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Minenin Lazerle Piiriizlendirilmesi
Laser Etching of Enamel

GiRis

Asitle puriizlendirme; smear tabakasini
kaldirmak ve basarili ortodontik yapisma icin
gerekli olan adezivin, sivi komponentlerinin
penetrasyonunu saglayan duzensizlikler
olusturmak icin en iyi yontemlerden biridir.
Diger yandan, sabit ortodontik aygitlar etra-
findaki mine demineralizasyonu 6nemli bir
problemdir. Ozellikle, kotii agiz hijyeni, bak-
teri plagi ve onlarin metabolik trtnleri, peri-
odontal hastaliklara ve beyaz nokta lezyonla-
ra yol acar.(1,2)

Flor eklenmis komponentler(3), flor salini-
mi yapan bonding ajanlari(4), flor laklari(5)
ve lazer purtzlendirmesi(6,7) gibi cogu 6n-
lem mine demineralizasyonunu 6nlemek igin
onerilmektedir. Smear tabakasini kaldiran la-
zer isiniminin etkisi literattirde rapor edilmis-
tir.(8-12) Modifiye mineye lazer i1sinimi, etki-
lenmis mineyi ¢lrtk ataklarina karsi daha
hassas hale getiren kalsiyum fosfat oranini
degistirir.(6,7)

Mainmann(13) 1960’da ilk lazer sistemi or-
taya koyduktan sonra, lazer tip ve dis hekim-
liginde bircok alanda kullanilmaya baglan-
mustir. ilk ticari elde edilen dental lazerler yu-
musak doku tedavileri igindi.(14-18) Zamanla
lazerler sert doku uygulamalari icin genis bir
ilgi alanina sahip olmustur.(19,20) Giinimiiz-
de, porselen yiizey islemleri (21), kok kanal
sekillendirmesi icin endodontik kullanim (22),
adezivlerin polimerizasyonu (23,24) ya da
braketlerin koparilmasi (25) gibi bircok baska
uygulamalar arastirilmaktadir.

Lazer radyasyon yayiminin uyarilmasi ile
1stk amplifikasyonunun kisaltmasidir. Uyaril-
mig atom lazer uygulandiginda foton yaymak
icin uyartlmistir. Bu uyarilma sonucunda, tek
dalga boyunda 1sik aciga cikar. Bu dalga bo-
yu lazer sistemin karakteristigini olusturur.

Mineyi purizlendirmek icin farkli dalga
boyarina sahip lazer sistemleri kullaniimistir.
Erbium-doped Yttrium, Aluminum, Garnet
(Er:Yag) lazerler 2940 nm dalga boyunda ca-
lisir. (7) Erbium, Chromium: Yttrium, Scandi-
um, Gallium, Garnett (Er,Cr:YSGQG) lazer ise
(Waterlase MD, Biolase Technology Inc., San
Clemente, CA, ABD) 2840 nm dalga boyun-
da galismaktadir.(12)

Onceki calismalar(6-12) genelde cesitli fi-
ziksel lazer 1sinim parametrelerine odaklan-
mustir, fakat klinik uygulama ozelliklerinde
bir eksiklik vardir. Agzin arka bolgesinde el
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INTRODUCTION

Acid etching is one of the best methods to
remove smear layer and to create irregulari-
ties for penetration of the fluid adhesive
components which is mandatory for a suc-
cessful orthodontic bonding. On the other
hand, enamel demineralization around fi-
xed orthodontic appliance is a significant
problem. Especially, in case of a poor oral
hygiene, bacterial plaque and their metabo-
lic products lead to white spot lesions and
periodontal diseases. (1,2)

Many precautions has been suggested to
prevent enamel demineralization; such as
fluoride added composites, (3) fluoride re-
leasing bonding agents, (4) fluoride varnis-
hes, (5) and laser etchings. (6,7) The ability
of laser irradiation to remove smear layer
has been reported in the literature. (8-12)
Laser irradiation of the enamel modifies cal-
cium to phosphate ratio which makes irra-
diated enamel more susceptible to caries at-
tack. (6,7)

After Maiman (13) introduced first laser
system in 1960, it has been started to be
used in many fields in medicine and den-
tistry. The first commercially available den-
tal lasers were for soft tissue treatments.(14-
18) Time to time lasers have prompted a gre-
at deal of interest for dental hard tissue app-
lications.(19,20) Nowadays many other
applications like porcelain surface treat-
ments,(21) endodontic use for root canal
shaping, (22) polymerization of adhesives
(23,24) or debonding of brackets (25) are
being researched.

