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ÖZET

Bu çal›flman›n amac› farkl› tip kompo-
zitlerin, lingual retainer uygulamalar›nda
kullan›ld›klar›nda ba¤lanma dayan›mla-
r›n›n ve k›r›lma tiplerinin de¤erlendiril-
mesidir

Çal›flmada altm›fl adet alt keser difl ak-
rilik rezin bloklar içine difllerin kronlar›-
n›n bukkal yüzeyleri tabana paralel ola-
cak flekilde yerlefltirildi. Rastgele seçilmifl
20 difl içeren üç eflit grup oluflturuldu.
Çal›flmada üç farkl› kompozit; Trans-
bond-LR (3M-Unitek), Transbond-XT
(3M-Unitek) ve Venus Flow (Heraeus
Kulzer) test edildi. Lingual retainer yap›fl-
t›r›lmas›n› taklit etmek için materyaller
difl üzerine 2,34 mm çap› ve 3 mm yük-
sekli¤i olan silindirik plastik matrisler
(Ultradent) kullan›larak uyguland›. Ba¤-
lanma dayan›m› testi için örnekler Uni-
versal test makinesine yerlefltirilerek kop-
ma olana kadar her bir örne¤e, yük böl-
mesine ba¤lanan bir aparat (Ultradent) ile
kompresyon kuvveti uyguland›. Ba¤lan-
ma dayan›m›n›n de¤erlendirilmesinde
Varyans analizi ve Tukey testi, kopma ti-
pinin analizinde ki-kare testi kullan›ld›.

‹statistiksel testler Transbond-LR’nin
(ortalama: 24,7±9,25 MPa) Transbond-
XT (12,01±4,98 MPa) ve Venus Flow’a
(14,07±5,25 MPa) göre istatistiksel olarak
anlaml› derecede daha yüksek ba¤lanma
dayan›m› de¤erlerine sahip oldu¤u
(P<0,001), bununla birlikte Transbond-
XT ve Venus Flow aras›nda anlaml› bir
fark bulunmad›¤›n› göstermifltir. Genel
olarak, k›r›lma yüzdelerinin büyük k›sm›-
n›n adeziv karakterde difl-kompozit aral›-
¤›nda oldu¤u bulunmufl (Transbond-LR
ve Venus Flow için %60, Transbond-XT
için %90), gruplar aras›nda ise istatistik-
sel olarak anlaml› fark tespit edilmemifltir. 

Bu çal›flman›n sonuçlar›na göre Trans-
bond LR’nin test edilen özellik için en
uygun lingual retainer materyali oldu¤u
bulunmufltur. (Türk Ortodonti Dergisi
2008;21:196-205)

Anahtar Kelimeler: Ba¤lanma dayan›-
m›, lingual retainer

SUMMARY

The aim of this study was to determine
the shear bond strength (SBS) levels and
fracture modes of different composites
used as lingual retainer adhesives. Sixty
human mandibular incisors were used,
that mounted in acrylic resin leaving the
buccal surface of the crowns parallel to
the base of the moulds. Randomly three
groups were constructed, each conta-
ining 20 teeth. Transbond-LR (3M-Uni-
tek), Transbond-XT (3M-Unitek) and Ve-
nus Flow (Heraeus Kulzer) were tested.
Materials were applied to the teeth surfa-
ce by packing the material into the
cylindrical plastic matrices with a 2.34
mm internal diameter and a 3 mm height
(Ultradent) to simulate the lingual reta-
iner bonding. For SBS testing, the speci-
mens were mounted in a universal testing
machine, and an apparatus (Ultradent)
attached to a compression load cell was
applied to each of the specimen until the
failure occurred. The SBS data were
analyzed using analysis of variance and
Tukey tests, and chi-square test was used
to analyze the fracture modes. 

The statistical tests indicated that
Transbond-LR shows statistically signifi-
cant higher SBS (24.7±9.25 MPa) then
Transbond-XT (12.01±4.98 MPa) and Ve-
nus Flow (14.07±5.25 MPa) (P<0.001)
whereas the difference between Trans-
bond-XT and Venus Flow was not signifi-
cant. In general, a greater percentage of
the fractures were adhesive at the to-
oth–composite interface (60% for Trans-
bond-LR and Venus Flow and 90% for
Transbond-XT) and no statistically signifi-
cant difference was found between the
groups. According to the results of this
study, Transbond LR was found to be
most appropriate material for the tested
specification. (Turkish J Orthod
2008;21:196-205)
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G‹R‹fi
1960 y›l›nda Riedel’›n (1) belirtti¤i gibi

