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Aim: this study aimed to assess the effect of treatment of 
phosphoric acid etched dentin surface with 5% bromelain 
enzyme and Nd:YAG laser prior to the use of etch and rinse 
adhesive systems on microleakage margins of class V 
composite restorations. Materials and Methods: sixty sound 
premolar teeth were selected. Standard class V cavities were 
prepared in the buccal and lingual surfaces of each teeth. 
Preparation in that way 1 mm of the cavity was above and 1 
mm of it was below the cementoenamel junction. The teeth 
were then randomly divided into three groups including 20 teeth 
(40cavities  in each gorup). Two ethanol base etch and rinse 
system (Adper Single Bond and OptiBond Solo) was applied 
in each group . In the control group, cavities were etched with 
37% phosphoric acid. Adper Single Bond was applied to 20 
and OptiBond Solo was applied to the remaining 20 cavities 
and they were restored with Z250 composite (n=40). The 
same procedures were performed in bromelain and Nd:YAG 
laser groups with the difference that prior to the application 
of adhesive, aqueous 5% bromelain was applied in bromelain 
group while Nd:YAG laser was irradiated in laser group. All teeth 
were thermocycled and their apices were sealed with sticky 
wax. The tooth surfaces were coated with nail varnish except 
for 1 mm around the restoration margins, and the teeth were 
then immersed in fuchsine and sectioned by a diamond disc 
into mesial and distal halves. Marginal microleakage at both 
sides was determined and scored under a stereomicroscope at 
x40 magnification. Then data were analyzed using the Kruskal 
Wallis and Mann Whitney tests (α=0.05). Results: according 
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the result of Mann Whitney test, Cervical margins showed significantly higher microleakage 
than the occlusal margins (P=0.000) but no significant difference was noted in microleakage of 
occlusal (P=0.362) or gingival (P=0.147) margins among the three groups by Kruskal Wallis test. 
Conclusion: in conclusion, application of proteolytic agents(5% bromelain solution and Nd:YAG 
laser) on acid-etched dentin surface prior to the application of adhesive has no significant effect 
on marginal microleakage of class V composite restorations. 

Keywords: Microleakage. Bromelain. Laser. Etch and Rinse Bonding Agents.

Introduction 

The integrity of adhesive resin bond to dentin plays an important role in success of 
composite restorations1-4. The hybrid layer is the most important structure affecting 
micromechanical retention of resin restorations and sealing of dentin. However, the 
hybrid layer and the adhesive interface is the most common site of failure of these 
restorations5,6. Proper bond of adhesive resin to dentin depends on many factors such 
as removal of minerals from dentin substrate, wetting of the substrate with adhesive 
and penetration of adhesive into demineralized dentin1.

Acid etching completely demineralizes a few micrometers of dentin surface and 
exposes the collagen fibers3,7. In etch and rinse adhesives, a reduction in concentra-
tion gradient of monomer is noted by an increase in penetration depth of resin into 
demineralized dentin. The highest concentration of resin is found at the surface. The 
hybrid layer has a lower concentration of resin and the least concentration is found 
at the deepest part of the demineralized dentin8,9. The discrepancy between the depth 
of dentin demineralization and penetration depth of resin results in nano-leakage in 
deep, water-rich parts of the hybrid layer8-11. Moreover, outward movement of fluid in 
dentinal tubules of vital teeth decreases resin penetration into collagen matrix, caus-
ing weak points in the hybrid layer8,9. Nano-leakage in this area results in enzymatic 
degradation and hydrolysis of resin or collagen and undermining of hybrid layer and 
derangement of collagen fibers12. 

