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Abstract

Background: Reliable bracket attachment is crucial for successful orthodontic treatment. Tra-
ditional bonding techniques utilize phosphoric acid to etch enamel by creating micromechanical 
retention, though this method can be technique-sensitive and time-consuming. Self-etch adhe-
sives have been introduced to streamline this process by combining etching and priming into 
a single step. In this study we aimed at evaluating Transbond™ XT and Absolute2 bounding 
properties. Materials and Methods: A total of sixteen premolars extracted recently were ran-
domly allocated into two groups, each containing eight teeth. Metal brackets were bonded onto 
these teeth using either the etch-and-rinse adhesive Transbond™ XT or the self-etch adhesive 
Absolute2, according to the manufacturer’s guidelines. Following the bonding procedure, the 
specimens were immersed in water for 24 hours, then subjected to 1,000 thermal cycles between 
temperatures of 5°C and 55°C. Finally, shear bond strength was measured using a universal 
testing machine. Results: The mean Shear Bond Strength for Transbond™ XT was 16.03±2.54 
MPa, significantly higher than 0.14 ± 0.40 MPa for Absolute2 (P=0.001). Most samples in the 
Absolute2 group failed before or after thermocycling, indicating insufficient bonding perfor-
mance. Conclusion: The self-etch adhesive Absolute2 demonstrated inadequate bond strength 
to untreated enamel for orthodontic bracket bonding. Although self-etch adhesives simplify the 
procedure, enamel surface preparation or improved adhesive formulations are necessary for 
clinically reliable adhesion. Future studies should explore novel enamel conditioning methods 
and hydrolytically stable adhesives to enhance bonding durability.
[GMJ.2025;14:e3940] DOI:10.31661/gmj.v14iSP1.3940
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Introduction

Early fixed orthodontic treatments in-
volved welding brackets onto metal bands 

around teeth. This required creating and later 
closing space for the bands, which prolonged 
treatment time and increased complexity. The 

procedure often caused discomfort and could 
lead to gingival irritation or enamel decalcifi-
cation beneath the bands [1]. Over recent de-
cades, orthodontic bonding techniques have 
advanced considerably through the introduc-
tion of new adhesives, improved bracket base 
designs, innovative bracket materials, faster 
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curing processes, self-etch (SE) primers, fluo-
ride-releasing agents, and protective coatings 
[2]. However, the success of orthodontic treat-
ment largely depends on maintaining strong 
bracket adhesion to prevent delays, added 
costs, and patient dissatisfaction. Reported 
bond failure rates range from 3.5% to 10%, 
averaging around 6.4%, mostly occurring 
within the first six months. Higher failure rates 
are linked to adolescence, pronounced over-
bite, lower arches, posterior teeth, and lighter 
alignment wires [3, 4]. Bonding is essential 
in fixed orthodontics and typically involves 
enamel etching, priming, and resin-based 
adhesives, which ensure strong bracket at-
tachment while allowing safe removal during 
debonding [5, 6]. The bond strength (BS) de-
pends on the tooth surface condition, which 
varies with preparation methods. A minimum 
BS of 6–8 MPa is recommended for effective 
bracket adhesion [7]. 
Despite continuous advancements in adhe-
sive systems, achieving optimal BS between 
orthodontic brackets and different dental sur-
faces remains challenging [8]. The conven-
tional acid etching method, which uses 37% 
PA followed by primer and adhesive appli-
cation, effectively removes the smear layer 

and enhances micromechanical retention [9].  
Liquid phosphoric acid (PA) produces a more 
uniform etching pattern and promotes resin 
tag formation better than its gel counterpart, 
although both forms achieve similar tensile 
bond strengths. Self-etch adhesives (SEAs) 
simplify the bonding procedure by combining 
etching and priming steps, reducing clinical 
time and the risk of contamination. Although 
less aggressive in etching, SEA has demon-
strated BSs comparable to conventional sys-
tems and may reduce operator variability [10, 
11]. In vitro studies have shown that both con-
ventional and SE primers can produce shear 
bond strengths (SBSs) above the clinically ac-
ceptable threshold of 6–8 MPa [12].
Although SEAs offer several benefits, their 
performance in orthodontic bonding requires 
further evaluation. This study aims to com-
pare the SBS of Absolute2 (Dentsply, Sankin) 
with that of the widely used conventional two-
step light-cured adhesive, Transbond™ XT.

Materials and Methods

Sample Selection and Preparation
For this laboratory study, sixteen human pre-
molars extracted within the last three months 

Figure 1. Universal Testing Machine
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for orthodontic indications were selected. 
Teeth exhibiting cracks, caries, fractures, or 
previous restorations were excluded to ensure 
uniformity. After extraction, each tooth was 
disinfected in a 1% sodium hypochlorite solu-
tion for 10 minutes, then rinsed thoroughly 
with distilled water. To clean the enamel sur-
face, a rubber polishing cup and pumice paste 
free of fluoride were used to remove any sur-
face contaminants.

