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Abstract: 
Objective: To test shear bond strength and 
mode of debonding of brackets bonded using a 
traditional orthodontic adhesive (Transbond 
XT), self- adhesive material (Heliosit) and self-
etch &self-adhesive resin material (Vertise 
flow) with and without phosphoric acid 
etching; after 15 minutes, 24 hours and 
following aging and thermocycling. 
Materials and Methods:  
One hundred and eighty upper first premolar 
teeth were used in this study. The specimens 
were equally and randomly allocated into four 
groups. TXT group (Transbond XT; n=45); HS 
group (Heliosit group; n=45); VF group 
(Vertise Flow; n=45) and (VF+P) (Vertise 
Flow with phosphoric acid etch; n=45). Each 
group was randomly divided into three equal 
subgroups; First subgroup (n=15) shear bond 
strength was tested after 15 minutes of 
bracket bonding, second subgroup (n=15): 
shear bond strength was tested after storage 
in distilled water at 37°C for 24 hours and 
third subgroup (n=15): shear bond strength 
was tested after specimens storage in distilled 
water at 37°C for 6 weeks and subjected to 
1000 thermal cycles. Adhesive remnant index 
(ARI) was recorded for each specimen and its 
mean was compared between different groups. 

Results: Vertise flow (either with or without 
enamel pre-etching) and Transbond had 
acceptable bond strength at 15minutes debond 
testing. Heliosit adhesive had a significantly 
lower SBS at 15 minutes debond. Transbond 
XT had a significantly higher (SBS) compared 
to the other 3 groups at 24 hours debond. 
Thermocycling and aging conditions affected 
SBS in all the groups except specimens bonded 
using Transbond XT. Vertise Flow when used 
without enamel pre-etch resulted in decreased 
SBS below the clinically acceptable value 
after thermocycling and aging. 
Conclusions: Both Vertise Flow (when used 
with pre-etched enamel) and Heliosit can be 
used in orthodontic practice, offering 
simplified bonding procedures associated with 
clinically acceptable bond strength and 
minimal amount of remaining adhesive on 
enamel surface at debond. 

Introduction 
Buonocore (1), in 1955 proposed that 

acid etch could be implemented before 

adhesive resin application for surface 

treatment which marks the start of the 

era of  adhesive dentistry.  Afterwards, 

Newman (2) introduced the concept of 

bonding of orthodontic brackets and 

subsequently various bonding adhesives 

were developed. This marks the 

introduction of the concept of direct 

bonding in orthodontics. Rapid 

revolutionized trials in material science 
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over the years have produced 

progressively advanced material, 

making the direct bonding procedure 

more precise, comfortable, and time 

effective. 

Several overlapped systems of 

classification have been proposed. They 

mainly differ in modes of application of 

the solutions and the components and 

chemistry inherent to a particular 

material. Although three-step etch-and 

rinse systems were considered as a huge 

leap in adhesive dentistry, the search for 

more simple adhesive systems has led to 

these developments: two-step self-etch 

systems which combine conditioning 

and priming functions in a single bottle; 

and all-in-one adhesive systems which 

combine all the three functions in a 

single bottle 

The main objective of contemporary 

adhesive system manufacturers is to 

develop bonding agents that offer the 

fastest, simplest and best quality of 

bonding. However, with any kind of 

steps reduction in clinical application 

procedure, a concern in decrease of 

bonding strength usually arises. (3) The 

bond strength of the orthodontic bracket 

must be able to withstand the forces 

applied during the orthodontic 

treatment. 5.9–7.8 MPa resistances were 

suggested as an acceptable range for 

orthodontic bonding. (4) 

In addition to technique simplicity with 

reduced number of steps, issues with 

etched enamel contamination in 

uncooperative patients and leaving 

etched enamel surface unprotected with 

adhesive layer are completely 

eliminated.(5) 

Various studies had shown that flowable 

composites showed comparable shear 

bond strengths to Transbond XT and 

were suggested as promising materials 

for orthodontic bracket bonding. (6, 7) 

