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Uc¢ Farkh Teknikle Yapistirtlmis Ortodontik Braketlerin
Baglanma Dayanimlarinin Karstlastirilmasi

Comparison of Shear Bond Strengths of Orthodontic

Brackets Bonded with Three Different Curing Techniques

OZET

Calismamizin amaci kimyasal, LED ve halo-
jen teknikleri ile yapistirilmis ortodontik
braketlerin baglanma dayanimlarini karsi-
lastirmaktir. 45 adet ¢urlkstz yeni gekilmis
daimi 1. premolar dis rasgele 15’er disten 3
gruba ayrildi. 1. gruptaki dislere metal pre-
molar braketleri Rely-a-Bond ile kimyasal
olarak yapistirildi. 2. gruptaki dislere braket-
ler Light Bond ile ve halojen cihazi ile ya-
pistirildi. 3. gruptaki dislere ise braketler
Light Bond ile ve LED cihazi ile yapistirildi.
Her bir 6rnek Universal test makinesine yer-
lestirildi. Baglanma dayanimlari, siyirma
modunda ve 0.5 mm/dk crosshead hizi ile
tespit edildi. Ortalama, standart deviasyon,
standart hata, minimum ve maksimum de-
gerleri iceren tanimlayici istatistikler her
grup icin ayri ayri hesaplandi. Gruplar ara-
sindaki farklarin tespiti icin tek yonla var-
yans analizi (ANOVA) ve Tukey ¢oklu karsi-
lastirma testlerinden yararlanildi. En ytiksek
degerler LED grubunda (Grup 3) en disiik
degerler ise halojen grubunda (Grup 2) de
tespit edilmistir. Varyans analizine gore
gruplar arasinda farkhiliklar anlamhdir
(p<.05). Tukey coklu karsilastirma testine
gore ise bu farklilik LED grubu (Grup 3) ile
halojen grubu (Grup 2) arasinda anlamhidir.
LED grubu (Grup 3) ile kimyasal grubu
(Grup 1) arasinda bir fark bulunamamistir.
Sonug olarak, her tic yontemle elde edilen
braket baglanma dayanim degerleri orto-
dontik kuvvetleri karsilamada yeterlidir. En
iyi baglanma dayanim degerleri LED ile
polimerizasyonda elde edilirken, en distik
degerler ise halojen 1sin kaynagi ile
polimerize edilen orneklerde saptanmistir.
(Ttirk Ortodonti Dergisi 2005;18:5-10)

Anahtar Kelimeler: LED, Halojen, Baglan-
ma dayanimi

SUMMARY

The aim of our study was to compare shear
bond strengths of orthodontic brackets
bonded with chemically cured, halogen
light cured and LED cured adhesive
systems. 45 extracted human premolar teeth
were randomly divided into 3 groups.
Bicuspid metal brackets were bonded on
first group of teeth with chemically cured
bonding system (Rely-a-Bond). Second
group were bonded with halogen light
cured bonding system (Light Bond). Last
group were bonded with LED light cured
bonding system (Light Bond). Each
specimen was then loaded to universal
testing machine. Bond strength was
determined in the shear mode at a
crosshead speed of 0.5 mm/min.
Descriptive statistics, including the mean,
standard  deviation, standard error,
minimum and maximum values were
calculated for each of the groups tested.
One-way analysis of variance (ANOVA) and
Tukey multiple comparison tests were used
to compare shear bond strengths of the
groups. Highest values of the shear bond
strengths were determined in LED group
(Group 3), while Halogen group (Group 2)
produced the lowest values. According to
the results of analysis of variance (ANOVA),
the difference between groups is significant
(p<.05). Results of Tukey multiple
comparison test indicated that this
difference was significant between LED
(Group 3) and halogen (Group 2) groups.
No significant difference was found
between LED (Group 3) and chemical
(Group 1) group. In conclusion, shear bond
strengths produced by each method were
sufficient to withstand orthodontic forces.
Highest values of shear bond strengths were
determined with LED polymerization, while
lowest values were obtained from the
specimens polymerized with Halogen light.
(Turkish J Orthod 2005;18:5-10)
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GiRiS

