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ÖÖZZEETT

Bu çal›flman›n amac› farkl› taban di-
zayn›na sahip konvansiyonel braket ile 2
farkl› kendinden kilitli braketin makasla-
ma yap›flma kuvvetlerinin karfl›laflt›r›lma-
s›d›r.

Çal›flmada herhangi bir çatla¤› ya da
çürü¤ü olmayan ve ortodontik nedenler-
le çekilmifl 90 adet premolar difl kullan›l-
m›flt›r. Difller rasgele 3 gruba ayr›lm›flt›r.
Grup 1’de konvansiyonel braketler
(Synergy, Rocky Mountain Orthodontics,
Denver, Colorado, ABD) kullan›l›rken
Grup 2 ve grup 3‘te kendinden kilitli bra-
ketler kullan›lm›flt›r. [S›ras›yla (Smart
Clip, 3MUnitek Monrovia, Kaliforniya,
ABD) ve (Time 2, American Orthodon-
tics, Sheboygan, Wisconsin, ABD)]. 

Synergy, Smart Clip ve Time 2 braket-
leri için belirlenen ortalama makaslama
yap›flma kuvvetleri s›ras›yla 18,2±4,4,
18,7±4,6 ve 17,7±5,1 MPa’d›r. Genel
olarak, her 3 braketin ARI skorlar›nda
gösterildi¤i gibi difl yüzeyinde daha fazla
miktarda adeziv kalmaktad›r.

Farkl› taban dizayn›na sahip her 3 bra-
ket de, 1 konvansiyonel ve 2 kendinden
kilitli braket, in vitro ortamda klinik ola-
rak kabul edilebilecek ortalama makasla-
ma yap›flma kuvvetleri göstermifltir. K›r›l-
ma yeri genelde rezin braket aras›nda ol-
mufltur. (Türk Ortodonti Dergisi
2009;22:37-44)

AAnnaahhttaarr KKeelliimmeelleerr:: Ba¤lanma dayan›-
m›, Kendinden kilitli braket, Konvansiyo-
nel braket.

SSUUMMMMAARRYY

The aim of this study is to compare the
shear bond strength of two self ligating
brackets with a conventional bracket
which have different base designs.

Ninety extracted premolar teeth for
orthodontic reasons without cracks or ca-
ries were used in the study. Teeth were
randomly divided into three groups. In
group 1 conventional brackets (Synergy,
Rocky Mountain Orthodontics, Denver,
Colorado, USA), were used whereas in
group 2 and 3 self ligating brackets
[(Smart Clip, 3M Unitek Monrovia, Cali-
fornia, USA) and (Time 2, American Ort-
hodontics, Sheboygan, Wisconsin, USA)]
were used respectively.

The determined mean shear bond
strengths for Synergy, Smart Clip and Ti-
me 2 brackets were 18.2±4.4, 18.7±4.6
and 17.7±5.1 MPa, respectively. Gene-
rally more adhesive was left on the tooth
surface as demonstrated by ARI scores of
three.

All of the three groups with different
base designs, one conventional bracket
and two self-ligating brackets, demons-
trated clinically acceptable mean shear
bond strengths in vitro. Most of the frac-
tures were within resin-bracket interface.
(Turkish J Orthod 2009;22:37-44)

KKeeyy WWoorrddss: Bond strength, Self liga-
ting brackets, Conventional brackets.
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GG‹‹RR‹‹fifi
Ortodontide bir dönüm noktas› olarak ka-

bul edilebilecek geliflmelerden biri hiç flüp-
hesizdir ki ortodontik apareylerin direkt ola-
rak yap›flt›r›lmas›na olanak sa¤layan asitleme
iflleminin keflfidir (1). Braketlerin yap›flt›r›lma-
s›; apareylerin estetik görünümünü artt›r›r, te-
davi zaman›n› k›salt›r ve daha iyi bir a¤›z hij-
yenine olanak sa¤lar. Fakat ortodontik mater-
yallerin özelliklerini ve kalitesini artt›rmak
için halen araflt›rmalar ve geliflmeler devam
etmektedir.

