Trade Science Ine.

ISSN : 0974 - 7486 Volume 7 Issue 4

A Tndéian Yournal

— Fyfl Peper

MSAIJ, 7(4), 2011 [270-275]

Effects of aging on structure, roughness and mechanical
properties of resin composite materials

Abu Bakr El-Bediwi*, Om-Hashim Abo-El-Naga!, Abeer A.El-Fallal?, S.Abdeen?
!PhysicsDepartment, Faculty of Science, M ansouraUniversity, (EGYPT)
2BiomaterialsDepar tment, Faculty of Dentistry, M ansouraUniversity, (EGY PT)
¥Zoology Department, Faculty of Science, M ansouraUniver sity, (EGYPT)

E-mail: baker_elbediwi @yahoo.com
Received: 7" February, 2011 ; Accepted: 17" February, 2011

ABSTRACT

The objective of this study was to investigate the effects of aging in dis-
tilled water or Saliva on microstructure, molecular structure, roughness and
mechanical propertiesof Filtek and Silorane composite material. lon released
from Filtek and Silorane was measured. Candida Spp is adhered on the
Filtek surface but Candida Spp and Aspergillus Sp is adhered on Silorane
surface when aged in Saliva. Microstructure, molecular structure, hardness,
bending strength, roughness and el astic modul usvalues of Filtek and Silorane
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composite material are changed as a result of stored in distilled water or

Saliva30 days.

INTRODUCTION

Dentd restorative materid sarespecialy fabricated
materias, designed for useasdentd restorations (fill-
ings), which are used to restore tooth structure|oss,
usually resulting from but not limited to dental caries
(dental cavities). These composites consist of a
polymerizableresin matrix, reinforcing glassparticles
fillers, and silane coupling agents. Significant improve-
ments have been achievedinthefillers, resins, filler-
matrix bonding, and cure conditionsfor dental-poly-
mer-matrix composites*?. However, dl contemporary
composi temateria s shrink during polymerization, re-
sultinginavolumetricreduction rangingfrom 1.5t0 5%
depending onthe molecular structure of the monomer,
theamount of filler, and therate of cure®. Low-shrink
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compositehasbeenintroduced in dentistry inthe2007s.
Polymerization process of |ow-shrink composite oc-
cursviacationicring-opening addition polymerization
reaction which resultsin lower polymerization shrink-
age, compared to the dimethacrylate-based composite
which polymerizesviafree-radica addition polymer-
ization*l, Differencesin mechanica and physica prop-
ertiesexhibited by novel low-shrink resin-based com-
positeformulations compared with conventional meth-
acrylate may contribute to the clinical success of the
candidate material’®. However, together with healthy
tissue, thedental restorationsmay beirradiated during
fractionation and could receive asignificant amount of
radiation dosg”®. Someresearchi®* studied theinflu-
ence of variousartificial ageing protocols(storagein
digtilled water/ ethanol/artificia saiva) onthesurface
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properties, Vickersmicrohardness, surface roughness
and dastic modulus of dental compositesmaterias. So,
theaim of this study wasto investigate the effects of
aging on structure, Vickers hardness, roughness, me-
chanical properties, ion released and Anti-Fungal ad-
hered of Silorane compositematerid aslow-shrink com-
positeresins.

