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ÖZET

Direkt bonding, sabit ortodontik apa-
reyleri yap›flt›rmak için seçilmifl bir yön-
temdir. Bu sabit apereyler çeflitli bonding
kaideleri ile üretilmifltir. Bu çal›flman›n
amac› 6 de¤iflik braket  kaide tipinin kop-
ma dayan›m› (shear bond strengths -SBS)
ile k›r›lma özelliklerinin karfl›laflt›r›lmas›-
d›r. Standart mesh base (Ultraminitrim-
Dentaurum,Germany), supermesh ba-
s e ( M i c r o a rch-GAC,USA), ‹ntegral ba-
se(Dyna-lock, 3M Unitek, USA and Mic-
roloc GAC, USA), Micro-etched base
(Minitiature Twin,3M Unitek) ve laserle
yap›land›r›lm›fl kaideli (Discovery-Den-
taurum,Germany) braketler kullan›lm›flt›r.
Her tipten 20 braket olmak üzere 120
bonding kaide haz›rlanarak Transbond
XT (3M Unitek,USA) kullan›larak bond-
land›. Tüm gruplardaki kopma dayan›m›-
n› ölçmek için bir test makinesi (Model
500, Testometric, Lancashire, England)
kullan›lm›flt›r. Debondingden sonra bra-
ket üzerinde kalan adeziv miktar›  ARI
(adesive art›k indeksi) indeksine göre he-
saplanm›flt›r. ANOVA testi alt›  grup ara-
s›ndaki önemli istatistiksel farklar› aç›¤a
ç›karm›flt›r.(p<0.005). Duncan  test so-
nuçlar›na göre en yüksek SBS de¤eri laser
treated discovery braketleri ile elde edil-
m i fl t i r. Bunu Micro-lock ve Miniature
Twin braketleri izlemifltir. Son ikisi tara-
f›ndan ç›kar›lan SBS  de¤eri  düflüktü fa-
kat laserle yap›land›r›lm›fl braketlerle ara-
s›nda istatistiksel olarak önemli bir farkl›-
l›k yoktu. En düflük SBS’yi Microarch bra-
keti ç›karm›flt›r. Bizim çal›flmam›zdan el-
de edilen sonuçlara göre, braket kaide di-
zayn›ndaki fakl›l›klar kopma dayan›m›n-
da önemli farkl›l›klara yol açabilir. Mic-
roloc, Miniature Twin ya da Discovery
kaideler yüksek kopma dayan›m› de¤er-
lerine ulaflmak için ve bond kuvveti çal›fl-
malar›nda daha fazla bir rezin-mine
bond kuvvet de¤erleri aç›¤a ç›karmak
için tercih edilebilir.(Türk Ortodonti Der -
gisi 2006;19:141-150)

Anahtar Kelimeler: Braket taban› tipi,
Ba¤lanma dayan›m›, 

SUMMARY

Direct bonding is the method of choi -
ce for attaching fixed orthodontic appli -
ances. These fixed appliances are produ -
ced with various bonding bases. The pre -
sent study aims to compare shear bond
strengths (SBS) and fracture characteris -
tics of the bracket adhesive interface of
six different bracket base types. 

Standard mesh base (Ultraminitrim-
Dentaurum, Germany), Supermesh base
(Microarch- GAC, USA ), Integral base
(Dyna-Lock, 3M Unitek, USA and Micro -
loc GAC, USA), Micro-etched base (Mi -
niature Twin, 3M-Unitek), and laser
structured base (Discovery-Dentaurum,
Germany) brackets were used. Twenty
brackets of each type were bonded to
specially constructed 120 bonding bases
with Transbond XT (3M Unitek, USA). A
testing machine (Model 500, Testometric,
Lancashire, England) was used to evalua -
te shear bond strengths for all groups. Af -
ter debonding, the amount of residual ad -
hesive on the bracket was assessed ac -
cording to the adhesive remnant index
(ARI). ANOVA revealed statistically signi -
ficant differences among the 6 groups
tested (P<0.05). According to the results
of Duncan’s test highest SBS was achie -
ved by laser treated Discovery brackets.
This was followed by Micro-loc and Mi -
niature Twin brackets. The SBS achieved
by the latter two were lower but the dif -
ference with laser structured Discovery
was statistically insignificant. The lowest
SBS was achieved by Microarch bracket.
From the results obtained in our study,
we suggest that differences in bracket ba -
se design may lead to significant differen -
ces in shear bond strengths. Micro-loc,
Miniature Twin or Discovery bases may
be preferred to achieve higher shear
bond strengths values and to reveal more
accurate resin-enamel bond strength va -
lues in bond strength studies.(Turkish J
Orthod 2006;19:141-150)

Key Words : : Bracket base design, Shear
bond strength
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G‹R‹fi
Newman’›n(1) 1965 y›l›nda prosedürü ilk

tarif etti¤inden beri direct-bonded ortodontik
braketlerin kullan›m› h›zl› bir art›fl göster-
mektdir.Bugün Direkt bonding, sabit orto-
dontik apareyleri yap›flt›rmak için seçilmifl bir
yöntemdir ve çeflitli direct-bonding kaideleri
mevcuttur. Bununla beraber; tedavi s›ras›nda-
ki bonding hata s›kl›¤›, üreticileri braket re-
tansiyon mekanizmalar›n› gelifltirmeye sevk
etmektedir. Çünkü ço¤u braket kaidesi mine-
ye yada rezine kimyasal olarak yap›flmaz;
mekanik retansiyonu de¤iflik dizaynlarda ge-
lifltirmek için çaba harcanmaktad›r. Klinik
kullan›m için birçok braket kaide dizayn›
mevcuttur.(2,3) 