Günümüz ortodontisinde kendinden kilitli
braketlerin popülaritesi gün geçtikçe artmak-
tad›r. Kendinden kilitli braketlerin en önemli
avantajlar› braket taban› ile tel aras›ndaki sür-
tünmenin daha az olmas›, daha iyi ark teli
uyumu ve ark telinin daha çabuk ç›kar›l›p
yerlefltirilebilmesidir (2). Bu braketlerin artan
popülaritesine ra¤men, bu braketlerin ba¤-
lanma kuvvetleri ile ilgili çok az say›da çal›fl-
ma bulunmaktad›r (3-5). Kendinden kilitli
braketlerin ba¤lanma direnci ile ilgili bir uz-
laflmaya var›lamam›flt›r(2-5). Ayn› taban flek-
line sahip, ayn› braketlerin kullan›ld›¤› çal›fl-
malarda farkl› ba¤lanma dayan›m oranlar›n›n
bulunmas› ilginçtir(3-5). Farkl› ba¤lanma da-
yan›m kuvvetleri görülmesinin nedeni farkl›
deney dizaynlar› olabilir ama bu durum bize
ba¤lanma kuvvetlerinin tart›flmaya aç›k oldu-
¤unu göstermektedir.

Braketlerin mekanik retansiyonu için üreti-
ciler taraf›ndan çok say›da farkl› taban di-
zaynlar› gelifltirilmifltir. Braket tabanlar›nda
girintilerin oluflturulmas›, farkl› çapta  tellerin
a¤ fleklinde lehimlenmesi ve kaidenin lazerle
flekillendirilmesi (6), braket kaidesinin metal
plazma ile kaplanmas› (7), braket taban›na
metal yada seramik partiküllerinin füzyonu
(8) gibi di¤er pek çok yaklafl›m yap›flma özel-
liklerini art›rmaya yönelik yap›lan giriflimle-
rin baz›lar›d›r. Ayr›ca Sharma-Sayal ve arka-
dafllar› (9), Wang ve arkadafllar› (10) ve Bafl-
çiftçi ve arkadafllar›(11) farkl› taban dizaynla-
r›n›n farkl› ba¤lanma kuvvetlerine sahip ol-
du¤unu göstermifllerdir.

Bu çal›flmada farkl› taban dizayn›na sahip
2 farkl› kendinden kilitli braket ile bir kon-
vansiyonel braketin makaslama yap›flma kuv-
vetleri karfl›laflt›r›lm›flt›r.

GGEERREEÇÇLLEERR vvee YYÖÖNNTTEEMM
Bu çal›flmada herhangi bir çatla¤› yada çü-

IINNTTRROODDUUCCTTIIOONN
One of the most important milestones in

orthodontics, is the use of acid etch techniqu-
es for direct bonding of orthodontic applian-
ces (1). Bonding of brackets enhances the est-
hetic aspect of appliances, minimizes treat-
ment time and allows for a better oral hygie-
ne. However, research and development still
continues to improve the quality and proper-
ties of orthodontic materials. 

Self ligating brackets get an increasing po-
pularity in orthodontic practice. The most im-
portant advantages of self ligating brackets
are lower friction between the bracket base
and wire, better arch wire engagement and
faster arch wire removal and ligation (2) Des-
pite the increasing popularity of these brac-
kets, a few studies report about the bond
strength of these brackets (3-5). A consensus
has not yet been reached about the bond fa-
ilures of the self ligating brackets (2-5). It was
interesting that, studies using same self liga-
ting brackets with same base configurations,
found different bond survival rates (3-5). The
different bond survival rates could be related
with different test designs but this makes us to
think that bond strengths are questionable.

For mechanical retention of brackets, se-
veral different base designs are configured by
the manufacturers. Placing undercuts in brac-
ket bases, welding different diameter mesh
wires to bracket base, incorporating different
designs in the mesh, and other innovative ap-
proaches like laser-structured bases (6) , me-
tal plasma coated bracket bases (7), fusing
metallic or ceramic particles to the bracket
bases (8) are some efforts to improve bonding
properties. Sharma-Sayal et al. (9), Wang et
al. (10) and Baflçiftçi et al. (11) also demons-
trated that different base designs result in dif-
ferent bond strengths. 

This study compared the shear bond
strength of two self ligating brackets with a
conventional bracket which have different
base designs. 

MMAATTEERRIIAALLSS aanndd MMEETTHHOODDSS
Ninety extracted premolar teeth for ortho-

dontic reasons without cracks or caries were
used in the study. Teeth were collected and
stored in distilled water at room temperature
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rü¤ü olmayan ve ortodontik nedenler ile çe-
kilmifl 90 adet premolar difli kullan›lm›flt›r.
Difller oda s›cakl›¤›nda 3 aydan fazla olma-
mak kayd› ile distile su içerisinde saklanm›fl-
lard›r (5,12). Difller rasgele olarak 3 gruba ay-
r›lm›flt›r. ‹lk grupta konvansiyonel braketler
(Synergy, Rocky Mountain Orthodontics,
Denver, Colorado, ABD) kullan›l›rken 2. ve
3. gruplarda kendinden kilitli premolar bra-
ketler kullan›lm›flt›r (s›ras›yla Smart Clip,
3MUnitek Monrovia, Kaliforniya, ABD ve Ti-
me 2, American Orthondontics, Sheboygan,
Wisconsin, ABD). Synergy braketler çapraz
yerleflimli ince a¤ örgülü kaideye sahiptir (fie-
kil 1). ‹kinci grupta kullan›lan braketlerde
(Smart Clip) yatay ve dikey yerleflimli mikro
da¤lamal› ince a¤ örgü taban bulunurken (fie-
kil 2) ve 3. grupta kullan›lan braketlerde ise
mikro da¤lamal› kare fleklinde ç›k›nt›lar var-
d›r (fiekil 3). Braketlerin taban alanlar› s›ras›y-
la 11,5, 11,9 ve 12,1 mm2 dir. 

