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ABSTRAKT

Qéllimi 1 kétij hulumtimi né kété punim &shté qé té
studiohen karakteristikat fizike dhe kimike té sipér-
fageve dhe topografia e sipérfageve té materialeve
té zirkonit qé pérdoren pér pérpunimin e punimeve
protetikore fikse dhe ndikimi i tyre né adhesionin
sipérfagésoré t& bakterieve Streptococcus mutans.
Mostrat qé€ pérdoren pér ekzaminim jané té prodhua-
ra nga materiali i zirkonit, jané t€ ndara n€ dy grupe,
grupi i paré€ pas sinterimit jané t€ poliruara pa glazuré,
ndérsa grupi i dyté, pas sinterimit jané t& veshura me
shtres€ glazure. Pér realizimin e pjesés eksperimentale
té kétij hulumtimi jané pérdorur metodat dhe analizat e
métutjeshme: matja e vrazhdésisé sé sipérfageve (SR),
- matja e kéndit t€ kontaktit, pércaktimi i energjis€ sé¢
liré té sipérfageve (SFE), biofilm formacioni dhe pér-
gatitja pér skanim me mikroskop elektronik (SEM)
Mostrat t€ prodhuara nga zirkoni, t€ perpunuara por
pa glazuré treguan vlera mé té€ larta t€ kéndit t€ kon-
taktit 90,34°% derisa mostrat té veshura me glazuré
treguan vlera mé té uléta se ato pa glazuré 61,64°,
Matjet e energjisé sé€ liré t&é sipérfageve t&€ mostrave
té zirkonit t€ poliruara pa glazuré treguan vlera duk-
shém mé t€ uléta (24,3 1mJ/m?) né krahasim me vlerat
e fituara tek mostrat e zirkonit t€ mbuluara me glazuré
(40,66mJ/m?), Vlerat e vrazhdésisé sé sipérfageve té
jané mé té larta tek mostrat e zirkonisé pa glazuré dhe
&shté 0,65um, derisa tek mostrat e zirkonisé té poli-
ruara dhe t€ mbuluara me glazuré, ashpérsia e sipér-
fageve €shté mé e vogél 0,29 um, Rezultatet ¢ analizés
SEM tregojné se numri mé i vogél i baktereve té ng-
jitura gjendet né sipérfaget ¢ mostrave me zirkon pa
glazuré (8 baktere), ndérsa né mostrat me zirkon té
mbuluar me glazuré, né€ sipérfaget e tyre jané gjetur
njé numér shumé mé i madh 1 baktereve(26 baktere).
Vrazhdésia e sipérfaqgeve u tregua se nuk kishte asnjé
efekt né adhesionin bakterial sipérfagésore té€ kétyre
mostrave.

Fjalét kyge: zirkonia, Streptococcus mutans, vrazhdésia e

sipérfaqeve, energjia e lir€ e sipérfageve, kéndi i kontaktit,
AFM, SEM.
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ABSTRACT

The purpose of this research in this paper is to study
the physical and chemical characteristics of the sur-
faces and the topography of the surfaces of zirconium
materials used for the processing of fixed prosthetic
works and their influence on the surface adhesion of
Streptococcus mutans bacteria.

The samples used for examination are produced from
zircon material, they are divided into two groups, the
first group after sintering are polished without glaze,
while the second group, after sintering, are covered
with a layer of glaze.

For the realization of the experimental part of this
research, the following methods and analyzes were
used: surface roughness measurement (SR), contact
angle measurement, surface free energy determination
(SFE), biofilm formation and preparation for scanning
with a microscope electronic (SEM)

Specimens produced from zirconia, polished but un-
glazed showed higher contact angle values 90.340,
while glazed samples showed lower values than un-
glazed ones 61.64°, Surface free energy measurements
of zirconia samples polished without glaze showed
significantly lower values (24.31mJ/m?) compared to
the values obtained in the zircon samples covered with
glaze (40.66mJ/m?), The surface roughness values are
higher in unglazed zirconia samples and is 0.65um,
while in the polished and glazed zirconia samples, the
roughness of the surfaces is less 0.29um, SEM analysis
results show that the smallest number of attached bac-
teria is found on the surfaces of samples with unglazed
zircon (8 bacteria), while in samples with zircon cov-
ered with glaze, a much larger number of bacteria (26
bacteria) were found on their surfaces.

The roughness of the surfaces was shown to have no
effect on the bacterial surface adhesion of these sam-
ples.