MATERIALSAND METHODS

Commercid Siloraneresncompositemateria was
selected for thisstudy. Ten specimenswere prepared
from Siloraneresin composite. The specimenswere
tested with respect to microstructure, molecul ar struc-
ture, roughness, flexura strength, modulus of eagtic-
ity and Vickersmicrohardness. Unpolymerized mate-
rial was applied in Teflon mold with dimensions 25
mm inlength x 2 mm in width x 2mm in height. To
ensurethat theresin compositewould bewell distrib-
uted withinthemold, 0.5 kgf was applied for 30sto
thematerial. Glass dideswere used to prevent inhibi-
tion of surface polymerization dueto the presence of
oxygen. The specimenswerethen photocured with a
visiblelight curing unit (Visilux2, 3M Company, ST.,
Paul, MN, USA) for 40 son each of thetwo covered
slides. Microstructure of used specimens was per-
formed on theflat surface of all specimensusing an
X-ray Diffractometer (Dx—30, Shimadzu, Japan) of
Cu—Ko radiation with A=1.54056 A at 4.5 Kv and
35mA and Nifilter in the angular range 26 ranging
from 0to 60° in continuous mode. Molecular struc-
ture of used specimenswas performed using Mattson
5000 FTIR Spectrometer, Spectral Analysis Unit,
Chemistry Department, Faculty of Science, Mansoura
University. Vickers hardness (Hv) was measured for
all ssmplesby adigital Vickers microhardnesstester
(Model FM—7, Tokyo, Japan) at 10 g indentation load
for 5 secindentation time. For flexural strength and
modul us of elasticity, the specimens were subjected
to testingin auniversal testing machine (Instron Ltd,
High Wycombe, UK) with a constant cross-head
speed of 1.00+0.10 mm/min. Theflexurd strength (o)
was cal culated using thefollowing equation

¢ =3PI/2bh?

where (P) represent the maximum load in N, (1) the
distancein mm between the support (20 mm), (h) the
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height of specimen in mm measured immediately prior
totesting and (b) isthewidth of the specimenin mm
measuredimmediately prior totesting. Thed astic modu-
lus(E) wascd culated using thefollowing equation:

Defor mation = PIS/4Ebh3®

Theroughnessof used sampleswere measured by us-
ing surfaceroughness measurementsdevice (Surfacetest
S.J201.P). Dataare measured numerically and get it
from computer program, the programis calculating
roughness parametersthen plot theresult to giverough-
ness profileand different roughness parameters, after
that datasaved to be analyzed, by calculatingthe aver-
agesurfaceroughnessparameter Raaongthetotd did-
ing distance.

RESULTSAND DISCUSSIONS

X-ray analysis

Effect of aging on microstructurewasstudied by x-
ray diffractometer. Figures 1-1aand 1-1b show x-ray
diffraction patterns of Filtek and Silorane composite
material sbefore and after aging (storedin salivaand
distillated water 30 days).

Theandyssof figure 1-lashowsavaridaioninFiltek
structure, (themain matrix peak), dueto the effects of
agingitinwater and saliva. Also theanalysisof figure
1-1b showsavariationin Silorane structure, (the ma-
trix peak and other formed peaks dueto accumul ated
filler), duetotheeffectsof agingitinwater and sdiva

From x-ray diffraction analysis, it isobviousthat
the microstructure of composite matrix, Filtek and
Siloraneare changed. The main peak which represent
acompositematrix structure, (amorphousmatrix struc-
turechangedto crystaline structurewith small part il
amorphousstructure), and other formed crystal duethe
accumulated filler particles in the resin matrix, are
changed dueto the chemical/or biologica interaction of
water/or sdlivawith the compositematrix during stored.

FTIR spectrum

FTIR spectrum of Filtek and Siloranecompositema
terid shave been investigated intherange starting from
500t0 3900 cmtintransmission. TheFTIR spectrums
of Filtek and Silorane composite material sbeforeand
after aging (soredinsdivaand ditillated water 30 days)
are shown in Figures 2-2aand 2-2b. The anaysis of
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figures2-2aand 2-2b show avariationinthelR band
characteristic dueto the chemical/or biologicd interac-
tion of water/or salivawith the compositeduring stored.

IR spectraof Filtek composite materia before ag-
ing (stored in salivaand distillated water 30 days) ex-
hibited, strong IR band at 470 cm* corresponding to
O- Si- O, weak- sharp IR bands at 1726 cm'® corre-
sponding to the ester group (COOCHS3) assigned to
organic matrix Bis- GMA, strong band at ~ 1100 cor-
responding to C-O. After aging (storedin salivaand
distillated water 30 days), weak- very broad IR band
at ~ 3420 cm* corresponding to C-H isformed with

changing the characteristics (strong, broad and posi-
tion) of other IR bands.

