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The study for physical and mechanical properties of the light curing pit and fissure
sealant using trifunctional BPA-3MA matrix

Kyeong-Jun Park', Kyoung-Nam Kim', Kwang-Duk Ahn®, Kwang-Mahn Kim'
Dong-Keun Han?, Ho-Wook Jeon®

Department of Dental Materials, College of Dentistry, Yonsei University’, Seoul 120-752, Korea
Biomaterials Research Center, Korea Institutc of Science and Technology’

The BPA-3MA(bisphenol-A trimethacrylate) in which one of two hydroxy group was substituted by methacrylate was
synthesized by reaction of Bis-GMA with methacryloyl chloride. To investigate the possibility to apply BPA-3MA as matrix
of composite resin or pit and fissure scalant, BPA-3MA(3MA) or Bis-GMA(GMA) as matrix, TEGDMA as diluent, CQ as
photosensitizer, EDMAB as photoinitiator and 5 /m pyrogenic silica as filler were used for making experimental sealants. In
addition, these experimental sealants were compared to a commercial Concise L/C White scalant(CLW, 3M Co., U.S.A)) for
flexural strength, diametral tensile sirength, amount of abrasion, surface hardness, water sorption and solubility, and degree of
conversion.

The flexural strength of CLW was the highest value but there was not significant differcnce with 3MA. Diametral tensile
strength of all 3 groups were similar(p>0.05) and the amounts of abrasion of 3MA and GMA were less than that of
CLW(p<0.05). The surface hardness of 3MA was higher than that of GMA(p<0.05) but similar to that of CLW. The water
sorption of 3MA was less than that of GMA and CLW(p<0.05) and the solubitities of 3MA and CLW were less than that
of GMA(p<0.05). GMA and CLW werc relatively polymerized well as compared to 3MA.

From these results, pit and fissure sealant using trifunctional BPA-3MA as matrix had superior physical and mechanical
properties to cxisting Bis-GMA sealant. Furthermore, it will be possible to develop composite resin having superior properties

to existing composite resin.
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%o} $4%¢] oF 84%7} Xoke] awatloll Al WAl
Ly o] AR Al Lok} AT ARE A%
Heh. 29 o YT AeRe Aoke4Ze) ol
o gl 193610l 2etE] 9w prophylatic odontomy2}
196519 5] o] HIE RG] e, ol 5L
25 A& AAReRE Wl oAl ArldTAA
ol MR ol F 2T A AERA o5 gick AW
AN Qg ATE DAL FAF Kot
A $AGMEES} 84% ol dolgirhn Rsielon]
(Going &, 1977, Horowitz 5, 1977) ThystrupZ} Poulsen
(19792 BEHEAAA x| 2y F FAEL 60%
gow GRE HdlA 98% 4] dEA) U=
ZA 0.2 B8kl c} Cyanoacrylate sealant] ool A&
oMY o AAA 92%2 wgH 4 zHa Hae}
80%2] HAE Hglon, 1270 9| HAAA 86%2
A Aol 71%9 fAE el WUrkCraig, 1997).
Mejare®} Mijor (1990)= #1ZA] WG+ 4402 51
F FA7} 0% A5 v, Feki ofe] L e = 67
2 Foll 23} 20% ET A 39 Folls B
getE g5 Haslqct o] o] B AT-E &
o oA E Bis-GMA A1) A7} 7}
A& $astchn g 4 9o,

1960 tHol] Bowene- wi|e}=2 & AHCH,CCH;COOH) 7}
ol ZA] #Z(epoxy resin)e] A¥AF WHEA) digly-
cidyl ether of bisphenol-A (DGEBA)S M2} vh-2ol] 2]
3 Aol & 2334 whEAE A oA
o] u}Z BisGMAolt} 1232 Bis-GMAEY X3} 8
£ a3 /1A 2 A 3l o] B} 7| BE