Keywords: zirconia, Streptococcus mutans, surface
roughness, surface free energy, contact angle, AFM,

SEM.
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HYRJE

Mikrostruktura dhe topografia e sipérfageve té
materialeve qé pérdoren pér pérpunimin e strukturave
protetikore fikse, luajné rol t€ réndésishém né
adhesionin bakteria'. Adhesioni bakterial €shté njé
proces i ndérlikuar, ku ndérlidhen vetité fiziko-kimike
té bakterieve dhe sipérfageve té materialeve sikurse
hidrofobiciteti dhe Iémueshméria e sipérfageve
té materialeve, prodhimi i substancave polimere
ekstracelulare (EPS), si dhe faktorét e ambientit
jetésoré***. Akumulimi bakterial ne zonat marginale
t¢ zmaltit dhe materialeve restauruese protetikore
éshté faktor i réndésishém né paraqitjen e kariesit
sekondar, q€ &éshté edhe njé nga arsyet kryesore pér
ndérrimin e punimeve protetikore®¢. Pér kété arsye
éshté shtuar interesi pér prodhimin e materialeve
té cilét ngadal€sojné apo e pengojné formimin e
pllakut dentar né sipérfaget e kétyre materialeve’.
Variacioni i adhesionit  bakterial ndé€rmjet
materialeve t€ ndryshme &shté e ndérlidhur me
vetit€ e materialeve, sikurse pérbérja kimike e
tyre, karakteristikat e sipérfageve si dhe struktura e
materialeve®. Analizat ¢ mikrostrukturés né materiale
té ndryshme rezultojné me strukturé t€ ndryshme,
fortési, si dhe rritje t& plasaritjeve t€ sipérfageve3.
Ekzaminimet mikroskopike t&€ formacioneve t&€
hershme t€ pllakut t& dhémbéve treguan kolonizim
inicial t& bakterieve pérgjaté plasaritjeve dhe thellimeve
té¢ zmaltit, e cila tregon ndikimin e strukturés sé
sipérfageve té materialeve né adhesionin bakterial’.
Sipérfaget me energji t€ lire sipérfagésore (SFE-
Surface free energy) respektivisht sipérfaget hidrofile
shfaqin ngjitje mé té madhe t€ biofilmit bakterial
n€ krahasim me sipérfaget q€ kane energji t€ liré
sipérfaqésore (SFE) té ulét. Pérvec késaj, sipérfaqet e
ashpra sigurojné vende né té cilat mikroorganizmat jané
té mbrojtur nga pastrimi dhe valét e pé€shtymés. Derisa
ashpérsia (Iémueshméria) e sipérfageve ndikojné
né€ formimin e biofilmit, mendohet se ashpérsia e
sipérfageve té materialeve éshté mé e réndésishme pér
akumulimin dhe pérbérjen e biofilmit, derisa ndikimi
i SFE ésht€é mé e madhe kur krahasohen materiale
me sipérfage t€ nivelit t€ ngjashém t& ashpérsisé'’.
Qéllimi 1 kétij hulumtimi né€ kété punim &shté qé
té studiohen karakteristikat fizike dhe kimike té
sipérfageve dhe topografia e sipérfageve t€ materialeve
té zirkonit (zirkon i poliruar pa glazuré dhe zirkon i
poliruar me glazure) qé pérdoren pér pérpunimin
e punimeve protetikore fikse dhe ndikimi i tyre né
adhesionin sipérfaqésoré té bakterieve Streptococcus
mutans.
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INTRODUCTION

The microstructure and topography of the surfaces of
the materials used for the processing of fixed prosthetic
structures play an important role in bacterial adhesion'.
Bacterial adhesion is a complicated process, where the
physico-chemical properties of bacteria and material
surfaces are related, such as the hydrophobicity and
smoothness of material surfaces, the production of
extracellular polymeric substances (EPS), as well as
environmental factors >4,

Bacterial accumulation in the marginal areas of enamel
and prosthetic restorative materials is an important
factor in the appearance of secondary caries, which is
also one of the main reasons for replacing prosthetic
works *°. For this reason, there has been increased
interest in the production of materials that slow down
or prevent the formation of dental plaque on the
surfaces of these materials’.

The variation of bacterial adhesion between different
materials is related to the properties of the materials,
such as their chemical composition, the characteristics
of the surfaces and the structure of the materials®.
Analyzes of microstructure in different materials result
in different structure, hardness, as well as increased
surface cracks’.

