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Bonding Sirasinda Uygulanan Basincin

Yapisma Kuvveti Uzerine Etkisi

Effect of Pressure Applied During

Bonding on the Bond Strength

OZET

Ortodontik braketlerin yapistirilmasi sirasin-
da uygulanan basincin, rezinle modifiye
edilmis bir cam iyonomer simanin yapisma
direncine etkisini incelemektir. Bu ¢alisma-
da ortodontik amacla ¢ekilen 45 adet pre-
molar dis, her biri 15 adet dis iceren 3 gru-
ba bolundu. Dislerin labial yiizeylerine 20
saniye streyle % 10 luk poliakrilik asit uy-
gulandi ve daha sonra 20 saniye su ile yika-
narak yapistirma oOncesinde hafif siddette
havayla kurutuldu. Rezin modifiye cam iyo-
nomer siman, Uretici firmanin onerdigi
oranlarda 30 saniye sureyle karistirildi ve
olusan karigim braket tabanina yerlestirildi.
Siman yuklenmis braketler, 6zel olarak di-
zayn edilmis bir dizenek kullanilarak g
farkli agirlikla elde edilen kuvvetler yardi-
miyla mine ylzeyine yapistirildi (A: 100gr,
B: 200gr ve C: 400gr). Dis ve braket kombi-
nasyonu 5 dakika oda sicakhiginda bekletil-
dikten sonra 24 saat siireyle 37 °C’lik su
tanklarinda bekletildi ve yapistirilan braket-
lere Lloyd LRX test cihazinda cekme testi
uygulandi. Deney gruplari arasindaki an-
lamli farkliliklar degerlendirmek igin istatis-
tiksel analiz yapildi. Uc grup icersinde B
(10.47MPa) en yiiksek ve C (7.77 MPa) en
dusuk gerilme kuvvetine sahipti. Tek yonlu
varyans analizi ile (ANOVA), ti¢ grubun ya-
pisma kuvvet direng degerleri arasinda %
95 gilvenilirlik seviyesinde istatiksel olarak
anlamli fark saptandi (P<0.05). Gruplar ara-
sindaki farkhliklarin degerlendirilmesinde
kullanilan Tukey HSD testi, B Grubu-
nun(10.47MPa) ortalama yapisma kuvvet
degerinin C grubundan istatistiksel olarak
anlamli bir oranda yiiksek oldugunu goster-
di. Braketlerin direk yapistirilmasi sirasinda
uygulanan basincin, rezin modifiye cam
iyonomer simanin ¢cekme yapisma direnci
tzerinde 6nemli bir etkisi vardir.

(Ttirk Ortodonti Dergisi 2005;18:55-60)

Anahtar Kelimeler: Rezin modifiye cam
iyonomer siman, Adheziv kalinligi, Cekme
yapisma direnci

SUMMARY

To investigate the effect of force level applied
during bonding of orthodontic brackets on
the bond strength of a chemically-cured
resin-modified glass ionomer cement. Forty-
five extracted human premolar teeth were
divided into 3 groups of 15 each. The labial
surfaces were pretreated with an application
of 10 per cent polyacrylic acid for 20
seconds and then rinsed with water for 20
seconds and slightly dried with a light flow of
air before bonding. Fuji Ortho is a powder
and liquid system, in which the powder and
liquid were mixed in recommended
proportions for 30 seconds and this mixture,
was applied to the bracket base. Then the
cement loaded brackets were placed to
enamel surface under 3 different loading
force (A:100 g, B:200 g and C:400 g) applied
via a specially designed bonding jig. The
excess adhesive was removed using a scaler
and magnifying glass when the samples were
under  this constant pressure. The
tooth/bracket combinations were then left
undisturbed for 5 minutes at room
temperature before being stored in water at
37°C for 24 hours. The bonded brackets
were subjected to tensile test on a Lloyd LRX
testing machine. The data was analyzed
statistically to determine the significance of
differences between experimental groups.
Analysis of variance showed significant
differences between the mean tensile bond
strengths of groups at the 95 % level of
confidence (p <0.05). The grouping of these
differences by Tukey's HSD multiple-range
test indicated that the brackets bonded under
200 grams of force (B) showed significantly
higher mean tensile bond strength (10.47
MPa) than that of the brackets bonded under
400grams of force(C). The force level applied
during the direct bonding had an important
affect on the tensile bond strength of the
resin-modified glass ionomer cement.
(Turkish | Orthod 2005;18:55-60)
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GIRIS