Ortodontik braketlerin direk olarak yapisti-
rilmasinda kullanilan ilk ve en yaygin mater-
yaller kimyasal olarak sertlesen bonding sis-
temleridir. Fakat bu yapistirma sistemlerinin en
buyuk eksikligi sertlesme zamanini klinisyenin
belirleyememesidir. Isinla sertlesen restoratif
materyaller, dis hekimligine sunulmasiyla bir-
likte, ortodontistler tarafindan band ve braket-
lerin yapistinlmasinda yaygin olarak kullanil-
maya baglanmugtir. Isinla sertlesen adeziv sis-
temlerinin en biytk avantaji, klinisyenlere ide-
al braket pozisyonunu belirleyebilmek icin ge-
rekli zamani tanimasi ve 1sinlama ile hizli ve
tam olarak sertlesmesidir. Dezavantaji ise her
bir braketin yapistirilmasinin 1 dakikaya yakin
zaman almasidir. Ayni zamanda en yaygin se-
kilde kullanilan Quartz-tungsten-halojen 1sin
kaynaklarinin trettigi enerjinin sadece %1’inin
1sina donusturtlmesi geri kalan enerjinin 1si
olarak verilmesi hem cihaz icin sogutmay:i ge-
rekli kilmakta hem de halojen ampullerin
omdirlerinin yaklagik olarak 50 saatte sinirli
kalmasina neden olmaktadir (1). Buna ragmen
cogu ortodonti kliniginde en az kimyasal ola-
rak sertlesen adeziv sistemler kadar halojenle
sertlesen sistemler de yaygin olarak kullanil-
maktadir. Son yillarda 6zellikle halojen 1sin
kaynaklarinin kisitlamalarini giderecek bir 1sik
kaynagi arayisi LED’lerin (Light Emitting Di-
ode) dis hekimliginde ve ortodontide kullani-
mini saglamigtir. LED cihazlarinin en buyik
avantajlari, 10.000 saatin tzerinde émurleri-
nin olmasi, mekanik soklardan ve vibrasyon-
lardan etkilenmemesi, elektrik enerjisinin direk
olarak 1s1ga donustirilmesi, dolayisiyla ok az
enerjinin 1s1 olarak salinmasi, kablosuz olmasi
ve sessiz calismasi olarak Gzetlenebilir (2-3).
Biitiin bu avantajlarinin yaninda bu cihazlarin
diger 1sin cihazlarina gore oldukca pahali ol-
masi ve heniiz tam olarak in vivo ve in vitro ca-
lismalarinin yapilmamis olmasi ise dezavantaj-
lart olarak gorilmektedir. Ortodonti literati-
rinde, LED cihazi ile yapistirilan ortodontik
braketlerin tutuculuklari Gzerine cesitli calis-
malar bulunmaktadir (4-7). Bu calismalarda
LED cihazi halojen cihazi ile karsilastirilmakta-
dir. Fakat hala pek cok klinikte kimyasal olarak
sertlesen adeziv sistemlerinin kullanildigini du-
stintirsek, bu tg sistemin braket tutuculuguna
etkilerini birbirleriyle karsilastirmak daha man-
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INTRODUCTION

Chemically cured bonding systems are the
first and the most commonly used materials
for direct bonding of the orthodontic
brackets. However, important
disadvantage of these bonding systems is that
they give the clinician no chance to
determine curing time. With the introduction
of light cured restorative materials to
dentistry, they became widely used by the
bonding bands
brackets. Most important advantage of the
light cured adhesive systems is that they offer
adequate time for precise bracket positioning
and immediate curing. But the disadvantage
is that bonding of each bracket consumes
nearly 1 minute. Besides, in widely used
Quartz-tungsten-halogen light sources, only
1% of the total energy input is converted into
light with the remained energy generated as
heat resulting necessity of cooling and short
life of halogen bulbs (nearly 50 hours) (1).
However, in many orthodontic clinics,
halogen light cured adhesive systems are
used as much as chemically cured systems.
Recently, to overcome the
disadvantages of the halogen light sources
lead to use of LED (light emitting diode) in
dentistry and orthodontics. Main advantages
of the LED units are their lifetimes over
10.000 hours, their resistance to shock and
vibration, direct conversion of electrical
energy into light resulting minimal generation
of heat and their cordless and silent operation
type (2-3). In spite of these advantages,
relatively high costs of these curing units and
lack of in vivo and in vitro studies are the
disadvantages. In recent orthodontic
literature, several studies evaluated the bond
strengths of brackets cured with LED (4-7). In
these studies, LED and halogen curing lights
were compared. However, chemically cured

the most

orthodontists  for and

researches

adhesives are still used in many clinics.
Therefore, it will be more logical to compare
the effects of these three systems to bond
strengths of the brackets. So, it was the aim of
this study to compare bond strengths of
chemically cured, LED cured and halogen
cured orthodontic brackets.