LASER is an acronym for Light Amplifica-
tion by Stimulated Emission of Radiation.
An excited atom is stimulated to emit a pho-
ton when the laser is irradiated. Emission of
that photon generates a light of a single wa-
velength. This wavelength makes the cha-
racteristics of the laser system.

To etch the enamel many laser systems
which have different wavelengths were
used. Erbium-doped Yttrium, Aluminum,
Garnett lasers operate at 2940 nm wave-
length.(7) Erbium,Chromium:Yttrium-Scan-
dium-Gallium-Garnett (Er,Cr:YSGG) lasers
(Waterlase MD, Biolase Technology Inc.,
San Clemente, CA, USA) operate at 2780
nm wavelength.(12)

Preceding studies(6-12) mostly focused
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parcasinin zor kullanimi, bize lazer 1sin agisi-
nin degistirilmesinin fark yaratip yaratmadigi-
ni dustnddrdr. Bu galismanin amaci farkh
glic cikislarinda, 900 ve 450 aciyla mineye
uygulanan laser isinlarinin mine ytizeyindeki
etkisinin mineye olan makaslama bag daya-
nimini degerlendirmektir.

GERECLER ve YONTEM

Calismamizda her grupta 15 6rnek olacak
sekilde toplam 90 dis kullanilmisdi. Disler
tzerinde kalan yumusak dokunun temizlen-
mesinden sonra, %0,1 timol soliisyonuna
bekletilmisti. Kullanacagimiz dislerde cat-
lak, ¢uirtik ve abrazyon olmamasina dikkat
edilmistir.

Dis ytizeylerini puriizlendirmek icin Erbi-
um, Chromium: Yttrium, Scandium, Gallium,
Garnett lazer cihazi (marka, model, retici,
sehir, Glke ?) kullanilmistir. Laser cihazi 2780
nm dalga boyunda, 10Hz ile 50Hz arasinda
secilebilen vurus tekrarinda calisir. Giig ayar-
lar1 0,1 Watt ile 8 Watt arasinda degismekte-
dir. Bu secilebilen gtic ayarlar, kiretaj, fre-
nektomi, pulpatomi, fiberektomi, kok kanal
sekillendirmesi, purizlendirme ve minenin
kesilmesi gibi farkli uygulamalar icin uygun
hale getirir.(7,10,14,16, 22-25) Bu sistem hid-
rokinetik sistem olarak isimlendirilir. Lazer
enerjili su damlaciklar dis sert dokularinin
uzaklastirilmasinda kullanilir. Su damlacikla-
ri lazer enerjisini emer ve dise yonlendirildi-
ginde sert doku kaldirabilen su partikillerine
donusr.

Disler 3 ana gruba ayrildi. Her bir grup
icin 3 farkh gtic cikisi (1, 1.25 ve 1.5 watt,
140 pm, 20 Hz) kullanildi. Her bir ana grup-
ta 2 adet alt gruba ayrildi. Alt gruplarda her
bir gti¢ ¢ikisi icin 2 lazer i1sin agilanmasi (45°
ve 90°) kullanildi.

1. Grup: 1 watt 450 lik acilandirma
. Grup: 1 watt 900 lik acilandirma
. Grup: 1.25 watt 450 lik acilandirma
. Grup: 1.25 watt 900 lik agilandirma
. Grup: 1.5 watt 450 lik agilandirma
. Grup: 1.5 watt 900 lik agilandirma

Her gruptan bir 6rnek taramali elektron
mikroskobu (SEM) ile mine ytizeyinin topog-
rafisinin goriintilenmesi icin incelendi. Calis-
mamizda SEM degerlendirilmesi degisik aci-
larda mine ytizeyine lazer purtzlendirme is-
leminin mine yiizeyindeki etkisinin gozlen-
mesi amaciyla kullanildi. Objektif degerlen-
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on various physical laser irradiation para-
meters but there is a lack of clinical hand-
ling properties. Difficulty at using the hand-
piece in the posterior region of the mouth
leads us to think that if angulation of the la-
ser beam angle does make sense or not. The
aim of this study was to test the shear bond
strength and surface characteristics when
applying laser beam perpendicularly and
with 45 degrees to the enamel surface with
different power outputs.