Type one collagen is the most abundant organic component in extracellular matrix 
of dentin. It plays an important role in formation of hybrid layer and adhesion to den-
tin structure. Aside from type one collagen, non-collagen proteins such as proteo-
glycans and glycoproteins are also present in spaces between collagen fibers13-16. 
Covering the etched dentin surface with these compounds can decrease the pene-
tration of large molecules (Bis-GMA) into dentin, and only smaller molecules such 
as HEMA can penetrate deep into dentin8. HEMA-rich areas in the hybrid layer have 
high strain, causing fatigue of collagen fibrils and making them susceptible to deg-
radation8. Therefore, recent studies have focused on improving the quality of the 
hybrid layer by removing the demineralized collagen network and enhancing fur-
ther penetration of resin into acid-etched areas1,2,8,17. Materials used for this purpose 
often have shortcomings such as toxicity and instability18 or require long-term use, 
which limits their application in the clinical setting19-22. Materials used for this pur-
pose must save time in the clinical setting, have low cytotoxicity and protect the 
resin-dentin interface23. 
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Some previous studies discussed that removal of collagen network by use of pro-
teolytic enzymes such as collagenase or bromelain may increase the bond strength 
and decrease marginal microleakage of composite restorations3,17. It appears that 
decreased dentin microleakage following the use of bromelain is due to the ability of 
this enzyme to remove the residual proteins and collagen network after etching3.

Since the etching of dentin surface with phosphoric acid lead to dissolving inorganic 
component of  smear layer and remaining amorphous protein layer. This surface colla-
gen smear decrease the rate of  resin monomer penetration and form weak hybrid layer 
that affect the composite bond8 .Bromelain solution  can eliminate collagen smear layer 
and organic component from surface of dentin substrate and increase  resin penetra-
tion into dentin , improve the quality of hybrid layer and decrease microleakage3. 

Nd:YAG laser is an electromagnetic infrared radiation with 1065 nm wavelength. It can 
selectively ablate the collagen network3 and deproteinize dentin without affecting its 
mineral content1,3. Opening of dentinal tubules and absence of smear layer on the sur-
face increase the bond strength of composite to laser-treated dentin surface1. 

This study aimed to assess dentin surface treatment methods to enhance further 
resin penetration into the etched dentin surface and facilitate the bonding process in 
the clinical setting. The null hypothesis was that dentin preparation with 5% bromelain 
and Nd:YAG laser irradiation prior to the application of etch and rinse (Adper Single 
Bond and OptiBond Solo) adhesive systems would have no effect on occlusal and 
marginal microleakage in class V composite restorations. 

Materials and Methods
This study was performed on 60 sound human premolars with no carious lesions, 
occlusal wear or previous restorations. The teeth had been extracted within the past 
three months for orthodontic reasons and had stored in 0.2% thymol solution. One 
week before the experiment, the teeth were transferred to distilled water. Standard 
class V cavities measuring 3 mm mesiodistally and 2 mm occluso-gingivally with 
1.5 mm depth were prepared on buccal and lingual surfaces of each tooth according 
to ISO/TS11405 using 008/835 diamond bur (Microdont, New York, USA) and high 
speed hand piece under water and air spray by a single operator such that 1 mm of 
the cavity was above and 1 mm of it was below the cementoenamel junction. Occlu-
sal margin was beveled by 0.5 mm. The teeth were then randomly divided into three 
groups (n=20). Each tooth had two class V cavities (one in the buccal and one in the 
lingual surface; a total of 40 cavities). Groups were prepared as follows:

Control group: The enamel margin of the cavities was etched for 30 seconds. Dentin was 
etched for 15 seconds using 37% phosphoric acid (Gel Etchant, Kerr SPA, Salerno, Italy). 
The cavities were rinsed for 60 seconds and excess water was removed by a cotton pel-
let. In 20 cavities, Adper Single Bond (3M ESPE, St. Paul, MN, USA) was applied on cavity 
walls according to the manufacturer’s instructions in two layers and gently air sprayed 
for 5 seconds in order for the solvent to evaporate; 10 seconds of light curing was then 
performed using a light curin unit Bluephase; Ivoclar Vivadent, Schaan, Lichtenstein) with 
a light intensity of 1200 mW/cm2 . In the remaining 20 cavities, OptiBond Solo (Kerr SPA, 
Salerno, Italy) was applied by an applicator on cavity walls according to the manufactur-
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er’s instructions and gently air sprayed for 3 seconds followed by 20 seconds of light cur-
ing. A3 shade of Z250 microhybrid methacrylate composite (3M ESPE, St. Paul, MN, USA) 
was applied by a spatula in three increments in the gingival, occlusal and middle areas. 
Each segment was separately cured for 20 seconds using a light curing unit (Bluephase; 
Ivoclar Vivadent, Schaan, Lichtenstein) with a light intensity of 1200 mW/cm2. After com-
pletion of restoration, post-curing was performed for 40 seconds. 

