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ABSTRACT 

Üzrek, B. (2023). In vitro Evaluation of Shear Bond Strength of Orthodontic 

Brackets with Different Adhesives. Yeditepe University, Institute of Health Sciences, 

Department of Orthodontics PhD Thesis, İstanbul. 

The aim is to evaluate the shear bond strength of stainless-steel orthodontic brackets 

bonded with two different adhesive systems. Sixty extracted bovine incisors were divided 

randomly into three groups. To bond, the brackets to the enamel surface used two different 

methods: 37% orthophosphoric acid+Transbond XT Adhesive+Transbond XT Primer, 

BracePaste Adhesive+BracePaste Primer, and only BracePaste Adhesive. Valo Ortho Curing 

Light was used to polymerize the adhesive materials. After polymerization, the specimens 

were measured for the shear bond strength on the universal testing machine. Transbond XT 

Adhesive+Transbond XT Primer group showed a mean SBS of 11.73 ± 1.74 MPa, 

BracePaste Adhesive + BracePaste Primer group a mean SBS of 11.11 ± 1.51 MPa. There is 

a statistically significant difference between the shear bond strength scores of BracePaste 

Adhesive + BracePaste Primer and BracePaste Adhesive without BracePaste Primer. 

BracePaste Adhesive without BracePaste Primer group showed a mean SBS of 2.42 ± 0.81 

MPa. There is a statistically significant difference between the mean shear bond strength of 

BracePaste Adhesive+ BracePaste Primer and BracePaste Adhesive (p=0.0001). There is no 

statistically significant difference between the mean shear bond strength of Transbond XT 

Adhesive+Transbond Primer and BracePaste Adhesive+BracePaste Primer (p=0.357). In 

conclusion, our study indicates no statistically significant difference between the mean shear 

bond strength of Transbond XT and BracePaste Adhesive with BracePaste Primer. 

Furthermore, we found a statistically significant difference between the mean shear bond 

strength of BracePaste Adhesive with BracePaste Primer and BracePaste Adhesive without 

BracePaste Primer. 

 

 

Keywords: Shear bond strength, Transbond XT, BracePaste Adhesive, Brackets 
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ÖZET 

Üzrek, B. (2023). Farklı Adeziv Sistemleri ile Yapıştırılan Ortodontik 

Braketlerin Tutuculuklarının İn Vitro Olarak Değerlendirilmesi. Yeditepe Üniversitesi, 

Sağlık Bilimleri Enstitüsü, Ortodonti ABD, Doktora Tezi, İstanbul. 

Bu çalışmanın amacı, iki farklı adeziv sistemi kullanılarak yapıştırılan metal 

braketlerin dayanım güçlerinin in vitro olarak değerlendirilmesidir. Altmış çekilmiş sığır 

kesici dişi gelişigüzel üç gruba ayılmıştır. Braketleri mine yüzeyine yapıştırmak için iki farklı 

yöntem kullanılmıştır: Birinci gruba, %37'lik ortofosforik asitle pürüzlendirme+Transbond 

XT Primer+Transbond XT Adeziv uygulanmıştır. İkinci gruba, %37'lik ortofosforik asitle 

pürüzlendirme+BracePaste Adeziv+BracePaste Primer uygulanıp son gruba ise %37'lik 

ortofosforik asitle pürüzlendirme ve sadece BracePaste Adeziv uygulanmıştır. Adeziv 

materyallerin polimerizasyonu için Valo Ortho Cordless Curing Light cihazı kullanılmıştır. 

Braketleme işleminden sonra universal test makinesi kullanılarak örneklerin kesme bağlanım 

kuvvetleri ölçülmüştür. Transbond XT Adeziv+Transbond XT Primer Adeziv 11.73 ± 1.74 

MPa, BracePaste Adeziv+BracePaste Primer ise 11.11 ± 1.51 MPa olarak bulunmuştur. 

BracePaste Adeziv+BracePaste Primer ile BracePaste Adeziv sistemi kullanılan örneklerde 

istatiksel olarak anlamlı bir fark bulunmuştur. Sadece BracePaste Adeziv kullanılan 

örneklerde dayanım gücü 2.42 ± 0.81 MPa olarak bulunmuştur. BracePaste 

Adeziv+BracePaste Primer Primer ile BracePaste Adeziv gruplarının dayanım güçleri 

ortalamaları arasında istatiksel olarak anlamlı derecede düşük bulunmuştur(p=0.0001). 

Transbond XT Adeziv+Transbond XT Primer ile BracePaste Adeziv+BracePaste Primer 

gruplarının kesme bağlanım dirençleri ortalamaları arasında istatiksel olarak anlamlı bir fark 

gözlenmemiştir (p=0.357). Sonuç olarak, araştırmamız Transbond XT ve BracePaste 

Adeziv+BracePaste Primer materyalleri arasında makaslama bağlanma dayanımı oranları 

açısından istatiksel olarak anlamlı bir fark göstermemiştir. Bunun aksine, BracePaste 

Adeziv+ BracePaste Primer ile primersiz BracePaste Adeziv arasında makaslama bağlanma 

dayanımı oranları açısından istatiksel olarak anlamlı bir fark bulunmuştur. 

Anahtar Kelimeler: Kesme bağlanma kuvveti, Tranbond XT Adeziv, BracePaste Adeziv, 

Braket                



 1 

1. INTRODUCTION AND AIM 

Orthodontists expect strong and long-term attachment between teeth and appliances 

from orthodontic adhesives. In the early days of Orthodontics, Chemical resins were used to 

bind the brackets and tooth tissue. One of the major problems was shrinkage during the 

polymerization. Because of viscosity, polymerization causes the contraction of the material. 

Development of modern adhesive systems started when Buonocore (1) introduced a new 

modification to solve all these disadvantages of adhesive systems in 1955. He observed that 

the dental tissue and resin connected stronger than chemical resins if the teeth were applied 

%85 orthophosphoric acid. As a result of phosphoric acid, microporosities can be seen in the 

enamel surface of teeth. After that, the tooth enamel etching procedure was widely initiated 

to use in orthodontic treatments to strengthen the adhesion of dental materials (2). Newman 

(3) used this technic to bond the orthodontic appliance to the tooth surface. He preferred an 

epoxy resin and applied %40 phosphoric acid for 60 seconds. The cure time of epoxy resin 

was approximately 15 minutes. He modified the technic by reducing the cure time from 15 

minutes to 5 minutes. Retief (4) applied the epoxy resin system to attach headgear to molar 

tubes and edgewise torque using rectangular wire, but this was not practical because of curing 

time. 

 Adhesive systems are divided into three groups according to how they attach to the 

dental tissue. These groups are glass ionomer systems, etch and rinse, and self-etch adhesive 

systems. Glass ionomers release low-level fluoride and reabsorb fluoride ions from fluoride-

containing substances. Donly et al. (5) found a statistically significant reduction of early 

carious lesions using glass ionomers. This feature of glass ionomers has made it an attractive 

alternative for bonding orthodontic brackets. 

Recently, light-cured adhesive systems have been widely used to attach orthodontic 

brackets to the teeth surface. These systems provide the clinician with enough time to position 

the brackets on the enamel. 

The aim is to evaluate the shear bond strength of stainless-steel orthodontic brackets 

bonded with two different adhesive systems. 
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2. LITERATURE REVIEW 

2.1. Dental Adhesives 

Dental Adhesives are used to provide retention between a dental restoration and 

tooth structure. This retention can be achieved with three different mechanisms: chemical, 

mechanical and physical bonds. 

Dental adhesives consist of a solution of resin monomers that allow to bond dental 

surfaces. These monomers of the features show both hydrophilic and hydrophobic groups. 

The inorganic structure of dental tissue replaces with this resin monomer in adhesive 

materials.  

Adhesive dentistry was developed to achieve aesthetic expectations and minimally 

invasive tooth restoration. Different types of adhesives are classified according to their 

bonding mechanism and application procedures, such as self-etch and etch-and-rise 

adhesives (6). Also, dental adhesives can be classified as single-step or two-step systems.  
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2.1.1. Mechanism of Dental Adhesives 

Enamel and dentin have different structures. Because of these differences, bonding 

adhesives to dentin is more difficult than enamel. The main reason for this difficulty is that 

dentin has 45% inorganic material, and enamel consists of 92% inorganic hydroxyapatite 

crystals (7).  

 

Table 1. The composition of tooth tissue (8).  
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2.2. History of Dental Adhesive Systems 

Sevriton cavity seal which was the first dental adhesive material was introduced by 

Oskar Hagger in the late 1940 (9). This adhesive material which contains glycerolphosphoric 

acid and dimethacrylate was chemically bonded to dental tissue (10). After this development, 

Kramer et al. (11) suggested that glycerolphosphoric acid and dimethacrylate strengthened 

bonding to dentin surface. However, the later studies showed poor clinical outcome because 

of the high stress and thermal expansion caused by methacrylate (12). 

The main improvement in dental adhesives was made by Buonocore. He enhanced 

bonding between dental tissue and resin material by using 85% phosphoric acid (1). The 

etching process of enamel was introduced by Buonocore (13) and was used for treating 

metallic surfaces to achieve better adhesion in the industrial area. Micromechanical retention 

was formed by increasing surface roughness and chemical bonding due to acid-etching  

between enamel and resin material (14).  

The basic expectation from adhesive systems is to produce a good bonding between 

dental tissue and adhesive resin (15). It is more challenging to achieve sufficient bonding on 

dentin compared to enamel. This is because, in dentin, there is more organic content than in 

enamel (16). Whilst the enamel is composed of 96% hydroxyapatite, dentin accommodates 

higher content of water and organic material (17). 

New techniques of dental adhesive systems, which are self-etch and total-etch, are 

less biologically aggressive. Because This technique allows for acid monomers, a process 

without having to be removed by irrigation and subsequent drying, to be replaced by 

phosphoric acid. Also, the biocompatibility of adhesive systems has been developed 

compared to old techniques (18). 

 

2.3. Classification of Dental Adhesives 

• First Generation Bonding Systems - First Generation bonding systems were 

anticipated as ionic bonding to hydroxyapatite or as covalent bonding to collagen and 

were published by Buonocore in 1956 (19). Nevertheless, water can reduce this bond. 
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As a result of this weakness, inferior clinical results were founded for low bond 

strength within the range of 1-3 MPa (19). 

• Second Generation Bonding Systems - Second generation bonding systems use 

polymerizable phosphates to increase the calcium in tooth structure (20). This 

generation is not very useful because bonding to the smear layer is too weak. Bond 

strength is 4-6 MPa (21). 

• Third Generation Bonding Systems - Third generation bonding systems partially 

removed the smear layer with using acid etching of the dentin (19). 

• Fourth Generation Bonding Systems - By the late 1980s and early 1990s fourth 

generation was introduced. Primer, etchant, and bonding are packaged in containers. 

This generation was the first with the aim of removing the smear layer from the 

surface (19). 

• Fifth Generation bonding systems - The fifth generation helped to reduce the clinical 

steps. This generation was introduced as being one bottle or one step (22). In the 

application of this generation, the first step is an etching, and the second is primer and 

bonding. Bond strength is 3 to 25 MPa. 

• Sixth Generation Bonding Systems - In the late 1990s and the early 2000s, the sixth 

generation was introduced as the “self-etching primers”. This generation was planned 

to eliminate the etching procedure. There are two bottles; one contains self-etching 

primers, and the other has adhesive. It is suggested that the components of this 

generation are mixed together before use (23). 
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• Seventh Generation Bonding Systems - By the late 1999s and early 2005 seventh 

generation was introduced. It is known as a one-bottle system that contains the etch, 

primer, and adhesive. Because of that, mixing is not necessary (24). 

• Eight Generation Bonding Systems - In 2010, eight generation which contains 

nanosized fillers was introduced (25). Nanofillers enhance the penetration of the 

hybrid layer thickness and resin monomers. Therefore, This helped to improve the 

mechanical properties of adhesives in this generation (26).   

 
Scheme 1. Classification of adhesive systems(8). 

 

2.3.1. Etch and Rinse Adhesive System 

Etch and rinse adhesive systems are the oldest bonding systems introduced in the 

early 1990s. This system was classified as three or two-step materials according to whether 

primer and bonding were separated or combined in a single bottle. These systems are the 
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method that provides the most effective and durable adhesion to the enamel. It involves 

adhesive, acid etching, and primer. Three steps of this system give a hydrophilic surface (27). 

The major target of etching is to expanse the surface area and bonding area and enhance 

porosity in dental tissue, called a demineralized area. The primer resin fills the demineralized 

area, and resin tags expose to penetrate this area (28). After the etching process, 

micromechanical bonding occurs with infiltration and polymerization of resin monomers into 

microporous areas (29). Then, the rinse process enhances the accessibility to open the smear 

plugs and remove the smear layer.   

 

2.3.2. Self-Etch Adhesive Systems 

Self-etch adhesive systems were introduced to decrease the clinical chair time and 

simplify the clinical procedures of adhesion application by eliminating the rinsing phase (30). 

While it dissolves the smear layer, it does not eliminate this layer; eliminating the rinsing 

phase significantly decreases the sensitivity of dental tissue during the adhesive application. 

Self-etch adhesive systems are classified as two steps or one-step adhesives (31).  

The first step has a hydrophilic acidic primer, and the second step has hydrophobic resin. 

One-step self-etch adhesive systems are named all-in-one adhesives which consist of an 

etchant, primer, and bonding agent in a bottle. In the two-step self-etch system, enamel 

conditioning, primer, and adhesive resin are separated. As a result of this, self-etch systems 

prevent discrepancies the depth of etching and resin monomer penetration (28). 

Self-Etch adhesives are an aqueous solution of acidic functional monomers whose 

have higher pH value than other phosphoric acids. As a result of the pH difference, this 

system are classified as the power of their acidity degree, including a strong (pH ≤1), 

intermediate (pH=1.5), and mild (pH ≥2) (32). While mild self-etch adhesives form a 

demineralized layer on the dentin surface, strong self-etch adhesives demineralize dentin. 

