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GIRiS

Ortodontik braketler rutin olarak kimya-
sal veya 1sik ile sertlesen adeziv sistemler
kullanilarak yapistiriimaktadir. Klinisyen,
istk ile sertlesen materyaller kullanarak
braketlerin dogru bir sekilde yerlestirilebil-
mesi icin yeterli zamana sahip olabilmek-
tedir (1). Literatirdeki calismalarda, 40
sn.lik labial isinlama siresinin adezivin
optimal sertlesmesini saglayacak en uygun
zaman olarak tarif edilmektedir (2).

Transiliminasyon, 15181 dis vasitasiyla
disin karsi tarafindaki kompozit materyale
yonlendirmektir. Bu metot, 6zellikle sabit
parsiyel kronlar ve ortodontik metal bra-
ketler kullanildiginda yani metalin disin
tzerindeki kompozit materyalin cogunu
kapladigi durumlarda tavsiye edilmektedir
(3).

Transiliminasyon, metalik ortodontik
braketlerin altindaki kompozitin sertlesti-
rilmesinde tavsiye edilmesine ragmen bu
yontemin faydali kullanimina yonelik ca-
lismalar oldukca azdir. Bu calismalarin co-
gunda ya ornek sayisi azdi yada calismalar
labiale yerlestirilen braketlerden farkli bir
konuyu calismisti. Gonulla bireyler tizerin-
de yurutulen bagka bir ¢calismada, bir grup
hastada dislerin labial yiizeylerine yerlesti-
rilen braketler altindaki kompozitler transi-
[Gminasyon ile sertlestirilirken diger grupta
labial yonden sertlestirilmis ve her iki gru-
bun kompozit mikro sertligi degerlendiril-
mistir. Bu c¢alismanin sonucunda lingual
yonden sertlestirilen grupta mikro sertlik
ve kompozit polimerizasyon derecesinin
daha distik degerlere sahip oldugu bildiril-
mistir (4).

Calismalarda farkli 1sik kaynaklari kulla-
nildiginda kompozit polimerizasyonu igin
gerekli isinlama stiresinin 20-40 sn. oldugu
bildirilmektedir. Oesterle ve Shellhart, (3)
transiliminasyonu test etmek icin cekilmis
maksiller kesici digleri kullanmiglardir. Ca-
lismalarinin sonunda 6zellikle 1sinlama su-
resi 40-50 saniyeye yikseltildiginde transi-
[Gminasyonun maksiller kesici disler tze-
rinde ortodontik adezivin sertlestirilmesin-
de kabul edilebilir bir metot oldugunu bil-
dirmislerdir.

Bu calismanin amaci ortodontik braket-
lerin yapisma direnci tzerinde transilimi-
nasyonun etkisini degerlendirmektir.

Catalbas, Gelgor, Nur, Demir

INTRODUCTION

Orthodontic brackets are routinely bon-
ded by using chemical or light-curing adhesi-
ve systems. With light-curing materials, the
clinician has sufficient time to position the
brackets accurately and initiate polymerizati-
on when ready (1). The literature reports that
labial curing of bracket adhesive for 40 se-
conds per bracket provides a balance betwe-
en optimal strength and light-application ti-
me (2).

Transillumination directs light through the
tooth to the composite material on the oppo-
site side of the tooth. This method has been
recommended when metal covers the majo-
rity of the composite material on the tooth,
such as in cases of bonded fixed partial den-
tures (2) and metal orthodontic brackets (3).

Although transillumination has been sug-
gested to cure composite under metallic ort-
hodontic brackets, there is little in the ort-
hodontic literature to confirm its usefulness.
In the few studies reported, the sample size
has either been small or the study involved
other than labially placed brackets (4). One
study reported placing orthodontic compo-
site with brackets on the labial surface of
the teeth of human volunteers. In one group
of patients, the composite was cured by
transillumination, and in the other group,
the composite was cured by direct labial il-
lumination. The composite of both groups
was tested for micro hardness. They repor-
ted that the micro hardness and the degree
of composite polymerization were less
when the composite was cured from the lin-
gual than when it was cured from the labial
(4).