Bracket Bonding Procedure
Sixteen extracted premolars were randomly 
divided into two groups (n=8). Metal brackets 
were positioned on the buccal enamel using 
forceps, and nail polish was applied around 
the bracket base to confine adhesive applica-
tion.
Group 1 (Transbond™ XT): Enamel was 
etched with 37% PA for 15 seconds, rinsed, 
dried, and treated with bonding agent. Com-
posite resin was applied to the bracket base, 
which was then placed on the tooth. Light cur-
ing included an initial 1-second cure to stabi-
lize the bracket, followed by 10 seconds on 
each side.
Group 2 (Absolute2): Enamel was gently 
dried, and the SEA was applied twice with 
intervals, lightly dried, and cured for 10 sec-
onds. Brackets preloaded with composite res-
in were positioned and cured for 10 seconds 
initially, then 10 seconds per side.

Thermocycling and SBS Testing
Each tooth was set in acrylic resin to ensure 
uniform positioning with the bracket base per-
pendicular to the horizontal plane. After bond-
ing, samples were stored in water for 24 hours, 
underwent 1,000 thermal cycles between 5°C 
and 55°C, then kept in water for one week. 
SBS was measured using a universal testing 
machine, applying force at 0.5 mm/min until 
failure. The maximum load was recorded and 

divided by the bracket base area to calculate 
BS in MPa (Figure-1).

Statistical Analyses
Statistical analysis using SPSS, Version 23 
(IBM Corp., Armonk, NY, USA) revealed that 
the data were not normally distributed; there-
fore, the Mann-Whitney U test was applied, 
considering p value of lower than 0.05 as sig-
nificant. 

Results

After SBS testing, the results were collected 
and summarized (Table-1). Samples that de-
tached before testing were assigned a SBS of 
zero. In the Absolute2 group, a total of eight 
samples were evaluated, revealing notable 
challenges in bond integrity. Specifically, 
one sample exhibited debonding even before 
the thermocycling phase, which simulates 
thermal stresses encountered in the oral en-
vironment. Furthermore, an additional three 
samples failed shortly after thermocycling, 
showing potential vulnerabilities in the ma-
terial's resilience to temperature fluctuations. 
The sole sample that proceeded to full SBS 
testing showed minimal resistance, with the 
recorded value being only 1.11 MPa. By com-
parison, the Transbond™ XT group displayed 
substantially superior performance across all 
metrics. All eight samples in this group suc-
cessfully withstood the thermocycling pro-
cedure without any premature debondings, 
allowing for complete SBS assessment. The 
individual SBS values demonstrated a robust 
and consistent bond strength, with the lowest 
measurement at 11.87 MPa and the highest 
reaching 20.37 MPa. The group's mean SBS 
was calculated at 16.03 MPa, with a standard 
deviation of 2.54 MPa. This higher mean and 
narrower dispersion reflect enhanced mechan-
ical interlocking and chemical bonding at the 

Table 1. SBS results of Group Samples (MPa)

Groups Sample SBS (MPa) Mean ± SD 
(MPa) P-value

1 2 3 4 5 6 7 8
Transbond TM 

XT 14.44 16.11 11.87 20.37 16.99 14.68 17.92 15.83 16.03±2.54
0.001

Absolute2 1.11 0 0 0 0 0 0 0 0.14±0.4
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enamel-adhesive interface.

Discussion

Dental adhesives have evolved into two main 
types: etch-and-rinse, which removes the 
smear layer, and SE, which modifies it partial-
ly [13, 14]. Self-etch primers (SEPs) simplify 
bonding by combining etching and priming, 
reducing time and contamination [11].  While 
etch-and-rinse systems are better for enamel, 
SEAs improve dentin bonding [15, 16].  How-
ever, SEA systems generally have lower BS 
and need improvement [17]. 
In orthodontics, primers are placed between 
the enamel and brackets to ensure effective ad-
hesion. SEPs were introduced to simplify the 
bonding procedure and decrease clinical chair 
time [18]. However, only a small number of 
products, such as Transbond Plus and Ideal 1, 
are specifically developed for orthodontic ap-
plications, while most studies have evaluated 
adhesives designed for restorative dentistry. 
This difference has led to inconsistent results 
and highlights the necessity for further re-
search [19-25]. This study compares the BS of 
a SEA with that of the commonly used Trans-
bond XT as a control [26-32]. Variables such 
as the duration since tooth extraction and the 
storage medium, commonly chloramine, eth-
anol, distilled water, or thymol, can affect BS 
measurements [33]. Generally, extracted teeth 
remain suitable for testing up to six months 
after extraction [34]. The SBS test, a stan-
dard method since the 1970s, was employed 
here to evaluate bonding performance, as it 
reliably measures factors including adhesive 
type, substrate condition, and contamination 
[35, 36]. Our findings indicate that the SBS of 
Absolute2, a SEA applied to unetched enam-
el and subjected to 1000 thermal cycles, falls 
well below the clinically acceptable threshold 
for orthodontic bonding. This observation can 
be explained from three primary perspectives.