Helioset (Ivoclar Vivadent) was 

introduced as a highly transparent stable 

and convenient orthodontic adhesive 

that can be used for metal and ceramic 

brackets without prior priming either on 

the bracket base or etched enamel 

surface. The monomer consists of 

urethane dimethacrylate, Bis-GMA and 

decandiol dimethacrylate . The filler 

consists of a highly dispersed silicon 

dioxide. Manufacture claims reported 

bonding strength of 12 MPa with metal 

brackets. (8) 

When comparing Heliosit Orthodontic 

with Transbond XT, studies concluded 

that Transbond XT showed higher bond 

strengths in all the studies. Nevertheless, 

the bond strengths of Heliosit for 

orthodontic bonding were in the 

clinically acceptable range. (9-12) 

Vertise Flow (Kerr, Orange, CA, USA) 

is a self-etch self-adhesive flowable 

resin composite. It was introduced to the 

market as an adhesive-free restorative 

material indicated for the restoration of 

small Class I and V cavities, for 

repairing porcelain chips, as a liner for 

large restorations, and as a pit and 

fissure sealant. 

Though, Vertise flow achieved early 

bracket shear bond strength (SBS) 

similar to conventional adhesive even 

without prior enamel conditioning. 

Following thermocycling, Vertise flow 

with and without etching manifested a 

significant decrease in SBS with 

different pattern of residual remnant. (13) 
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Since bonding efficacy (13, 14), 

mechanical properties after aging (15) and 

type of failures after debonding (16) are 

critical factors for orthodontists when 

selecting an orthodontic adhesive, the 

aim of this study was to evaluate the 

shear bond strengths (SBSs) and 

adhesive remnant index (ARI) of  self-

adhesive resin material (Heliosit) and 

self-etch &self-adhesive composite 

(Vertise flow) and compare them to a 

traditional orthodontic adhesive 

(Transbond XT). 

PICO model 

P: Metal orthodontic brackets bonded 

to upper first premolar teeth 

I: Orthodontic adhesives with 

simplified application; self-adhesive 

resin (enamel etch + no bonding agent 

+ adhesive), self-etch self-adhesive 

resin (with or without enamel etching 

+ no bonding agent + adhesive) 

C: Compare the used adhesives to 

each other and to a control Transbond 

adhesive (enamel etch + bonding 

agent + adhesive) 

O: Bond strength in MPa 

 The null hypothesis of this study was: 

 There would be no statistically 

significant differences in SBS and ARI 

between a traditional orthodontic 

adhesive, self- adhesive material, and 

self-etch self-adhesive resin material 

with and without phosphoric acid 

etching at different testing-time 

intervals. 

Materials and Methods 
Tooth specimens: 

One hundred and eighty upper first 

premolar teeth extracted for orthodontic 

purposes were used in this study. Teeth 

with obvious enamel hypoplasia, 

fractures, or caries were excluded.  

The specimens were given random 

numbers. The specimens were randomly 

and equally allocated 

(www.random.org) into four groups 45 

specimens each. 

Pre-bonding preparation: 

After eliminating all soft tissue 

remnants, the teeth were cleaned and 

pumiced by using a rubber cup with 

slurry of non-flouridated paste in a slow 

hand-piece for 15 seconds. These were 

then thoroughly washed with distilled 

water and air-dried with oil and 

moisture-free air source till desiccation. 

A maxillary first premolar metallic 

bracket (Gemini 3m Unitek, 

Monrovia,Calif) was bonded to the 

buccal surface of each premolar. 

Bracket base area and mesh size 

provided by the manufacturer was 9.82 

mm2. 

It was not possible to blind the operators 

to the bonding system being used 

because the systems had different forms 

of application. Standardization was 

achieved by bonding all the brackets in 

the same sitting by the same operator. 

(Figure 1&2) 

In TXT group, (Transbond XT group; 

n=45); Bonding was performed using 

Transbond XT light cure adhesive. 

Ivoclar Etching Gel was applied to teeth 

on the middle third of the buccal surface 

surfaces for 30 seconds, rinsed with 

water and gently air dried thoroughly. 