Under the different light sources the ade-
quate time for composite polymerization is
20-40 seconds. Various authors have re-
commended increasing the length of time of
light exposure when using transillumination
(3). Oesterle and Shellhart (3) used extrac-
ted maxillary incisors to test transilluminati-
on. They reported that transillumination of
maxillary incisors was an acceptable met-
hod of curing orthodontic adhesive, particu-
larly if the exposure time was increased
from 40 to 50 seconds.

The purpose of this study was to determi-
ne the effect of transillumination on the
bond strength of orthodontic brackets.

Tiirk Ortodonti Dergisi 2007,;20:95-101
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GERECLER ve YONTEM

Calismamiz 100 adet c¢ekilmis insan
maksiller premolar disleri tGzerinde, Hilux
250 1sik kaynagi (First Medica, Greensboro,
NC, ABD, isik yogunlugu 600 mw/cm?2)
kullanilarak ytratilmustar.

Tum o6rnekler maksiller premolar Mini-
Twin braketler (.018 braket 2017-201, bon-
ding ytizey alani 0.0153 in2 veya 9.8710
mm2, 3M Unitek Corp., Monrovia, CA,
ABD) ve Transbond APC adeziv (3M Unitek
Corp, Monrovia, CA, ABD.) kullanilarak ha-
zirlanmugtir.

Tim premolar disler cekildikten sonra
Cloramine-T/distile su icinde buzdolabinda
saklanmis, daha sonra temizlenerek test
makinesine yerlesimini kolaylastiracak se-
kilde akrilik silindirlere yerlestirilmislerdir.
Her grupta 20 dis olacak sekilde 100 adet
dis 30 sn. %37 fosforik asit jel ile muamele
edildikten sonra 20 sn. su ile yikanmis ve
yag icermeyen basincli hava ile kurulanmis-
tir. Karakteristik olarak tebesirimsi goriinu-
me kavusan disler tzerine uretici firmanin
onerdigi primer sirilmistir. Daha sonra
adeziv materyal iceren braketler disler tize-
rine yerlestirilerek fazla adeziv temizlen-
mis, braketlerin son konumlari kontrol edil-
mis ve gereken yonde ve stirede 1sik uygu-
lanmuistir.

Kontrol grubunda 1sik kaynaginin ucu
adezive en yakin olacak bicimde braket ve
dis yiizeyi arasina yerlestirilmis, 20 sn. dis-
talden ve 20 sn. mesialden olmak uzere
toplam 40 sn. 1sik verilmistir. Bukkal yon-
den 151k uygulanmis grupta, 10 sn. distal ve
10 sn. mesial olmak tzere toplam 20 sn.
1sik verilmistir. Hem bukkalden hem de lin-
gualden 1sik uygulanan grupta, adeziv buk-
kal yonden, 10 sn. distal ve 10 sn. mesial
olarak isinlanmisg, yine lingual ytizde brake-
te karsi gelecek sekilde 20 sn. yeniden isin-
lanmistir. Sadece lingual yonden isinlanan

MATERIALS and METHODS

The sample used consisted of 100 extrac-
ted human maxillary premolars. The curing
light used was a Hilux 250 Curing Light (First
Medica, Greensboro, NC, light intensity of
600 mw/cm?2).

The adhesive utilized in this study was
Transbond APC Adhesive (3M Unitek Corp,
Monrovia, Calif) that is supplied by the ma-
nufacturer preapplied to the bracket base. A
maxillary premolar Mini-Twin .018 bracket
2017-201 with a bonding surface area of
0.0153 in2 or 9.8710 mm2 (3M Unitek Corp)
was used throughout the study for all samp-
les.

Following receipt of the premolars, they
were stored in a refrigerated Cloramine-T/dis-
tilled water solution. The extracted human
maxillary premolars were cleaned and mo-
unted in acrylic cylinders for ease of place-
ment in the testing machine. A total of 100
samples were tested in test groups of 20
samples each. The enamel was etched with
37% phosphoric acid gel for 30 seconds, rin-
sed under running water for 20 seconds, and
dried with oil- and moisture-free compressed
air. Immediately following the drying, the
samples were inspected for the characteristic
dull, white, frosted appearance of adequately
etched enamel before applying and air thin-
ning the manufacturer supplied primer. The
bracket with the adhesive material was pla-
ced on the tooth, pressed firmly onto the ena-
mel surface, any excess adhesive removed,
final-positioned to the long axis of the moun-
ting cylinder, and exposed to the curing light
for the required time and direction.

