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ABSTRACT

The objective of this study wasto investigate the influence of gammaradia-
tion dose, at the therapeutic dosage, and magnetic resonanceimaging (MRI)
on microstructure, molecular structure and mechanical properties of Filtek
Z250 and Silorane composite materials. X-ray diffraction patterns and IR
spectrographs showed a change in microstructure and molecular structure
of Filtek 2250 and Silorane composite materialsasaresult of irradiation dose
by gammaand 1.5 T MRI radiations. The experimental data showed that,
Filtek Z250 composite material is much harder before irradiated and more
affected by gammaradiation dose than that silorane composite material. But
the effectsof MRI (1.5 T) on both composite materials are nearly the same.
The bending strength and breaking load values of Filtek Z250 and Silorane
composite materials are decreased by increasing gamma radiation dose but
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itsincreased by exposureto MRI (1.5 T) radiation.
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INTRODUCTION

Res n-compositesare one of themaost common and
widdy used materid sin dentistry and gammaradiation
asaprimary or supplementary trestment regimenisuti-
lizedfor ord cancer patients. Also, magnetic resonance
image could beused on head and neck region, so, these
patientscommonly havedental restorationsfabricated
of avariety of dental materials. Consequently, any in-
teractive effects by theincident beam on such dental
materialsmight beof clinical significanceif properties
of these materid sare adversely affected. Thesecom-
posites consist of apolymerizableresin matrix, rein-
forcing glassparticlesfillers, and sllane coupling agents.
Significant improvementshavebeen achievedinthefill-

ers, resins, filler-matrix bonding, and cure conditions
for dental-polymer-matrix composites*3. However, dl
contemporary composite material sshrink during poly-
merization, resulting inavolumetric reduction ranging
from 1.5 to 5% depending on the molecular structure
of the monomer, the amount of filler, and therate of
cure®. Low-shrink composite has beenintroducedin
dentistry inthe 2007s. Polymerization process of |ow-
shrink composite occursviacationic ring-opening ad-
dition polymerization reactionwhich resultsin lower
polymerization shrinkage, compared to the
dimethacrylate-based compositewnhich polymerizesvia
free-radica addition polymerization*?. Differencesin
mechanicd and physical propertiesexhibited by novel
low-shrink resin-based composite formulations com-
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pared with conventional methacrylate may contribute
totheclinica successof thecandidate materid(®. How-
ever, together with healthy tissue, the dental restora-
tionsmay beirradiated during fractionation and could
recelveasignificant amount of radiationdosg”3. Little
isknown about thedirect exposureof ionizingradiation
on denta materid $%%% and theexposureresultsaretill
unclear’®. Somemechanical propertiesof dental mate-
ridschanged proportiona ly withincreasng gammara
diation dose*™13, However, the effects of ionizing
radiations onthe structure and physical properties of
low-shrink compositeresinsthat have been recently de-
veloped and introduced to the dental market were not
investigated. So, theaim of thisstudy wastoinvestigate
the effects of therapeutic gammaradiation dose and
magnetic resonanceimaging on the structure and me-
chanical propertiesof Filtek Z250 and Silorane com-
posite materialsaslow-shrink compositeresins.

MATERIALSAND METHODS

Two commercid restorativematerids, Filtek 2250
resin composite material (shadeA, 3M, S. Paul, MN,
USA) and Siloraneresin composite materia were se-
lected for thisstudy. Ten specimenswere prepared from
eachtypeof resncomposite. Thespecimensweretested
with respect to structure, molecular structure and
Vickers microhardness. Unpolymerized material was
applied in Teflon mold with dimensions 25mm in
lengthx2mm in widthx2mmin height. To ensurethat
theresin composite would bewell distributed within
themold, 0.5kgf was applied for 30 sto thematerial.
Glassdideswereused to prevent inhibition of surface
polymerization due to the presence of oxygen. The
specimenswerethen photocured with avisiblelight
curing unit (Visilux2, 3M Company, ST., Paul, MN,
USA) for 40 son each of thetwo covered dides. Struc-
ture (The phaseanaysis) of used specimenswas per-
formed on theflat surfaceof al specimensusing an X—
ray Diffractometer (Dx-30, Shimadzu, Japan) of Cu-
Ko radiation with . = 1.54056 A at 4.5Kv and 35mA
and Ni-filter intheangular range 20 rangingfrom0to
60° in continuous mode. Molecular structure of used
specimenswas performed using Mattson 5000 FTIR
Spectrometer, Spectral AnalysisUnit, Chemistry De-
partment, Faculty of Science, MansouraUniversity.