Thin uniform coat of primer was applied 

on each tooth surface to be bonded and 

cured for 10 seconds. Transbond XT 

adhesive paste was applied with a 

syringe onto bracket base. The brackets 

http://www.random.org/
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were lightly placed onto teeth surfaces 

and adjusted at the center of the buccal 

surface of the teeth and pressed firmly to 

seat the bracket and was light cured for 

20 seconds according to manufacturer’s 

instruction. 

In HS group, (Heliosit group; n=45); 

Bonding was performed using Heliosit 

Orthodontic adhesive (IVOCLAR 

VIVADENT) that contains primer and 

adhesive in 1 syringe. The teeth were 

conditioned Ivoclar Etching Gel for 30 

seconds, washed with water and dried to 

frosty white appearance. The single-

component Heliosit Orthodontic (Ivoclar 

Vivadent AG) bonding material was 

applied to the under surface of the 

brackets. Brackets were then light-cured 

as in group 1. 

In (VF) group,( Vertise Flow; n=45); 

Vertise Flow (Kerr, Orange, CA, USA) 

which is a self-etch self-adhesive resin 

material,  was applied on enamel 

surfaces, and bracket bases were bonded 

in place without separate enamel etching 

step before bonding. This flowable 

composite was light-cured using LED 

for 20 second each on both mesial and 

distal sides (i.e., 40 s total). 

In (VF+P) group, (VF with phosphoric 

acid etching; n=45); Enamel etching 

procedure was performed as that for 

TXT group. After VF was applied on 

enamel surfaces and bracket bases were 

bonded in place, flowable composite 

was light-cured using LED for 20 s each 

on both mesial and distal sides (i.e., 40 s 

total). 

Each group was randomly divided into 

three equal subgroups: 

First subgroup (n=15 per group): 
shear bond strength was tested after 15 

minutes of bracket bonding. 

Second subgroup(n=15 per group): 
After bracket bonding procedure, all 

specimens were stored in distilled water 

at 37°C for 24 hours followed by shear 

bond strength test. 

Third subgroup(n=15 per group): 

Following bracket bonding and distilled 

water storage at 37°C for 6 weeks, the 

specimens were then subjected to 1000 

thermal cycles between 5-55°C with a 

dwell time of 30 seconds.
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In the current study, aging was performed by water storage for 6 weeks and 

thermocycling between 5-55°C for 1000 cycles. Thermocycling accelerates the 

process of aging and water diffusion. (17-19) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:Brackets bonded and mounted in acrylic mold. 

Figure 2: Bonding adhesives used in the study 
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Shear bond strength test 

A 0.017 x 0.025-in stainless steel wire 

was ligated into each bracket slot to 

reduce any deformation of the bracket 

during debonding. The teeth were fixed 

in acrylic resin, and a mounting jig was 

used to align the facial surface of the 

tooth to be parallel to the force during 

the Shear bond strength test. 

Shear bond strength (SBS) of each 

group was measured using a universal 

testing machine (Biomaterial 

department, Faculty of Dentistry, 

Alexandria University) at a crosshead 

speed of 1 mm/min.  

 Shear force was applied parallel to the 

long axis of each tooth. (Figure 3)The 

force required to shear off the bracket 

was directly recorded in Newtons (N) 

and converted into megapascal (MPa) 

using the following equation: 

Shear force (MPa) =Debonding force 

(N)/Bracket surface area (mm2) where 1 

MPa=1 N/mm2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

After debonding, each specimen was 

examined under a stereomicroscope 

(Biomaterial department, Faculty of 

Dentistry, Alexandria University) to 

identify the mode of the bond failure. 

(Figure 4) The residual composite 

remaining on the tooth surface was 

evaluated by using the remnant index 

(ARI), where each specimen will be 

scored according to the following; (20)  

Score 1 = 100% adhesive remnant left 

on the enamel surface. 

Score 2 = more than 90% adhesive 

remnant left on the enamel surface. 

Score 3 = 10-90% adhesive remnants 

left on the enamel surface. 

Score 4 = less than 10% adhesive 

remnant left on the enamel surface. 

Score 5 = no adhesive remnant left on 

the enamel surface. 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis: 
For intra-examiner reliability in the ARI 

scoring, all specimens were scored again 

after 2 weeks by the same author. ARI 

scores recorded in the second session 

were exactly the same as those recorded 

in the first session. 