Braket kaidesinin boyutu ve dizayn›n› da
içeren birçok faktör braketlerin yap›flma kuv-
vetine etkilidir. Daha estetik metal bonded
apareylere talepteki art›fl, di¤erlerinin aras›n-
da braketlerin ebat›nda ve kaidelerinde azal-
maya önderlik etmektedir. Bundan dolay›
braket kaidesinin daha küçük tutucu alan›,
yap›flma kuvvetine etki eden bir de¤iflken-
dir.(2,3) Ba¤lant›, ortodontik kuvvetleri ve
çi¤neme bas›nçlar›n› da¤›tabilmeli, estetik ol-
mal› ve tedavi sonunda kolayl›kla ç›kar›labil-
melidir. (4)

Braket kaidesinin tutuculuk mekanizmas›
kimyasal, mekanik ya da ikisinin kombinas-
yonu fleklinde olabilir.(5) Mesh-pad tutuculuk
için en çok kullan›lan sistemdir. Mesh-pad’le-
rin tutuculuk mekanizmas›, Newman raporu-
nu yay›nlad›¤›ndan beri iyi bilinmektedir. Bu
de¤iflkenlerin gelifltirilmesi birçok araflt›rma
projesinin hedefidir.(6-14) Yak›n geçmiflte ya-
p›lm›fl bir çal›flmada, lazerle yap›land›r›lm›fl
kaide tutuculu¤unun yeni bir tipinin  debon-
ding özellikleri tehlikeye at›lmadan mesh ta-
bakas› vas›tas› ile çift  bonding kuvvetini üret-
ti¤ini bulundu.(15) Kaidenin ebad› ve kaide
dizayn› bond kuvvetini etkileyebilir. Bu çal›fl-
man›n amac›, çeflitli üreticiler taraf›ndan üre-
tilen ve biribirine benzemeyen kaide dizayn
ve boyut kombinasyonlar› ile sunulan 6 fark-
l› retantif kaidenin kopma dayan›m› (SBS) ve
debonding ara yüz da¤›l›mlar›n› de¤erlendir-
mektir.

GEREÇLER ve YÖNTEM
Kullan›lan braketler, buna karfl›l›k gelen

üreticiler ve tür numaralar› Tablo I’de veril-
mifltir. Her tipin 20’fler braketi özel olarak
oluflturulmufl 120 yapay bonding kaidelerine
yap›flt›r›lm›fl (fiekil 1). Bu yapay bonding ka-

I N T R O D U C T I O N
The use of direct-bonded orthodontic brac-

kets has increased rapidly since the procedure
was first described by Newman1 in 1965. To-
day direct bonding is method of choice for at-
taching orthodontic appliances and various di-
rect bonding bases are available. However, the
frequency of bond failure during treatment has
prompted manufacturers to improve bracket
retention mechanisms. Because most bracket
bases do not chemically bond to enamel or re-
sin, efforts have been made to improve mecha-
nical retention with various designs. Many
bracket base designs are available for clinical
u s e .2 , 3

Several factors influence the bond strength
of brackets, including the size and design of
the bracket base. The increasing demand for a
more aesthetic metal bonded appliance has
led to, among other things, a reduction in the
size of the brackets and their bases. Therefore
the smaller retentive area of the bracket base
becomes a variable that influences bond
strength.(2,3) The attachment must be able to
deliver orthodontic forces resist and mastica-
tory loads, and be esthetic and easily removed
at the end of treatment.(4)

Bracket base retention mechanisms can be
chemical or mechanical or a combination of
b o t h .5 Mesh pad is the system most commonly
used for retention. The retention mechanism of
mesh pads has been well known since New-
man published his report.(1) The improvement
of these variables has been the goal of many
r e s e a rch projects.(6-14) In a recent study a new
type of laser structured base retention was fo-
und to produce double the bond strength pro-
duced by foil mesh without compromising de-
bonding characteristics.1 5

The size of the base and the base design
might affect bond strength. The purpose of this
study was to evaluate shear bond strength
(SBS) and debonding interface distributions of
six different retentive bases produced by vario-
us manufacturers, each representing a unique
combination of base design and size. For the
purposes of this study the null hypothesis assu-
med that different bracket bonding bases did
not produce statistically different shear bond
strength values.

M ATERIALS and METHODS
The brackets used and corresponding ma-

nufacturers and order numbers are given in
Table I. Twenty brackets of each type were
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ideleri ›fl›kla sertleflen dental restoratif rezin-

den oluflmufltur (Solitaire,Heraus Kulzer,Dor-
magen,Germany). Transbond XT’nin likid pri-

meri yapay bonding kaidesine uyguland› ve

braketler bu yüzeye üreticilerin önerdi¤i fle-
kilde Transbond XT(3M Unitek,Menroni-

a,CA,USA) ile standart usulde yap›flt›r›lm›flt›r.
Transbond XT polimerize olmadan önce rezi-

nin fazlal›¤› uzaklaflt›r›lm›flt›r. Halojen ›fl›k
kayna¤› (Hilux 350,First Medica,NC,USA)

40 saniye sertlefltirmek için kullan›lm›fl.