Microscopic examinations of early dental plaque
formations showed initial colonization of bacteria
along enamel cracks and pits, indicating the influence
of material surface structure on bacterial adhesion’.
Surfaces with free surface energy (SFE-Surface free
energy), respectively hydrophilic surfaces show greater
adhesion of bacterial biofilm compared to surfaces
that have low surface free energy (SFE). In addition,
rough surfaces provide sites in which microorganisms
are protected from scrubbing and saliva waves. While
surface roughness affects biofilm formation, it is
thought that surface roughness of materials is more
important for biofilm accumulation and composition,
while the influence of SFE is greater when comparing
materials with surfaces of similar roughness level '°.
The purpose of this research in this paper is to study the
physical and chemical characteristics of the surfaces
and the topography of the surfaces of zirconia materials
(polished zirconia without glaze and polished zirconia
with glaze) used for the processing of fixed prosthetic
works and their influence in the surface adhesion of
Streptococcus mutans bacteria.
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MATERIALI DHE METODA

Mostrat qé pérdoren pér ekzaminim jané té€ prodhuara
nga materiali i zirkonit, jan€ t€ ndara né€ dy grupe, grupi
1 paré€ pas sinterimit jané t€ poliruara pa glazuré, ndérsa
grupi i dyté, pas sinterimit jané t€ veshura me shtresé
glazure. Jané preparuar nga 10 mostra né formé rrethore
me diametér 8mm dhe trashési 2,5mm. Sipérfaget e
mostrave jané t€ perpunuara me metodat standarde té
polirimit qé 1 pércakton prodhuesi i materialeve.

Jané ndjekur t& gjithé hapat e pérpunimit me géllim
qé té€ pérfitohen sipérfage sa mé t& 1€émueshme t&
sipérfageve té mostrave.

Pér pérpunimin e sipérfageve jané pérdorur guré dhe
instrumente diamanti me granulacione té ndryshme
deri né ato mé t€ imétat, jané pérdorur instrumen-
tat Zirconflex dhe né€ fund jané€ pérdorur Zir Gloss.
Né kuadér t€ géllimeve té vendosura, pér realizimin e
pjesés eksperimentaleté kétij hulumtimi jané pérdorur
metodat dhe analizat e métutjeshme:

Matja e vrazhdésisé sé sipérfaqeve (SR)-

Pér analizén e ashpérsisé sé sipérfageve t€ mostrave
&shté pérdorur mikroskopi me forcé atomike (AFM-
Atomic Force Microscope), i cili mundéson studimin
e sipérfageve té bazuar né forcé atomike, me ndihmén
e t€ cilit analizohen sipérfaqet duke fituar 3D fotografi
té mostrave. Sipérfaget e ingizuara me AFM né 3D
form€ mund ti shohim ne profilogramin nr.1. Vlerat e
ashpérsisé sé sipérfageve jané té fituara duke u bazuar
né Ra parametrat ¢ ashpérsisé, e cila fitohet me vlerén
mesatare aritmetike né mes majés dhe vlerave té
pikés mé té lart€ dhe mé té ulét t€ profilit efektiv t&
ashpérsisé!!.

Vs

o
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MATERIAL AND METHOD

The samples used for examination are produced from
zirconia material, they are divided into two groups, the
first group after sintering are polished without glazing,
while the second group, after sintering, are coated with
a glaze layer. They were prepared 10 samples in a cir-
cular shape with a diameter of 8 mm and a thickness
of 2.5 mm. The surfaces of the samples are processed
with the standard polishing methods determined by the
material manufacturer.

All the processing steps were followed in order to
obtain the smoothest surfaces of the sample surfaces.
Stones and diamond instruments with different gran-
ulations up to the finest ones, Zirconflex instruments
and finally Zir Gloss were used for surface processing.
Within the set goals, the following methods and ana-
lyzes were used for the realization of the experimental
part of this research:

Surface roughness measurement (SR)-

For the analysis of the surface roughness of the samples,
the atomic force microscope (AFM- Atomic Force
Microscope) was used, which enables the study of
surfaces based on atomic force, with the help of which
the surfaces are analyzed by obtaining 3D pictures
of the samples. The surfaces engraved with AFM in
3D form can be seen in profilogram no.l. Surface
roughness values are obtained based on the roughness
parameters Ra, which is obtained with the arithmetic
mean value between the peak and the highest and
lowest point values of the effective roughness profile !'.

g ‘ © X 0.200 pw/div

Z 20.000 nM/div

Profilogram nr.1 AFM / Profilogram no.1 AFM
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- Matja e kéndit té kontaktit -

Marré né pérgjithési, nése kéndi 1 kontaktit t€ supstratit
me piké uji Eshté mé i vogél se 90°, atéheré llogaritet
se kemi té béjmé me sipérfaqe hidrofile'®, ndérsa nése
kéndi 1 kontaktit t& supstratit me piké uji éshté mé i
madh se 90° atéheré sipérfagja llogaritet se &shté
hidrofobe. Disa materiale qé kané ashpérsi shumé
t¢ madhe té€ sipérfageve, mund té€ paragesin kénd
kontakti deri 150°. Kéto sipérfage quhen sipérfage
superhidrofobe.

