenol-A glycerolate dimethacrylate, Bis-GMA), H]Z=H&E A
EAYOlE tWElad Y o]E (bisphenol-A ethoxylated dimethacrylate, Bis-EMA), $-#% tjWela g o)
E (urethane dimethacrylate, UDMA), 3dlo]==Aod we}a @ # o|E (Hydroxyethyl Methacrylate, HEMA), E
goldalZa]F dolaHwo]E (triethyleneglycol dimethacrylate, TEGDMA), ™€ wEITZHO|E (methyl
methacrylate, MMA), EZZ=23d Z2|F rJolaHo]E (tripropylene glycol diacrylate, TPGDA), Ez|H]
gexz2y Egvelad#dolE (trimethylolpropane trimethacrylate, TMPTMA), Zgdgd Zg]F tjo}=d™
d°]E (polyethylene glycol diacrylate, PEGDA), T]#Elold]2=g]E HEelolaHYo]E (dipentaerythritol
pentaacrylate, DPHA), o}olhrd ofF ™ o]E (isobornyl acrylate, I0BA), AldWEd tjolmgHeo|E
(hexamethylene diacrylate, HDODA) % Zzlol~8|Z(polyester) & FHolx el WA= xdsl=, X3
ngE JA 24E.

7% 3
A1 el /1ol

471 A 71Ee

)

T MAAE | x2dete, AH wAgg J2&A 2=

AT 4

A 3 ol oA

A7 T MAAE

ZFE 29 3= (camphorquinone, CQ), -#d-1,2-ZZ3t](1-phenyl-1,2-propanedione, PPD), T]E|HQQ=%F3)
AVZF 0 2 F ~ 7 o] E(diphenyliodonium hexafluorophosphate, DPIHP), p-&d2A-#jdid Loty JAE
T 9 2 oFE] | o] E (p-octyloxy-phenylphenyl iodonium hexafluoroantimonate, OPPI) 2 wWlxU¥SAlol=

(benzoyl peroxide, BPO) & Z o]k &hfel, X3} wAHR HA AL,

A3 5

=g FAAE 9 x3steE, A wAHE 73 2A4E
A7 6
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27 T A=,

hin
d

o-(gHgoln)old  wElTgHY o] E(2-(dimethylamino)ethyl methacrylate, DMAEMA), ol€&-4-(tHEo}n]
) HlZof| o] E (ethyl-4-(dimethylamino) benzoate, EDMAB) 9 N,N-T] v & o} ] .l = Akol & (N, N-
dimethylaminobenzoic acid ethyl, DMBE) & Aok shuel, X3 wAHE Ha ZAE.

A+ 7

Al 1 el loiA,

7] 9R 718,

A7) A3 wAg AR 2= AA Al thate] 60 WA 80 wt %= e, A3 wAFR HFA A=

Al 1 #ell 9lolA,

A7) e
A&ste 2 Zoi(Silanized glass filler)E E£3Het:=, X3 w4 A2 A&

7% 9

Al 1 el 9lolA,

’$7] hPCe] YA},

1.5 WA 5 pmo] A7|Q0, A% wAHE F2 245,
A7 10

Al 1 el oA,

247 hPCe] Ca2,

’¢7] hPC Akl A A=Fe] diste] 80 WA 90 wt %= X33t

ﬁ,
B
=
ox
oo
X
Y
BN
oX
i

AT 11

A7) A wgE JF 24EY AEE,
35 WA 45 pmQl, X3 wALE G2 ZAE
A7 14

Al 1 8ol QlofA,

A7) A wgg A2 2=
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¥ 7] AWME TFES 300 HA 500 4] (mesh) S o] &3te] 13 ZEH3IE= A, L

12 dEgd A7) AME EFES oojAAH(air jet sieve)E o]gste] 221 FEHstE WAS EstE,
A3 WA HE 2AE] I Az .

A3 22

7134 3000 WA 4000 rpmell A 3 WA 7 B3F £38ls GAS E3sl=, X3

& AF 2AEY dA A=l diste] 5 WA 25 wt %R EFFels, A wAHE HHA 2 E

A7 A wAgg A 2] A Al distel 60 WA 80 wt %= EFeh=, A wAHE HH 24 e

)

H2adEA SFYAEYoE Yrela e o]E (bisphenol-A glycerolate dimethacrylate, Bis-GMA), H|2=HE A
AEAYOlE tivela | o]E (bisphenol-A ethoxylated dimethacrylate, Bis—EMA), $-@lgt tjdel=a =« o]

E (urethane dimethacrylate, UDMA), 3le]=SAlold WefZdHo]E (Hydroxyethyl Methacrylate, HEMA), E
doddZelF tolad#o]E (triethyleneglycol dimethacrylate, TEGDMA), HE wEIZHHS|E (methyl
methacrylate, MMA), Eg]Z23d ZE|&F t]o}aAdYo]E (tripropylene glycol diacrylate, TPGDA), E&]d]
dexz2g EgvEladYo]E (trimethylolpropane trimethacrylate, TMPTMA), Zglod#l =& t]olad
P olE (polyethylene glycol diacrylate, PEGDA), ©ielelg]~gE HEeleladHolE (dipentaerythritol
pentaacrylate, DPHA), o}elird ofFHHoO|E (isobornyl acrylate, IOBA), AWzl toladolE
(hexamethylene diacrylate, HDODA) R Egol=H Z(polyester) 5 Holk atvte] TFAE EFste=, A%
WAL J&A 2= O Ax By,

AT+ 27
A 15 &l oA,

71 A 71EE,
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T AMAA F F3 WA F Aok s o Eele, AW wAgE Ha s o Alx Uy,
A3 28

A 27 ol g A,
7 T MAAE,

2 7= (camphorquinone, CQ), -#d-1,2-Z23t](1-phenyl-1,2-propanedione, PPD), THIR L =F3
279 2 ¥ A~ o]E(diphenyliodonium hexafluorophosphate, DPIHP), p-Sd€Al-dldsd Qotf A}
ZRPE] R Y| o] E(p-octyloxy-phenylphenyl iodonium hexafluoroantimonate, OPPI) % wWIZATFAFO]
(benzoyl peroxide, BPO) & Aol shfolar,