Woateriolsy Science  mmm——

Vickershardness (Hv) was measured for all samples
usingadigita Vickersmicrohardnesstester (Modd FM-
7, Tokyo, Japan) at 10 g indentation loads for 5 sec
each. Thisload wassufficiently small to suppressany
tendency to crack the specimen, which can grossly af-
fect the hardness measurements. For each sample, 7
indentationswere made randomly on thetop surface.
Fvemeasurementswererecorded for each sampleand
themean vaue of 5 specimens(n=>5) for each sample
was used. Theexposurefactor wasmagneti c resonance
imagingdoseof 1.5T fromal.5T MR Scanner (Signa
Harizon, GE medical systems, Milwaukee, WIS). For
flexura strength and modulus of el asticity, the speci-
menswere subjected to testinginauniversal testing
meachine (Ingtron Ltd, High Wycombe, UK) with acon-
stant cross-head speed of 1.00+0.10 mm/min. The flex-
ura strength (o) were calculated using thefollowing
equation,

o =3PI/2bh?

where (P) represent the maximum load in N, (1) the
distancein mm between the support (20mm), (h) the
height of specimen in mm measuredimmediately prior
totesting and (b) isthewidth of the specimenin mm
measured immediately prior to testing.

Resultsof x-ray

X-ray diffraction patterns of Filtek Z250 and
Sol oraine composite materialsareshowninFigure 1
and 2. Theintensity of themain peak could be consid-
ered asan indentation of the degree of crystallinity for
both used materias. Alsointengty isafunction of shape,
sizeand concentration of scattering objects. Crystd size
can be determined using the Scherrer equation:

kA , Where\ isthewavelength of used radia-
B cos@
tion (1.50456 A°), kisapproximately unity and B isthe
half width of reflection. Figure 1 showsthat the broad
peak (half width of reflection) for Filtek Z250isde-
creased by exposureit to gammaradiation and MRI.
But thebroad pesk (haf width of reflection) for Soloraine
isincreased by exposureit togammaradiation and MRI
asshowninfigure2. Theirradiation produced achange
inmicrostructuretheintensity (crystdlitnity), broadness
(crystal size) and position (place of atomsor orienta-
tion).
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Figurel: X-ray diffraction patter nsof Filtek beforeand after
irradiated by ggmmaand 1.5T (NMR) radiations

Results of IR

FTIR spectroscopy has been proven to beauseful
tool for determining the changes of molecular structure
upon blending, irradiation, heat treatment and sol vent
compositions®™. FTIR spectroscopy has been investi-
gated for Filtek Z250 and Sol orainecomposite materi-
asintherangestarting from 500 to 3900cmt in trans-
mission. The FTIR spectrum of Filtek Z250 and
Soloraine composite materialsareshowninfigure (3)
and (4). ThelR spectraof Filtek Z250 composite ma-
terial exhibited medium IR bandsat 1726cm™ corre-
sponding to the ester group (COOCH,). Thesebands
areassgnedto organic matrix Biss GMA andthisagree
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Figure2: X-ray diffraction patternsof Siloranebeforeand
after irradiated by gammaand 1.5T (NMR) radiations

withthe Sideridou et a results®®. Also IR spectraex-
hibited strong and weak and very broad IR bands at
~1100 and ~3420cm* corresponding to C-O and C-
H and that isagreewith al referencesand hand books.
Theintensity (weak, medium or strong), shape (broad
or sharp), and position (cm?) in the spectrum are
changed duethe effects of gammaradiation and MRI
doses.

Resultsof mechanical properties

Hardnessis a property with alow coefficient of
variation when compared with other mechanica prop-
ertiestested. In general hardnessisdefined as ‘Resis-
tance of material to plastic deformation’, usually by

ey, P alzricly Seience

Au Tudian Yournal



102

Therapeutic dose gamma radiation and MRI on structure and mechanical properties

MSAIJ, 6(2) June 2010

Full Poper

BisGMA

gl ]
COOCH3

Filtok 2250/ 60 Gy

R
i,_)fw«'r' °’”7

L=

T

Silorana/ 60 Gy

a ™  3mo —  zroo azo0 T 1900 U 1500 & 1100 & 700

COOCHIY

Filtek 22507 1.5 T
e —
3900 3500 1100 2700 @ 1 11¢ o
i /s
;/J
CO0OCH3
Filtek Z250

3900 3500 3100 2700 2300 1900 1500 100 700

Wavenumbers
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Silorane after MRI

2700 2300 1900 1500 1o 700

Toaf0o T 3100
Silorane
IF00 FI00 2900 2300 1900 A5 O e FOO

Figure4: FTIR spectrum of solorainecomposite material
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Figure5: Vickershardnessof Filtek Z250 and Siloraneafter radiated by gammaand 1.5T (NMR) radiations

indentation. However, theterm hardnessmay alsore-
fer to giffnessor temper or res stanceto scratching dora-
son, or cutting.