Mild self-etch adhesives yield fewer post-operative pain by using a smear layer as a bonding 

substrate (33). 

Even though some advantages of self-edge adhesive systems, some researchers show 

that these systems give less shear bond strengths and demineralization on the enamel tissue 

when it is compared to the other adhesive systems (34,35). 
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2.3.3. Universal Adhesive Systems 

Universal adhesive systems, were also named as “multi-mode” or “multi-purpose,” 

has been used since 2001 in adhesive dentistry. They may be chosen as each of two as self-

etch adhesives and etch rinse adhesives or using self-etch adhesives for dentin surface and 

using etch rinse adhesives for enamel surface (36). 

Universal adhesives differ from self-etch adhesives in terms of their composition, 

which have carboxylate and phosphate monomers that attach to hydroxyapatite. Universal 

adhesives produce chemical and microchemical bond strength to the dental structure (37). 

Methacryloyloxydecyl Dihydrogen phosphate (MDP), found in universal adhesives, is a 

monomer to help promote strong adhesion to the dental structure by the formation of Ca++ 

salts formed during adhesion in self-assembled nanolayers (38). Combining these new 

adhesives helps contact the hydrophilic tooth surface and hydrophobic resin material. Some 

universal adhesives may contain silane in their combination. This silane in formulation 

eliminates the silanization procedure to bond resin composites and ceramics (39). It also 

helps resin cements to etch porcelain and optimize overall assembly strength.        

 

2.3.4. Glass Ionomer-Based Adhesives 

Glass ionomer-based adhesives were developed in 1965. They were categorized as 

conventional glass ionomers and resin-modified glass ionomer cements. Glass ionomer 

material is only self-adhesive systems that bond the resin material and dental tissue without 

surface treatment (40). These can be caused by chemical interactions of polyalkenoic acids 

with hydroxyapatite (HAp). They provide fluoride release, mechanical strength, and wear 

resistance (41). While conventional glass ionomers bond the tooth structure 

micromechanically, in resin-modified glass ionomers, furthermore, there is a chemical bond 

among the resin component and the resin of the enamel or adhesive (42). 

Some researchers show that resin-modified glass ionomer adhesives have low bond 

strength in comparison to the other adhesive systems (6). This can be caused by the nominal 

cohesive strength of the glass ionomer materials (43). Glass ionomers bond seems very well 

clinically, but they are not resistant to excessive loads (6). Because of that, it is recommended 
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that using glass ionomer adhesive with 10% polyacrylic acid solution provides stronger 

bonding to dental tissue (44).  

 

2.4. Light Cured Units 

Dental light curing units are necessary to start the polymerization process because 

the polymerization process determines the success of the clinical success of resins. 

Inadequate polymerization leads to decreasing wear resistance, weakening of mechanical 

retention, caries, and color instability (45). Light-activated composite resins are preferred 

because of their easy handling, aesthetics, and physical and mechanical properties. The main 

disadvantage of them is that they need sufficient polymerization. 

The rate of polymerization of the adhesive composite depends on the intensity of 

the light curing device. Incomplete polymerization causes decreased physical and mechanical 

adhesion and the color stability of the material (46). In addition, sensitivity after the 

operation, early failure of the restoration, and toxicity to the pulp can be seen by insufficient 

polymerization (47). Also, some extrinsic and intrinsic factors may play a role in 

polymerization. The extrinsic factors are intensity time of the light exposure, intensity of 

light cure units, light source distance, water or food colorants, and heat. Intrinsic factors are 

properties of the resin matrix, the residue of double bonds (48).  

In the early 1960s, bonding systems became available to provide retention between 

the tooth and the orthodontic appliances (39). Today, light-cured adhesives are used by the 

majority of orthodontics. Because these adhesives reduce the contamination risk, provide 

enough working time, exact bracket placement, and effortlessly eradication of the excess 

adhesive material during bonding (39).  

Ideal light cure units are expected to have some properties. These requirements are; 

broad emission spectrum, sufficient light intensity, durability, easy-to repair (49). 

The light source units are classified as quartz-tungsten halogen (QTH), light-

emitting diode (LED) plasma arc curing (PAC), and argon laser units. 
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2.4.1. Quartz Tungsten Halogen Curing Units 

Early in the 1990s, quartz tungsten halogen units were produced instead of the ultra-

violet curing unit (50). These lamps produce ultraviolet irradiation and visible light, which 

emit blue light with a 400-500 nm wavelength range that is within the camphorquinone 

spectrum (51). Quartz-tungsten halogen curing unit lamps consist of quartz tungsten thread, 

inert gas, filter, refrigerating system, and optic fibers. Most of these units have tungsten 

filament halogen lamps which incorporate the blue filter (52).  

Quartz tungsten halogen curing units use 99% of their energy capacity to heat the 

tungsten filament until it shines. Only one percent of energy converts to the light (53). QTH 

heats the tungsten filament to 2700 °C. During this process, the blistering of light filters and 

discoloration of reflectors can be seen because of heat production (52).  

The disadvantages of quartz tungsten halogen curing units are that they have very 

high heat, causing loss of high energy and short-curing depth (52). 

 

2.4.2. Plasma Arc Curing Units 

Plasma arc curing units are a curing system that was planned as high-speed curing 

light and cheaper in the 1990s (52). Light is emitted from an electricity-conductive gas in 

these curing units. The PAC lamps have high light intensity and a narrow spectrum, which 

provide a reduction of curing time (52,54). 

Plasma arc curing units allow short-term exposure with high irradiance. Some 

manufacturers show that three-second exposure with PAC light is almost equal to 30-45 

seconds of exposure with QTH (54). On the contrary, short curing time may cause inadequate 

polymerization, insufficient marginal filling (55). Also, PAC devices are much more 

expensive than QTH devices (56). 

Signorelli et al. (57) reported that a plasma arc system with a curing time of six 

seconds has a bond fracture and bond strength similar to that of the halogen light cure systems 

with a curing time of twenty seconds. Yusoff et al. (58) found no significant difference under 

shearing pressure when you bonded orthodontic brackets using the light emitting diode 

system through curing at 0°, 45°, and 90° angle. Oesterle investigated that Plasma arc units 

improve the SBS of orthodontic brackets with curing time. They studied with halogen light 
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for 40 seconds and plasma arc curing for 3, 6, and 9 seconds. Also, they found no significant 

difference between halogen light and plasma arc units when comparing the bond strength of 

orthodontic brackets. 

2.4.3. Light-Emitting Diode Curing Units 

Light-emitting diode (LED) curing units are produced to eliminate the 

disadvantages of QTH curing units (54). Different LED curing units continued to evolve over 

the years. 

The spectral output of LEDs resides within the absorption spectrum of 

camphorquinone photoinitiator. Because of that, LED units do not need filters to produce 

blue light. Nevertheless, there is no decrease in the light power of the LED systems. LED 

units can be used for thousands of hours (59). They make low power consumption, causing 

minimal heat, and resistant to vibration (60,61). 

In 1999, the first generation of Led units started to be used. They had low power 

energy, which required 60 seconds for curing times (62). In the second generation, the main 

difference was mini chips which produce more power output and adequate irradiance (62). 

The third generation emits different and identical wavelengths. Also, this generation has 

important advances in orthodontic and restorative practice due to the shortening of the curing 

time (62). 

Tarle et al. (63) observed QTH showed a higher conversion value than PAC and 

LED. However, Yoon et al. (64) investigated that PAC and LED were not significantly 

different from QTH while the same light energy was applied. Bouillaguet et al. (65) reported 

that LED units convert energy to light better than QTH units. Also, they found that the 

wavelength of light emitted by LED pairs with the absorption spectrum of camphorquinone. 

Hofmann et al. (66) investigated that the amount of heating released due to irradiation is more 

with LED units compared to QTH units. 
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 2.4.4. Argon Laser Curing Units 

In the early 1990s, argon laser curing units were introduced as versatile 

multiwavelength lasers. It has been used for cyst removals and soft tissue procedures of 

buccal mucosa and gingival tissues (67). 

Argon laser curing units emit blue and green light in wavelengths between 450 and 

500 nm (68). Blue light laser provided significantly higher efficacy in polymerizing dental 

composite resins. This blue light has the highest energy photons of the wavelength of visible 

light (68).  

Powell et al. (69) indicated that SBS was increased significantly in both dentin and 

enamel after polymerization with argon laser curing units. In another study, Anić et al. (70) 

demonstrated that temperature increased when argon laser units were used to cure composite 

resins. Noel et al. (71) found that argon laser units possibly help adequate reduction in the 

demineralization area. Talbot et al. (72) studied whether argon laser curing units increase 

bond strength in respect of laser energies. They discovered that argon laser units could 

polymerize orthodontic adhesives faster with higher bond strength in all tested energy levels 

with no statistical significance in between. 

 

2.5. Adhesion in Orthodontics 

Ideal orthodontic adhesive systems should have adequate bond strength due to be 

able to stand stronger against chewing and orthodontic forces (73). After the demonstration 

of phosphoric acid by Buonocore (1) in 1955, adhesion between orthodontic appliances and 

dental tissue became more durable. He planned an enamel surface strengthened to increase 

micro-mechanical adhesion as a result of the penetration of resin to microporosities of acid-

exposed enamel (1).  

Various removable and fixed appliances were used to solve the malocclusions and 

dental problems in orthodontic treatment. Most used fixed appliances were brackets attached 

to teeth with different adhesive materials. Traditionally, brackets had been clamped to dental 

tissue mechanically. Nowadays, dental adhesive systems are widely used due to their many 

advantages (74). Detachment of brackets resides as the major concern, and an appropriate 

bonding procedure of brackets is essential for a successful orthodontic treatment (75–77). 
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Moreover, debonding of brackets causes damage to dental tissue, increased treatment time, 

and increased chair time (78). For this reason, adhesive systems are essential in orthodontic 

treatment. 

Several generations of adhesive systems were introduced as orthodontic adhesives 

with different properties. These advancements in adhesive systems helped orthodontists to 

treat patients efficiently, predictably, and effectively (74). Orthodontists can use either the 

light-cured composite or chemically attach the brackets to dental tissue. While chemically-

cured composite resins have some disadvantages, such as mixing and limiting curing time, 

light-cured composite resins enable controlled polymerization time, easily removing excess 

adhesive. Recent advances of light curing systems, duration of curing time was reduced by 

increasing light power density (79). 

Adhesive systems are expected to have adequate bond strength. However, high bond 

strength may cause enamel fracture and pulpal damage during the bonding procedure (80). 

Normal range for bond strength was reported as 6-8 MPa for orthodontic purposes (81). 

When the bond strength is more than 13.5 MPa, enamel fracture can be seen (82). 

Demineralization or white spot lesions can be seen around orthodontic brackets 

during treatment which is caused by poor oral hygiene. Enamel decalcification can occur four 

weeks after orthodontic treatment (83). Gorelick et al. (84) reported that after the removal of 

bonded orthodontic appliances, white spot lesions were seen with 50% of the patients on at 

least one teeth. To prevent white spot lesions, orthodontic adhesives were developed with 

anti-cariogenic properties. Fluoride-releasing composite resins and resin-modified glass 

ionomer cements are widely used by orthodontists. Glass ionomer cements have adequate 

bond strength but fluoride-releasing performance is not good (85). Compared to resin-

modified glass ionomer resins, fluoride-releasing composite resins have been shown to 

decrease white spot lesions (86). Derks et al. (85) reported that bonding materials, including 

fluoride had no effect on preventing demineralization. Also, a white spot lesion can be seen 

on the buccal side of the teeth, and orthodontists need to change the bracket position. As a 

result of white spot lesions on the buccal side, a decrease on the shear bond strength of 

brackets takes place (87). 
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2.6. Shear Bond Strength in Orthodontics 

In orthodontic treatment, teeth alignment occurs due to the orthodontic forces. These 

orthodontic forces spread from the orthodontic appliances to teeth. For the realization of this 

force, it is expected that orthodontic adhesives be stable, have excellent bond strength, attain 

enough flow for penetration to the dental tissue surface, and easily apply (88).  

To achieve sufficient bond strength, adhesive systems must resist functional and 

treatment forces during orthodontic treatment. To achieve successful direct bonding, there is 

a procedure involves four main steps, which are cleaning, enamel conditioning, sealing, and 

bonding (89). A well-prepared enamel surface is necessary for good bond strength. Enamel 

pellicles and residues should be removed from the tooth surfaces after preparation. This 

process, called enamel conditioning, can be provided with acid etching or sandblasting 

(1,90). However, researchers indicated that it causes lower bond strength than conventional 

acid etching (91). Nevertheless, as mentioned before, although bond strength is crucial to 

bond orthodontic appliances, more than sufficient bond strength can cause unwanted damage 

to the enamel surface. The bracket debonding process should be harmless to tooth tissue. 

Therefore, an acceptable range of bond strength is essential to minimize debonding 

complications (92,93). 

 

2.7. Shear Bond Strength Evaluation Methods 

With the development of newer technologies, the number of new adhesive materials 

has increased daily. The tensile and shear bond strength tests are performed to evaluate these 

adhesive materials to choose the better one (94). The results of the evaluation can be 

influenced by passing the time between bonding and debonding, exposure to heat, etchant 

concentration, contamination during the bonding procedure, the properties of adhesive 

systems, type of curing light system, type of bracket, and the cleaning of teeth surface (34,95–

98).  

In vivo research is another evaluation method. However, in vivo evaluation of bond 

strength can be affected by different factors (99). These factors are the risk of blood and 

saliva contamination, stress caused by mastication and occlusion force, decreased adhesion 
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due to saliva and the temperature exchange caused by food and drinks, contamination during 

the bonding procedure, the properties of adhesive systems, and curing light system (99). 

Although the conditions are not similar to the oral environment, in vitro studies 

produce reliable evaluation results of adhesive materials introduced (100). Ferreira et al. 