Bromelain group: In this group, 5% bromelain solution was applied after acid etch-
ing of the cavity. To prepare 5% bromelain, 5g of bromelain powder was dissolved in 
100 cc of distilled water. The solution was applied by an applicator on cavity surfaces, 
allowed 30 seconds, rinsed with water for 15 seconds and excess water was removed 
by cotton pellet. Bonding agent and composite were applied as in the control group. 

Nd:YAG laser group: After acid etching (similar to the control group), the teeth were 
subjected to Nd:YAG laser irradiation with 1064 nm wavelength, 1.5 W output power, 
100 mJ pulse energy, short pulse width and 15 Hz frequency. Laser was irradiated man-
ually using a hand piece with fiber optic tip with 300 µm diameter from 1 mm distance 
for 10 seconds using overlapping sweeping motion with a speed of 2 mm/second. 
The bonding agent and composite were applied as in the control group24. 

Restored teeth were immersed in water and incubated at 37°C for 24 hours and were 
then polished using coarse to fine-grit polishing discs (Opti disc, Kerr, Hawe SA, Biog-
gio, Switzerland). The teeth were then subjected to 5000 thermal cycles between 
5-55°C with a dwell time of 30 seconds and transfer time of 30 seconds. Next, the 
apices were sealed with wax. All parts of the teeth and cavity walls were coated with 
two layers of nail varnish except for 1 mm around restoration margins. The teeth were 
then immersed in 2% fuchsine (Merck, Darmstadt, Germany) at room temperature for 
72 hours. Next, the teeth were sectioned into mesial and distal halves using a cutting 
machine and a diamond disc with 0.3 mm thickness. Microleakage at both sides was 
determined under a stereomicroscope at x40 magnification by the same operator 
twice and the greater value was reported as the amount of microleakage.  

Microleakage was scored in occlusal and gingival margins as follows (Figure 1):

0 OCCLUSAL MARGIN

ENAMEL

DENTIN

DENTIN

AXIAL WALL COMPOSITE FILLING

3 2 1

3 2 1
0 CERVIVAL MARGIN

Figure 1. Schematic view of microleakage scores in the occlusal and gingival margins 
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0: No dye penetration 

1: Dye penetration to half the gingival or occlusal wall 

2: Dye penetration to more than half the gingival or occlusal wall but not reaching the axial wall

3: Dye penetration at the tooth-restoration interface reaching the axial wall

To assess the micromorphology of the resin-dentin interface under a scanning elec-
tron microscope (SEM), the slabs were wet-polished with 600, 800 and 1000 grit sili-
con carbide abrasive papers. After etching, the slabs were immersed in 5.25% sodium 
hypochlorite for 20 minutes and immersed in ascending concentrations of ethanol 
(33, 50, 70, 85, 95 and 100%) and were then dried in a critical point dryer. Dehydrated 
samples were mounted in aluminum stubs (3M, Sao Paulo, SP, Brazil) using conduc-
tive tape and were sputter-coated with gold-palladium alloy for 120 seconds (Bal-Tec, 
SCD, 005; Zurich, Switzerland). The samples were then evaluated under a SEM (Jeol, 
JXA840, Tokyo, Japan) and some selected areas at the resin-dentin interface were 
photographed at x1000 and x2500 magnifications (two photographs). 

Data were analyzed using SPSS version 19 via descriptive statistics and Kruskal Wal-
lis and Mann Whitney tests (α=0.05). 

Results 
The results of Kruskal Wallis test showed no significant difference in microleakage 
at the occlusal and cervical margins among the three groups (P>0.05, Table 1). The 
Mann Whitney test showed that in all groups, microleakage at the cervical margins 
was significantly greater than that at the occlusal margins (P=0.000). 

Figures 2 to 4 show selected SEM micrographs of the micromorphology of the res-
in-dentin interface in different groups.

Table 1. composition and instruction of adhesive system used in the study. 