MATERIALS and METHODS

Fifteen specimens for each subgroup, to-
tally ninety teeth were used in the present
study. After debridement of the remaining
soft tissue, the teeth were placed in a 0.1%
of thymol solution. The criteria for tooth se-
lection included absence of cracks, caries
and abrasions.

To etch the enamel surfaces Er,Cr:YSGG
laser was used. It operates at a wavelength
of 2780 nm, at a selectable repetition pulse
from 10 Hz to 50 Hz. The power settings
range from 0.1 Watt to 8 Watt. These selec-
table settings make it suitable for different
applications, such as curretage, frenecto-
moy, pulpotomy, fiberotomy, root canal
debridement, etching or cutting enamel.
(7,10,14,16,22-25) This system is called a
hydrokinetic system. Laser energized water
droplets are used to cut the tooth. Water
droplets absorb the laser energy and beco-
me laser-energized water particles that,
when directed at the tooth, rapidly remove
enamel.

The teeth were divided into three main
groups. Different power outputs (1, 1.25 and
1.5 W) was used in each group. These thre-
e groups had two subgroups for each. By di-
viding into subgroups two laser beam angu-
lations (45 and 90 degrees) were used for
each power output.

Group: 1 watt 450 angulation

Group: 1 watt 900 angulation

Group: 1.25 watt 450 angulation

Group: 1.25 watt 900 angulation

Group: 1.5 watt 450 angulation

Group: 1.5 watt 900 angulation

One specimen for each group was used
to visualize the topography of the enamel
surface with scanning electron microsco-
pe(SEM). The aim of using SEM evaluation
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dirme skalasinin olmayisi nedeniyle istatistik-
sel karsilastirma yapilmamistir, bu gorintiler
sadece minenin ylizey topografisini daha iyi
anlamak igin kullanildi.

Deneyden 6nce tim 6rnekler dikey olarak
kendi kendine sertlesen akrilik rezine bukkal
yuzeyleri agikta kalacak sekilde yerlestirildi.
Purtzlendirme isleminden once dislerin buk-
kal mineleri flor icermeyen bir pomza ile te-
mizlendi ve yagsiz bir hava-su spreyi ile yika-
nip kurutuldu. Lazer isinimlari herhangi bir
islem yapilmamis olan mine ylizeyine 15 sn
boyunca akrilik rezindeki 4x4 mm’lik bir
bosluktan Er,Cr:YSGG laser ile mine ylzeyi-
ne temas etmeden 1T mm’lik mesafeden uygu-
landi. Mine yiizeyi tedavi esnasinda herhan-
gi bir duizlestirmeye tabi tutulmayacagindan
calisma isleminde de minenin dizlestirilmesi
isleminden kaginildr.

Purtzlendirme isleminin sonrasinda her
gruptan 1 6rnek numune SEM degerlendir-
mesi icin hicbir isleme tabi tutulmadan ayril-
di. Her bir grup icin 14 adet 6rnek bonding
islemi icin hazirlandi. Mine yiizeyleri yagsiz
bir hava su spreyi ile 15 sn yikayip kurutula-
rak nemsiz bir ortam hazirlandi. Mine ytize-
yine uniform bir sekilde primer (Transbond
XT, 3 M Unitek, Monrovia, ABD) prtizlendi-
rilmis mine ytizeyine kaplandi. Taban alani
12.6 mm2 olan paslanmaz celik premolar
braketlerin (GAC, Central Islip, Ny, ABD) ta-
bani tizerine kompozit (Transbond XT, 3M
Unitek , Monrovia, ABD) uygulandi ve dis
ylizeyine yerlestirildi. Son pozisyonunu taki-
ben tasan kompozit artiklari bir sond yardimi
ile temizlenmis ve braketlerin her bir tarafin-
dan 10’ar sn olmak tzere toplam 40 sn isin-
lama islemi yapildi.

Bag Dayanim Testi

Ornekler 0,5 mm /dk hizindaki tst makine-
si ile (Instron Testometric M500-25, Testo-
metric Company Ltd, Lonchore, UK) bon-
ding baglanim kuvveti icin test edildi. Kuvvet
uygulayici u¢ kronun uzun eksenine paralel
ve mimkin oldugu kadar yakin olacak sekil-
de braket ile mine ara yiziine dogru yonlen-
dirildi. Baglanma kuvveti Newton(N) olarak
kaydedildi ve bu kayit braket taban alanina
bolinerek baglanim kuvvetleri megapas-
kal(MPa) olarak elde edildi.

