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Abstract 

Aim: This study investigated the effect of various surface treatments on the bond strength of a universal adhesive to 
demineralized dentin.  

Materials and Methods: Human dentin surfaces of forty-eight carries-free maxillary premolars were prepared and 
demineralized by acidic solutions. Teeth were randomly distributed into four groups (n=12) getting different surface 
treatments. Three minutes application of a CPP-ACP (group 1), Er: YAG laser irradiation (group 2), Er: YAG laser 
irradiation combined with three minutes application of CPP-ACP (group 3), no treatment (group 4). Thereafter 
composite tube (Filtek TM Ultimate, 3M ESPE) bonded to the testing surfaces via universal adhesive; Single Bond 
Universal and the Shear Bond Strength (SBS) measured. Data were analyzed utilizing ANOVA and Tukey tests (P<0.05). 

Results: Only application of CPP-ACP and Er: YAG laser radiation, resulted in the highest and lowest SBS respectively 
(p<0.001). Bond strength after irradiation of Er: YAG laser combined with three minutes application of CPP-ACP was a 
little more than laser alone.  

Conclusion: The application of CPP-ACP could increase the SBS of universal adhesives used to demineralized dentin. 
Laser irradiation application has an adverse effect on SBS.  
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1. Introduction

Recently, developments in the field of adhesive dentistry have made numbers of changes in cavity preparations. In the 
sequence of tooth preparation, it is desirable removing only infected dentin, leaving affected that may be 
remineralizable dentin. Albeit this influenced dentin has an unblemished collagen grid and no microscopic organisms, 
its mineral substance has marked down which brought about lower bond strength costs than typical dentin. [1] 

Since the suitable bonding of tooth-colored materials to the tooth structure has a primary impact in the durability and 
viability of direct composite rebuilding efforts, strategies that lead to expanded bond strength have consistently been 
considered. These days, laser illumination is another innovation in treatment of dental caries. [2] In most recent years, 
various types of lasers were evaluated either for restraint or capturing tooth caries. [2-4] Laser treatment of dental hard 
tissues can reason various levels of organic or morphological changes, which relies upon retention highlights of the 
tissue and the sort of laser and its boundaries. [5] 
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However, different investigations which have been evaluated the impact of laser radiation on bond strength, has 
indicated an exceptionally opposing outcomes. The sort and boundaries of the laser, the kind of dental substrate, the 
applied adhesive system and even the test used to assess the bond strength, all are compelling elements. [6-8] 

On the other hand, a few specialists accept that the utilization of calcium-phosphor syntheses, for example, CPP-ACP 
containing paste on demineralized dentin may improve bond strength by components, for example, connection with 
MDP monomers of cements or expanding pH. [9, 10] 

All things considered, restricted examinations have assessed the result of the synchronous use of Er: YAG laser 
illumination and CPP-ACP containing paste application on bond solidarity to demineralized dentin. 

Along these lines, our point in this in vitro study was to research the impact of Er: YAG laser radiation and the utilization 
of CPP-ACP containing paste (MI Paste) on the shear bond strength of universal adhesives with self-etch mode to 
demineralized dentin 

The null hypothesis of this examination was that there is no critical distinction in the SBS with or without various 
treatments. 

2. Material and methods 

Human dentin surfaces of forty-eight carries-free maxillary premolars were extracted for orthodontic aims were 
designated under a protocol permitted by the Ethics Committee of Mashhad University of Medical Sciences 
(IR.mums.sd.REC.1394.196). The teeth were kept in 0.5% thymol arrangement at 48°C and utilized inside one month of 
extraction. The entirety of the occlusal enamel was removed utilizing a water-cooled low-speed diamond saw. The 
accuracy of enamel removal was tested utilizing a stereomicroscope (Dino lite Pro, Anmo Electronics Corp, Taiwan) by 
10× magnification.  

The teeth mounted in pink acrylic resin utilizing tiny plastic cylinders, with the goal that a flat dentin surface opposite 
to the long pivot of the tooth accomplished. 

The uncovered dentin was refined with 400 to 1200 coarseness SiC paper for 60s under running water. To assemble 
fake caries-affected dentin lesions, all the examples were exposed to a pH-cycling technique. 

The demineralizing solution confined 2.2 mM NaH2PO4, 2.2 mM CaCl2, and 50 mM acetic acid, adjusted to pH 4.8, and 
the remineralization solution tested 0.9 mM NaH2PO4, 1.5 mM CaCl2, and 0.15mM KCl, adjusted to pH 7.0.  

During 14 days, each example was cycled at room temperature for eight hours in 10 ml of demineralizing arrangement 
and afterward for 16 hours in remineralizing arrangement. The arrangements were reestablished every day. [11] 

The dentin surfaces were tried under 50 g loads for 10 s with a micro-Vickers hardness analyzer (MH3 model, Koopaco, 
Iran) to check the demineralization interaction. 

Three estimations were accomplished for each example and the normal of them was noted as surface hardness. 

Teeth were randomly distributed into four groups (n=12) and getting different surface treatments.  

