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ABSTRACT

EFFECT OF PH AND STORAGE TIME ON THE ELUTION OF
RESIDUAL MONOMERS FROM POLYMERIZED COMPOSITE RESINS

Cheol-Min Jeon', Hyun-Mi Y 0o?, Hyuk-Choon Kwon'™
!Department of Conservative Dentistry, College of Dentistry, Seoul National University,
Department of Conservative Dentistry, The Tnstitute of Qral Health Scisnce,
Samsung Medical Center, Sunghyunkwan University, School of Medicine

Ohjectives | The purpose of this study was to determine whether pH and time hag any influence on the
degradation behavior of composite restoration by analyzing the leached monemers of dental composites
qualitatively and quantitatively after storage in acetate buffer selution as a function of time using high per
formance liquid chromatography (HPLC) / mass spectrometer.

Materials and Methods - Three commercial composite restorative resin materials (2 250, Heliomelar and
Aeliteflo) with different matriz structure and filler composition were studied. Thirty specimens (7mm diam
eter X 2mm thick) of each material were prepared. The cured materials were stored in acetate buffer solu
tion at different pH (4, 7) for 1, 7 and 45days. As a reference, samples of unpolymerized composite materi
als of each product were treated with methancl (10 mg/ml). Identification of the various compounds was
achieved by comparison of their mass spectra with thoese of reference compound, with literature data, and
by their fragmentaticn patterns. Data were analysed statistically using ANOVA and Duncan’ s test.

Results -

1. Amounts of leached TEGDMA in Aeliteflo were significantly larger than these of UDMA in Z 250 and

Heliomolar at experimental conditions of different storage time and pH variation (p ¢ 0.001).

2. As to comparison of the ameounts of leached menemers per sorage time, amounts of leached TEGDMA
in Aslitefle and UDMA in 2 250 and Heliomelar were increased in the pH 4 selution mors significantly
than in the pH 7 scluticn after 1day, Tdays and 45days, respectively (p ¢ 0.001).

3. In total amounts of all the leached monemers with storage times, the overall amounts of pH 4 extracts
were larger than those of pH 7 extracts for all resin groups, but there was no significant difference
(p» 0.05). [JKor Acad Cons Dent 29(3):249-266, 2004)

Key words © Light cured compesite resin, Leaching of residual menemers, pH variation, High perfor
mance liquid chromatography (HPLC)
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Table 1. Carnmercial light-cured dental compaosite resins used in this study,

Brand name (Code) 7 250 (Z) Heliomalar (H} Aeliteflo (B}
Manufacturer oM Dental Products Ivoclar Vivadent Bisco, U.S.A.
7.5 A, 1.5 A,

Lat mumber 3K1IJ 139042 59087
Resin matris Ris-GMA / Bis-EMA (8} / Bis-GMA / UDMA / Ris-EMA / TEGDMA
UDMA / TEGDMA DahA

Filler type Zirconia / silica

G- 66%/vol . TT~87%/wt
(.01~ 3.5mm

Filler contents
Filler size

Ytterbium I Fluride
46%/wol, 59%/ wt

B~ 56 %/ wt

(.04~ 20m .7~ B

Bis-GMA — Bisphenol A diglycidy] ether dimethacrylate

TEGDMA — Triethyleneglycol dimethacrylate
Bis-EMA — Etoxylated Bisphenol A dimethacrylate

Ris-EMA (6) — Bisphenal A polvethevlene glyvcol diether dimethacrylate

UEDMA — Urethane dimethacrylate
DaMA — Decamethacrylate
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Table2 Experimental conditions according to differ-
ent pH and storage time.