Makaslama testlerini takiben braketler ko-
parildiktan sonra mine ytizeyleri artik adeziv

Turkish Journal of Orthodontics 2009;22:124-133

in the present study is only to visualize what
was happening to the enamel surface with
different angles. Lacking of a scale makes
this technique subjective and therefore it
can not be used for a comparison it is just
for a better understanding of the enamel sur-
face topography.

Before the experiment all the specimen
were mounted in a self curing acrylic resin
vertically. Before etching, buccal enamel of
the teeth was pumiced, rinsed with water
and air dried. Laser irradiations were perfor-
med for 15 seconds with non-contact mode
while an acrylic resin, with a hole of 4x4
mm, was on the enamel surface. In an ortho-
dontic treatment enamel surfaces would not
be flatten so in our research enamel surfaces
were not flattened.

After all etchings were performed one
representative for each group underwent
SEM evaluation and remaining fourteen te-
eth for each group was prepared for bon-
ding. Enamel surfaces were rinsed with wa-
ter for 15 seconds and dried with an oilless
air-water spray. A thin uniform coating of the
bonding agent (Transbond XT, 3M Unitek,
Monrovia, Cal, USA) covered the etched
enamel surface. Adhesive paste (Transbond
XT, 3M Unitek, Monrovia, Cal, USA) was
applied on the premolar bracket bases
(GAC, central Islip, NY, USA) with an area of
12.6 mm2. The bracket was placed on the
enamel surface, pressed firmly, settled to its
final position and the excessive adhesive
was removed with a probe. 10 seconds from
each side of the brackets, totally 40 seconds
of light curing was performed for each tooth.

Debonding Procedure

Specimen was tested for bond failure for-
ces with a testing machine (Instron testomet-
ric M500-25, Testometric Company Ltd.,
Lancheire, Rochdale, UK) at a crosshead
speed of 0.5 mm/min. A chisel edge, moun-
ted on to the crosshead was aimed at the
bracket enamel interface. Load cell recor-
ded the debonding force in newtons and di-
viding this record to the base area gave us
the force in megapascals.

After debonding the brackets enamel sur-
faces were evaluated for adhesive remnant
index (ARI) scores and for determination of
the properties of the remnant adhesives. ARI
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Tablo 1: Farkli gii¢ ve ag1

degerlerindeki baglanma

gliglerinin(Mpa) degerleri.

Table 1: Shear bond strengths

(in Mpa) measured at

different beam angles and

128

power outputs.

indeks (ARI) skorlari dis ylizeyinde kalan re-
zinin niceligini tarif etmek igin kullanildi.
Makaslama testi sonrasi mine ytizeyleri Artun
ve Bergland(26) tarafindan tanimlanan artik
adeziv indekslerini (ARI) belirlemek icin x10
1stk mikroskobu altinda incelendi.(26)
ARI skorlari asagidaki gibi 0-3 olarak sira-
lanmustir.
0: Diste hi¢ adeziv yok
1: Minenin baglayici ajan uygulanan kismi-
nin yarisindan azi adeziv ile kaplanmistir.
2: Minenin baglayici ajan uygulanan kisminin
yarisindan fazlasi adeziv ile kaplanmigtir
3: Minenin baglayici ajan uygulanan kismi
tamamen adeziv ile kaplanmistir.

istatistiksel Analiz

Ortalama, standart sapma, maksimum ve
minimum degerler iceren tanimlayici istatis-
tik hesaplanmistir. Gruplar arsindaki farklilik-
lari ortaya koymak icin ANOVA testi yapildi.
ARI skorlarini degerlendirmek icin Chi-Squa-
re testi kullanildi. Tim istatistiksel hesapla-
malar Windows SPSS 10.0 (Chicago III,USA)
paket programi kullanilarak yapildi.

BULGULAR

Farkh gtic ¢ikislar ve agilarda makaslama
bag dayaniminin tanimlayici istatistik deger-
leri tablo 1’de gorilmektedir. Ortalama mak-
simum bonding kopma kuvveti (13,8 MPa) 1
watt 45%lik purtzlendirme isleminde gozlen-
di. 13,1 MPa bonding kopma kuvveti mine
yizeyi ile 900 agida lazer isinimi oldugunda
gozlenmistir. 12,8 ve 12,6 MPa bonding kop-
ma kuvvetleri 45° ve 90° ile 1,25 watt’hk glic
cikisi sirasinda kaydedildi. 1,5 watt gti¢ ¢iki-
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scores, that were described by Artun and
Bergland,(26) were determined with x10
light microscope and used to describe the
quantity of resin remaining on the tooth sur-
faces.
The ARI scores were ranging from 0-3 as
follows:
0, no adhesive remained on the tooth;
1, less than half of the enamel bonding site
was covered with adhesive;
2, more than half of the enamel bonding si-
te was covered with adhesive;
3, the enamel bonding site was covered en-
tirely with adhesive.