For the control group, the light guide tip
was held as close as possible to the adhesive
layer by placing the guide tip on the tooth
surface and the bracket face. The adhesive
was cured for 20 seconds on the mesial of the
bracket and 20 seconds on the distal of the

Ismlama siiresi (sn) /

Isinlama yonii/ Light

Gruplar/Groups Light exposure time (sec) exposure direction

I 40 Buccal
(Kontrol/Control)

1I 20 Buccal

I 20 Lingual

v 40 Lingual

\" 40 20sn. Buccal/20sn. Lingual

Turkish Journal of Orthodontics 2007;20:95-101

Tablo I: Gruplarm teknik

karakteristikleri.

Table I: Technical

characteristics of the groups.
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1. grupta adeziv lingual ylizde brakete kar-
si gelecek sekilde 20 sn. ve ikinci grupta 40
sn. 1sinlanmislardir (Tablo 1). Tum 6rnekler
test dncesi distile su icinde 37 C°'de 24 sa-
at bekletilmistir.

Ornekler yapisma direncinin test edilme-
si amaciyla tniversal test makinesinde (Inst-
ron Corp, Canton, Mass, ABD) shear-peel
modunda test edilmislerdir. Braket tabani-
nin kuvvet yoniine paralel olabilmesi icin
ornekler test makinesinin alt kismina yerles-
tirilmiglerdir. Braket tabanina paralel bir
shear-peel kuvveti olusturabilmek icin bir
paslanmaz celik tel test makinesinin tst kis-
mina ve braketin gingival kanatlarina bag-
lanmistir. Ornekler kirici ug hizi dakikada 1
mm. olacak sekilde gingivo-insizal yonde
yuklenilmis ve kirillma meydana c¢ikaracak
maksimum kuvvet dlctlmiustir.

istatistiksel degerlendirme icin P<.05
onem diizeyinde, SPSS programi (versiyon
13.0, SPSS, Chicago, Ill, ABD) kullanilmis-
tir. Shear bond strength degerlerinin dagili-
mi normal oldugundan parametrik testler
uygulanmistir. Her grup icin ortalama, stan-
dart sapma ve ortalamanin minimum ve
maksimum degerleri hesaplanmistir. Her
test grubu arasinda shear bond strength kar-
stlastirmalari varyans analizi (ANOVA) ile
gerceklestirilmistir. Eger istatistiksel olarak
fark varsa farkin hangi gruptan kaynaklan-
digini saptamak icin post-hoc Tukey testi
uygulanmistir.

BULGULAR

Farkli  gruplarin  shear-peel bond
strength’i icin tanimlayici istatistik Tablo
I'de gosterilmistir. ANOVA, gruplar arasin-
da istatistiksel olarak onemli farkhiliklar bu-
lundugunu gostermistir (P<.001). Bukkal
olarak 40 sn. isinlama grubu haric 1sinlama
stiresi arttiginda yapisma direncinin arttig
gortlmustir (Tablo Il ve Il1). Lingual olarak
40 sn. 1sinlanan grup lingual olarak 20 sn.
isinlanan gruba gore daha iyi yapisma di-
renci degerleri gostermis olmansa ragmen
fark istatistiksel olarak 6nemli degildi. Hem
bukkal hem de lingualden isinlanan grup
diger tim gruplara gore daha iyi yapisma
direnci degerleri gostermistir. Bununla bir-
likte bu degerler istatistiksel olarak kontrol
grubu degerleriyle benzerdi (Tablo Il ve IlI).

Catalbas, Gelgor, Nur, Demir

bracket for a total curing time of 40 seconds.
For the group of 20 seconds buccally, the ad-
hesive was cured for 10 seconds on the me-
sial of the bracket and 10 seconds on the dis-
tal of the bracket. For the group of both buc-
cal and lingual, the adhesive was cured for
10 seconds on the mesial and 10 seconds on
the distal of the bracket, and also the light
was held as close to the lingual surface of the
tooth as possible, opposite to the bracket, for
exposure time of 20 seconds. For the groups
of only lingually, the light was held as close
to the lingual surface of the tooth as possible,
opposite to the bracket, for exposure times of
20, and 40 seconds (Table I). Samples were
tested 24 hours after light curing. The 24-ho-
ur samples were stored in distilled water in a
dark incubator at 37° C between bonding
and testing.