S GIBA A SARAR TR 5A B
252 wllebz Y (methacrylo|ch. ol 4] #1712 HF
Aol ol FA)(oxirane) o] QL3 o] o] FA] g
A s] wll ol A AMekring open ing)=Elo} 4
A R 714 TE H BEE ool 14
7] (hydroxyl group)S- Z+A| ek wel=.2 7| (CH~CCH;
€00 ol37Rol Slol BrhkE oz Fissb
¥l Bis-GMA Aol 2719] wekzZ7]7} Qlol4f
ol dolid uf 5 o] o] F ARSI el 7t
A3t (cross-linking) T25 YA EZ 58 EAE
ZA "o 23y Bis-GMAT 4718 =%l
o) AEA A 7] ol BFL 2 A4l
€ A7 ek F ol & AT AN E A4S u
L vhape] 814 Aldiluenty & H7ksholok ek o] A
A7} A wgAn ZAH e Agele] R

L
©

=2
L

e AW 47 gl Al oaf FARA A B
TREE Well & & Fold AR EEA o] Fofo}
o17] wiEele). i) o) S AAE Hrbstd 2
sle] Beld, 71A1A Ao AstHckF, 1989).
FA719) T8 FTE Qo] A7) AEA] | g
=AY ASE 2HWY F v Aol vt

upetA] B o Lol A & 2354 9] Bis-GMAE jel=
g FiZdlo]r= (methacryloyl chloride)® ®F-o-A]#
Bis-GMAWell EAs}e 209] 7475 sl veka
dlo|E g X%k 3354 2] BPA-3MA (bisphenol-A
trimethacrylate) & §h4) 313}, o 7)ol triethylene glycol
dimethacrylaie(TEGDMA)E- 2] A a] &, camphoroquinone
32744\, ethyldimethyl -aminobenzoate(EDMAB) 471
A A9} silane X 28}k 5 im pyrogenic silica = A0S A}
Laled AAAS Azsiolck v FTLOEE BisGMA
& 7)4E 33l BPA-SMA 7|38 9] A6} 2 AR
o] AAE E3-sted Bis-GMA 7|2 o] AHANE A =3}
Qeon, 71& AFE5 d}e] Concise L/C White Sealant
(M Co,, USAYE Adsle] 7t Al8e] E45 Algsl
i ARE Badhd

OINE 2 e
) e SRN [=

1. BPA-3MAS] ¥4

Tt vkadlge 2 &A1 F2 2 £ E(chlo-
roform)o]] Bis-GMAZS- =o[al o7|el} Ez|ofjedo}d]
(EtN, FIE{LER, Japan)S- 4 7}a}3i v}

o] S8 L FHog 2L Y& vl vEra
g9 F&olo] S(methacryloyl chloride, Aldrich
Chemical Co. US.A)E AHs] H7lsto] 447k AT
HREA)7 & R 2Rl audlgS o] gule] E-E Al
Astz At FHE EAE AARY 334
BPA-3MAE 8415151 th(Fig. 1).

2. 7] ZRR)9] silane X2

243} 202223 ¢ Y coupling agentd] y
-methacryloxypropyltrimethoxy silane (y - MPS)E &3F
sto] g Alzgk ¥ 5 m] pyrogenic silicad W3
ok 1037 Egteleh ERAE odatsto] silca A
Alstar 80CoNA 2447 7 ZAZ T}

3. AYHE AN A=
BPA-3MA Xt Bis-GMAS] 5 7]Ad| 3] AA)el
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Fig. 1. Synthesis of BPA-3MA from Bis-GMA.

TEGDMAE #H7lsle]l HEE Y31, silane X2t
pyrogenic silica, camphoroquinone®} EDMABE A 7}s}
of FYepA E9t ¥ $99 7| EE 0TA v
ol AFG mHgolA AAsIGT BldZ=H2nA
(Micromeasure MM-11, Nikon Co., Japan)=- o]-£3}of
AL §55 SAenk. sk o] Y4H 232
A2} 7)&2] Bis-GMAS 7|A = 3= A Ma)(Concise
L/C White Sealant, 3M, u])E A4 A8 2 A28
tH(Table 1).