> oy
fo e R

2-(tHgolr| - )od  HEla e o] E(2-(dimethylamino)ethyl methacrylate, DMAEMA), ol€-4-(tju|do}n]
) ¥l Zof| o] E (ethyl-4-(dimethylamino) benzoate, EDMAB) El N,N-t] w| & o} 1] =] = 4kol & (N, N-

dimethylaminobenzoic acid ethyl, DMBE) & % shyel, X3} wAHE HZ ZAAE ik Az Wy,

] A

e sotd WA zEAE AUES TR A wgE HF 2R L ol fiFh Ax Wy B

Aol

I

AotuAL g WA RE Ao} o5 Fate] AR o S fESE AL Fo EHoR I, 5

3], Ao} 2 Hal(bracket) 7+e] ¥ Aol YA wAA R W FoEH, oo, WFAI HaAe] A
EX X

A, AoluAHsoNE Fo¢E FTEAE H WA (composite resin) X0} nAE A|HEES

g (direct bonding system, DBS)o] & o]&¥x glow DBSE o} A&, Hx,

&, ARREAA A Az, JEdd AF3A 48, dx, Bl "ol EdA H8 o

4 E3sct, dolrk, X7 S AWE Y|&E9 WHe oste], "W HzA 48 4
_]

A B oolel wE HAY A o] TATE AAHAT.
X

a8y, o)¥e X3} wAHLE AWES WHdx Egsta, 4 # AP ave A, €3

(demineralization)oll <3+ WA Wk (yhite spot) ¥ -2 &, Beal F¥e] Z&2(plaque) F4 o <93t

& A HA S gk dAE oJHE] dolgow, o], & W X =
[

[¢]
SR 5 oo Ame w4 A g Ao oa el avEw g Agelt.

wrge] wjgol He vl & wHel WiEk olslE Buh &olstAl sk ffa AdEAT. Tl wido] H=
71ol 71| At Ee] dd7esR ST JIAss ASR olsE o= o drt.

gige] g
S dst = HA

W, A& wsh 2 Fde WS A AF A B BAS FRGAA B By WYAES Faky

_7_
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WAl y 2= AW E (hydrated Portland cement, hPC)S 33}t HU} FAF oz B dbgo] uhgzis
hPC7F A3 4 e 284 A9, vy g3 9 HFd vA A= &S QU 5 9l
3| 2] o]

=]

& FEagev, oo, ¥ wyel WMASES WOl A mAL A7k B A 3

A = YA FAsad s

A%, B owgl weAEe 54 wo) W0k 54 249 w4 At AR A T8R4, 1% 2
oo AAH SHe fAF A%, WAL A7E AH AQ o Ca ole PES FIAA, A% wAE vA 2
Wl G 2 93 APYL TP ¢ Arke AL wAHRAY

—

A 1f-adhesive) #Z AAEZA #HZF GFAS L3}
EWE AW E (hydrated Portland cement, hPC)S ¥ 3sl= =&

| XE
H(filler)E ¥§3l=, X3 4L A2 2AHES AT Zlolt.

ER, B owgel sAstuA st tE Bt A% A WS BF 2YF L ol TFH| At hCE
A2 5 e Az PHE Agse ot

Aes viol 22 JAE ddsty] 8, & 2, d3 d=ZAE 23stE @7 718 (resin matrix), 2 &
W E (hydrated Portland cement, hPC)E ¥l Huj(filler)E E3Het:=, A7t A2
=

(Self-adhesive) #Z AHMES] X7 WAL HEFF 2AHES AF3r).

Hodge] Exo uwEd, g7 gEkAs, slamiss ZYAEYE dueladdo]E  (bisphenol-A
glycerolate dimethacrylate, Bis-GMA), H]Z2#HE A JEAHOE tiH el o]E (bisphenol-A ethoxylated
dimethacrylate, Bis-EMA), $-dl&t tjwe}3 2@ o]E (urethane dimethacrylate, UDMA), 3dlol==A]oe w e}
ALY o]E  (Hydroxyethyl Methacrylate, HEMA), Egog@éZeE uvoladdo]E (triethyleneglycol
dimethacrylate, TEGDMA), WlE® we}= & # o]E (methyl methacrylate, MMA), EgiZ2dd ZFZ tlola
o]E (tripropylene glycol diacrylate, TPGDA), EgdEZ a2t EgHETHHo]E (trimethylolpropane
trimethacrylate, TMPIMA), Z&oldd 22 F tjo}aHdo]E (polyethylene glycol diacrylate, PEGDA), Tl
el g] 28] S  Helola g o]E  (dipentaerythritol pentaacrylate, DPHA), o}olaARYd ol olE
(isobornyl acrylate, I0BA), @Atv|edl t]jofg & o]E (hexamethylene diacrylate, HDODA) % Zg]o|AHZE
(polyester) & Aol& dhte] GFAE 2T = o, o] AgE= 3 ofyr}.