Debonding Prosedürü

‹yice yarlefltirilmifl örnekler bir  Universal
test cihaz›n›n (Model 500, Testometric, Lan-

cashire, England) kaide pla¤›na ilifltirilmifl jig
içinde korundu. Bir chisel-edge pistonlu  ma-

kinan›n hareket edebilen piston bafl›na yerlefl-

tirildi ve öndeki ucu ortodontik adeziv  ile
braket kaidesinin arayüzüne  yöneltilerek po-

z i s y o n l a n d › r › l m › fl t › r. Dakikada 0,5 mm’lik pis-
ton bafl› h›z› kullan›ld› ve braketin debondin-

gi için maximum yükleme gerekti¤i kaydedil-
di. Braketleri ç›kartmak için gerekli kuvvet

Newton cinsinden ölçülmüfl ve braket kaide

bonded to specially construct 120 artificial
bonding bases (Figure 1). These artificial bon-
ding bases consisted of light curing dental res-
torative resin (Solitaire, Heraus Kulzer, Dorma-
gen, Germany). The liquid primer of Tr a n s b o n d
XT was applied to the artificial bonding base
and the brackets were bonded on this surface
with Transbond XT (3M Unitek, Monrovia, CA,
USA) in a standard manner, as suggested by the
m a n u f a c t u r e r. Any excess resin was removed
with an explorer before Transbond XT was
polymerized. A halogen light source (Hilux
350; First medica, NC, USA; light intensity,
550 mW/cm2) was used for curing for 40 se-
c o n d s .

Debonding Procedure
The embedded specimens were secured in

a jig attached to the base plate of a universal
testing machine (Model 500, Testometric, Lan-
cashire, England). A chisel-edge plunger was
mounted in the movable crosshead of the tes-
ting machine and positioned so that the lea-
ding edge aimed the bracket base/orthodontic
adhesive interface. A crosshead speed of 0.5
mm per min was used and the maximum load
necessary to debond the bracket was recorded.
The force required to take of the brackets was
measured in Newtons (N) and the shear bond
strength (1 MPa = 1 N/mm2) was then calcula-
ted by dividing the force values by the corres-
ponding bracket base area. (Table I)

Residual Adhesive
After debonding, all teeth and brackets we-

re examined under 10 x magnifications. A n y
adhesive remaining after bracket removal was
assessed with the modified Adhesive Remnant
I n d e x1 6 , 1 7 and scored with respect to the amo-
unt of resin material adhering to the bracket
base surface. 

The ARI scale has a range between 5 and 1,
with 1 indicating that no composite remained

fiekil 1: Test düzene¤i.

Figure 1: Test design.

Marka / Brand Üretici / Kod # / Order # Taban Özellikleri/ Taban Alan› / 
Manufacturer Base Structure Base surface 

area mm2

1 Discovery Dentaurum 790-132-00 Lazerle pürüzlendirme/  12.7
Laser treated

2 Miniature Twin 3M Unitek 017-203 Micro etched 9.5

3 Micro-loc GAC 37-221-32 Integral 14.0

4 Ultraminitrim Dentaurum 790-011-90 Izgaral› / Foil mesh 11.0

5 Dyna-Lock 3M Unitek 018-405 Integral 14.0

6 Microarch GAC 72-121-00 Üç katl› ›zgara/ 10.6
Threeply enhanced 
mesh base

Tablo I: Kullan›lan braketler.

Table I: The brackets used .
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alanlar›na karfl›l›k gelen  güç de¤erleri bölü-
nerek kopma dayan›m› hesapland›. (Tablo I).

Art›k Adeziv
Tüm difller ve braketler debonding sonras›

10 kat›n alt›nda büyütülerek incelenmifltir.
Braket ç›kar›lmas›ndan sonra arta kalan az
miktardaki adeziv, Modifiye Adeziv Remnant
(ARI) ‹ndeksi 16-17 ile hesapland› ve braket
kaide yüzeyine ba¤l› kalan rezin materyali
miktar›na göre puanland›r›lm›flt›r. ARI skalas›
5 ile 1 aras›nda numaraland›r›lm›fl; 1- Braket
kaidesinde hiç kompozit kalmad›¤›n›, 2-
%10’dan daha az kompozitin braket kaide-
sinde kald›¤›n›, 3- %10’ dan daha fazla fakat
%90’dan daha az kompozitin braket kaide-
sinde kald›¤›n›, 4- %90’dan fazla kompozitin
kald›¤›n› ve 5- Braket kaidesinin izi ile bera-
ber tüm kompozitin braket kaidesinde kald›-
¤›n› göstermektedir. ARI skorlar› bonding yü-
zeyi, adeziv ve braket alanlar› aras›ndaki
bondlama baflar›s›zl›¤› alanlar›n› daha kap-
saml› tan›mlamada  kullan›ld›.

‹statistiksel Analiz
Minimum ve maksimum de¤erleri, stan-

dart sapma ve ortalamalar› içeren tan›mlay›c›
istatistik, test edilen 6 grubun her birinde he-
sapland›. Ortalamalar›n karfl›laflt›r›lmas›
ANOVA ve Duncan testleri kullan›larak ya-
p›lm›flt›r. Chi-Square testi farkl› gruplar ara-
s›ndaki ARI skorlar›ndaki önemli farkl›l›klar›
belirlemede kullan›ld›. Tüm istatistiksel ana-
lizler SPSS (software package) kullan›larak
yap›ld›.