IR spectraof Siloraine composite material before
aging (stored in salivaand distillated water 30 days)
exhibited sharp IR band at ~ 515, weak- sharp IR
band at ~ 840, strong IR band at 1100 and medium
IR band at 2931 cm* correspondingto Zirconiafiller,
Si- O, C-O and C=H. After aging (stored in saliva
and distillated water 30 days), weak- very broad IR
band at ~ 3420 cm* corresponding to C-H isformed
with changing the characteristics (strong, broad and
position) of other IR bands.
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Figurel-l1a: X-ray diffraction patter nsof filtek beforeand
after aginginwater and saliva

Vicker shardnessand mechanical properties+

Themicrohardness number was conducted usinga
digital Vickersmicrohardnesstester, applying aload of
10gfor5s, for Fltek and Siloranecomposite materids.

Figure1l-1b: X-ray diffraction patternsof siloranebefore
and after agingin water and saliva

Vickershardnessvduesof Fltek and Siloranecom-
posite materia sbeforeand after aging (stored insdiva
and distillated water 30 days) areshownin TABLES
3-3aand 3-3b. Vickers hardness value of Filtek and
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Siloraneisincreased dueto storedinsdivaand ditillated
water 30 days and that is agree with pervious re-
w| t§16’17’12] .

Thedasticmodulus, bending strength, breskingload
andtheextenson of Filtek and Silorane compositema-
teridsbeforeand after aginginsdivaareligedinTABLES
3-3aand 3-3b. Thebreaking load value of Filtek isin-
creased but e astic modul us, bending strength and exten-
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sionvauesaredecreased dueto storedin saliva. The
elastic modulusva ueof Filtek compostematerialsis
decreased dueto stored in saliva, that ismay beattrib-
uted to the plasticizing effect or the bond can be de-
graded by water/or salivaabsorbed by the composites.

Thebreaking load, bending strength and extension
valuesof Siloraineare decreased dueto storedin sa-
livaand that isagreewith perviousresultg™d.
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F|gure2 2a: FTIR spectrum of f|Itek beforeand after aging Figure2-2b : FTIR spectrum of silorane before and after

inwater and saliva

aginginwater and saliva

TABLE 3-3a: Elastic modulus, vicker shar dness, breaking load, bending strength and the extension of filtek beforeand

after agingin saliva

Samples EGPa H,Kg/mm? Breakingload (kg) Bending strength (N/mm?) Extension (mm)
Filtek (base) 7.437 25.1+1.47 1.73 119.39 0.73
Filtek in Saliva 4.86 40.8+1.59 111 43.64 0.32
TABLE 3-3a: Vickershardness of filtek beforeand after  TABLE 3-3b: Vickershardnessof siloranebeforeand after
agingin water agingin water
Samples H, K g/mm? Samples H, Kg/mm?
Filtek (base) 25.1+1.47 Silorane (base) 16.3+2.43
Filtek in water 38.97+1.5 Silorane in water 23.15+2.37
TABLE 3-3b: Vickershardness, breakingload, bending strength and the extension of siloranebeforeand after agingin
saliva
Samples EGPa H,Kgmm? Breakingload (kg) Bendingstrength (N/mm?  Extension (mm)
Silorane (base) 297 16.3+2.43 1.93 100.82 1.413
Siloranein Saliva 5.01 2345+ 1.45 1.22 43.69 0.3189
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Figure4-4a: Roughness profiles of filtek beforeand after
aginginwater and saliva

TABLE 4-4a: Roughness parameters of filtek before and
after aginginwater and saliva

0.0 02 04 06 ce 1.0 12

Figure4-4b : Roughnessprofilesof siloranebeforeand after
aginginwater and saliva

TABLE 4-4b : Roughnesspar ameter sof siloranebeforeand
after aginginwater and saliva

Rough Roughness

pgruagmgtfrs Raum Rzum Rgum Rtum Rpum Parzgmeter Raum Rzum Rqum Rtum Rpum

Filtek base 0.338+009 153 040 223 083 Silorane base 0.42+0.02 264 053 415 140

Filtek inwater  0.335+0.018 1.49 038 209 0.76 Siloraneinwater 0.41+0.02 239 048 329 101