retansiyon bugün ve gelecekte bir problem
olmaya devam edecektir. Retansiyon ideal
olarak, tedavi sonras› elde edilen durumun
korunmas›d›r ve elde edilen bu durum sta-
bilite olarak da ifade edilmektedir (2). Te-
davi sonras› istenen sonuçlar›n korunmas›-
n› sa¤lamak için sabit veya hareketli retan-
siyon yöntemleri kullan›l›r (3-5). Hareketli
retansiyon apareylerinin hastalar taraf›ndan
kullan›m› ortodontistin kontrolü d›fl›ndad›r
(3). Amerika’da 2002 y›l›nda 789 ortodon-
tistin kat›ld›¤› ankette en s›k kullan›lan ha-
reketli retansiyon apareyinin Hawley plak-
lar› oldu¤u belirtilmifltir. Bununla birlikte
günümüzde sabit pekifltirme yöntemlerinin
kullan›m› yayg›nlaflmaktad›r ve neredeyse
ortodontistlerin üçte biri alt çene için sabit
lingual retainer’lar› tercih etmektedir. 

Sabit retainer’lar›n en önemli komplikas-
yonu, kompozitin yerlefltirilmesi s›ras›nda
ba¤lanma dayan›m›n› azaltabilecek bir bo-
zulmaya u¤ramas›, az miktarda kompozit
kullan›m› ve gelen direk travmalara ba¤l›
olarak kompozitin diflten ayr›lmas›d›r (7).
Dikkatli bir uygulama ile bu problemlerin
ilk ikisi elimine edilebilir (7). Cerny (8)
1150 hastay› kapsayan klinik bir çal›flmada
lingual retainer’lar›n güvenirlili¤ini de¤er-
lendirmifltir. Hastalar›n 149’unda dört y›ll›k
süre içerisinde farkl› sebeplerden, sabit re-
tainer’lar›n koptu¤unu veya k›r›ld›¤›n› gör-
müfltür. Çal›flmada kopmalar›n %43’ünün
ekstraoral travmaya, %26’s›n›n intraoral
travmaya, %18’inin hekim hatas›na ve
%13’ünün tel k›r›lmalar›na ba¤l› oldu¤u
bulunmufltur (8). Bu verilere göre baflar›s›z-
l›¤›n en önemli sebebi travma olarak görül-
mektedir. Bu nedenle kompozitin difle ba¤-
lanma dayan›m› oldukça önemlidir.

En yayg›n kullan›lan lingual retainer
kompozitleri, uygulamas› kolay ve çal›flma
süresi genifl olan, ›fl›kla sertleflen kompozit-
lerdir. Braketleri yap›flt›rmak için kullan›lan
kompozitlerle karfl›laflt›r›ld›¤›nda, lingual
retainer kompozitleri oral kaviteyle sürekli
temas halindedir ve bu nedenle daha güçlü
fiziksel özelliklere sahip olmal› ve ›fl›klama
aflamas›ndan önce iyi bir flekilde kontrol
edilmelidirler (9) Sabit retainer yap›m›nda
restoratif ve ortodontik bonding materyalle-
rinin de içinde bulundu¤u birçok farkl› tip-

INTRODUCTION
As Riedel (1) mentioned in the year of 1960

retention is and will continue to be a prob-
lem.. Ideally, the correction should remain af-
ter treatment, indicating stability (2). And it se-
ems the only way to ensure continued satisfac-
tory treatment results is to use fixed or remo-
vable retention (3-5) to some degree, perhaps
for life (4,5). But with the use of removable
appliances the amount of wear will be out of
control of the orthodontist (4). According to a
study comprises 789 questionnaires of ortho-
dontists in the United States in 2002, the Haw-
ley retainer remained the most commonly
used retention appliance however usage of fi-
xed bonded retainers continued to increase,
with nearly one-third of the clinicians using
them routinely in mandibular arch (6).

One of the problems with bonded retainers
is bond failure which is thought to be related
to some degree of distortion during setting of
adhesive, may lead to decrease in bond
strength, the use of too little adhesive and di-
rect trauma to retainer. It was mentioned that
the first two causes might be eliminated by
the use of a careful approach (7). Cerny eva-
luated the reliability of bonded lingual reta-
iners with a clinical study that comprise 1150
patients of which 149 were returned because
of fracture or dislodgements of their fixed re-
tainers in four year period due to different re-
asons. The percentage of the failures were fo-
und to be 43% for extra-oral trauma, 26% for
intra-oral trauma, 18% for operator error and
13% for wire fracture (8). According to the da-
ta above, it seems to be the one of the most
important factors is trauma so that the bon-
ding ability of the adhesive is important.