Son 20 yilda gelistirilen rezin modifiye
cam iyonomer simanlarin ortodontik braket-
lerin yapistirlmasinda kullanilmasi, mineye
kimyasal olarak yapisabilmesi, agiz ortamin-
daki flor iyonlarini abzorbe edebilme ve tek-
rar ortama salabilme yetenegine sahip olma-
st ve mine ylizeyine daha az zararli olmasi gi-
bi pek cok avantajlar saglamaktadir (1,2). An-
cak avantajlarinin yani sira bu simanlarin
uzun siiren sertlesme reaksiyonuna sahip ol-
masi ve baslangic yapisma direncinin distik
olmasi gibi dezavantajlari da vardir (2).

Ortodontik braketlerin direk yapistiriimasi
klinikte rutin uygulanan bir islemdir. Bu islem
sirasinda braket tabanina bonding materyali
yerlestirildikten sonra braket kenarlarindan
artik adheziv tasana kadar mine yizeyine
dogru belirli bir basingla ile bastirihr (3). Bu
basing, pek cok faktére bagl olarak degis-
kenlik gosterir ve bunun sonucunda braket ve
mine ylzeyi arasinda farkl adheziv kalinlik-
lari sekillenir. Bununla birlikte lingual orto-
dontide oldugu gibi atipik kron morfolojisini
kompanse etmek icin adheziv kalinligi istege
bagli olarak artirilabilir. Ancak unutulmama-
lidir ki optimum yapisma direnci elde etmek
icin minimal adheziv kalinligi olmasi gerekir
(4). Adheziv kalinligindaki asiri artis, polime-
rizasyon buziilmesinde artisa ve bununla bir-
likte yapisal bozukluklar olusturarak braket
ve mine ylzeyi arasinda zayif bir baglantiya
neden olabilmektedir (5). Buna karsit olarak
yapilan bir calismada 1Tmm’lik adheziv kalin-
liginin optimum degerleri olusturdugu ve bu-
nun altindaki kalinhklarda daha distk yapis-
ma direncleri elde edildigi bildirilmektedir
(6).

Bu calismanin amaci, ortodontik braketle-
rin yapistirllmasi sirasinda uygulanan basin-
cin, rezin modifiye cam iyonomer simanin
mesh tabanli metal braketle mine yiizeyi ara-
sinda gerceklestirdigi yapisma direncine etki-
sini incelemektir.

GERECLER ve YONTEM

Bu calismada 14-17 yaglarindaki hastalar-
dan ortodontik amacla cekilen 45 adet pre-
molar disi kullaniimistir. Deneylerde kullani-
lan disler, beyaz 1sik kaynagi altinda mine yi-
zeyinde catlak, ciirtik, cekim travmasi ya da
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INTRODUCTION

Improved during the last two decades, the
Resin Modified Glass lonomer Cement
(RMGIC) takes advantage of bonding
chemically to enamel, is able to absorb and
release flour ions in the mouth, and is less
harmful to the enamel surface for orthodontic
brackets bonding (1,2). However, besides
these advantages it also has disadvantages
such as a long term polymerization period
and low initial bond strength (2).

Direct bonding of orthodontic brackets is
used as a routine clinical procedure. It was
suggested that after the bonding material is
placed on the back of the bracket, the loaded
bracket should be pressed to place against
the enamel surface, causing the excess
bonding material to be expressed around the
edges (3). This applied pressure might change
according to clinician and thus, different
adhesive thickness will be formed. Although
orthodontic  procedures require
different adhesive thickness such as a very
thick adhesive layer forming at indirect
bonding especially in lingual orthodontics, a
minimal adhesive thickness has been
reported necessary to achieve optimal bond
strength. But, it has to be considered that to
obtain optimum bond strength it is necessary
to have minimal adhesive thickness (4).
Increased thickness also has been reported to
weaken the joint because of the introduction
of imperfections and increased
polymerization shrinkage (5). Contrary it has
been reported, T mm of adhesive thickness
provides optimum values and below this
thickness causes lower bond strength (6).