First Perspective
The SE method simplifies the bonding process 
by eliminating the separate PA etching and 
rinsing steps. This is possible because acidic 
functional monomers both demineralize and 
penetrate the tooth surface simultaneously, 
creating chemical bonds with calcium ions 

[37, 38].  However, the low prismatic enamel 
structure and its high fluoride content can lim-
it SE effectiveness on enamel surfaces [39]. 
While SE adhesives show good long-term 
sealing in dentin and reduce technique sen-
sitivity, their long-term clinical performance 
compared to etch-and-rinse (ER) systems re-
mains under study [40].
In this research, the Absolute2 adhesive exhib-
ited weak SBS on unroughened enamel, with 
early bracket failure before thermocycling, in-
dicating inadequate adhesion to intact enam-
el. This suggests that enamel conditioning, 
such as surface roughening or applying acidic 
agents, may be necessary before SE applica-
tion [41]. Nevertheless, mechanical roughen-
ing with burs conflicts with conservative or-
thodontic principles. It has also been shown 
that enamel surface roughening with simpli-
fied adhesives may not be reliable [42, 43]. 
Recently, calcium phosphate-based etchant 
pastes (e.g., MPA2, mHPA2, and nHPA2) 
have shown promise as enamel conditioners. 
These materials not only deliver clinically 
acceptable BSs but also preserve enamel by 
minimizing adhesive residue and promoting 
CaP crystal formation on the enamel surface 
[44].

Second Perspective
Thermocycling, which simulates the tem-
perature changes occurring in the oral envi-
ronment, subjects the resin-tooth interface to 
thermal stresses that can weaken BS and re-
duce durability [45-49]. Nonetheless, some 
research has found that thermocycling does 
not significantly affect the SBS of certain ad-
hesive systems [50]. In this study, samples 
underwent 1000 thermal cycles, which may 
account for the debonding observed in half of 
the specimens within the Absolute2 adhesive 
group. Based on prior research, it is reason-
able to suggest that thermocycling played a 
role in the diminished bonding performance 
noted in this group.

Third Perspective
Absorption of external water can plasticize 
adhesives and weaken the adhesive bond. Due 
to their hydrophilic composition and absence 
of a protective hydrophobic layer, SEAs allow 
water penetration across the bonded interface, 
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making them prone to hydrolytic degradation 
and reduced long-term durability [51]. In this 
study, teeth were also stored in plain water for 
one week after thermocycling. This view also 
applies to debonded specimens after thermo-
cycling.
SEAs incorporating HEMA and 10-MDP 
monomers have demonstrated potential in im-
proving adhesion to dentin tissues [52]. While 
10-MDP may not significantly enhance bond-
ing to enamel compared to other acidic mono-
mers [45]. Its longer and more hydrophobic 
structure could promote stronger interactions 
with enamel surfaces, contributing to better 
BS [53]. As an alternative bonding strategy, 
universal adhesives that rely less on calcium 
interactions appear to be more resistant to hy-
drolytic breakdown and could offer improved 
long-term adhesive stability [54].

Conclusion

The tested one-step SEA (Absolute2) demon-
strated insufficient BS to untreated enamel, 
making it unreliable for orthodontic bracket 
bonding, particularly after thermal cycling. 

This indicates that some form of enamel sur-
face treatment is still necessary to achieve 
clinically acceptable adhesion when using 
SEAs. Although SE systems simplify the 
bonding process and reduce chair time, their 
current drawbacks, such as vulnerability to 
water-induced degradation and weaker bond-
ing to enamel, limit their widespread use in 
orthodontics. Future research should focus 
on developing enhanced enamel conditioning 
techniques, such as calcium phosphate-based 
etchants, and formulating more hydrolytically 
stable universal adhesives to improve long-
term bond durability.
It should be noted that these results are de-
rived from in vitro SBS tests, which only re-
flect one dimension of adhesive performance. 
Modifications to the adhesive formulation 
may improve BS. Therefore, further investi-
gations, including tensile and micro-tensile 
bond strength assessments, are recommended 
for a more thorough evaluation.
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