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ABSTRACT

Oral cancer patients receiving gamma radiation as primary or supplemen-
tary treatment, commonly have a variety of dental restorations. The re-
sulting damageto radiated dental restorationsis proportional to the amount
of energy absorbed, whichisreferred to asthe ‘dose’. The effect of gamma
radiation at therapeutic dosage level, (10, 20 and 30 Gy), on structure,
hardness and bending strength of dental porcelain were studied and ana-
lyzed invitro. Exposure to gammaradiation doses caused a microstructure
change which affects on all measured mechanical properties of dental
porcelain. The hardness, breaking load and bending strength of dental
porcelain decreased after exposure to therapeutic gamma radiation doses.
Care should be taken to patient who receive therapeutic gammaradiation
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doses and have dental porcelain.

INTRODUCTION

Dentd ceramicsareableto mimic natural teeth due
tother excelent physica propertiessuch asesthetics,
biocompatibility, low thermal conductibility and wear
resistance3. Because of thesefestures, denta ceramics
havebeenextensvely used in severd rehabilitation pro-
cedures, includinginlays, onlays, crownsand porcelain
veneers4. Surface smoothnessisanimportant consid-
erdionfor dl fixed denta prosthesisasit hasbeen shown
to that the gingivaresponds best when it isin contact
with asmooth surface®. Dental ceramicshavediffer-
ent microstructures, chemica compositions, and prop-
erties. Feldspathic ceramicsenclose 19 weight percent-
age (wt%) of leucitecrystals (K ,0AI0,4S.0,) after
incongruent melting of amixtureof glassand potassum
feldspar’®. Aluminous ceramics, thefeldspathic base
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ceramics, hasincreased theamounts of 40to 50 wt%
auminum oxidecrysta 9. Potassum oxide(K20) isa
mg or component of feldspathic porcdans, asitisused
to givetheporceain acoefficient of thermal expansion
that most closely matchesthat of themetal aloysused
indental metal ceramic techniques®. Theaim of our
research wasto study and anayze theeffect of gamma
radiation at therapeuti c dosage level on structure mor-
phol ogy and mechanica propertiesof denta porcdain.

MATERIALSAND METHODS

Por celain specimensfabrication
Twenty rectangul ar-shaped porcel ain specimens
(VitaVMK, Master, VITA Zahnfabrik, Germany) were

prepared in astandardized manner and according to
themanufacturer’s directions in rectangular stainless steel
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split mold (40 mm- 5 mm-— 3 mm). Porcelain dentine
powder and liquid weremixed and then condensed into
themold using vibrator. Tissuewas used to absorb ex-
cessmoigture (Kleenex; Kimberly-Clark, Neenah, Wis).
Then porcelain ename powder and liquid weremixed
and condensed into the mold. To compensatefiring
shrinkage, theamount must haveadlightly larger size.
The specimenswereremoved by gentlehand pressure
and sintered according to manufacturers’ instructions.
All specimenswerefired in aprogrammableand cali-
brated porcelain furnace (Programat PO, Ivoclar-
Vivadent, Schaan, Liechtenstein) with thefiring cycle.
Theentirespecimenswerecoated withVITAAKZENT
glazethenfiring.

Tests

The specimensused in the present work are dental
porceain. The specimenswere prepared in convenient
shape for all tests such as microstructure, Vickers
microhardness, breaking load and flexural strength.
Microstructure of used specimenswas performed on
theflat surfaceof al specimensusingan Shimadzu X—
ray Diffractometer (Dx—30, Japan) of Cu—Ko radia-
tion withwavelength 2. =1.54056 A at 45 kV and 35
mA and Ni—filter in the angular range 26 rangingfrom0
t0 90° in continuous mode with a scan speed 5 deg/
min. Microhardnesstest of used specimenswere con-
ducted using adigital Vickers microhardnesstester,
(Modd FM-7, Tokyo, Japan), applying a different loads
for different indentation timeviaaVickersdiamond
pyramid. Thebresking load and flexurd strength of used
specimensweremessured by usng LIoyd universa test-
ing machine(Lloyd Mode TT-B, Instron Corp., Can-
ton, MA, US).