The purpose of this study was to
investigate the effect of pressure applied
during bonding on the tensile bond strength
of chemically cured resin-modified glass
ionomer cement, between enamel surface
and mesh based orthodontic brackets.

some

MATERIALS and METHODS

In this study forty-five extracted human
premolar teeth extracted from 14-17 year old
patients undergoing orthodontic treatment
were used. The enamel surface of teeth is
examined at light X4 magnification for
perfect buccal enamel, with no caries, no
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celenerek segildi. Calismamizda mesh taban-
[1 .018x.030 inch slotlu paslanmaz celik pre-
molar braketleri (Midi Diagonali Leone Sesto,
Fiorentino, Italy) kullanildi. Dislerin labial
ylizeylerine 20 saniye streyle % 10’luk poli-
akrilik asit uygulandi. Poliakrilik asit 20 sani-
ye sureyle su ile yikandiktan sonra yapistir-
madan once hafif basingh hava ile kurutuldu.
Toz ve likitten olusan, kimyasal olarak sertle-
sen rezin modifiye cam iyonomer siman (Fu-
ji Ortho, GC Corporatrion, Tokyo, Japan),
uretici firmanin onerdigi oranlarda 30 saniye
stireyle kanistirilarak, olusan karisim braket
tabanina ytklendi. Siman ytiklenmis braket-
ler, 6zel olarak dizayn edilmis bir diizenekte
(Sekil 1), tic farkli agirlikla elde edilen farkl
kuvvetler yardimiyla mine yiizeyine yerlesti-
rildi (100gr=A, 200gr=B ve 400gr=C). Her bir
grupta 15 dis kullanildi. (Sekil 1)
Kenarlardan tasan rezin modifiye cam iyo-
nomer siman, bir sond yardimiyla braket tize-
rindeki basing kaldirllmadan temizlendi. Dis
braket kombinasyonu sertlesme reaksiyonu-
nu tamamlamasi amaciyla 5 dakika sureyle
oda 1sisinda bekletildikten sonra, 24 saat
37°C de distile su icerisinde bekletildi. Cahs-
mamizda ¢ekme kuvveti testi, Lloyd LRX ale-
ti (Lloyd Instruments Plc., Fareham, Hamps-
hire, England) ile yapildi (Sekil 2). Cekme
kuvveti Tmm/dakika olarak tespit edildi. Test
stiresince kopma kuvvetlerindeki artis, maki-
nenin tzerindeki dijital ekrandan izlendi ve
kopma anindaki maksimum kuvvet Newton

4

Diagonali Leone Sesto, Fioreentino, ltaly)
standard 0.018 x 0.030 inches slot size
stainless steel premolar brackets. Labial
surfaces of the teeth were acid etched with
10 per cent polyacrylic acid for 20 seconds
and then rinsed with water for 20 seconds
and slightly dried with a light flow of air
before bonding. Fuji Ortho (Fuji Ortho GC
Corporation, Tokyo, Japan) is a powder and
liquid system, in which the powder and
liquid were
proportions for 30 seconds and this mixture

mixed in recommended

Sekil 2: A) Cekme test diizenegi, B) Braket tutucunun
yakin goéruntst.

Figure 2: A) Tensile test equipment, B) Close-up view of
the cast nickel-chromium bracket holder.
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(N) olarak kaydedildi. Mine yiizeyinde olu-
san stres miktarlarinin hesaplanabilmesi icin
braket taban alanlari ¢l¢tldi (11,9mm?2) ve
gruplar icin elde edilen ortalama degerler, bu
taban alanlarina bolinerek yapisma kuvveti
MPa (Newton/mm?2) olarak elde edildi. (Sekil
2)

Elde edilen verilerin istatistiksel olarak in-
celenmesinde gruplar arasindaki farklari be-
lirlemek icin tek yonlt varyans analizi kulla-
nildi. istatistiksel olarak anlamli fark bulun-
dugunda bu farkin hangi gruplar arasinda ol-
dugunu saptamak icin % 95 gtivenlik sinirla-
rinda (p<.05) Tukey HSD testi kullanildi.

BULGULAR

Uc grup icersinde B grubunun ortalama
(10.47MPa) en yiiksek ve C grubunun ortala-
ma (7.77 MPa) en dusik ve A grubunun bu
iki deger arasinda (9.23 MPa) cekme yapisma
direncine sahip olduklari gozlendi. Tek yonli
varyans analizi (ANOVA) ile t¢ grubun ya-
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Sekil 3: Ortalama ¢ekme yapisma kuvvet degerleri.

Figure 3: Mean tensile bond strength values.
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was applied to the bracket base. Then, the
cement loaded brackets were placed to the
enamel surface under 3 different loading
forces (A=100 gr, B=200 gr and C=400 gr)
applied via a specially designed bonding jig
(Figure 1). Fifteen teeth were used in each
group. The excess adhesive was removed
using a scaler and magnifying glass when the
samples were under this constant pressure.
(Figure 1).