Most commonly used adhesives for bon-
ding lingual retainers are light-cured resin
composites, as it is easy to apply with an ex-
tended time. In contrast to adhesives used for
bracket bonding, adhesives used for lingual
retainers remain exposed to the oral cavity,
so they need to have certain physical proper-
ties and need to be properly managed before
the curing process (9). Different types of com-
posites have been used in construction of re-
tainers including both restorative and ortho-
dontic bonding materials. Especially for lin-
gual retainers several adhesives were develo-
ped with ease of application and optimal
handling properties. As longevity and durabi-
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te kompozit kullan›lmaktad›r. Özellikle lin-
gual retainer kompoziti olarak en uygun
çal›flma zaman› olan ve uygulamas› kolay
çeflitli materyaller üretilmifltir. Dayan›kl›l›k
ve uzun ömürlülük önemli oldu¤u için yük-
sek yo¤unlukta ›fl›kla sertleflen kompozitle-
rin çok iyi birer seçim olaca¤› bildirilmifltir
(9, 10). Ak›flkan kompozitler, lingual reta-
iner kompoziti olarak önerilen geleneksel
mikrofil kompozitlerin rezin oranlar›n›n
artt›r›lmas› ile elde edilmifltir (10-13). 

Lingual retainer uygulamalar›nda kulla-
n›lan materyallerin yüzey pürüzlülü¤ü ve
sertli¤i, mikros›z›nt›, ba¤lan›m dayan›m›
kuvveti gibi özellikleri ve farkl› ›fl›k kaynak-
lar›n›n bu materyallerin bu özellikleri üze-
rine etkisi etkisi önceki birçok çal›flmada
araflt›r›lm›flt›r (9,14-20). Schulz ve arkadafl-
lar› (21) üç fakl› rezin sisteminin içine tel
yerlefltirerek bond dayan›kl›l›¤›n› araflt›r-
m›fllard›r. Bryan ve Sherriff (22) iki farkl›
kompozit ile bondlanm›fl bir çeflit alt keser
pedinin ve mine yüzeyine direk uygulanan
fabrikasyon retainerlar›n karfl›laflt›r›ld›¤› bir
çal›flma gerçeklefltirmifllerdir. Radlanski ve
Zain (23) alt› farkl› bonded lingual reta-
iner’›n tel/kompozit aras›ndaki bafllang›ç
ba¤lanma dayan›mlar›n› de¤erlendirmifller-
dir. Ancak araflt›rmalar›m›za göre ortodonti
literatüründe deneyde kullan›lacak diflin
yüzey flekli, tel/kompozit kombinasyonu
vs. gibi ba¤lanma dayan›m›n› etkileyen di-
¤er faktörlerin etkisini en aza indiren bir
çal›flma bulunamam›flt›r.

Bu çal›flman›n amac›, üç farkl› tip kom-
pozitin lingual retainer adezivi olarak kul-
lan›ld›¤›nda ba¤lanma dayan›mlar›n›n ve
kopma tiplerinin karfl›laflt›r›lmas›d›r.

GEREÇLER ve YÖNTEM
Örneklerin Haz›rlanmas›
Çal›flmada periodontal problemler sebe-

biyle çekilmifl altm›fl alt keser difl kullan›l-
d›. Çürü¤ü ve mine defekti bulunmayan
difller topland› ve çekimden sonra distile su
içinde muhafaza edildi. Bondlama ifllemi-
nin hemen öncesinde difllerin üzerindeki
yumuflak doku kal›nt›lar›, difl tafllar› ve
plak, floridsiz pomza ve lastik frezler ile
uzaklaflt›r›ld›. 

Difllerin kökleri su so¤utmas› alt›nda el-
mas frezle kesilerek k›salt›ld› ve kimyasal
sertleflen akrilik bloklara (Vertex, Zeist,

lity is important, the highly filled, light-cured
resins are said to be a better choice (9,10).
The flowable composites, originally fabrica-
ted for restorative dentistry with an increased
resin content of traditional microfilled com-
posites have been suggested as lingual reta-
iner adhesives (11-13).

Forthe materials used in lingual retainer
fabrication, the properties such as surface ro-
ughness and hardness, microleakage, shear
bond strength (SBS) and the effects of diffe-
rent light sources on these properties were in-
vestigated in previous studies (9,14-20).
Schulz et al. (21) investigated bond strengths
of three resin systems used with embedded
wire. Bryan and Sherriff (22) designed a study
to compare a kind of lower incisor pads bon-
ded with two different composites and reta-
iner fabricated by directly applied composite
to enamel surface. Radlanski and Zain (23)
evaluated six different bonded lingual reta-
iner wire/composite combinations’ initial
bond strengths. However, as far as we search
in orthodontic literature no study which will
investigate SBS of lingual retainer adhesives,
minimizing the effects of other contributing
factors such as surface shape of experimental
tooth, wire/composite combination etc., was
found. 

The purpose of this study was to compare
three different types of composites when
used as lingual retainer adhesives, by SBS test
and fracture mode.

MATERIALS and METHODS
Sample Preparation
Sixty human mandibular incisors were

used, that extracted due to periodontal re-
asons. Teeth were free of caries and surface
defects collected and they were stored in dis-
tilled water solution after the extraction. Im-
mediately before bonding procedure, teeth
were prepared by removing soft tissue rem-
nants, callus and plaque with a fluoride-free
pumice and rubber cup.