Statistical Analysis

Descriptive statistics including mean,
standard deviation, maximum and minimum
values were calculated. ANOVA test revea-
led the differences among the groups. Chi-
square test was used to evaluate the ARI sco-
res (Table 2). All the statistical calculations
were performed with SPSS 10.0.0 for Win-
dows (Chicago, USA).

RESULTS

Descriptive statistics of shear bond
strengths for different power outputs and an-
gulations can be seen in Table 1. Mean ma-
ximum shear bond strength (13.8 MPa) was
observed with 1 Watt power output at 450.
13.1 MPa shear bond strength was observed
when the laser beam was at the right angle
with the enamel surface. 12.8 and 12.6 MPa
shear bond strengths were recorded with
1.25 Watt power output with 45 and 90 deg-
rees, respectively. Like these, 1.5 Watt po-

Giic Degerleri/ Acilar /

ort/

Power Outputs Angulations N Mean 5d Se Max  Min Sig
1 Watt 45 14 13.8 2.7 1.3 19.2 8.9 n.s.
1 Watt od 14 13.1 26 14 184 86 ns.
1.25 Watt 43 14 128 1.8 1.0 176 74 n.s.
1.25 Watt of 14 126 1.9 0.9 16.5 7.1 n.s.
1.5 Watt 43 14 111 2.6 1.2 151 64 n.s.
1.5 Watt od 14 113 24 1.1 17.7 6.7 n.s.
n.s.= p>0.05

Tiirk Ortodonti Dergisi 2009,22:124-133



Minenin Lazerle Piiriizlendirilmesi
Laser Etching of Enamel

si esnasinda 450 ve 900 acilar bize 11,1 ve
11,3 Mpa bonding kopma kuvveti vermistir. 1
watt'tan 1.5 watt’a dogru makaslama bag da-
yaniminda bir disus egilimi gozlenmistir.
Gruplar arasinda makaslama bag daya-
nimlari degerlendirildiginde istatistiksel ola-
rak anlamli bir fark yoktur.(p>.05) Tablo 2 ar-
tik adeziv indeksi skorlarini gostermektedir
ve gruplar arasinda istatistiksel olarak anlam-
Ii bir fark yoktur.(p>.05) Genelde adezivin
cogu mine yiizeyinde kalmustir.
Purtzlendirilmis minenin SEM degerlen-
dirmesi icin, Silverstone ve ark.(27) makalesi-
ni gorus skalasi olarak kullandik. Bu gorts
skalasinda 5 tip puriizlendirme sekli elde
edilmis ve siniflandiriimistir. Tip 1 parizlen-
dirme sekli, peteksi gorintiim;1 watt 90° ile
uygulandiginda gortlmistir. (Resim 1A) 1
watt 450, 1.25 watt 450 ve 900 ve 1.5 watt
450 ve 900’lik gu¢ ¢ikislarinda daha ¢ok Tip
3 purtzlendirme sekli olan periferal erimeler
sonucu cakil tagi gorinimi olusmustur.(Re-
sim 1B, 2 ve 3) SEM goriintilerinde mine ya-
pisinda genel bir yiizey purtizliligu ve bazi

wer output gave us 11.1 and 11.3 MPa she-
ar bond strength at 45 and 90 degrees, res-
pectively. A decreasing tendency of shear
bond strengths was observed from 1 Watt to
1.5 Watt. There was no statistically signifi-
cant difference between the groups.(p>.05)

Table 2 shows adhesive remnant index
scores and again there was no statistically
significant difference between the groups.
Generally more adhesive was left on the
enamel surface.

For SEM evaluation of the etched ena-
mels, the article of Silverstone et al.(27) can
be used as a visual scale for a better unders-
tanding of what was happening to the etc-
hed enamels. A type | etching pattern, ho-
neycomb like appearance, was seen; when
the laser beam was irradiated at T Watt with
900. (Figure TA) All of the other power out-
puts (1 Watt-450, 1.25 Watt-450 and 900,
1.5 Watt-450 and 900) produced more like
Type 11-
| etching pattern at both laser beam angula-
tions. A generalized surface roughening and
some hollowed prism centers were seen (Fi-

ARI
Giic Degerleri / Acilar / .