2 el v 54 m2d, #z VEe, T3 MAAE 9 238 5 Jdom, T3 AMAAE, TE
(camphorquinone, CQ), -¥d-1,2-Z &3] (1-phenyl-1,2-propanedione, PPD), TIHER 0 =FIALZ
¥ 29 o] E(diphenyliodonium hexafluorophosphate, DPIHP), p-=€3A-dddd Qe=w IANZFo=R
FUlo]E (p-octyloxy-phenylphenyl iodonium hexafluoroantimonate, OPPI) % wWlZF ¥ <L-Alo]=(benzoy
peroxide, BP0) & Aojx sy 4 o}, oo AgtE = AL oy,

2 gl & o EAd wE2d, g3 VEde, FF SXAE o 23 F Jdon, FF A=, 5F F
AA =, 2-(gHdolu]m)o 8 WElg A o] E(2-(dimethylamino)ethyl methacrylate, DMAEMA), ol €-4-(t]w|
golu| - )Wl Z o] o] E (ethyl-4-(dimethylamino)  benzoate, EDMAB) 2  N,N-T]w&o}m] =l 2 Ao € (N, N-
dimethylaminobenzoic acid ethyl, DMBE) & XXk sttd 4= o}, oo Ags = AL ofyr},

B owve] e 54 e, dd 714, ¥ wde A7 24 A4 @] diste] ok 60 A 80

wt %= 23S 4 glot, o] AgEE F2 oy

2 Uge] ¥ tE EAd w2d, dye, Adstd 2 28 (Silanized glass filler)E X388 & 3oL,
ol AgtE = AL ofUt}.

Eoubgo] = o8 EAo up=2W | hPCe YA, 1.5 WAl 5 pmel A7 = o), oo AdEE AL o}
[Rh=}

2 o] & o2 EAo 2w, hPCe Ca, hPC YAFe] Al A=l tiste] 80 WA 90 wt %= EF3 4
o, old AdtE= AL ofyr).
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2 w2 hPCE, X7 WAL JAz 2AdE9 A Ao tiste oF 5 WA 25 wt b=
2shsl = glot, ol AgtEE A2 ol

B oaye] E gE B4 2y, A7 wyg§ 42 2A4EY IAUEE, 35 WA 45 und F o

2 ool ¥ o2 B4 maw, X7 wgds 432 25, 30¢ 5<, pl 5.5 oS AT & ATt
gk vpel 22w oE dAE ety fs, B oe, W ¥5W= AWlE(Portland cement) % S
TE o] g3le], F3le WA FEYHE AlWlEhydrated Portland cement, hPC)E A|Z3+= @A, A 2% hPC Z
Aetslhd f2 def(Silanized glass filler)E &3tste] ¥ &3S Axshe oA, 2 8 &3t= 9 ¥
A SHAE xgstE w3 7EE e A Y wAHE JAF 2A4ES Axste dAE x¥ete, A wA
4 A& 2AE U3 Alx IHS Ay

2 o] B wE, hPCE AlFshe dAls, B Y EWC AHE 9 ZHRFE E3std AWE 3=
S Azste @A, Azxd AHME EFES A3 7E 9, A3t AWE E3ES Edsts ©A, 2 24
H AME E¥FES dHHSE SAE 23 F o, oo AdEHE A2 ofyrth

=
whmgo]l I o E EXo] waw WA ¥yEA AWE 2 Z{F5E 0.2 WA 0.4 (water/powder) H]EY

X
Ao}, old AFEE AL ot}
B odgo] £ U2 EXo wEY, AsA7)E dAE, 36 WX 38 T AUEE 90 UA] 100 %91 Aejel A 2
W= 4dFor =3 4= gloy, o] AgEE A ol
Eoutyo] e EFo wEw, Eete dAE, A3E AWE EFES 300 WA 400 rpmel A 20 A 40
w1 EAse wAE 28T S dod, ofd AwEE AL oyt
HE ko] w thE EAd wEW, dEgste dAE, 248 AHME E£2FES 300 WA 500 #13] (mesh)E o]
3l 12 dEHsE 9, 2 12 I AHME EIES o oJAAE(air jet sieve)S o83l 23 H
Hygsls dAE 2 = 9o}, ol A= A2 oyt
Hodtgol g2 E4d wlzd | hPCel A=, 1.5 A 5 pmel A7Y ¢ oy, old AFEHE AL o}
Yrt}.
B Uy E gE B wE2d, A wgs Ji3 2A4ES Axse dAE, g9y £3E 9 g3 1EE
3000 WA 4000 rpmell Al 3 =] 7 B2 EdtelE dAS L3 S 9o}, ol AFEE AL olr),

o] 2 5o waw, hPCe, X wgdg Hz A5 Ax Ak diste] oF 5 WA 25 wt %=

23e 5 glon}, old A@EE AL ohr.
o

w e E uE S0 way, 4 1de, A3 wAgs HF =] AA ARl tiske] °F 60 A 80

HEodde] g2 EAo a2y, #Hx ggAE, b adss FYASYoE tueaddyolE (bisphenol-A
glycerolate dimethacrylate, Bis-GMA), B]=#HE A o|EA]do]E tide}ad# o]E (bisphenol-A ethoxylated
dimethacrylate, Bis-EMA), $-#& tdelZ =& o]E (urethane dimethacrylate, UDMA), 3slo]|=EAxjo|e w e}k
IY#o]E  (Hydroxyethyl Methacrylate, HEMA), EgoEdZZE voladwo]E (triethyleneglycol
dimethacrylate, TEGDMA), HE wWElTH# o]E (methyl methacrylate, MMA), EZZ2dd Z2Z toladd
©o]E (tripropylene glycol diacrylate, TPGDA), EzvWEex =z EWEeEladdo]E (trimethylolpropane
trimethacrylate, TMPIMA), Z@od€# Z2]& tolaHu o]E (polyethylene glycol diacrylate, PEGDA), Y
el g~ E  dAelolado]E  (dipentaerythritol pentaacrylate, DPHA), ofoliaryd ol olE
(isobornyl acrylate, I0BA), @Atv|eldl t]jofg e o]E (hexamethylene diacrylate, HDODA) % Zg]o|AHZE
(polyester) & A% shfe] GFAE 23st = glor}, o] AgsE 2 ofr}.