YYaapp››flfltt››rrmmaa ‹‹flfllleemmii
Yap›flt›rma ifllemlerinin tümü ayn› hekim

taraf›ndan yap›lm›flt›r (GB). Tüm difller y›kan-
d›ktan ve 10 sn. boyunca ya¤ içermeyen ha-
va-su spreyi ile kurutulduktan sonra, kronlar›n
bukkal yüzeyleri flor içermeyen bir pomza ile
15 sn boyunca cilalanm›flt›r. %37’lik fosforik
asit (Reliance Orthod Prod., Itasca, ABD) 15
sn uygulanm›fl ve daha sonra 15 sn boyunca
y›kanm›flt›r. Difllerin üzerinde oluflan beyaz
mat görüntüyü görebilmek için difller tekrar
kurutulmufltur. ‹nce bir primer tabakas› (Trans-
bond XT,3M Unitek, Monrovia, Kaliforniya,
ABD) her bir difl yüzeyine uygulanm›fl ve LED
(Ledmax, Hilux, Ankara, Türkiye) ›fl›k kayna¤›
ile 5 sn boyunca ›fl›nlanm›flt›r. Braket taban›-
na Transbond XT adezivi uygulanm›fl ve bra-
ketler her bir diflin kronunun ortas›na yerleflti-
rilmifltir. Fazla adezivler sond ile temizlenmifl
ve daha sonra 20 sn mezialden ve 20 sn dis-
talden olmak üzere ›fl›nlanm›flt›r.

Yap›flt›rma iflleminden sonra; braket yap›fl-
t›r›lm›fl difller, bukkal yüzeyleri aç›kta kalacak
ve palatinal yüzeyleri akrili¤e gömülecek fle-
kilde yatay olarak  akrilik bloklara yerlefltiril-
mifllerdir (fiekil 4). Elde edilen örnekler 37°C
distile suda 48±4 saat boyunca bekletilmifl-
lerdir.

DDeebboonnddiinngg ‹‹flfllleemmii
Tüm örnekler 0,5 mm/dak. h›z›na sahip

not more than three months (5,12). Teeth we-
re randomly divided into three groups. In gro-
up 1 conventional brackets (Synergy, Rocky
Mountain Orthodontics, Denver, Colorado,
USA) , were used whereas in group 2 and 3
self ligating brackets (Smart clip, 3M Unitek
Monrovia, California, USA) and Time 2,
American Orthodontics, Sheboygan, Wis-
consin, USA) were used respectively. Synergy
brackets had a foil-mesh base with diagonal
configuration (Figure 1). Group 2 (Smart clip)
brackets had a microetched foil-mesh design
of horizontal and vertical configuration (Figu-
re 2) and group 3 (Time 2) had a microetched
quadra-grip design (Figure 3). All brackets
used were for premolar. Base areas for the
brackets were 11,5, 11,9 and 12,1 mm2, res-
pectively.

BBoonnddiinngg PPrroocceedduurree
All of the bonding procedures were hand-

led by the same operator (GB). The buccal
crown of all teeth were polished with a fluori-
de free pumice for 15 seconds afterwards
they were rinsed and dried with an oil free
air-water syringe for 10 seconds. A 37%
phosphoric acid gel (Reliance Orthod Prod.,
Itasca, USA)  was applied for 15 seconds, fol-
lowed by rinsing for another 15 seconds. For
inspection of frosty dull appearance, teeth
were again dried. A thin layer of primer
(Transbond XT, 3M Unitek, Monrovia, USA)
was applied to each individual tooth and
light cured for 5 seconds with a LED curing
light source (Ledmax, Hilux, Ankara, Turkey).
Transbond XT adhesive was applied to the
bracket base and brackets were centered on
the crown of each tooth. Excessive adhesives
were removed with a scaler and then brac-
kets were light-cured for 20 seconds from the
mesial and 20 seconds from the distal.

