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ABSTRACT

The monomers in ternary visible light-cured (VLC) bis-
GMA/TEGDMA /urethane resins — bis-GMA (1)/TEG-
DMA (2)/urethane (1) and bis-GMA (1)/TEGDMA (1)/
urethane (1) — were determined qualitatively and quanti-
tatively by means of high-performance liquid chromato-
graphy (HPLC).
maining in the set resins due to visible light curing was
analyzed. Both exhibited higher bis-GMA residual mo-
nomer than TEGDMA and urethane residual monomers,

The level of residual monomers re-

and urethane monomer content was fairly equivalne to
TEGDMA, with the calibration curve in HPLC analysis to
determine residual monomers in the set resins. Two
ternary material showed lower level of residual monomer
contents at longer irradiation time of 80 sec than at 40 sec
during curing.

INTRODUCTION

Dental visible light-cured (VLC) resin composites have
been accepted as a restorative material which has higher
curing performance than conventionally chemical-cured

1=3, VLC resin composites usually

resin composites
exhibit a smaller unreacted monomer content than does
the polymethyl methacrlate®.

monomers in the hardened composite resins, acetone and

To extract rapidly the
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chloroform were effective solvents to examine unreacted
monomers as residual monomers®. A tiny amount of
residual monomers derived from the set resins was meas-
ured, and such solvents as methanol, acetone and acetoni-
trile were used to accelerate the extraction of unreacted
residual monomers from the set resin composites in the
laboratory test*~®. The residual monomer contents in
the set chemically-cured samples were analyzed using
HPLC technique similar to those reported by other
studies, such as Fourier transform infrared spectroscopy

10-19  The resin matrix

and gas-liquid chromatography
in dental resin composites was mainly composed of poly-
functional methacrylate monomers, such as triethylene
glycol dimethacrylate (TEGDMA) and bis-phenol A gly-
cidyl dimethacrylate (bis-GMA)”~®. Polyfunctional ure-
thane monomers have been frequently applied to dental
bis-GMA-based resins to obtain strengthened resin mat-
rx, higher curing performance and less residual mono-
mer53'4'16'17).

This study evaluated, using HPLC analysis, the level of
residual monomer content left in photo-cured ternary bis-
GMA/TEGDMA /urethane monomer mixtures, and ex-
amined their monomers as a function of radiation time at

visible light curing.
MATERIALS AND METHODS

The resins used in this study were E-1 and E-2. E-1
(bis-GMA (1)/TEGDMA (2)/Exp3 (1)) includes bis-GMA
(1/4; 25 wt%), TEGDMA (1/2; 50 wt%) and Exp3 (1/4;
25 wt%) and E-2 (bis-GMA (1)/TEGDMA (1)/Exp3 (1))
has bis-GMA (1/3; 33.33 wt%), TEGDMA (1/3; 33.33
wt%) and Exp3 (1/3; 33.3wt%). The resin monomer
mixtures were bis-GMA (Shin-Nakamura Chem, Waka-
yama) and TEGDMA (Tokyo Kasei Co, Tokyo). Ure-
thane monomer was added to binary bis-GMA/TEGDMA-
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Table 1 The structural formula of bis-GMA, TEGDMA and Exp3.
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based resin mixtures. Experimental urethane monomer
(code; Exp3), which was synthesized from 2-HEMA (40
wt%) and N3500 (60 wt%), had the structural formulae
indicated in Tablel. The synthesized method was
carried out as follows. The liquid 2-HEMA (2-hydroxy-
ethyl metahcrylate; Tokyo Kasei Co) was added to N3500
(isocyanulate; -NCO- content=21.6%; Sumitomo Bayer
Urethane Co, Osaka), catalyzed with D-n-butyltin dilau-
rate (0.5 wt%) and hydroquinone (0.5 wt%) at about 60°C
for 12 hours in an inert atmosphere, with continuous
stirring, until the reaction was essentially completed.
Camphorquinone (CQ) and dimethylaminoethyl methacry-
late (DMAEMA) were added to the monomer mixtures as
the photo-initiator and reducing agent, respectively, at
concentration of 0.5 and 0.5 wt%.

The procedures for sample preparation and HPLC
analysis condition were indicated in Table 2 and 3. With
regard to characteristic retention time, HPLC analysis
was carried out with standard solutions of bis-GMA/Exp3,
bis-GMA and Exp3 indicating each concentration. For
example, using Exp3 monomer as Y; (area) in bis-GMA/

Exp3 mixture dissolved in acetonitrile, we can calculate

Table2 Sample preparation for HPLC analysis
used in this study.

Sample preparation (HPLC)

l Uncured monomer |

| VL cured for 40's, 80's J

[ Kept in desiccator at 37°C for 1 day

I Ground to powder —l

r Immersed in pure Acetonitrile for 7 dast

\ Shaken for 10 min )

| Centrifuged for 10 min |

HPLC analysis




Table 3 HPLC analysis condition.

Apparatus : Twincle, Jasco, Japan

Column : Inertsil ODS-2 (5 mm W 250 mm L)
Mobile phase : 75% ACN

Flow rate : 0.5 ml/min

Column temp.: 30°C

Solvent : Pure acetonitrile

Wavelength : 220 nm

Range : 0.16

Detector : UV-100

Injection :5ul

the Exp3 content (area Y, in 3, Table 4) to agree with Y,
(Table 4).