g = g 54 mEd, U3 71de, % AAA 2 2 A4 T Aok shiE ¥ x2dd ¢

sloit, old] Al#EE AL o).
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Hodtdo]l g2 EAo wzd, 3 AAAE, ZEEZF=(camphorquinone, CQ), -ld-1,2-Z230]&(1-
phenyl-1, 2-propanedione, PPD), OHd 8 =EFIAZFQ & X A~ o] E (diphenyliodonium
hexafluorophosphate,  DPIHP), p-gE3A-ddyd QQTtFH AL ZE 9 ZOLE| Y| o] E (p-octyloxy-
phenylphenyl iodonium hexafluoroantimonate, OPPI) % WlZU & Alo]=(benzoyl peroxide, BPO) % ZHol:
sholal, T FXAE, 2-(Yuldolr)od wEla o] E(2-(dimethylamino)ethyl methacrylate,
DMAEMA), ol€&-4-(tjv|E&olu]iz) Ml Z ol o] E (ethyl-4-(dimethylamino) benzoate, EDMAB) 2 N, N-T]w€lo}m]=ul
ZAF ' (N,N-dimethylaminobenzoic acid ethyl, DMBE) ¥ % 3ud 4 o}, old AgEE= AL ofY
=

oleh, ANelE Fake] B W wrh e Awath ohe, o]E AAdE B Mg oAdow Aua
g Aol Bolelmw B owwe] Wl o5 AX A s ol M oh g,

Wy £

B odge ald i FENE AWME(PO)E TR, X wA FH F Xote] 7|AH EA g
S HAA o, 9% A AFAAE 7 e, Yoprl, B W hpCE XN, 2 7
gt D g AEAE ATT F glorn, ol AV A&HE B g ol WEAA 7|AT 5 .
volrb, ¥ e deet vkl o], hPC R Qlste], A7k we Fo] ZLf o]2o] WEE F glon,
ol wel, 4t F3} T, ZH ol WEY L EtdoA e AFsiHe] dgd F glon, Ax 2 U4y X7
& A7 A G ARE] Qo] e o 23 AL AT 5 .

© dHel] mE gik= ool dAlE Wl o AFEA Fow, ue v asol & WA el

& ba WA 5de 2 wHel o Ao uhE A3 wAHgs g
% 6a WA 6de 2o A AAled] w
E o 7a B 7be ¥ el A AAldel wE A wAgs HFA 2AdEe] FHE R A= 54 24

Astolt},

Wy A7 Hek A g

w ool o)f % 54, a93 IRAES GAse WS AvEs

) , Wz g AASA FéEe] i A
5 FxaW FesA glolth, ek, L e olsleld ANHE ArdSel @gHE sol olet A
2 UE U9 FHs Y delu, ux L AAdEe B uyel Az SAES s, 2 ouro] &3
= lERopl A B A4E Abd Aol wye] WEE SshA delF] A ATHE Ao, B i
o HFge] WF o) geld wolrh,

W AN ALgEE o] RS 9 QFeld Wi @ "L/ER'S oug

B ogAAA AEEE §o] "eFe, Gl Folsh delA 2zl gl i wES ox WAE A3
@k R galAelA ok gk mi shebnl AFe 7 gk mi sy A B AdE EgEd. U
b, gol "opt & BuomyE wul AFEAL wY Wus 9 @ ARd FE ge ol & WF(x)

T v ez 10 % el algsk= kel WelE vekdn
BomgAel AREEE o] "ga e JiA'E, dzugdor Al
= =

o

g &
2, o ugEes LRER (2% 2o v $E, 4% S, ugel, /), ¥, £/
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A, AA, @, 9oz 93F EEHe AR, B wAde ggw AAdda e e Az
+ auh.

B AN AEEE gol, o2 BE (biofilm) " Aof W AFE A% wAE Aol wd F4H
g, Fgol % elgol Bog o Foldl wHL @ & k. oldW weloAFE 4 e A4
2% 0 FEs vEole] Goe] Mt 2NE AV A8 A% st TAGY £ Ak, FALL vhol
emBe B4 Bol A A U AR 9F& osm, AF Aedn 1AL PNt Lo, upol
odBel YW 1 A & A% A7 Fol A% BuA Fol gl EeT (plaue) 7H FAH D, Feha
7 EANARA waad Qe F4E & ek, o], Heka % A4e] FYe AU/ AL Heha
2 Ao 92l0] B wpol oM BEe] FAVE AsAAk v}

2 A g gol, "whel ol (biomass)" uheleMEel Pl i #el AA wElelol A
B AT 5 A,

B AN ALSEE o, "rkay FAE ol gEos &4 WHS AA 4T+ gor, Aig
oF g FsH mEA BF BAS T = Ao,

E oo ALEFHE &9, "5 A A (polymerization initiator)"E W(EHY)OBEE oUYAE F4389]
polymerization W& 7HAAIZIE 45 v 5 glom, HS A4 F5F 5 e 8242 FTd7]ddA
2ALE = el sl =2 SFAS 7HACk s, 2 82 AR7IE FAEF s, 53 wAel & =
3, WAL =A4o] glow, Bt obg o]l PAARl e FFsofsitt. oo, & dwge] o A wE
=% MAAl= ZEZF = (camphorquinone, CQ), -¥d-1,2-3Z 2 #t]&(1-phenyl-1,2-propanedione, PPD), t]
AL L QLEFAANZFE Q2 F A~ o] E(diphenyliodonium hexafluorophosphate, DPIHP), p-SESA-Hlddd &
LEF FAEFQEOE] R Y o] E(p-octyloxy-phenylphenyl iodonium hexafluoroantimonate, OPPI) = wWlz=<d
B & Aol = (benzoyl peroxide, BPO) & #H ok sl & o, o]d] AgE= AL ofym, 3 FAbe] 93
FAode dovlE AES ste EHolHY 5HE] I FHVF AgEE AL ofvy, & EHANE FEEFE

(camphorquinone, CQ)& AF&3l= Zo] nighzl sl

2 dgolx AR EE 8o, "TF FX A (co-initiator)"v FRMAA GFoR2E T A5 WEE F AS
o we}, ol9] FI ATES FAFE I AT FIAE U & o, 2-(dudolru)oE wElZHH ol E
(2-(dimethylamino)ethyl methacrylate, DMAEMA), oll€l-4-(t]w|€o}u])ullZzolo]E (ethyl-4-(dimethylamino)
benzoate, EDMAB) % N N-T]w|&lo}w] -l ko &l (N, N-dimethylaminobenzoic acid ethyl, DMBE) & #oj& 3}
U 4 o, oo AgtE = AL ofyn, 2 g o A= DMAEMAS AR&She Ao ulgz st