After bonding the teeth were mounted in
acrylic blocks in a horizontal manner as the
buccal surfaces are exposed and palatal sur-
faces are immersed in the acrylic (Figure 4).
The specimens were stored in distilled water
at 37°C for 48± 4 hours.

DDeebboonnddiinngg PPrroocceedduurree
Each specimen was mounted in a univer-

sal testing machine (Instron Corporation,
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universal test cihaz›na yerlefltirilmifltir. Kuv-
vet uygulay›c› b›çaklar kronun uzun eksenine
paralel ve  mümkün oldu¤u kadar yak›n ola-
cak flekilde braket ile mine arayüzüne do¤ru
yönlendirilmifltir. Braketleri kopartan maksi-
mum yük miktar› Newton olarak kaydedilmifl
ve bu miktar braketin taban alan›na bölüne-
rek megapaskala (MPa) çevrilmifltir. Her bir
braket taban› için tek bir örnek 4 farkl› büyüt-
mede tarama elektron mikroskobuyla (SEM)
incelenmifltir (fiekil 1-3).

Debonding yap›lm›fl mine yüzeyleri Artun
ve Bergland (13) taraf›ndan tan›mlanan art›k
adeziv indekslerini (ARI) belirlemek için
10’luk büyütme alt›nda incelenmifltir (13).
ARI de¤erleri flöyledir: 0, diflin üzerinde ade-
ziv yok; 1, adezivin yar›s›ndan daha az› difl
yüzeyinde; 2, adezivin yar›s›ndan fazlas› difl
üzerinde; 3, tüm adeziv difl üzerinde.

Gruplar aras›nda makaslama yap›flma kuv-
vetleri aras›nda bulunan farkl›l›klar› belirle-
mek için tek yönlü varyans analizi kullan›l-
m›flt›r. Ayr›ca, ARI skorlar› aras›ndaki farkl›-
l›klar›n de¤erlendirilmesi için de Ki-kare testi
kullan›lm›flt›r.

Canton, Mass, USA) with a cross-head speed
of 0.5 mm/min. The shearing blade was tar-
geted to the bracket and enamel interface as
close as it could be and parallel to the long
axis of the crown. The maximum load to de-
bond the bracket was recorded in Newtons
and converted to megapascals (MPa) by divi-
ding the maximum load to the bracket base
area. 

One representative specimen for each
type of bracket base was inspected under
scanning electron microscopy (SEM) with fo-
ur different magnifications (Figures 1-3).

The debonded enamel surfaces were exa-
mined under 10x magnification to assess ad-
hesive remnant index (ARI) scores as descri-
bed by Årtun and Bergland (13) The ARI va-
lues were as follows: 0, No adhesive left on
the tooth; 1, less than half of the adhesive left
on the tooth; 2, more than half of the adhesi-
ve left on the tooth; 3, All of the adhesive left
on the tooth. 

A one-way analysis of variance (ANOVA)
was used to determine for differences in she-
ar bond strengths among the groups. In addi-

Şekil 1: Synergy braketlerin
farklı magnifikasyonlardaki

taban şekli.

Figure 1: Base configuration
of Synergy brackets with
different magnifications.

Şekil 2: Smart Clip
braketlerin farklı

magnifikasyonlardaki taban
şekli.

Figure 2: Base configuration
of Smart Clip brackets with

different magnifications.
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BBUULLGGUULLAARR
Ortalama, maksimum ve minimum de¤er-

ler ve standart sapmalar› içeren istatistiksel
de¤erler Tablo 1’de gösterilmifltir. Tek yönlü
Anova testi; gruplar aras›nda, ba¤lanma kuv-
vetleri aç›s›ndan istatistiksel olarak anlaml›
farkl›l›klar›n olmad›¤›n› göstermifltir
(p:0.654).

Synergy, Smart Clip ve Time 2 braketleri
için belirlenen makaslama yap›flma kuvvetle-
ri s›ras›yla 18,2±4,4, 18,7±4,6 ve 17,7±5,1
MPa’d›r. Ki-kare testi ile belirlenen art›k ade-
ziv indeksi skorlar› da istatistiksel olarak an-
laml› farkl›l›klar göstermemifltir (p:0.481).
Her üç braketin de ARI skorlar›nda gösterildi-
¤i gibi genel olarak difl yüzeyinde daha fazla
adeziv kalmaktad›r.

