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ABSTRACT

Microstructure, molecular structure, hardness, surface roughness and anti-
microbial efficiency of filtek, porcelain and zirconiarestorative dental materi-
als have been evaluated. Specimens used in this study were dental porce-
lain (VitaVv MK, Master, VITAZ ahnfabrik, Germany), zirconia (Ceramill zi,
made in Austria) and Feltik 250 (3M ESPE, USA). The results show that,
porcelain consists of a mixture of glassy matrix and crystalline phases im-
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bedded it. Zirconiaconsists of ZrO, with different plans, intensity, broadness
and orientation. Filtek consists of glassy matrix with other accumulated
particles (very small peaks) imbedded it. Zirconiaisvery low surface rough-
ness with high Vickers hardness compared to porcelain dental material.
Alsobacterial growth was detected around filtek, porcelain and zirconia.
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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
(dentd cavities). Zirconiabased ceramicshave become
avery popular typeof al-ceramicrestorations. It can
beanear ided choicefor restoring crowns, fixed partia
dentures and implantsin esthetic areas. In 1993 the
first study wasrecorded on used zirconiafor implants,
when agroup of researchersinserted experimenta Y-
TPZ implantsinthemandibleof dogs* 2. Also adding
stabilizing oxides is important because it allows

themai ntenance ofthetetragona format room tempera
ture®, Zirconiaisused to makeceramic knivesbecause
of itshardness,; Zirconiabased cutlery sayssharplonger
than astainlesssted equivalent!™. Dental ceramicsare
ableto mimicnatura teeth dueto their excellent phys-
cal properties such as esthetics,biocompatibility, low
therma conductibility and wear resistance® 7. Dental
ceramics have been extensively used in severa reha
bilitation procedures, including inlays, onlays, crowns,
and porcelain veneerd®. One of the purposes of den-
tistry isto prevent the occurrence of dental cariesand
another oneisto avoid therecurrenceof margina car-
ies, because these arethe main factorsthat influence
the duration of dental restorations. Dental cariesand
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candidiasisarecommon infectionsfoundintheora
cavity and create health problemsfor people. Dental
cariesisthedestruction of hard tissue of teeth dueto
acids produced by bacteria. Streptococcus mutans
and Lactobacillus spp. have been shownto have cari-
ogenic potentia owing to their acidogenic and acidu-
ric abilitied¥. Streptococcus mutansappearsto beim-
portant intheinitiation of denta cariessinceitsactivi-
ties|ead to colonization of thetooth surface, dental
plague formation and demineralization.
L actobacillihave been suspected to be secondary in-
vadersthat contributeto the progression of lesions. In
the weakened, compromised host, oral candidal in-
fection may spread to the gastrointestinal tract, tra-
chea, lungs, liver and central nervous system, capable
of causing septicemia, meningitisand endocarditis®
12 The greatestcommonCandidaspp. i solated from
ord cavity isCandidaabicanswith capability toadhere
and colonize oral surfacesin large numbers™. In our
knowledge, no information exists regarding the anti-
microbial activitiesof filtek, porcelain and zirconia
materialson the ora microorganism. Theaim of this
study wasto eva uatetheantimicrobid activity of filtek,
porcelain and zirconiadental materiasagaingt oral mi-
croorganisms. Structure, hardness and roughness of
these materialswerea so investigated.