_1

2 29 d A mE A wAE HF ZAHE R old dF A= W

of Gl AE e v ZEAE A

Wl Ehydrated Portland cement, hPC)Z

il
R
o
=1
2
= 0150
X,
%(_44
BN
ox
il

= nized glass filler)S &%3le] g &£3&
xgste Gl 7dE Eete] A wAHL JH2 =

A

3ty WA ¥EAN= AWl Ehydrated Portland cement, hPC)E A Z3t= ©HA(S110)= WA X
g o S Axshe @A, Axd AME E3ES A3 7= G
=
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

SIHS31 10-2025-0042685

WA, 2 Aol o AAde mE A3 WAL HJF 2A4E U hPCe AFRE fskd, WA xEA= AHE
(Union White Portland cement (WPC), Gyeonggi-do, Korea) ¥ FHFE 0.2 WA 0.42] (water/powder) W& =
et owl, WPC ¥ FH4Y EFS ~u=vM(Hauschild SpeedMixer DAC 150, FlackTech Inc.,
Hauschild, Germany)ZE o]&3kod 3000 WA 4000 rpmeZ F3d 5 glom, ulghzsiAE  0.33
(water/powder) H]&2] WPC 2 F/HF7F 3500 rpmoll A £34 4 U},

1 v, &3] g5E AWE E3ES 36 WA 38 TH ZUsE 90 A 100 %20 el 2 =] 45t
BaEo, Asld 4 9o}, niEFEAE 37 T 2 AUl 100 %90 HlA 3Y Fok wyE o]

A

I s, At g AYME £3ES IR APES o] &3k 1AE #4E FH, ball

Haan, Germany)Z ©]83te] 300 WA 400 rpmoll A 20 WA 4087 2xF &€ 4 9o}, npzkz 0}71]—: 12} &
A o] F, 350 rpmell A 30&7F w3E

I, e ARE B 2xke] BHY o] FE S oltk. B FAMeR, EiE AWE &3
22 300 WA 500 W] (mesh)E o]&3dte] 12 "E|Yo] F3d 4 o), ufEAS A= 400-mesh sieve
shaker (AS 200 control, Retsch, Haan, Germany)Z o]-&3lo] 12 dEjgo] 3= 4= git}.

tolrt, 12 dEjgo] FE AME E3EL oA H(air jet sieve)E ©]&3le] 234 TE|Ho] FPd &
glo} uEAEAE air jet sieving machine (AS 200 jet, Retsch, Hann, Germany)< ©]838te] 40 rpmoll Al

oF 3027k 23 WHPo| FAY 5 9

olde] gl w}a} ®oagol o AAde] we X7 wH
¥ hPCE 1.5 WA 5 ume) #93 B3t

Ao oste] Az =, . 1 A
Aldol W 23} E_xg& A& 2AE W hPCE 5}5191%01 g}, 448l Z(calcium hydroxide)S (&
T Ak, FAsAEe A (physiological fluid)¥ A& Al, Z4E €53 F Jdoy, 854 242 4l
A3 HAS FAste] Fas s e A ZE(precipitates)S AAsIE, HAELS X TS A&

o
T
(e}
3w
_1
ot
i,
=
3
rr
g

49
N
rlo
o,
fo o
tlo
o
i
ol
Q
o
o
1>
ME,
o

AW 7s4 e FgEo], o

A (S120) ol A Al z=" hPC 2 2 es)
39 = Stk o2 Bo], I £FE

r p . 1 3
-, hPC B A&shd e Fef= 22.5 0 7.5 WA 7.5 1 22.59] FAH|

2 7] (Si lanized
o] 3091 7

I¥0 o i
o,
o
e
ofit

02 = 2 &239 5 9y, oo, B wuHe]
A HAldof mE X7 wAE HEA 2= did Az YA Y EFES Axske @AI(S120)= Az
® hPC 2 Aeste 2 Hef(Silanized glass filler)ell wisle] 3 1 1 X 1 @ 39 H&2 E§ste], LY
3?‘}%% Az dAE 2ged = Yy
Itk A wAE JF 2AAES AXSE 9A(S130)E Y EFE 9 g 714 3000 WA 4000 rpmel]
A3 WA 7 B E3Ete 9dAE 2T 5 glon, uEAsAlE, 23 E=8 X4 (Hauschild SpeedMixer DAC
5&7F

150, FlackTech Inc., Hauschild, Germany)E ©]&3}o], 3500 rpmellA] 587 £33l dAY & 9. o]d,
2 dge] o AAde mE X wAE JEF 2AdE U 2y E£3E 2 d9d 71de g £F3E
ATk, o, 3= X V1AL A wAHE x

42 24 E Xﬁﬂ Aol thste] oF
g glov, whhEEAlE oF 70 wt % —’F Qom, ol uwe}, He ?‘}%% A3 wAgg 2 2=
A Aol wiske] of 20 WA 40 wt %= x3rE 4 ok, ubgr sl oF 30 wt %Y 5 Ak

otz X3 mAE H2 ZAES AREFE GA(S130)d0A o]&HE R Ao Pz A v AadEA
A EH o E Yulela g e]E (bisphenol-A glycerolate dimethacrylate, Bis-GMA), H]Z=¥& A o 5A9
olE tUWElaEo]E (bisphenol-A ethoxylated dimethacrylate, Bis-EMA), $-#& tUwEeEIZEY 0]