TTAARRTTIIfifiMMAA
Bu çal›flmada test edilen braketlerin tümü

üreticiler taraf›ndan düflük sürtünmeye sahip
braketler olarak tan›mlanmaktad›r. Asl›nda
sürtünme, tedavi safhas›na ve ankraj duru-
muna  ba¤l› olarak avantaj veya dezavantaj
da olabilir. Fakat ço¤unlukla düflük sürtün-
menin avantaj oldu¤u düflünülmektedir çün-
kü sürtünme di¤er baflka flekillerde kontrol
edilebilir. Çal›flmada kullan›lacak braketler
seçilirken, düflük sürtünmeye sahip oldu¤u
öne sürülen bu üç braketin tutuculu¤unu kar-
fl›laflt›r›lmas› uygun görülmüfltür.

tion, a Chi-square test was performed for dif-
ferences between the ARI scores.

RREESSUULLTTSS
Descriptive statistics including mean, ma-

ximum and minimum values and standard
deviations are represented in Table 1. One-
way Anova test revealed no statistically signi-
ficant differences between the bond strengths
of the groups (p: 0.654). The determined me-
an shear bond strengths for Synergy, Smart
Clip and Time 2 brackets were 18.2±4.4,
18.7±4.6 and 17.7±5.1 MPa, respectively.
Adhesive remnant index scores which were
determined by Chi-square test also demons-
trated no statistically significant differences
(p: 0.481). Generally more adhesive was left
on the tooth surface as demonstrated by ARI
scores of three.

DDIISSCCUUSSSSIIOONN
All of the brackets tested in the present

study are offered as low friction brackets by
the manufacturers. In fact, friction may be a
friend or an enemy depending at the treat-
ment stage and anchorage strategy. But, ge-
nerally low friction is considered to be an ad-
vantage, as friction could be managed by so-
me other applications. Our standpoint to
construct a study for bond strength compari-

Şekil 3: Time 2 braketlerin
farklı magnifikasyonlardaki
taban şekli.

Figure 3: Base configuration
of Time 2 brackets with
different magnifications.

Tablo 1: Ortalama yapı ma kuvvetleri 

Table 1: Mean shear bond strengths 

 Ba lanma Dayanımı / Bond Strength (MPa) 

Group Ortalama / Mean SS / SD Maksimum Minimum P Value 

Smart Clip 18,7 4,6 29,8 6,5 

Time 2 17,7 5,1 26,6 7,7 

Synergy 18,2 4,4 28,1 5,2 

0,654 

MPa: Mega Pascal. 

Tablo I: Ortalama yapışma
kuvvetleri.

Table I: Mean shear bond
strengths
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Bu çal›flmada de¤iflkenleri ortadan kald›r-
mak ve ba¤lanma dayan›kl›l›¤› üzerinde bra-
ket taban dizayn›n›n saf etkisini belirleyebil-
mek için tek bir tip adeziv kullan›lm›flt›r.
Transbond XT iyi bir bonding materyali oldu-
¤u kan›tlanan yüksek miktarda doldurucu
içeren bir rezindir (4,5).

Çal›flmam›zda, karfl›laflt›rmalar a¤›z orta-
m›nda yap›lmam›flt›r fakat in vitro ortamda
yap›lan ba¤lanma dayan›kl›l›¤› testinin in vi-
vo ortamda yap›lan karfl›laflt›rmalar› de¤er-
lendirmek için kullan›labilecek bir metot ol-
du¤u bildirilmifltir (14). Reynolds (15) ve ar-
kadafllar› ortalama yap›flma kuvvetlerinin 6-8
MPa aras›nda olmas› gerekti¤ini belirtmifller-
dir ve Keizer ve arkadafllar› (16) klinik olarak
kabul edilebilir en düflük gerilme tipi yap›fl-
ma kuvvetinin 2,86 MPa olmas› gerekti¤ini
bildirmifllerdir. Di¤er bir çal›flmada (17), ma-
kaslama ve gerilme kuvvetlerinin ba¤lanma
dirençleri aras›nda anlaml› bir farkl›l›k olma-
d›¤› gösterilmifltir. Bu da bize çal›flmam›zda
elde edilen makaslama kuvvetleri ile gerilme
kuvvetlerinin karfl›laflt›r›labilece¤ini göster-
mektedir.

Tüm gruplarda ortalama ve minimum ba¤-
lant› kuvvetleri, klinik kullan›m için yeterli
oldu¤u düflünülen limitlerden fazla bulun-
mufltur. Bu çal›flmada belirtilen ba¤lanma
kuvvetleri Transbond XT ile daha önce yap›-
lan baz› çal›flmalarda gözlemlenen sonuçlar-
dan daha yüksektir (9,10,18,19) ve di¤er ba-
z› çal›flmalarla benzerdir (5,20,21). Bu du-
rum braket taban›n›n dizayn› gibi di¤er baz›
de¤iflkenlerin önemini göstermektedir.

