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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 Yoo?, Hyuk-Choon Kwon**
'Department of Conservative Dentistry, College of Dentistry, Seoul National University,
‘Department of Conservative Dentistry, The Institute of Oral Health Science,
Samsung Medical Center, Sungkyunkwan University, School of Medicine

Objectives :
degradation behavior of composite restoration by analyzing the leached monomers of dental composites

The purpose of this study was to determine whether pH and time has any influence on the

qualitatively and quantitatively after storage in acetate buffer solution as a function of time using high per-
formance liquid chromatography (HPLC) / mass spectrometer.

Materials and Methods :
Aeliteflo) with different matrix structure and filler composition were studied. Thirty specimens (7mm diam-

Three commercial composite restorative resin materials (Z-250, Heliomolar and

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 methanol (10 mg/ml).
achieved by comparison of their mass spectra with those of reference compound, with literature data, and
by their fragmentation patterns. Data were analysed statistically using ANOVA and Duncan’ s test.

Results -

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

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

Identification of the various compounds was

. As to comparison of the amounts of leached monomers per sorage time, amounts of leached TEGDMA
in Aeliteflo and UDMA in Z-250 and Heliomolar were increased in the pH 4 solution more significantly
than in the pH 7 solution after 1day, 7days and 45days, respectively (p  0.001).

. In total amounts of all the leached monomers 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 7 0.05). (J Kor Acad Cons Dent 29(3):249-266, 2004)

Key words : Light cured composite resin, Leaching of residual monomers, pH variation, High perfor-
mance liquid chromatography (HPLC)
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Table 1. Commercial light-cured dental composite resins used in this study.

Brand name (Code) 7 250 (Z) Heliomolar (H) Aeliteflo (E)
Manufacturer 3M Dental Products Ivoclar Vivadent Bisco, U.S.A.
U.S.A. U.S.A.
Lot number 3KUJ 1.39042 59087

Bis-GMA / Bis-EMA (6) /
UDMA / TEGDMA

Resin matrix

Filler type Zirconia / silica

60~66%/vol, 77~87%/wt
0.01~3.5¢m

Filler contents
Filler size

Bis-GMA / UDMA /

Bis-EMA / TEGDMA
DsMA

Silicon Dioxide / Barium / silica

Ytterbium Il Fluride
46%/vol, 59%/wt

50~56%/wt

0.04~0.2¢m 0.7~0.8um

Bis-GMA = Bisphenol A diglycidyl ether dimethacrylate

TEGDMA = Triethyleneglycol dimethacrylate
BissEMA = Etoxylated Bisphenol A dimethacrylate

Bis-EMA (6) = Bisphenol A polyetheylene glycol diether dimethacrylate

UEDMA = Urethane dimethacrylate
D3MA = Decamethacrylate
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Table 2. Experimental conditions according to differ-
ent pH and storage time.

Storage solution Storage time

acidic buffer solution, lday
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45days
neutral buffer solution, lday
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Table 32 2t}.
Al A8t HPLCE Nanospace SI-2 (Shiseido,
Japan)°|™, 844N 1L HPLC x| H2¢ 1.0x
250mm C18 A FY3t F 5% Acetonitile (£71A) 2k

Table 3. Dilution of standard solution (STD) and storage solution

STD 10mg/mL (10,000ppm) =% 10004L (1,000ppm) =» 100#L/mL (100ppm)
Caffeine 10mg/10mL (1,000ppm) = 100¢L/ mL (100ppm)

STD 100ppm 200¢L + caffeine 100ppm 200#L = 14L injection
Storage solution 100u4L + caffeine 100ppm 1004L = 141 injection

* ppm = mg/L
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Table4. Conditions of HPLC

MEss BRAIZI0] B8 BB IREZA 280 03 g8

Column

Mobile phase

Capcell Pak , C18, 1.0X250mm, 5¢m (Shiseido, Japan)
A 5 5% acetonitile (0.1% formic acid)
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Figure 2. L.C / MS-chromatogram of pH 4 extract from Aeliteflo (Polymerized material)
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Figure 4. LC / MS-chromatogram of STD from Z-250 (Unpolymerized material)
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Figure5. L.C / MS-chromatogram of pH 4 extract from Z-250 (Polymerized material)
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Figure 6. 1.C / MS-chromatogram of pH 7 extract from 7Z-250 (Polymerized material)
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Figure 9. LC / MS - 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 E : Unidentified, probably related to BissTEMA (Ethoxylated bisphenol A dimethacrylate)
Peak F,G : A certain dimer or oligomer
Table5. [solated monomers released at its specific retention time.
Monomer Retention time (min) Peak Molecular formula Mol. wt.
Caffeine 9 A Cs Hio O2 N4 195
TEGDMA 14 B Ci4 H22 Os 286
UDMA 21 C C23 H3s Os N2 470
Bis-GMA 23 D C29 Hze6 Os 512
Bis-EMA (6) 29 E Css Has O10 628

* BissEMA (6)  Bisphenol A polyetheylene glycol diether dimethacrylate.
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w2 Skt Figures 4~69] 7Z-250 groups 5 "5 Al
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Figure 10. MS spectra of Caffeine (9min)