(urethane dimethacrylate, UDMA), Slel=FAlold dWElaH o]E (Hydroxyethyl Methacrylate, HEMA), Eg]
dew=glE voladdYelE (triethyleneglycol dimethacrylate, TEGDMA), ®W¥ wHElIZEHO]E (methyl
methacrylate, MMA), Eg|Z23dl =e|F vola = °lE (tripropylene glycol diacrylate, TPGDA), E& |
g2y EYEla g olE (trimethylolpropane trimethacrylate, TMPTMA), Zg|d€# =2]F tolad”d
Ho]E (polyethylene glycol diacrylate, PEGDA), tT]ZlElolg]=g]E HEelola P o]E (dipentaerythritol
pentaacrylate, DPHA), o}olA®d o} d€do|E (isobornyl acrylate, I0BA), SAlwgd tlolaHuolE
(hexamethylene diacrylate, HDODA) 2 Z#olxElZ(polyester) & ZHolx 3}y wEqgE xIdd
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[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0076]

[0077]

[0079]

[0080]

[0081]

SIHS31 10-2025-0042685

RO, old AgEE AL ofym, ulgrAS A= Bis-EMA 2 UDMAY < QUTt.

X wAg H2 2AAES AxsE DA(S130) A o] &H= Al VES T3 MAA 2 FTF FXA F A
L SE o X238 4 vk, Ho FAFeR ) B dgol A HAAde mE X AL HE 2A4E U

=3 MAIA= T EZF = (camphorquinone, CQ), -¥d-1,2-Z 2 #t](1-phenyl-1,2-propanedione, PPD), t]

Hd Qo EFIAANEZTF QO EFY A o]E (diphenyliodonium hexafluorophosphate, DPIHP), p-€Al-#Hddd &

QL ExH JAEZFQ EOE]| R Yo E(p-octyloxy-phenylpheny! iodonium hexafluoroantimonate, OPPI) % w1z

T EAFo] E(benzoyl peroxide, BPO) & A% shE X 5 o, oldf AgsE AL ofyn, uighz s}

Ae, ZEZF = (camphorquinone, Q)Y < UTt.

olrb, & dwhgel A Ao wE X3 wHgdg HEA 2AAE U Y SXA= 2-(HHdolr)dd HER
H o] E(2-(dimethylamino)ethyl methacrylate, DMAEMA) , ded-4-(t)H o] =)Wl Z ol o] E (ethyl-4-
(dimethylamino) benzoate, EDMAB) % N, N-UlW g o}lu]=wlZAlo] €l (N, N-dimethylaminobenzoic acid ethyl,

DBE) % Mol shtE ZFT 5 glont, old] AWEE AL ohyvl, wigrashl:, DIARAY + ek,
oell, & wrel o AAelel e Az WS WA 2B OF Az Pde A% WA 9 2YEL A
Zshe BA(S130) ol del, WXl AR Egete A Aol G AAA L FF FAA F Aolw shte
Egse wAE O 198 5 Ao

e
T =

olgel hgel meh, ¥ wwel A Aol mE A3} WA WH 2Pl AxY 5 gow, o, ¥
o) A Axdel WE A3 w4E A% 2ABE A7 PRAE TEet 602 /A (resin natri), @ 53
t =

-
S et e (filler)E 23T 4 3Ud.

il ol

AA el we A3 BAE YA 2B WPCE Tl meb, Fede] wAE At 42
= v(‘ga]_ fe)

F ol

uoh FAHoE, Bouwel 9 Adel W A3 wgg AF 2HE W 0 FF ¥ L ool FhFl
Apglel AE 4L wold 2om, 9% AA ATYL AT, vebh, CE EFH 248 A5, B
FRbel A% oles WEY & 1ol W, WA AGHE 2AT 5 gow, 309 o), ¥ wyel o A
Aeel whe A3 mAS A 2ol 4FD G (T uDe piE 5.5 oL FAAD & dgol wet, ¢
4 fae WA 5 A

EE, B owwel 9 Adel wE 3 wAg A% 2AE U bpeE A Ao AAH 54l 42 0
AA srom, FAl A 130 71Fel Fae AUNEE ATY & Aol W, gAY OB Lo BuFS
Ha3d 5+ ek,

B 0RO QNG BHE A wPE BF 2HBY 54
A

toll L 2a WA = 7hE Fxste], O] o AAlde] mE A3 wAE H2 2=l digk 54

°l
Hate] AuetEs d,

ki

2a 3 2b= B el A AAde] me A3 WAL A £4dEe] hPCol tiEk SEM-DES AIteltt.  ofuf,
2 o] o AAde] e A3 wAGE J2 2= hpCe A7 #A4E sk, 9A Atel= #4171 (ELS-
1000, Otsuka Electronics, Osaka, Japan)7} ©]&%%ltl. ipolrt, hPCe AA +x2 EX4E 93, X-ray
diffraction (XRD, Ultima IV, Rigaku, Tokyo, Japan)7} o]&¥Slom, 34z} 2089 2° o L2 107 oA
90° 74A1e] 7t WRlelA A Fx2 B4l FHFEAJT. © dolrl, Sxbe] FE 9 gty i 2AS 938
o], Scanning Electron Microscope (SEM, JEOL-7800F, JEL Ltd., Tokyo, Japan)-Energy Dispersive X-ray
Spectrometer (EDS, JEOL-7800F, JEL Ltd., Tokyo, Japan)7} ©]&%it}.