Power Outputs Angulations 1 2 3 Chi-Square Test
1 Watt 45 14 1 10 2

1 Watt od 14 2 9 1

1.25 Watt 43 14 2 9 1

3.972, p>0.05

1.25 Watt of 14 2 8 3

1.5 Watt 43 14 3 7 2

1.5 Watt of 14 2 10 2

Turkish Journal of Orthodontics 2009;22:124-133

Tablo 2: Farkli gii¢ ve ag1
degerlerindeki ARI skorlar1

Table 2: ARI scores at
different power outputs and

beam angles.

Sekil 1: A) 1 watt 450 ile
ptiriizlendirilmis mine
ylizeyinin SEM fotografi,
B) 1 watt 900 ile
piirtizlendirilmis mine

ylizeyinin SEM fotografi

Figure 1: A) SEM photograph
of the enamel surface after
etched with 1 Watt at 45°,

B) SEM photograph of the
enamel surface after etched

with 1 Watt at 90°.
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Sekil 2: A) 1.25 watt 45° ile
ptirtizlendirilmis mine
ylizeyinin SEM fotografi,
B) 1.25 watt 90 ile
piirtizlendirilmis mine

ylizeyinin SEM fotografi

Figure 2: A) SEM photograph
of the enamel surface after
etched with 1.25 Watt at 459,
B) SEM photograph of the
enamel surface after etched

with 1.25 Watt at 90°.

Sekil 3: A) 1.50 watt 450 ile
piiriizlendirilmis mine
yiizeyinin SEM fotografi,
B) 1.50 watt 900 ile
piirtizlendirilmis mine

ylizeyinin SEM fotografi

Figure 3: A) SEM photograph
of the enamel surface after
etched with 1.5 Watt at 450,

B) SEM photograph of the
enamel surface after etched

with 1.5 Watt at
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¢okmis prizma merkezleri gortlmustir. SEM
gorlntilerinde mine yiizeyinde mekanik
baglanma icin rezin penetrasyonu saglayan
mikro catlaklar gorilmustdr.

TARTISMA

Bu calisma degisik glic cikislarinda lazer
1sint agilanmasinin bir fark olusturup olustur-
madigini test etmek igin yuratalmustar.

Minenin purtzlendirilmesi icin
Er,Cr:-YSGG ve Er:YAG lazerlerin kullanimi
konvansiyonel asitle piirizlendirilmeye gore
bazi iyi ozellikleri oldugundan dolayr bazi
yazarlar  tarafindan tercih  edilmekte-
dir.(7,12,28) Lazerlenmis mine ciriik atakla-
rina daha direncli hale gelir. (6,7) Nem kon-
troliniin artmasi ve asitle piriizlendirmeye
benzer bag dayani kuvvetleri de Er,Cr:YSGG
lazeri konvansiyonel asitle piriizlendirmeye
gore daha uygulanabilir bir metod yapmakta-
dir. (7,12,28)

Er,Cr:YSGG lazerin ortalama gii¢ ¢ikisi 0,1
ile 8 Watt arasinda degisebilir. Mine kesme
islemi 2.5 ile 8 Watt arasinda yiksek bir giic
cikisi gerektirir.(29-31) 0.75-2 Watt arasinda-
ki dustk gt cikislar mine ytizey sekillendir-
mesi icin yeterlidir.(10,12) Bu calismada 1,
1.25 ve 1.5 Watt'lik gti¢ ¢ikislari mine pirtiz-
lendirilmesi icin kullanilmistir. 3 farkli gl ¢i1-
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gure 1B, 2 and 3) Also, micro cracks which
aid the penetration of the resin for a mecha-
nical lock can be seen.

DISCUSSION

This study was performed for testing bond
strength with different between laser beam
angulations at different power outputs.