Statistical analysis was performed using 

SPSS 15 (Statistical Package for the 

Social Sciences, SPSS Inc, Chicago, 

USA). 

Figure 4: Stereomicroscope used in the study 

Figure 3: Universal testing machine 
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Normality of data distribution was 

assessed using Kolmogorov–Smirnov 

test. The statistical differences in bond 

strength between specimens debonded at 

15min, after 24h and following aging 

and thermocycling was assessed with 

the independent t-test in each group. 

One-way analysis of variance was 

executed on the shear bond strength data 

measured at 15 min, after 24h and after 

aging and thermocycling among the four 

study groups. The Tukey test was used 

for post hoc comparisons when 

significant differences were detected. 

 

Distribution of the adhesive remnant 

index (ARI) score between different 

bonding materials used and between 

different debonding times and 

conditions were analyzed with Kruskal–

Wallis non-parametric test, followed by 

Mann–Whitney test for pairwise 

comparisons. Significance level was set 

to α= 0.05 at all the analyses. 

 

Results 
The descriptive statistics of the shear 

bond strength (SBS) values for the 

specimens debonded at 15 minutes for 

different study group is shown in table 

1. No statistically significant differences 

were found between the study groups 

except the Heliosit adhesive which had a 

significantly lower SBS at 15 minutes 

debond when compared to the other test 

groups. 

Table 1: Descriptive statistics of mean shear bond strength (in MPa) of the four 

study groups at 15 minutes debond. 

*Different letters denote significant differences between study groups. 

 

The descriptive statistics of (SBS) 

values for the specimens debonded after 

24 hours and the specimens debonded 

after being subjected to aging factors are 

shown in table 2 and table 3 

respectively. The specimens debonded 

after 24 hours showed no statistically 

significant deference in the SBS 

between the different study groups 

except the specimens bonded using 

transbond XT which had a significantly 

higher (SBS) compared to the other 3 

groups. However, the specimens 

debonded after being subjected to aging 

factors showed significant difference in 

SBS values between different groups 

except between groups (HS) and 

(VF+P) where SBS showed no 

statistically significant differences. Both 

groups had an intermediate SBS lying 

between the highest SBS achieved from 

TXT and the lowest SBS achieved from 

VF without phosphoric acid etch 

Group N Mean SBS SD Significance 

(P<0.05) 

TXT 

HS 

VF 

VF+P 

15 

15 

15 

15 

6.6 

3.5 

5.8 

6.2 

2.3 

1.1 

1.9 

2.8 

A 

B 

A 

A 
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Table 2: Descriptive statistics of SBS (in MPa) of the four study groups at 24 hours 

debond. 

Group N Mean SBS SD Significance 

(P<0.05) 

TXT 

HS 

VF 

VF+P 

15 

15 

15 

15 

13.8 

10.4 

10.6 

11.1 

3.2 

2.8 

2.6 

3.2 

A 

B 

B 

B 

In the “Significance” column, different letters label statistical significance between-

group differences. 

Table 3: Descriptive statistics of SBS (in MPa) of the four study groups after being 

subjected to aging and thermocycling conditions before debond. 

Group N Mean SBS SD Significance 

(P<0.05) 

TXT 

HS 

VF 

VF+P 

15 

15 

15 

15 

12.2 

6.2 

3.1 

6.8 

2.6 

3.1 

1.6 

2.2 

A 

B 

C 

B 

 

 

In table 4, the descriptive statistics of 

SBS of the four study groups at different 

testing periods is illustrated. Shear bond 

strength significantly increased after 24 

hours in all the study groups, where HS 

showed the highest increase in SBS after 

24 hours. Thermocycling and aging  

 

 

 

 

conditions affected SBS in all the 

groups except specimens bonded using 

TXT, where no statistically significant 

difference in SBS was detected after 

thermocycling and aging. 

Thermocycling and aging had a 

dramatically negative effect on SBS in 

the specimens bonded using versatile 

flow with no enamel etching.