(101) showed that there is statistically no significant difference between in vitro and in 

vivo studies in terms of the shear bond strength of the different adhesive systems. Whereas 

Pickett et al. (102) observed significantly lower shear bond strength in vivo conditions 

than in vitro. However, universal testing machines are used to evaluate the shear bond 

strength of adhesive materials in vitro. This machine can be used to compare orthodontic 

adhesives with each other. Compared to the other devices, the use of universal testing 

machine is much easier and has good control over study design (101). 

As mentioned before, bond strength can be evaluated in the laboratory or clinically. 

Static and dynamic methods are part of laboratory bond strength testing (Scheme 2). When 

the bond area is more significant than 3 mm2, the macro bond strength test can be calculated 

by shear, tensile or push-out protocol. Micro bond test methods are selected when the bond 

area is less than 1 mm2 (1,103).  
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Scheme 2. An outline of bond strength testing methods (104). 

 

2.7.1. Static Tests 
2.7.1.1. Macro Test Methods 

Macro test methods are classified as shear, tensile, and push-out test methods. 

 

2.7.1.1.A. Macro Shear Bond Strength Test: 

In the early 1960s, the macro shear bond strength method was investigated by 

Bowen (105,106). This method measures the shear bond strength of newly released dental 

adhesives. When it is desired to admeasure the bond strength of a material, the maximum 

stress that material can combat is produced until failure in the shear mode of loading (107).  

Micro shear bond strength test is the fastest and more straightforward test method 

as it requires no extra testing after evaluating the shear bond strength of a material (108). 
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However, when the material with improved bond strength is admeasured with a shear bond 

strength test, it has been observed that the measurement results change due to cohesive 

failures in the substrate. This is because the stress was concentrated in the tooth surface (109). 

   

2.7.1.1.B. Macro Tensile Bond Strength Test: 

The macro tensile bond strength (TBS) test is used less frequently than the macro 

shear bond strength. It is widely used to evaluate bonding between ceramics or metal alloys 

to cement tissue (110).  

Unlike other bond strength tests, the stress is more evenly distributed in the SBS 

tests. Because of this distribution, TBS tests give more reliable results when the shear bond 

is evaluated in hard materials that bonded cement tissue (111). In addition, bonded material 

should be placed perpendicular to the tensile machine; otherwise, bending stress will be 

released (104). 

 

2.7.1.1.C. Push-out Test: 

The push-out (PO) test calculates the fatigue resistance between dental tissue and 

adhesive. It is widely used to test the adherence of root canal sealers and the confinement of 

endodontic posts (112,113). Because the PO test relies on creating shear stress at the interface 

amid cement and dentin tissue (114). 

To calculate the bond strength with PO test, 1-2 mm thick pieces of dentin tissue 

can be removed to yield a tapered cylindrical hole. The adhesive material to be evaluated is 

applied to the inner surface of the cylindrical cavity, and then the adhesive composite is 

loaded into the hole. After that composite cylinder is pushed into the dentine, and bond 

strength is calculated with a PO test (115). As a result of including part of the cured 

composite, this test method gives more reliable results than the conventional shear bond test 

(116). However, the PO test was never used as a universal bond strength test method (104). 

 

 

 



 18 

2.7.1.2. Micro-Test Methods 

Micro-test methods are classified into micro shear, micro tensile, and micro push-

out test methods. 

 

2.7.1.2.A. Micro-Shear Bond Strength Test 
The micro-shear bond strength (μSBS) test is mostly preferred on small tooth 

surfaces (117). This test is used to evaluate the features including glass ionomers or dental 

tissue (118,119). Multiple specimens from the same tooth and different substrates are 

prepared to be evaluated by the μSBS test. Microcracking in the specimens can be seen 

without the involvement of the trimming process (118,120). 

Also, the same failures seen in macro-shear bond strength are more likely to occur 

in micro-shear bond strength. 

These are; 

• Tensile stresses caused by bending force, 

• The stress distribution is even more prominent compared to the SBS test, 

• Measured bond strength, which underestimates the true stress the specimen resisted 

at the fracture.(121) 

Placido et al. (122) reported that the conventional SBS test represented more 

efficient shear bond strength than μSBS tests. This discrepancy was associated to the 

comparably thicker adhesive layer and the application of loading farther from the adhesive 

bond.  

 

2.7.1.2.B. Micro-Tensile Bond Strength (μTBS) Test 

In 1994, a micro-tensile bond strength test was invented by Sano et al (123). 

Adhesive resins are placed on the full occlusal surface of teeth. Then all specimens are cured 

and stored in water. After that, Specimens are sectioned perpendicularly into multiple serial 

sections using a diamond saw. Each section has both resin composite and dentin tissue. To 

reduce stress in the cross-sectioned area, an hourglass shape form is given with a diamond 

bur (124).   
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The main drawback of the μTBS test is that sectioning after the bonding process 

makes this method more difficult, causing dehydration in some specimens and requiring 

sensitive work. Also, when bond strength is lower than 5 MPa, specimens may be damaged, 

and their geometric structure may be distorted (125,126).  

The advantage of this method is that it has better control over the specimens, 

economic, and has minimal stress distribution. The biggest drawback is that it has good stress 

distribution when the bonded surface is around 1 mm2. As a result of this, this method can 

avoid the failures of materials caused by adhesive bond (125,126). 

 

2.7.1.2.C. Micro-Push-out (μPO) test 

The micro-push-out test used to admeasure the bond strength of fiber posts is a 

adjustment of the PO test. It involves dentin specimens whose thickness are less than or equal 

to 1 mm2 (127).  Castellen et al. (128) investigated the bond strength between fiber posts and 

root dentin using four methods: hourglass microtensile, push-out, modified push-out, and 

pull-out. Among them, the pull-out method demonstrated the highest value of bond strength. 

This is followed by a modified push-out. Push-out method, on the other hand, displayed the 

highest cohesive failure frequency.  

 

2.7.2. Fatigue Tests 

A static bond strength test is not used very often because fast loading of the adhesives 

is not common in the clinic. Therefore, fatigue tests better anticipate the clinical success of 

dental adhesive systems results. Few fatigue tests have been used in the latter years since 

these tests are time-consuming and labor-intensive compared to static bond strength tests. 

Also, these are generally used to bond adhesive systems to dentin since it is more challenging 

to evaluate bonding to enamel in fatigue (129). 

          Some fatigue tests are; 

• Macro-push-out fatigue test (130), 

• Macro-shear fatigue test (131), 

• Micro-rotary fatigue test (132), 
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• Micro-shear fatigue test (122), 

• Micro 3 and 4 point bend fatigue test (133,134), 

• Micro-tensile fatigue test (135). 
 

2.8.
 
Bond Durability Assessment 

The long-term durability of the adhesive system is essential for the success of the 

treatment. Recently, clinicians have preferred to evaluate their adhesive systems with in 

vitro tests. Many researchers showed that bond strength tests in the laboratory might not 

predict the effectiveness of adhesive clinically due to divergence in bond strength values 

between every research institute (136). The bond strength of some adhesive materials 

decreases effectiveness over time, whereas the others are more stable against environmental 

conditions (103).  

Some researchers added ‘aging’ terminology to study methodology. These aging 

factors are thermocycling and water storage (104). Makishi et al. (137) investigated that three 

months in water storage, all adhesive materials showed a degradation in their structure due 

to aging factors. 
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2.9. Factors Affecting Bond Strength Measurements  

 
Scheme 3. Factors affecting bond strength measurements (115). 

 

2.9.1. Substrate Related factors 

2.9.1.1.  Source and Type of Substrate 

Bovine teeth are preferred more as a specimen  than human teeth due to the difficulty 

of teeth collection (138). Bovine teeth have larger dentinal tubules on the coronal surface 

than human teeth. Also, root dentin and pulp of bovine teeth have a different structures than 

human teeth (139). Therefore, a similar surface to human teeth should be selected when 

studying bovine teeth. 

Ozturk et al. (140) showed that the results were significantly different between upper 

and lower teeth compared to shear bond strength. Moreover, they found that bond strength 

was altered by tooth type and adhesive system. 
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2.9.1.2.  Condition of Substrate 

Third molars are often selected to evaluate the bond strength of different adhesives, 

but these teeth are more absorptive and wetter than erupted teeth. Moreover, sclerotic dentin 

can be seen in restored teeth, carious teeth, abraded lesions (139). The success of bonding to 

sclerotic dentin is a challenge to overcome since tubules in the dentin are generally filled 

with mineral crystals (141).  

 

2.9.1.3.  Dentin Depth 

The shear bond strength of dental adhesives is more likely to decrease at deeper 

dentin surfaces with increased permeability (142). Samimi et al. (143) investigated that the 

use of hydrophilic adhesive systems has been successful when it is necessary to reduce the 

sensitivity caused by adhesive systems at deeper dentin surfaces. In addition, in a study 

conducted on three different dentin surfaces with four different adhesives, the best result was 

obtained in superficial dentin, and the worst result was obtained in the deeper dentin 

according to bond strength (142). 

 

2.9.1.4.  Enamel Prisms and Dentinal Tubules 

 The structural feature of enamel and dentin can affect the retention of adhesive 

materials. Carvalho et al. (144) studied the enamel surface and found that the tensile of 

enamel can be affected by enamel's prismatic orientation. Another study showed that the 

properties of the adhesive material have a more pronounced effect on bonding to the enamel 

having a prismatic structure (145). Ikeda et al. (146) found that the μTBS test showed lower 

results when the specimen was cut perpendicularly to its long axis than in the parallel 

direction. 

In addition, the structure of dentin is also an essential factor in reflecting the 

properties of adhesive materials. Eick found that bonding to the enamel can be more 

successful with using adhesive material, which is capable of wetting properties (147). For 
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strong bonding to dentin, the adhesive material monomers should penetrate demineralized 

dentin tubules (148). 

 

2.9.1.5.  Pulpal Pressure 

Pulp fluid flows from the pulp tissue through the dentinal tubules to the junction of 

dentin and enamel. Hegde et al. (149) found that this flows from the pulpal tissue  affects the 

adhesion success by penetrating the structure of the adhesive material used. Another study 

showed that long-term flow from the pulpal tissue has a significant effect on reducing the 

success of adhesive materials (150). 

 

2.9.1.6.  Storage and Duration 

Extracted teeth are usually stored in an aging media containing; distilled water, 

artificial saliva, and sodium hypochlorite (151). Other storage solutions contain 

glutaraldehyde, alcohols; ethanol and methanol, distilled water with thymol, and formalin 

(152). The main feature of storage solutions is that they prevent the growth of 

microorganisms and dehydration of teeth (153). However, Lee et al. (154) stated that aging 

media that contains sodium hypochlorite yield significantly lower bond strength than in 

solutions of distilled water, sodium chloride, chloramine-T, glutaraldehyde, and formalin 

after fourteen days. In addition, each solution can affect dentin surface moisture in different 

ways (155). 

Storage time is also one of the critical factors affecting the bond strength of adhesive 

materials. De Munck et al. (156) reported that the resin-dentin bond resulted in water 

degradation following four years of water storage. However, another study demonstrated that 

six months of storage in water does not play a significant role on bond strength with using 

the μTBS method (151). On the contrary, when formalin and thymol solutions were chosen 

as storing solutions for six months, bond strength was drastically affected negatively due to 

the dissolution of the smear layer (157). 
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2.9.2. Specimen Related Factors 

2.9.2.1. Specimen Size 

The surface area of the specimen plays an essential role in the bond strength. Shono 

et al. (158) observed that the bond strength decreased when the study was carried out on the 

increased surface area. In addition, it is susceptible to research the micro-specimens. 

Phrukkanon et al. (159) observed that bond strength reduced when the bonding area was 

increased. 

 

2.9.2.2. Specimen Shape 

Specimen shape is another factor that affects bond strength. Various micro-

specimen protocols are generally preferred to yield various specimen shapes, including; 

trimmed or non-trimmed specimens (160). Due to less destructive, user-friendly, and more 

accurate preparation, stick-shaped, non-trimmed specimens are generally preferred. 

Trimmed micro-specimens at the interface to hourglass-shaped specimens, on the other hand, 

yields higher stress concentration at the interface (160,161). It should be noted that if the 

trimming is not performed correctly, it will cause increased mechanical stress and attrition, 

yielding tooth cracks and interface failures (161,162). Furthermore, trimming mainly 

depends on the handling of the operator. Therefore, the use of semi-automatic trimming of 

micro-specimens through the application of Micro Specimen Former is recommended (162). 

 

2.9.2.3. Thermal Cycling and Mechanical Loading 

Deterioration stress occurs between the dental tissue and the adhesive material due 

to temperature changes in the oral environment (163). The recommended thermocycling 

frequency is 500 cycles according to ISO/TS specification for reliable results (115). Pitchika 

et al. (164) investigated that thermocycling causes a decrease in bond strength on dentin and 

enamel. Also, they stated that the effect is dependent on the adhesive materials. 
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2.9.2.4. Elastic Modulus of The Resin Composite 

The elastic modulus of adhesive composites is essential in reducing stress 

distribution. Increased stress distribution causes the failure of the restoration and fixed 

orthodontic appliances (165). 

 

2.9.2.5. Operator Skills 

Operator material handling and the usage of testing apparatus were reported to play 

a vital role in the end result of the bond strength testing. This variation can be avoided by 

repetition of bind strength tests and materials (166).  
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3. MATERIALS AND METHODS 

3.1. Selection of Groups 

 Three main groups were selected to evaluate the shear bond strength of different 

adhesives. In two groups, primer and adhesives were applied, while the last group only 

used adhesive. 