BULGULAR
Kopma dayan›m› Karfl›laflt›rmalar›:
Test edilmifl çeflitli gruplar›n kopma daya-

n›m› için tan›mlay›c› istatistikler Tablo II’de
gösteriliyor. ANOVA test edilmifl 6 grup ara-
s›ndaki önemli farkl›l›klar› istatistiksel olarak
aç›¤a ç›kard›. böylece geçersiz hipotezler
reddedildi. Duncan testinin sonuçlar›na göre
en yüksek SBS lazerle yap›land›r›lm›fl Disco-
very braketleri taraf›ndan baflar›ld›. Bunu
Microloc ve Miniature-Twin izlemifltir. Bu iki-
si ile oluflan SBS düflüktü, fakat lazerle yap›-
land›r›lm›fl Discovery ile fark istatistiksel ola-
rak önemsizdi. En düflük SBS, GAC’›n Micro-
arch braketleri ile oluflturuldu.

ARI (Art›k Adeziv ‹ndeksi) karfl›laflt›rmalar›
Chi-Square sonuçlar›n›n karfl›laflt›r›lmas›

test edilmifl 6 grup aras›nda önemli farkl›l›k-

on the bracket base; 2, less than 10% of the
composite remained on the bracket base; 3,
more than 10% but less than 90% remained on
the bracket base; 4, more than 90% of the
composite remained; and 5, all the composite
remained on the bracket base, along with the
impression of the bracket base. The ARI scores
were used as a more comprehensive means of
defining the sites of bond failure between the
bonding surface, the adhesive, and the bracket
base. 

Statistical Method
Descriptive statistics including the mean,

standard deviation, and minimum and maxi-
mum values were calculated for each of the six
groups tested. Comparisons of means were
made using A N O VA and Duncan’s tests. The
Chi square test was used to determine signifi-
cant differences in the ARI scores among diffe-
rent groups. All statistical analyses were perfor-
med using the SPSS software package (SPSS for
Windows, version 10.0.1, SPSS Inc., Chicago,
IL, USA).

R E S U LT S

Shear bond strength comparisons

The descriptive statistics for the shear bond

strengths of the various groups tested are pre-

sented in Table II. A N O VA revealed statistically

significant differences among the 6 groups tes-

ted (P<0.05). The null hypothesis was thus re-

jected. According to the results of Duncan’s

test highest SBS was achieved by laser treated

Discovery brackets. This was followed by Mic-

ro-loc and Miniature Twin. The SBS achieved

by the latter two were lower but the difference

with laser structured Discovery was statistically

insignificant. The lowest SBS was achieved by

M i c r o a rch bracket of GAC.

Adhesive remnant index (ARI) comparisons

The results of the chi-square comparisons

indicated that there were significant differen-

ces among the six groups tested (Table II) (P≤

0.001). There was a greater frequency of A R I

scores of 5 with Discovery, Miniature Twin and

Micro-loc groups which indicated that failures

were mainly in the adhesive-composite bon-

ding base interface and some cohesive failures

within the resin were also observed (Table III).

In Ultraminitrim, Dyna-lock and Microarc h

bracket the failures were mostly adhesive at the

bracket/orthodontic composite resin interface.
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lar oldu¤una iflaret etti. Baflar›s›zl›¤›n bafll›ca
adeziv-kompozit ara yüzeyinde oldu¤unu ve
incelenen rezinin içindeki koheziv hatalar-
dan kaynakland›¤›n› gösteren Discovery, Mi-
niature Twin ve Micro-loc gruplarda ARI de-
¤eri 5 bulundu. Ultraminitrim, Dyna-lock ve
Micro-Arch brakette baflar›s›zl›klar ço¤unluk-
la braket ile ortodontik kompozit rezin ara
yüzündeki adezivdeydi (Table III).

TARTIfiMA
Braket kaidesi morfolojisi; rezin parçalar›-

n›n geometrisini ve rezin/braket kaidesi ara-
yüzündeki stres da¤›l›m›n› tayin ederek bra-
ket kaidesi/ortodontik kompozit rezin arayü-
zündeki kuvveti etkileyebilir. Ek olarak, ›fl›¤›n
penetrasyonu ve ›fl›kla aktive olan materyalin
polimerizasyonu kaide morfolojisinden etki-
lenebilir. Buonocore(18) ve Silverstone(19)
’dan beri pek çok araflt›rmada mine yüzeyine
bondingi ve braket kaidesindeki retansiyon
mekanizmas›n› gelifltirmek için birçok araflt›r-
ma yap›lmaktad›r. Bu çal›flmada de¤iflik tip-
lerde mekanik retansiyon mekanizmal› 6 tip
metal braket k›yasland›. Sonuçlar aç›k olarak
yap›flma kuvvetinin braket kaidesinin retansi-
yon mekanizmas›ndan etkilendi¤ini gösterdi.
Bu çal›flmada, braket kaide dizayn›ndaki de-
¤iflikliklere yüklenebilecek SBS’deki önemli
varyasyonlar› garanti etmek için tek tip ade-
ziv  rezin kullan›ld›. Ayn› zamanda di¤er bir-
çok bonding sistemleri de varken, Transbond
XT, çeflitli braketlerin bu adezive tepkisini test
etmede ve standartize etmede kullan›ld›. Bu
farkl› sistemler viskozite ve ›slanabilirlik özel-
likleri aç›s›ndan genifl bir aral›¤a sahiptir. Di-

D I S C U S S I O N
Bracket base morphology can influence the

strength of bracket base/orthodontic composite
resin interface by determining the geometry (si-
ze, depth, and distribution) of resin tags and
stress distribution within the resin/bracket in-
terface. In addition, the penetration of light and
polymerization of light activated materials co-
uld be influenced by base morphology.