WA, B 2as FEepwl, F owrge] o AAjdel] mE A3 wAE HA A= PG A Abel=7) Ht
3.24 (£ 1.45) um =7]°o|™, Ca B SiZ o]Fojx 242 391 Fell Ao yepdtt,
&

O vk, E 2b® FEshE, B owgel o Axd] g X3 w7

l

A2 24 &9 hPCE calcium hydroxide,
tricalcium silicate, bicalcium silicate % tetracalcium aluminoferrites

EE Aow v
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]
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wolzk, B iwel A HAAlde E X7 wAE Hz 2AHES hPCE Caol 83.87 wt.%Z 7Hg wWo] X o

= 32 U 0 % el 9 ANl ahe A wAg G el 0@ AN S48 Aol o
W, olalolA AmE Axel 1 WA 3& 247 Aol hC FFHIE L 4 2len], E laolA =AE v}
wol,  we] o AAoe] mE A3k wyg B 2Bl U Ax el oSt AzHAG. w7

= | =
Aoz, AANd 1, 2, 3& 3719 & 19 FA HEE AXHJeH, dds EFS Qste], 2F=HA
(Hauschild SpeedMixer DAC 150, FlackTech Inc., Hauschild, Germany)Z o]&3te] #z 7]d @ HelE 3500
rpmol| A F 5 #Fe EFEIGTE. Yoyt vlud 1 2 2% dERFoRA, vud 12 WS A A2 g
¢l Ortho Connect (GC, Tokyo, Japan)olw, A|ZAFS] A He] wig} A zEon, Hud 25 AAd 1 WA 3
7 s Yo R AzEJNoY, 2AAES] "y U hPCE XA U, delrt, dsd Hluld 1, 2,
AAld 1 UR] 32 olate] & 4 WX 7bhollA AWE, vlued 1, 2, AAld 1 Ux] 39 FL3ct.

# 1
| Hlald 2 Ao 1 A 2 Ao 3
T4 hPC 0 hPC 7.5 hPC 15 hPC 22.5
Resin Bis-EMA, UDMA 70 70 70 70
matrix CQ, DMAEMA
Filler Silanized dental glass 30 22.5 15 7.5
filler
hPC 0 7.5 15 22.5
WA, = 3ags FEsW, £ T o Ardd me X wAL J&A 2AdEY dd 2 S (shear bond

strength, SBS) Z¥7} =A1¥™, SBS= universal testing machine (UTM; Zwick/RoellZ010; Zwick GmbH &
Co. KG, Ulm, Germany)Z ©]€3lo 1 mm/min® crosshead speedel]l Al #21=At}.

AAe] 2 % 3e vlae) 13 foI Aol glol, o 7 A 11 WPas) ¥ AH Fw £EL AAE A0E e
Wb ohgel, AAel 1 ES, Al 2 % 33} folF Aol gl A0E ehid,

T 3bE HxstH, oo d A w2 A3 wgs JE 2AEY F3 FE(flexural strength) 2}
I A= IS0 4049:2019 7)Fol o)A Bke], Hlae] 1, 2, AAld 1 WA 3o 3k 25X2X2 mm
3k % universal testing machine (UIM; Zwick/RoellZ010; Zwick GmbH & Co. KG, Ulm,

>,
>,
£
=
X
w

lo

2
3
=
X
8
=
=
o
it
)
RS
H
F
4
=
E
£
N}
o,
o
1o
rot
)
o
N
£
s
pork
o
fr
=
Au)
e
i)

T 3¢ % 3dve ¥ € d AAdd mE X3 wAHE JE 245
index, ARI) Aolt}. ojuf, ARI 412 Hep2
o=, Wagd ANAHSE Azxdr] Hste], Aol
(Polycoat, Aekyung, Chungnam, Korea)S F93 H, F94dH
g, B4 FF st A5 An7] (Ecomet30, Buehler, Lake Bluff, IL, USA)E o]
4 A Fhufol= AviA R Al THS @AA dAnfste] AlH X ) ShAth. L ke, Hlad 1,
, A 1 WA 3 y_a}?ﬂoﬂ AR =3 , Bepls e mdd AN ARojUEsRE JdAG
% 7hete]l A wlae] 1, 2, AAld 1 W] 39 A &S HFE mHd HEA F, 35S A PsA
®

3
SO, nadg e A, A9 we) o] 29 g S, B9k 8 HiSeope, K-1000,
3 e
A

B A 4 (Adhesive remnant
< gJ5H7] fgk 24
21 %, Eg2y gx
o] AsAHY.

%

P
o
o=
~
M
1x
°
r
ol
)
32
O
ﬂ
o=
~
jatad
_‘
wm
o
o
"1
5
fl‘l

Hirox Co. Ltd., Japan) ¥Zof 7 BE EYAZE ol
AE FEY Al 34, 50 b ol’do] Hol dv FFY Al 24, 50 % ‘1]“}01 ”0} = gd Al 14, Holdle



[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

SIS 10-2025-0042685

olm, o] EFAZE HFE mHel §l& 45, A= AAY Fo= ete], Hgd xu F Uil nrpeg A

ol WAl A3(micro leakage)S Z#E 4 Adrt. voprh, olelsk WA AL &2 B B At AFEES

Eete], ¢4 T AF Ad & AT 4 v wmeEbd, 2 wne] o Al wE Aah wAg A4

2452 hPCe &t o F R el dagle] H=d AAYS FEehx] @gol weh, HEE 1l 2 o
o)

o
)
o
2
o
Ll
P
&
ol
X
fvie]
'
s
ui
s
PO
tilo
Lo
=)
i)
4
3
ui

Wl 9 ANele] we A whs A% wdmel W@ @ wy 24 Aol
olu, &g &Y BAS fslel, Xol-2A WA Streptococcus mutans (S. mutans, KCIC 5365)7F ©]-&% %1
om S, mutansE W 1, 2, AAld 1 WA 3& Egst= AlA Yol A gojmadl & a]Fe H, colony
forming units (CFUs) counting, bacterial viability, bacterial morphology = methylthiazol tetrazolium

(MTT) metabolic activity WHol 71%3}e] i a3} EAo] =P},

% 5aE Fxsld, dheglo} AEE (Bacterial viability) #24 A¥7F EAEH, ojw, dldglo} A& 1A
of MAL offo] ulz} vhelg]o}7} A (Live/dead staining)¥+= 7]1E(live-green/dead-red)7} o] &% AoH,

T2 dolA &vA (confocal laser microscopy)S o]&3to] " glole] YA} oJF-Z #H23AT),

d

AAlel 1A 32 Ao & dtEglol Ex7F w2 Ao® yehy, wbde], mjule] 1 Bl 2= 5249] Ao}

o, AAlel 1604 308 5% AM9 Fe ubHol REs US Bobdi Ao tEhiv, o B ¥
13 2B PC Fe] BoldFS vhHelol] B it Edbh wobxl