Maijer ve Smith (22) farkl› taban dizayn›
sonucu meydana gelen ba¤lanma kuvvetleri-
ni etkileyen de¤iflkenleri de¤erlendirmifller ve
çok say›da de¤iflken tan›mlam›fllard›r. Ba¤-
lanma kuvvetini etkileyen bafll›ca de¤iflkenin
lehim çapaklar› oldu¤unu göstermifllerdir.
Ayr›ca, daha iyi bir ba¤lanma kuvveti için ha-
va kabarc›klar›n›n önlenmesi gerekti¤ini ve
rezin penetrasyonunun artt›r›lmas› gerekti¤ini
göstermifllerdir. Bu çal›flmada kullan›lan tüm
braketler farkl› taban morfolojisine sahiptir.

son of these three brackets is their low frictio-
nal properties proposed by the manufactu-
rers. 

In the present study, one type of adhesive
was used to eliminate variables and to deter-
mine the pure effect of bracket base design
on shear bond strength (SBS). The Transbond
XT is a highly filled resin that is proved to be
an acceptable bonding material (4,5).

In the study, comparisons are not measu-
red in intra oral environment but in an in vit-
ro SBS testing was found to be an acceptable
method to assess future in vivo comparison
(14) Reynolds et al.(15) stated that mean ten-
sile bond strengths need to be in the range of
6-8 MPa and Keizer et al.(16) reported mini-
mum tensile bond strength of 2.86 MPa to be
clinically acceptable. Another study, (17) de-
monstrated that there is no significant diffe-
rence between shear and tensile induced
bond failure, so the associated shear bond
strengths in this study are comparable with
tensile bond strengths. 

For all groups mean and minimum bond
strengths were greater than the limits that are
considered to be adequate for clinical use.
Bond strengths that are reported in this study
with Transbond XT were greater than those
observed in some previous studies
(9,10,18,19) and although compatible with
some other studies (5,20,21). This demons-
trates the importance of some other variables
like bracket base design. 

Maijer and Smith (22) evaluated variables
that influence the bond strength with diffe-
rent bracket base designs and identified a
number of variables. They mainly demonstra-
ted weld spots to be a major variable that inf-
luence the bond strength. They also, reported
that air entrapment must be prevented and
resin penetration must be increased for a bet-
ter bond strength. All of the brackets tested in
the study, had different base morphologies.
Synergy brackets had a smooth surface with

Tablo 2: Artık adeziv indeks (ARI) skorları
Table 2: Adhesive Remmant Index (ARI) scores. 

ARI SKORLARI / SCORES 

Grup / Group 0 1 2 3 

Smart Clip - 3 5 22 

Time 2 1 4 4 21 

Synergy - 2 5 23 

Tablo II: Artık adeziv indeks
(ARI) skorları.

Table II: Adhesive Remmant
Index (ARI) scores.
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Synergy braketler, braket taban›na çapraz
olarak lehimlenmifl parlat›lm›fl bir ince a¤ ör-
gülü taban özelli¤ine sahipken, Smart Clip
braketlerde mikro da¤lamal› horizontal ve
vertikal yerleflimli ince a¤ örgüler tabana la-
zer ile lehimlenmifltir. Time 2 braketler ise,
mikro da¤lamal› kare ç›k›nt›lardan oluflan ta-
ban dizayn›na sahiptirler. Günümüz braketle-
rinde ba¤lanma kuvvetini olumsuz etkileyen
kaynak noktalar›n› ortadan kald›rmak ama-
c›yla lehimleme tekni¤i gelifltirilmifltir(23).
Smart Clip’teki lazer ile lehimleme ve
Synergy braketlerde braket taban›na ince a¤
örgülerin lehimlenmesi ba¤lanma kuvvetleri-
ni artt›rmak için yap›lan giriflimlerden baz›la-
r›d›r. Bu çabalar›n sonucu olarak, braket di-
zayn›ndan ba¤›ms›z olarak, bu çal›flmada test
edilen tüm braket tiplerinde klinik olarak ka-
bul edilebilir seviyede benzer ba¤lanma kuv-
vetleri belirlenmifltir. Di¤er baz› araflt›rmalar-
la (9,10) uyumlu olmayan bu bulgu, önceki
di¤er baz› çal›flmalarda (23,24) elde edilen
bulgular ile uyumludur.