Storage solution Storage time

acidic buffer solution, Lday
oH 4 Tdays
45davs

neutral buffer solution, Lday
pH 7 Tdayvs
Ahdavs

4% 4L Y] 98 273 Tmm, 2¢ 2mms $F
To| ke 4EY Teflon B2 AFstgc). A&
2l Zeto|= Hof] Mylar strip2 B B=2 HAAZ F 3%
9 BRI S 712 HAEA] S2E i ot
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EAE {2 SEo|EE £0F 7158k Yo Hzle] B
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A2 71 7ke] A F A SR A HA A F 2717
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1500g8) 442 E 77 FHAE AAE TFEL
(STD) 2.2 Agste et T3, 714d 222 HAE 848
37| FA8l £ 99% caffeine (Aldrich Co.)2 100ppmlE
345 internal standard® AHEEHEG. BFEY (STD)H
AR &9 (storage selution)2l HPLC FY A ¥= &2
Table 33 21},

Age] 143 HPLCE Nanospace SI 2 (Shiseide,
Japan)eld, 449 14,2 HPLC AAle) #48 1.0x
250mm C18 g BUT F 5% Acetenitile (£7]4)}

Table3. Dilution of standard solution (3TD) and storage solution

STD 10meg/mL (10.000ppm) = 10004 (1 .000ppm} = 1004 mL (100ppm)
Caffeine 10mg/10mL (1 0Mppm) =% 100D/ mL (100ppm)

ATD 10ppm 2006l + caffeine 100ppm 20061 =¥ 1eL injection
Storage solution 1004 + caffeine 100ppm 1004L = 14L injection

+ ppm — mg/L
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Tabled. Conditions of HPLC
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Figure7. 1.C / MS—chromatogram of STD from Heliomolar (Unpolymerized material)
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Figure8. L.C / MS-chromatogram of pH 4 extract from Heliomolar (Polymerized material)
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Figure9. .C / MS

i A

- chromatogram of pH 7 extract from Heliomolar (Polymerized material)

Peak A ' Internal caffeine standard, fragmented methyl methacrylate, methacrylic acid, etc.
Peak B : TEGDMA (triethyleneglycol dimethacrylate)

Peak C : UDMA (urethane dimethacrylate)

Peak D ; Bis-GMA (Bisphenol A diglycidyl ether dimethacrylate)

Peak K

Peak F,G ; A certain dimer or oligomer

; Unidentified, probably related to Bis-EMA (Ethoxylated bisphenol A dimethacrylate)

Table 5. [solated monomers released at its specific retention time.

Monomer Retention time (min) Peak Molecular formula Mol. wt.
Caffeine 9 A Cs Hio O2 Na 195
TEGDMA 14 B C14 H22 Os 286
UDMA 21 C C23 H3s O8 N2 470
Bis-GMA 23 D C29 Hss Os 512
Bis-EMA (6) 29 E Cs5 Has O10 628

* Bis—sEMA (6)

Zn) e} olof] gk g3k FAloltt, H 7} A o] 471,
Na'7} A2g= 9] 4939 42 & vehf a9l
Figures 1~39] Aeliteflo group®llAE v]EE A 5144

A 5709 A9 peak7} ARE U1 0] EpeakES FTA
Aol AL FHGAME FEH 02 eyt 23 A A

29 peak Bt ol JiEo] £ Q& 297} 99t
2e, A Seelile) dapse A sdEoR 2

337 AT} Bl peak TR JEEE 24
%4909 9 g0 BT A Az Bis
GMAE m1% #3993 33 F A9 A g E 83

=

Eﬂl

L.
L

1
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; Bisphenol A polyetheylene glycol diether dimethacrylate.

9] 9t} Figures 4~69] 7-250 groupE S uFE A
oM el peakE= T2 359 HE F 7P B peak
7b #EHAem Aeliteflod] $le peak C (UDMA)}
peak D (Bis-GMA)7} IIe}. A8l A= peak CS1 UD-
MARbo] 2590}, Figures 7~92] Heliomolar groupell
MNE U5 AR peak D9 Bis-GMAZ| Bl w3 o}k ¥
Aol = QA Gd M= AEEA] st ZE Fxld
A A7 Abolo] whE T o] f2d e AlolE= §19
L, AAAIZ o] Z718ke] Wt Aeliteflo®] TEGDMA peak
¢} 7-250, Heliomolar?] UDMA peak”} %7}stitt.
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Figure 10. MS spectra of Caffeine (9min)