The tooth/bracket combinations were then
left undisturbed for 5 minutes at room
temperature before being stored in water at
37°C for 24 hours. To simulate tensile type of
forces special testing jigs (Figure 2) were
constructed and attached to the jaws of a
Lloyd LRX Material Testing Machine (Lloyd

Instruments Ple. Fareham Hampshire,
England). The peak force levels,
automatically recorded on the testing

machine, were converted to stress per unit
area (MPa) by dividing the force (Newton) by
the mean unit area of the base of the bracket
(11.9 mm_). A crosshead speed of 1 mm per
minute was used. (Figure 2)

Statistical analysis was performed using
analysis of variance (ANOVA) and any
significant differences revealed by this
procedure were further investigated using the
Tukey’s honest significant difference (HSD)
multiple-range test with a 95% confidence
limit (p <.05).

RESULTS

Group B had the highest (10.47 MPa), and
Group C had the lowest (7.77 MPa) mean
tensile bond strengths of the three groups.

Tablo I: Gruplarin gekme yapisma direncleri degerleri icin tanimlayici

1sma kuvvet direnc degerleri arasin-
P12 § & istatistik.

da % 95 guvenilirlik seviyesinde ista-
tistiksel olarak anlamli fark bulundu
(P<0.05). Gruplar arasindaki farklilik-

Table I: Descriptive Statistics, of Tensile Bond Strength for Each Group.

o . . whral .| Muk,-Min, Tukay's
larin degerlendirilmesinde kullanilan IM;?# ’ M:\:-‘Min./ Heys
: Grup/ N

Tukey HSD tes.tl, ortalama yapisma Group MPa, MPs) MFs, HSDO*
kuvvet degerlerinde, B Grubunun or-

. - i 0 w23 22 T Tl-iaTn Q0]
talama cekme yapisma direncinin
(10.47MPa) C grubundan istatistiksel B 10 o 17 2 ke R .
olarak anlamli oranda yiiksek oldu- c 0 7,77 137 LG3-8%a L

gunu gosterdi (Tablo I, Sekil 3)
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¢en test metodu icin bir fikir birligi yoktur.
Ferguson ve arkadaslari(7) ile Tavas ve Wats
(8), klinik ortamdaki kuvvetleri en iyi taklit
eden test metodunun siyirma testi oldugunu
ileri sirmuslerdir. Eden ve arkadaslari(9) ise,
klinik ortam icin cekme testinin daha gtiveni-
lir oldugunu belirtmislerdir. Bu c¢alismada
farklh agirliklar uygulanarak elde edilen ba-
singlarla olusturulan tim gruplara cekme tes-
ti uygulandi.

Sabit ortodontik tedavilerde, braket adhe-
ziv kombinasyonu secilirken yapisma kuvvet
degerlerinde bir denge saglanmalidir. Braket
ve mine yuzeyi arasinda elde edilen opti-
mum baglanma, ortodontik tedavi sirasinda
uygulanan kuvvetlere karsi yeterli direng gos-
terilebilmeli ve ayni zamanda braketlerin s6-
kiim asamasinda mine Uzerinde gatlak ve
kirtk gibi zararh etkileri olmayacak, dustik
kuvvetlerle dis yuzeyinden uzaklastirilabile-
cek kadar olmalidir. Bu nedenle yiiksek orta-
lamaya sahip yapisma kuvveti en iyi klinik
performans icin gerekli ve yeterli sart degil-
dir. Son yillarda ortodonti pratiginde yaygin
olarak kullanilan rezin modifiye cam iyono-
mer simanlarin yapisma direncini artirma yo-
niinde pek ¢ok calisma yapilmaktadir. Ancak
literatiirde yapistirma sirasinda uygulanan
basingla, yapisma direnci arasindaki iligkiyi
gosteren bir calismaya rastlanmamustir.