 

• Group A - Transbond XT Adhesive and Transbond XT Primer with 37% 

orthophosphoric acid 

• Group B - BracePaste Adhesive and BracePaste Primer with 37% orthophosphoric 

acid 

• Group C - BracePaste Adhesives with 37% orthophosphoric acid 

 

3.2.  Sample Size 

According to the statistical power analysis (G*power version 3.1) performed with 

the aim of determination of the sample size of our study with 0.05 alpha error probability, 

the SBS scores effect size of the groups were set as 0.48; and as a result of sample size 

analysis with the power value of 0.80, the sample size of each group was determined to be 

fifteen. The total sample size of our study is sixty.  

 

 
Scheme 4. Sample size for each experimental group. 
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Figure 1. Bovine teeth before bonding. 

 

 
Figure 2. Transbond XT adhesive and primer. 
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Figure 3. BracePaste adhesive and primer. 

3.3. Preparation for Transbond XT 

In this group, twenty extracted bovine teeth with the absence of caries cracks were 

selected. Remnants and debris were removed with a dental scaler. Nonfluorinated pumice 

was used to remove debris and saline from all selected bovine teeth. After that, all the samples 

were preserved in distilled water for one week. Then all teeth were cleansed with water and 

air-dried. After that, 37% orthophosphoric acid was used for 15 seconds to treat the Buccal 

surface of each tooth, later rinsed with water for 30 seconds and dried with air for 10 seconds. 

After etching, the enamel had an opaque appearance. Transbond XT Primer (3M Unitek, 

Monrovia, CA, USA) was applied using a micro-brush. Valo Ortho Cordless Curing Light 

was applied for 3 seconds on each tooth. After that, Transbond XT Light Cure Adhesive 

Paste (3M Unitek, Monrovia, CA, USA) was used to apply to the Mini master series upper 

central brackets (American Orthodontics, Mini master series, 0.22 slot). The metal brackets 

were laid on the prepared teeth' surface, positioned to where they had to be, and pressed 

tightly. The residues occurred following the pressure was removed with an explorer. Valo 

curing unit (Ultradent Products Inc., South Jordan, UT, USA) was applied to each tooth for 
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3 seconds. Specimens were stored in distilled water after bonding and stored in the drying 

oven for 24 hours. All teeth we selected were embedded in an acrylic block. 

 

3.4. Preparation for BracePaste with Primer 

In this group, twenty extracted bovine teeth with the absence of caries cracks were 

selected. Remnants and debris were removed with a dental scaler. Nonfluorinated pumice 

was used to remove debris and saline from all selected bovine teeth. After that, all the samples 

were preserved in distilled water for one week. Then all teeth were cleansed with water and 

air-dried. After that, 37% orthophosphoric acid was used for 15 seconds to treat the Buccal 

surface of each tooth, later rinsed with water for 30 seconds and dried with air for 10 seconds. 

After etching, the enamel had an opaque appearance. BracePaste Primer (American 

Orthodontics) was applied using a micro-brush. Valo Ortho Cordless Curing Light was 

applied for 3 seconds on each tooth. After that, BracePaste Light Cure Adhesive Paste 

(American Orthodontics) was used to apply to the Mini master series upper central brackets 

(American Orthodontics, Mini master series, 0.22 slot). The metal brackets were laid on the 

prepared teeth' surface, positioned to where they had to be, and pressed tightly. The residues 

occurred following the pressure was removed with an explorer. Valo curing unit (Ultradent 

Products Inc., South Jordan, UT, USA) was applied to each tooth for 3 seconds. Specimens 

were stored in distilled water after bonding and stored in the drying oven for 24 hours. All 

teeth we selected were embedded in an acrylic block. 

 

3.5. Preparation for BracePaste Adhesive without Primer 

In the last group, twenty extracted bovine teeth with the absence of caries cracks 

were selected. Remnants and debris were removed with a dental scaler. Nonfluorinated 

pumice was used to remove debris and saline from all selected bovine teeth. After that, all 

the samples were preserved in distilled water for one week. Then all teeth were cleansed with 

water and air-dried. After that, 37% orthophosphoric acid was used for 15 seconds to treat 

the Buccal surface of each tooth, later rinsed with water for 30 seconds and dried with air for 

10 seconds. After etching, the enamel had an opaque appearance. BracePaste Light Cure 
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Adhesive Paste (American Orthodontics) was used to apply to the Mini master series upper 

central brackets (American Orthodontics, Mini master series, 0.22 slot). The metal brackets 

were laid on the prepared teeth' surface, positioned to where they had to be, and pressed 

tightly. The residues occurred following the pressure was removed with an explorer. Valo 

curing unit (Ultradent Products Inc., South Jordan, UT, USA) was applied to each tooth for 

3 seconds. Specimens were stored in distilled water after bonding and stored in the drying 

oven for 24 hours. All teeth we selected were embedded in an acrylic block. 

 

 
Figure 4. Samples after polymerization. 
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3.6. Adhesive Systems Used  

3.6.1. Etch and Rinse Adhesive System 

To apply etch and rinse adhesive system, first of all, the teeth that we will use for 

research were cleansed with water. 37% orthophosphoric acid was used for 15 seconds to 

treat the Buccal surface of each tooth, later rinsed with water for 30 seconds and dried with 

air for 10 seconds. Transbond XT Primer and Transbond XT Adhesive (3M Unitek, 

Monrovia, CA, USA) were applied on the tooth surface. The metal brackets were laid on the 

prepared teeth' surface, positioned to where they had to be, and pressed tightly. The residues 

occurred following the pressure was removed with an explorer. To polymerize the samples, 

Valo curing unit (Ultradent Products Inc., South Jordan, UT, USA) was applied for 3 seconds. 

 

3.6.2. Light Curing Units  

In this study, Valo Ortho Cordless Curing Light which has 3200 light intensity 

(mW/cm2) and 395-480 wavelength(nm) (Ultradent Products Inc., South Jordan, UT, USA), 

was used (mW/cm2) to polymerize specimens on each group. Valo Ortho Cordless Curing 

Light was positioned close to the bracket and polymerized in extra power mode. 

 

 
Figure 5. Valo Ortho Cordless curing unit. 
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Figure 6. Valo Ortho Cordless curing light instructions. 
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Table 2. List of studied adhesive systems. 
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3.7. Statistical Analysis 

Statistical analysis of our study was done with NCSS (Number Cruncher Statistical 

System) 2007 Statistical Software (Utah, USA) package program. 

In the data evaluation, the distribution of variables was investigated using the 

Shapiro-Wilk normality test, besides the descriptive statistical methods, such as mean, 

standard deviation, median, and interquartile range. To evaluate the repetitive measurements 

of variables with normal distribution, one-way variance analysis in Tukey multiple 

comparison tests was applied in subgroup comparisons. Results were evaluated at the p < 

0.05 significance level. 
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4. RESULTS 

Shear bond strength results of brackets bonded with Transbond XT Adhesive with 

Primer and BracePaste using Valo curing unit with or without BracePaste Primer are 

indicated in Table 3. 

 

Table 3. Mean and standard deviation of shear bond strength values for Transbond XT. 

Transbond XT MAX. STR (MPa) MAX. LOAD (N) 

1 12.07178 162.24474 

2 9.17957 123.37346 

3 11.88018 159.66965 

4 11.29314 151.77983 

5 12.29600 165.25822 

6 9.59179 128.91362 

7 13.27597 178.42897 

8 13.69720 184.09036 

9 7.85578 105.58163 

10 13.89680 186.77299 

11 11.03747 148.34360 

12 11.74801 157.89320 

13 11.55712 155.32770 

14 13.45092 180.78043 

15 12.16991 163.56358 

16 11,46170 154.04523 

17 13.84444 186.06927 

18 12.89261 173.27673 

19 12.71001 170.82254 

20 8.67538 116.59711 

Average 11.72929 157.64164 

Standard Deviation 1.74027 23.38923 
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Table 4. Mean and standard deviation of shear bond strength values for BracePaste with   

BracePaste Primer. 

BracePaste with primer MAX. STR (MPa) MAX. LOAD (N) 

1 8.84123 118.82615 

2 11.63009 156.30840 

3 8.50236 114.27177 

4 11.66110 156.72513 

5 13.99065 188.03436 

6 9.46644 127.22890 

7 10.01786 134.64001 

8 9.72642 130.72304 

9 11.40984 153.34822 

10 10.31791 138.67265 

11 13.35698 179.51779 

12 11.16697 150.08409 

13 9.89461 132.98360 

14 11.34705 152.50429 

15 12.69607 170.63513 

16 10.88484 146.29224 

17 10.56306 141.96754 

18 11.57025 155.50417 

19 11.72080 157.52757 

20 13.52812 181.81792 

Average 11.11463 149.38065 

Standard Deviation 1.50836 20.27236 
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Table 5. Mean and standard deviation of shear bond strength values for BracePaste without 

BracePaste Primer. 

BracePaste without primer MAX. STR (MPa) MAX. LOAD (N) 

1 4.45032 59.81229 

2 1.92224 25.83492 

3 4.42902 59.52598 

4 1.75584 23.59855 

5 1.53497 20.62998 

6 1.78788 24.02905 

7 2.08814 24.02905 

8 2.65358 35.66408 

9 2.51242 33.76687 

10 1.72857 23.23204 

11 1.83698 24.68894 

12 2.08035 27.95991 

13 2.25059 30.24798 

14 1.93190 25.96477 

15 2.46899 33.18329 

16 2.53886 34.12222 

17 2.22633 29.92119 

18 2.22832 29.94858 

19 2.32330 31.22511 

20 3.43422 46.15594 

Average 2.40914 32.37885 

Standard Deviation 0.81208 10.91436 
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The shear bond strength of the three groups was analyzed with the Universal test 

machine. Our study indicates no statistically significant difference between Transbond XT 

Adhesive with Transbond XT Primer and BracePaste Adhesive with BracePaste Primer has 

been found in terms of shear bond strength at the p<0.05 significance level. When comparing 

BracePaste Adhesive with BracePaste Primer to BracePaste Adhesive without BracePaste 

Primer, there is a statistically significant difference between them at the p>0.05 significance 

level. 

 

 

Figure 7. Instron 3345 (Universal Testing Machine). 
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Scheme 5. Bar graph of shear bond strength in MPa for Transbond XT Adhesive with primer, 

BracePaste Adhesive with BracePaste Primer and BracePaste Adhesive without BracePaste 

Primer. 
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The shear bond strength was measured for sixty samples in three groups. Transbond 

XT Adhesive with primer group showed a mean SBS of 11.73 ± 1.74 MPa, BracePaste 

Adhesive with BracePaste Primer group showed a mean SBS of 11.11 ± 1.51 MPa, and 

BracePaste Adhesive without BracePaste Primer group showed a mean SBS of 2.42 ± 0.81 

MPa. The standard deviation values and mean shear bond strength values are shown in Table 

6.  

 

Table 6. Mean difference of shear bond strength ± STD values (MPa). 

 N Shear Bond Strength ± 

STD (MPa) 

Median Min. Max. 

Transbond XT 20 11.73 ± 1.74 11.98 7.86 13.90 

BracePaste with primer 20 11.11 ± 1.51 11.26 8.50 13.99 

BracePaste without primer 20 2.42 ± 0.81 2.24 1.53 4.45 

 

Table 7. Tukey Multiple Comparison Test 

Tukey Multiple Comparison Test p value 

BracePaste with BracePaste Primer/ 

Transbond XT 
0.357 

BracePaste with BracePaste Primer/ 

BracePaste without Primer 
0.0001 
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Scheme 6. Graphical view of mean shear bond strengths (MPa) of Transbond XT Adhesive 

with primer, BracePaste Adhesive with BracePaste Primer, and BracePaste Adhesive without 

BracePaste Primer.   

When the shear bond strength results in the three groups are analyzed, there is a 

statistically significant difference among shear bond strength scores of Transbond XT, 

BracePaste with primer, and BracePaste without primer at the p=0.0001 significance level. 

The group of BracePaste without primer is statistically significantly lower than BracePaste 

with primer group in terms of shear bond strength (p=0.0001). There is no statistically 

significant difference between the shear bond strength of Transbond XT and BracePaste with 

primer (p < 0.005).  
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5. DISCUSSION 

One of the crucial factors determining the success and duration of orthodontic 

treatment is the adhesive system used. Therefore, orthodontists look at the result of in 

vitro studies, and one of the methods is preferred to choose adhesive material. Adhesive 

systems in dentistry have advanced much compared to the past and continue to evolve. 

Conventional etch and rinse adhesive systems are widely used and referred to as the gold 

standard.  

The other factor for good bonding is choosing brackets with a significant base. 

Orthodontic brackets must withstand undesirable forces during the orthodontic treatment. 

Also, they must have enough MPa resistance. Reynolds indicated that 5.9-7.8 MPa 

resistances are adequate to resist the masticatory forces (167). Cucu et al. (168) stated that 

there is no statistically significant difference between mini and standard-size braces 

compared to shear bond strength in vitro. Knox et al. (169) used the brackets with size 60-

80-100 gauge single mesh bases, a double mesh base, and an integrated metal base to find 

the significance between the bracket base and shear bond strength. They discovered that 

bracket base design might improve the shear bond strength. Pham et al. (170) concluded that 

bracket base shape could change the shear bond strength between dental tissue and brackets 

on bovine teeth.  

Moreover, curing systems plays a decisive role in increasing the shear bond strength. 

Light-curing units can cause polymerization shrinkage. This can cause a decrease in the bond 

strength of adhesive material (171). Feilzer et al. (172) found that polymerization speed also 

inhibits the molecular flow of adhesive material, which can affect the adhesion. 

Lovius et al. (173) reported the failure rates of rebonding brackets during the 

orthodontic treatment ranging between 3.5% to 23%. Debonding is usually caused by 

excessive forces from the patient's diet. It has been reported that the duration of orthodontic 

treatment can be increased from 0.3 to 0.6 months due to debonding of one bracket (174,175). 

