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Fig. 1. Molecular structure of triethylene glycol
dimethacrylate (TEGDMA).
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Fig. 2. Molecular structure of hydroxyethyl methacry-
late (HEMA).



Table I. Components of Each Experimental Group

& .
H

Groups Bis-GMA TEGDMA  HEMA Filler Total Diluent/Monomer
- . : . Concentration{(%)
-1 2125 375 - 75 100 15%
T2 20.00 5:00 - 75 100 20%
. T3 1875 | 6.25 - 75 100 25%
T-4 17.50 7.50 - 75 100 30%
H-1 2125 . . - 3.75 75 100 15%
H-2 20.00 - 5.00 75 100 20%
H-3 18.75 - 6.25 75 100 25%
H4 17.50 - 7.50 75 100 30%
Unit : Weight %.
T : TEGDMA, H : HEMA.
ztz} 3.75%, 5.00%, 6.25%, 7.50%°12H, oA @ HEAne] AFA=
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Table II. Depth of Cure on Each Experimental Composite
Groups Mean S.D. C.V. Max. Min. Duncan’s
Group
T-1 3.67 0.16 4.40 3.93 3.50 C
T-2 457 0.24 5.18 5.02 4.25 A
T-3 4.49 0.36 7.96 5.15 3.93 A
T-4 4.71 0.37 7.96 5.35 4.24 A
H-1 4.00 0.19 4.81 4.26 3.67 B
H-2 4.21 0.27 6.36 4.63 3.87 B
H-3 4.62 0.30 6.51 5.08 4.28 A
H4 4.56 0.32 7.07 4.88 3.95 A

Unit: mm, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05

level.
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Fig. 3. Comparison of depth of cure. Increase of the
contents of diluents made the depth of cure deeper.
At high contents groups such as 3 or 4, any significant
differences were not detected (Abbreviation,
T:TEGDMA, H:HEMA).

Table III. Result of ANOVA test for Depth of Cure

Depth of Cure
5.0

P
£ "
£ 45
o B TEGDMA
5 a0 y = ~0.0007x% +0.0464x? - 0.9283x +9.67
o RZ=1
-
° © HEMA
c 35 3 2
=] y = 0.0012x% - 0.087x? + 2.1153x - 12.49
a 2
[ RZ=1
a 30 .
10 15 20 25 30 35

Concentration (%)

Fig. 4. Result of regression analysis for depth of cure
obtained by two diluents. Increase of the depth of cure
was obvious.

" ANALYSIS OF VARIANCE

SCORE
BY X1 MATERIALS
’ X2 CONCENTRATION

Source of Sum of Signif
Variation Squares DF DF F of F
Main Effects 7.732 4 1.933 29.007 .000

X1 .010 1 .010 155 .695

X2 7.730 3 2.577 38.666 .000
2-way Interactions .887 3 .296 4.438 .007

X1 X2 .887 3 .296 4.438 .007
Explained 8.619 7 1.231 18.477 .000
Residual 3.998 60 .067
Total 12.617 67 .188
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Table IV. Flexural Strength of Each Experimental Group

Groups Mean S.D. C.V. Max. Min. Duncan's
Group
T-1 112.01 12.82 11.44 129.72 93.48 B
T-2 120.47 11.59 9.62 132.39 99.72 A
T-3 119.34 8.50 7.12 132.17 105.53 A
T-4 124.85 15.16 12.14 143.77 102.63 A
H-1 108.76 18.60 17.10 136.11 74.63 C
H-2 116.33 17.42 14.97 142.88 93.71 A
H-3 118.30 8.67 7.33 129.06 107.39 A
H-4 127.75 14.21 11.12 149.58 107.15 A

Unit: MPa, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05 level.
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Fig. 5. Comparison of the flexural strength. Slight Fig. 6. Regression analysis result.

increase of flexural strength by the increase of the
diluents was exhibited. But the significant differences
between diluents were not clear (Abbreviation,
T:TEGDMA, H:HEMA).