Kéndi i kontaktit me piké uji mé sé shpeshti pérdoret
si masé pér matje t€ hidrofobicitetit té sipérfageve'>'3,
g€ don té thoté se sa mé i larté kéndi i kontaktit,
aq mé shumé sipérfaget marrin veti hidrofobike.
Matjet e kéndit té kontaktit jané realizuar me ndihmén
e instrumentit See System, me software 7.0, Advex
instrument (fotografia nr.1).
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- Measurement of contact angle -

Taken in general, if the contact angle of the substrate
with the water drop is less than 90°, then it is calculated
that we are dealing with a hydrophilic surface®, while
if the contact angle of the substrate with the water
drop is greater than 90°, then the surface is calculated
that it is hydrophobic. Some materials that have very
high surface roughness can present a contact angle up
to 150°. These surfaces are called superhydrophobic
surfaces.

The water droplet contact angle is most often used as
a measure of surface hydrophobicity'2!3, which means
that the higher the contact angle becomes the more
hydrophobic surface.

Contact angle measurements were made with the
help of the See System instrument, with software 7.0,
Advex instrument (photo no.1).

Fotografi nr.1 Matja e kéndit té kontaktit / Photo no.1 Contact angle

- Pércaktimi i energjisé sé liré té sipérfaqeve(SFE) -
Energjia q€ duhet té harxhohet pér ta rritur sipgrfagen
e fazés quhet energjia e liré e sipérfages'. Vleré
matése e energjisé s€ lir€ t€ sipérfages ésht€ mJ/m?.
Llogaritjia e energjis€é sé liré t& sipérfagevené
hulumtimin toné éshté bérér duke e pérdorur modelin
sipas Owens-Wendt Regression'®.

Pér llogaritjen e energjisé€ s¢ liré té sipérfageve sipas
modelit Owens-Wendt Regression mund té pérdoret
edhe moduli softverik SCA21 i cili béné llogaritje
automatike .

- Biofilm formacioni -

Pér formimin e biofilm formacioneve g€ i shfrytézuam
analizat ¢ métutjeshme jang pérdorur baktere té tipit
streptococcus mutans 1loji referent ATCC 35668, e
cila sipas udhéyimeve té prodhuesit éshté e zhvilluar
n€ kushte laboratorike né pllaka petri né agar gjaku
5% gjak delesh i defibrinuar, n€ temperature 37°C né
inkubatoré me kushte mikroaerofile me 10% CO2 pér
24 oré.
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- Determination of surface free energy (SFE) -

The energy that must be spent to increase the surface
of the phase is called the surface free energy'“.
Measurement value of surface free energy is mJ/m?.
The calculation of the free energy of the surfaces in our
research was done using the Owens-Wendt Regression
model®’.

The SCA21 software module can also be used to
calculate the free energy of surfaces according to
the Owens-Wendt Regression model, which makes
automatic calculations.

- Biofilm formation -

For the formation of biofilm formations that we used
in further analyses, we used bacteria of the type
streptococcus mutans, reference type ATCC 35668,
which according to the manufacturer's instructions is
developed in laboratory conditions in petri plates on
blood agar 5% defibrinated sheep blood, at temperature
37°C in microaerophilic incubators with 10% CO:2 for
24 hours.
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Bakteriet e fituara né€ kultur€é né laboratorin e
mikrobiologjis€, shfrytézohen pér t€ formuar
suspension bakterial. Koncentrimi i bakterieve qé do
té pérdoren pér hulumtimin e métutjeshém do té jeté
109 né 1 ml. Koncentrimi i bakterieve né suspension
matet me aparatin Densi CHEK plus-bio Merieux.
Secili grup i1 mostrave mbulohet me suspension
bakterial pér 15 minuta né temperaturé€ prej 37°C, pastaj
mostratlargohen nga suspensioni bakterial, lahen me
tretje fiziologjike , inkubohen né pllakat e petrit pér 48
oré né temperaturé 37°C né kushte mikroaerofile 10%
COa-.
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Bacteria obtained in culture in the microbiology
laboratory are used to form bacterial suspension. The
concentration of bacteria to be used for further research
will be 109 in 1 ml. The concentration of bacteria in the
suspension is measured with the Densi CHEK plus-bio
Merieux apparatus.