Filtek in Saliva  0.28+0.01 120 033 192 068 Siloranein Saliva 0.68+0.04 371 090 559 1.63

TABLE5-1: lonsreleased fromfiltek and silorane compositematerialsstoragein water 30 days

lon release ppm Ca Na Mg Zn Fe Cu pb Cd Pt Ag Ba Sr

Silorane 18 57 2.6 0.1 0.03 0.08 0.04 0.42 0.03 0.05 0.13 01

Filtek 24 78 13 03 003 016 007 043 004 0.1 0.2 0.1
Roughness ness parameters of Filtek are decreased but the aver-

Theroughnessprofilesof Filtek Z250 and Silorane
composite material sbefore and after aging (storedin
salivaand distillated water 30 days) areshowninfig-
ures4-4aand 4-4b. Also the average surface rough-
ness parameter Raaong thetota diding distanceand
other roughness parametersof Fltek and Siloranecom-
posite materid sbeforeand after aging (stored insaliva
and distillated water 30 days) arelistedin TABLES 4-
4aand 4-4b.

From theaboveresultsit isseenthat, theaverage
surfaceroughness parameter Rava ueand other rough-

age surface roughness parameter Ravalueand other
roughness parameters of Siloraine are varied dueto
storedin salivaand distillated water 30 days. That is
may be becausedifferent chemical/or biologica inter-
action with the surface of both composite materials.

lon release from composites

Theamountsof total and freeionsreleasefrom aged
Filtek and Silorane composite material sinto del onized
distilled water for 30 dayswere measured by using a
Perkin Elmer 2380, (Chemica Department, Faculty of
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Science, MansouraUniversty).

Theamountsof total and freeionsrel eased from
Filtek and Silorane composite materidsarelistedin
TABLES5-1

Fromtheaboveresults, it isseen that theamounts
of ionsreleased, such asBa, Sr, Zn, Caand Na, from
Filtek storagein water ismorethan Siloranecomposite
materid.

Microbiology examination

Microbiology examination of Filtek and Silorane
compositemateridsafter aging 30 daysin artificia Sa
livawasmeasured in Grand Lab, Mansoura. Themi-
crobiology examination shows that, candida Sppis
adhered on Filtek surfaceduring aginginartificial Sa-
liva. But candida Sop and Aspergillus Spp are ad-
hered on Siloranesurfaceduring agingin artificia Sa-
liva

CONCLUSION

1- Thex-ray diffraction analysisshowsthat, themi-
crostructure, (main peak, which indicated to the
degreeof crystallinity andit isafunction of shape,
Size, orientation and concentration of scattering
objects) of Filtek and Silorane are changed dueto
the chemical/or biological interaction of water or
sdivawithit.

2- TheFTIRanays sshowsthat, IR spectraof Filtek
Z250 exhibited medium IR band at 1726 cm? cor-
responding to the ester group (COOCH3), strong
band at ~ 1100 corresponding to C-O. After stored
inwater or saliva, IR spectraof Filtek 2250 exhib-
ited IR band at 2931 cm? correspondingto C=H
and weak- very broad IR band at ~ 3420 cm™ cor-
responding to C-H with changing thecharacteristics
(strong, broad and position) of other IR bands.

3- Vickershardnessvaueof Filtek and Siloraneisin-
creased dueto aging (storagein water or saliva).

4- Theaverage surfaceroughnessparameter Ravaue
and other roughness parameters of Filtek are de-
creased but for Silorane are changed dueto stor-
ageinwater or sdliva.

5- Theamountsof ionsreleased, suchasBa, Sr, Zn,
Caand Na, from Filtek storagein water ismore
than Siloranecomposite materid.

= Fyl] Peper

6- Microbiology examination showed that thecandida
Sop isadhered on Filtek but the candida Spop and
Aspergillus Sop are adhered on Silorane.
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