Table V. Result of ANOVA test for Flexural Strength
ANALYSIS OF VARIANCE

SCORE
BY X1 MATERIALS
X2 CONCENTRATION
Source of Sum of Signif
Variation Squares DF DF F of F
Main Effects 2311.756 4 577.939 3.020 024
X1 17.167 1 17.167 .090 .766
X2 2293.900 3 764.633 3.996 011
2-way Interactions 102.410 3 34.137 178 911
X1 X2 102.410 3 34.137 178 911
Explained 2414.166 7 344.881 1.802 102
Residual 12056.368 63 191.371
Total 14470.534 70 206.722
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Table VI. Shear Bond Strength to Enamel
Groups Mean 3D. cv. Max. Min, ~ Duncans
Group

T-1 29.13 5.37 18.43 37.01 22.65 A

T-2 30.28 8.73 28.82 39.24 13.98 A

T-3 35.93 5.12 14.24 4281 27.05 A

T4 26.51 6.93 26.15 37.78 19.56 B

H-1 14.35 7.37 51.35 28.16 7.82 C

H-2 30.80 9.88 32.08 48.07 21.90 A

H-3 36.31 10.67 29.39 45.17 16.43 A

H-4 27.01 7.76 28.72 37.89 17.66 B

Unit : MPa, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan'’s group mean no statistical differences between groups at 0.05 level.
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Fig. 7. Comparison of shear bond strength to
bovine enamel. Both of diluents showed the peak at
code-3 groups (Abbreviation, T:TEGDMA, H:HEMA).
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Fig. 8. Result of regression test for enamel bond
strength. At 20%, 25%, 30%, two curves were over-
lapped.
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Table VII. Result of ANOVA test for Enamel Bond Strength

ANALYSIS OF VARIANCE

SCORE
BY X1 MATERIALS
X2 CONCENTRATION
Source of Sum of Signif
Variation Squares DF DF F of F
Main Effects 2130.123 4 532.531 8.190 .000
X1 116.500 1 116.500 1.792 .186
X2 1966.539 3 655.513 10.081 .000
2-way Interactions 635.932 3 211.977 3.260 .028
X1 X2 635.932 3 211.977 3.260 .028
Explained 2766.055 7 395.151 6.077 0.00
Residual 3901.481 60 65.025
Total 6667.536 67 99.515
Table VIII. Shear Bond Strength to Bovine Dentin
Groups Mean S.D. C.V. Max. Min. Duncan’s
Group
T-1 8.55 1.19 13.88 9.84 6.71 C
T-2 8.59 1.98 23.01 10.62 6.15 C
T-3 8.31 2.32 27.97 10.95 5.92 C
T4 11.91 8.98 75.46 29.84 5.37 B
H-1 12.38 5.20 41.98 19.45 7.82 B
H-2 15.07 4.72 31.33 23.03 9.84 A
H-3 13.77 3.83 27.82 22.25 9.28 B
H-4 20.33 442 21.74 26.94 12.07 A

Unit: MPa, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05 level.
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Fig. 9. Comparison of shear bond strength between
HEMA and TEGDMA. HEMA always showed the
higher bond strength to dentin than TEGDMA
(Abbreviation, T:TEGDMA, H:HEMA).
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Fig. 10. Regression curves with r2 as 1.0 showing
the higher bond strength of HEMA to dentin

Table IX. Result of ANOVA test for Dentin Bond Strength

ANALYSIS OF VARIANCE

SCORE
BY X1 MATERIALS
X2 CONCENTRATION

Source of Sum of Signif
Variation Squares DF DF F of F

Main Effects 792.652 4 198.163 8.131 .000

X1 528.128 1 528.128 21.669 .000

X2 304.844 3 101.615 4.169 .000
2-way Interactions 40.213 3 13.404 .550 651

X1 X2 40.213 3 13.404 550 .651
Explained 832.865 7 118.981 4.882 0.00
Residual 1194.241 49 24.372
Total 2027.106 56 36.198
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Table X. Water Absorption of Each Experimental Group

Groups Mean S.D. C.V. Max. Min. Duncan's
Group
T-1 16.60 3.506 21.1 25.87 13.43 B
T-2 16.28 1.318 8.10 19.40 14.93 B
T-3 19.31 2.466 12.8 22.89 15.92 B
T-4 18.86 1.248 6.60 20.90 16.42 B
H-1 22.93 5.220 22.8 37.31 18.41 B
H-2 21.08 1.376 6.50 28.88 19.40 B
H-3 24.02 4.528 18.9 32.84 18.91 B
H-4 45.32 45.60 96.2 173.6 20.90 A

Unit: ug/mm2, S.D.: Standard Deviation, C.V.: Coefficient, of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at 0.05 level.