Table 6. Chemical structure of fragmented ions

related to TEGDMA
Mass-to-Charge
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Ratio Structure
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Figure 11. MS spectra of TEGDMA (14min)

Table 7. Chemical structure of fragmented ions

related to UDMA

Mass-to-Charge Ion Chemical

Ratio Structure

A71 S L
488 [Pttt s
493 [Aorprein et e

2. 7& 2ol M2HM 24 (Quantification of resid-
ual monomers)
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°]& Kol TEGDMAS UDMAS BAgHs #Aolt,
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A7 ] F7¥ w}E} AgollA Bt Aol fr&
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Figure 12. MS spectra of UDMA (21min)

Table8. Leached monomer content of Aelitflo groups

STDZ
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Figure 13. MS spectra of Bis-GMA (23min)

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

. . STD (%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. Leached monomer content of Z-250 groups

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

. . STD (%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
Retention | Compound STD (%40F) pH 4 extract (%CF) pH 7 extract (%CF)
time (min) mol.wt. 7 lday Tdays 45days lday Tdays 45days
9.55 caffeine 100 100 100 100 100 100 100
21.23 UDMA 498 236 246 257 126 143 153
23.42 Bis-GMA 1189
29.55 m:490 6852 06418 6624 6697 5529 5850 6028
36.28 m:877 532 657 661 673 638 668 669
44 42 m:816 1543 1664 1695 1701 1571 1650 1679
Table 11. Amount of leached TEGDMA and UDMA according to storage time (%CF), n = 15
M pH 4 extract (Mean + SD) pH 7 extract (Mean + SD)
onomer
1day Tdays 45days 1day Tdays 45days
TEAG]IZ.)E\/IﬂA of 3218.8 £ 381.97* 409753 + 464.82" 5069.62 + 484.76° 1651.15 + 70.95*  2412.05 + 95.37° 2826.48 + 314.24"
elitetio
UZDI\;[?OOf 49307+ 92492 43197+ 2119 45952 + 16.68' 91874+ 2187 24143+ 2010 26367 £ 1360
UDMAOL | 93513+ 1856+ 246.27 £ 1826° 25770 + 18.78" 19692 £ 13000 14327 £ 545 15278 £ 10.91
Heliomolar

+: significantly different on the horizontal line (p ¢ 0.001)

> values with the same subscript letter in the same row are not significantly different (p » 0.05)
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Figure 14. Leached TEGDMA of Aeliteflo
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Figure 15. Leached UDMA of Z-250

Figure 17-& A 27 a2 A Hatake] vl
WE Y 3 9tk fEAIZR] 29T o] $¢1 StEES
Ay AR 7R Wsh Bl fre] ARl Aol & HolA] eigk
o (p ) 0.05). 3% 237l w57} 12, 7, 4594 pH
4 G A FEFo] F7ls7] = st o A4 °
do] I HA= EUTt (p ) 0.05). 22t Aehteﬂoﬂ A
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(1% [0 fakw

Figure 16. Leached UDMA of Heliomolar

B

NI

Figure 17. Total amount of leached monomers according

to storage time

Table 12. Relative percentage of cumulative monomers following 45days storage as to original concentration

. B y pH 4 extract, 45days pH 7 extract, 4bdays
Material Compound STD (%CF) (%Sol)* (%S0
TEGDMA 373 x 107 0.272 0.151
Aeliteflo m:490 2060 x 107 0.076 0.065
m:877 194 x 107 0.080 0.077
m:816 623 x 107 0.065 0.062
TEGDMA 35 x 107 0.379 0.201
UDMA 286 x 107 0.032 0.018
7-250 m:490 3096 x 107 0.045 0.036
m:877 236 x 107 0.055 0.054
m:816 714 x 107 0.050 0.040
UDMA 199 x 107 0.026 0.015
Heli m:490 2741 x 107 0.049 0.044
eliomolar i
m:877 213 x 107 0.063 0.063
m:816 617 x 107 0.055 0.054
"%CF = percentage related to the internal caffeine standard

*%So0l = percentage related to original concentration of STD

frelghEo] AR 2471 0.14, 0.09, 0.132.2 th
2% dREYg E9kom (Z: p = 0.28~0.42, H:
p = 0.53~0.65) °|& Aeliteflo7} AR A|7to] Z7}18tel] u}
gt o2 239 R EY 43 53] S7HEC] =%e
Alrtett, SR ] frE2H flowable typeS] Aeliteflo7} 7}
7 @ekom Heliomolar, Z-2505 €121}, Heliomolar<} 7~
2502 AR & e YERI AT

Table 12& 459 &3t A& Yo 4o gle @
A v Az dgA el tisl %S0l = EA] o
olt}. 3% #FIAlHe HFFAol tiste] HPLC F4A

e e

£
A
9
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a9, AL A= v A 2 hel F31Q1 1mlAl 9]
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2o G223 Hol AL pH 4 &9 Aeliteflos} Z-2502]
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