 

 

 

 

 

 

 

 

 

In the “Significance” column, different letters label statistical significance between-group differences. 
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Table 4: – Descriptive statistics of SBS (in MPa) of the four study groups according 

to the established testing periods and aging conditions 

Group Testing periods 

15 minutes 24 hours Aging + 

Thermocycling 

Significance 

(P<0.05) 

TXT 

HS 

VF 

VF+P 

6.6a 

3.5a 

5.8a 

6.2a 

12.8b 

10.4b 

10.6b 

11.8b 

12.2b 

6.2c 

3.1c 

6.8a 

P<0.05 

P<0.01 

P<0.05 

P<0.05 

Different letters denotes statistical significance between groups. 

 
Absolute distribution frequency of the 

adhesive remnant index is shown in 

table 5. No samples were assigned to 

score 1 in any of the study groups at any 

test period. Only eight samples had 

composite-free enamel (score 5); most 

of them in the VF group after 

thermocycling and aging. (Figure 5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Representative stereomicroscopic photos of specimens showing different 

ARI scores; A = Score 1 = 100% adhesive remnant left on the tooth; B = Score 3 = 

10-90% adhesive remnant left on the tooth; C = Score 4 = less than 10% adhesive 

remnant left on the tooth; D = Score 5 = no adhesive remnant left on the tooth. 



Egyptian 
Orthodontic Journal 

    10 Volume 58 – December 2020 

ISSN: 1110.435X 

Table 5: Absolute distribution frequency of the adhesive remnant index (ARI). 

Kruskal–Wallis test with significance level set at 5%.  

Group Testing periods 

15 minutes 24 hours Aging + 

Thermocycling 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

TXT 

HS 

VF 

VF+P 

0 

0 

0 

0 

9 

10 

9 

6 

6 

5 

4 

8 

0 

0 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

9 

6 

2 

4 

4 

8 

6 

9 

2 

1 

7 

1 

0 

0 

0 

1 

0 

0 

0 

0 

 

8 

1 

1 

1 

5 

10 

2 

9 

2 

3 

7 

4 

0 

1 

5 

1 

 

15min: x2(3) = 2.59; p = 0.456; 24 H: x2(3) = 9.892; p = 0.02; 

Aging+thermocycling: x2(3) = 12.98; p = 0.003; TXT: x2(2) = 0.11; p = 0.946; HS: 

x2(2) = 11.84; p = 0.003; VF: x2(2) = 9.998; p = 0.004; VF+P: x2(2) = 6.50; p = 

0.039. 

At 15min debond, most of the 

specimens had ARI of either score 2 or 

score 3. Significant differences were 

observed between the different study 

groups after 24h (x2(3) = 9.892; p = 

0.02) and following thermocycling and 

aging (x2(3) = 12.98; p = 0.003). 

Debonding after 24-hour showed an 

increase in specimens recording ARI 

(score 4) especially in specimens 

bonded using versatile flow without pre-

etching. Thermocycling and aging also 

had most of its effect on specimens 

bonded using versatile flow without 

enamel pre-etching; where specimens 

debonded with ARI score 5 started to 

show in this group exceptionally.  

All the groups showed changes in 

debond failure modes after 

thermocycling and aging except in the 

TXT group where almost equal 

distribution of failure modes were 

recorded between specimens. 

Significant differences were observed 

between the groups HS, VF and VF+P 

in the ARI score distribution in the 

different testing periods (HS: x2(2) = 

11.84; p = 0.003; VF: x2(2) = 9.998; p = 

0.004; VF+P: x2(2) = 6.50; p = 0.039). 

When enamel was etched with 

phosphoric acid (groups TXT, HS and 

VF+P), a greater amount of composite 

remained on the enamel surface after 

debonding especially after 

thermocycling and aging. 

Discussion 
Bonding procedures are always 

considered to be one of the most 

important procedures executed during 

the journey of orthodontic treatment. 

Reducing its steps could be helpful for 

the clinician to reduce chair time and to 

reduce the possibilities of getting 

unintended mistakes during this 

technique sensitive proceudre. Self-etch 

adhesives have been introduced to 

reduce the steps needed during the 

bonding process by omitting the 

separate etching procedure. In the 

current study, Heliosit orthodontics 
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composite resin and Vertise Flow 

flowable composite have been tested. 

