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ABSTRACT

Sterilization by gamma radiation is the latest and perhaps the most available methods. However, the effect of
gamma radiation on structure and physical properties of dental materials that have been recently developed and
introduced to the dental market were not investigated. The aim of our research wasto investigate the effect of high
energy gamma radiation on microstructure, surface hardness and surface roughness of dental porcelain. Matrix
microstructure of dental porcelain changed after exposure to gamma radiation doses. Surface hardness of dental
porcelain decreased but surface roughness increased after exposure to gamma radiation doses. Surface dental

porcelain color (white) changed into dark color.

INTRODUCTION

Dentd ceramicsareableto mimic natura teeth due
tother excelent physica propertiessuch asesthetics,
biocompatibility, low thermal conductibility and wear
resistance™3, Because of thesefestures, denta ceramics
havebeenextensvely used in severd rehabilitation pro-
cedures, including inlays, onlays, crowns, and porce-
lainveneers*. Surface smoothnessisanimportant con-
siderationfor al fixed dental prosthesisasit hasbeen
shown to that the gingivaresponds best whenitisin
contact with asmooth surface”®. Increasing awareness
of infectious diseasesand considerationsto eliminate
cross contami nation between the dental operatory and
thedental laboratory requiresthat dental prosthesesbe
disinfected before sending to the laboratory and before
delivery to the patient’®1°, Previous studieshavere-
ported the presence of microorganismstransmitted to
dental laboratoried™ 12, Both the American Dental
Association (ADA) and Centers for Disease Control
and Prevention have established guidelinesfor clean-
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ing, disinfecting, and handling of dental prosthesestrans-
ported between dentd officesand laboratories®. Stud-
ies have demonstrated that material s such astopical
fluoride preparations can affect the glaze and surface
roughness of metal-ceramic restorations' . If disin-
fectants do promote surface roughness, restoration es-
theticsaswell as periodontal health may be harmed.
The surfaceroughness of ceramic would play anim-
portant roleininitid plagque adhesionl*¢%¥, Studieshave
been conducted to assess the surface roughness and
methodsfor disinfecting fixed prosthodonticsmaterids
prior to their cementation!**2), Diamond bursand rub-
ber whed sthat are used for devel oping groovesin por-
celain materialsand for manual polishing?-?2 can be
associ ated with cross-contaminati on. Because non dam-
aging methodsof sterilization may not be possible, the
aternative method isto disinfect the prosthesesby im-
mersinginchemicd disinfectants” %21, Recommenda
tionsfromtheADA Council on ScientificAffarsonpros-
thetic material sinclude spray or immersion with hy-
pochlorite, iodophor, and gluteraldehyde. The choice
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of disinfectants depends on thetype of surfaceto be
disinfected. Incorrect gpplication of disinfectants may
affect thephysical and or mechanica propertiesof ma
terialsundergoing the disinfection process? 2. How-
ever, other study reported that no significant difference
insurfaceroughnessof different glazed ceramic speci-
mensdisinfected and sterilized with chemical disinfec-
tion and autoclaved, respectively. Theavailabledisin-
fection methodsfor fixed partial denturesarestill con-
troversa becausethey may adter somemateriad prop-
ertiesandclinica features. lonizing radiationiscurrently
used for the sterilization of heat-sensitivemedical de-
vices, pharmaceutica packagingand raw material 2.
It hasal so been used to sterilize boneg™!. Theresulting
damageto theradiated materia isproportiona tothe
amount of energy absorbed, whichisreferredto asthe
‘dose’ and measured in units of energy/kilogram. The
Sl unit of doseistheGray (Gy), whichisdefined asan
absorbed radiation dose of 1 Jkg. A dosage of 2.5
megaradskillsall bacteria, fungi, virusesand spores®.
However; no researcheswere conducted to evaluate
theeffect of gammaradiation on thesurfaceand micro-
structure of dental ceramics. Clinica implications: In-
fection control proceduresareindispensable steps be-
fore cementation of prostheses. The purpose of this
study wasto evad uatewhether sterilizationwithionizing
gammaradiation have del eterious effects on the sur-
facetextureand color of dental porcelain.

MATERIALSAND METHODS

Por celain specimensfabrication

Twenty rectangul ar-shgped porcd ain speci mens(Vita
VMK, Master, VITA Zahnfabrik, Germany) werepre-
pared in a standardized manner and according to the
manufacturer’s directions in rectangular stainless steel split
mold (40 mm- 5mm-—3 mm). Porcelain dentine pow-
der and liquid weremixed and then condensed into the
mold using vibrator. Tissue was used to absorb excess
moisture(Kleenex; Kimberly-Clark, Neenah, Wis). Then
porcelain enamel powder and liquid were mixed and
condensedinto the mol d. To compensatefiring shrink-
age, theamount must haveadightly larger 9ze. Thepedi-
menswereremoved by gentle hand pressureand sin-
tered according to manufacturers’ instructions. All speci-
menswerefiredinaprogrammableand cdlibrated porce-
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lainfurnace (Programat P90, Ivoclar-Vivadent, Schaan,
Liechtengtein) withthefiring cycle. Theentiregpecimens
werecoated withVITAAKZENT glazethenfiring.