Also, a study showed that when the duration of treatment was prolonged more than expected, 

the patient's appointment attendance every six months decreased by 23% (176). In addition, 

the cost of treatment is increased both for orthodontists and patient (176).  
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In this study, we preferred bovine teeth instead of human teeth. Extracted human 

teeth mimic in vivo with higher efficacy in in vitro conditions (177). However, extracted 

human teeth have some limitations, such as; quantity limitation, extensive caries, defect 

problems, and ethical aspects. Because of these reasons, bovine teeth are used as substitutes 

to evaluate the bond strength (177). Camargo et al. (178) found that according to dentin 

tubules, bovine teeth had a significantly higher mean value than human teeth. Similarly, 

Almeida et al. (179) and Dutra-Correa et al. (180) are concluded that bovine teeth had higher 

mean value in terms of dentin tubules. Schilke et al. (181) stated that bovine teeth showed no 

difference in shear bond strength compared to human teeth. Similarly, Lopes et al. (182) 

observed no statistical difference between bovine and human teeth in terms of bond strength. 

Furthermore, Robinson et al. (183) stated that bovine teeth can be used as a replacement of 

human teeth in terms of their composition and morphology. 

There are various teeth storage solutions in the literature, including chloramine 

solutions (74), distilled water (184–187), thymol solutions (187,188), saline solutions (189). 

The most preferred solution is distilled water because it does not cause any damage to the 

enamel structure and bonding material. We preferred distilled water for our study. To prevent 

bacterial growth, we renewed distilled water every day. 

Mui et al. (190) observed no statistically significant difference between initial bond 

strength and rebonding strength when the tooth surface is cleaned with a tungsten carbide 

bur.  

Before bonding, plaque and pellicle laver should be removed from the dental 

surface. It improves the success of the bracket bonding on the enamel and decreases clinical 

failure rates (191). In addition, Lill et al. (192) found that when pumice pretreatment was 

omitted, shear bond strength was significantly decreased. In light of these findings, we 

polished teeth with pumice for 10 seconds; after this process, the teeth were cleansed with 

water for 15 seconds in our study. 

One of the variables that were evaluated in our study is different adhesive systems. 

Transbond XT primer and Transbond XT Adhesive were used to assess the shear bond 

strength in our study. Transbond XT was preferred to correlate the shear bond strength of 

different adhesives in this study because it is widely used and a reliable adhesive in dentistry. 

In many studies, Transbond XT showed higher shear bond strength than other 
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adhesives(193–198). Several manufacturers recommend etching for 15 seconds on the 

enamel. Many researchers have tried applying phosphoric acid to the enamel surface for 15-

90 seconds. They concluded that longer etching time had no significant effect on shear bond 

strength (199–202). Several manufacturers recommend an etching time of 15 seconds on the 

enamel. Because of that, 37% phosphoric acid was first applied to the enamel surface for 15 

seconds in our study. 

The other adhesive system which was compared to Transbond XT in our study was 

BracePaste adhesive and BracePaste Primer. BracePaste was introduced to the dental market 

as being similar to Transbond XT in terms of its composition and properties consisting of 

Bis-GMA and Quartz Silica. The viscosity of the primer has been increased so that the 

position of the bracket can be easily controlled during the adhesion process. The 

manufacturer of BracePaste claims that it can be used with or without primer. BracePaste 

Adhesive was designed to reduce bracket movement and clean remnant adhesive easily 

before curing (203). 

Adhesive resins are routinely exposed to thermal changes that can cause stresses 

between adhesive and bracket in the oral cavity. Therefore, the thermal cycling method is 

used to create a simulation area of the oral cavity. Thermal cycling stresses may affect the 

shear bond strength between resin and enamel. Many studies showed no statistical difference 

in shear bond strength with 2000 thermal cycles (204,205). Similarly, Kitayama et al. (206) 

found that shear bond strength was the same after the thermal cycling test. Also, Saito et al. 

(206) reported no significant difference in shear bond strength values for 0, 2000, and 5000 

thermal cycles. A study on bovine teeth investigated that after 2000 thermal cycles, there was 

no significant effect on shear bond strength (207). A study on bovine teeth investigated that 

after 2000 thermal cycles, there was no significant effect on shear bond strength (208). 

Therefore, the thermocycling method was not used in our study. 

The shear bond strength test or tensile bond strength test can be selected to evaluate 

the bond strength of different adhesives; Shear bond strength test is widely used in terms of 

ease to use. Because while the specimen is aligned in a tensile bond strength test machine, 

deleterious stress distribution can change the results (209,210). Moreover, test protocol and 

specimen preparation are more difficult compared to the shear bond strength test (108). Also, 

many studies showed that the tensile bond strength test is unsuitable for finding the accurate 
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result of bonding strength (159,211). Millett et al. (212) investigated that the shear bond 

strength test had significantly higher results than the tensile test. Therefore, our study used 

the shear bond strength test to evaluate the shear bond strength of different adhesives. The 

bond strength of specimen was evaluated with Universal Testing Machine.  

In our study, three groups were analyzed to compare their bond strength between 

the enamel surface and bracket base. There was no statistical difference between Transbond 

XT and BracePaste Adhesive with BracePaste Primer regarding shear bond strength. On the 

contrary, there was a statistical difference between Transbond XT and BracePaste Adhesive 

with no Primer. The mean SBS and standard deviation values for BracePaste Adhesive with 

BracePaste Primer group were found as 11.11 ± 1.51 MPa. In comparison, the mean SBS and 

standard deviation of Transbond XT had 11.73 ± 1.74 MPa for thirty samples. Reynolds  

considered that bond strength within the range of 6 MPa - 8 MPa as “clinically acceptable ” 

(167).  

In our study, led curing units were used to polymerize the adhesive systems which 

bond the bracket to enamel tissue. Almeida et al. (213) observed in their study, which used 

Transbond XT Adhesive with Transbond XT Primer to evaluate shear bond strength with 

Valo curing unit as our study, similar to our results, Transbond XT displayed the highest 

shear bond strength with MPa value of 21.06.         

BracePaste Adhesive without BracePaste Primer showed the lowest MPa among the 

other groups. The manufacturer claimed that the bond strength of BracePaste Adhesives 

without its Primer was sufficient to attach the teeth surface. However, our findings indicated 

that the mean shear bond strength in BracePaste Adhesive without BracePaste Primer was 

2.24. there was a statistically significant difference compared to BracePaste Adhesive with 

BracePaste Primer, in which the mean shear bond strength was 11.26. Only a little research 

has been done with BracePaste Adhesive and Primer, so the results can be compared to other 

studies in which other adhesive brands were evaluated with or without Primer. Similarly, 

Rohmetra et al. (214) studied with Transbond XT to evaluate the difference in the shear bond 

strength between using primer and without primer. In his study, while the mean MPa of 

Transbond XT with primer was 11.82, Transbond XT without primer had 7.55 MPa. Also, 

in one study, Transbond XT with Transbond XT Primer had 16.77 MPa, and Transbond XT 

without Transbond XT Primer had 11.59 MPa, like our results. 
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Although BracePaste Adhesive is a new adhesive system in orthodontics, it has been 

compared with Transbond XT regarding the shear bond strength. Because Transbond XT is 

considered as the gold standard in orthodontics. Samaneh et al. (203) correlated the shear 

bond strength of different adhesive systems. Unlike our study, they found that the shear bond 

strength of Transbond XT was higher than BracePaste Adhesive.  

Transbond XT is widely used to bond the orthodontic brackets to the enamel tissue. 

In our study, the mean shear bond strength for Transbond XT showed statistically similar 

score with BracePaste Adhesive with BracePaste Primer. On the contrary, Hellak et al. (215) 

investigated in their study, where the shear bond strength of three adhesives systems was 

evaluated, that the mean SBS score of Transbond XT was 15.49, and it was the highest score 

among the three adhesive systems. Abdelnaby et al. (216) conducted a study where they 

investigated the shear bond strength of four adhesive systems, and they found that Transbond 

XT showed the highest mean value of shear bond strength. 

In vitro studies have certain limitations compared to in vivo studies due to the 

difficulties of oral cavity simulation. Because it is hard to achieve the same condition that the 

oral cavity has, such as; saliva, pH, temperature changes, and occlusal forces. Therefore, our 

results should be reevaluated to have relevant results with in vivo studies.   
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6. CONCLUSION 

All in all, our study indicates no statistically significant difference between the mean 

shear bond strength of Transbond XT with Transbond Primer and BracePaste Adhesive with 

BracePaste Primer. 

Furthermore, we found a statistically significant difference between the mean shear 

bond strength of BracePaste Adhesive with BracePaste Primer and BracePaste Adhesive 

without BracePaste Primer. 

 

 



 48 

7. REFERENCES 

1.  Buonocore MG. A Simple Method of Increasing the Adhesion of Acrylic Filling 

Materials to Enamel Surfaces. J Dent Res, 1955; 34:849–853.  

2.  Mulholland RD, DeShazer DO, The effect of acidic pretreatment solutions on the 

direct bonding of orthodontic brackets to enamel. Angle Orthod, 1968; 38:236–243.  

3.  Newman GV. Epoxy adhesives for orthodontic attachments: Progress report. Am J 

Orthod, 1965. 51:901–912.  

4.  Retief DH, Dreyer CJ, Gavron G. The direct bonding of orthodontic attachments to 

teeth by means of an epoxy resin adhesive. Am J Orthod. 1970; 58:21–40.  

5.  Donly KJ, Istre S, Istre T. In vitro enamel remineralization at orthodontic band 

margins cemented with glass ionomer cement. Am J Orthod Dentofacial Orthop. 

1995; 107:461–464.  

6.  Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P. Buonocore 

memorial lecture. Adhesion to enamel and dentin: current status and future challenges. 

Oper Dent . 2003; 28:215–235.  

7.  Swift EJ. Dentin/enamel adhesives: review of the literature. Pediatr Dent. 2002; 

24(5):456–461.  

8.  Sofan E, Sofan A, Palaia G, Tenore G, Romeo U, Migliau G. Classification review of 

dental adhesive systems: from the IV generation to the universal type. Ann Stomatol 

(Roma). 2017; 8(1):1–17.  

9.  McLean JW. The pioneers of enamel and dentin bonding. J Adhes Dent. 1999; 

1(3):185–187.  

10.  Söderholm KJM. Dental adhesives .... how it all started and later evolved. J Adhes 

Dent. 2007; 9 Supply 2:227–30.  

11.  Kramer IRH, Maclaen J. Alterations in the staining reaction of dentine resulting from 

a constituent of a new self-polymerizing resin. Br Dent J. 1952; 93:150–153.  

12.  Anusavice KJ, Shen C, Rawls HR, eds. Phillips’ Science of Dental Materials. 12th ed. 



 49 

St. Louis, Missouri: Elsevier Saunders; 2012. 1–592.  

13.  Von Fischer W, Bobalek EG, eds. Organic Protective Coatings. New York, NY: 

Reinhold; 1953.  

14.  Buonocore MG. Principles of adhesive retention and adhesive restorative materials. J 

Am Dent Assoc. 1963; 67(3):382–391.  

15.  Baier RE. Principles of adhesion. Oper Dent. 1992; 5:1–9.  

16.  Pashley DH. The effects of acid etching on the pulpodentin complex. Oper Dent. 1992; 

17(6):229–242.  

17.  Song M, Shin Y, Park JW, Roh BD. A study on the compatibility between one-bottle 

dentin adhesives and composite resins using micro-shear bond strength. Restor Dent 

Endod. 2015; 40(1):30-36.  

18.  da Silva JMF, Rodrigues JR, Camargo CHR, et al. Effectiveness and biological 

compatibility of different generations of dentin adhesives. Clin Oral Investig. 2014; 

18(2):607–613.  

19.  Kugel G, Ferrari M. The science of bonding: from first to sixth Generation. J Am Dent 

Assoc. 2000 ;131:20S-25S 

20.  Council on Dental Materials, Instruments, and Equipment. Dentin bonding systems: 

an update. J Am Dent Assoc. 1987; 114(1):91–95.  

21.  Broome J, Duke E, Norling B. Shear bond strengths of composite resin with three 

dentin adhesives. J Dent Res. 1985; 64:244.  

22.  Leinfelder KF. Dentin adhesives for the twenty-first century. Dent Clin North Am. 

2001; 45(1):1–6.  

23.  Pashley EL, Agee KA, Pashley DH, Tay FR. Effects of one versus two applications 

of an unfilled, all-in-one adhesive on dentine bonding. J Dent. 2002; 30(2–3):83–90.  

24.  Yaseen SM, Subba Reddy VV. Comparative evaluation of shear bond strength of two 

self-etching adhesives (sixth and seventh generation) on dentin of primary and 

permanent teeth: An in vitro study. J Indian Soc Pedod Prev Dent. 2009; 27(1):33-38.  



 50 

25.  Pashley DH, Tay FR. Aggressiveness of contemporary self-etching adhesives. Part II: 

etching effects on unground enamel. Dent Mater. 2001; 17(5):430–444.  

26.  Kasraei S, Atai M, Khamverdi Z, Khalegh Nejad S. The effect of nanofiller addition 

to an experimental dentin adhesive on microtensile bond strength to human dentin. J 

Dent. 2009; 6(2):91–96.  

27.  Pivetta MR, Moura SK, Barroso LP, et al. Bond strength and etching pattern of 

adhesive systems to enamel: effects of conditioning time and enamel preparation. J 

Esthet Restor Dent. 2008; 20(5):322–335.  

28.  Cal-Neto JP, Miguel JAM. Scanning electron microscopy evaluation of the bonding 

mechanism of a self-etching primer on enamel. Angle Orthod. 2006; 76(1):132–136.  

29.  Perdigão J, Gomes G, Gondo R, Fundingsland JW. In vitro bonding performance of 

all-in-one adhesives. Part I--microtensile bond strengths. J Adhes Dent. 2006 

;8(6):367–373. 

30.  Sundfeld RH, Valentino TA, de Alexandre RS, Briso AL, Sundefeld ML. Hybrid layer 

thickness and resin tag length of a self-etching adhesive bonded to sound dentin. J 

Dent. 2005; 33(8):675–681 

31.  Brackett WW, Covey DA, St Germain HA Jr. One-year clinical performance of a self-

etching adhesive in class V resin composites cured by two methods. Oper Dent. 