MATERIALS and METHOD
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rilmis ortodontik braketlerin baglanma daya-
nimlarini kargilastirmaktir.

GERECLER ve YONTEM

45 adet curikstiz, yeni cekilmis, daimi 1.
premolar dis ¢cekimden hemen sonra oda si-
cakliginda %0.1’lik timol soliisyonunda sak-
landi. Daha sonra her bir dis, uzun aksi yere
dik olacak sekilde akrilik blok icine gomilda.
Ornekler yapistirma ve test islemleri disinda
devamli distile su icinde ve oda sicakhginda
tutuldu. Braket yapistirilmasindan 6nce, disle-
rin 6n yizeyleri su pomza karigimi ile temiz-
lendi. Daha sonra suyla yikanan disler basing-
I hava ile kurutuldu. Her bir dis %37’lik fosfo-
rik asit jelle 30 saniye porozlendirildi. Bitiin
disler hava su spreyi ile yikandi ve beyaz tebe-
sirimsi poroz alan gézlenene kadar kurutuldu.
Calismada 9.63 mm2 yiizey alanina sahip
Ormco Mini 2000 (Ormco Corp, Glendora,
Calif) serisi metal premolar braketler kullanildi.
Kimyasal adeziv olarak Rely-a-Bond (Reliance
Orthodontic Products, Inc., Ill, USA), isinla
sertlesen adeziv olarak da Light Bond (Reliance
Orthodontic Products, Inc., Ill, USA) kullanildi.
Isin cihazi olarak MiniL.E.D.™ (Satelec, Merig-
nac, France) ve Heliolux DLX (Vivadent ETS,
Schaan, Liechtenstein) cihazlari kullanildi.

Rasgele secilmis 15 premolar disten olusan
t¢ grup olusturuldu.

e Grup 1: 15 premolar braket Rely-a-Bond
ile kimyasal olarak yapistirild.

e Grup 2: 15 premolar braket Light Bond ile
ve halojen cihazi ile yapistirildi. Bonding sti-
rildukten sonra dis ytizeyi 20 saniye, braket ta-
bani 10 saniye, braket dise yerlestirildikten
sonra da 40 saniye (20 saniye mezial, 20 sani-
ye distal yiizey) 1sin tutuldu.

e Grup 3: 15 premolar braket Light Bond
ile ve LED cihazi ile yapistirildi. Bonding stirtil-
duikten sonra dis ylzeyi 20 saniye, braket taba-
ni 10 saniye, braket dise yerlestirildikten sonra
da 40 saniye (20 saniye mezial, 20 saniye dis-
tal ylizey) 1sin tutuldu.

Kablosuz LED cihazi her bir 6rnek polimeri-
ze edildikten sonra sarj cihazina yerlestirildi.
Braket yapistirma isleminden sonra buttin 6r-
nekler distile su icinde ve oda sicakhginda 24
saat bekletildi.

Her bir 6rnek Universal test makinesine
(Lloyd; Fareham, Hants, England) vyerlestirildi.

4

0.1% thymol solution at room temperature.

Each  tooth was individually and
perpendicularly  embedded in  auto
polymerizing acrylic resin (Meliodent,

Herause Kulzer, Hanau, Germany). The
mounted specimens were kept in distilled
water and at room temperature except during
the bonding and testing procedures. Before
bonding, the facial surfaces of the teeth were
cleaned with a mixture of water and pumice.
The teeth were rinsed thoroughly with water
and dried with oil
compressed air. Each tooth was etched with
37% phosphoric acid gel for 30 seconds.
Then, all of the teeth were rinsed with
water/spray combination and dried until a
frosty white etched area was observed.
Stainless steel orthodontic bicuspid brackets
(Ormco Corp, Glendora, Calify with 9.63
mm?2 surface area were bonded with a LC
composite resin Light Bond (Reliance
Orthodontic Products, Inc, Itasca, Ill, USA).
MiniLED™ (Satelec, Merignac, France) and
DLX (Vivadent ETS, Schaan,
Liechtenstein) were used as curing units.
Three groups each consisting randomly
selected 15 premolar teeth were formed.