Composition of VITAVMK Master

The structure of VITAVMK Master consists of
two principal constituents: natural potassium
(KAISI,O,), orthoclase and sodium bicarbonate feld-
spars(NaAlS,O; dbite) congtitutethelargest propor-
tionsand arefrequently referred to astectosilicatesin
literature since they form three-dimensional networks
intheveneering ceramic. Potassum feldspar, whichis
essentia for manufacturingtheVITA ceramics, helps
to achieveideal abrasion on the antagonist tooth and
chemical stability for theord system. Orthoclasemelts
incongruently, i.e. melt and solid reved different com-
positions. When using thistype of feldspar, ameltis
obtai ned which formsthe glass phase and theleucite
(KAIS,0,) during solidification. Leuciterepresentsthe
crystdlinephaseof theVMK materidsandisessentia
for the ceramic material sin two respects. onthe one
hand, it ensuresthe stability, i.e. it guaranteesthat the
shape of firing object remainsunchanged evenat high
temperatures. Onthe other hand, the coefficient of ther-
mal expansion (CTE) of the veneering ceramiciscon-
trolled by the proportion of leucite. Moreover thecrys-
ta scauseincreased strength of the veneer and reduce
crack propagation. With 15 - 25%, quartz is another
main constituent and isadded to i ncrease the propor-
tion of theglass phaseand hencethetraducency. Metd
oxides are also added to the veneering ceramics to
optimizetheoptica properties. Accordingly, metal ox-
idesare used as opacifiers and thusthe translucency
and the opal escence are adjusted. In addition to the
metal oxides, pigmentsare added to the VITA metal
ceramics, which are produced inaspecid fritting pro-
cess, these pigments are not burned and remain un-
changed over theyears but determinethefina shade of
thefired ceramic and thus providetherestoration with
long-term shade stahility.

Tests

The specimensused in the present work are dental
porceain. The specimenswere prepared in convenient
shape for al tests such as microstructure, Vickers
microhardness, and surfaceroughness. Microstructure
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of used specimenswas performed on theflat surface of
al specimensusing an Shimadzu X—ray Diffractometer
(Dx=30, Japan) of Cu—Ka radiation with A=1.54056
A at 45kV and 35 mA and Ni-filter in the angular
range 20 ranging from 0to 90° in continuous mode with
ascan speed 5 deg/min. Microhardnesstest of used
specimens were conducted using a digital Vickers
microhardnesstester, (Model FM—7, Tokyo, Japan),
goplying adifferent loadsfor differentindentationtime
viaaVickersdiamond pyramid. Thearrangement of
hand surface (Surfest SJ201.P) which usedin measure-
mentsof surface roughnessin the present work.

Base Sample
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Figures1: X-ray diffraction patternsof dental porcelain
beforeand after exposureto gammar adiation doses

RESULTSAND DISCUSSIONS

X-ray analysis
Any interactiveeffectsbetween theincident gamma

radiation beam and such dental materialsmight be of
clinica sgnificantif the propertiesof thesedental mate-
rialsareadversely affected.

Effect of high energy gammaradiation on micro-
structurewas studied by x-ray diffractometer. Figure 1
shows x-ray diffraction patterns of dental porcelain
before and after irradiated by different gammaradia-
tion dosage, (10, 20 and 30 kGy). The analysisof x-
ray diffraction patterns(intensity, position and orienta-
tion) showsavariation inthemain matrix peak (amor-
phous part) and other formed phases (accumulated
particlesor cluster) dueto theinteraction of highen-
ergy gammaradiationwith thedentd porcelain matrix.

Vickershardness

Hardnessis a property with alow coefficient of
variation when compared with other mechanica prop-
ertiestested. In general hardnessisdefined as‘Resis-
tance of materid to plastic deformation”, usually by in-
dentation. However, theterm hardnessmay also refer
to stiffnessor temper or resistanceto scratching abra-
son, or cutting. Themicrohardnessva uewas conducted
usingadigita Vickersmicrohardnesstester, gpplyinga
load of 100 gfor 55, for dentd porcean. Vickershard-
nessvalueof dental porcelain beforeand after irradi-
ated by different gammaradiation dosage, (10, 20and
30kGy), areshowninFigures2. Vickershardnessvaue
of dental porcelain decreased after exposureto gamma
radiationandthatisagreawith other perviousresults®- 32,
That isbecausethe high energy gammaradiation could
break the established bondsin matrix whichresultsina
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Figures?2: Vickershardnessof dental porcelain beforeand
after exposureto gammar adiation doses
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decreasein hardnessor promotes simultaneously the
linking and breaking the bond. Also gammaradiation
affectsporcelan matrix structureasshownin x-ray dif-
fraction patterns.

Roughness

Theroughness profilesof dental porcelain before
and after exposure to gammaradiation doses (10, 20
and 30 kGy) areshownin Figure 3. Theaverage sur-
faceroughnessparameter Radongthetotd didingdis-
tance and other roughness parametersbeforeand after
exposureto gammaradiation dosesarelisedin TABLE
1. Fromtheseresults, itisclear that theaverage surface
roughness parameter Raand other roughness param-
etersareincreased after exposureto gammaradiation
doses.

TABLE 1: Averagesurfaceroughnessparameter raand other

roughnessparameter sbeforeand after exposuretogamma
radiation doses

Roughness Base 10 20k 30

parameters kGy Gy kGy
Raum 0.74 115 0.78 0.78
Rz um 3.01 479 3.17 281
Rq um 091 144 0.90 0.98
Rt um 574 7.85 5.56 5.92
Rp um 120 258 161 1.30

CONCLUSION

1. Microstructure of dentd porcelain changed after
exposureto gammaradi ation doses

2. Vickershardness value of dental porcelain de-
creased but surface roughness parameters in-
creased after exposureto gammaradiation doses

3. Theporcelain surfacecolor changed after expo-
sure by gammaradiation doses
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