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Abstract 
Objective: To investigate the effect of using different food simulant materials on the shear bond strength 
(SBS) of orthodontic bracket after Icon application. DESIGHN: Laboratory study. SETTING: Pediatric 
dentistry, Orthodontics & Prevention dentistry department, Dentistry College, Kufa University & department 
of materials, Technology university. 

Methods: Metal brackets were bonded to 48 extracted premolars and were randomly arrange for three 
categories with 16 teeth for each, revealing the storage solutions, which were distilled water, 50% aqueous 
ethanol (alcoholic food), and corn oil (fatty food). Then each category was split for two subgroups, with 8 
teeth describing Icon application, all specimens are immersed in their corresponding food simulants for 30 
days. After the completed proposed time, the specimens were debonded by using an Instron apparatus to test 
the SBS. Results: Results showed significantly diminished the bond strength of orthodontic adhesive after 
holding the specimens for 30 days in the food simulants specially ethanol (highest for 50% ethanol, less for 
corn oil & least for D.W). Icon categories showed higher SBS rather than non-Icon categories. Conclusion: 
Application of Icon on enamel will increase the bond strength & the food simulating agents especially food 
and rinses containing ethanol could influence the orthodontic bond strength which causes bond failure so 
that the clinicians should inform their patients concerning their possible adverse effects and complications.
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Introduction

Orthodontic treatment is mostly accomplishing with 
fixed orthodontic appliances & establish significantly 
higher WSL than normal persons, because oral hygiene 
is more ambitious in patients with numerous-bracket 
orthodontics than in patient without fixed appliance (1). 
Pervasiveness of WSLs is relatively huge, affecting more 
than 25 % of the patients earning orthodontic treatment, 

capturing at least one new lesion over the treatment (2). 
Demineralization may occur rapidly, as fast as in period 
4 weeks after the placement of brackets (3). 

More recently, a minimum invasive treatment 
pathway was introduced, in which the WSL is infiltrated 
adopting a low-viscosity resin. When tooth surface been 
carried out by the infiltration resin with demand for an 
adhesive method like: using orthodontic brackets & 
when the used infiltration material that not be detached, 
the question: Is there bonding force between the treated 
exterior of the tooth and the unity of this material to the 
used bonding scheme? (4). The aim of this study was to 
study the effect of using different food simulant materials 
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on the SBS of orthodontic bracket after utilization of 
Icon. 

Marerial & Methods

In this our study, we used seventy extracted intact 
upper first premolars (5). Forty-eight teeth were elected 
after being inspected by magnifying lens (6). The elected 
teeth must be: 

1-Caries free. 

2-Free of enamel cracks or restorations. 

3-Without developmental anomalies. 

Standard edgewise S.S. orthodontic bracket (Ortho 
Technology, USA) and a light cure composite adhesive 
(3M, USA) were used in this study. 

The food simulants were those approved by the 
Food and Drug Administration in U.S.A. (7): 

1.	 Beverages including alcoholic drinks simulated 
by 50% aqueous ethanol solutions. 

2.	 Fatty food including butter, fatty meats and 
vegetable oils simulated by corn oil. 

3.	 Water established using distilled water. 

The possessed teeth were split into three categories, 
containing sixteen teeth each, according to the type of 
storage solution, which are distilled water, 50% aqueous 
ethanol (alcoholic food), and corn oil (fatty food). Then 
each category was split for two subgroups with eight 
teeth for each, according to Icon application. 

A two metal plates with L-shape specially made for 
this purpose, were painted with a thin layer of separating 
medium (Vaseline) and placed opposite to each other 
forming a box around the vertically positioned teeth. 
Then the acrylic (Vertex, Netherlands) was poured till 
reach the cemento-enamel junction of the teeth (8). After 
mounting, the buccal exterior was scrub by a rubber cup 
& pumice which is free from fluoride for 10 s (9). The 
teeth were flush by water for 10 s. and then dry with air. 
This strategy was set to mimic the ‘real life’ of clinical 
condition (10). Etching by using Phosphoric acid (37%) 
on the exterior of the crown as long as 30 s. after that 
rinsed with water, then dried with air till the exterior 
crown marked as chalky (11). 