2002;27(3):218–222.  

32.  De Munck J, Vargas M, Iracki J, et al. One-day bonding effectiveness of new self-etch 

adhesives to bur-cut enamel and dentin. Oper Dent. 2005; 30(1):39–49.  

33.  Koshiro K, Sidhu SK, Inoue S, Ikeda T, Sano H. New concept of resin-dentin 

interfacial adhesion: The nanointeraction zone. J Biomed Mater Res Part B Appl 

Biomater. 2006; 77(2):401–408.  

34.  Bishara SE, VonWald L, Laffoon JF, Warren JJ. Effect of using a new cyanoacrylate 

adhesive on the shear bond strength of orthodontic brackets. Angle Orthod. 2001; 

71(6):466–469.  

35.  Cehreli ZC, Kecik D, Kocadereli I. Effect of self-etching primer and adhesive 



 51 

formulations on the shear bond strength of orthodontic brackets. Am J Orthod 

Dentofacial Orthop. 2005; 127(5):573–579.  

36.  Hanabusa M, Mine A, Kuboki T, et al. Bonding effectiveness of a new “multi-mode” 

adhesive to enamel and dentine. J Dent. 2012; 40(6):475–484.  

37.  Perdigão J, Sezinando A, Monteiro PC. Laboratory bonding ability of a multi-purpose 

dentin adhesive. Am J Dent. 2012; 25(3):153–158.  

38.  Yoshida Y, Yoshihara K, Nagaoka N, et al. Self-assembled nano-layering at the 

adhesive interface. J Dent Res. 2012; 91(4):376–381.  

39.  Sofan E, Sofan A, Palaia G, Tenore G, Romeo U, Migliau G. Classification review of 

dental adhesive systems: from the IV generation to the universal type. Ann Stomatol 

(Roma). 2017; 8(1):1–17.  

40.  Perdigão J, Swift EJ, Walter R. Sturdevant’s Art and Science of Operative Dentistry-

E-Book. 6th ed. Heymann HO, Swift EJ, Ritter AV, eds. St. Louis, Missouri: Elsevier 

Mosby: 2013: 114–140.  

41.  Sidhu SK. A comparative analysis of techniques of restoring cervical lesions. 

Quintessence Int. 1993; 24(8):553–559.  

42.  Li J, Liu Y, Liu Y, Söremark R, Sundström F. Flexure strength of resin-modified glass 

ionomer cements and their bond strength to dental composites. Acta Odontol Scand. 

1996; 54(1):55–58.  

43.  Inoue S, Van Meerbeek B, Abe Y, et al. Effect of remaining dentin thickness and the 

use of conditioner on micro-tensile bond strength of a glass-ionomer adhesive. Dent 

Mater. 2001; 17(5):445–455.  

44.  Silverman E, Cohen M, Demke RS, Silverman M. A new light-cured glass ionomer 

cement that bonds brackets to teeth without etching in the presence of saliva. Am J 

Orthod Dentofacial Orthop. 1995; 108(3):231–236.  

45.  Knezevic A, Zeljezic D, Kopjar N, Tarle Z. Cytotoxicity of composite materials 

polymerized with LED curing units. Oper Dent. 2008 ;33(1):23–30.  

46.  Rueggeberg FA, Jordan DM. Effect of light-tip distance on polymerization of resin 



 52 

composite. Int J Prosthodont. 1993; 6(4):364–370.  

47.  Dunne SM, Davies BR, Millar BJ. A survey of the effectiveness of dental light-curing 

units and a comparison of light testing devices. Br Dent J. 1996; 180(11):411–416.  

48.  Peutzfeldt A, Asmussen E. The effect of postcuring on quantity of remaining double 

bonds, mechanical properties, and in vitro wear of two resin composites. J Dent. 2000; 

28(6):447–452.  

49.  Oyama N, Komori A, Nakahara R. Evaluation of light curing units used for 

polymerization of orthodontic bonding agents. Angle Orthod. 2004; 74(6):810–815.  

50.  Craig RG. Chemistry, composition, and properties of composite resins. Dent Clin 

North Am. 1981; 25(2):219–239.  

51.  Santini A, Gallegos IT, Felix CM. Photoinitiators in dentistry: A Review. Prim Dent 

J. 2013; 2(4):30–33.  

52.  Hadole P, Daokar S. Light-curing unit (devices). Int J Orthod Rehabil. 2019; 

10(3):121-133.  

53.  Fujibayashi K, Ishimaru K, Kohno A. A study on light activation units using blue light 

emitting diodes. J Japanese Dent Press Acad. 1996; 39:180–188.  

54.  Rueggeberg FA, Giannini M, Arrais CAG, Price RBT. Light curing in dentistry and 

clinical implications: a literature review. Braz Oral Res. 2017; 31(suppl 1):e61.  

55.  Rueggeberg F. Contemporary issues in photocuring. Compend Contin Educ Dent 

Suppl. 1999; 25:4-15.  

56.  Vandewalle KS, Roberts HW, Miniotis N, Swift EJ. Quartz-tungsten-halogen and 

light-emitting diode curing lights. J Esthet Restor Dent. 2006; 18(3):161–167. 

57.  Signorelli MD, Kao E, Ngan PW, Gladwin MA. Comparison of bond strength between 

orthodontic brackets bonded with halogen and plasma arc curing lights: an in vitro and 

in vivo study. Am J Orthod Dentofacial Orthop. 2006; 129(2):277–282.  

58.  Yusoff UA, Radzi Z, Abu Kasim NH, Yahya NA, Abu Osman NA. The effect of light 

curing tip angulations on the shear bond strength of an orthodontic adhesive. In: Abu 



 53 

Osman NA, Ibrahim F, Wan Abas WAB, Abdul Rahman HS, Ting HN, eds. 4th Kuala 

Lumpur International Conference on Biomedical Engineering 2008. Berlin, 

Heidelberg: Springer Berlin Heidelberg; 2008: 354–357.  

59.  Mills RW, Uhl A, Blackwell GB, Jandt KD. High power light emitting diode (LED) 

arrays versus halogen light polymerization of oral biomaterials: Barcol hardness, 

compressive strength and radiometric properties. Biomaterials. 2002; 23(14):2955–

2963.  

60.  Tanthanuch S, Kukiattrakoon B. The effect of curing time by conventional quartz 

tungsten halogens and new light-emitting diodes light curing units on degree of 

conversion and microhardness of a nanohybrid resin composite. J Conserv Dent. 2019; 

22(2):196-200.  

61.  Wahbi MA, Aalam FA, Fatiny FI, Radwan SA, Eshan IY, Al-Samadani KH. 

Characterization of heat emission of light-curing units. Saudi Dent J. 2012; 24(2):91–

98.  

62.  Pelissier B, Jacquot B, Palin W, Shortall A. Three generations of led lights and clinical 

implications for optimizing their use. 1: from past to present. Dent Update. 2011; 

38(10):660–670.  

63.  Tarle Z, Meniga A, Knezevic A, Sutalo J, Ristic M, Pichler G. Composite conversion 

and temperature rise using a conventional, plasma arc, and an experimental blue LED 

curing unit. J Oral Rehabil. 2002; 29(7):662–667.  

64.  Yoon TH, Lee YK, Lim BS, Kim CW. Degree of polymerization of resin composites 

by different light sources. J Oral Rehabil. 2002; 29(12):1165–1173.  

65.  Bouillaguet S, Caillot G, Forchelet J, Cattani-Lorente M, Wataha JC, Krejci I. Thermal 

risks from LED- and high-intensity QTH-curing units during polymerization of dental 

resins. J Biomed Mater Res Part B Appl Biomater. 2005; 72(2):260–267.  

66.  Hofmann N, Hugo B, Klaiber B. Effect of irradiation type (LED or QTH) on photo-

activated composite shrinkage strain kinetics, temperature rise, and hardness. Eur J 

Oral Sci. 2002; 110(6):471–479.  



 54 

67.  Sun G. The role of lasers in cosmetic dentistry. Dent Clin North Am. 2000; 44(4):831–

850.  

68.  Meniga A, Tarle Z, Ristic M, Sutalo J, Pichler G. Pulsed blue laser curing of hybrid 

composite resins. Biomaterials. 1997; 18(20):1349–1354.  

69.  Powell Gl, Blankenau Rj. Effects of argon laser curing on dentin shear bond strengths. 

J Clin Laser Med Surg. 1996; 14(3):111–113.  

70.  Anić I, Pavelić B, Perić B, Matsumoto K. In vitro pulp chamber temperature rises 

associated with the argon laser polymerization of composite resin. Lasers Surg Med. 

1996; 19(4):438–444.  

71.  Noel L, Rebellato J, Sheats RD. The effect of argon laser irradiation on 

demineralization resistance of human enamel adjacent to orthodontic brackets: an in 

vitro study. Angle Orthod. 2003; 73(3):249–258.  

72.  Talbot TQ, Blankenau RJ, Zobitz ME, Weaver AL, Lohse CM, Rebellato J. Effect of 

argon laser irradiation on shear bond strength of orthodontic brackets: An in vitro 

study. Am J Orthod Dentofac Orthop. 2000; 118(3):274–279.  

73.  Banerjee A, Paolinelis G, Socker M, McDonald F, Watson TF. An in vitro 

investigation of the effectiveness of bioactive glass air-abrasion in the ‘selective’ 

removal of orthodontic resin adhesive. Eur J Oral Sci. 2008; 116(5):488–492.  

74.  Minick GT, Oesterle LJ, Newman SM, Shellhart WC. Bracket bond strengths of new 

adhesive systems. Am J Orthod Dentofac Orthop. 2009; 135(6):771–776.  

75.  Mandall NA, Hickman J, Macfarlane T V, Mattick RC, Millett DT, Worthington H V. 

Adhesives for fixed orthodontic brackets. Cochrane Database Syst Rev. 2018; 4(4):1-

17.  

76.  Romano FL, Valério RA, Gomes-Silva JM, Ferreira JTL, Faria G, Borsatto MC. 

Clinical evaluation of the failure rate of metallic brackets bonded with orthodontic 

composites. Braz Dent J. 2012; 23(4):399–402.  

77.  Roelofs T, Merkens N, Roelofs J, Bronkhorst E, Breuning H. A retrospective survey 

of the causes of bracket- and tube-bonding failures. Angle Orthod. 2017; 87(1):111–



 55 

117.  

78.  Bishara SE, VonWald L, Laffoon JF, Warren JJ. The effect of repeated bonding on 

the shear bond strength of a composite resin orthodontic adhesive. Angle Orthod. 

2000; 70(6):435–441. 

79.  Silta YT, Dunn WJ, Peters CB. Effect of shorter polymerization times when using the 

latest generation of light-emitting diodes. Am J Orthod Dentofac Orthop. 2005; 

128(6):744–748.  

80.  Ekhlassi S, English JD, Ontiveros JC, et al. Bond strength comparison of color-change 

adhesives for orthodontic bonding using a self-etching primer. Clin Cosmet Investig 

Dent. 2011; 3:39–44.  

81.  Whitlock BO, Eick JD, Ackerman RJ, Glaros AG, Chappell RP. Shear strength of 

ceramic brackets bonded to porcelain. Am J Orthod Dentofacial Orthop. 1994; 

106(4):358–364.  

82.  Scougall Vilchis RJ, Yamamoto S, Kitai N, Yamamoto K. Shear bond strength of 

orthodontic brackets bonded with different self-etching adhesives. Am J Orthod 

Dentofac Orthop. 2009; 136(3):425–430.  

83.  O’Reilly MM, Featherstone JD. Demineralization and remineralization around 

orthodontic appliances: an in vivo study. Am J Orthod Dentofacial Orthop. 1987; 

92(1):33–40.  

84.  Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot formation after bonding 

and banding. Am J Orthod. 1982; 81(2):93–98.  

85.  Derks A, Katsaros C, Frencken JE, van’t Hof MA, Kuijpers-Jagtman AM. Caries-

inhibiting effect of preventive measures during orthodontic treatment with fixed 

appliances. A systematic review. Caries Res. 2004 ;38(5):413–420.  

86.  Wilson RM, Donly KJ. Demineralization around orthodontic brackets bonded with 

resin-modified glass ionomer cement and fluoride-releasing resin composite. Pediatr 

Dent. 2001; 23(3):255–259.  

87.  Vorhies AB, Donly KJ, Staley RN, Wefel JS. Enamel demineralization adjacent to 



 56 

orthodontic brackets bonded with hybrid glass ionomer cements: an in vitro study. Am 

J Orthod Dentofacial Orthop. 1998; 114(6):668–674.  

88.  Proffit WR, Fields Jr. HW, Sarver DM. Malocclusion and dentofacial deformity in 

contemporary society. In: Proffit WR, Fields Jr. HW, Sarver DM, eds. Contemporary 

Orthodontics. 4th ed. St. Louis, Missouri: Elsevier Mosby; 2007.  

89.  Zachrisson BU, Buyukyilmaz T. Bonding In Orthodontics. In: Graber T, Vanarsdall 

R, Vig K, eds. Orthodontics: Current Principles and Techniques. 4th ed. St. Louis, 

Missouri: Elsevier Mosby; 2005: 579–660.  

90.  Canay S, Kocadereli I, Akça E. The effect of enamel air abrasion on the retention of 

bonded metallic orthodontic brackets. Am J Orthod Dentofacial Orthop. 2000; 

117(1):15–19.  

91.  van Waveren Hogervorst WL, Feilzer AJ, Prahl-Andersen B. The air-abrasion 

technique versus the conventional acid-etching technique: A quantification of surface 

enamel loss and a comparison of shear bond strength. Am J Orthod Dentofacial 

Orthop. 2000; 117(1):20–26.  

92.  Keizer S, ten Cate JM, Arends J. Direct bonding of orthodontic brackets. Am J Orthod. 

1976; 69(3):318–327.  