Heliosit orthodontic composite has been 

marketed to simplify the bonding 

procedures by omitting the separate 

adhesive application step; and Vertise 

flow composite to be a self-etch self-

adhesive resin with need for neither 

separate etching nor bonding steps. The 

Transbond light cure adhesive has been 

used as a control where separate etching 

and bond-application procedures were 

used before applying the adhesive 

loaded bracket.  

The bond strength of orthodontic 

brackets is satisfactory clinically when it 

lies between 5.9 and 7.8 MPa. (4)  

However, to avoid enamel fractures or 

chipping during debonding procedures, 

the bond strength should not exceed the 

enamel tensile strength (11- 25 MPa). 

(21)   

Clinically, brackets are subjected to 

forces as early as 10-15 minutes after 

finishing the bonding procedures, when 

archwires are inserted and tied into the 

brackets. (22)  This gives the initial 

bond strength a prime importance. The 

results of the current study showed 

satisfactory initial bond strength for all 

the materials tested except Heliosit. 

These results comes in agreement with 

Vinagre et al(23)  and Goracci et al.(13)  

Heliosit adhesive had an initial mean 

bond strength of 3.5 MPa, which is 

considered to be below the acceptable 

clinical limit suggested by Reynolds,(4) 

and this initial bond strength is 

signifantly lower when compared to the 

control group TXT. However, this 

relatively low initial SBS may be 

satisfactory clinically as the forces 

produced from initial archwires are low 

compared to those applied at a later 

point in treatment. Enamel etching with 

phosphoric acid prior to bonding using 

VF did not seem to significantly affect 

the bond strength at 15 minutes debond. 

No significant differences were 

observed in initial bond strength 

between the groups VF, VF+P and TXT 

(the control group). However, the bond 

strength produced by VF on enamel 

after 15 minutes considered to be 

significantly low to what was claimed 

by the manufacturer; 15 MPa after 15 

minutes increasing to reach 22.4 MPa 

after 24 hours. 

Previous studies (24, 25) concluded that 

composite adhesives reach their 

maximum strength after 24 hours. 

Indeed, the results of the current study 

showed that mean SBS values were 

doubled after 24h from those obtained at 

15min for all adhesive systems used  

except for HS, where the 24h SBS 

almost increased 3 times. This doubling 

in mean SBS comes in agreement with 

previous studies.(26-28) This could be 

explained by the slow and gradual 

diffusion of free radicals that are 

produced in the resin at the bracket 

periphery by maximum light exposure to 

polymerize the remaining resin under 

the bracket base over time resulting in 

the increased SBS. (29, 30) After 24h 

debond, the control group (TXT) had a 

significantly higher SBS compared to 

the other study groups, however, no 

significant differences were observed 

between the other study groups (HS, VF 

and VF+P). However, SBS recorded in 

all the study groups exceeded the 

recommended range of acceptable 
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clinical bond strength suggested by 

Reynolds;(4)  and was to close to the 

lower border of the tensile strength of 

enamel (11- 25 MPa).(21)  Again, the 

results of the current study did not 

support the VF manufacturer’s claims 

that bonding to enamel can reach 22.4 

MPa after 24 hours.  Adding a separate 

pre-etching step prior to using VF did 

not seem to be effectively affecting the 

SBS at 24h debond period. 

The adhesive between the enamel and 

the bracket undergoes aging due to 

being subjected to mechanical, chemical 

and thermal changes from the oral 

environment. Experimental aging 

procedures could simulate these changes 

to produce similar effects to oral 

environment in vitro studies.(18,31)  

Thermocycling is one of the familiar 

and commonly used aging procedures in 

the experimental studies to simulate the 

aging effect produced by water and 

temperature changes in the oral cavity. 

Five hundred cycles in water between 5 

and 55°C have been approved by the 

International Organization for 

Standardization (ISO) TR 11450 

standard (1994) as an appropriate 

artificial ageing test. However, various 

studies had increased the number of 

thermocycling cycles prior to shear bond 

strength to imitate the long period of 

orthodontic treatment which ranges 

between two and three years. (19, 32) 

Thermocycling(31)  was found to 

adversely affect the physical and 

mechanical properties of resin-based 

materials as well as their bond strength 

to dental tissues.(33-35) Due to the 

differences in the coefficient of thermal 

expansion among the metal bracket, 

adhesive material used and the tooth 

structure; repetitive 

contraction/expansion stresses are 

generated with thermal cycling and may 

result in bond failure.(31,36)  Moreover, 

thermocycling may lead to increased 

water absorption or increased solubility 

of the adhesive material used(37)  

resulting in deteriorating bond strength.  