BONDING PRECEDURE WITHOUT ICON 
APPLICATION: 

The 7th generation bond (3M company, USA) was 
used then orthodontic adhesive was administered to the 
S.S. brackets (12). Which was then fixed in the midst third 
of the buccal exterior, the extra composite was removed 
by using dental probe (13). The adhesive composite was 
curing up to 40 s (14) utilizing LED curing device with a 
range 450-550 nm. 

BONDING PRECEDURE WITH ICON 
APPLICATION: 

This done by using (Icon-Dry, DMG, Hamburg, 
Germany). Apply Etch for 2 min. next washed by water, 
after that dry with air, Handle Icon-dry 30 sec. and 
check it by visual inspection, then dry air. Handle Icon-
Infiltrant, to 3 min. give away by air then curing for 40 
sec. Infiltrant was applied for 1 min. clear away extra 
infiltrant then curing for 40 sec. The 7th generation bond 
(3M, USA) was used then orthodontic adhesive (3M, 
USA) was applied. 

Then, all tested categories were sinking in distilled 
water or to the food simulant according to their category, 
and preserve it in the incubator at 37ºC for 30 days (15).

After 30 days, they ready for the SBS that was done 
by an Instron universal machine (Laryee, 50 KN, China), 
a defined speed was 0.5 mm/min. (16). The loading fail 
(Newton) / paltry of bracket (10.90 mm2) to obtain the 
SBS in MPa. Statistical analysis was implement with 
applying SPSS software Version 21.  

Results

The SBS (MPa) descriptive statistics and the 
effectiveness of food simulants material & Icon usage 
on the SBS were calculated (Table 1). 

Anova test was performed to examine the difference 
between each three types of storage medium; SBS 
reduction was high (highly significant) for corn oil group 
& highest (highly significant) for 50% ethanol alcohol 
group and was the least reduction for D.W. group (Table 
2). 

Comparison of SBS of adhesive & Descriptive 
statistics according to the Icon application was calculated. 
Mean rate of SBS were highest (highly significant) in 
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Icon category in comparison with the other category 
without Icon application as displayed in (Table 3). 

Discussion

This study was performed to investigate the response 
to aqueous foods, alcoholic foods, and fatty foods as 
represented by dietary simulating liquids (D.W, corn 
oil & 50% aqueous ethanol) and their effect upon the 
SBS of orthodontic adhesive bonding material with the 
presence of caries infiltrant resin (Icon). 

The treatment of WSL by using infiltrating instead 
of or postponing conventional restorative treatment may 
have a positive impact on good oral health as it helps to 
increase in life cycle of a tooth (17). 

Orthodontic treatment based on a sufficient bond 
strength of brackets to enamel. To withstand normal 
orthodontic force, the minimal bonding strength should 
be between 6 and 8 MPa (18). 

This is in vitro methods that simulating oral condition 
have been designed to mimic the clinical performance. 
Because the difficulty in vivo of oral environments 
can be partially be simulated in vitro, so there is no in 
vitro test can be to mimic the complex processes found 
in vivo (19). in vivo evaluation, it is very complicated, 
time consuming, expensive & the most important issue 
is the ethical reasons. Thus, Continuous exposure of 
solution was preferred to hasten the resistant effect of 
the evaluated material (20). This may prompt solution 
to be invasive more into the specimens. Intermittent 
exposure to a resistant agent will causes low invasion 
rate because simulant desorption while disclosure. 
The material may not fully desorb due to the force 
established by the invasion gradient to continue invasion 
into the specimens (21). in clinical conditions the agent 
may either be absorbed by the adherent detritus at the 
interfacial margins or generated by decomposition (22). 
The distilled water group show the high SBS because it 
is not very susceptible by chemical breakdown. Lee et 
al show that when exposure to artificial saliva (90-95% 
water) for 30 days of engagement will not effect on bond 
strength (23). 

A high significant result in SBS of the specimens 
immersed in food simulants with 50% aqueous ethanol 
showed the less in bond strength. This is in agreement 

with several previous studies (15). 