Table 6. Chemical structure of fragmented ions

related to TEGDMA
Mass-to-Charge

Ton Chemical

Ratio Structure
287 (st ] e
304 s
305 [orrnmnh Ji
309 (e

2. & ot o] ME FA (Quantification of resid-
ual monomers)

LC / MS9| peak HA& o 2N F4=E HI18l9
t}. Table 8~102 T8 A AREY AA L9 U9 F24
eSS FEskelr] Yatd 71EERS caffeine?] fr&
ol gk A FE3FE %CFez Yepd Ao},

Table 11-& 3% @lxldA pH Wl nte} fFZ2] 2
o|& Holx TEGDMASH UDMASQ FAE4 EAlolt},
Aeliteflo groupE-2 AAAIZE D Alzef 12 679 Hdz

MEHEIe HXAIZI0] 28 SEFINS MRHEH RE NXE FE

4745
0710JCMO7 #884-933 RT: 14.38-15.17 AV: 50 SB: 1 650 NL: 5.56E6
T: + ¢ ESI Full ms [ 100.00-1060.00]

1004

304.1
95°
90
85|
aoé
757
70 |
65 |
60
55

50

Relative Abundance

45

w0
35;;
30;

25

305.1

10 2871 | 3092

113.1
392.1

310-3 3481 . 404.0

bamr bl derp e e e v o

o3 ‘ 1755 195.3 2211 276.0| ||
P T
100 200 300 400

Figure 11. MS spectra of TEGDMA (14min)

Table 7. Chemical structure of fragmented ions

related to UDMA

Mass-to-Charge Ion Chemical

Ratio Structure
471 [herpit b Angs) e
488 e e e DL
493 [Aerptin Ay

ZellX TEGDMAS] &% Hale] slojA] f2l4d 9l Aol
& 1390 (p € 0.001). Z-2502} Heliomolare] UDMAFZ
& AR A To| 13| wet /dellA] Bk AbdellA] fiE
o] Z7kehe A4S BIon 67l 204 e FE Al
d= TAALE folHQl Ao|& HolA= ¥t} (Z: P =
0.303, H: P = 0.261). Figures 14~16% AAA|A7HE
TEGDMASH UDMAFZ&%9] Hagts vlag 2102 A1
d 74, 459 A7 A 3%9] @l Z57F pH 7ol =2 pH
4004 oA A S EES 2 (p (0.001), A=
Bl A= 192 793} 459 Alolel|A] x)7)7ko] Z71etol
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Figure 12. MS spectra of UDMA (21min)

Table8. L eached monomer content of Aelitflo groups
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Figure 13. MS spectra of Bis-GMA (23min)

Retention | Compound STD (%CF) pH 4 extract (%CF) pH 7 extract (%CF)
time (min) mol.wt. lday Tdays 45days lday Tdays 45days
9.5 caffeine 100 100 100 100 100 100 100
14.78 TEGDMA 955 3218 4097 5069 1651 2411 2816
29.86 m: 490 5281 7365 7575 7808 6080 6027 6764
36.43 m:877 498 696 755 777 635 649 748
45.04 m:816 1597 1852 1956 2031 1694 1687 1923

«*%CF = percentage related to the internal caffeine standard
*STD = standard solution (unpolymerized material)

Table9. L eached monomer content of Z-250 groups

Retention | Compound STD (%CF) pH 4 extract (%CF) pH 7 extract (%CF)
time (min) mol.wt. lday Tdays 45days lday Tdays 45days
9.5 caffeine 100 100 100 100 100 100 100

14.63 TEGDMA 69 622 631 663 225 338 351
21.76 UDMA 572 423 432 459 218 241 263
23.42 Bis-GMA 420 - - - - - -
29.69 m:490 6192 6359 6587 7035 5392 5628 5540
36.37 m:877 472 588 605 649 619 623 641
44.01 m:816 1428 1638 1689 1799 1357 1432 1441
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Table 10. Leached monomer content of Heliomolar groups

