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Abstract: Background: Surfacetreatmentof machineddentalzirconia forenhancement ahe adhesion taesin
cement using ErCr:-YSGG LaserMaterials and Methods: Total number of 42 zirconia disc specime®srim
diameter,and 2 mm height)was sintered according to the manufactunestruction They are divided into six
groups, each group of seven samplesser groupsExperiment parametérsvere depenan lasertotal irradiation
time, pulse duratignrandpower. Group (A): 20 &c, 60 us pulse duration. Group (B): 3€cs 60 us pulse duration.
Group (C): 40 ec, 60 s pulse duration. Group (20 sc, 700 ps pulse duratioroup (E): 30 sc, 700 us pise
duration, with different powes used(1, 1.50, 2, 2.50, 3, 3.50, 4) WAnd finally group (N): untreated samples
representing the control grouputing cement wasppliedto lasertreated zirconisamplé surfaces and cured by
light for 40 s.Then all sample surfaces were examined under a stereo microgmogetermining the deptmean
valuesof the created pulse holder each specimerThe bond between the laser treated zirconia surfaces and the
applied resin cementyere examinedor all samplesy using a universal testing machirfie; determination othe
shear bond strengtfalues Six additional specimen®ne untreated sample and five other samghlas wee laser
irradiated with the paramas tat exhibitedthe highest sheabond strengthvalues in eachtreatedgroup were
examined for theiaverage surface roughness by using an atomic force microssopthersimilar six specimens
were also examinedor their surface morphologyby using a scanning electron microscopBoth surface
examination methods were performieg specialized operatar§he bond failure modes were also examined by an
optical microscopeResults obtained from shearbond strengthtest and laser pulse deptexaminationwere
statistically analyzedResults: There wassignificant differences in the shear bond strength valodiatinga clear
increasein zirconiaresincementbonding especially in grou (30 s, 60 us, 4W)reaching (8.63 Mpa) Whereas,
the control groughad (4.49 Mpa) and an enhanceairconiasurfaceaverageoughnessthat group E (30 s, 700 ys,
3.5 W) specimerad the highestalue (L4.5nm), among the six examined specimeWile the control specimen
hadthe least value examinachich is(3.05nn). Conclusion: A relationbetweerthe cement bonding efficienand
the laser treatedirconiasurface roughnestaser pulse depthsas detectedThe ErCr:YSGG lasepulse duration
and power is crucial parametetin thesurface roughnessnhancement of the zirconia ceramic.
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1.Introduction 2.Material and method:

A popular dental restoration that becomtbe In this experimental study?2 discs were milled

technique of choice s all-ceramic restorations from presented zirconium oxide blocks ( vita YZ

(Zarone 2016)One of the most frequently used HT zahnfabrik/Germany)and sintered in special
all-ceramic core material for fixe dental furnace (Zirkonzahn, Oven600/V2, South Tyrol)
restorations is  yttriurstabilized-tetragonal at 1450 °C for 8 hours including cooling,
zirconiapolycrystal (Y-TZP) (Cavalcantit 2009). f ol | owi ng t he manufacturer
The clnical longterm success of YZP depends obtained disc dimensiongere (9 mm in diameter,

on bonding strengthand durability ofthe dental 2 mm in thickness) figure (1).

cement toceramic substrateand teéh prepared
surface that willbe integrating all systerparts
into a coherent structure for enhancinge
bonding strength of atteramicdentalrestorations
(Burke 2002). A strong cemeniceramic bond
requires micromechanical interlocking and/o
chemical bondingyia surface rougyening process
of ceramic surfacéBorges2003). Polycrystalline
structure lacks a glass matrix makingirconia
ceramic a more hydrofluoric acidetch resistant
(Guazzato 2005). Aiborne particle abrasion 3.Specimens grouping:
(Kara 2011), sandblasting, diamond lgrinding
(Yoo 2015), zirconia primers, tribochemical silica
coating are widely usedtonditioningtechniques
(Valandro 2008). Airborne particle abrasion
imposessignificant amountof material removal,

All bonding surfaces of zirconia discs, were
polished, with water cooling, by 600, 800, 1000,
and 1200 grit silicon carbide abrasive papers,
consecutively, For standarization. Apecimens
were ultrasonically cleaned in distilled water and
70% alcohol for 5 min. Then examined under an
optical microscopgOM) at 40X magnification,
for cracks or fissures, and substituted by other
perfect samples when needed.

42 zirconia discs were randomly divided into six

groups, eaclof seven samples. group (L): Serve

as control group ofuntreated sampleShe laser
treatedgroups aregr oup ( A) : 20 s, 6
duration, group (B): 30 s,

a_ff_ecing t_he clinical adaptation. Tribgchemical group (C): 40s | 60 e£s pulse durat.i
silica-coating system has been criticized for 0 s 700 e&s pulse duratiol
zirconia subcritical crack propagatiopossibility 700 e s pul se d uusedpoiersn For

in thin restorations cases (Zhang 2013).In (1, 1.5, 2, 2.5, 3, 3.5, 4) ViEach laser irradiation

dentistry, Lasers were employed for different parameter was repeatedly performed on two

purposes including  restorative  surfase additional speci -
NN ; N pecimentr each sample in the laser
conditioning (Fischer 2008)ncluding: Nd: YAG treated groups, in order to find the mean value of