The roots of the teeth were shortened with
a water-cooled diamond disk and mounted in
chemically cured acrylic resin blocks (Vertex,
Zeist, The Netherlands), buccal surfaces per-
pendicular to ground. A 37 percent ortho-
phosphoric acid gel (3M Dental Products, St.
Paul, Minnesota, USA) was used for the etc-
hing. The acid gel was applied for 15 seconds
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Hollanda) bukkal yüzeyleri yere dik olacak
flekilde yerlefltirildi. Asitleme için %37’lik
orto-fosforik asit (3M Dental Products, St.
Paul, Minnesota, ABD) kullan›ld›. Asit difl
yüzeylerine 15 saniye uyguland› ve 15 sa-
niye su ile y›kanarak uzaklaflt›r›ld›. Pürüzlü
mat yüzey elde edilene kadar, yaklafl›k 10
saniye kuru hava ile kurutuldu. Difller üç
eflit gruba ayr›ld›. 

Çal›flmada 3 farkl› tip kompozit; Trans-
bond XT (3M Unitek, Monrovai, Kaliforni-
ya, ABD), Transbond LR (3M Unitek) ve Ve-
nus Flow (Heraeus Kulzer, Dormagen, Al-
manya) test edildi. Materyaller ve yap›lan
uygulamalar Tablo 1’de sunulmufltur. Trans-
bond XT ve LR kompozitler için Transbond
XT primeri; Venüs Flow kompozit için pri-
mer olarak firman›n önerdi¤i Single Bond
asitli yüzeye ince düzgün bir tabaka olacak
flekilde sürüldü ve10 saniye ›fl›k uyguland›.

Kompozit rezin difllerin bukkal yüzeyine
fiekil 1’deki silindirik plastik matris (Ultra-
dent, South Jordan, Utah, ABD) (24, 25)
yard›m›yla çap› 2,34 mm ve yüksekli¤i üç
mm olacak flekilde yerlefltirildi (fiekil 2).

Örnekler 10 mm çapl› uca sahip bir kon-
vansiyonel halojen ›fl›k cihaz› (Hilux 350,
Express Dental Products, Toronto, Kanada)
ile 10 saniye ›fl›kland› ve testten önce 24
saat 37oC’de distile suda bekletildi.

K›rma Testi
Ba¤lanma dayan›m›n›n ölçülmesi için

örnekler Universal test makinesine (Houns-
field Test Equipment, Salfords, ‹ngiltere)
yerlefltirildi. Difl ile kompozit aras›nda k›r›l-
ma olana kadar her bir örne¤e, yük bölme-
sine ba¤lanan ucu çentikli bir aparat (Ultra-
dent) vas›tas›yla 0,5 mm/dk h›zla kesme
kuvveti uyguland›. Ba¤lanma dayan›m› de-
¤eri uygulanan kuvvet miktar› (N) kompozit
bloklar›n taban alan›na bölünerek mega-
paskal (MPa) cinsinden hesapland›.

and then teeth were then rinsed with water
for 15 seconds and dried with oil-free air for
10 seconds until a frosty white appearance of
the etched enamel was observed. The teeth
were distributed into three groups, conta-
ining 20 teeth each.

Three different commercially available
composite pastes, Transbond XT (3M Unitek,
Monrovai, Calif, USA), Transbond LR (3M
Unitek, Monrovai, Calif, USA) and Venus
Flow (Heraeus Kulzer, Dormagen, Germany)
were used in this study. Materials and appli-
cation procedures are shown in Table I.
Transbond XT primer for Transbond XT and
LR and Single Bond (3M Espe, Seefeld, Ger-
many) for Venus Flow was used according to
manufacturer’s recommendation. Before
composite placement, Transbond XT primer
and Single Bond were applied to etched sur-
face as a thin uniform coat and cured for 10
seconds. 

Composite resins were applied to the
middle part of buccal surface of the tooth by
packing the material into the cylindrical plas-
tic matrices (Figure 1) with a 2.34 mm inter-
nal diameter and a three mm height (Ultra-

Şekil 2: Bağlanım dayanım
testi için hazırlanmış bir örnek

Figure 2: A sample prepared
for shear bond test 

Şekil 1: Mine yüzeyine kom-
poziti uygulamada kullanı-
lan aparat (Ultradent)  

Figure 1: Application appa-
ratus (Ultradent) of composi-
te on the enamel surface.
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K›r›lma Tipi Analizi
K›r›k hatlar› ›fl›k mikroskobu ile (20 X

büyütme alt›nda) de¤erlendirildi ve adeziv,
koheziv ve kar›fl›k olarak s›n›fland›r›ld›.
K›rma ifllemi sonras› yüzeyinde %80’den
daha fazla kompozit olan difllerdeki k›r›lma
koheziv, yüzeyinde %20’den daha az kom-
pozit bulunan difllerdeki k›r›lma adeziv,
adeziv ve koheziv k›r›lman›n birlikte oldu-
¤u k›r›lma ise kar›fl›k olarak s›n›fland›r›ld›.