93.  Akin-Nergiz N, Nergiz I, Behlfelt K, Platzer U. Shear bond strength of a new 

polycarbonate bracket--an in vitro study with 14 adhesives. Eur J Orthod. 1996; 

18(3):295–301.  

94.  Reicheneder CA, Gedrange T, Lange A, Baumert U, Proff P. Shear and tensile bond 

strength comparison of various contemporary orthodontic adhesive systems: An in 

vitro study. Am J Orthod Dentofac Orthop. 2009; 135(4):422-423.  

95.  Sadowsky PL, Retief DH, Cox PR, Hernández-Orsini R, Rape WG, Bradley EL. 

Effects of etchant concentration and duration on the retention of orthodontic brackets: 

An in vivo study. Am J Orthod Dentofac Orthop. 1990; 98(5):417–421.  

96.  Olsen ME, Bishara SE, Boyer DB, Jakobsen JR. Effect of varying etching times on 

the bond strength of ceramic brackets. Am J Orthod Dentofacial Orthop. 1996; 



 57 

109(4):403–409.  

97.  Bishara SE, Ajlouni R, Laffoon JF. Effect of thermocycling on the shear bond strength 

of a cyanoacrylate orthodontic adhesive. Am J Orthod Dentofacial Orthop. 2003; 

123(1):21–24.  

98.  Jacobsen T, Söderholm KJ, Yang M, Watson TF. Effect of composition and 

complexity of dentin-bonding agents on operator variability--analysis of gap 

formation using confocal microscopy. Eur J Oral Sci. 2003; 111(6):523–528.  

99.  Söderholm KJ. Correlation of in vivo and in vitro performance of adhesive restorative 

materials: a report of the ASC MD156 Task Group on Test Methods for the Adhesion 

of Restorative Materials. Dent Mater. 1991; 7(2):74–83.  

100.  Wang L, D’Alpino PHP, Lopes LG, Pereira JC. Mechanical properties of dental 

restorative materials: relative contribution of laboratory tests. J Appl Oral Sci. 2003; 

11(3):162–167.  

101.  Ferreira A. An investigation of the relationship between in vivo and in vitro data when 

evaluating orthodontic bonding systems. Alabama, University of Alabama, 1997.  

102.  Pickett KL, Sadowsky PL, Jacobson A, Lacefield W. Orthodontic in vivo bond 

strength: comparison with in vitro results. Angle Orthod. 2001; 71(2):141–148.  

103.  Van Meerbeek B, Peumans M, Poitevin A, et al. Relationship between bond-strength 

tests and clinical outcomes. Dent Mater. 2010; 26(2):100-121.  

104.  El Mourad AM. Assessment of bonding effectiveness of adhesive materials to tooth 

structure using bond strength test methods: A Review of Literature. Open Dent J. 

2018; 12:664–678.  

105.  Bowen RL. Adhesive bonding of various materials to hard tooth tissues. II. Bonding 

to dentin promoted by a surface-active comonomer. J Dent Res. 1965; 44(5):895–902.  

106.  Bowen Rl, Rodriguez Ms. Tensile strength and modulus of elasticity of tooth structure 

and several restorative materials. J Am Dent Assoc. 1962; 64:378–387.  

107.  Burke FJT, Hussain A, Nolan L, Fleming GJP. Methods used in dentine bonding tests: 

An analysis of 102 investigations on bond strength. Eur J Prosthodont Restor Dent. 



 58 

2008; 16(4):158–165.  

108.  McDonough WG, Antonucci JM, He J, Shimada Y, Chiang MYM, Schumacher GE, 

et al. A microshear test to measure bond strengths of dentin-polymer interfaces. 

Biomaterials. 2002; 23(17):3603–3608.  

109.  Zanatta R, Lungova M, Borges A, Torres C, Sydow H-G, Wiegand A. Microleakage 

and shear bond strength of composite restorations under cycling conditions. Oper 

Dent. 2017; 42(2):71–80.  

110.  Kern M, Barloi A, Yang B. Surface conditioning influences zirconia ceramic bonding. 

J Dent Res. 2009; 88(9):817–822.  

111.  Braga RR, Meira JBC, Boaro LCC, Xavier TA. Adhesion to tooth structure: a critical 

review of “macro” test methods. Dent Mater. 2010; 26(2):38-49.  

112.  Tsintsadze N, Juloski J, Carrabba M, et al. Performance of CAD/CAM fabricated fiber 

posts in oval-shaped root canals: An in vitro study. Am J Dent. 2017; 30(5):248–254.  

113.  Kanzler Abdel Raouf V, Jockusch J, Al-Haj Husain N, Dydyk N, Özcan M. Push-out 

bond strength assessment of different post systems at different radicular levels of 

endodontically treated teeth. Materials. 2022; 15(15):5134.  

114.  Yavari H, Shahi S, Galledar S, Samiei M, Janani M. Effect of retreatment on the push-

out bond strength of MTA-based and epoxy resin-based endodontic sealers. J Dent 

Res Dent Clin Dent Prospects. 2017; 11(1):43–47.  

115.  El Mourad AM. Assessment of bonding effectiveness of adhesive materials to tooth 

structure using bond strength test methods: A Review of Literature. Open Dent J. 

2018; 12(1):664–678.  

116.  Özcan E, Çetin AR, Tunçdemir AR, Ülker M. The effect of luting cement thicknesses 

on the push-out bond strength of the fiber posts. Acta Odontol Scand. 2013; 71(3–

4):703–709.  

117.  Shimada Y, Senawongse P, Harnirattisai C, Burrow MF, Nakaoki Y, Tagami J. Bond 

strength of two adhesive systems to primary and permanent enamel. Oper Dent. 2002; 

27(4):403–409.  



 59 

118.  Sultana N, Nawal R, Chaudhry S, Sivakumar M, Talwar S. Effect of acid etching on 

the micro-shear bond strength of resin composite–calcium silicate interface evaluated 

over different time intervals of bond aging. J Conserv Dent. 2018 ;21(2):194-197.  

119.  El Wakeel AM, Elkassas DW, Yousry MM. Bonding of contemporary glass ionomer 

cements to different tooth substrates; microshear bond strength and scanning electron 

microscope study. Eur J Dent. 2015; 9(2):176–182.  

120.  Campos RE, Santos Filho PCF, de O. Júnior OB, Ambrosano GMB, Pereira CA. 

Comparative evaluation of 3 microbond strength tests using 4 adhesive systems: 

Mechanical, finite element, and failure analysis. J Prosthet Dent. 2018; 119(1):166–

174.  

121.  Armstrong S, Geraldeli S, Maia R, Raposo LHA, Soares CJ, Yamagawa J. Adhesion 

to tooth structure: A critical review of “micro” bond strength test methods. Dent 

Mater. 2010; 26(2):50–62.  

122.  Placido E, Meira JBC, Lima RG, Muench A, Souza RM de, Ballester RY. Shear versus 

micro-shear bond strength test: A finite element stress analysis. Dent Mater. 2007; 

23(9):1086–1092.  

123.  Sano H, Shono T, Sonoda H, et al. Relationship between surface area for adhesion and 

tensile bond strength — Evaluation of a micro-tensile bond test. Dent Mater. 1994; 

10(4):236–240.  

124.  Sinhoreti MAC, Soares EF, Abuna GF, Correr Sobrinho L, Roulet JF, Geraldeli S. 

Microtensile bond strength of adhesive systems in different dentin regions on a class 

ii cavity configuration. Braz Dent J. 2017; 28(4):474–481.  

125.  Pashley DH, Carvalho RM, Sano H, et al. The microtensile bond test: a review. J 

Adhes Dent. 1999; 1(4):299–309.  

126.  Dikmen B, Gurbuz O, Ozsoy A, Eren MM, Cilingir A, Yucel T. Effect of different 

antioxidants on the microtensile bond strength of an adhesive system to sodium 

hypochlorite-treated dentin. J Adhes Dent. 2015; 17(6):499–504.  

127.  Ranjithkumar S, Velmurugan N, Roy A, Hemamalathi S. Comparative evaluation of 



 60 

the regional micro-push-out bond strength of custom-made resin post system with a 

prefabricated resin post: An in vitro study. Indian J Dent Res. 2012; 23(4):484-489.  

128.  Castellan CS, Santos-Filho PC, Soares PV, Soares CJ, Cardoso PE. Measuring bond 

strength between fiber post and root dentin: a comparison of different tests. J Adhes 

Dent. 2010; 12(6):477–485.  

129.  Staninec M, Kim P, Marshall GW, Ritchie RO, Marshall SJ. Fatigue of dentin–

composite interfaces with four-point bend. Dent Mater. 2008; 24(6):799–803.  

130.  Ruse ND, Shew R, Feduik D. In vitro fatigue testing of a dental bonding system on 

enamel. J Biomed Mater Res. 1995; 29(3):411–415.  

131.  Barkmeier WW, Erickson RL, Latta MA. Fatigue limits of enamel bonds with moist 

and dry techniques. Dent Mater. 2009; 25(12):1527–1531.  

132.  De Munck J, Arita A, Shirai K, et al. Microrotary fatigue resistance of a HEMA-free 

all-in-one adhesive bonded to dentin. J Adhes Dent. 2007; 9(4):373–379.  

133.  Xue H, Tao H, Montembault F, Wang Q, Bathias C. Development of a three-point 

bending fatigue testing methodology at 20kHz frequency. Int J Fatigue. 2007; 29(9–

11):2085–2093.  

134.  Zhai T. A self-aligning four-point bend testing rig and sample geometry effect in four-

point bend fatigue. Int J Fatigue. 1999; 21(9):889–894.  

135.  Poitevin A, De Munck J, Van Landuyt K, et al. Influence of three specimen fixation 

modes on the micro-tensile bond strength of adhesives to dentin. Dent Mater J. 2007; 

26(5):694–699.  

136.  Poitevin A, De Munck J, Cardoso MV, et al. Dynamic versus static bond-strength 

testing of adhesive interfaces. Dent Mater. 2010; 26(11):1068–1076.  

137.  Makishi P, André C, Ayres A, Martins A, Giannini M. Effect of storage time on bond 

strength and nanoleakage expression of universal adhesives bonded to dentin and 

etched enamel. Oper Dent. 2016; 41(3):305–317.  

138.  Nakamichi I, Iwaku M, Fusayama T. Bovine teeth as possible substitutes in the 

adhesion test. J Dent Res. 1983; 62(10):1076–1081.  



 61 

139.  Pashley DH, Sano H, Ciucchi B, Yoshiyama M, Carvalho RM. Adhesion testing of 

dentin bonding agents: A review. Dent Mater. 1995; 11(2):117–125.  

140.  Öztürk B, Malkoç S, Koyutürk AE, Çatalbaş B, Özer F. Influence of different tooth 

types on the bond strength of two orthodontic adhesive systems. Eur J Orthod. 2008; 

30(4):407–412.  

141.  Hevinga MA, Opdam NJ, Frencken JE, Truin GJ, Huysmans MCDNJM. Does 

incomplete caries removal reduce strength of restored teeth? J Dent Res. 2010; 

89(11):1270–1275.  

142.  Pashley EL, Tao L, Matthews WG, Pashley DH. Bond strengths to superficial, 

intermediate and deep dentin in vivo with four dentin bonding systems. Dent Mater. 

1993; 9(1):19–22.  

143.  Samimi P, Alizadeh M, Shirban F, Davoodi A, Khoroushi M. Effect of dentin 

dehydration and composite resin polymerization mode on bond strength of two self-

etch adhesives. Contemp Clin Dent. 2016; 7(1):16-20.  

144.  Carvalho RM, Santiago SL, Fernandes CA, Suh BI, Pashley DH. Effects of prism 

orientation on tensile strength of enamel. J Adhes Dent. 2000; 2(4):251–257.  

145.  Shimada Y, Tagami J. Effects of regional enamel and prism orientation on resin 

bonding. Oper Dent. 2003; 28(1):20–27.  

146.  Ikeda T, Uno S, Tanaka T, Kawakami S, Komatsu H, Sano H. Relation of enamel 

prism orientation to microtensile bond strength. Am J Dent. 2002; 15(2):109–113.  

147.  Eick JD. Smear layer--materials surface. Proc Finn Dent Soc. 1992; 88(1):225–242.  

148.  Choi A-N, Lee J-H, Son S-A, Jung K-H, Kwon Y, Park J-K. Effect of dentin wetness 

on the bond strength of universal adhesives. Materials. 2017; 10(11):1224.  

149.  Hegde J, Sravanthi Y. An in vitro comparison of adhesive techniques and rotary 

instrumentation on shear bond strength of nanocomposite with simulated pulpal 

pressure. J Conserv Dent. 2011; 14(3):228–232.  

150.  de Alexandre RS, Santana VB, Kasaz AC, Arrais CAG, Rodrigues JA, Reis AF. Effect 

of long-term simulated pulpal pressure on the bond strength and nanoleakage of resin-



 62 

luting agents with different bonding strategies. Oper Dent. 2014; 39(5):508–520.  

151.  Cantanhede de Sá RB, Oliveira Carvalho A, Puppin-Rontani RM, et al. Effects of 

water storage on bond strength and dentin sealing ability promoted by adhesive 

systems. J Adhes Dent. 2012; 14(6):543–549.  

152.  Goodis HE, Marshall GW, White JM, Gee L, Hornberger B, Marshall SJ. Storage 

effects on dentin permeability and shear bond strengths. Dent Mater. 1993; 9(2):79–

84.  

153.  DeWald JP. The use of extracted teeth for in vitro bonding studies: a review of 

infection control considerations. Dent Mater. 1997; 13(2):74–81.  

154.  Lee JJ, Nettey-Marbell A, Cook A, Pimenta LAF, Leonard R, Ritter A V. Using 

extracted teeth for research: the effect of storage medium and sterilization on dentin 

bond strengths. J Am Dent Assoc. 2007; 138(12):1599–1603.  