SCEiY ZAAZI0f BEE BENe] BROEAY £B0 0lAS g8

Retention | Compound STD (%CF) pH 4 extract (%CF) pH 7 extract (%CF)

time (min) mol.wt, 1day Tdaya 45days 1day Tdays 45days
955 caffeine 1060 104} 104 154 106} 154 104
21.23 UDMA 498 236 246 257 126 143 153
23.42 Bis-GMA 1189 - - - - -
29.55 494 G352 6418 6624 6637 5529 53460 G238
36.28 m: 877 b32 Ga7T 661 673 6o 662 669
44 42 m:216 1543 1664 1625 1701 1571 1650 1678

Table 1. Amount of leached TEGDMA and UDMA aecording to storage time (%CF), n = 15

Moromer pH 4 estract (ean £ S0 pH 7 extract (Mean £ 5D
1day Tdays 45days 1day Tdays 45d avs
TT?E of | ao1a.8+ 391,97 409753+ 46487° 5060.62 £ 48476° | 165115+ 7095% 2412.05+ 95370 282648 + 314.24°
el1tetlo
UDMA, of . \
b 49307 £ 9492 43197 + 9119 45G.50 + 16.68 91874 + 2187 4143+ 0.1F 96367+ 1860
UDMAOf | 93013+ 1856 24627 + 1826% 25770 + 13.78% 196,90 + 1300 14397+ 548 15298+ 1091°
Heliomolar

! significantly different on the horizontal line {p € 0.001)

» yalues with the same subscript letter in the same row are not significantly different (p ) 0.05)

T i R
s 5ot 5

HFt T

Figure14. Teached TEGDMA of Acliteflo

mhe} pH 45} pH 72504 f2d e /839 F7i2 2
sk Zze} e tig A i Ag T Y 29 3
A #72 #29F p = 0.062 31 Duncan s test® 7373
BTt Z 2509 pH 42} A 1Y, 747e] Y T2 345

om, ol 74 o] F 4597149} UDMA &%) 0|48
o foE g o ByEs oulgn

Faim

Figure 15. Leached UDMA of 7-250

Figure 17 34) 7057 4299 228 9259 ¥
T2 Ehia g fualzle] 208 o5 HRESLS
et AN E5 BT F97 Aol E HolA] B3
o (p) 0.05). 3% 2R 257119, 79, 45990 pH
£ 394 2] SIS 903 BAHL2 fo

3ol QPEAE st (p ) 0.08). 2t pelitefiod] HS
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Figure 16. Leached UDMA of Heliomolar

Figure 17. Total amount of leached monomers according
to storage time

Table12 Relative percentage of curnulative monomers following 4bdays storage as to original concentration

. o v pH 4 extract, 4bdays pH 7 exfract, 45days
Material Compound STD (%CF) (%01 (%501}
TEGDMA 373 x ¥ (1272 .151
Aeliteflo m 490 2060 x 1 (.076 (.065
m:877 194 x 1¢ (1.080 0.077
m:816 623 x 1¥ (1.065 (.062
TEGDMA 35 x 1 (1379 (201
UDMA 286 x 1¥ (1032 .018
7-25( m 490 3096 x 1¥ (1.045 (1.036
m:377 236 x 1¥ (1056 (.054
m:816 714 % 1¥ (1.050 (0.040
UDMA 189 x 1¥ (1026 0.015
Heliomolar m: 450 2741 x 1 (1045 (.044
m:877 213 x 1¥ (1.063 (1.063
m:816 G617 x 1¥ (1055 (.054

THOP — percentage related to the internal caffeine standard
*% 50l — percentage related to original concentration of STD

= Fol3ge] ARAEE 224014, 0.09, 01322 ¢
2 2Fd #7Eg =909 (2 p = 028~042, H:
p = 0.53~0.65) ol Ae]iteﬂoﬂ AR A Zhe] F7htel] v
2 o2 230 YR G O fEe] e E%eE

AAR DAY fEHE ﬂowable type?] Aeliteflor} 71
74 Bsko™ Heliomolar, 7 250 190 Heliomelarst 7
250& #AVE fEHE VU