Alg Al=5l 3MA, GMA, CLW| F47E, H3d

Table 1. Components of materials tested (wt%)

Q| BPA-OMA AEEE XUZTTARO 28 135

AT, R E, ERAE, BES 2 SN SFUE
Zel 74 9 Felg 4ol thstel Agiglch

L. 37k (flexural strength) 274
2ol 25 mm, 57 2.0 mn, Z 2.5 w2 FFol AJH Al
F2E 71371 A7A @Al 234 FE 92 3, 7%
A #2A7)(Curing Light XL 3000, 3M Co.,, US.A)E
of-&sto] AFsbl 7} 4% Rol 1024, F 8047 53
3l 2508 AR E dnfst & 37C, 100% Atig Lol
Bt 24A17F & 7} X9 E Digimatic caliper&
°l~§-"}°4 73 9 FAE 334 SAsln 1 Hd3g
V2sloleh 10/19) AJH-S whEA% 7] (nstron 6022,
Instron Co., UK)ollA % % (cross-head speed) 0.1 mmfsec
2 3%l <k=EE slkste] 33 #HYUZEG-point

bending strength, FS)E T8}

2. 7¥H 9l A7 S (diametral tensile strength) 57

FA 3 mn, A7 6 mne] 9P FEHol 71E7} AR
obA| ANAE =24 Fo] 28 &, A} 1024 20
27r FFgela 250 AEE o] fslo] Arslle]
sl E odulgt £ 37C, 100% AigEolA] Bl
gt} 2447k % Digimatic caliperd o]-8-sted F74| 1l
27-& 384 A%k 2 F#gE A& 107
2] A HE wHFAIG 7)o A 0.1 mmfsec) SEZ 9FE¥
= 7lste] LA EDTSHE 3kt

3, w}R %X (two-body abrasion) &3
QAL AlHz) FUs wiyo g AHEg 10
AR ARG F kA 7| (K236, HGHERT, Japan)E

BPA-3IMA Bis-GMA Concise L/C
Code IMA GMA CLW
Prepolymer Macromer 95.9% 95.9% 9%6%

Matrix BPA-3MA Bis-GMA Bis-GMA
Diluent 20% of matrix 40% of matix

Photoinitiator 2% of macromer

Photosensitizer 1% of macromer
Filler 4.1% 4.1% 4%

* Diluent ; triethylene glycol dimethacrylate
Photoinitiator ; ethyldimethylaminobenzoate
Photosensitizer ; camphoroquinone

Filler ; silane-coated 5 m pyrogenic silica( filler size in CLW ; max. 4 m )
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ol goto] e HhES AL Aekeksich. of
o] 7 2u]g](MDC-1"PF, Mitutoyo Co., Japan)E. F7) 3
0.1 w7tA) ZAsl3, ufRA¥ 7)ol vk %) AH 250
g9] SHEBholA] 40048 ALE 92 10 m ¥ FA7)
T ] FAE SA3) olwfl o AYuld AXE
A Aoz agdglch Ay A% FAl daegs vl
w2 7l

4, %74 % (surface hardness) =&

5 Aol ol e Fakiol| A5 Fo|E AEYS
3 Aololl kel AT 28 £ F w5 Ao
ol FPQl A 2 mA ] Ho| =A 3 Aol
A e 1024 20270 FFs0] ABS AL
t}. AN £7)(DMH2, Matsuzawa Seiki Co., Japan)E-
o] &3to] 50 g9 ¥} 527 rlele wIAA HE
(Vickers hardness)Z2 815t}

5. S&<(water sorption) 3 &) 5 (solubility) Z4]

ARE A AR B Yo v HET, 8
de) FelA g nuk3-o] A% 600 AEE dufst
= A#s ek A9 Az (dessicator)ol] 2447 K
W F 3hel A% (Sartorius analytic A 2005, Sartorius
GmbH Gollingen., Germany)-5- o]-g-3lo] AgkL- =43}
al, 37cY =& 7497 B3 3 cellulose tissueE
T SR AT A 2o} 70 F BF
TE5 AEslde) oAl A ZEAelA 24417
AZAZ ¥ A% 2Aekx, of 2441 2mie Y 2
Aslol Ak wslrl 05 ngd 2iA F& WS HE
Az % AYoZ so] FAES AEaich

yul

6. FF4+-5(degree of conversion) &3
EX 8 e olg3le] xHATAMNNS <ledwt

(NaCl plate)ol] wl2 1 2] 24 83324 7)(Polaris FT-IR
spectrophotometer, Mattson Instrument Co., US.A)E =
B ATHEE AT, 1§ ED AAHS
027 FEAG ¥ Akol 9a nFHE L
cellulose tissue@ ol ofA] Aol BBy 2
FU F FFAEE FAHHA A9 A RGE4] o
Al RS o] F RG] aromatic C=C2] Fg el
16094 '] F4u] WAL 7|F07 AL o]FA
39l aliphatic C=C &-3789] 1638.6 cn' 9] ¥<5u] w2
% vlasle] =4 A3} F=A 9 aliphatic C=C9]
FTREE vlaslo] okl A& o|fele] FEFE
(degree of conversion, DC)2- &}¢ic}.