e Group 1 15 bicuspid brackets were
chemically bonded with Rely-a-Bond.

e Group 2 15 bicuspid brackets were
bonded with Light Bond and halogen light.
After application of sealant, tooth surface was
cured for 20 seconds; bracket base was cured
for 10 seconds. After bracket positioning,
specimens were cured for 40 seconds (20
seconds on the mesial and 20 seconds on the
distal surfaces of the brackets).

e Group 3 15 bicuspid brackets were
bonded with Light Bond and LED. After
application of sealant, tooth surface was
cured for 20 seconds, bracket base was cured
for 10 seconds. After bracket positioning,
specimens were cured for 40 seconds (20
seconds on the mesial and 20 seconds on the
distal surfaces of the brackets).

The cordless LED light curing unit was
returned to battery charger after each
specimen was polymerized. After bonding,
the teeth were stored in distilled water and at
room temperature for 24 hours.

Each loaded

and moisture-free

Heliolux

specimen was into a
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Tablo 1: Gruplarin baglanma dayanim
degerlerine (MPa) ait tanimlayici
istatistikleri. SD: Standart Sapma

SE: Standart Hata.

Table 1: Descriptive statisties for shear
bond strenths of groups SD: Standard
Deviation SE: Standard Error.

Tablo 2: Gruplara ait baglanma
dayanim degerlerinin (MPa) varyans
analizi ile karsilagtiriimasi.

Table 2: Comparison of groups with
ANOVA.
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yanim kuvveti, siyirma modunda ve 0.5
mm/dk crosshead hizi ile tespit edildi. Kirilma
kuvvet degerleri (N) kaydedildi ve daha sonra
braket yiizey alanina bolinerek megapaskal
(MPa) cinsine cevrildi.

Ortalama, standart deviasyon, standart hata,
minimum ve maksimum degerleri iceren ta-
nimlayici istatistikler her grup icin ayri ayr he-
saplandi. Gruplar arasindaki farklarin tespiti
icin tek yonli varyans analizi (ANOVA) ve Tu-
key coklu karsilastirma testlerinden yararlanil-
di. Bittin istatistik testler icin 6nem sinirt p<.05
olarak belirlendi. Bitin hesaplamalar SPSS
11.0.0 (SPSS Inc., Chicago, IL, USA) programi
ile gerceklestirildi.

BULGULAR

Uc gruba ait tanimlayici istatistik degerler
Tablo 1’de sunulmustur. En yiksek baglanma
dayanim degerleri LED grubunda (Grup 3) en
dusik degerler ise halojen grubunda (Grup 2)
tespit edilmistir. Varyans analizine gore gruplar
arasinda farkhiliklar anlamhdir (p<.05) (Tablo
2). Tukey coklu karsilastirma testine gore ise bu

Tirkkahraman, Kiictikesmen

was positioned to make contact with the
bonded specimen. Bond strength was
determined in the shear mode at a crosshead
speed of 0.5 mm/min. Values of failure loads
(N) were
megapascals (MPa) by dividing the failure
load (N) by the surface area of the bracket
base.

Descriptive statistics, including the mean,
standard deviation, standard error, minimum
and maximum values were calculated for

recorded and converted into

each of the groups tested. One-way analysis
of variance (ANOVA) and Tukey multiple
comparison tests were used to compare shear
bond strengths of the groups. Significance for
all statistical tests was predetermined at
p<.05. All statistics were performed with
SPSS version 11.0.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

The descriptive statistics for the three
groups are presented in Table 1. The highest
shear bond strengths were measured in LED

M £ S0 SE Mdin Mal=
Cirup 1 [Kimyasall 15 2033 6.91 10.59 a1.&0
Group 1 {Chomically) ' 1.78 : '
Girup 2 Halksjen) 15 17.38 G.41 10.57 29.20
Group 2 (Halogen) ' 140 ) '
Cirup 3 ILED) 15 131,06 £.20 1476 826
Group 3 (LEDY ' 1.60 : '
Cirup 1 Carup 2 Cirup 3
Post-hoo lest
X 5d X S X S Sip. 11l 1-10l -1
2031 @91 1738 5.41 2186 6.2 0.012 ns ns ’

farklihk LED grubu (Grup 3) ile halojen grubu
(Grup 2) arasinda anlamlidir. LED grubu (Grup
3) ile kimyasal grubu (Grup 1) arasinda bir fark
bulunamamistir.