Christensen(38)  explained the observed 

reduction in bond strength between in-

vitro and in-vivo studies due to thermal 

changes happening in the mouth. 

ISO/TR 11405 recommended 500 cycles 

(39) for thermal cycling testing of dental 

material. However, Hasegawa et al (19, 

32, 40) reported that 500 thermal cycles 

might not be enough to affect bond 

strength. 

Adhesives and composites showed 

tendency to biodegrade as a result of 

exposure to fluids, causing bond 

strength deterioration over time. (41-43) 

In vitro immersion in water for 12 

weeks resulted in a significant reduction 

in the bond strength of brackets with 

most of the deterioration in bond 

strength was observed at 4th week 

followed by a stable period of several 

weeks(44). 

Therefore, a new adhesive should be 

subjected to 2 aging challenges; storage 

in water and thermal cycling.(26) 

Therefore, the current study involved a 

thermocycling challenge with a 2-fold 

increase in the ISO recommended 

thermal cycles subjecting the specimens 

to (1000) cycles,(41,42) and the water 

immersion challenge involving 

immersing the specimens in water for 6 

weeks.(12,41) 
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The results of the current study showed 

that the bond strength of the control 

group was not affected by 

thermocycling and aging; however, the 

SBS was reduced significantly in all the 

other study groups. However, SBS 

remained within the recommended 

clinical range in the HS group and 

VF+P group, it decreased significantly 

below the recommended range in the VF 

group. These results show that  

phosphoric acid etching did not enhance 

the bond strength of the brackets bonded 

with Vertise flow at 15 minutes or 24 

hours debond, however, it limited the 

bond strength deterioration when the 

specimens were subjected to aging and 

thermocycling. 

Before explaining the effects of both 

aging and thermocycling on SBS in the 

different groups, we need to take a look 

at ARI pattern that was observed in the 

current study. At 15min debond, all 

groups showed a similar distribution 

between scores 2 and 3, meaning that 

the failure was cohesive in nature and 

the resin enamel interface was relatively 

sound and good. However, after 

thermocycling and aging, there was a 

significant reduction in the specimens 

showing score 2 in all the groups, except 

the control (TXT) group as ARI scores 

for brackets bonded using TXT did not 

significantly changed. Thermocycling 

and aging resulted in the appearance of 

more score 4 in groups HS, VF and 

VF+P; and exceptional appearance of 

score 5 in the VF group. The recording 

of scores 4 and 5 means that the resin-

enamel adhesion is starting to 

deteriorate leaving lesser amount or no 

composite on the enamel surface. These 

observations suggest that thermocycling 

and aging had significant effect on 

bonding at adhesive-enamel interfaces 

with two key factors that influenced it; 

type of the adhesive used and the 

phosphoric acid pretreatment of enamel. 

In the light of these 2 observations; the 

significant reduction in the SBS and the 

quality at adhesive-enamel interface 

after thermocycling and aging, some 

explanation could be suggested. 

Heliosit is a resin that requires no 

additional primer, and this would affect 

its penetration capability making it more 

limited (45) probably as a result of the 

abundant bisphenol-A glycol 

dimethacrylate (Bis-GMA).(46) 

Moreover, Heliosit gave the impression 

of being an unfilled adhesive under 

scanning electron microscope (SEM) 

and transmission electron microscope 

(TEM), and it showed the significantly 

lowest Vickers hardness score.(47) The 

lesser filler content of Heliosit 

Orthodontic may be intended to reduce 

its viscosity and hence increase its 

penetration into enamel resin tags as no 

bonding agent is used with it. 

Faltermeier et al. (32)   found that higher 

filled adhesives provide greater bond 

strength than lower filled or unfilled 

resins. The reduced viscosity of Heliosit 

was very apparent in the manipulation 

of the brackets during the bonding 

procedures where excessive bracket 

movement on tooth surface was noticed 

prior to resin curing.  