Üç grup aras›nda ARI skorlar›nda istatistik-
sel olarak anlaml› farkl›l›klar gözlemlenme-
mifltir. Örneklerin birço¤u, baz› çal›flmalarda
(5,20,21) gösterilen ve kopman›n braket ile
rezin arayüzünde oldu¤u anlam›na gelen “3”
skoruna sahiptir. Bunun nedeni rezin-braket
arayüzündeki makro mekanik kilitlenme ile
karfl›laflt›r›ld›¤›nda, rezin-mine ara yüzündeki
mikro mekanik kilitlenme gibi di¤er baz› de-
¤iflkenler olabilir. Fakat, adeziv kal›nt›lar›n›n
klinik olarak önemi bu kal›nt›lar›n uzaklaflt›-
r›las› için gerekli olan zamand›r. ARI skorlar›-
n›n daha büyük olmas›, difl yüzeyinde daha
fazla miktarda adezivin kald›¤›n› ve bu kal›n-
t›lar›n uzaklaflt›r›lmas› için daha fazla zama-
na ihtiyaç duyuldu¤unu göstermektedir. Fa-
kat, debonding ifllemi s›ras›nda mine yüze-
yinde herhangi bir k›r›lmaya yol açmamak
için adezivin mine yüzeyinde kalmas› daha
uygun olabilir (20). Ayr›ca, MacColl  ve arka-
dafllar› (24) debonding ifllemi s›ras›nda resin-
mine k›r›klar›n›n flordan zengin mine yüzeyi-
nin uzaklaflt›r›lmas›na yol açt›¤›n› göstermifl-
lerdir. Minenin yap›sal bütünlü¤ünün bozul-
mas› daha çok tercih edilen rezin-braket k›r›l-
mas› ile önlenebilir.

SSOONNUUÇÇ
Farkl› kaide dizayn›na sahip bir konvansio-

nel braket ve iki kendinden kilitli braketten

diagonal configured foil mesh base which
was brazed under the bracket, whereas Smart
Clip had a micro-etched horizontal and verti-
cal configured foil mesh base which was la-
ser welded. Time 2 brackets had a micro-etc-
hed quadra grip design.  The welding techni-
que has been improved in contemporary
brackets which eliminate weld spots that inf-
luence the bond strength negatively (23). La-
ser welding in Smart Clip and brazing the fo-
il meshes to the bracket base in Synergy brac-
kets are some efforts to improve bond
strength. Despite of these efforts for impro-
ving bracket base designs, similar bond
strengths were determined with all of the gro-
ups with different bracket base morphologies
tested in this study. And SBS for all groups
were clinically acceptable. This finding was
compatible with some previous studies
(23,24); which was contrary to some other in-
vestigations (9,10)

There were no statistically significant diffe-
rences among the three groups in the ARI
scores. Most of the specimens demonstrated
an ARI score of 3 meaning that bond failures
were within the bracket and resin interface
which is in accordance with some studies.
(5,20,21). The reason for this could be some
other variables such as micro mechanical
lock associated between the resin-enamel in-
terface when compared with the macro mec-
hanical lock between the resin-bracket inter-
face. Yet, the clinical significance of adhesive
remnants is the required time for clean-up
procedures. Greater ARI scores demonstrate
that great amount of adhesive was left on the
tooth structure and more chair time is requi-
red for clean-up procedures. However, it can
be argued that it may be better for the adhe-
sive to remain on the enamel, so as not to
cause any fracturing of enamel during the de-
bonding process (20). Also, MacColl et al.
(25) demonstrated that resin-enamel fractures
cause removal of surface enamel, which is
rich of fluoride, during debonding procedure.
Structural integrity of the enamel is prevented
by resin-bracket fracture which could be as-
sociated as more favorable.

CCOONNCCLLUUSSIIOONN
All of the three groups with different base
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oluflan her 3 grup da klinik olarak kabul edi-
lebilir yap›flma kuvveti göstermifltir. ARI skor-
lar› aras›ndaki farklar ise istatistiksel olarak
anlaml› de¤ildir ve k›r›lmalar›n birço¤u rezin-
braket arayüzünde meydana gelmifltir. ‹ntrao-
ral olarak ba¤lanma baflar›s›n› de¤erlendiren
daha fazla say›da çal›flma yap›lmal›d›r.

designs, one conventional bracket (Synergy;
diagonal configured foil mesh base)  and two
self-ligating brackets (Smart Clip; micro-etc-
hed horizontal and vertical configured foil
mesh base, Time 2; micro-etched quadra grip
base) demonstrated similar and clinically ac-
ceptable mean shear bond strengths in vitro.
ARI scores were not statistically significant
and most of the fractures were within resin-
bracket interface. Further studies should be
carried out for bond survival rates intraorally.