Table 12 459 B 2RI &Y Yo S350 gle o=
AL v|FFE A2 AT g %S0 2 A g A
o|t}, 3% Hz 1w} HEFAH Wzl HPLC 4412
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B WSS QA EEEYY 49 T2 %CFE 4
atgar, AAEYe] Ao mzizE A B9l imlrl g
%CFE 9o RFE9] 8 %S0l F=A & +3ta . 71
BE #2292 B9 AL pH 4 £99 Acliteflos 7 2504
TEGDMAR 22 0.272%, 0.379%%5 . pH 79 ASele
o7 0.151%, 0.201%% Jedd. 7 2507 Heliom
clar?l UDMAS #&v&2 pH 49 9 0.026% (H),
0.032% (Z)E pH 74 W< 015%, 0.018% Rk =3},
S o) HE2EE e 0,016~ 0.5379%5 .
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Ao} [ Aeg AL fillers] 2ol T2 whsrpe
2 A7l Aeliteflo?t ™2 23] H7) H&) /2 T4
Fol Bshal =& £9=E 29 AL 71 g I O
Ao} & v Lol 719030, Aeliteflod} 714 F 5~ 15%2
PA3He TEGDMAE 2 B2 (m:286.3g/mal)2 281
3128 hydroxyl group< 223 31| %214 ether linkage
7 9le] =& AP S vERET, Braden™ Davy™ = ether
linkage”t %1 ethyleneglycal dimethacrylates”t &%
A7z} 712 % FE STV M BastEn 2 250
& TEGDMAY] thREE UDMA (m: 470 6z/mel) E A
A7l 7 22 TEGDMART 18A14] UDMAE A% &
o|FZ2Y7 TEGDMARTE 251 B3] B75l] $HES
zol=d) 7|30}, 7 2502 Bis EMA (6) / UDMAZIRZE
TAR] 33 i) WA Zot Aeliteflo®tt #lHg &

HEHEG BRI 58 saEel BREEBY sE0 /Fs g

A7 FEd JE FEHe o] HYE 2oz Big
(Figure 17). =8 =& filler 8% (70—80%/vol) &
213k A& kel 7= Aeliteflo ) #2 BA)S Aol 3
od 49 9 hteka AABE Y. Heliomelares 2442
TEGDMA ™4 Decamethacrylate® AH43 228 9eA
Stk Lee B9& MBS, dletg, FFF T Ot 24
Aol TEGDMAS #A+g HEAZ ] Heliomolars
Deca methacrylates] 452 Rashgont 2 dgede &
A 9= AT AZA A A8 58 pE:a Tol
21| Decamethacrylate?] AE2 8 & AU, Figure 72
Heligmglary) ZErE 3@ XA 55 A A5 A4F F
2] Bis GMA (2382 peak D)7t EFES 819004 4]
407 FEE2E B3 (Feures 8, 9). °|= Bis
GMAZ} BA1Re] a1 7o) =R] gon was Aag
ZEL P43 7] Y AoE ABEr) B dd)A
TEGDMASH UDMA B2 38449 #2482
2H YT ] 52 Big GMARTE Bx}ge] o} W} WE
AT gl ¥ A B o] #2H UL pH 79 49 B
o pH 49 4H3eA B o] #EEHon o] ol EL
o] gHlg] 7| dE AFAA FE FFE FEPoEH ks
UHAEY £8 = AR AFE uFH 2 AT F
5] 7 2505 UDMAE pH 404 193} 74 v} o] F 45
d Agald] fo2 o8 22 FEYL B A0 He}l UD
MAE TEGDMART =A) WEEE GFAE o8 2L 7
& TEGDMARTE 2 B35 4994 7918l A 22
Btk BapEe] 400 (peak E)91 vl &2 ol Eaj
300°14%] 28T (peakF, G) F& F+&EF) glo] Ao
kS Wo] W] o2& A 07 Ho|n] TEGDMAS 22
Ao gEssh At 9] 943 2eE B
Figure 1904 Aeliteflod] T8 T E 08 A2 A o0 7]
A TEGDMAE 14204 A2H 92 Bis EMA
(mal. 4520+ Bis EMA (6) (mel.:628)4] 3338t peak
= St Je 20208 fHEAZ ) w)Felr]E sht A
A9 Bis EMAS ABAHER] Kol AF TEGDMA
stol ZQW e el B2 4009 peaks} Bis EMaY &
Bo| 7V =00 WHH Big EMA 92 2453 = A
o7 wolty I3 HEE UDMA (urethane modified Bis
GMANY THE Bis GMA =49 2284 71 = WA
g & g},