Adhesive agents composition Instructions for use

Adper Single Bond 2
(3M ESPE, St Paul, MN, USA)

Ethyl alcohol, Bis-GMA, silane-
treated silica, 2-hydroxyethyl 

methacrylate (HEMA), glycerol 
1,3-dimethacrylate, diurethane 
dimethacrylate, copolymer of 

acrylic and itaconic acids

Apply two consecutive coats of 
adhesive to the tooth surface 

with gentle agitation for 15 
seconds; gently  air thin; light 

cure for 10 seconds

OptiBond Solo 
(Kerr SPA, Salerno, Italy)

Bis-GMA, GPDM, GDMA, HEMA, 
Ethyl alcohol, mono and 

difunctional 
methacrylate monomers, CQ, 

fumed 
Silica, barium aluminum 

borosilicate 
glass, sodium hexafluorosilicate

 Apply the adhesive and rub for 15s 
and dry for 3s. Light cure for 20s
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A B

C D

T
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P

Figure 2. Selected SEM micrographs of resin-dentin interface in the control group; (A) Single Bond at x1000 
magnification; (B) Single Bond at x2500 magnification; (C) OptiBond at x1000 magnification; (D) OptiBond 
at x2500 magnification. Conical resin tags with a rough surface (T) and a few accessory canals filled with 
resin (P) are also seen.

A B

C D

T

T

P
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P
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Figure 3. Selected SEM micrographs of resin-dentin interface after the application of bromelain;  
(A) Single Bond at x1000 magnification; (B) Single Bond at x2500 magnification; (C) OptiBond at x1000 
magnification; (D) OptiBond at x2500 magnification. Hybrid layer in this group was thicker than that in the 
other two groups. The resin tags were thicker and conical in shape (T). Spherical residues were seen on 
resin tags, which are probably formed by slight penetration of resin into accessory canals in dentin (P).
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Discussion
Pulpal response to restorative material is related to marginal leakage. If a dentin adhe-
sive system does not adhere intimately to the dentin substrate,an interfacial gap even-
tually develops,and bacteria are able to penetrate through this gap3.

Type of solvent present in the bonding system is an important factor directly affecting 
the penetration ability of etch and rinse adhesive systems into dentin substrate. By an 
increase in penetration depth of solvent into etched dentin, hydrophilic properties 
decrease and chemical integration between hydrophilic dentin and hydrophobic resin 
improves, resulting in a stronger bond1. Thus, in this study, adhesive systems with the 
same solvent (ethanol) were selected. However, it should be noted that since both 

A B

C D

T

Figure 4. Selected SEM micrographs of resin-dentin interface after Nd:YAG laser irradiation; (A) Single Bond 
at x1000 magnification; (B) Single Bond at x2500 magnification; (C) OptiBond at x1000 magnification; (D) 
OptiBond at x2500 magnification. Hybrid layer was formed in limited areas. Resin tags were scarce and 
irregularly distributed (T). 

Table 2. Score of microleakage in the study groups

P- value
Microleakage score

GroupsMargin
3210

0.362

002(5%)38(95%)ControlA
Occlusal 
margin 001(2.5%)39(97.5%)BrA

00040(100%)NdA

0.147

2(5%)2(5%)10(25%)26(65%)ControlB

Cervical 
margin 03(7.5%)3(7.5%)34(85%)BrB

2(5%)3(7.5%)6(15%)29(72.5%)Nd B

Comparisons between margins are coded by A and B. Comparisons between assessment points in each group 
(Kruskal Wallis) are coded by uppercase letters. Similar uppercase letters indicate statistically similar means.
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adhesive systems are commercially available, the amount of solvent and other resin 
components in chemical composition of the two systems are different. 

In this study, application of 5% bromelain did not cause a significant reduction in 
microleakage, which is in contrast to the results of previous studies3,17. Dayem et al. 
reported that application of bromelain on etched dentin significantly decreased leak-
age; they attributed this finding to the ability of bromelain to remove collagen network 
of etched dentin1,3. Chauhan et al. reported similar results. They stated that brome-
lain increases the permeability of dentin substrate by depletion of collagen from the 
acid-etched surface and causes widening of dentinal tubules in the outer surface. It also 
increases the surface energy and penetration and infiltration of monomers into dentin17. 
Since hydroxyapatite has high and collagen has low surface energy, collagen removal 
from etched dentin decreases the organic content, increases the surface energy and 
changes the hydrophilic properties of dentin, causing better penetration of adhesive 
monomers into dentin3. Dayem and Tameesh3 in SEM assessment of bromelain group, 
represent that the orifices of the dentinal tubules look wider compared to that in Nd:YAG 
laser group3. In our study, in bromelain group, hybrid layer was thicker and resin tags 
were thicker and conical in shape. Also, slight penetration of resin into accessory canals 
in dentin was also noted (Figure 3). However, no statistically significant difference was 
found in marginal microleakage of bromelain and control groups, which may be due 
to the effect of other influential factors such as percentage and duration of use of 
bromelain. In this study, 5% bromelain was used for 30 seconds in order to simulate 
short clinical application and have the lowest possible toxicity while Chauhan et al, and 
Dayem et al. applied pure bromelain for one minute on dentin surfaces3,17. 