Unreacted aliphatic C=C (%)

{abs(aliphatic C=C)/abs(aromatic C=C) }polymer
) { abs(aliphatic C=C)/abs(aromatic C=C) fmonomer )
DC(%) = 100 - unreacted aliphatic C=C

7. EA|X =

3T FHAE, AL, nfRE, FHAE,
T 2 SRS FoXRE dotEy] flEiA v RS
A A E 190544 WRiel Kruskal-Wallis 1
way ANOVA test(Chi-Square Approximation)S- A&}
o] 95%9] fopFollA s ARt

o

AR ATAHE Table 29 ek, CLWS] 9%
EE 675 1k AXE 712 Boka, GMA7Z} ¢F 47.5 s
P4 dstord, CLWS MAE SA%H S942 gl
3120l (Fig. 2, p<005), HHAAAEE A F 85 25
i )] 2 H)2elglnk(Fig. 3, p>0.05).

Table 2. Results of the mechanical and physical properies

IMA GMA CLW
Flexural St.(if) 497 + 163" 475 ¢ 153" 675 + 17.5°
DTS() 251 + 3.0° 240 + 43 262 + 5.6°
Abrasion(zm) 1812 & 25.7 181.4 + 570" 2336 + 244"
Hardness(g/mn) 170 + 0.3* 104 + 0.7° 172 + 1.8*
Water Sorpt.(ng/cn) 1.15 + 0184 555 + 051° 294 + 040°
Solubility(mg/cn’) 041 +0.16* 123 + 0.11° 035 + 0.09*
DC(%) 354 48.1 513

A, B, C : Statistical grouping of materials tested to mechanical and physical properties(ANOVA Test, p<0.05).
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Fig. 4. The amount of abrasion of materials
tested.
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Fig. 6. Water sorpton and solubllity of materials
tested.

Az 3MASH GMA 5 A|&Fe] nfE T 181 m
Axolyl vlsto] CLWE 233 mE U] 300 (Fig. 4,
p<0.05), EHAEE 3MAS} CLWZHI = 17 kg/mA %
Z 8927} gigler} GMAZ) 104 + 0.7 kg/mE 7}
7 WeHFig. 5, p<0.05).

EFTE IMATE 115 + 0.18 nglew® ThE 5 Fol)

ShAZ=Q| - BPA-3MA AZEE NDIZIMMAC 24 137

Fig. 3. Diametral tensile strength of materials
tested.

Fig. 5. Surface hardness of materials tested.

60

Fig. 7. Degree of conversion of materials tested.

vl&ll 7k AHlew, GMAYE H wgtclFig. 6,
p<0.05). £33+ 3MAQ} CLW7} Ygton], GMA7}
T ol viell 1.23 + 0.11 ng/ew & 7} ek (Fig. 6,
p<0.05).

FEdES 3MAYE GMASE CLWol dl&l ek}
(Fig. 7).
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AW GFAY A= EEA ol Fa1, Xl ek =L
Aol Zol AualA Agslez ol A 4 9lo]
of ¥hey. 354 W AL HE4 44 #AE
Zk3 glo} A&F7bo] AEFE Hr & AnE A&
T glck EgalRle W ok 77 $ANE xdet
7] ko] ey XA ARl B 3k T
A ul A% ZAE flsle] 34 A¢] TEGDMAE ek
A7), ey 94 g BPA-3MA Y] 7 $- Bis- GMA
Well 3= F 8 slo]=gA)7] & 3 AE wela™
do|EE Xgshody Hal9 olxAe] ¢4
& FY 7 den old wil HEyl ;A dolA
TEGDMAE A HA/MAAE $E8 s34 HY
ct. & Bis-GMA®] 7% 20 goll 40 %A =2) 8 g¢] TE-
GDMAE #7lsllobt @l 4 9l¥ AEE BPA-3MA
o} 75 20%4] 4 gut AvlelE 2 AES g F
Adck wlekal Epagle] 49 22 o] HAAE
A7pgeby ) $AANE B} go] A7 4+ 9
o] £49] S 71 4 gl XmiedA e
Ao B2 B3R 4L Aol & Solv} o
ang FANHE 7 U& Aold