The samples were tested for bond strength
using a universal testing machine (Instron
Corp, Canton, Mass) in the shear-peel mode.
For testing, the samples were placed in the
lower jaw of the testing machine such that
the bracket base was parallel to the direction
of force. A stainless steel wire loop attached
to the upper jaw of the testing machine was
engaged under the gingival bracket wings to
produce a shear-peel force parallel to the
bracket base. The samples were stressed at a
crosshead speed of Tmm per minute in a gin-
givoincisal direction and the maximum force
at bond failure was recorded.

For the statistical evaluation, SPSS softwa-
re (version 13.0, SPSS, Chicago, Ill) was used.
The level of significance was set at P < .05.
Because the distribution of the shear bond
strength values was normal, parametric tests
were applied. The mean, standard deviation,
and minimum and maximum of the mean
were estimated for each group. Comparisons
of shear bond strength between each of the
testing group were performed by analysis of
variance (ANOVA). If a statistically signifi-
cant difference was found, the post-hoc Tu-
key test was used to identify which groups
were different.

RESULTS

Descriptive statistics for shear-peel bond
strength of the different groups are shown in
Table 1. ANOVA indicated statistically signi-
ficant differences between groups (P<.0071).

Tiirk Ortodonti Dergisi 2007;20:95-101
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Std. Sapma / Std.

Gruplar / Groups N Ortalama / Mean Deviation
Buccal 20 s 20 223,32 86,80
Buccal 40 s 20 215,80 95,10
Lingual 20 s 20 30,88 48,34
Lingual 40 s 20 38,20 56,27
Buccal and Lingual 40 s 20 235.75 102,08
Toplam/Total 100 149.02 118,28

TARTISMA

Bir ¢cok ¢alisma kompozit adezivlerin po-
limerizasyonunda transiliminasyon yonte-
minin kullanimini 6nermistir. Transiltimi-
nasyonda genel dusiince 1si§in lingualden
karsi mine tabakasina gegene kadar mine,
dentin, pulpa odasi, komsu mine ve dentini
gecmesi gerektigi ve bunun igin ¢cok daha
fazla enerji gereksiniminin ortaya ¢ikmasi-
dir (3).

Calismalar, kompozite uygulanan daha
fazla toplam 1sik enerjisinin daha fazla poli-
merizasyon, bikilme direnci ve kopma di-
renci olusturacagini gostermislerdir (5-8).
Bu ytizden disin ayni tarafina isik uygula-
masiyla elde edilecek kopma direncine,
transiliminasyon ile ulasabilmek icin daha
fazla bir toplam enerji uygulamak gerek-

The shear-peel bond strengths of all of the te-
eth cured from the lingual were lower than
the labially cured values (P<.001). The valu-
es demonstrated an increase in bond strength
with increasing light exposure except for the
samples given 40 seconds of buccal light
(Tables 1l and IIl). The lingually 40-second
samples demonstrated higher actual values
than the lingually 20-second values. Howe-
ver, the differences were not significant. In
the both buccal and lingual light exposure
group bond strength values were higher than
the all groups but these values were statisti-
cally similar to the control values (Tables II
and I1I).

DISCUSSION
Many reports have suggested the use of

Ana Gruplar/ Main Groups Diger Gruplar / Other groups P test
Buccal 20 sn Buccal 40 sn 0,989 NS
Lingual 20 sn 0,000 ok
Lingual 40 sn 0,000 ok
Buccal and Lingual 40 s 0,130 NS
Buccal 40 sn Buccal 20 sn 0,989 NS
Lingual 20 sn 0,000 ok
Lingual 40 sn 0,000 Fokk
Buccal and Lingual 40 s 0,068 NS
Lingual 20 sn Buccal 20 sn 0,000 Fk
Buccal 40 sn 0,000 kK
Lingual 40 sn 0,989 NS
Buccal and Lingual 40 s 0,000 FkK
Lingual 40 sn Buccal 20 sn 0,000 ok
Buccal 40 sn 0,000 FkK
Lingual 20 sn 0,989 NS
Buccal and Lingual 40 s 0,000 HAE
Buccal and Lingual 40 s Buccal 20 sn 0,130 NS
Buccal 40 sn 0,068 NS
Lingual 20 sn 0,000 Fkk
Lingual 40 sn 0,000 Fokk

(***) Ortalama fark .001 diizeyinde 6nemlidir.