155.  Komabayashi T, Ahn C, Zhang S, Zhu Q, Spångberg LSW. Chronologic comparison 

of root dentin moisture in extracted human teeth stored in formalin, sodium azide, and 

distilled water. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009; 108(1):50-

54.  

156.  De Munck J, Van Meerbeek B, Yoshida Y, et al. Four-year water degradation of total-

etch adhesives bonded to dentin. J Dent Res. 2003; 82(2):136–140.  

157.  Santana FR, Pereira JC, Pereira CA, Fernandes Neto AJ, Soares CJ. Influence of 

method and period of storage on the microtensile bond strength of indirect composite 

resin restorations to dentine. Braz Oral Res. 2008; 22(4):352–357.  

158.  Shono Y, Terashita M, Pashley EL, Brewer PD, Pashley DH. Effects of cross-sectional 

area on resin-enamel tensile bond strength. Dent Mater. 1997; 13(5):290–296.  

159.  Phrukkanon S, Burrow MF, Tyas MJ. Effect of cross-sectional surface area on bond 

strengths between resin and dentin. Dent Mater. 1998; 14(2):120–128.  

160.  Neves Ade A, Coutinho E, Cardoso M V, et al. Influence of notch geometry and 

interface on stress concentration and distribution in micro-tensile bond strength 

specimens. J Dent. 2008; 36(10):808–815.  



 63 

161.  Sadek FT, Monticelli F, Muench A, Ferrari M, Cardoso PEC. A novel method to 

obtain microtensile specimens minimizing cut flaws. J Biomed Mater Res B Appl 

Biomater. 2006; 78(1):7–14.  

162.  Raposo LHA, Armstrong SR, Maia RR, Qian F, Geraldeli S, Soares CJ. Effect of 

specimen gripping device, geometry and fixation method on microtensile bond 

strength, failure mode and stress distribution: Laboratory and finite element analyses. 

Dent Mater. 2012; 28(5):50–62.  

163.  Daneshkazemi A, Davari A, Akbari MJ, Davoudi A, Badrian H. Effects of thermal 

and mechanical load cycling on the dentin microtensile bond strength of single bond-

2. J Int Oral Heal Jioh. 2015; 7(8):9–13.  

164.  Pitchika V, Birlbauer S, Chiang ML, et al. Shear bond strength and microleakage of a 

new self-etch adhesive pit and fissure sealant. Dent Mater J. 2018; 37(2):266–271.  

165.  Najafi-Abrandabadi A, Najafi-Abrandabadi S, Ghasemi A, Kotick PG. Microshear 

bond strength of composite resins to enamel and porcelain substrates utilizing unfilled 

versus filled resins. Dent Res J (Isfahan). 2014; 11(6):636–644.  

166.  Gomes GM, Gomes OMM, Reis A, Gomes JC, Loguercio AD, Calixto AL. Effect of 

operator experience on the outcome of fiber post cementation with different resin 

cements. Oper Dent. 2013; 38(5):555–564.  

167.  Reynolds IR. A Review of Direct Orthodontic Bonding. Br J Orthod. 1975; 2(3):171–

178.  

168.  Cucu M, Driessen CH, Ferreira PD. The influence of orthodontic bracket base 

diameter and mesh size on bond strength. SADJ. 2002; 57(1):16–20.  

169.  Knox J, Hubsch P, Jones ML, Middleton J. The influence of bracket base design on 

the strength of the bracket-cement interface. J Orthod. 2000; 27(3):249–254.  

170.  Pham D, Bollu P, Chaudhry K, Subramani K. Comparative evaluation of orthodontic 

bracket base shapes on shear bond strength and adhesive remnant index: An in vitro 

study. J Clin Exp Dent. 2017; 9(7):848–854.  

171.  Nomoto R. Effect of light wavelength on polymerization of light-cured resins. Dent 



 64 

Mater J. 1997; 16(1):60–73.  

172.  Feilzer AJ, Dooren LH, de Gee AJ, Davidson CL. Influence of light intensity on 

polymerization shrinkage and integrity of restoration-cavity interface. Eur J Oral Sci. 

1995; 103(5):322–326.  

173.  Lovius BB, Pender N, Hewage S, O’Dowling I, Tomkins A. A clinical trial of a light 

activated bonding material over an 18 month period. Br J Orthod. 1987; 14(1):11–20.  

174.  Skidmore KJ, Brook KJ, Thomson WM, Harding WJ. Factors influencing treatment 

time in orthodontic patients. Am J Orthod Dentofacial Orthop. 2006; 129(2):230–238.  

175.  Stasinopoulos D, Papageorgiou SN, Kirsch F, Daratsianos N, Jäger A, Bourauel C. 

Failure patterns of different bracket systems and their influence on treatment duration: 

A retrospective cohort study. Angle Orthod. 2018; 88(3):338–347.  

176.  Bukhari OM, Sohrabi K, Tavares M. Factors affecting patients’ adherence to 

orthodontic appointments. Am J Orthod Dentofacial Orthop. 2016; 149(3):319–324.  

177.  Yassen GH, Platt JA, Hara AT. Bovine teeth as substitute for human teeth in dental 

research: a review of literature. J Oral Sci. 2011; 53(3):273–282.  

178.  Camargo CHR, Siviero M, Camargo SEA, de Oliveira SHG, Carvalho CAT, Valera 

MC. Topographical, diametral, and quantitative analysis of dentin tubules in the root 

canals of human and bovine teeth. J Endod. 2007; 33(4):422–426.  

179.  Almeida KGB, Scheibe KGBA, Oliveira AEF, Alves CMC, Costa JF. Influence of 

human and bovine substrate on the microleakage of two adhesive systems. J Appl Oral 

Sci. 2009; 17(2):92–96.  

180.  Dutra-Correa M, Anauate-Netto C, Arana-Chavez VE. Density and diameter of 

dentinal tubules in etched and non-etched bovine dentine examined by scanning 

electron microscopy. Arch Oral Biol. 2007; 52(9):850–855 

181.  Schilke R, Bauss O, Lisson JA, Schuckar M, Geurtsen W. Bovine dentin as a substitute 

for human dentin in shear bond strength measurements. Am J Dent. 1999; 12(2):92–

96.  

182.  Lopes MB, Sinhoreti MAC, Correr Sobrinho L, Consani S. Comparative study of the 



 65 

dental substrate used in shear bond strength tests. Pesqui Odontol Bras. 2003; 

17(2):171–175.  

183.  Robinson C, Shore RC, Brookes SJ, Strafford S, Wood SR, Kirkham J. The chemistry 

of enamel caries. Crit Rev Oral Biol Med. 2000; 11(4):481–495.  

184.  James JW, Miller BH, English JD, Tadlock LP, Buschang PH. Effects of high-speed 

curing devices on shear bond strength and microleakage of orthodontic brackets. Am 

J Orthod Dentofacial Orthop. 2003; 123(5):555–561.  

185.  Davari A, Yassaei S, Karandish M, Zarghami F. In vitro evaluation of microleakage 

under ceramic and metal brackets bonded with LED and plasma arc curing. J Contemp 

Dent Pract. 2012; 13(5):644–649.  

186.  Borsatto MC, Corona SA, Dibb RG, Ramos RP, Pécora JD. Microleakage of a resin 

sealant after acid-etching, Er:YAG laser irradiation and air-abrasion of pits and 

fissures. J Clin Laser Med Surg. 2001; 19(2):83–87.  

187.  Alkis H, Turkkahraman H, Adanir N. Microleakage under orthodontic brackets 

bonded with different adhesive systems. Eur J Dent. 2015; 9(1):117–121.  

188.  Bishara SE, Gordan VV, VonWald L, Olson ME. Effect of an acidic primer on shear 

bond strength of orthodontic brackets. Am J Orthod Dentofacial Orthop. 1998; 

114(3):243–247.  

189.  Atash R, Fneiche A, Cetik S, et al. In vitro evaluation of microleakage under 

orthodontic brackets bonded with different adhesive systems. Eur J Dent. 2017; 

11(2):180–185.  

190.  Mui B, Rossouw PE, Kulkarni GV. Optimization of a procedure for rebonding 

dislodged orthodontic brackets. Angle Orthod. 1999; 69(3):276–281.  

191.  Burgess AM, Sherriff M, Ireland AJ. Self-etching primers: is prophylactic pumicing 

necessary? A randomized clinical trial. Angle Orthod. 2006; 76(1):114–118.  

192.  Lill DJ, Lindauer SJ, Tüfekçi E, Shroff B. Importance of pumice prophylaxis for 

bonding with self-etch primer. Am J Orthod Dentofacial Orthop. 2008; 133(3):423–

426.  



 66 

193.  Bishara SE, VonWald L, Olsen ME, Laffoon JF. Effect of time on the shear bond 

strength of glass ionomer and composite orthodontic adhesives. Am J Orthod 

Dentofacial Orthop. 1999; 116(6):616–620.  

194.  Faltermeier A, Behr M, Müssig D. A comparative evaluation of bracket bonding with 

1-, 2-, and 3-component adhesive systems. Am J Orthod Dentofacial Orthop. 2007; 

132(2):144E1-144E5.  

195.  Tecco S, Traini T, Caputi S, Festa F, de Luca V, D’Attilio M. A new one-step dental 

flowable composite for orthodontic use: an in vitro bond strength study. Angle Orthod. 

2005; 75(4):672–677.  

196.  Arnold RW, Combe EC, Warford JH. Bonding of stainless steel brackets to enamel 

with a new self-etching primer. Am J Orthod Dentofacial Orthop. 2002; 122(3):274–

276.  

197.  D’Attilio M, Traini T, Di Iorio D, Varvara G, Festa F, Tecco S. Shear bond strength, 

bond failure, and scanning electron microscopy analysis of a new flowable composite 

for orthodontic use. Angle Orthod. 2005; 75(3):410–415.  

198.  Rock WP, Abdullah MS. Shear bond strengths produced by composite and compomer 

light cured orthodontic adhesives. J Dent. 1997; 25(3–4):243–249.  

199.  Britton JC, McInnes P, Weinberg R, Ledoux WR, Retief DH. Shear bond strength of 

ceramic orthodontic brackets to enamel. Am J Orthod Dentofacial Orthop. 1990; 

98(4):348–353.  

200.  Gorelick L. Bonding metal brackets with a self-polymerizing sealant-composite: a 12-

month assessment. Am J Orthod. 1977; 71(5):542–553.  

201.  Barkmeier WW, Gwinnett AJ, Shaffer SE. Effects of enamel etching time on bond 

strength and morphology. J Clin Orthod. 1985; 19(1):36–38 

202.  Beech DR, Jalaly T. Bonding of polymers to enamel: influence of deposits formed 

during etching, etching time and period of water immersion. J Dent Res. 1980; 

59(7):1156–1162.  

203.  Shams S, Bister D, Andiappan M, Abela S. Shear bond strengths of 3 commonly used 



 67 

orthodontic adhesives. Dentistry. 2020; 10:568.  

204.  Ishikawa H, Komori A, Kojima I, Ando F. Orthodontic bracket bonding with a plasma-

arc light and resin-reinforced glass ionomer cement. Am J Orthod Dentofacial Orthop. 

2001; 120(1):58–63.  

205.  Hasegawa T, Retief DH, Russell CM, Denys FR. Shear bond strength and quantitative 

microleakage of a multipurpose dental adhesive system resin bonded to dentin. J 

Prosthet Dent. 1995; 73(5):432–438.  

206.  Kitayama Y, Komori A, Nakahara R. Tensile and shear bond strength of resin-

reinforced glass ionomer cement to glazed porcelain. Angle Orthod. 2003; 73(4):451–

456.  

207.  Saito K, Sirirungrojying S, Meguro D, Hayakawa T, Kasai K. Bonding durability of 

using self-etching primer with 4-META/ MMA-TBB resin cement to bond orthodontic 

brackets. Angle Orthod. 2005; 75(2):260–265.  

208.  Bedran-de-Castro AKB, Cardoso PEC, Ambrosano GMB, Pimenta LAF. Thermal and 

mechanical load cycling on microleakage and shear bond strength to dentin. Oper 

Dent. 2004; 29(1):42–48.  

209.  Oilo G. Bond strength testing--what does it mean? Int Dent J. 1993; 43(5):492–498.  

210.  Sudsangiam S, van Noort R. Do dentin bond strength tests serve a useful purpose? J 

Adhes Dent. 1999; 1(1):57–67.  

211.  Tantbirojn D, Cheng YS, Versluis A, Hodges JS, Douglas WH. Nominal shear or 

fracture mechanics in the assessment of composite-dentin adhesion? J Dent Res. 2000; 

79(1):41–48. 

212.  Millett DT, McCabe JF. Orthodontic bonding with glass ionomer cement--a review. 

Eur J Orthod. 1996; 18(4):385–399.  

213.  Almeida LF, Martins LP, Martins RP. Effects of reducing light-curing time of a high-

power LED device on shear bond strength of brackets. J Orofac Orthop / Fortschritte 

der Kieferorthopädie. 2018; 79(5):352–358.  

214.  Rohmetra A, Gupta N, Jaiswal A, Tandon R, Singh K. Comparison of shear bond 



 68 

strength of different bonding materials bonded with primer and without primer - An 

in vivo study. IP Indian J Orthod Dentofac Res. 2020 ;6(2):56–62.  

215.  Hellak A, Rusdea P, Schauseil M, Stein S, Korbmacher-Steiner HM. Enamel shear 

bond strength of two orthodontic self-etching bonding systems compared to 

TransbondTM XT. J Orofac Orthop / Fortschritte der Kieferorthopädie. 2016; 

77(6):391–399.  

216.  Abdelnaby YL, Al-Wakeel EES. Effect of early orthodontic force on shear bond 

strength of orthodontic brackets bonded with different adhesive systems. Am J Orthod 

Dentofac Orthop. 2010; 138(2):208–214.  

 

 

 