‹statistiksel Analiz
Her üç grup için tan›mlay›c› istatistik ve-

rileri (ortalama, standart sapma ve mini-
mum ve maksimum) hesapland›. Ba¤lan›m
dayan›m› verileri Shapiro-Wilks normalite
testi ve Levene varyans homojenite testi ile
de¤erlendirildi. Verilerin normal da¤›l›m
gösterdi¤i ve gruplar aras›nda de¤iflkenler-
de homojenite oldu¤u bulundu. Ba¤lanma
dayan›m de¤erlerinin ortalamalar›n›n karfl›-
laflt›r›lmas› varyans analizi (ANOVA) ile
çoklu karfl›laflt›rmalar ise Tukey Testi kulla-
n›larak yap›ld›. K›r›lma tipleri ki-kare testi
ile de¤erlendirildi. Anlaml›l›k P<0.05 ola-
rak belirlendi. Bütün istatistiksel analizler
SPSS program› (SPSS for Windows 13.0,
SPSS, Chicago, Illinois, ABD) ile yap›ld›. 

BULGULAR
Tan›mlay›c› istatistik verileri ve gruplar›n

çoklu karfl›laflt›rma sonuçlar› Tablo 2’de
gösterilmektedir. Üç grup aras›nda ba¤lan-
ma dayan›m› de¤erlerinde istatistiksel ola-
rak anlaml› fark bulunmufltur (F=17,475;
P=0.000). Çoklu karfl›laflt›rmada ortalama
24,77 ± 9,25 MPa ile Transbond LR grubu-
nun istatistiksel olarak Transbond XT ve Ve-
nus Flow gruplar›ndan (s›ras›yla
12,01±4,98 MPa ve 14,07±5,25 MPa) daha
yüksek ba¤lanma dayan›m› de¤erine sahip
oldu¤u belirlenmifltir. 

dent, South Jordan, Utah, USA) (24,25). 
A quartz tungsten halogen light unit (Hilux

350, Express Dental Products, Toronto, Cana-
da) with an 10 mm diameter light tip was
used for curing the specimens for 10 seconds.
The specimens were then stored in distilled
water at 37oC for 24 hours before SBS testing.

Debonding Procedure
For SBS testing, the specimens were mo-

unted in a universal testing machine (Houns-
field Test Equipment, Salfords, UK). A notch-
shaped apparatus (Ultradent, South Jordan,
Utah, USA) attached to a compression load
cell at a crosshead speed of 0.5 mm/min was
applied to each specimen at the interface bet-
ween tooth and composite until the failure
occurred. The maximum load (N) was divi-
ded by the cross-sectional area of the bonded
composite posts to determine SBS in MPa.

Fracture Type Analysis
Fracture sites were evaluated with an opti-

cal stereo-microscope (X 20 magnifications)
(SZ 40, Olympus, Tokyo, Japan) and classifi-
ed as adhesive, cohesive and mix. Cohesive
fracture represents an amount of resin was fo-
und remaining on the tooth surface more
than 80%, adhesive if less than 20% of the
resin remained on the tooth surfaces, or mi-
xed if certain areas exhibited cohesive fractu-
re, whereas other areas exhibited adhesive
fracture.

Statistical Analysis
Descriptive statistics, including the mean,

standard deviation, and minimum and maxi-
mum values, were calculated for the 3 test
groups. The Shapiro-Wilks normality test and
the Levene variance homogeneity test were
applied to the SBS data. The data showed
normal distribution, and there was homoge-

Tablo I: Materyaller ve
Uygulama Protokolleri.

Table I: Materials and
application procedures.
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Örneklerin k›r›lma tipleri Tablo 3’de gös-
terilmektedir. Gruplar aras›nda k›r›lma tipi
bak›m›ndan istatistiksel olarak anlaml› fark
bulunamam›flt›r (X2= 6,514; P=0,164). Ge-
nelde difl-kompozit yüzeyleri aras›nda k›r›l-
ma büyük oranda adeziv özellikte olmufltur
(Transbond LR’nin %60’›, Venus Flow ve
Transbond XT’nin %90’›).

TARTIfiMA
Ortodontide, tedavi edilen bozuklu¤un

pekifltirilmesinin, problemin düzeltilmesin-
den daha güç oldu¤u vurgulanm›flt›r (26).
Lingual retainerlar yap›flt›r›ld›klar› difllere
ba¤l› olduklar› sürece, o difllerin s›ralan›fl›-
n›n ideme ettirilmesinde etkilidirler (8). 