 Group 1: CPP-ACP containing cream (MI Paste, GC, and Japan) was applied on dentin surface for three minutes, 
then, the surfaces were cleaned with a wet napkin. 

 Group 2: the dentin surface was irradiated with Er: YAG dental laser (Pluser, LAMBDA SPA, Italy) with spot size 
of 1 mm, wavelength of 2940 nm, power of 0.40 W, frequency of 10 Hz, and energy output of 40 mJ. The laser 
was applied using a light painting technique for 30 s with the beam focused perpendicular to the dentin surface 
from 5 mm space with 0% water and 0% air. 

 Group 3: the Er: YAG laser with the same parameters of group 2 was irradiated to the surface for 30 s, while the 
CPP-ACP containing cream was in place for three minutes.  

 Group 4 (control group): The specimens of this group received no treatment.  

The Single Bond Universal adhesive (3M Deutschland GmbH, Germany) applied to the surface for 20s with light brushing 
motion, air thinned 5s and light cured 10s with LED Curing Light (JR-CL37 Foshan SCS Medical Instrument Co., Ltd, 
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China). Cylinder-shaped 3×4 mm tygon tubes were located on the surface of the samples, filled with composite resin; 
FiltekTM Ultimate, A2 Dentin shade (3M ESPE, Dental Products USA) via layering technique and light cured with an 
intensity of 1200 mW/cm2 for 40s. All the specimens were put away in tap water at 37°C for one day, and thermocycled 
for 1000 cycles somewhere in the range of 5 and 55°C, with a stay season of 30 sec each (SANTAM Iran, SANTAM – STM 
zo). Then shear testing was directed by means of a universal testing machine (Model DBBP50, BONGSHIN LOADCELL 
CO., LTD, Korea) with a crosshead speed of 1 mm/min. Fractured samples were examined by a stereomicroscope for 
observation of the failure type, which were categorized as cohesive, adhesive, or mixed. [12]  

3. Statistical Analysis 

Data normality was assessed using Shapiro-Wilk test. Comparison of SBS values were done by one-way analysis of 
variance test followed by Tukey test. Significances were set at the 0.05 possibility level. 

4. Results  

The SBS information is appeared in Table 1. The use of CPP-ACP only, brought about the most elevated SBS, while the 
least SBS was seen in the group of Er: YAG laser radiation (P<0.001). One-way ANOVA showed significant differences in 
the mean SBS among four tested groups (P <0.05). The SBS after irradiation of Er: YAG laser combined with three 
minutes application of CPP-ACP was more than laser alone, but both of them were significantly lower than that of 
untreated demineralized dentin. Moreover, laser illumination with and without CPP-ACP application has a significantly 
unfavorable impact on SBS of reinforced demineralized dentin in correlation of untreated demineralized dentin. 
Pairwise assessment demonstrated noteworthy contrasts among four groups (p<0.001). Likewise, failure mode 
appropriations are presented in Table 2. The highest (92%) and lowest (42%) of adhesive failure percentage were 
belong to the highest and lowest SBS groups respectively.  

Table 1 Mean± SD of shear bond strength in all groups 

Group Mean ± SD 

1: MI Paste 32.85±3.80a 

2: Laser  13.37±2.12b 

3: Laser+ MI Paste  19.27±1.40c 

4: Control 22.87±2.82d 

Different small letters demonstrated significant differences of mean value among experimental groups. 

 

Table 2 Failure mode percentages after shear bond strength test for each treatment group 

Mixed Adhesive Cohesive Experimental group 

4 (33 %) 5 (42 %) 3 (25 %) 1: MI Paste 

1 (8 %) 11 (92 %) 0 (0 %) 2: Laser 

2 (17 %) 10 (83 %) 0 (0 %) 3: Laser+ MI Paste 

3 (25 %) 8 (67 %) 1 (8 %) 4: Control 

 