Each group of samples is covered with bacterial
suspension for 15 minutes at a temperature of 37°C,
then the samples are removed from the bacterial
suspension, washed with physiological solution,
incubated in petri plates for 48 hours at a temperature
of 37°C in microaerophilic conditions 10% COs-.

Fotografi nr.2 Streptococcus mutans né SEM / Photo no.2 Streptococcus mutans SEM

Pérgatitja pér skanim me mikroskop elektronik
(SEM)

Mostrat fiiksohen né 2% gluteraldehid pér 24 oré né
temperaturé dhome, lahen tre heré me bufer fosfat
tretje (ph 7,4) dhe dehidrohen pérmes serive té
tretjeve té etanolit (20%, 40%, 60%, 80%mu 100%).
Pastaj, mostrat thahen, mbéshtillen me sprej prej ari
dhe skanohen duke perdorur mikroskopin elektronik
(INCAx-act SN:59444 Model:51-ADD0007).
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Preparation for scanning electron microscopy
(SEM)

The samples are fixed in 2% gluteraldehyde for 24
hours at room temperature, washed three times with
phosphate digestion buffer (pH 7.4) and dehydrated
through a series of ethanol dilutions (20%, 40%,
60%, 80% and 100%). Then, the samples are dried,
coated with gold spray and scanned using an electron
microscope (INCAx-act SN:59444 Model:51-
ADDO0007).
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REZULTATET

Kéndi i kontaktit - Né bazé té matjeve t€ kryera
té kéndit té kontaktit t€ mostrave kemi arritur kéto
rezultate:

Lloji mostrave Kéndi i kontaktit
[°]
1 Zirkon i poliruar pa glazuré 90,34
2 Zirkon i poliruar veshur me glazuré 61,64

Tabela nr.1 Kéndi kontaktit té mostrave

Mostrat t€ prodhuara nga zirkoni, t€ perpunuara por pa
glazuré treguan vlera mé t€ larta t€ kéndit té kontaktit
90.34°, derisa mostrat t€ veshura me glazuré treguan
vlera mé t€ uléta se ato pa glazuré€ 61.64°, cka tregon se
sipérfagetemostraveqétreguanvetiméhidrofobikeishin
ato te mostrave t€ zirkonia t& poliruara por pa glazurg.
Pércaktimi 1 kéndeve t€ kontaktit dhe energjis€¢ sé
lir€ té sipérfageve éshté e réndésisé s€ vecanté pér té
kuptuar sjelljen e materialeve né mjedisin biologjik.
Hidrofobiciteti i sipérfageve t€ mostrave pércaktohet
me matjen e kéndit t& kontaktit t€ sipérfaqeve t€ forta
me piké ujé t& destiluar. Sipérfaget e mostrave té
zirkonit t& poliruar dhe t& veshur me glazuré treguan
kénd kontakti mé t€ vogél si dhe karakterizohen me
veti hidrofile t€ siperfageve.

Energjia e liré e sipérfaqeve -

Matjet e energjis€ s€ liré t€ sipérfageve té mostrave té
zirkonit té poliruara pa glazuré treguan vlera dukshém
mé té uléta (24,31mJ/m?) né krahasim me vlerat e
fituara nga matjet e energjisé s€ liré té sipérfageve tek
mostrat e zirkonit te poliruara dhe mbuluara me glazuré
(40,66mJ/m?), g€ do t€ thot€ se tek mostrat pa glazure
hasim veti mé hidrofobike t€ sipérfageve(tabela nr. 2).

Energjia e Liré e
Sipérfaqeve [mJ/m2]

Lloji mostrave

1 Zirkon i poliruar pa glazuré 24,31

2 Zirkon i poliruar veshur me glazuré 40,66

Tabela nr.2 Energjia e lir€ e sipérfageve té mostrave

Tekstura e sipérfaqeve (vrazhdésia) -

Né bazé¢ t€ matjeve dhe analizés s€ rezultateve té
vrazhdé€sisé sé sipérfaqeve té mostrave t€ ekzaminuara
kemi arritur kéto rezultate: Vlera mesatare e vrazhdésisé
sé sipérfageve t€ parametrave t€ ekzaminuar €shté mé
i lart€ tek mostrat e zirkonis€ pa glazuré dhe é&shté
0,65um, derisa tek mostrat e zirkonisg€ t€ poliruara dhe
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RESULTS