Sabit retainer’larda baflar›s›zl›¤›n
%43’ünün ekstraoral travma, %26’s›n›n int-
raoral travma nedeniyle oldu¤u gösteril-
mifltir. Bonding s›ras›nda kontaminasyon
nedeniyle oluflan hekim hatas›na ba¤l› ba-
flar›s›zl›k %18 olarak bulunmufltur. Lingual
retainer baflar›s›zl›klar›n›n %13’ünde ise tel

neity of variances among the groups. Compa-
risons of means of SBS values were made
with analysis of variance (ANOVA) and mul-
tiple comparisons were done by Tukey HSD
(Honestly Significant Difference) test. Fractu-
re modes were analyzed using a chi-square
test. Significance was predetermined at
P<0.05. All statistical analyses were perfor-
med with the Statistical Package for Social
Sciences (SPSS for Windows 13.0, SPSS, Chi-
cago, Illinois) software package.

RESULTS
The descriptive statistics and multiple com-

parisons of groups are presented in Table II.
Statistically significant differences were found
in SBS between the three groups (F=17.475,
P=0.000). When the multiple comparisons
were performed, Transbond LR group with a
mean of 24.77 ± 9.25 MPa showed statisti-
cally higher SBS then both Transbond XT and
Venus Flow groups which’s mean SBS were
12.01 ± 4.98 and 14.07 ± 5.25 respectively. 

Tablo II. Test edilen üç
grubun bağlanım
dayanımlarının tanımlayıcı
istatistik verileri ANOVA ve
Tukey testi ile karşılaştırma
sonuçları.              

Table II. Descriptive statistics
and results of ANOVA and
Tukey tests, comparing shear
bond strength of three groups
tested. 

Tablo III. Kopma dayanımı
testinden sonrası kopma
tipleri.

Table III. Modes of failure
after shear bond testing.
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k›r›lmas›n›n sorumlu oldu¤u bulunmufltur
(8). Tespit edilen %69 oran›nda travmaya
ba¤l› baflar›s›zl›k oran› ayn› zamanda ma-
teryalin ba¤lanma dayan›m›yla da iliflkilen-
dirilebilir. Bununla birlikte bu çal›flmada
mikrobiyal/tükrük kontaminasyonundan
ba¤›ms›z, laboratuar flartlar›nda, %60-90
oran›nda adeziv tipte k›r›lman›n tespit edil-
mesi mine kompozit aras› k›r›lmalar›n heki-
me ba¤l› bonding s›ras›ndaki kontaminas-
yondan kaynaklanmayabilece¤ini göster-
mifltir. Bu verilere göre lingual retainer
kompozitlerinin baflar›s›zl›klar›n %69’dan
fazlas›n›n ba¤lanma dayan›m›yla iliflkisi
kurulabilir.

Bu çal›flmada farkl› kompozitlerin difle
uygulad›¤› saf ba¤lanma kuvvetinin test
edilmesinde geleneksel yöntemlerden fark-
l› olarak, lingual retainer uygulamalar›n›
taklit eden ve ba¤lanma dayan›m›n› etkile-
yen test tekniklerinin baz› kritik yönlerini
k›smen elimine eden bir düzenek (24, 25)
kullan›lm›flt›r. Braket taban›n›n yap›s› kom-
pozitlerin ba¤lanma dayan›m›n›n ölçülme-
si s›ras›nda de¤iflik oranlarda oluflan stres
de¤iflikliklerine ba¤l› olarak baflar›s›zl›¤a
ve hatal› ölçümlere sebebiyet verebilmek-
tedir (25). Farkl› üretici firmalar›n›n ayn›
teknik için üretilmifl braketleri aras›nda bi-
le braket dizayn›n›n ve boyutlar›n›n farkl›-
l›klar›n›n oldu¤u görülmüfltür (27). Ba¤lan-
ma dayan›m›n›n ölçüldü¤ü çal›flmalarda bu
tür tutars›zl›klar önemli problemdir (28).
Çünkü braket ile difl aras›nda, k›rma ifllemi
için kullan›lan parçalar›n uçlar›n›n kuvvet
uyguland›¤›nda bu bölgeye tam oturmas›n›
engelleyen çok ince ve s›k› bir ba¤lant› var-
d›r. Bu parçalar›n uçlar›, sonuçlar›n güveni-
lirli¤ini etkileyecek flekilde kompozit/bra-
ket veya kompozit/mine aral›¤›na yönelebi-
lir. Özellikle uçlar› keskin olan parçalar›n
uçlar›n›n körelmesi, sonraki örneklerde uy-
gulanacak kuvvet miktar›n› artt›rabilecektir
(25). Bu nedenlerden dolay› çal›flmada, lin-
gual retainerlar› taklit etmek ve mine ve
kompozit aras›nda saf ba¤lanma dayan›m›-
n› de¤erlendirmek için sadece kompozit
bloklar kullan›lm›flt›r.