TARTISMA

LED cihazlarinin dis hekimliginde kullanil-
maya baglanmasi ile birlikte, diger bilim dalla-
rinda oldugu gibi ortodontide kullanimi ile ilgi-
li calismalar da gergeklestirilmeye baslanmuistir.
Bu calismalarda genel olarak LED cihazlari ve

group (Group 3) while lowest values were
determined in halogen group (Group 2).
Analysis of variance (ANOVA) indicated a
significant difference between groups (p<.05)
(Table 2). According to Tukey multiple
comparison test, this difference is significant
between LED (Group 3) and halogen (Group
2) groups. No significant difference was
found between LED (Group 3) and chemical
(Group 1) groups.
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mustir (4-7). Bu ¢alismalardan birinde, Dunn ve
Taloumis (4) gerek LED ile gerekse halojen isin
kaynaklari ile yapistirlmis metal ortodontik
braketlerin baglanma dayanimlar arasinda be-
lirgin bir fark bulamamuglardir. Bishara ve arka-
dagslari (5) ise LED cihazlarinin klinisyenlere,
yuksek baglanma dayaniminin yaninda, ayni
isinla 2 braketi yapistirabilme avantajini da
sundugunu bildirmislerdir. LED cihazlarinin
polimerizasyon suresi lzerine de literatiirde
cesitli calismalar mevcuttur. Genelde, halojen
cihazlari ile 40 saniyelik polimerizasyon 6ne-
rilmektedir. LED cihazlarinin ise bu sireyi ki-
saltarak klinisyenlere 6nemli olgtide vakit ka-
zandiracagi 6ne strtilmektedir. Bizim calisma-
mizda kullandigimiz MiniLED cihazinda da 20
saniyelik bir polimerizasyon siresi 6nerilmek-
tedir. Bu konu ile ilgili yapmis oldugu ¢alisma-
sinda Swanson ve arkadaglari (6) LED cihazla-
riile 40, 20 ve 10 ar saniyelik polimerizasyona
ugratilan braketlerin baglanma dayanimlarini
karsilagtirmiglar, her ne kadar 10 saniyelik si-
rede bile klinik acidan yeterli baglanma sag-
lanmis olsa bile, daha uzun streleri tavsiye et-
mislerdir. Benzer bir calismada Usiimez ve ar-
kadaglari (7) LED cihazi ile 20 saniyelik poli-
merizasyonun halojen cihazi ile gergeklestiri-
len 40 saniyelik polimerizasyonla benzer so-
nuclar dogurdugunu, fakat LED cihazi ile 10
saniyelik polimerizasyonda braket baglanma
dayanim degerlerinde 6nemli 6lctide azalma
gozlediklerini bildirmislerdir. Bizim calisma-
mizda ise polimerizasyon stiresi 40 saniye (20
mesialden, 20 distalden) olarak belirlenmistir.
Arastirmamizin sonuclarina gore, LED grubun-
da en yiksek baglanma dayanim degerleri tes-
pit edilmistir. ikinci olarak kimyasal sertlesen
adezivlerle yapistirilmis braketlerin hemen he-
men LED ile yapistirilan braketler kadar tutucu
oldugu gorilmektedir. Calismamizda halojen
1sin kaynag ile yapistirilan braketlerin ise diger
gruplara gore daha dustk baglanma dayanim
degerlerine sahip olduklari tespit edilmistir. Bu
sonug yetersiz polimerizasyon siiresine veya
braket tabaninda 1sigin ulasmadigi, dolayisiyla
polimerize olamayan adeziv tabakasinin var-
ligina baglanabilir (8). Benzer sonuclar, Green-
law ve arkadaslarinin (8), Toledano ve arkadas-
larinin (9) ve King ve arkadaslarinin (10) yap-
tiklari galismalarda da elde edilmistir. Arastir-
macilar, kimyasal olarak sertlesen adezivlerle

4

researches about its use in
orthodontics, as well as other scientific
branches. In these studies, generally the bond
strengths of brackets cured with LED and
halogen curing lights were compared (4-7).
In one of these studies, Dunn and Taloumis
(4) reported no significant difference in bond
strength of metal orthodontic brackets
bonded to tooth enamel with LED or
halogen-based light-curing units. Bishara et
al. (5) reported that besides higher bond
strengths LED light curing devices also
offered clinicians an advantage of light
curing two orthodontic brackets with the
same light exposure.