RESULTS

Figure 1 shows the HPLC analysis results of the extract
from the acetonitrile solvent obtained from each sample of
bis-GMA/TEGDMA and Exp3 and the sample E-1 or E-2,
and bis-GMA/Exp3 was needed to measure Exp3 content
left in the set resin. The curves represented each peak
indicating bis-GMA, TEGDMA and Exp3. Each peak of
bis-GMA, TEGDMA and Exp3 in the samples was
identified by comparing each peak area of monomers with
standard samples. On the curves, the tracing of each
peak at the retention time was marked to identify it,
showing that TEGDMA peak appeared as a single strong
peak and the Exp3 peak was found with bis-GMA.

Figure 2 shows calibration curves of each sample of bis-
GMA, TEGDMA and Exp3 with r=0.9999. Using their
calibration curves their amount of monomers were given in
Table 5.

residual monomers in the set resin samples at photo-

Using the extracted solvent containing the

curing, each proportion of the residual monomers left in
the resins was obtained by each calibration curve. It was
clear that the quality of bis-GMA, TEGDMA and Exp3
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monomers existed as detected. At each retention time,
residual monomers (bis-GMA and TEGDMA) in the set
E-1 and E-2 resins were less at the 80 sec irradiation than
40 sec irradiation, showing that the residue TEGDMA
content was less than those bis-=GMA and Exp3 urethane

and also urethane monomer in E-1 than E-2 was less.

DISCUSSION

The residual monomer contents in the set composite
resins were analyzed using the solvent extraction meth-
od!~*+1819 and their residual TEGDMA and bis-GMA
monomers left in VLC bis-GMA/TEGDMA based resins
were identified by acetonitrile solvent method'®. Hira-
sawa et al reported that a long period (7 days) was
required to examine the monomers fully dissolved in the
solvenet from the resin'®. VLC resins appear to have a
level of residual monomers as equal, or high as 0.22 to
0.61% (E-1) and 0.36 to 1.57% (E-2), in comparison with
0.2 to 0.5% in conventional heat-cured resins?®®. The
percentage of residual TEGDMA monomer left in bis-
GMA/TEGDMA /urethane-based resins was small as
compared with bis-GMA monomer (Table 5). An ap-
proach might be needed to study the long-term ser-
viceability to the patients of VLC composite resins,
suggesting the importance of immersing the set resins in
water as long as possible.

The effect of irradiation times (40 and 80sec) on
residual monomers in the set resins was tested clearly
(Table 5). A small percent of residual monomers (ure-
thane and TEGDMA) was obtained for experimental E-1
and E-2 resins. There appeared a significant difference
between the samples E-1 and E-2 for urethane monomer
at each irradiation of 40 and 80 sec (p<0.05). It is noted
that the urethane monomer (Exp3) gives better curing
performance of the set E-1 and E-2 resins because of less

residual urethane monomer than bis-GMA.

Table4 Calculation method for each amount of residual monomers left in the set resins cured
by visible light. Each residual monomer content is calculated at each retention time

according to the equations.

1T

1
Bis-GMA+Exp3

Bis-GMA Exp3
Bis-GMA Bis-GMA
A 10.8 IB 10.8
g Bis-GMA+Exp3 Bis-GMA Exp3
1.7 11.7 1.7
Y, =S—-Aa 1) where Y, is calcualted from the area of I and II, and A
a=IB*/IB (2) and S mean area of I, and also IB* and IB area of II.

Y, is calculated from the area of III.
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Figure1 HPLC chromatograms of each sample of bis-GMA/TEGDMA, Exp3 and the sample.
See Table 4 for each.
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Figure 2 Calibration curves of bis-GMA, TEGDMA and

Exp3 for the calculation of residual monomers.
See Table 4 for the calculation.

As indicated in the HPLC chart (Figure 1), the urethane
monomer (Exp3) did not separate easily, showing that the
isomers of bis-GMA appeared with Exp3 monomer at one
retention time. Residual monomer (bis-GMA and TEG-
DMA) contents in the set resins found by this extract
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Table 5 The contents (wt%) of residual mono-
mers dissolved in the solvent over a 7-
day period at photo-curing, which were
obtained at each retention time.

Peak time E-1 E-2
min 40s 80s 40s 80s

Bis-GMA 10.8 061 046 151 1.36
0.07) (0.01) (0.17) (0.10)

21.7 055 043 157 141
0.07) (0.02) (0.15) (0.10)

Monomers

25.1 025 022 054 045
0.03) (© (0.05) (0.04)

TEGDMA 8.4 0.53 037 047 0.36
0.15) (© (0.10) (0.08)

Exp3 11.7 058 043 0.99 0.99
(0.19) (0.03) (0.08) (0.11)

analysis were comparable to those reported by other
workers using different experimental techniques, such as
FT-IR and GC analyses’*??. There was less residual
TEGDMA than bis-GMA monomer in the E-1 and E-2
resins (Table 5). More bis-GMA residue was analyzed
in the solvent from the set E-1 and E-2 samples than
in TEGDMA, and bis-GMA/TEGDMA/urethane-based
reins was effictive as a VLC resin with less residual
TEGDMA monomer than the others.

It is evident that their small contents of residual
monomers are analyzed in ternary bis-GMA/TEGDMA/
urethane resins by separating the superimposed peaks in
HPLC chart. The synthesized urethane monomer was
applicable to VLC bis-GMA-based resins, showing that
urethane in bis-GMA (1)/ TEGDMA (2)/urethane (1)
resin possessed to residue equivzilent to TEGDMA
monomer, ot fairly less than bis-GMA.
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