On the other hand, by activation of matrix metalloproteinases in the collagen matrix, insol-
uble components may be broken down into small peptides and amino acids, eliminated 
from the hybrid layer and replaced with water. However, since the tested protocol does not 
change the hydrophilic nature of adhesive and solvent evaporation, it does not decrease 
the permeability of interface either. Thus, it cannot be expected that no leakage occurs 
in use of bromelain. Our results showed that proteolytic agents did not prevent adhe-
sive monomer penetration, solvent evaporation or adhesive polymerization; otherwise, 
we would have noticed greater microleakage compared to that in the control group23. 

Based on the results of this study, no significant difference was noted in microleakage 
of control and Nd:YAG laser groups. But studies have reported controversial results 
regarding the effect of Nd:YAG laser for dentin surface preparation prior to restoration 
of cavity. Some previous studies reported an increase in bond strength25 and a reduc-
tion in microleakage25. According to Dayem research,  laser irradiation caused higher 
number of resin tags and better penetration of adhesive1 while Ribeiro et al.26 reported 
the greatest microleakage with the same laser irradiation parameters26. Castro et al.27 
stated that due to the absence of significant structural changes in the hybrid layer, 
laser irradiation cannot increase the bond strength to etched dentin27. Some authors 
reported that application of laser prior to the use of adhesive system decreases the 
bond strength due to the obstruction of tubules and melting of dentin28. 

Laser irradiation of dentin surface can increase the calcium and phosphorus con-
tent and decrease the concentration of oxygen in dentin and create a glossy sur-
face. It can also cause thermal fusion, re-freezing and fusion of the smear layer 
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and result in partial obstruction of dentinal tubules. Moreover, it can decrease the 
microbial count. Elimination of smear layer and microorganisms is favorable for 
the bonding process24. It appears that Nd:YAG laser irradiation results in formation 
of stronger bond by the adhesive system via fusion and re-crystallization of dentin 
apatites5, opening of tubules and elimination of smear layer1. In agreement with 
these findings, Gan et al.29, in 2016 used the same bonding agent and pulse energy 
of laser as in our study and reported removal of collagen fibrils from dentin sur-
face and lower microleakage in assessment by attenuated total reflectance-Fourier 
transform infrared spectroscopy29.

Moreover, in addition to polymerization shrinkage and marginal gap, presence of 
higher water content, greater moisture and higher organic content in the gingival mar-
gin impair the bonding process and cause higher microleakage at this margin24. 

Based on all the above, microleakage is expected to be lower in Nd:YAG laser group. 
But it should be noted that the interaction of laser with tooth structure is determined 
by laser irradiation parameters such as wavelength, laser energy, repetition rate, dis-
tance from the surface and optical properties of tissue. Different results in different 
studies may be due to variability in irradiation parameters and time of laser irradiation 
(before or after the bonding process)28. 

Since in this study microleakage after surface preparation with 5% bromelain and 
Nd:YAG laser was not significantly different from that in the control group, the null 
hypothesis was accepted. Further studies using higher percentage of bromelain and 
Nd:YAG laser with other irradiation parameters are required to confirm or refute the 
results of this study. Due to the limitation of technique that used to evaluate the micro-
leakage, Additional work is also needed to determine the effect of this protocols on 
dentin bonding.

Within the limitations of this study, application of 5% bromelain and Nd:YAG laser for 
deproteinization of etched dentin surface had no significant effect on microleakage of 
etch and rinse adhesive systems. 
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