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Tabie 1. Visible light-curing resins used in this study

Product name Manufacturer Shade  Batch No.
Bis-Fil M Bisco, USA Y 109040
Bis-Fil P Bisco, USA u -
Lite-Fil A Shofu, Japan U 129019
Lite-Fil P Shofu, Japan U 039144
Photo Clearfil Kuraray, Japan XL 7306-8
Bright
Clearfil Photo Kuraray, Japan UL 1042-B
Posterior

Agel AEE AT FHelH A%=E
Fo FALE AT

244-3kgd ok (Table 1) .
2. dEYY
1) AIE Y AIEHE
Ao FAl 2.0mm, W7 8.5mmée
Teflon Z#ol 7HAFAFEE dde FAHs

o} polyester matrix stripeZ |7}sti o]
slide glass2 @& & AQtez 7hgtsted o] B

o #HAL AAT F, 12.5mme] wide
diameter lightguide7} 2= Bz AL7)

(Visilux 2, 3M) = 2027t FFeke] Alals
Azsieict, 72+ AFAEG 8HA 487112}
Al (resin disk) & AlzHste] FA FAE 2
A3 & 10ml ethanole] 41+ A& ol
R 2 A7 37+0.3°C F&rlelA 542k A st
o} AWeoziE AFaEEFA}

et

E
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2) HaEA

7h 3FAE

g Ay o)ubg kAl Bis-GMASH
TEGDMAS <& =437 o HA2A
(calibration curve) S 37| $3led o] &3
ZEZ2o Table 2.9 7o, $FF4E &0

Table 2. Chemicals used in the investigation

Compound Abbreviation  Supplier

2,2-Bis [4-(2-hydroxy-3- Bis-GMA Bisco Inc.,

methacryloxypropoxy) U.S.A,

phenyl!] propane

Triethyleneglycol TEGDMA  Aldrich
dimethacrylate Chemical Co.,
U.S.A.
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ol ethanolell &34 7 Bis-GMA¥ (.033%,
0.0109;, 0.007%, 0.005%, 0.002% =,

TEGDMA+= 1.000%, 0.100%, 0.010%, 0.
005%, 0. OO')%E FFAEE ZA sl HPLC

off F9lete] AHZ T AekAde Fatalch

A3 & ethanololl AR 4]7] 527} 8270
A AHeggd Arte] AdERe A EEo

microsyringe s AFE-dlA 20418 A% =%
sted  HPLC{Automated gradient control-

r . Model Waters 490 E, Millipore, U.S.
A., Pump: Model Waters 510, Millipore,
U.S.A)ell F4i3te] X185 A ki s)4qic),
o] o] HPLC®Y A}-&=7-2 Table 3.3 ztc}.

I. &84

ket Bis-GMA$ TEGDMA-E ethanolel
» KUN @ S JAN 1. 1901 bEIG71 16
LTakl
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Kur# ] JHAN 1. 19u1 ek 716
ARE AR
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Z2.91¢ 153897 Bv 162 D.38974
3.125 39%a582 LAY A Rcy4 14.86329
3.329 337247 4 VP L HaE 1.58%144
8.4898 1825894 Py b5z 3.61178
11,0839 3543597 BV 189 12.47%84
14.490 17271888 FF AN E2.568b2

TUTHL AREH=Z.S4D3E+B7
MUL FALTUK=1.BBUBE+RD

Fig. 1.
(B) 0.01% TEGDMA.

Table 3. Reversed phase HPLC, chromatographic
conditions

Column: 250 mm x 4.6 mm,

M Bondapak C18, Waters, U.S.A.

Mobile phase:  Pump A H,0
Pump B8 CH3CN
1. lIsocratic elution 50% B
2. Gradient elution
50% to 100% B,

20 min, linear gradient

Flow Rate: 1.0 ml/min

Detector: UV 254 nm,
Programmable Multiwavelength
Detector

S AL FEANRE 7 FEw 20414
HPLCell 5913t ZA 3}, Peak area(o]3} PAzt
£71)7F Bis-GMA+ 14.49%, TEGDMAY:

8.45% F-<-ollA] retention time (% 8.A]7}) o)
vrebutet (Fig. 1) .
* KUN & 24 JAN . 1961 1232t %2
ST1hkT
3.292
5.%%9
STor
KUNS 2, 1941 12221232
AKEA%
R AKER TYPE BIUTH HRKERAYZ
B.z2%2 2724478 \'A% . 1k@ 11.939z2
5.85% 3233330 FV . 189 14.16912
8,458 168617240 vy L2808 73.891465

TUTAL RARER=Z, ZEZBE+B7
ML FRUTUR=), BUUBE+BR

High-performance liquid chromatograms of the standard solutions: (A) 0.007% Bis-GMA,