MATERIALSAND METHODS

Thedental restorative materid sused in thisstudy
were dental porcelain (VitaVv MK, Master, VITAZ
ahnfabrik, Germany) were prepared in a standard-
ized manner andaccording to the manufacturer’s di-
rectionsinrectangular dainlesssted split mold (20mm-
5mm. 3mm), zirconia(Ceramill zi, madeinAustria)
and Feltik 250 (3M ESPE, USA). Unpolymerized
Filtek was appliedin Teflon mold with dimensions 20
mminlength 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 surfacepolymerization 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. The specimens were tested with respect to
microstructure, molecular structure, roughness and
Vickers microhardness. Microstructure of used speci-
menswas performed on the flat surface of all speci-
mens using an X-ray Diffractometer (Dx-30,
Shimadzu, Japan) of Cu-Ka radiation with
1=1.54056 A at 45 Kv and 35 mA and Nifilter in
theangular range 26 ranging from 0to 60° in continu-
ous mode. Also scanning el ectron microscope was
used to investigate surface structure of used speci-
mens. Molecular structure of used specimens was
performed using Mattson 5000 FTIR Spectrometer,
Spectral AnaysisUnit, Chemistry Department, Fac-
ulty of Science, MansouraUniversity. Vickershard-
ness (Hv) wasmeasured for al specimensby adigital
Vickersmicrohardnesstester (Model FM—7, Tokyo,
Japan) at 10 and 100 gf indentation load for 5 sec
indentation time. Theroughness of used specimens
were measured by using surface roughness measure-
mentsdevice (surfacetest S.J201.P). Dataare mea-
sured numerically and get it from computer program,
theprogramiscal culating roughness parametersthen
plot theresult to giveroughness profileand different
roughness parameters, after that datasaved to beana-
lyzed, by cal culating the average surface roughness
parameter Raalong thetotal dliding distance.
Thedental restorative materialsused in thisstudy
werezirconia, porcelain, andfiltik 250. All thesema-
terialsweremadeinto suspensionin steriledistilled
water at different concentration 0.2gD 5ml, 0.3gD
5ml, 0.5gD 5ml and 1gD 5ml. Thebacteriausedin
this study were staphylococcus aureus, streptococ-
cus mutans, E-Choli and candidaal bicans (fungus).
They have been provided by microbiology department,
Faculty of medicine, MansouraUniversity, Egypt. Agar
diffusion test wasthe method of antimicrobia activity
for thesefour materials. Thismethod iswidely used
among other researches (Tobias1988). Initially sta-
phylococcus aureus and E-Choli wereinoculated in
maconky, streptococcus mutanswas inoculated in
blood agar and fungus (candida al bi cans) wasinocu-
lated in PDA (potato dextrose agar). All wereincu-
bated at 37 °C for 24 hour. From these cultures, bac-
terial suspension were prepared in sterile peptone
solution, until measuring turbidity by nanophotometer
(IMPLEN) equivalent to 108 CFU D ml for bacteria
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and 10’CFU D ml for fungi. Briefly 15 ml of nutrient
agar was poured into 90 mm petri dish and plateswere
then inoculated with 108 CFUD ml of bacteriaor 107
CFUD ml of yeast. By punching the agar container
with asterilecork borer and scooping out the punched
part, agar cups of 4 mm diameter were made. The
agar had already been divided into 4 sections. Each
of thematerial suspension at different concentrations
was placed in each cup. All the plateswere incubated
at 37 °Cfor 48 hoursin incubator mode (Jsgi-100T).
All the plates were prepared under laminar flow
(unilab) and all instruments, glass mixing slab were
sterilized. The antimicrobial activity wasevaluated
based on zones of growthinhibition (mm).

Filtek

Counts

—=== Pyl Peper
RESULTSAND DISCUSSIONS

Sructure
X-ray analysis

Thex-ray diffraction patternsof filtek, porcelain
and zirconiadental materidsareshowninFigurel(a b
and ¢). From x-ray diffraction andyss, Filtek consists
of main matrix peak, glassy matrix, and other formed
crystal peaks, (accumulatedfiller particles).

X-ray diffraction analysisof porcelain, TABLE
(1a), showed that, it consisted of amixture of glassy
matrix and other crystalline phases. Glassmatrix, (20°-
35°), of porcelain contained irregularly shaped of crys-

26

Figurela: x-ray diffraction patter nsof filtek

Porcelain

Counts

L B i
I

* 28 4

Figurelb: x-ray diffraction patternsof porcelain
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Figurelc: x-ray diffraction patternsof zirconia
TABLE 1a: x-ray diffraction analysisof porcelain
20 dA hk| phase
165 5.4476 011 Tetragonal (N&B4O7)
25.95 34374 Tetragond (KAI(SIO,),)
27.25 3.29 Tetragond (KAI(Si03)2)
315 2.85368 Tetragond (KAI(SiOs)2)
382 2.3806 102 Hexagonal (Si0,)
42.25 2.1616 200 Hexagonal (SiO,)
51 1.79 112 Hexagonal (Si0,)
TABLE 1b: x-ray diffraction analysisof zirconia
20 dA FWHM Int. %
245379 3.62792 0.6298 1.66
28.4988 3.13207 0.2755 13.08
304852 2.93236 0.2362 100
31.2898 2.85877 0.0590 19.82
31.6041 2.83105 04723 755
354618 253143 0.2362 17.43
41.2147 2.19040 0.9446 1.02
50.4941 1.80750 0.1968 33.53

talline particles, tetragonal KAI(SIO,),. Also other
crystalline phases are tetragonal Na,B,O, and Hex-
agond SO,

The anaysis of x-ray, TABLE (1b),of zirconia
showed that, it consisted of ZrO, with different plans
(hKl), intensity (crystallinty), broadness (crystal size) and
orientation (20).

