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ABSTRACT : To reduce volumetric shrinkage of the commercialy available polymeric dental composite during
curing reaction, (2,2-bis [4-(2-hydroxy-3-methacryloyloxy propoxy) phenyl] propane) (bisGMA) derivatives,
i.e, (2,2-big3-methyl, 4-(2-hydroxy-3-methacryloyloxy propoxy) phenyl] propan) (DMBis-GMA) and (2,2-
big3,5-dimethyl, 4-(2-hydroxy-3-methacryloyloxy propoxy) phenyl] propane) (TMBis-GMA) were synthesized
and then new dental composite resin composed of BissGMA derivatives, diluent, spiro orthocarbonate (SOC),
and inorganic filler was produced. Among the BissGMA derivative/BissGMA derivative/diluent mixtures, Bis-
GMA/ TMBissGMA/TEGDMA mixture exhibited the lowest volumetric shrinkage. Volumetric shrinkage of this
mixture was further reduced by adding SOC. Volumtric shrinkage of dental composite prepared from
commercialy available resn monomer mixture was 2.5%, while that prepared from resin monomer mixture
having minimum volumetric shrinkage was reduced to 0.7%. Mechanical strength of this dental composite was
nearly the same with that of commercial products but the time required for the curing reaction was retarded.

Keywords : dental composite, monomer mixture, bis-GMA derivatives, spiro orthocarbonates, volumetric shrinkage.
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Figure 1. Reaction scheme for the synthesis of DMBis-GMA.
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Figure 2. 'H-NMR spectrum of the diglycidyl ether of the
dimethyl Bisphenol-A (DEGDMBA).
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Figure 3. HRMS chart of DMBis-=GMA.
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Figure 4. 'H-NMR spectrum of the DMBis-GMA.
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Table 1. Curing Characteristics of Various Monomer
Resins

density (cm’/g) curing heatof  volumetric

monomer Monomer  polymer time reaction  shrinkage
(sec) (J/g) (%)
TEGDMA 10739 12239 56 192 12.3
Bis-GMA 11563  1.2190 46 141 5.1
DMBis-GMA 11002  1.1518 49 133 45
TMBis-GMA 10582  1.1001 51 128 38

Table 2. Curing Characteristics of the Binary Mono-
mer Mixtures

density (cm?lg) curing  heatof  volumetric

monomer mixture monomer  polviner time reaction shrinkage
P () g (%)

BisGMA/
TEGDMA =73 1.1405 1.2270 31 130 7.0
DMB'S'GL"Y%/TEGDM 1135 12040 3 10 54
TMBis-GMA/

TEGDMA =713 11216 1.1930 39 198 48

Table 3. Curing Characteristics of the Ternary Mo-
nomer Mixtures

density (cm’/g)  curing heatof  volumetric

monomer mixture monomer polymer time reaction shrinkage
(sec)  (Jg) (%)
Bis-GMA/DMBis-
GMA/TEGDMA = 11402 12152 28 114 48
3.5/3.5/3
Bis-GMA/TMBis-
GMA/TEGDMA= 11310 11982 29 103 44
353503
DMBis-GMA/TMBis-
GMA/TEGDMA= 11313 12122 45 116 52
3513503
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Figure 5. Molecular structure of various spiro orthocarbonates.
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Table 4. Curing Characteristics of the Monomer
Mixtures Containing SOC

density (cm’lg)  curing heat of volumetric

monomer mixture time reaction shrinkage
monomer polymer () () (%)

BisGMA/TEGDMA =7/3 11405 12270 31 130 70

(B'%E)M/,Q&Efgg? T L 1215 50 18 53

(B'%,(;)M,,ééTCE? Eg’}? T8l 11947 45 10 39

‘B'i,i)M,,QéTCE? Eg",? T2 12050 51 13 43
iou E;i,ss')(,",goAé_TlEf 8[)/2" A gsor was s 1w 42
ou BYi,Z')(,",gAOAC/_TZEf 52" AS um ousy s s
ou BY',Z)?,QAOAC/TSESSD/QA A= 1w 19 s w07 a4
b B;gﬁ,!g\fff gg A lmm oume s 107 37
(W %',Zﬁ,gg\gff g,g" A= lom wes s om0 27
(TMBisGMAITEGDMA =

713)1S0C-3 =612 L1343 11693 63 1001 30
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Table 5. Properties of Dental Composites Prepared
from Binary Monomer Mixtures

. diametral flexural

monomer mixture/ filler=30/70 Sr;/r?m?& ) tensile strength ~~ strength

: (MP3) (MPg)
Bis-GMA/TEGDMA =713 2.5 41 220
DMBis-GMA/TEGDMA =7/3 18 32 207
TMBis-GMA/TEGDMA =713 16 39 216

(Bis-GMA/TEGDMA =
713)/150C-2=812 13 0 oA
(DMBis-GMA/TEGDMA =

13)/1S0C-2=812 11 3 208
(TMBis-GMA/TEGDMA = 09 % "

113)/ISOC-2=8/2

Table 6. Properties of Dental Composites

volumetric  diametral flexural
monomer mixture/ filler =30/70 shrinkage  tensile strength  strength
(%) (MPa) (MPa)
Bis-GMAI/TEGDMA =713 25 41 220
Bis-GMA/DMBis-GMA/TEGDMA =
353503 16 39 210
Bis-GMA/TMBis-GMA/TEGDMA =
353503 13 45 285
TMBis-GMA/DMBis-GMA/TEGDMA
=3535/3 17 50 260
(Bis-GMA/TMBis-GMA/TEGDMA = 07 10 260

35/3.503)IISOC-2 =812

5 A} B

= 3 53Ae 54 vEdigitk
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fﬂr%H?Jr v 23 FAEoA s TP}
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TMBisGMAZS gAslar, o5 344 2 socet &3}
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Aol Z3F bisphenol-A 2] sl 4 tial X35 o)
97] A7)t SV 53 2 oFzF A A= AR
Z35t 23k ¥y %2 73yl BisGMA =
ABisGMA FE=AB A EFAIE FolA BisGMA/
TMBiss GMA/TEGDMA A9 53 +5&°] 7P &t
o} o] E3Me T 582 7152 BisGMA/TEGDMA
Aol B3l 2F 40% FHadld=tl o= A= BisGMA
TEAE ZFe A 2 A7) Y 2 2EAF AR
o AL WEEl] wlEe® Algsch Al kA<
B3| 55 o2 7144)717] 9381 BisGMA/TMBISGMA/
TEGDMAA el T3] 3] o] 7|d== SOCE
A7)sle] AY3E A3} 7]1E2] BisGMA/TEGDMA &%
dFAle w3 T Sxe ohh AdFJAT T
FE=EF2 oF 65% 7+4 314l TMBis-GMA/Bis-GMA/
TEGDMA, =35/35/3¢] &31& 80 wt%el] SOC-2 20 wt%
5 E8ke A= 97 dEgAle) 5] FAANE £
slo] AxZ M2 AHE FEAY] T3} 552 7]
Lo AH TEAA 2GS FEAS 3 5F 25%
o vlsl 0.7%= =LA sk AR 53 714
A ZiEe 7€ AR oha AFE AN Sl <k
EE = 2938k A7 S8 9 o] B QI

A 28 dATe RAEAR FAETEATIA
(A E 1 03-PJ1-Ch09-0001) Aol oaf A= $17]
of ojef A=t}
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