Much research has been undertaken to im-
prove bonding to enamel surfaces since Bu-
onocore (18) and Silverstone (19), and also to
improve the retention mechanisms on the
bracket base. In the present study, six types of
metallic brackets with different types of mec-
hanical retention mechanisms were compared.
The results clearly indicated that bond strength
was influenced by the retention mechanism of
the bracket base. In the present study, only one
type of resin adhesive was used to ensure that
any significant variations in SBS were clearly
attributable to variations in bracket base de-
sign. Transbond XT was used to standardize
and test the response of the various brackets to
this adhesive, although many other bonding
systems are also available. These different
systems have a wide range of viscosities and
wetting characteristics. Different results might
have been obtained with other cementing me-
dia. For example, lower-viscosity cement that
has better wetting characteristics on the brac-
ket base could possibly take advantage of the
l a rger number of potential mechanical hooks
provided by a bracket base with a smaller
mesh. This issue should be investigated furt-
h e r.(20) 

Grup / Group n Ortalama / Mean SS / SD test*

1 Discovery 20 11.5 3.9 A

2 Miniature Twin 20 11.4 5.1 A

3 Micro-loc 20 10.9 4.7 AB

4 Ultraminitrim 20 8.7 3.7 B

5 Dyna-Lock 20 7.3 2.8 C

6 Microarch 20 4.2 2 D

Tablo II: Tan›mlay›c›
istatistikler ve ANOVA testi
sonuçlar› (MPa).

Table II: Descriptive statistics
and the results of the ANOVA
comparing the shear bond
strengths (in MPa) of the 6
groups tested.

ARI

Grup / Groups 1 2 3 4 5 n test

1 Discovery 18 1 1 0 0 20 A

2 Miniature Twin 19 0 0 0 1 20 A

3 Micro-loc 20 0 0 0 0 20 A

4 Ultraminitrim 1 4 4 2 9 20 BC

5 Dyna-Lock 7 2 0 2 9 20 B

6 Microarch 1 1 1 7 10 20 C

Tablo III: Adeziv Kal›nt›
‹ndeksi (ARI) skorlar›n›n
da¤›l›m›.

Table II: Frequency
distribution of the Adhesive
Remnant Index (ARI) scores of
the 4 groups tested.
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¤er yap›flt›rma araçlar› ile farkl› sonuçlar elde
edilebilirdi. Örne¤in braket kaidesindeki da-
ha iyi ›slanabilirlik özellikleri olan düflük vis-
koziteli siman, daha  küçük a¤ yap›l› bir  bra-
ket kaidesi ile sa¤lanan birçok potansiyel me-
kanik hook üzerinde avantaj› vard›r.(20)

Üst orta kesiciler, küçük az›lar ve alt kesi-
cileri içeren farkl› türden difller ortodontik
bonding deneylerinde kullan›lmaktad›r ve
bu, farkl› laboratuvarlarda yap›lan deneyler-
de karfl›laflt›r›labilir sonuçlar›n eksikli¤ine
katk›da bulunmufltur. Premolar çekimi, diflle-
rin bir araya toplanmas›n› kolaylaflt›ran orto-
dontik tedavinin temelini olufltururken, pre-
molar kron kontur çeflitlili¤i, substrat yüzey
konsidans›n› oluflturacak denemeleri güçlefl-
tirmifltir.(21) Di¤er bir yandan, üst ve alt ke-
serler, ço¤u kez dentisyonun periodonsiyumu
taraf›ndan yeniden düzenir. Bu parametreleri
ilgilendiren hiçbir kan›t sunulmamas›na ra¤-
men d›fl tabaka yüzeylerinin içerdi¤i florid
yaflla birlikte de¤iflti¤i ve buna göre asitleme
ifllemlerinin çeflitlilik gösterdi¤i belgelendi¤i
için, böyle difllerin kullan›m›, periodontal
hastalar›n yafl oran›nda(21,22) zorlaflt›r›c›
faktörler ortaya ç›karm›flt›r. Bununla birlikte,
bu hastalara verilen farmasötik ve inorganik
ajanlar›n adsorbsiyonu,  asitlendirme model-
lerindeki(21) belirsiz bir etkiyle mine yüzey
tabakalar›n›n reaktivitesini modifiye edebil-
mektedir..