RESULTSAND DISCUSSIONS

Any interactive effectsbetween theincident gamma
radiation beam and such dental materialsmight be of
clinica sgnificantif thepropertiesof thesedental mate-
ridsareadversdly affected. Effect of thergpeutic gamma
radiation on microstructure was studied by x-ray
diffractometer. Figure 1 showsx-ray diffraction pat-
ternsof dental porcel ain before and after exposureto
different gammaradiation dosage, (10, 20 and 30 Gy).
Theandydgsof x-ray diffraction patterns, (intensty which
related to crystd linity, broadnesswhichrelated to crystal
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sizeand position which related to orientation), Figure
1, showsavariation in amorphous part, main matrix
peak, and other formed phases (accumul ated particles
or cluster) dueto theinteraction of gammaradiation
withthematrix of dental porcelain.
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Figurel: X-ray diffraction patter nsof dental porcelain be-
foreand after exposuretogammaradiation doses.

Hardnessis a property with alow coefficient of
variation when compared with other mechanica prop-
ertiestested. In generd hardnessisdefined as‘“Resis-
tanceof materia to plastic deformation”, usually by in-
dentation. However, theterm hardness may a so refer
to stiffness or temper or resistanceto scratching abra-
son, or cutting.

The microhardnessvaluewas conducted using a
digita Vickersmicrohardnesstester, applying aload of
100 gfor 55, for dental porcelain. Vickers hardness
vaueat different position on surfaceisgivenin Figure
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2a. From Figure 2aitisseenthat, variationin Vickers
hardnessvalues, that isbecause different placeshaving
different microstructureand different hardnessor resst
to theindenter. Also Vickershardness of denta porce-
lain beforeand after exposureto different gammara
diation dosage, (10, 20 and 30 Gy), areshown in Fig-
ure 2b. Vickers hardnessvalue of dental porcelain de-
creased after exposureto gammaradiationandthat is
agreewith other perviousresults®*?, That isbecause
the gammaradiation coul d break the established bonds
inporcelain matrix which resultsin adecreasein hard-
nessor promotessimultaneoudy thelinking and break-
ing thebond. Also gammaradiation affects porcelain
matrix structureas shown inx-ray diffraction patterns.
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Figure 2a : Vickers hardness values at different place,
position, of dental por celain.
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Figure 2b : Vickers hardness values of dental porcelain
beforeand after exposureto gammar adiation doses.

Figure 3 showsthe graphical description of dia-
mond shapewhich caused by indenter force, applied
force, on dentd porcelain beforeand after exposureto
gammaradiation doses.

Crack length and crack vel ocity on the surface of
dental porcelain duetoindenter force beforeand after
exposureto gammaradiation dosesareshownin Fig-
ure 4. Theresults show that, crack length and crack
velocity valuesincreased after exposureto gammara-
diation doses. That is mean gammaradiation effects
bond strength between atoms.

Thebending strength of dentd porceanbeforeand
after exposureto different gammaradiation dosage, (10,
20 and 30 Gy), are shown in Figure 5. The bending
strength values of dental porcel ain decreased after ex-
posureto gammaradiation.
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Figure3: Graphical description of diamond shapebefore
and after exposuretogammar adiation doses.
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Figure4: Crack velocity and crack length valuesof dental por celain beforeand after exposureto gammar adiation doses.
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Figure5: Bending strength valuesof dental porcdain before
and after exposuretogammaradiation doses.

CONCLUSION

1. Microstructure of dental porcelain changed after

2.

exposureto thergpeutic gammaradiation doses
Vickers hardness and bending strength values of
dentd porcelain decreased after exposureto gamma
radiation therapeutic doses.

Crack length and crack vel ocity values of dental
porcelainincreased after exposureto therapeutic
gammaradiation doses.

RECOMMENDATION

The patientsreceived gammaradiation asatreat-

ment should covered a place has a dental porcelain
materids.
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