Direk ortodontik bonding sistemlerinde
klinik olarak kabul edilebilir ba¤lanma da-
yan›m› de¤erlerinin 5,9-7,8 MPa aras›nda
oldu¤u belirlenmifltir (29). Bu çal›flmada en
düflük ortalama ba¤lanma de¤eri Transbond

The fracture patterns of the specimens are
shown in Table III. No statistically significant
differences was found between groups (X2=
6.514, P=0.164). In general, a greater percen-
tage of the fractures were adhesive at the to-
oth–composite interface (60% in Transbond LR
and Venus Flow and 90% in Transbond XT).

DISCUSSION
It was emphasized that satisfactory retenti-

on of the treatment is even more of a challen-
ge then correction of the malocclusion during
treatment (26). The lingual retainers found to
be effective at maintaining anterior alignment
providing they remain attached (8).

It was reported the failures of retainer due
to trauma were 43% and 26% for extra- and
intra-oral trauma respectively. And a percen-
tage of 18% is found to be a reason of opera-
tor error which represents bond failure at the
composite-enamel interface due to contami-
nation during bonding. The wire fracture was
found to be 13% in lingual retainer failures
(8). Thus mean 69% of failures related to tra-
uma are also related to SBS of the material.
Moreover the operator error that was indica-
ted according to bond failure at enamel-com-
posite interface might not be only due to mic-
robial/saliva contamination during the bon-
ding as we found 60-90% adhesive type of
failure in this study which is done in labora-
tory avoiding contamination. According to
these data more than a percentage of 69% of
failures seem to be related to SBS of the lin-
gual retainer adhesives.

In present study, a protocol (24,25) diffe-
rent than the conventional method for testing
SBS of different composites was used to simu-
late the lingual retainer bonding and to elimi-
nate some critical aspects of the testing pro-
tocols affecting the bond strength outcome.
The bracket base design may contribute to
the misalignment of load application during
testing, making the bonding system prone to
failure, introducing variations that depend on
the stress gradients generated (25). It has also
been found that variability exists among the
manufacturers with respect to the design or
dimensions of the brackets in nominally
identical prescriptions (27). This inconsis-
tency poses a significant problem in studies
evaluating SBS (28). Because the thickness of
the adhesive layer is very small and there is a
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XT grubunda ölçülmüfltür (ortalama 12,01
MPa) ama bu de¤er Reynolds’un (29) tespit
etti¤i de¤erden yüksektir. Bununla birlikte
Transbond XT ve Venus Flow için en düflük
ba¤lanma dayan›m› de¤eri 4,65 MPa ile
Reynolds (29)’un rapor etti¤i minimum de-
¤erlerin alt›ndayken Transbond LR için mi-
nimum de¤er 11,63 MPa’d›r. Ayr›ca ortala-
ma 24,77 MPa ile Transbond LR’nin en
yüksek ba¤lanma dayan›m› de¤erlerine sa-
hip oldu¤u bulunmufltur. Bu bulgulara göre
yazarlar ba¤lanma dayan›m› dikkate al›nd›-
¤›nda sadece lingual retainer uygulamalar›
için üretilmifl olan Transbond LR’nin en gü-
venilir kompozit oldu¤unu düflünmektedirler. 

Klinik koflullar, laboratuar koflullar›ndan
önemli derecede farkl› olabilmektedir, do-
lay›s›yla unutulmamal›d›r ki laboratuar ko-
flullar› a¤›z ortam›nda karfl›lafl›lan zorluk-
lardan uzakt›r (30). A¤›z içinde de¤erlen-
dirme yap›laca¤›nda, ›s› ve nem gibi koflul-
lar göz önüne al›nmal›d›r. Laboratuar ve
klinik koflullar aras› farkl›l›klardan dolay›,
özellikle test metotlar›nda, di¤er çal›flmalar
ile direk karfl›laflt›rma yap›lamamaktad›r.

Baz› ortodontik braket bonding çal›flma-
lar›nda k›r›lma tipinin genelde kar›fl›k veya
koheziv oldu¤u gösterilmifltir (31, 32). Bu
çal›flmalarda, ba¤lanma dayan›m› testinden
sonra mine ve kompozit aras›nda k›r›lmaya
ba¤l›, adeziv tipten ziyade hem mine yüze-
yi hem de braket taban›nda kompozit par-
ças›n›n kalmas›na ba¤l› oluflan koheziv tip
k›r›lma olmufltur. Kompozitlerinkopar›lma-
s›nda bu çal›flma ve di¤er çal›flmalar aras›n-
da metodolojik fakl›l›klar›n sebebi, çal›fl-
mam›zda braket kullan›lmam›fl olmas›d›r
ve Transbond LR ve Venüs Flow’da %60
oran›nda, Transbond XT’de %90 oran›nda
adeziv tipte k›r›lma oluflmufltur. Bu oranlar
braket yerine tel kompozit kombinasyonu-
nun kullan›ld›¤› önceki çal›flmalardan (21,
23) daha yüksektir. Schulz ve arkadafllar›
(21) retainer baflar›s›zl›¤›n›n %32,2 oran›n-
da difl-kompozit yüzeyleri aras›nda olmas›-
na karfl›n %55,9 oran›nda tel-kompozit yü-
zeyleri aras›nda oldu¤unu göstermifllerdir.
Radlanski ve Zain (23) %50,8 adeziv tip,
%16,7 kar›fl›k tip ve %32,5 oran›nda kohe-
ziv tip k›r›lma tespit etmifllerdir. Bu çal›fl-
malarda retainer’lar›n kopmas› tel-kompo-
zit aral›¤›nda da gerçekleflmifltir. Çal›flma-
m›zda ise adeziv tipteki k›r›lman›n yüksek