Braket tabani ile mine yiizeyi arasindaki
adheziv kalinhgi, yapistirma sirasinda uygu-
lanan basing, rezinin viskozitesi, agiz orta-
mindaki 1s1 ve nem degisiklikleri gibi faktor-
lerden 6nemli oranda etkilenir. Yukarida sayi-
lan faktorlerden dolayi ortodonti pratiginde
braket ve mine ytizeyi arasinda farkli kalinhk-
lar olusmaktadir. Olusan bu kalinliklarin
yapisma direncine olan etkisi hakkinda farkli
gorusler vardir. Bir calismada (10), adheziv
kalinhgi artmasinin siyirma testinde yapisma
direncini azaltirken, gcekme testinde yapisma
direncine herhangi bir etkisinin olmadigini
ileri stirmektedirler. Bunu yani sira diger bir
calismada (11), minimal diizeyde olusturulan
adheziv kalinliginin yapisma direncini dustir-
diugunu gostermistir. Literattr incelendiginde
cam iyonomer simanlarin kalinliklariyla ilgili
herhangi bir c¢alismaya rastlanmamaktadir.
Ancak bizim calismamizda 400 gram kuv-
vetin uygulandigi ve adheziv kalinhginin en

4

The ANOVA revealed a statistically
significant difference in the mean tensile
bond strength levels among the three groups
tested (F=4.97, P=0.014) at the 95 per cent
confidence level. Further analysis of these
differences by Tukey’s HSD multiple range
test revealed that Group B demonstrated
statistically significantly higher mean tensile
bond strength than the Group C (Figure 3,
Table I).

DISCUSSION

In the dental literature, there’s no
consensus about which tests for orthodontic
bracket adhesion most realistically simulate
the clinical situation. Ferguson et al. (7),
Tavas and Wats (8) both advocated the use of
shear/peal testing to represent the type of
forces encountered in the clinical situation.
Eden et al. (9) conversely suggested that
tensile testing was more reliable to the
clinical situation. In this study, a tensile test
was used for all groups that formed with
acquired pressures using different gravity.

In the fixed orthodontic treatments, an
equilibrium should be provided in bond
strength values while choosing bracket
adhesive combination. Optimum bond
strength obtained between the bracket and
the enamel surface, should be high enough to
resist the forces applied during orthodontic
treatment, and also be low enough to prevent
any harmful effects like enamel cracks and
fractures during debonding. For this reason,
higher mean of bond strength is not a
necessary condition for the best clinical
performance. During the recent years, a lot of
study has been done to increase bond
strength of RMGIC used in orthodontic
clinics. In the literature there is not any study
about the relation between bond strength and
applied pressure during bonding.

The thickness between enamel surface
and bracket base could be affected from
factors such as pressure during bonding,
viscosity of adhesive resin and moisture and
temperature alterations in
Because of the factors above, different
thicknesses happen between bracket base
and enamel surface in orthodontic practice.
Different ideas exist about the effects of these

the mouth.
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uygulandigr grupta en yiksek yapisma kuv-
vetine ulasilmistir.

Sonug olarak, optimal yapisma direncinin
elde edilebilmesi icin braket ve mine ytizeyi
arasinda homojen bir siman kalinhgina
gereksinim vardir. Bonding sirasinda uy-
gulanan basinci sabit tutabilmek oldukca
glictiir ve klinisyene gore degisebilmektedir.
Bu kalinligin saglanmasinda braket tizerine
uygulanan  200g’lk yeterli
olabilecegi gbz ontinde bulunduruldugunda,
klinik uygulama sirasinda braket tutucu
Uzerine vyerlestirilen bir kuvvet olcer yar-
dimiyla istenilen basing elde edilebilir. Boyle
bir uygulama, daha homojen ve optimum
baglanma direncini olusturabilecek bir ad-
heziv kalinhgi saglamak icin klinik uy-
gulamalarda iyi bir rehber olabilir.

kuvvetin
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of adhesive thickness decreases bond
resistance during peal test, it does not have
an effect on resistance during shear test.
Another study (11) showed that the minimal
adhesive thickness decreases bond strength.

In dental literature there is no study about
the thickness of glass ionomer cement.
However in our study the tensile bond
strength was found minimal in the group
where the adhesive thickness is the lowest
under a force of 400 gram. In the group
where the applied force was 200 gram the
tensile bond strength reached the highest
level.

In conclusion to obtain optimal bond
strength a homogeny thickness of cement is
required between the brackets and the
enamel surface. It is difficult to apply a
stationary pressure during bonding and it
changes up to clinicians. To obtain this
thickness about 200 gram of force applied on
the bracket could be enough. The desired
pressure could be provided thanks to a
pressure gauge put on the bracket holder
during clinical application. To provide an
adhesive thickness and to produce more
homogeny and optimum bond strength, this
kind of application could be a good guide
during clinical practice.
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