Scanning electron microscopeanalysis
Scanning el ectron microscopeanalysis, SEM, of

filtek, porcelainand zirconiadental materid sareshown
inFigure2(a, bandc). SEM of filtek showstwo sepa
ratestructure, glassy matrix and accumul ated particles,
and that isagreed with x-ray analysisresults. SEM of
porcelain showstwo separate structures, glassy matrix
and other different phases, and that isagreed with x-
ray analysisresults. SEM of zirconiashowsthe shape
structureswith different orientations, and that isagreed
withx-ray anadysisresults
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Figure2b: SEM of porcdain dental material
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Figure2c: SEM of zirconiéenal material
FTIR spectrum ingto O-Si-0O, IR band at 602 cm* corresponding to

Figure (38) shows|R spectraof filtek dental mate- M-N vibrations, strong band at ~ 1100 corresponding
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O-H bending vibrations, representing the presence of
acoordinated water molecul esand week- sharp IR band
at 1726 cm* corresponding to COOCH3, strong/or
weak- very broad IR band at ~ 3420 cn correspond-
ingto C-H. Figure (3b) showsIR spectraof filtek den-
tal material exhibited, strong IR band at 447 cm* cor-
responding to O-Si-O, strong band at ~ 1026 corre-
sponding to C-O, IR band at 1619 cm® isdueto H-
O-H bending vibrations, representing the presence of
acoordinated water molecul es and weak- very broad

IR band at ~ 3439 cm'* corresponding to C-H. Figure
(3c) showsIR spectraof zirconiadental material ex-
hibited, IR band at 1625 cm® isdueto H-O-H bend-
ing vibrations, representing the presence of acoordi-
nated water molecul es and weak- very broad IR band
at ~ 3425 cm corresponding to C-H. Theresults of
FTIR spectrum show that, the characteristics of IR
bandsfor used dental materialsare changed (strong,
broad and position) which dependent on material mo-
lecular structure.
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Figure3a: IR spectraof filtek dental material
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Figure3b: IR spectraof porcelain dental material

Werioly Seience  mm—

An Judian Jouwrual



MSAIJ, 14(10) 2016

Abu Bakr El-Bediwi et al.

383

—== Fyf] Peper

<L

(%]

N

]

E o

2 .

E A

P- L3

- T

Zirconia
Wave I‘ll:l;'l'lef cm‘i‘
Figure3c: IR spectraof zir coniadental material
TABLE 2: Vicker shadnessand maximum shear stressof used dental materials
Sample H, kg/mm? n kg/mm?
Fltek 25.1+1.47 8.28
Porcelain 500+50 165
Zirconia 950+40 313.5
R Profile
15
Filtek (baze)
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Figureb5a: Roughnessprofileof filtek material

Surfaceproperties
Vickershardness

Thehardnessistheproperty of materid which gives
it theability to resist being permanently deformed when
aload isapplied. The microhardnessval ue was con-
ducted using adigital Vickers microhardnesstester,
applyingaload of 10gfor 55, for filtek dental materia
whichislistedin TABLE (2). But for porcelain and
zirconiamicrohardness valuewas conducted using a
digita Vickersmicrohardnesstester, applying aload of

100gfor 5sandit’s shown in TABLE (2). The maxi-
mum shear stress(t ) valueof filtek, porcelainand zir-
coniadental material swascal culated using the equa
tionfel:-

i_#l 2 1
tm =2 Hy b (1= 20) +5 L+ RA + v)]z}
Where vis Poisson’s ratio? The results show that,
Vickershardness of filtek, porcelain and zirconiaden-
tal materia sdependent onitsstructure, micro and mo-
lecular structure.
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Figure5b: Roughnessprafileof porcelain material
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Figure5c: AFM photographsof zir coniamaterial
TABLE 3a: Roughnessparameter sof filtek material
Roughness par amet er Raum Rz um Rg um Rt um Rpum
Filtek 0.341 1.527 0.403 2.233 0.832
TABLE 3b : Roughnesspar ameter sof porcelain material
Roughness par ameter Raum Rz um Rg um Rt um Rp um
Porcdan 0.36 127 0.42 1.87 0.60
TABLE 3c: Roughnessparameter sof zirconiamaterial
Roughness parameter Sanm Sq nm Synm S nm
Zirconia 53.702 68.645 607.64 437.08
Roughness theoverdl three-dimensiona design or geometry of the