tight interface between adhesive and bracket,
the tips of the apparatus could not be accura-
tely placed on it once the force was applied.
The tips of apparatus may deviate toward the
interface between adhesive and bracket or
adhesive and enamel, which may signifi-
cantly affect the reliability of the results.
Blunting of the tips of the apparatus during
use, particularly the pointed ones, would ha-
ve increased the force level applied on later
specimens (25). For these reasons, we used
only composite blocks to take pure SBS valu-
es between enamel and composite to simula-
te the failure of lingual retainer, detached bet-
ween composite/enamel interfaces.

It was determined to be between 5.9–7.8
MPa for a minimum SBS values in direct ort-
hodontic bonding systems that are clinically
acceptable (29). The lowest mean SBS is de-
termined for Transbond XT group (mean:
12.01 MPa), that is higher than previously
emphasized minimum SBS. Beside this fact,
the minimum bonding values for both Trans-
bond XT and Venus Flow was 4.65 MPa
which is lower than borders Reynolds (29) re-
ported whereas the minimum bonding value
for Transbond was 11.63 MPa. In addition
Transbond LR found to have highest SBS va-
lues with a meanly of 24.77 MPa. Thus aut-
hors think Transbond LR, manufactured as
lingual retainer composite is the safest adhe-
sive when considered from bond strength po-
int of view.

As the clinical conditions may differ signi-
ficantly from an in vitro setting, it should be
remembered laboratory conditions have not
been subjected to the rigors of the oral envi-
ronment (30). If an in vivo evaluation will be
made, some conditions such as heat and hu-
midity should also be added into considerati-
on. Because of the probable differences bet-
ween in vivo and in vitro conditions, as well
as the testing method, a direct comparison
cannot be made with the findings of other
studies. 

It was shown in some orthodontic bonding
studies that failure type is generally mix or
cohesive (31,32). In those studies, after SBS
testing a part of the composite resin remained
on either the enamel surface or the bracket
base, causing cohesive failure rather than ad-
hesive failure between the enamel and com-
posite resin. As a reason of methodological
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olmas› mine ve kompozit aras›ndaki ba¤-
lanma dayan›m› daha net ölçmemizi sa¤la-
m›flt›r.

SONUÇ
Transbond XT ve Venüs Flow, Reynolds

(29)’un belirledi¤i klinik olarak kabul edile-
bilir ba¤lanma dayan›m de¤erlerinden da-
ha yüksek ortalama de¤erlere sahiptir. Bu,
lingual retainer yap›m› için her iki materya-
lin de ba¤lanma dayan›m› aç›s›ndan uygun
olabilece¤ini göstermektedir. Bununla bir-
likte, Transbond LR’nin en yüksek k›r›lma
de¤erlerine sahip olmas›ndan dolay› yazar-
lar test edilen özellik için bu kompozitin en
uygun materyal oldu¤unu düflünmektedir.

differences in the present study for shearing
the adhesives, brackets were not used and
more adhesive failures occurred at a percen-
tage of 60% for Transbond LR and Venus
Flow and 90% for Transbond XT. These rates
are also higher than the rates reported in the
previous studies (21,23) which wire-compo-
site combination used instead of bracket.
Schulz et al. (21) reported retainers failed at
tooth-resin interface with a rate of 32.2%
where as at wire-resin interface 55.9%. Rad-
lanski and Zain (23) determined the failures;
50.8% as adhesive type, 16.7% as mix type
and 32.5% at wire/composite interface. As
wire-composite interface contributes the reta-
iner failures as fracture site in these studies,
the higher percentage of adhesive failure in
our study also lead us to measure SBS betwe-
en enamel and composite more accurately.

CONCLUSION
Transbond XT and Venus Flow have higher

SBS than the ranges Reynolds reported as cli-
nically acceptable, which mean both materi-
als are appropriate for construction of lingual
retainer. However, as the highest SBS was fo-
und to be in Transbond LR, authors think that
this composite is the most appropriate lingual
retainer adhesive for the tested specification.
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