A& G Nl 7R = ol WA 27
ANe 59 BE, HHIAAE 5 AL S5elof
3, o= F AR V1A AU dkg nlky
wlitell 53 Hel7} Fasich 2719 33hE4Y Bis-
GMA thefxl)y= Wz 584 o] =9 32 ofyle]] )3
FEE = AR A9 A7ke] 2] o A F
71Ze] Foll 9% AT viRo] B4 A7l 2
A=l ko] U%ieh 23 McGinnis(1975) 33
Ho R 360 me] ¥zl #-A == benzoin methyl
ether& FFZAL o] &4 A4 T4 Mealad
Alut 3t 2ozt A ar, ol Aol Asldet. 19790
Kilianol] ©]3l] 468 mn 3}k e od o] 7lAlFAel| &3 &
A 3}=] = 3374l (photosensitizer, camphoroquinone)$}t
o}l 7 A] Al(initiator, aliphatic amine)S- ¥+-§-8 7} A%
A Z8H o] AMitE|gich

FZEE D TANR shte) f FelE FF
w3 Gzl o) FE R 2] A|7to] AfFar
Z27) 549 Y54l Fh.ov FIHR] g EitslA|
gotz xlog z4to] ZBAY ¥k ofvfe} 7|1 ¥ Foll
0|8k FA o] AslE HAE ¥ 4 ek B ool A
Aget Aae BF 2EgEel7] ulited el
A o Aol gidled W AREE Al & EF
Wit ghg ekl o), FARe] Aee 2 ¥

o] Apo| 7} whA¥ste] CLW7L 714 =4 vebyge}. gt
7} Fobe} 27} go] vehdEd ol Al ¥
7} 71 sggele)l e o4E WA kel glala
v 5 FFdolelE AMANE @ 9l &7 wef
7129 G34ell Zhol7t Qo) Q] CLWE Zepid
700l BAA FHEEEE FEl Hrlelr)7} foldt
ub A1g A Z¢ 3MAS) GMAE Alg ol =23
uflo] Fo)] Yolol 3lu el Fov) oydflw
ol 71Z£9] Fo] dolxkr) ulE-<ql it

X]otel| B} 9@l 717k f-A1= 7] HelA e vEAY
Ao| f-g3slo] H2tolit SlEAA wfEI} Holof sl
tl ele 71249 FuiZEe} 7)Ao E3hE FA )9
77] | ek, 713 A0 A Tl wHE ok
< whech aEl 2 Aol nheAga Asts
3MAS} GMA7} CLWH.e} 5819 =l (p<0.05), o]+
AzTe FAAY A7l 9 FF, silane X2 Yol
CLW9} t} 7] wlio|w A& Alz=Fo]l 3MASH GMA
We] 7] FAAN7E CLWE FA4 A Kok Ay =70
o & gors Ao Fokg

SR} 4% BEQ] A§ FHAEE 7

>
it fo
o2

upel 714 2] QAo el ¢ Qe AL ¢ 5 93
o} gk A0 o3-S A g gk vl
£ o FUALY} nfRAGAAL AR A dAE
73 Qo] A7) F nfRAGAYE aA Heh
A7} 78 IMASH GMATHS T v] g of 7] 9
g WE 7oz AgdEe] IHAES £ 3MAYL
7)Aol A= o $rslrky shekE)

L3R W) FRUL ZFoll ol s,
ol & MAsty] A= EFTE Eole MEY MY
o] 71 whiko] & Aotk EFT= 7AIH EAY A
9% WA AA7F AekSoderholm =, 1984). 3MA
9] EF7L 71 Aol WA $¥le] 7} A& Ao
2 odAAY, EFp W& B4 AR HE e
grebelch 3MAS] 7S S50 AL 218 ek o)
Sl =st vl e ol wivkg-el A} Bhol
EA6L 7] g Ao g AQztE, ol FHE
Aol A & = gl e} IMAY] &3l E = GMAL}
CLWel] u)3] Wokch