5. Discussion 

In spite of the importance of conservative dentistry in the current century, there are not many investigations in the field 
of strengthening the demineralized dentin. In this investigation, application of CPP-ACP, and lead to the highest SBS, 
while the lowest SBS was detected in the group which the Er: YAG laser radiation on demineralized dentin was the only 
therapy formerly bonding procedure. Therefore, our results did not support the null hypothesis. Owing to the difficulty 
in homogenization of dental models with ordinary caries, a demineralizing solution was prepared in this in vitro study, 
established on the prior research. [11] CPP-ACP is an effective remineralizing agent. Already, an examination 
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demonstrated that the utilization of a CPP-ACP compound before the use of self-etch adhesive systems could increase 
the SBS of some self-etch adhesives by influencing the morphology of the dentin-resin interface. These findings are 
partially steady with the present study. [9, 13]  However some authors accept that applying CPP-ACP before the bonding  
practice may be proficient to bargain the bond strength because of dentin tubules obliteration, staying away from bond 
penetration all through the collagen fibrils. [14, 15] It is additionally expressed that as MI Paste isn't pure CPP-ACP, the 
presence of different segments in the MI Paste other than CPP-ACP, which is the target of most investigations, could 
negatively affect bond strength. [16] In the current investigation, it was applied a universal adhesive in self-etch mode. 
The fact is that the bonding mechanism of self-etch and total-etch adhesives is actual various. One of the advantages of 
self-etch adhesives is their capacity of incorporating the smear layer and turning into a piece of the cross hybrid layer. 
Therefore, the additional components of the paste are probably considered as debris and have not interfered with the 
bond. [16] Moreover, this hybridized smear layer can extend the module of elasticity of the hybrid layer, thus, the bond 
strength of adhesive systems with lower conditioning power increases. [17] In addition, since self-etching adhesive 
systems only cause partial demineralization of dental tissue, residual dentin minerals may be effective in bond quality 
in the presence of functional monomers in adhesive. The study by Yoshida et al. revealed that the interaction of MDP 
monomers in universal self-etch adhesives with calcium and phosphate deposited on dentin following the application 
of CPP-ACP, creates a stable calcium-monomer salt which increases the bond strength to dentin. [18] On the other hand, 
calcium phosphate in CPP-ACP, can increase pH. It has been shown that mild self-etch adhesives with higher pH, cause 
better bond strength to dentin. [19] However, in the study we used adhesive with pH=1.5. In a previous study, the effect 
of composition containing CPP-ACP and fluoride on the bond strength of adhesives to dentin in permanent teeth was 
assessed and no significant difference was observed in SBS. [20] In one investigation, subsequent the utilization of both 
etch & rinse and self-etch adhesives, no critical change was seen on the SBS after the use of the fluoride free CPP-ACP-
containing compound, yet the compound containing the fluoridated CPP-ACP as a pretreatment, diminished the SBS. 
[21] The consequences of these investigations were in opposition to those found in the current study which may be 
because of the presence of fluoride in a portion of the compositions and use of various bonding materials and 
conventions. In the current study, Er: YAG laser was illuminated from the 5-mm space of the demineralized dentin 
surface in short rhythm mode with the wavelength of 2940 nm, rate of 10 Hz, power of 0.40 w, and energy of 40 mJ with 
no air and water as a round movement for 30 s. Since Er: YAG laser has a low entrance profundity, there is no danger to 
the pulp and tissue around the teeth. [22]  

The utilization of such attributes of laser radiation on dentin surface in this investigation lessened the SBS. Ceballo also 
expressed that laser may diminish the bond strength since dentin removal fuses collagen fibrils and diminishes 
interfibrillar spaces bringing about resulting decrease in resin dispersion into inter-tubular spaces and therefore less 
inter-tubular maintenance. [23] It appears to be that decrease of bond strength in the laser group in the current research 
can be because of initially the damage of dentin organic elements and changes in surface morphology of the tooth, trailed 
by decrease of calcium and phosphate in dentinal substrate and alterations in the arrangement of hydroxyapatite. 

It is supposed that subsequently Er: YAG laser radiation, the temperature quickly rises in the irradiated surfaces, and 
because of the great absorption range of Er: YAG in water and hydroxyapatite, the captivated energy in the surface layer 
consequences in degradation of the surface layer. [5] 

Several researches suggested that laser with the capability of hard tissue ablation, if used simultaneously with fluoride 
compositions, could raise the penetration of ions into minor seats in the enamel and dentin. Moreover, laser heat can 
produce well cracks and small spaces that help fluoride diffusion. [24,25,26] 

However, in the current examination, the SBS esteems diminished fundamentally after the synchronous utilization of 
MI-paste and laser. 

The discoveries of this investigation show that albeit the utilization of MI Paste can rise the SBS of the dentin, however 
when applied with the Er: YAG laser at the same time, its impact isn't sufficient for neutralizing the dangerous impacts 
of the laser on bond strength. The findings of Kamozaki et al. were like the results of this experiment, so the radiation 
of laser on mellowed dentin surfaces decreased bond strength following the utilization of self-etch adhesive, and the 
blend utilization of laser and MI Paste didn't improve the bond strength in contrast with not utilizing extra therapies. 
[13] The consequences of this investigation affirmed that in groups with highest bond strength (MI past treatment), 
fewer adhesive and more mix or cohesive failures were occurred, and in groups with inferior bond strength (laser plus 
MI paste), failures were more adhesive.  

Like our outcomes, in a past report, the microtensile bond strength values assessed in in groups illuminated with Er: 
YAG laser, was low and failure mode was more adhesive. [27]  
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One of the restrictions of this examination was the utilization of just one adhesive. Since various adhesives may show 
various practices, contingent upon the synthesis and convention of utilization, the in-vitro and in-vivo long-term water 
storage investigations of different adhesives in future can give further generalizability and more clear outcomes.  

6. Conclusion 

Within the limitations of the investigation, it tends to be determined that the application of CPP-ACP can increase the 
SBS of universal adhesives used in self-etch mode to demineralized dentin. Furthermore, Laser irradiation application 
has no positive effect on SBS.  
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