Microhardnesstest were conducted using adigi-
tal Vickers microhardnesstester model (FM-7) ap-

plying aload of 10gm for 5 seconds via aVickers
diamond pyramid asseeninfigure5. Thisload was
sufficiently small to suppress any tendency to crack-
ing, which can grossly affect the hardness measure-
ments. Theresultsshow that, Vickershardnessvalue
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TABLE 1: Bending strength and breakingload of Filtek Z250 and Silor anebeforeand after radiated by gammaradiation

(A) Silorane (B) Filtek 2250
. . Breaking Bending Bending . . Breaking Bending Bending
SampIeThégrnr;eSSV{éit)h?gi? load strength strength SampIeThl(gl:nr;essvzlé:';)h?grzj; load strength strength
(kg) (kg/lcm?) (N/mm?) (ka) (kg/lem?) (N/mm?)
Base 0.160 0.220 2.00 1.93 1028.054 100.818 Base 0.146 0.200 2.00 1.73 1217.395 119.386
20Gy 0.180 0.230 2.00 173 696.457 68.299 20Gy 0.160 0.210 2.00 1.22 680.804 66.764
40Gy 0.170 0.210 2.00 152 751.359 73.683 40Gy 0.169 0.215 2.00 154 752.368 73.782

of Filtek Z250 composite material isdecreased by in-
creasing gammaradiation dose but Vickers hardness
value of Soloraine composite material isdslightly in-
creased. Vickershardnessvalues of Filtek Z250 and
Soloraine composite material sare decreased by ex-
posure it to MRI dose. Also bending strength and
breaking load values of Filtek Z250 and Soloraine
composite materials are decreased by increasing
gammaradiation doseasseenin TABLE 1.

DISCUSSIONS

However, theeffects of radiation on the structure
and physical propertiesof low-shrink compositeresins
that have been recently developed and introduced to
thedental market werenot investigated. So, theaim of
thisstudy wasto investigate the effects of gammara-
diation dose, at the therapeutic dosage (20, 40 and
60Gy), and magnetic resonanceimaging, 1.5T (MRI)
onthemicrogtructure, molecular structureand mechani-
cd propertiesof conventiond and low-shrink compos-
iteresins.

Interaction of high energy radiationwith Fltek 2250
and Soloraine composite materials due changeinthe
intensity and thewidth (brooding) of x-ray diffraction
peaksasseeninfigureland 2, that ismeanthemicro-
structure (crystallinity and crystal size) iseffected by
increasing/or exposureto radiationsdoses. Alsotheir-
radiation produced achangein theintensty, shapeand
position of some bands, figure 3 and 4 such as C-O,
O-H and COOCH, and that is agree with previous
reSU| t§15,l7,18] .

TheVickershardnessvalue of Filtek Z250 com-
posite material isdecreased by increasinggammara
diation dose/or exposureto 1.5T, figure5, and that is
agree with the previous resultd*?'¥, That is may be
becausetheionizing radiation could break established
bondswhich resultsin adecreasein hardness or pro-

motessmultaneoudy thelinking and bresking thebond.
Alsotheseresults confirmed by our x-ray sudieswhich
reflect that theionizing radiation decreased crystallinity
and increased crystal sizeof filler at the surfacereduc-
ingitshardness.

TheVickers hardness value of Soloraine com-
posite material isincreased by increasinggammara-
diation dose, figure5, and that isagree with the pre-
viousresultg®13, That ismay be becausetheioniz-
ing radiation could due excitation whichimprovethe
link among chains. Also these results confirmed by
our X-ray studieswhich reflect that theionizing radia-
tionincreased crystallinity and decreased crystal size
of filler with disturbed it on the surfaceincreasing its
hardness.

Thebending strength and breaking load valuesfor
Filtek Z250 and Solorainecomposite materid sarede-
creaseby increasing gammaradiation dose, TABLE 1.
That ismay be becausetheionizing radiation breaks
thebond insidethematrix incomposite materids.

CONCLUSION

1 X-ray diffraction patterns and IR spectrographs
showed achangein microstructure and molecular
structure of Filtek Z250 and Silorane composite
materiasasaresult of irradiation dose by gamma
and MRl radiationswhich affectsonitsmechanica
properties.

2 Vickers microhardness, bending strength and
breaking load values of Filetk Z250 composite
material isdecreased asresultsof irradiation by
gammadoses.

3 Vickersmicrohardnessvalueof Siloranecompos-
itematerid isincreased asresultsof irradiation by
gammadoses.

4 Bending strength and breaking load values of
Siloranecompositemateria isdecreased asresults
of irradiation by gammadoses.
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