T 5bE FrxsHd, NIT el 7123 3¢ &4 24 A37F EAEY, 19k, 493k, 793 2 1593}l A
S T (metabolic activity)o] Holx= Ao g Yeidyg, = &

2 A9 wAE J2 24E hC FFo] woldsE vk go}
[e]

!
i
i
>
£ F
—
=
2
w

L, MIT A Ske Sdg AAlel Wl
Bel < Aol uhE X

% 5¢5 Fxehd, urggol B2k vkl g3 st CFU (colony forming unit) w4 A7} ZA]
(colony forming unit)E &RIsl7] &, wtelgjelrt 23d dAgHE Al ol HAA71a 37 T

A& 3ste], 1 mle] BHIE =telglol dEAE E535131
oh T o, drEEel dErele] 100 nlE BHI WAl REeh $, 37 TollA] 48 AIRE gk widshglnh. whA| R

o, % 2z 58 Afael (FUE S48

AAlel 1 WA 3 Bl 1 % 2 Bop {28 Ao]S 7HAH, B W2 (FUE 7H= Aoz yeidt. o}
7F, Al 1ol 3o 4= CFU7F HobAli= Ao ® yeuy, o= & wgol o Aol m& X3 wA

offt
2
=
02
ofi
ol
38
A
=
02
i,
>
)
filo
12
—_
o
A
offt
2
B
oo
<l
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FA AR @ng

i

k)
w

5

=

=

=
=, 7.5 WA 22.5 wt %2 hPC

SHA|

)b

A
e}

q

8

Fol ok 5 WA 30 wt % ©]

o

J| A el

A

Ll

5a WA 5de] Ao weh, Fe
K

[e)
B

s
a

=3
7=

q

Z
<l

=
=

)

=

N

=l

[0106]
[0107]

¢+
o
Ho

=

63
el
T
4r
X
y=!
o0
7K
70
y=!
To°
oF
N
e

o]
e
o
ﬁo
s
ToH
=

W

i

fred)

CA,

] ol
A3} 174

=
RS

=

.

Santa Clara,
A el

Agilent,

=

S IS0 10993-12:2012 7]
o)

H
5110,
g o)

1l

o]&-3fe] M

A
B

k)
w

=

=

=

Singapore)
STk, yolrt,

Alell 1 WA 3ol o

pH 7.0¢

5t

o

9

=

=

Thermo Fisher Scientific,
7k

]

(e}

/Ké b2

L

7Fs

A3}

H]A 2 HAE=7](MMT-X, Matsuzawa Seiki Co., Tokyo, Japan)

o
e

i

k)
o

inductively coupled plasma optical emission spectroscopy (ICP-OES;

meter (Orion Star A211,
TARHORE XA

7
ol 7}

H st &4 237 =A s, Ao 1 WA 32 5 ol 3FH °F 9.5 WA

a

[0109]

w

|

5]

dr

S

178

o

60+

A
.

7= Aem e, o

=
=

11.59] Aab goo] pH(pH of lactic acid solution)

ZHel wE,

aa

el
0SS

I

ox

e
o
Ho
el

w
o

7= AL® Y

=

8 ¥4 A3k BAE, AAd 1 U 3 309744 o 6.5

9] pH(pH of lactic acid solution)

ol

AR

e

]

o

[0110]

Ho

oy E (A

=i
=

<
=4

H, ol me}, Ao}

98

s

al

o] pHE 7HA &= Ao® Yehyy, o= F9

5

ok
-

304 714

A

.

2

Hel |, vy 1 2
27F & 9

2

H
gul

[0111]

—

3

2/dE¥ 29, pll 5.5 o8k ¢

2

ol

el

A3}

=

5 mg/L ool #

ok
Aol

=y
55

[e]

.

o]
=4

%o

=13
=

o Azke] ZAubgel wel, A%Hom Bl Ao g

Aa7p mAEE, AAd 1 WA 3

[0112]
[0113]
[0114]

]

s

il
=

[0116]

2

(after) AAle] 1 U#] 3¢

=1]
=

&
T

‘1x] o]

=

(before), AAld 1 WA 39 H|A: HEs Hlald 1
3 Efd

<
T

3] A o]

PR oF 170 VNS 7M1= ZHe=2 yehdd. a8y, <l

qul

=3
=

AL AR A A,

=

g

Fslo] w
¢} mpx
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[0119]
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[0122]
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SIHS31 10-2025-0042685

H] A 2 ﬂc—t— oF 180 VIN o]do= s&e Aoz yepy, vad 1 2 2% &3 774 o] F(before) 9} o]
7F §h= Aoz yehdt,
LPOM AAle] 1elA 308 Ag=E wAs Hrr)

= =
3L .
A3k WAG A A W Bl WoldFE Hakd

B

zd =
2 22.5 wt %] WPCE X33 A5, & 59 ‘%}ﬂ A& Xﬂ%%‘ T A

A& 2=
Aztolrt.  ofuf, %%L X(3+(% ©ow 2R A Axdel weE A wAHE HF 2AEY T A, 55
Fourier transform infrared with attenuated total reflection (FTIR-ATR) spectroscopy (Nicolet iS10,
Thermo Fisher Scientific, Waltham, MA, USA)& ©o]& 0]'04 SAsd. yolr, ¢ds] F3EHA & i
Al dg-, Ax 545 7HE ¢ sl we, olE #lEy] #fske] IS0 10993-5(2009) H IS0 10993-
12(2021) 71sEell oASte], MIT Whel wel, Ax =4 F4& Fdadv. 2ok FAF o=, A A3 3
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87 Il Map Sum Spectrum
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Element Wt.% Atomic %
Ca 83.87 78.47
Si 16.13 21.53
Total 100.00 100.00
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