KKAAYYNNAAKKLLAARR//RREEFFEERREENNCCEESS

1. Newman GV. Epoxy adhesive for orthodontic attach-
ments: Progress report. Am J Orthod 1965;51:901-912.

2. Harradine NW. Self ligating brackets: where are we
now? J Orthod 2003;30:262-273. 

3. Miles PG, Weyant RJ, Rustveld L. A clinical trial of Da-
mon 2 vs conventional twin brackets during initial
alignment. Angle Orthod 2006;76:480-485.

4. Pandis N, Polychronopoulou A, Eliades T. Failure rate
of self-ligating and edgewise brackets bonded with
conventional acid etching and a self-etching primer: a
prospective in vivo study. Angle Orthod 2006;76:119-
122.

5. Northrup RG, Berzins DW, Bradley TG, Schuckit W.
Shear bond strength comparison between two ortho-
dontic adhesives and self-ligating and conventional
brackets. Angle Orthod 2007;77:701-706.

6. Sorel O, El Alam R, Chagneau F, Cathelineau G. Com-
parison of bond strength between simple foil and laser
structured base retention brackets. Am J Orthod Den-
tofacial Orthop 2002;122:260-266.

7. Droese V, Diedrich P. The tensile bonding strength of
metal plasma coated bracket bases. Fortschr Kieferort-
hop 1992;53:142-152.

8. Smith NR, Reynolds IR. A comparison of three bracket
bases: an in vitro study. Br J Orthod 1991;18:29-35.

9. Sharma-Sayal SK, Rossouw PE, Kulkarni GV, Titley KC.
The influence of orthodontic bracket base design on
shear bond strength. Am J Orthod Dentofacial Orthop
2003;124:74-82.

10. Wang WN, Li CH, Chou TH, Wang DD, Lin LH, Lin
CT. Bond strength of various bracket base designs. Am
J Orthod Dentofacial Orthop 2004;125:65-70.

11. Baflçiftçi FA, Üflümez S, Malkoç S, Orhan M. Farkl›
braket taban özelliklerinin tutuculu¤a etkisinin incelen-
mesi. Turkish J of Orthod 2006;19:11-20.

12. von Fraunhofer JA, Allen DJ, Orbell GM. Laser etching
of enamel for direct bonding. Angle Orthod
1993;1:73-76.

13. Årtun J, Bergland S. Clinical trials with crystal growth
conditioning as an alternative to acid-etch enamel pret-
reatment. Am J Orthod 1984;85:333-340.

14. Reynolds IR, von Fraunhofer JA. Direct bonding of ort-
hodontic attachments to the teeth: the relation of adhe-
sive bond strength to gauze mesh size. Br J Orthod
1976;3:91-95.

15. Reynolds JR. A review of direct orthodontic bonding.
Br J Orthod 1975;2:171-178.

16. Keizer S, ten Cate JM, Arends J. Direct bonding of ort-
hodontic brackets. Am J Orthod 1976;69:318-27.

17. Fowler CS, Swartz ML, Moore BK, Rhodes BF. Influen-
ce of selected variables on adhesion testing. Dent Ma-
ter 1982;8:265-269.

18. Lalani N, Foley TF, Voth R, Banting D, Mamandras A.
Polymerization with the argon laser: curing time and
shear bond strength. Angle Orthod 2000;70:28-33.

19. Bishara SE, Olsen ME, Damon P, Jakobsen JR. Evaluati-
on of a new light-cured orthodontic bonding adhesive.
Am J Orthod Dentofacial Orthop 1998;114:80-87.

20. D'Attilio M, Traini T, Di lorio D, Varvara G, Festa F, Tec-
co S. Shear bond strength, bond failure, and scanning
electron microscopy analysis of a new flowable com-
posite for orthodontic use. Angle Orthod 2005;75:410-
415.

21. Rock WP, Abdullah MS. Shear bond strengths produ-
ced by composite and compomer light cured ortho-
dontic adhesives. J Dent 1997;25:243-249.

22. Maijer R, Smith DC. Variables influencing the bond
strength of metal orthodontic bracket bases. Am J Ort-
hod 1981;79:20-34.

23. Bishara SE, Soliman MM, Oonsombat C, Laffoon JF, Aj-
louni R. The effect of variation in mesh-base design on
the shear bond strength of orthodontic brackets. Angle
Orthod 2004;74:400-404.

24. Algera TJ, Kleverlaan CJ, Prahl-Andersen B, Feilzer AJ.
The influence of different bracket base surfaces on ten-
sile and shear bond strength. Eur J Orthod
2008;30:490-494. 

25. MacColl GA, Rossouw PE, Titley KC, Yamin C. The re-
lationship between bond strength and orthodontic
bracket base surface area with conventional and mic-
ro-etched foil-mesh bases. Am J Orthod Dentofacial
Orthop 1998;113:276-281.

özer  5/26/09  10:40 AM  Page 44