The ethanol has solvent properties as cross linked 
dimethacrylate resins are virtually insoluble, in spite of 
that its capable of swelling in good solvents (24). The 
ethanol which dispersed into the composite may result 
in micro-crack in architecture that causes bonding 
weakness. Ethanol has dissolving feature similar to 
Bis-GMA and this may farther improve its seepage into 
the composite leading to farther destruction (25). The 
diffusion properties of the ethanol solution in dental 
composite specimens is much more than that of water 
(26). 

Clinically, intra-oral exposure to ethanol either 
from alcoholic mouth washes or from drink. Usually, 
orthodontists prescribe mouth washes for their patients 
for the whole treatment time to keep high oral hygiene 
(27). 

Apply of peppermint oil to assist in orthodontic bond 
and resin elimination (28). The significant maceration of 
resin can occur after continuous exposure to the oil (29). 
The time duration being clinically offensive. The 1-hour 
liability to the oil may cause decrease in bond strength, 
However, the oil remarkably loud up of ARI scores, 
display fewer resin on the enamel exterior, which could 
helpful in ‘clean up’ next to bond elimination (15). 

According to our result the Icon group show high 
SBS (high significant). By using infiltration to help for 
protection against demineralization, the using of resin 
infiltration with multi adhesive systems used in bonding 
seems to be feasible, this let us go ahead with fixed 
orthodontic treatment after using infiltration. moreover, 
there were seems to be strengthen performance of 
adhesives bond (30,31). 

The Icon is a useful to enhance the SBS of brackets 
to the enamel exterior (27). The effect of Icon on the SBS 
of resin cements that used on sound and demineralized 
enamel. The Icon elevated the SBS of most resin 
cements types while decline the possibility of enamel 
fracture during debonding (32). The pair of above studies 
are compatible with our SBS integrity of Icon. 

The Icon have a hydrophilic trait that empower their 
seepage into the tooth exterior which results in a direct 
connection to this tooth exterior. This will diminish the 
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effectiveness of O2 and enhance the polymerization, 
in turn empower the SBS (33). Even on intact enamel, 
the using of Icon had supplementary action on SBS, 
possibly as an action of the excessive moisten properties 

of the TEGDMA resin (34). It’s clear that the Icon may be 
used on the tooth exterior which not skeptically hamper 
the bond betwixt resin composite and enamel exterior. It 
displayed to be statistically preferable rather than other 
categories .   

Bonding Types Food Simulants  No.
 Shear Bond  Statistical Differences

 Mean  SD  F- value  df  p-value

 ICON

 Alcohol  8  9.14  0.971

 19.118  2  > 0.001** Corn Oil  8  11.23  0.835

 D.W  8  13.66  2.191

 Without ICON

 Alcohol  8  6.70  1.133

 21.267  2  > 0.001** Corn Oil  8  8.43  0.915

 D.W  8  10.06  1.035

Table 1. Mean and S.D values of SBS among food stimulants in relation to bonding type with statistical 
differences.  

Table 2. Statistical differences of shear bond strength among food stimulants in relation to bonding types. 

Food Simulants  Bonding Types  No.
 Shear Bond Strength

 t-value  df  p-value

 Alcohol
 ICON  8

 4.621  14  > 0.001**

 Without ICON  8

 Corn Oil
 ICON  8

 6.397  14  > 0.001**

 Without ICON  8

 D.W
 ICON  8

 4.202  14  0.001**

 Without ICON  8
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Table 3. Mean and standard deviation values of bonding types with statistical difference.

Shear Bond StrengthShear Bond Strength
No.Bonding Types

p-valuedft-valueSDMean

0.001** >464.960
2.35111.3424ICON

1.7148.4024Without ICON

Conclusion

1-According to our result, the storage in food 
simulants for 30 days (50% aqueous ethanol &corn oil) 
produced a significant reduction in SBS. 

1-The Icon application can be used on enamel 
exteriors even before bonding orthodontic brackets as 
improve bonding & used to inhibit demineralization. 

3-The use of alcohol containing mouth washes may 
cause premature debonding of brackets especially at the 
beginning of treatment. So it can be rational to instruct 
the patients to fend off alcoholic mouth rinses. 

4- The use of alcohol containing mouth washes had 
advantage by making the debonding easier at the end of 
orthodontic treatment. 
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