Water Absorption Water Absorption
50
50 = B HEMA

T § 0 y = 0.0002x* - 0.009x + 0.1085 /

L 4 B R? = 0.9758

2 2

T 5§

§ 2 g 2 :}_’I__,k_—‘

2 2 *

= & TEGDMA

g 10 5 10 y = 0.0002% +0,0133

= g R? = 0.6856

0 = 0 T T T
H-2
) 10 15 20 25 30 35
Kind of Monomer Concentration (%)

Fig. 11. Comparison of water absorption. Significant Fig. 12. Regression test result showing the sudden
increase of water absorption was occured at 30% increase of water absorption at 30% HEMA containing
HEMA containing monomer group (Abbreviation, monomer. TEGDMA showed almost unchanged
T:TEGDMA, H:HEMA). trends compared to HEMA.

Table XI. Result of ANOVA test for Water Absorption

ANALYSIS OF VARIANCE

SCORE
BY X1 MATERIALS
X2 CONCENTRATION

Source of Sum of Signif
Variation Squares DF DF F of F
Main Effects .005 4 .001 5.040 .001

X1 .002 1 .002 10.014 .002

X2 .003 3 001 3.382 .022
2-way Interactions .002 3 .001 2.515 .064

X1 X2 .002 3 .001 2.515 .064
Explained .007 7 .001 3.958 0.01
Residual .020 80 .000
Total .027 87 .000
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Table XII. Solubility of Composites in Water

Groups Mean SD. cv. Max. Mip, ~ Duncan's
Group
-1 -4.839 1.022 21.1 ~3.483 _6.468 B
-2 -3.890 0.537 138 ~2.985 4478 A
-3 ~4.342 0.805 185 2,985 5473 B
T-4 ~2.669 1.224 45.9 +0.000 ~3.980 A
H-1 7598 1.836 24.2 4795 11,443 C
-2 7779 0.870 112 ~5.970 -8.955 C
H-3 ~9.227 2.390 95.9 -4.478 ~11.940 D
H-4 -8.277 3.257 39.3 -2.985 -13.433 C

Unit: ug/mm2, S.D.: Standard Deviation, C.V.: Coefficient of Variance.
Same characters written in column of Duncan’s group mean no statistical differences between groups at. 0.05 level.

Solubility of Composite

JEE

T-2 H-2 T-3 H-3
Kind of Monomer

Solubility (ug/cm?)

-8

T-4 H-4

Fig. 13. Solubility in water (Abbreviation, T:
TEGDMA, H:HEMA).
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ABSTRACT

EFFECT OF HEMA AND TEGDMA ON THE PROPERTIES OF
EXPERIMENTAL COMPOSITE RESINS

Man-Hyun Han, D.M.D., M.S.D., Boo-Byung Choi, D.M.D., D.D.Sc.,
Yi-Hyung Woo, D.M.D., M.S.D., Ph.D.

Department of Prosthodontics, Division of Dentistry, Graduate School,
Kyung-Hee University, Seoul, Kores

Purpose : The purpose of this study was to compare HEMA and TEGDMA as diluents for the
composite resin.

Material and methods : Eight kinds of experimental light curable composite resins were pre-
pared and used. Concentrations of monomer and filler were same for all experimental compos-
ites, except, the diluent’s ratios to the monomer. The ratio of diluents to Bis-GMA were 15%, 20%,
25%, and 30%, and two kinds of diluents were used, so total experimental groups were eight includ-
ing one control group of 25% TEGDMA.

Results : Depth of cure, flexural strength, shear bond strength to bovine enamel, shear bond
strength to bovine dentin, water absorption and solubility of composites in water were measured.
Sample size for each groups were 10. Arithmetic means were used as each groups representative
values, and regression test for two diluents and four concentrations, Duncan’s multiple range test,
and Two-way ANOVA test were done for kinds of diluents and its concentrations at level of 0.05.

Conclusion :

Following results were obtained; _

1. There were not significant differences in effects of HEMA and TEGDMA to depth of cure, flex-

ural strength of composites and shear bond strength to bovine enamel (p»0.05).

2. Increase of the concentrations of the diluents made the depth of cure (p<0.001) and flexural

strength (p<0.05) a little higher.

3. Shear bond strength to dentin was higher on HEMA containing composites than TEGDMA

containing composites (p<0.001).

4. Water absorption was higher on HEMA containing composites than TEGDMA containing com-

posites (p<0.01).

Key words : HEMA, TEGDMA, depth of cure, flexural strength, Shear bond strength.
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