Contact angle - Based on the measurements of the
contact angle of the samples, we achieved the following
results:

Contact angle
[°]
1 Polished zircon without glaze 90,34

Type of samples

2 Polished zircon coated with glaze 61,64

Table no.1 Contact angle

Zirconium produced samples, machined but unglazed
showed higher contact angle values 90.34°, while
glazed samples showed lower values than unglazed
ones 61.64°, indicating that the surfaces of the samples
showed more hydrophobic properties were those of
zirconia samples polished but without glaze.
Determination of contact angles and free energy of
surfaces is of particular importance to understand the
behavior of materials in the biological environment. The
hydrophobicity of the sample surfaces is determined by
measuring the contact angle of the hard surfaces with
a drop of distilled water. The surfaces of the polished
and glazed zircon samples showed a smaller contact
angle and were characterized by hydrophilic properties
of the surfaces.

Surface free energy -

Surface free energy measurements of unglazed
polished zirconia samples showed significantly lower
values (24.31mJ/m?) compared to the values obtained
from surface free energy measurements on polished
and coated zirconia samples with glaze (40.66mlJ/
m?), which means that in samples without glaze we
encounter more hydrophobic surface properties (table
no. 2).

Surface free energy
(SFE) [mJ/m2]

Type of samples

1 Polished zircon without glaze 24,31

2 Polished zircon coated with glaze 40,66

Table nr.2 Surface free energy of samples

Surface texture (roughness) -

Based on the measurements and analysis of the results
of the surface roughness of the examined samples, we
have achieved the following results: The average value
of the surface roughness of the examined parameters is
higher in the unglazed zirconia samples and is 0.65um,
while in the samples of zirconia polished and covered
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té mbuluara me glazuré, ashpérsia e sipérfageve éshté
mé e vogél 0,29 um, qé don té thoté se kemi sipérfaqe
mé t€ 1émuara (tabela nr.3).

Lloji mostrave Tekstura e sipérfageve-

vrazhdésia [ pm |

1 Zirkon i poliruar pa glazuré 0,65

2 Zirkon i poliruar veshur me glazuré 0,29

Tabela nr.3 Matja e ashpérsisé s¢ mostrave

Skanimi me mikroskopi elektronike (SEM)-
Rezultatet e analizés s€ mikroskopisé elektronike
SEM jané paraqitur né tabelén nr. 4, ku éshté treguar
se numri mé i vogél i baktereve t€ ngjitura gjendet né
sipérfaget e mostrave me zirkon pa glazuré me praniné
e 8 baktereve, ndérsa né mostrat me zirkon té mbuluar
me glazuré, né sipérfaqet e tyre jané gjetur njé numér
shumé mé i madh i baktereve, pérkatésisht 26 baktere
té Streptococcus mutans.

Lloji mostrave Nr. i baktereve

1 Zirkon i poliruar pa glazuré 8

2 Zirkon i poliruar veshur me glazuré 26

Tabela nr.4 SEM analiza

DISKUTIMI

Vetité adhezive t€ mikroorganizmave né biomateriale
pércaktohen duke pérdorur matjen e kéndit t& kontaktit.
Njé kénd i vogél kontakti ujor (i ulét) dhe energjia e
larté lir€ e sipérfaqes tregojné veti t€ larta ngjitése té
materialit, gj¢ q€ &shté né pérputhje me hulumtimin
toné né€ t€ cilin mostrat e poliruara me zirkoni pa
glazuré treguan vlerat mé t€ larta t€ kéndit t& kontaktit
(90.34%), vlera mé t€ uleta t& SFE (24,31 mJ/m?) dhe
numér mé té ulét té baktereve té ngjitura né sipérfaqet
e tyre (8 baktere). Ndérsa mostrat e zirkonit té
poliruara dhe t€ mbuluara me glazuré¢ treguan njé kénd
m¢é té ulét kontakti (61,64°) dhe njé numér mé t€ madh
bakteresh té ngjitura né sipé€rfagen e tyre (26 baktere).
Rezultatet ¢ studimit toné pérkojné pjes€risht me
rezultatet e studimit t€ Liu Chen'® i cili n€ studimin e tij
ekzaminoi energjiné e liré sipérfaqésore t€ mostrave té
zirkonisé - mostra té 1émuara (48.6 mJ/m?), té lémuara
dhe té mbuluara me glazuré (46.2 mJ/m?), rezultatet tona
né mostrat e zirkonit me glazuré i afrohen rezultateve té
kétij studimi, ndérsarezultatet né kampionet e pa glazuré
jané€ shumé té ndryshme nga rezultatet né€ kété studim.
Hulumtimet kané treguar se sipérfaget me energji mé té
larté té lire t€ sipérfageve rrisin adhesionin bakteriale'”.
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with glaze, the roughness of the surfaces is less
than 0.29 um, which means that we have smoother
surfaces (table no.3).