Theeffectsof surfacetopography aredifferent than implant, whichisrelated to theinteraction of the host

ﬂn%u{%nﬂamf




MSAIJ, 14(10) 2016 Abu Bakr El-Bediwi et al. 385

Full Paper

Figuredb : E-Choli growth around por celain material

Figureda: Candidagrowth around filtek material

Figureda: Saph aureusgrowth around filtek material

Figureda: Srept growth around filtek material Figure4b : Strept growth around por celain material
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tissueswith theimplant on amacroscopic scae. This
important consderationinoveral biologicresponseto
implantswasdiscussed and from thisdiscuss onresults,
the concept of surfacetopography refersto the surface
textureon amicrolevel. Itisonthismicroscopiclevel
that theintimate cell and tissueinteractionsleading to
osseoi ntegration. Theeffectsof surfacetopography on
invitroandinvivo cdl and tissueresponses have been
afield of intense studiesin recent years. Theoverall
god of thesestudiesistoidentify surfacetopographies
which mimicthenatura substratain order to permit tis-
sueintegration andimprovedlinica performanceof the
implant. Increased surfaceroughness produced by such
techniques as sand or grit blasting or by rough polish-
ing, provided the rugosity necessary for optimum cell
behavior. Every surface has someform of texturethat
takestheform of aseriesof peaksand valleys. These
peaksand valleysvary in height and spacing and have
propertiesthat arearesult of theway the surfacewas
produced.

Figure4c: Candidagrowth around zirconiamaterial
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Theroughnessprofileof Filtek and porcelain ma
terialsisshowninFigure5 (aand b). Alsotheaverage
surfaceroughnessparameter Raaongthetota diding
distanceand other roughness parameters, (R, R , Rand
R), of Filtek and porcelain materials are listed in
TABLE 3 (aandb).

Atomicforcemicroscope, AFM, wasusedtoiden-
tify roughnessparametersof zirconia. Figure (5¢) shows
the surfacetopography of zirconiamaterialsintwo and
three dimensions. Theroughness parametersof zirco-
niamateria arelistedin TABLE (3c).

Antimicrobial activity

Antimicrobia activity of filtek, porcelanand zirco-
niadenta materia sfor E-Choli,staphyl ococcus aureus,
streptococcus mutans, Strept and candida albicans

(fungi) areshowninFigure4 (a band ¢). Theresultsin
Figure (4a) show that, filtek hasno activity, noresis-

Figure4c: Staph aureusgrowth around zir coniamaterial

Figured4c: Srept growth around zirconiamaterial
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tance, for E-Choli,staphylococcus aureus, streptococ-
cusmutansand candidaalbicans. That ismean these
bacteriastick on the surface which effectson all sur-
face properties such as roughness and hardness and
that isagreed with perviouswork*4, Also Figure (4b)
shows porcelain no activity, no resistance, for E-
Choli,staphyl ococcusaureus, streptococcus mutansand
candidaalbicans. That ismean these bacteriastick on
thesurfacewhich effectson all surface propertiessuch
asroughnessand hardnessand that isagreed with per-
viouswork™!, Figure (4c) also shows zirconiahasno
activity, no resistance, for E-Choli,staphylococcus
aureus, streptococcus mutans and candidaal bicans.
That ismean these bacteriastick on the surfacewhich
effectsonal surface properties such asroughnessand
hardness and that is agreed with perviouswork!*!,

CONCLUSION

From our resultsit isconcluded that:-

1. Fltek hasamorphousstructurewithimpeded some
clustersor accumulated filler particlesingdemain
meatrix.

2. Porcdaincongsted of glassmatrix contained ~ 30%
crystal with other formed crystd.

3. Zirconiahasamonodinic sructurewhich conssted
of ZrO, crystal.

4. Zirconiahaslow roughnessand high hardnesscom-
paredto porcdain.

5. FHiltek, porcdanand zirconiadenta materid shave
antimicrobial effect for staphylococcus aureus,
streptococcus mutans and candidaal bicans.

6. From our research zirconiahas beast properties
for dental applications such as crown and remov-
abledenturebut it hashigh coast.
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