SEAL 3REES] B AAeke Ta% ARE F
%8 (degree of conversion) & S F° Ard] L £579
SRR ZelZewd o|FAC=C)9 HF-EFo]
5% FEAY A, 2elH Ao $5A



Ehdcl Bis-GMAE 7| A& sl E5taR19] 3482
HE 55~75% A%o|c} a2z} BPA-BMALE 3354
o g FAel 3 o]FAYe] EASEE Bis-
GMA7Z} 2701 Zell wl&) o]FAgte] skt v glof ut
S8A] AL 2 o) FAR Y ko FEE Auks)
© Ao gAE FohEe] A& 4 ol gt} & Bis-
GMAA] AAAGMA, CLW)E 50%A 5] Ztidto]
dout whH, BPA-3MAE 35%2] Fito] Yolydrl
AL 22k shdgd ol FAg o] shi4 nhgsle] Tty
Ak AL ou|dict qkek BE o|F AR A F3t
o] dojykeld Bis-GMA7L 270¢] o] FAg ol 2lsff 7}
x| 7o) Hl&l BPA -3MAL 379 o|FAS- 2z
7] wigell vl At 33 F2E A4 Ha ul
2hA] o 8k 71 A AAS gevka £ 5 ek
wah Boodre] EghEell A v Eo] Al B 4= gl
= A= 34 E H7tE]= TEGDMA 4] aliphatic
C=C9| o|FAjo] EAllslr o] &t FHAAF v
A nEA FARE Aghsct ¢ TEGDMAY o]
Z7%8+e] ul-2-Ao] Bis-GMALF BPA-3MAKTH £o1
2 TEGDMA7Z} WA Z34ts)3, 26| Bis-GMAL}
BPA-3MA7} WS-8l A] Elm=g g4 A7t ghe] Sojzk
o] FTYE] F& Zlo|n 285%2] FAAE £
g GMA7} 16.7%9] EAAS 33 3MA By} £
AHE BFE Zolch

AL BE BAS FgoE B o BPA-
3MA7} Bis-GMA Aol u]al| Z¢-go] YAt B4l
A8 FRAA) okt whebA] BPA-SMAE V1A R 3l
AN Bl A F2AE et
o] FFRES FolAU A-R7(free radical)E A 4]
e BANAIAE 7)Aol Hrhshehd Halde) 3
45 2w NS Mio] gslelzl Az =
o B3 Azl A9ole 7 e g B
7HHQ FtAFRE Adete] 4% A4S 2A &
T 9 Ao}

HEo] sfo| =AY 5 B weladde|eg %
8k BPA-AMAS A7t 2 = 9=l §4] 244
Feo] doluke § uhEAo] W Zol Xakg =5
Ao NAZ ALs7)el= obF siAsok & A}
BEoket.

24 E
Bis-GMA©]| wletz 2y F2ale] =g whgAlA

F MY Fo| =RA7F sIE deleladdgolER
2| $kslo] gHAjEl 3354 BPA-3MA(bisphenol-A trime-

HIZFEQ| - BPA-GMA 2EEE JDIZ-IHAIHOl 24 139

thacrylate)2& X 2+-§ B¢ HRe 7|Ag A4 M3
A golE 31z} BPAIMAS 7|AZ s A9l
Bis-GMAE 7| A st AW E Y Azeba /)&
A}Z(Concise L/C White Sealants, 3M Co., U.SA)S A

dato] SRR, PHAARE, nts, TUAE, &
Fr 9 SE, FERES vlszete] vt 2 A
IE Al
[+]
o

c

9z} 9wk

2. ZHQAREE 3T ¥ vtk p=0.05).

ufREE 3MASH GMA7Z} CLWH ) =2 2] 8hA 8
UeER g ch(p<0.05).

. BAEX 3MAYL 7H = ek(p<0.05).

ZHTE 3MATL 7H H o ek(p<0.05).

L EE 3MASF CLW7} Yheh(p<0.05).

. FEYES GMAS CLW7L 50%3 52 3MART)
3kt

L FUAEE CLW7L /b $shglon) SMASH:
}_

(55

N o v oA

o] 38) A7z 33549 BPAIMAL 7182 A8
sto] A ATRANE AT A5 7129 AFEe
Tt 2o, VA AAe de At 2 Jes
dekgey =3 B gt 24€ 2 53
MEE 7Hs8 Ao Ags

EN28
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