Genellikle, deney amac›yla toplanan difl-
ler anatomik farkl›l›klar içermektedir.(23) Bu
fikri destekleyen tart›flmalar özellikle premo-
larlardaki labial mine yüzey konveksitesinde
ve profil kontürlerinde bulunan uyuflmazl›kla
alakal›d›r. Mine yüzeylerinin asitlendirilmesi,
yüksek derecede çeflitlilik gösteren tipik asit-
lendirme modellerine önderlik eder. Ayn› mi-
ne yüzeyinde seyrek bir flekilde asitlendiril-
mifl bölgelerin, prizma merkezleri ve prizma
periferlerinde sorunlu asitlendirme örnekleri
gösteren alanlara bitiflik oldu¤u bulunmufltur.
Bazen mine zay›f bir flekilde yap›land›r›lm›fl
ve granüllefltirilmifl topografi gösterir.(24) Bu
nedenle, bu çal›flmada yukar›da bahsedilen
do¤al difllerin dezavantajlar›n›n üstesinden
gelmek için, örne¤in bond kaidesi gibi, çeflit-
li etkilerinden birinin standardizasyonunu
sa¤lamak için yap›lm›flt›r.

Bu metodun klinikle ilgisinin olmad›¤› var-
say›labilir; bununla birlikte bu çal›flma  bra-
ket kaide tipinin ba¤lanma kuvvetine gerçek
etkilerinin aç›¤a ç›kart›lmas›n› amaçlar. Bu
çal›flmada önemli olan bonding alanlar›, bra-

A variety of teeth have been used in ortho-
dontic bonding experiments, including upper
central incisors, premolars, and lower incisors;
this has contributed to the lack of comparable
results among trials performed in different la-
boratories. While premolar extraction may be
integral part of orthodontic therapy, facilitating
the collection of those teeth, premolar crown
contour variations may complicate the efforts
to have substrate surface consistency.(21) On
the other hand, upper and lower incisors are
mostly retrieved from periodontal involved
dentitions. The use of such teeth introduced
the complicating factor of the age of the avera-
ge periodontal patient, since the fluoride con-
tent in the outer most surface layers have been
documented to change with age(21,22) per-
haps etching patterns vary accordingly, altho-
ugh no evidence regarding this parameter has
been presented. In addition, possible adsorpti-
on of inorganic and pharmaceutical agents ad-
ministrated to these patients might have modi-
fied the reactivity of the enamel surface layers
with an undetermined impact on etching pat-
t e r n s . ( 2 1 )

Often, experimental treatments of collected
teeth include leveling of the prospective ena-
mel surfaces by grinding in an attempt to stan-
dardize the topographic variants of the substra-
te.(23) The argument supporting this notion re-
lates to the incongruities found in the profile
contour and convexity of labial enamel surfa-
ce, particularly those of premolars. The acid
conditioning of enamel surfaces leads to cha-
racteristic etching patterns, showing a high
degree of variation. On the same enamel surfa-
ce sparsely etched areas were found adjacent
to zones that showed etching types with prefe-
rential dissolution of prism cores or prism pe-
ripheries. Sometimes the enamel shows a po-
orly structured, granulated topography. ( 2 4 )
Therefore in this study, specially constructed
composite resin bonding bases (Figure 1) were
used for the testing procedure in order to over-
come the drawbacks of using natural teeth des-
cribed above. This was done in an attempt to
ensure standardization of one of the variables
effective on bond testing studies i.e., the bon-
ding base. This method may be considered as
clinically irrelevant; however, this study aims
to reveal the actual effect of bracket base type
on bond strength. The bonding site which is
important in this study is the bracket/adhesive
interface where the surface topography of the
bracket is effective in determining the retention
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ketlerin yüzey topografisinin adeziv rezin re-
tansiyonunun belirlenmesinde etkili oldu¤u
braket/adeziv arayüzeyleridir. Bu çal›flmada
kullan›lan özel yap›land›r›lm›fl rezin kaidele-
ri braket/adeziv ara yüzeylerindeki bond ba-
flar›s›zl›klar›n› düzeltmek için bonding rezin-
leri ile birlikte çok güçlü bir ataflman sa¤lar.
Bu göstermifltir ki; braket/adeziv  arayüzeyin-
deki  bond kuvveti, suni bonding adezivi ya
da kaide adezivinin iç rezistans›ndan daha
kuvvetlidir. Bu yüzden, gerçek braket/adeziv
bond kuvveti de¤erleri, bu çal›flmada kayde-
dilmifl olan de¤erlerden mümkün oldu¤unca
yüksektir.

Bu çal›flmada Ultraminitrim, Dyna-lock ve
Microarch’›n hatal› k›s›mlar› genellikle tam
bir braket/adeziv kuvveti de¤erleri sa¤lanan
braket/adeziv arayüzeyinde oldu¤u saptand›.
Buna ra¤men Discovery,Miniature-Twin ve
Microlock gibi di¤er gruplarda; örneklerin
ço¤unda adezivlerde hatal› tip ço¤unlukla
uyum sa¤lam›flt›r. Ortodontik bonding çal›fl-
malar›n›n ço¤unlu¤u adeziv içinde uyumlu
yada karmafl›k bir baflar›s›zl›k göstermifltir;
yani kopma dayan›m› testlerinden sonra
kompozit rezinin bir k›sm› ya mine yüzeyin-
de ya da braket kaidelerinde kalmaktad›r.
Braket kaide yüzeyinde büyük bir kompozit
rezin kal›nt›s› kal›rsa elde edilen kopma da-
yan›m› de¤erleri, braket kaidesi ve kompozit
rezin aras›ndaki adeziv rezin baflar›s›zl›¤›n-
dan çok koheziv ortodontik kompozit baflar›-
s›zl›¤› oldu¤unu  gösterir. Bu yüzden, bu so-
nuçlar braket kaidesi ve ortodontik kompozit
aras›ndaki gerçek bond kuvveti de¤erlerini
de¤erlendirmede kullan›lamaz.