(Kasraei 2015), Er: YAG(Kasraei 2014), CO2 ;
(Sofi 2018), Er:Cr: YSGG (Yanardezp18), The :)haeranfgteear‘; bond strength  for - each applied

current study aims for investigatinie effect of
suface roughneson the shear bond strength Each zirconia disbonding surface wasradiated

(SBS)using different power parametersi®fCr: ~ with ErCr :  YSGG | aser &= 2,78
YSGG laser Waterlase, Biolase TechnolegInc., Irvine, CA,

USA) at Hz 50 (pilot study) water/air level 65/

55 % (Barutcigil 2019 after being fixed in a

teflon mold.600 um quartz core tjutat 1 mm
distance(Kara 2020),andat an angle90i with

the samplehorizontal surface held manually to

simulate techmii an 6 s roughthati ng pr
same processing was performed with all
specimensas a standerizatiorhaser energy was

deliveredat the middle okachdisc specimein a

circular area o6 mm diameteras five separated

_ _ S _ irradiation spots, creating five laser pulse

Figure (1): Milled zirconia disc specimens microholes with varying depths Then ech
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zirconia disc were horizontallgmbeddedn an
acrylic mold withonly 0.5 mm ofthe remaining
height was leftto be exposed for cementation
procedure figure (2). For the purpose of

opening and photo polymerized by using a light
curing device (Astralis5, Ivoclar Vivadent,
iechtenstein) for 40 s, following anufacturer's
instructions figure (4)One hour later, specimens

facilitating the SBS testing procedure, a silicon were stored in distilled water at 37 °C for 24 hours

mold was constructed for molding a cylindrical
adhesive resin cement to Hetted over the
irradiated sample surface&.Silicon mold witha
central circular opening of 5 mm diametigure
(3) was positbned over the acrylic moldvhile
ensuringthe circular openingpeing centeredver
thezirconia disc.

Figure (2) Zirconia discs wre embedded in an acrylic
mold

Figure (3): Silicon mold.

Figure (4): resin cementatian

before the shear bond strength (SBS) test.

All tested samplewere examined under (OM) for
determination othe fivelaser pulse depthmean
(LPD) present at each sample surfa¢ein
micrometerat 40X mag. Thenit is subjected to
shear force at the zircon@ment interface with a
universal testing machine (Instron, England) for
determination of SBSThe SBS values evaluated
in Mpa. Then, six samples A: Untreated samp)e
and five Er,Cr:YSGG lasertreated samples:
B: 20s/60us/4W. C:  30s/60us/4W.
D:  40s/60ps/3.5W. E: 20s/700us/3.5W.
F: 30s/700us/3.5\W They showed the highest
SBS valuesfrom each laser groupunderwent
surfaceroughness analysis by the atomic force
microscope  (AFM) (AA3000, Anstgrom
Advanced. inc. USA) for an average surface
roughness (Raevaluation as shown in table (1)
All deboned samples of the SBS testwere
evaluated under a stereomicroscope (SME,
2665, Euromex, Holland) at 40X magr fracture
modedetermination of zirconiaement interface

. The modes of failure werelassified as (1)
Adhesive: debonding only at the cemengeramic
interface. (2) Cohesive: a rupture in the cement or
zirconia ceramic. (3) Mixed (Yoshida 20086)
shows both adhesive and cohesive failure modes.

4 Statistical Analysis:

This analysiswas chosen depending on the
neededccomparisorfor the obtained results. was
done with SPSS software version 23/France. SBS
and laser plse depth (LPD) Data were analyzed
by a oneway ANOVA-test (analysis of variance)

to calculate the Walue between control and
tested groups. LSD test was used to calculate the
significant differences between tested means.

5.Results
5.1 AFM surface roughness analysis:

The threedimensional (3D) roughness
measurements of different ladgegatedspecimens

Adequate amount of adhesive cement (Rely Xare shown in figure (5 Specimen (3%, 700us,

U200 selfadhesive resin cement, 3M ESPE,

Germany) was delivered into the silicon mold
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3.5W) showed the highest Ra (14f) value. Ra
was increased with the increased laser power for
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all the laser groups, with the increased number offor the five laser treatedpecimens thashowed
laser pulses per sec., And with the elongated lasethe highest SBS values in each laser grdiahle
pulse duration time (700 pus). (2) and (3 presenting the descriptive statistics of
Table (1) demonstrateshe average stace  SBS andthe statistical analysis of SBS and LPD
roughness values for the untreated specimen antbr the comparison among laser groups.

Figure (5): (3-dimentional AFM pictures). A. Untreated specimen Ra05nm). Er,Cr:YSGG laser treated
specimens: B(20s/60us/4W) Ra=7.73nm,C. (30s/60us/ 4 W) Ra=8.88nm,D. (40s/60us/ 3.5W) Ra=
10.2nm, E.(20s/700pus/ 3.5W) Ra=124 nm, F. (30 s/ 700 ps / 3.5 W) Ra = 14.5 nm

Table (1): Average Surface Roughness Of Six Examined Specimens

Experimentgroups Specimes for the applied power Averagesurface roughness (nm)
Control group 3.05
Group A (20sec.,60 ps) 4 W 7.73
Group B (30sec., 60 ps 4 W 8.88
Group C (40sec.,60 pus) 35W 10.2
Group D(20sec.,700us) 35W 12.4
Group E(30sec., 700us’ 35W 14.5
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