Type of samples Surface texture
(roughness) [ pm |
1 Polished zircon without glaze 0,65
2 Polished zircon coated with glaze 0,29

Table no.2 Surface texture (roughness)

Scanning Electron Microscopy (SEM)-

The results of SEM electron microscopy analysis are
presented in table no. 4, where it was shown that the
smallest number of attached bacteria is found on the
surfaces of unglazed zircon samples with the presence
of 8 bacteria, while in the glazed zircon samples, a
much higher number was found on their surfaces large
number of bacteria, namely 26 Streptococcus mutans
bacteria.

Type of samples No. of bacteria

1 Polished zircon without glaze 8
2 Polished zircon coated with glaze 26
Table no.4 SEM
DISCUSSION

The adhesive properties of microorganisms on
biomaterials are determined using contact angle
measurement. A small (low) aqueous contact angle
and high surface free energy indicate high adhesive
properties of the material, which is consistent with our
research in which unglazed zirconia polished samples
showed the highest angle values of contact (90.34°),
lower values of SFE (24.31 mJ/m?) and lower number
of bacteria attached to their surfaces (8 bacteria). While
polished and glazed zirconia samples showed a lower
contact angle (61,64°) and a higher number of bacteria
attached to their surface (26 bacteria).

The results of our study partially coincide with the
results of the study of Liu Chen'® who in his study
examined the surface free energy of zirconia samples
- polished (48.6 mJ/m?), polished and glazed samples
(46.2 mJ/m?), our results on glazed zircon samples are
close to the results of this study, while the results on
unglazed samples are very different from the results in
this study.

Research has shown that surfaces with higher surface
free energy increase bacterial adhesion'’. Also, bacteria
with higher surface free energy are likely to adhere to
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Gjithashtu, bakteret me energji té liré sipérfaqésore mé
té larté, ka t€ ngjaré té ngjiten né sipérfaqe me energji
té liré€ sipérfagésore mé té larté'®. S. mutans tregoi mé
pak hidrofobicitet né krahasim me S. sanguis dhe S.
oralis dhe ngjitej mé shumé né sipérfaget hidrofile™.
Rezultatet e marra nga hulumtimi yné treguan
se vrazhdésia mé e madhe e sipérfageve &Eshté
gjetur né mostrat e zirkonit - t€ lémuar pa glazuré
(065um), ndérsa né kampionet e zirkonit me
glazuré kemi sipérfage mé t€ lémuara (029um).
Marrédhénia midis vrazhdésis€ sé sipérfageve té
materialit dhe adhesionit bakterial éshté studiuar
gjerésishtngaautorététjeré. Quirynenetal.’demonstruan
ekzistencén e njé pragu vrazhdésie (Ra=0.2 pm) nén
té cilin nuk mund t€ pritet asnjé ndikim i métejshém
né ngjitjen bakteriale. MéE pak adhesion té pllakut
mund t€ shihet né sipérfaqe klinikisht mé t€ lémuara.
Prandaj, analiza e ngjitjes bakteriale n€ sipérfaget e
mostrave mund t€ jeté njé€ indeks i miré pér t€ vlerésuar
nése metoda e duhur e pérfundimit dhe lustrimit té
sipérfages mund té arrijé mé pak ngjitje t€ pllakut.
Rezultatet tonajané pjesérisht né€ pérputhje me rezultatet
emarrangastudimingaYamauchietal®'. té cilétmbrojné
piképamjen se ndikimi i vrazhdésisé sé sipérfages né
ngjitjen bakteriale varet nga lloji i baktereve. Disa
lloje (S. Oralis, P. Intermedia dhe P.gingivalis C-101) u
gjetén né sasi mé t€ médha né sipérfaqe mé té vrazhda,
ndérsa disa lloje t€ tjera si (S. Sanguinis, S.mutans, S.
mitis dhe P.gingivalis ATCC33277) u gjetén né sasi
mé t&€ médha né sipérfage mé té 1émuara. N& shumé
studime éshté gjetur se sipérfaget me njé shkallé mé
té lart€ vrazhdésie regjistrojné njé kénd mé t€ vogél
kontakti, gjé q€ rezulton né hidrofilicitet mé t& miré
té sipérfages dhe ngjitje mé t& lehté t&€ baktereve
dhe formimit t€ biofilmit, pasi sipérfaget hidrofile
priren t€ térheqin agregacion t€ proteinave duke
siguruar vende specifike pér té lidhur bakteret 2%,
Rezultate té ngjashme u morén nga Kawai et al®. né
hulumtimin e tyre, ku ata zbuluan se sasi mé t€ médha
té pllakut ngjiten mbi sipérfaget e qeramikés me
glazuré né€ krahasim me sipérfaqet e tyre pa glazuré.
Mbulimi me glazuré mund té rezultojé me njé sipérfaqe
té valézuar dhe té ashpér qé zakonisht ka parregullsi,
duke shkaktuar mé shumé ngjitje té baktereve dhe
substancave té tjera. Rashid?® gjithashtu konkludoi té
nj&jtén gjé€ dhe se sipérfaget me glazuré japin sipérfaqe
mé t€ vrazhda né krahasim me sipérfaget pa glazuré,
megjithése u tregua se sipérfaget pa glazuré kané
zbrazéti dhe mikrogarje né sipérfagen e geramikeés,
kéto defekte sipérfagésore nuk kontribuan né ndikimin
e vrazhdésisé mesatare t€ sipérfages né ngjitjen
bakteriale.
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surfaces with higher surface free energy'®. S. mutans
showed less hydrophobicity compared to S. sanguis
and S. oralis and adhered more to hydrophilic surfaces
19