Several studies about the polymerization
in the
seconds of

rise to

times of the LED units existed
Generally, 40
polymerization is recommended with
halogen units. It is suggested that LED units
offer shorter periods of curing to the
clinicians. For MiniLED unit used in this
study, 20 seconds of polymerization is
recommended. Swanson et al (6) compared
shear bond strengths of orthodontic brackets
bonded with LED curing units for 40, 20 and
10 seconds. They found clinically satisfactory
shear bond strengths even with a 10-second
cure, but recommended longer periods of
curing. In a similar study, Ustimez et al. (7)
suggested that 20 seconds of LED exposure
might yield shear bond strengths comparable
with those obtained with halogen-based units
in 40 seconds. However, they also reported
significantly decreased values with 10
second LED curing.

In our study, total polymerization time was
equal to 40 seconds (20 seconds for mesial
and distal, each). According to the results, the
highest shear bond strengths were measured
in the LED group. Secondly, brackets bonded
with chemically cured adhesives yielded
values nearly as high as those polymerized
with LED. Lower values of shear bond
strengths were determined in halogen group
when compared with the other groups. This
result may be inadequate
polymerization and resultant unpolymerized
adhesive layer in the bracket base (8). Similar
results were reported in researches of
Greenlaw et al. (8), Toledano et al. (9) and

literature.

due to
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lara gore daha fazla oldugunu bildirmislerdir.
Diger yandan Joseph ve Rossouw (11),
polimerizasyondan 1 hafta sonra, isinla sert-
lesen kompozitlerin kimyasal sertlesen kom-
pozitlere benzer baglanma dayamimi sagladik-
larini bildirmiglerdir. Fakat bu arastirmalarin
hepsinde, kullanilan adeziv, braket, dis, 1sin
kaynagi, isin stiresi ve ortam farklilik goster-
mektedir. Literatlirdeki celiskili sonuclarin da
bu baglamda degerlendirilmesi gerekmektedir.

Literatirde 6.5 ile 10 N/mm2 arasinda
braket baglanma dayanimlarinin ortodontik
kuvvetleri karsilamada yeterli oldugu bildiril-
mektedir (12-13). Calismamizda, her ne kadar
gruplara ait ortalama degerler arasinda fark
bulunsa da, her tic yontemle de yapistirilan
braketlerin baglanma dayanimlarinin  yeterli
oldugu gorilmektedir.

SONUC

¢ Her ¢ yontemle elde edilen braket bag-
lanma dayanim degerleri klinik ortamda or-
karsilamada  yeterli
olabilecek sinirlar icerisindedir.

e En yiksek baglanma dayanim degerleri
LED ile polimerizasyonda elde edilirken, en
dusik degerler ise halojen isin kaynagi ile
polimerize edilen 6rneklerde saptanmuistir.

todontik  kuvvetleri

Tirkkahraman, Kiictikesmen

cured adhesives were higher than of those
bonded with light cured adhesives. On the
other hand, Joseph and Rossouw (11)
reported that 1 week after polymerization;
light cured adhesives yielded bond strengths
values similar to chemically cured adhesives.
However, in all of these researches,
differences existed in adhesives, brackets,
teeth, light sources, polymerization types and
environment. Conflicting results in literature
should be evaluated considering these
differences.

In literature, it is reported that bond
strength values between 6.5 and 10 N/mm?2
are sufficient to withstand orthodontic forces
(12-13). In our study, although significant
differences existed between mean values of
the groups, bond strengths of the brackets

bonded with all three methods were
sufficient.

CONCLUSION

¢ Each bonding method yielded sufficient
bond strength values to withstand

orthodontic forces in clinical circumstances.
¢ Highest values of shear bond strengths
were determined with LED polymerization,
while lowest values were obtained from the
specimens polymerized with halogen light.
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