Lazerle yap›land›r›lm›fl kaideli braketlerin
retansiyon mekanizmas› basit foil-mesh kaide
ve di¤er braket mekanizmalar› ile karfl›laflt›-
r›ld›¤›nda en güçlü kopma dayan›m›ni sa¤la-
d›. Bu sonuçlar ayr›ca daha önce yay›mlan-
m›fl bilgilerle(25) ayn› do¤rultudad›r. Lazerle
yap›land›r›lm›fl kaidelerle elde edilmifl yük-
sek bond kuvveti de¤erleri yüzünden tedavi
s›ras›nda beklenmedik debondinglerde bir
düflüfl bekleyebiliriz; baflka bir çal›flmada bu
braketlerle yap›lan 3 y›ll›k klinik deneyler bu-
nu do¤rulamaktad›r.(25)

Ortodontik bonding’de braket kaidesi si-
man arayüzeyinin en zay›f nokta oldu¤u be-
l i r t i l m i fl t i r.(26-28) Yüzey alan›n› artt›rmak
için microetching gibi braket kaide düzenle-
meleri bond kuvvetinde(13-29) art›fla önder-
lik eden adezyonu artt›rmak için gösterilmek-
tedir. Ultraminirim gibi foil-mesh kaideli bra-

of the adhesive resin. The specially constructed
resin base used in this study provides a very
strong attachment with the bonding resin in or-
der to achieve bond failures at the bracket/ad-
hesive interface.

The artificial bonding bases and its bonded
bracket were positioned in a universal testing
machine (Model 500, Testometric, Lancashire,
England) so that the bracket slot was parallel to
the horizontal. A sharpened chisel blade was
placed at the bracket base-enamel interface,
and, using a load cell of 1 kilo Newton and a
crosshead speed of 0.5 mm/min, the bracket
was shear tested to failure. The force producing
failure was recorded in newtons and converted
into force per unit area (MPa) by dividing the
measured force values by the mean surface
area of the brackets.

In this study the failure site of Ultraminitrim,
Dyna-Lock and Micro-arch were mainly loca-
ted at the bracket adhesive interface indicating
that accurate bracket/adhesive bond strength
values were achieved. However, in the other
groups i.e., Discovery, Miniature twin and
Micro-loc, failure type was mainly cohesive in
the adhesive in vast majority of the specimen.
This implies that the bond strength at the brac-
ket/adhesive interface is stronger than the inner
resistance of the bonding adhesive or the artifi-
cial base adhesive. Therefore, actual brac-
ket/adhesive bond strength values are possibly
higher than the values recorded in this study.
Most of orthodontic bonding studies have
shown mix or cohesive type failures within the
adhesive namely, after shear bond strength tes-
ting, a part of composite resin has remained on
either enamel surface or bracket base. If a big
part of composite resin remains on the bracket
base surface, the shear bond strength values
obtained shows cohesive failure value of ort-
hodontic composite rather than adhesive failu-
re value between the bracket base and compo-
site resin. Therefore, these results can not be
used for evaluating actual bond strength valu-
es between bracket base and orthodontic com-
p o s i t e .

The laser structured base bracket retention
mechanism provided the strongest shear bond
strength when compared with the simple foil
mesh base and other bracket retention mecha-
nisms. These results also agree with previously
published data.(25) Due to the high bond
strength values obtained with the laser structu-
red base, we can expect a decrease in unex-
pected debonding during treatment; 3 years of
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ketlerinin; Dyna-lock braketi gibi integral
milled kaideli braketlerden daha yüksek
bond kuvvetlerine sahip oldu¤u gösterilmek-
tedir.

Dyna-lock braket kaidesi, adeziv ile eksik
bir flekilde doldurulan s›¤ bir flekilde uzanan
kanallar› elde etmek için gösterilmifltir ki; bu
kaide için önerilen geliflme uygun undercut
(3,30) miktar›n› artt›racakt›. Benzer flekilde
Dyna-lock ve Micro-loc braketler gibi integ-
ral milled braketlerin bond kuvvetleri, afl›r›
doldurulmuflhighly-filled rezin siman kulla-
n›ld›¤›nda gelifltirmek için gösterildi. Trans-
bond XT afl›r› doldurulmufl rezin simand›r ve
bizim sonuçlar›m›z bu bulguyu destekler.3,31

ARI skorlar›ndaki bulgular klinisyenler için
avantajl› olabilir (Tablo III). Debonding son-
ras›difllerin %35’nin Micro-arch için o ARI
skoru vard›r difl üzerinde hemen hemen tüm
adezivi b›rakma e¤ilimi olan basit foil-mesh
braketleri ile karfl›laflt›r›ld›¤›nda, debonding
sonras› difllerin %90’ ›n›n Discovery için 5
ARI  skoru vard›r braket kaidesinde tüm ade-
ziv rezini b›rakan, lazerle yap›land›r›lm›fl ka-
ideli braketlerinde art›k b›rakmaya daha bü-
yük e¤ilim vard›r. Bundan dolay› debonding
sonras› rezin fazlas›n›n kald›r›lmas› Disco-
very braketi ile azalt›l›r.