Moreover, as the filler content 

decreases, polymerization shrinkage 

increases resulting in microgaps 

between the adhesive and the tooth 

surface.(48)  Therefore, the low filler 
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content of Heliosit; as fillers are added 

to improve mechanical properties of the 

resins such as increased strengthen and  

stiffness, reduce dimensional changes, 

and improve handling(49-51);  

altogether with the absence of bonding 

application before resin bonding could 

explain the significant deterioration in 

the resin physical and mechanical 

properties and the deterioration in 

adhesive-enamel interface with 

thermocycling and aging.  

According to the Vertise Flow Technical 

Bulletin, Vertise flow is a self-adhering 

composite, containing glycerol 

phosphate dimethacrylate (GPDM). 

GPDM is a functional monomer that is 

responsible for adhesion to the tooth 

structure. The results of the current 

study showed that when vertise flow 

composite was used without phosphoric 

acid enamel etching; SBS deteriorated 

significantly after aging and 

thermocycling, presenting the weakest 

link in the interface between enamel and 

the adhesive.  On the other hand, 

phosphoric acid etching significantly 

enhanced the bonding strengths. It was 

found that pretreatment of the enamel 

surface prior to the use of either self-

etch resins or self-etch bonding agents 

with phosphoric acid increases bond 

strength.(14,32)This might be explained 

due to the presence of soluble-resistant 

surface enamel layer and self-etch 

bonding agents are characterized by 

reduced ability to sufficiently etch and 

penetrate the enamel surface.(48) This 

in turn will result in poor resin 

penetration into the enamel.  Phosphoric 

acid etching on the contrary will remove 

this outer layer and will subsequently 

result in more resin penetration and 

increased bond strength. Moreover, the 

chemical bond to calcium ions of the 

tooth material (provided by GPDM in 

vertise flow) does not seem to be very 

stable when subjected to aging and 

thermocycling. 

As brackets are bonded temporarily to 

enamel surfaces, it is advantageous for 

both the orthodontist and the patient to 

have no adhesive remnant on the enamel 

surface at debond with all or most of the 

bonding adhesive remaining at bracket 

bases.  This concept would result in 

easier and faster enamel cleaning 

procedures with less risk of enamel 

damage.  

However, brackets should remain 

functioning with acceptable bond 

strength till the end of treatment. The 

results of the current study showed that 

both HS and VF+P groups had 

acceptable bond strength and at the 

same time less residual resin on the 

enamel surface after thermocycling and 

aging compared to the control group 

TXT. This makes Heliosit and Versatile 

flow with pre-etched enamel a suitable 

choice for use as a bracket adhesive in 

orthodontics. 

Conclusions 
1. At 15 minutes debond testing; 

Vertise flow (either with or without 

enamel pre-etching) and Transbond had 

clinically acceptable bond strength. 

However Heliosit recorded the least 

SBS and less than the clinically 

accepted value. 

2. Thermocycling and aging resulted 

in significant reduction in bond strength 

in all the study groups except in control 

group (TXT). However, the SBS 
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remained within the acceptable clinical 

value in groups HS and VF+P. 

3. The use of Vertise Flow without 

enamel pre-etch resulted in SBS below 

the clinically acceptable value after 

thermocycling and aging. 

4. Both Vertise Flow (when used 

with pre-etched enamel) and Heliosit 

can be used in orthodontic practice, 

offering simplified bonding procedures 

associated with clinically acceptable 

bond strenght and minimal amount of 

remaining adhesive on enamel surface at 

debond. 

Study limitations: 

Bonding resins are subjected to too 

many challenges in the most 

complicated environment of the oral 

cavity. This invitro study tried to mimic 

the complicated oral environment as 

much as possible; by subjecting the 

specimens to thermocycling and aging 

challenges. However, other factors such 

as forces (vertical and lateral) 

transmitted to the bracket-resin and/or 

tooth-resin should be put into 

consideration when evaluating the 

results of the current study. To achieve 

most realistic and accurate results, an in 

vivo study is recommended. 
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