(***) The mean difference is significant at the .001 level.

NS: istatistiksel olarak 6nemli degil
NS: Non Significant

Turkish Journal of Orthodontics 2007;20:95-101

Tablo II: Shear-peel bond
strength icin deskriptif
istatistik (MPa).

Table II: Descriptive statistics

for shear-peel bond strength

(MPa).

Tablo Ill: Gruplar aras: farkin

Tukey post-hoc testi ile

degerlendirilmesi.

Table IiI: To identify of

difference between the groups

by the post-hoc Tukey test.
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mektedir (4).

Cheng ve ark. (9) in-vivo olarak insan ke-
ser disleri tizerinde yaptiklari ¢alismada lin-
gualden transiliminasyon ile 1sik verildigin-
de ortodontik kompozitin mikro sertliginin,
labialden verilen 1sik ile olusan mikro sertli-
ge gore daha az gergeklestigini bildirmisle-
ridir. Bu calismayr arastiricilar, dislerin labi-
al ylzeylerine braket yerlestirmeksizin yal-
nizca kompozit koyarak gerceklestirmisler-
dir. King ve ark. (4) transiliminasyonu sigir
disleri tizerinde lingual braketlerle calismis-
lardir. Arastiricilar 40 sn. insizal 1sinlama ve
20 sn. braket tzerine 1sinlamadan olusan
60 sn.lik kombine transiliminasyon yonte-
mini kullanmiglardir. Bu uygulama tavsiye
edilen toplam isinlama siresinin ti¢ katidir.
Bu calismada maksiller keserler icin elde
edilen sonuclar oldukca umut verici olarak
degerlendirilmistir. Calismamizda da hem
bukkalden hem de lingualden 20’ser sn.lik
isinlamalar ile elde edilen yapisma direnci-
nin bukkalden 20 sn. ve 40 sn. isinlama
gruplarinda olusan yapisma direnglerinden
yiiksek oldugu bulunmustur.

Kesici disleri kullanan baska bir calisma-
da,(4) dis kalinhgi ile yapisma direncleri
arasinda iliski bulunmazken, Oesterle ve
Shellhart (3) mesafe arttikca 151k giiciinde
onemli bir azalma oldugunu bulmuslardir.
Calismamizda transiliiminasyon etkisini de-
gerlendirmek icin maksiller premolar disle-
rini kullandik. Lingualden 1sik verilen tim
dislerde yapisma direncinin bukkalden 1sik
verilenlere gore oldukc¢a distik oldugunu
gordik. Bunun sebebi premolar dislerin
santral keserlere gore daha kalin olmasindan
kaynaklanabilir. Bu bulgular Oesterle ve
Shellhart’in (3) bulgularini desteklemektedir.

Bu calismanin sonuclari literatiirde belir-
tildigi Gizere yapisma direncinde bir azalma
beklentisini gostermemektedir. Oesterle ve
Shellhart'in, (3) ifade ettigi tizere yapisma
direncinde azalma muhtemelen metal
braket tabanlarindan kaynaklanmaktadir.
Isik braketin yerlestirildigi kisimdan bile uy-
gulansa adezive direkt olarak ulasamamak-
tadir. Isigin braket altindaki kompozit
adezive ulasabilmesi icin arkadan ve mine
ve dentin icinden yansitilmasi gerekmek-
tedir. Ayrica braketin dis tizerindeki fiziksel
varhigi 1s18in rehberligini onlemektedir.
Dahasi, mesafe toplam isik enerjisinin azal-

Catalbas, Gelgor, Nur, Demir

transillumination to cure composite adhesi-
ve. The general assumption has been that di-
recting the light through the opposite enamel,
the dentin, the pulp chamber, and through
the adjacent dentin and enamel to reach the
composite material would require conside-
rably more light energy (3).