The use of Er,Cr:YSGG laser for etching
the enamel is preferred by some authors
(7,12,28) because of its superior abilities to
conventional acid etching. Laser irradiated
enamel becomes more susceptible to caries
attack.(6,7) Also reduced chair time, increa-
sed moisture control and similar bond
strength to acid etching makes Er,Cr:YSGG
laser a feasible method to conventional acid
etching.(7,12,28)

The average power output of Er,Cr:YSGG
laser may vary from 0.1 to 8 Watt. Enamel
cutting procedures require high power out-
puts in the range of 2.5 to 8 Watt.(29-31) Re-
latively low power outputs from 0.75 to 2
Watt is enough for enamel surface treat-
ments. (10,12) In the present study 1, 1.25
and 1.5 Watt power outputs were used to
etch the enamel. Three different power out-
puts were used to confirm that these are sui-
table settings to etch enamel. All of the set-
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kis mineyi purizlendirmek icin uygun ayarlar
oldugunu dogrulamak icin kullaniimistir.
Tum ayarlar (1, 1.25 vel.5 watt) mine purtiz-
lendirmesi icin yeterli bulunmustur.

Basaran ve ark. (12) bir braket taban ala-
ni olacak mine pirizlendirmesi icin 15
sn’nin yeterli oldugunu belirtmistir. Bizde
calismamizda 15 sn lik purizlendirme stre-
sini kullandik.

Maizer ve Smith (32) ortodontik uygula-
malar icin 8 Mpa’dan daha ytiksek baglanma
kuvvetinin yeterli oldugunu 6nermistir. Bu
calismada el edilen tim bag dayanim kuvvet-
leri ortodontik baglanma igin vyararli olan
Maizer ve Smith’in degerlerinden ytiksektir.
Bu durumun yillarla beraber bonding mater-
yallerinde olusan gelismelerle iliskili oldugu-
nu dustinmekteyiz.

Lazer ayarlari degistirildiginde, ytizey ka-
rakteristikleri ve adezivin baglanma kuvveti
etkilenebilmektedir. Farkli lazer gesitleri ve
farkli ayarlama parametleri arastirilmistir
(9,33-35) fakat diger onemli bir degisken
olan klinik uygulama sekli 6zellikle ortodon-
tik amac icin derinlemesine sorgulanmamis-
tir. Onceki bir calismada (11) dentin morfolo-
jisi degisik acilarda Er:YAG lazer ile arastiril-
mustir. Er:-YAG lazer ile kok materyalinin kal-
dirllmasi ile ilgili calismada kok materyaline
zarar vermemek icin 30%den az acilanmig
ucla kullanimini 6nermistir.(36)

Taranabilen literatirlerde, ortodontik
amagcli lazer 1sin agilanmasini arastiran bir
calisma yoktur. Dogru kullanim tercihinden
farkh bir uygulama istenmeyen sonuclara yol
acabilmektedir. Agzin 6n bolgesindeki uygu-
lamalar problem degildir, fakat molar bolge-
de yanak kaslarinin kontraksiyonundan dola-
yi mineye dik uygulanmasinda zorluklarla
karsilasiimaktadir. Bu calismada elde edilen
makaslama kuvveti sonuclari lazer 1sini aci-
lanmasinin ¢cok 6nemli olmadigini goster-
mektedir. 1 watt'ta 45° ve 90¢ i¢in bonding
baglanma kuvveti 13,8 ve 13,1 MPa’dir. 1,25
watt 45° ve 90° icin 12,8 vel12,6 MPa bon-
ding kopma kuvveti olustururken 1,5 watt
11,1 ve 11,3 MPa olusturmustur. Gui¢ ¢ikisla-
ri artarken bonding baglanma kuvvetinde ha-
fif bir azalma olmustur fakat gruplar arasinda
istatistiksel olarak anlamh bir fark yoktur.
Baglanma dayanimlari arasinda bir fark ol-
mamasindan dolayi gutg farhliklar ve agilan-

Turkish Journal of Orthodontics 2009;22:124-133

tings (1,1.25 and 1.5 Watt) are found to be
enough for enamel etching.

Basaran et al.(12) reported that 15 se-
conds is enough for etching enamel for a
bracket base area. In the present study 15
seconds of laser etching was constant.

Maijer and Smith(32) proposed that bond
strengths higher that 8 Mpa is adequate for
orthodontic bonding. As all of the shear
bond strengths obtained in this study are
higher than the limits of Maijer and Smith’s,
they are useful in orthodontic bonding. De-
velopments in the bonding materials lead to
higher bond strengths in this study.