Ferracane”< &7 SEAERY a|9bs 75 w42 &
2o L WA= £0T 048 SRS, 2019 24, 27
3% v g 28 S4 308 AAstdey, B
H7le) vwhe Bd) 5~10% (#7744 2
AP #+5 2 £ Ui 38T Tanaka 39%&
2 SR R 2R AT 594 oA BE o]
At shgon, 2 EAEE #5405
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wop e §& 9 F 52 Bastdth Miler 5 Bis-
GMA / TEGDMAZ 7A€ 2484 g4 TEGDMA2
&%) UDMA / TEGDMAZ 741 751} oF on) 7}
2 ool 319 1L, o= UDMAS TEGDMAS) 2 254
o= Qg 3] 27 wiFoleta Bttt & A
A= TEGDMA o]¢le] RAEE H& AR &=
Aoz golgglom o] 2mm F49] A|HAZ Al S
g Fgelgl o n g el FE A8t WY 7teidol she
Aoz AZAY Munksgaard®} Freund*'= @17 S84
7149 bt Bad o3 EujEm E AHER
methacrylic acid’} A€ok sl9t}. ¥ & A7) 52
735l AGE AT Abel| o] et #7] A= Fhef| o] s s
3 W3} fabskh glxle] siial #H-2 vt 2t
o) o)

Il .l
R—C — OR +He0 "M% R— G — OH +R — OH

Bagle] Eah= opdat 2L @717129] 319 o)<le] filler
o frEd #2419 SHAME AFHJT™ . Bradend}
Clarke®, (Pysaed} Ruyter” = filler 3HF (32 #7174
shaF)o] vre Bakg L filler 3Hko] & By E} &
7t 2ok Bk, E AdoA Aeliteflo filler 3
o] 55~56%/wtE 7-2509] T7~87%/wtEx} Y}, o]+
Aeliteflo7} Z-25080} gz1€] 712 Bl&o] srh= Ao 8 5
A AR LC/ MSEHAM R Acliteflo 7} Z-25050F &
& o] EAES FHret Ao 2 YERT (Figure 1), &
A& A Aeliteflo7} Z-250ET} B 55 ek &2
Bl A2 =& O k] 7Rl A= Btk
Heliomolar® A%+ 7Z-250E0 B2 filler &3
(50~60%/vol)ol = E-sta 7-2503 AFeE =2 ek
A FEE 2 AL J4AZ TEGDMAHA
Decamethacrylates AH-8l.2™ Bis-GMA / UDMA A%
ol Ao Acliteflod] Bis-EMA / TEGDMA Al&=c} A1
sitha 7P a] 2 4= 9tk Heliomolars AA]7]7k] £ &
EHUAARE 24 A 7-2507 FARE 90Mpad =5
7158k et. R filler $& 2t HeliomolarZ} €3] =1t
VA A S|4 7-2503 frAket A& B A& Aot
7&et fillere] ARE- fillero} #X1 712 ] Azgt A wfio]
g B < gl

A FRe] AEH (biodegradation) & A7sh=r] 1
AAH o &2 AR WS A 2HA o) ARn A S S5
sk Zlol . e o] gt WSS BalAlE EAkETl
Ao gletd A g A= A} 9l Aslera oz wAs)
+ #Rle B S Sete Lt A £& A
o A4, A B S AL ¢ glE dixle] AR ol
o HH= AT, Al 52 842 Jake vl 4= 9] o
ol &3 Aoz fositt. Santerre 57 #lR9] AE
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& Sshe 37 R (FAEE, ERAAE, LC/ MS)
£ 5 LC/ M7} 7P Wizkskn Feket RS & 4 sl
93, FHMAE S5 o= A= AT et &)
ek,