Studies have demonstrated that the greater
the total light energy applied to the composi-
te, the greater the polymerization, the greater
the flexural strength, and the greater the brac-
ket bond strength (5-8). Therefore, it is logical
to assume that transillumination will require
greater total light energy than same-side-of-
the-tooth curing light application to obtain si-
milar bond strengths (3).

Cheng et al (9) found the micro hardness
of an orthodontic composite to be less when
cured by transillumination from the lingual
then when cured from the labial of human in-
cisors in vivo. In that study, the authors pla-
ced only the composite on the labial surface
with no bracket. King et al (4) studied transil-
lumination but used bovine teeth and lingual
brackets. They combined 60 seconds of tran-
sillumination with 40 seconds of incisal cu-
ring and 20 seconds of light exposure over
the bracket but had no same-side-of-the-to-
oth control. This is a tripling of exposure time
from the recommended 40 seconds to 120
seconds of total exposure. In this study using
human maxillary incisors, the results were
much more encouraging. In our study, at 24
hours, the bond strength of both 20-seconds
buccal and 20 seconds lingual transillumina-
tion cure was higher than 20 and 40-seconds
labial cures.

As with a previous study, (4) no clear rela-
tionship was found between the thickness of
the tooth and the bond strength. Oesterle and
Shellhart (3) demonstrated that there was the
dramatic decrease in light power with distan-
ce. In our study we used maxillary premolar
teeth for testing the transillumination effect.
Shear-peel bond strength values of all of the
teeth cured from the lingual were quite lower
than the labially cured values. This could be
cause of premolar teeth were thicker than in-
cisors. These findings support determinations
of Oesterle and Shellhart (3)

The results of this study do not demonstra-
te the decrease in bond strength that might be
expected from the above literature referen-

Tiirk Ortodonti Dergisi 2007;20:95-101
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masinda 6nemli bir fonksiyona sahiptir. Bu
olay 1si8in engellenmesi ve mesafenin art-
masi ile transiliminasyonda da benzer
sekilde gerceklesir. Isigin bir sekilde mine,
dentin ve pulpal dokularin arttirdigi
mesafeyi gecerek taginmasi ve yansitilmasi
gerekmektedir.

SONUCLAR

Maksiller premolar disler kullanilarak
gergeklestirilmis bu in-vitro ¢alisma, 1sikla
sertlesen kompozitler ile ortodontik braket-
lerin yapistirllmasinda transiliminasyonun
kullanimini 6nermektedir. Labial olarak yer-
lesen braketlerin 1sikla sertlesen kompozit
ile yapistirllmasinda maksiller premolar-
larin bukkal ve lingual yonden isinlanmasi
yeterli 15181 saglayacaktir.  Maksiller
premolarlarin transiliminasyon esnasinda
isinlama stresinde kictk artiglar (10 sn.)
labial 1sinlama ile kiyaslanabilecek sonucg-
lar ortaya cikaracaktir. Yine isinlama
stiresinde ktctk artislar pulpal dokularda
asirt 1sinma ve pulpa hasari riskini oldukca
distirmektedir.

ces. As expressed by Oesterle and Shellhart,
(3) the reason for this is probably due to the
metal bracket bases. The light is not applied
directly to the adhesive even when the light
is directed from the same side of the tooth as
where the bracket is placed. In order for the
light to reach the composite adhesive, the
light must be reflected within the enamel and
dentin back to the composite beneath the
metal bracket base. Additionally, the physical
presence of the bracket prevents the light gu-
ide tip from being placed directly on the to-
oth surface, further decreasing the total light
energy as a function of distance. This is simi-
lar to the light interference and the increased
distance that occurs in transillumination,
where the light must be transmitted and ref-
lected through the increased thickness of
enamel, dentin, and pulpal tissues.

CONCLUSIONS

This in vitro study using extracted human
maxillary premolars is encouraging for the
use of transillumination to cure light-cured
composites beneath orthodontic brackets.
Buccal and lingual light curing of maxillary
premolars will adequately cure light-cured
orthodontic composite on labially placed
brackets. Small increases (10 seconds) in cu-
ring times with transillumination of maxillary
premolars will result in bond strengths com-
parable to labial curing. Small increases in
exposure time have less risk of overheating
and damaging pulpal tissues.
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