Had the settings of the laser is changed,
surface characteristics and bond strength of
the adhesives would be affected. Several
kinds of lasers and their several setting para-
meter were researched for several times but
another important variable, clinical hand-
ling properties are not deeply questioned es-
pecially for orthodontic purposes.(9,33-35)
In a preceding study (11) dentin morphology
was researched with Er:YAG laser at diffe-
rent angulations. Another study, (36) which
is about root substance removal with Er:YAG
laser preferred using tip angulations below
300 to prevent damaging the root substance.

Up to our knowledge, there is not any
study that researches the laser beam angula-
tion of Er,Cr:YSGG laser for orthodontic pur-
poses. Manipulation which is different from
actual handling preferences might have lead
to inconsistent results. At the anterior region
of the mouth it is not a problem but in the
molar region applying laser beam with 900
is problematic because of the cheek musc-
les. Similar shear bond strength results ob-
tained in the present study demonstrate us
that, laser beam angulation is not so impor-
tant. Shear bond strength at 1 Watt was 13.8
and 13.1 MPa for 450 and 900, respectively.
1.25 Watt demonstrated 12.8 and 12.6 Mpa
shear bond strength where as 1.5 Watt pro-
duced 11.1 and 11.3 MPa for 450 and 900,
respectively. There was a slight decrease in
shear bond strengths while power outputs
increase but there was no statistically signi-
ficant difference between the groups so it
must not be considered. Another thought is
that the increase in power output causes so
much damage which destroys the irregulari-
ties for retention of adhesives. As it was not
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dirmalar dikkate alinmamalidir. Bagka bir di-
stince gli¢ artisinin, retansiyon icin olan mine
karakteristigini yikan bir zarara neden oldu-
gudur. Bu durum bizim temel arastirma bagli-
gimiz olmadigindan, bonding kopma kuvve-
tindeki azalma ile ilgili bir sonug bizim ¢alis-
mamizdan elde edilemeyebilir.

Calismamizda elde ettigimiz ARI degerleri
her grubun birbirine benzer baglanma karak-
teristigi gosterdigini kanitlamaktadir. Cogu
adeziv 6nceki calismalarla uyumlu olarak
mine Uzerinde kalmistir.(12,37) Braketlerin
cikartilmasi sirasinda mine catlaklarinin olu-
sumu engellense dahi braketlerin mine yiize-
yinden koparilmasini takiben mine ytizeyin-
de restorasyon gerekebilir.

Mine yuzeyindeki olusan degisiklikleri in-
celemek icin Silverstone ve ark (27) makalesi
rehber olarak alinmigtir. 1 watt 900’lik mine
purtizlendirmesinde Tip | patern olarak sinif-
landirilan diizgin bir petek gorinimu elde
edilmistir. 1.25 watt 450 ve 900 ile 1.5 watt
450 ve 900 acilandirmalarda ise Tip II-
| patern olarak belirtilen siniflandirma izlen-
mistir. Lazer glic degeri arttitkca mine yiize-
yinde mikro catlak olusumunda artma goz-
lemlenmistir. Bu durumda daha 6nce yapilan
cahismalar ile uyumludur.(38,39) Mine yiize-
yinin olusan SEM degerlendirmesi daha 6nce
yapilan calismalarla (7,12,30) ve makaslama
kuvveti sonuclarimizla uyumludur.

SONUC

Erbium lazer ile olusturulan farkli lazer
dozlari ve acilandirmalarinin baglanma da-
yanimi Gzerine etkisi yoktur.

Basaran, Devecioglu - Kama, Ozer

our main research topic, a deduction about
the decrease of shear bond strengths can not
be derived from our study.

ARI scores obtained in the study demons-
trate that all of the groups show similar bon-
ding characteristics to each other. Mostly
adhesives were left on the enamel which is
in accordance with previous studies. (12,37)
It prevents enamel cracks while debonding
but more time is needed to restore enamel
surface after debonding.

As a visual scale the patterns that are des-
cribed by Silverstone (27) is used for unders-
tanding the changes occured on enamel sur-
faces. Type | uniform honeycomb appearan-
ce was seen at T Watt and 900 laser etching.
1 Watt-450, 1.25 Watt-450 and 900, 1.5
Watt-450 and 900 laser etchings demonstra-
ted Type Il etching pattern. As the laser po-
wer outputs increased microcracks were se-
en more. This was a common finding in so-
me previous studies. (38,39) The SEM ins-
pection of the enamel surface is in accor-
dance with previous studies (7,12,30) and
with shear bond strength results of our
study.

CONCLUSION

Different beam angulation and power
outputs with Er,Cr:YSGG laser irradiation
has no effect on bonding strength.
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