Lazerle yap›land›r›lm›fl kaideli braketlerin-
deki bond baflar›s›zl›klar›n›n %90’dan daha
fazlas› mine-adeziv arayüzeyindedir. Bu bul-
gular, bu sistemin zay›f noktas›n›n mine/ade-
ziv arayüzeyinin oldu¤unu ya da di¤er bir de-
yiflle adheziv/braket arayüzeyinin daha güçlü
oldu¤unu gösterir. Bu yüzden,  bu braket, mi-
ne için özel adezivin bond kuvveti olarak he-
sap edildi¤i ortodontide, bond kuvvet testleri
için uygun bir seçim olabilir. Braket/adeziv
arayüzeylerinde genellikle baflar›s›z olan di-
¤er tip braketlerin kullan›m›, braket/adeziv
arayüzeyleri mine/adeziv arayüzeylerinden
önce baflar›s›zl›¤a u¤rayaca¤› için mine sima-
n›n›n do¤ru adezyon de¤erleri aç›klanamaya-
cakt›r.

SONUÇ
Çal›flmam›zda elde etti¤imiz sonuçlar›m›z

flunlard›r:
1. Lazerle yap›land›r›lm›fl Discovery(Den-

taurum),integral kaideli Micro-loc(GAC)
ve Micro-etched kaideli Miniature Twin
(3M), bu çal›flmada kullan›lan ›fl›kla sert-
leflen adezivle, mesh kaideli braketlerden
istatistiksel olarak daha iyi sonuç vermifl-
tir.

2. Bond baflar›s›zl›¤› örneklerin %90’›nda

clinical experience with this bracket have con-
firmed this in another study. ( 2 5 )

It has been reported that the bracket base-
cement interface is the weakest point in ortho-
dontic bonding.(26-28) Bracket base treat-
ments such as microetching to increase surface
area have been shown to enhance adhesion,
leading to an increase in bond strength.(13,29)
Brackets with foil-mesh bases such as Ultrami-
nitrim bracket have also been shown to have
higher bond strengths than those with integral
milled bases such as the Dyna-lock bracket.
The base of the Dyna-lock bracket was shown
to have shallow milled channels that were in-
completely filled with adhesive; a suggested
improvement for the base was to increase the
amount of available undercut.(3,30) Similarly,
bond strengths of brackets with integral milled
bases such as Dyna-lock and Micro-loc brac-
kets were shown to improve when highly filled
resin cement was used. Transbond XT is a
highly filled resin cement, and our results sup-
port this finding.(3,31) 

The findings on the ARI scores might be of
interest to the clinician (Table III). The laser
structured base brackets had a greater trend for
all of the adhesive resin to remain on the brac-
ket base after debonding (90% of the teeth had
an ARI score of 5 for Discovery), compared
with the simple foil mesh brackets, which had
a greater trend for almost all of the adhesive to
remain on the tooth after debonding (35% of
the teeth had an ARI score of 1 for Microarc h ) .
Hence, the removal of excess resin after de-
bonding is reduced with the Discovery brac-
k e t .

The laser structured base brackets had more
than 90% of bond failures at the enamel adhe-
sive interface. These findings indicate that the
weak point of this system is the enamel-adhe-
sive interface or in other words adhesive/brac-
ket interface is stronger. Therefore this bracket
might be a suitable choice for bond strength
testing in orthodontics where bond strength of
a specific adhesive to enamel is being asses-
sed. Use of other type of brackets which usu-
ally fail at the bracket/adhesive interface will
not be able to reveal the true adhesion values
of a cement to enamel as the bracket/adhesive
interface will fail before the enamel/adhesive
interface does.

C O N C L U S I O N S
From the results obtained in our study, we

concluded that:



Turkish Journal of Orthodontics 2006;19:141-150
149

Btaket Kaidesi ve Tutuculuk
Bracket Base and Shear Bond Strength

elde edilmifl 5 ARI skoru ile lazerle yap›-
land›r›lm›fl kaidelerde braket/adeziv ara-
yüzeyi d›fl›nda ve örneklerin %35 inde el-
de edilmifl 0 ARI skoru ise basit foil-mesh
kaidelerde braket adeziv arayüzeyinde
yerleflmifltir.

3. Lazerle yap›land›r›lm›fl Discovery(Den-
taurum), integral kaideli Micro-loc(GAC)
ve Micro-etch kaideli Miniature-Tw i n
(3m) braket bilimsel çal›flmalarda tam bir
ortodontik adeziv/mine bond kuvvet de-
¤erleri aç›¤a ç›karmak için ve klinik du-
rumlarda bond kuvvetini gelifltirmek için
tercih edilebilir.

- The laser structured Discovery (Dentau-
rum), integral based Micro-loc (GAC) and
microetched based Miniature Twin (3M)
performed statistically better than the mesh
based brackets with the light cure adhesive
used in this study. 

- Bond failure is located out of the brac-
ket/adhesive interface with the laser struc-
tured base, with an ARI score of 5 obtained
in 90% of the specimens and at the brac-
ket-adhesive interface with the simple foil
mesh base, with an ARI score of 1 obtained
in 35% of the specimens. 

- The laser structured Discovery (Dentau-
rum), integral based Micro-loc (GAC) and
microetched based Miniature Twin (3M)
brackets might be preferred to improve
bond strength in clinical situations and to
reveal more accurate orthodontic adhesive/
enamel bond strength values in scientific
s t u d i e s .
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