B AgdxE GC / MS tlild LC / MSE AR89
GC / MSE 31249 3HgES 28], ¥4 shad] 2 454
I A% g de) AR o] gk 2y AAE, AR,
B 5o 843 89| oF 80~85%+= FLAIo] WL 7]
Aoz Aelehy] Bl £ sk 2lo] tf Hest
7] W&ol o]5 EAL A Z2ulE1giule] iite] At
Z A3t Sofo] = gl Edojzbd A9 3w o
o gt kA, F713H S e 78S Sl Aol
A AzelEae)sld] ojs) Fel, ¥Ao] 7kseitt. LC / MS
© S AEE Y Qg deA BAE 4 9w v 3
Aot Aol By B waA EAe 5 gl7| wi]
RE ] B4 Sl 71 de] s4drt dd AR EA A
o GC= DA B0 HallHo] Be& AR5 peakEol U2
757t Jon g TR Ee] A 2 Felo] o g
o} 2 A38AM LC / MSY] & #8522 A 2A | A]
ANTFAE 7] 820 GEA 58 AR 2ol 7Fsskg )
MS¥E4 Ao #9lo] o]#}f- m490 ¢ NMREA S F7}
2 AAg JE Eld] =go] sl et LC/ MS
A9 AgtAld A AERAES 7|85 o] o] 24 (ion
sorurce) O & FYHT A7|M AREL & oA Hdat
B gJgte] FEH T, 1 A7} AAE go] ol 2oz [F
.

¥ fir

M+tle — M*'-+2e¢

ojuf AAE M* - & ojujo] o]} Ee| 9 FHslE w1
a1 FAo] AH A ] &2 AAE 7 I Qe Fol &
tztolt}, o] & Yol eEE BF (+):9ol <3 71 1 A
ol Y= n=RFe] A e A= Soj7HA hrt. ol
TP & 0] 5L ¥ 8- o] 25 KT} 47 2R 7] vk
Al X718 2 sk o] &5 A uket HelAZ 4 9l
o}, 25 ofuo] 9] AFo] A alghEe] Ealk s},

YA v]FF A EES RTEI 02 A3 AA
< 2899wk A 88] du o F1E % 99%
HEEA APA S A4 D ert vk Aoja B
fEe] AR E & ¢ gl vjEut & < vk Aot 2
gu, AzALA B9 i Ao dEA S A
AEIETE %wtEA] AR E & F= ek B A F
g 2 pH 4 994 UDMAS] 5338 0.026~0.032% =
o] 2= A 200mg, A F 1. 2cm’Z &3 F4 Al
UDMAS2] 99 i3S 5% vlvte 2 7getd < 4% Ul
2k 0.002~0.003mg/mlo] FEA T & 5 Qi) o] X
AZE oz 3 AR A9 A4 EDsog|

O

:



0.31mg/m] F=o] B4 Z ulA|= FA]o[h. £3 Bis GMA
2 EDse2 0.09mg/mlgkal stE.evt B Algey Bis
GMAE A2EA] 23k}, Rathbun 92 #7] 2012 A3t
H Bis GMA #7312 #2417 ¥ 243 §28H T2 4%
o] Bis GMAc|H #E=E B4& @4 #7429 50%3
Zolt] f& F E40] 90% olF ThHALTLE B
& Big GMaAZ AL R H o2 A2 Yot} Jeg 2 dp
|4 Bis GMAZT HEEA ¥3ta1 44 &= 3l
e AFe] BrFsd AR nFe|ganE B A Ale
¥ hybrid type #1719 F B3 Bis GMAS UDMAE
AA A SN ZAF §E L2 AR
Aeliteflos} 7 2509] Bz ©e)3] TEGDMAS #&%E pH
4o 2 0272, 0.379%¢°1aL, pH 7l 0.151, 0.201%
A}, Aeliteflod) A% $h 2 7K 3kl pH 4914
0.02Tmg, pH 714 < 0.015mg =9 TEGDMAT #&
g £ gl ol AF A/AEY EDeo?l 0.08mg/mlel 2
A Ao, JF LR Hrle] 2229 8y 1AEG
S% o)A A2 213 TEGDMAY A $Ey 38
TEGDMA A 2] 2402 A3 AEsidd dod 92
o, TEGDMAH 7214 pelyethylene glycole] 52 )
Hollq u|ETn] 4L 42 JXLYEE i &
= Y@ TEGDMAE F8 7134R 22 AHeshe B3
A7e) F4 £83 S92 B4 TEGDMASY #52 248
Fpejelgit}, 7 2504 EA43Hs TEGDMAE th¥E°] UD
MAE A Ee] o 2o s v £ A 259 04%
Aot REHAT steEE 2 e SulHd AoE Algd
o}, ¥Z TEGDMAS} #&%] A& ¥32v EDSDE &
Baka] Fotal Aol B 93 34 2 771 flate] o
£ A9 AT 7R o] Fof Aol S B ApR] =
ote TEGDMAS & F4%Y 2Y2og A id #
& 2/ B2 202 ArHY.

£ HEe] AnE nlRejrel BEH7L 27149 F4A
olef) wheh Zele glong e Ele] f 3k won Mt A
Y2 I Aol B ALE JPEY o] IRF 28 gl
= 4 e} oekgt e e 23 AE, Aldd 249 A
TE0] AAEHe #7714t T2 98 @ ihed] 28] g2
sepge] ZeE = 952 =ful g, H7le) g g &
AEY #E82 Jagsp] g4l de HirEd d7s
o|E IS BlAlE AETH 9T BG AT ASE
olobE Ao g AJEET}

V.2 =
Y BFY BB A A oM EST 832

N} 54 25 £l 1,7, 46970 A F {EHE 7
& TS} RS BRIt A=} AA A W] v

k=)

HEHEG BRI 58 saEel BREEBY sE0 /Fs g

£ #2399 Alolg Ha BT 2] H AREEEn.

4& LG/ MS (HPLC: Shiseids, Japan, MS: Thermo

Finnigan, U.S.A)E c|&3tgen, @548 292 5

T A AMEY A Sdhfe} D] v S FRElsl o

S 2E FAES G

1. A1 22} TEGDMA, UDMA, Bis GMA, Bis EMA @3
AE HEATE 14, 21, 23, 208 A2 319, % A
A E2 Bis GMAE FEARAA #2357 g3

2. AAA T AzRge] E WRA RS ¥ A
Aeliteflod®] TEGDMAE 7 250, Heliomolare"s} UD
MARTH 92 02 2 £E52] Xolg BAtHp ( 0.001).

3. AR SR v gl A Aeliteflod] TEGDMA
s} 7 250, Heliomelars} UDMAS €% 1, 7, 464
o) pH 75X Bk pH 4544 #3817 F71819
3 (p ¢ 0.001), A= =) v @ e AA7E F
7h) w2 1, 7, 4597k fEske) ¥at pH 4599 pH
Teel Bl H2dglA FF1KET (p ( 0.05). Z 250
o] UDMAZ} 2% 1, 74 Alel=q Bt 7, 454 Aje]
of o BE HEFHS B

4. ZAFEEA A HE v g s 359 9 254
pH 4ol #&] F718ks Aol dnovt fepdE ¢l
Ack (p ¥ 0.05). OFAFEFE Aeliteflo?} 71 Bt
™ Heliomolar$} 7 2502 #4138 #2352 HEH.

B, 7V 2 93 f2H e B9 A& pH 4014 Acliteflo
ol TEGDMAE 0.272%%8 31, 7174 Zh& f3d 82 ¥
A& pH 7414 Heliomolars} UDMAE 0.015%¢] 90},
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