The results obtained from our research showed that
the highest surface roughness was found in zircon
samples - smooth without glaze (065um), while in
zircon samples with glaze we have smoother surfaces
(029um).

The relationship between the roughness of material
surfaces and bacterial adhesion has been extensively
studied by other authors. Quirynen et al.?° demonstrated
the existence of a roughness threshold (Ra=0.2 pm)
below which no further influence on bacterial adhesion
can be expected. Less plaque adhesion can be seen on
clinically smoother surfaces. Therefore, the analysis of
bacterial adhesion on sample surfaces can be a good
index to evaluate whether the appropriate surface
finishing and polishing method can achieve less plaque
adhesion.

Our results are partially consistent with the results
obtained from the study by Yamauchi et al*!. who
advocate the view that the influence of surface
roughness on bacterial adhesion depends on the type
of bacteria. Some species (S. Oralis, P. Intermedia and
P. gingivalis C-101) were found in larger quantities
on rougher surfaces, while some other species such
as (S. Sanguinis, S. mutans, S. mitis and P.gingivalis
ATCC33277) were found in greater amounts on
smoother surfaces.

In many studies it has been found that surfaces with a
higher degree of roughness register a smaller contact
angle, which results in better surface hydrophilicity
and easier bacterial adhesion and biofilm formation, as
hydrophilic surfaces tend to attract protein aggregation
by providing specific sites to bind bacteria *>%.
Similar results were obtained by Kawai et al . in their
research, where they found that greater amounts of
plaque adhere to glazed ceramic surfaces compared to
their unglazed surfaces. Glazing can result in a wavy
and rough surface that is usually uneven, causing more
adhesion of bacteria and other substances. Rashid*
also concluded the same and that glazed surfaces
yield rougher surfaces compared to unglazed surfaces,
although unglazed surfaces were shown to have voids
and microcracks on the ceramic surface, these surface
defects did not contribute to the average roughness of
surface in bacterial adhesion.
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PERFUNDIM

Nga rezultatet e marra, konkludojmé se mostrat e
zirkonis€ t€ poliruara pa glazuré tregojné vlerat mé té
larta t€ vrazhdésisé sé sipérfages, vetité mé hidrofobike
dhe SFE mé t€ ulét, né t€ cilén u gjet numri mé i vogél
i baktereve té adheruara, ndérsa mostrat e zirkonisé té
poliruara dhe mbuluar me glazuré tregojné vetité mé
hidrofile, vlerat mé té larta t¢ SFE dhe numrin mé té
madh t& baktereve té ngjitura. Vrazhdésia e sipérfages
u tregua se nuk kishte asnjé efekt né ngjitjen bakteriale
sipérfagésore té kétyre mostrave.
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CONCLUSION

From the obtained results, we conclude that the zirconia
samples polished without glaze show the highest
values of surface roughness, the most hydrophobic
properties and the lowest SFE, in which the smallest
number of adhered bacteria was found, while the
samples of Polished and glazed zirconia show the
most hydrophilic properties, the highest SFE values
and the highest number of attached bacteria. Surface
roughness was shown to have no effect on bacterial
surface adhesion of these samples.
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