F5A89 7 rxr} dolA count areat
Table 4.9 2t} 348 Bis-GMA9| 0.
0029% WA 0.033% Atolel Zeig HPLCel
Fgtez A 0.002%% A PAZF 1,545,362,
0.005%% o} PA7} 10,543,368, 0.007%%
PAZ} 17,771,888, 0.010%% =1 PA~} 20,
707, 344, 0.033% % @ PA7} 70, 848, 8324
count area® 993, TEGDMA+x 0.002%
W=zl 1.0009% AFeloll A 0.002%< =i PA7} 2,
205,550, 0.005%<% @ PA~} 4,585,069, 0.
0109%< «} PA~} 16,861,760, 0.100%%
PAZ} 56,519,936, 1.000%<% wi PAZ} 194,
584, 400¢] count area® R%ith. olAe A}
2 o] g3lo] 7 FFA] o] 7 %Al (calibration
curve) & lx, 7FE#3EQ count aread
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Table 4. Count area according to each concentrations
of the standard solutions by HPLC

Bis-GMA TEGDMA
concentra- concentra-
tion (%) count area tion (%) count area
0.002 1,545,362 0.002 2,205,550
0.005 10,543,368 0.005 4,585,069
0.007 17,771,888 0.010 16,861,760
0.010 20,707 344 0.100 56,519,936
0.033 70,848,832 1.000 194,584 400

Welst Y% 274 deht o] % log #42 ¥
A3k} (Fig. 2) .

AeATE EFA8e Al sl
7tel AR 20ul HFE 4 olukg Wk

Lo

okS w9li(Fig. 3), =2 <& 10ml

Concentration
0.01

B

o
63 68 &7 6 1 73 16 T T3 &1 03
Log {count area)

Fig. 2. Calibration curves for quantitation of (A) Bis-GMA and (B) TEGDMA by HPLC.
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Fig. 3. Typical high-performance chromatograms of (A) Bis-Fil M, (B) Bis-Fil P, (C) Lite-Fil A,
(D) Lite-Fil P, (E) Photo Clearfil Bright and (F) Clearfil Photo Posterior. Peaks; 1 =Bis-

MA, 2 = TEGDMA, 3 = Bis-GMA.



ethariol £ A9 FAo] 3t Hge @
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=55 o4 4 AU Fig. 4).
Bis-GMAs} TEGDMAS] <& Bis-Fill M
eolz

oA 1.236wt% ek 5.794wt% A FEof ut
A 25 b A Jeldba, Bis-Fil PellA
0.101wt% 2t 3.915wt9%, Lite-Fil A< 0.
194wt 2t 0.348wt%, Lite-Fil Polx 0,162
wt%2} 0.319wt%, Photo Clearfil Brightoll
A 0.196wt% ek 0.337wt%, Clearfil Photo
Posterioroll A 0.114wt% 2} 0.230wt% ] 3
Add ) gol4 Bis-GMAXt+ TEGDMA
7b el AEF= ek (p<0.01) .
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T

Table 5. Percentage of residual monomers related to its
original content in specimens

(N=8, Mean wt%15.D.)

Type of specimen Bis-GMA TEGDMA

Bis-Fil M 1.23640.206 5.794+11.637
Bis-Fil P 0.101%0.028 3.915+1.017
Lite-Fil A 0.19410.008 0.348%0.019
Lite-Fil P 0.16210.025 0.319+0.026
Photo ‘Clearfil Bright 0.19610.011  0.33710.090
Clearfil Photo Posterior 0.11420.010 0.23010.045

Residual Monomer Content {%)

Bis Fit P

Bis Fit M

Lite F|I A Lite Fil P Clearﬂl B. Cleartit P.
Composite resin
Bis-GMA NN TEGDMA
Fig. 4. Percentage of residual monomers related

to its original content in specimens.
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— ABSTRACT -

QUANTITATIVE ANALYSIS OF RESIDUAL MONOMERS
IN VISIBLE LIGHT-CURED RESINS

Kyoung - Kyu Choi, D.M.D., Byung - Soon Min D.D.S., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

The purpose of this study was to estimate the contents of the residual monomers, such
as Bis-GMA and TEGDMA.

In this study, materials used were six kinds of anterior and posterior visible light-cured resins.
Resins were placed in disk-shaped Teflon mold (8.5mm in diameter, 2.0mm in thickness), and
cured for 20 seconds with visible light source attached wide diameter lightguide.

The specimens were immersed in 10ml ethanol and stored for 5 days at 37°C.

The concentration of residual monomers in eluate solution was analysed by HPLC, and the
following results are obtained.

1. The residual Bis-GMA and TEGDMA were detected in all materials used, and the ranges of
quantity of the residual Bis-GMA was 0.101-1.236 wt% and that of TEGDMA was 0.230-
5.794 wt%.

9 The contents of residual TEGDMA was detected higher than that of residual Bis-GMA
(P <0.01).

3. The content of residual monomers was detected to be highest in Bis-Fil M as microfilled
type.

4. In most of the materials used, there was no significant difference in the contents of residual

monomers between anterior and posterior light-cured resins.
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