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ABSTRACT 
 
INTRODUCTION: Enamel deproteinization before acid etching can be used as a method to improve and enhance the sealant’s retentive and 
sealing ability 
OBJECTIVES: To assess and compare the sealant shear bond strength and nanoleakage after placement on etched enamel with and without 
prior deproteinization.  
MATERIALS AND METHODS: Eighty extracted sound human permanent teeth were selected. These were randomly divided into two 
groups according to the enamel treatment methods, where group A (experimental group): deproteinization prior to acid etching and group B 
(control group): acid etching without deproteinization. Each group was further subdivided equally into two subgroups (n=20) according to the 
test used whether shear bond strength and nanoleakage respectively. Shear bond strength test: Shear bond strength was measured using 
universal testing machine. Mode of failure of each specimen was determined using stereomicroscope. Nanoleakage test: Sealed teeth were then 
thermocycled, immersed in 50% silver nitrate solution for 24 hours, sectioned and evaluated quantitatively using energy dispersive x-ray 
spectrometer (EDX) and qualitatively using scanning electron microscope (SEM). Data were collected, tabulated and statistically analyzed 
using Mann-Whitney U test (P<0.05), chi square test and Post-hoc analysis. 
RESULTS: The rate of sealant shear bond strength was similar between the two groups (P=0.678), but the rate of sealant 
nanoleakage was significantly lower in the enamel deproteinization group (P<0.001) than in the control group. 
CONCLUSIONS: Deproteinization method prior to enamel acid etching improved shear bond strength and sealing ability of sealants..   
KEYWORDS: sealant, deproteinization, shear bond strength, nanoleakage. 
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INTRODUCTION 
Dental sealants are regarded as a definitive mode of 
treatment in the prevention of occlusal caries (1). They are 
resin materials which are placed in pits and fissures of 
caries-susceptible teeth forming a micromechanically 
retained, physically protective layer that blocks the 
interaction between the cariogenic bacteria and their 
nutrient substrates, thus eliminating the harmful acidic 
byproducts and preventing enamel demineralization (2). 
Bravo et al (3) studied the effect of fluoride and sealant on 
school children of age 6-8 years old. They found that 
sealants performed better in caries prevention on occlusal 
surfaces than fluoride varnishes. 
     The effectiveness of dental sealant depends on its ability 
to support an appropriate sealing of pits and fissures, and to 
stay entirely intact and bonded to the enamel surface 
without any damage, thus preventing marginal 
microleakage and the consequent caries progression 
underneath it (4). So, evaluating the clinical performance of 
fissure sealants is by assessing their retention and sealing 
ability. Sano et al (5) introduced nanoleakage to evaluate 
the sealing ability of sealant, this can be done by using silver 
nitrate dye for measuring the interfacial leakage. 

In an attempt to improve and enhance adhesion, acid etching 
has been introduced by Buonocore. The quality of etching 
relies on the etching agent, acid concentration, etching time 
and composition of the enamel surface (6). Enamel etching 
converts the smooth enamel surface into an irregular surface 
with a high surface energy (72 dynes/cm) more than twice 
that of unetched enamel (7). So, adhesion to enamel relies 
on achieving the maximum retentive capacity of the surface 
from the effect of acid etching, and this retentive 
morphology should be homogeneous over the entire treated 
surface (8). 
However, Hobson et al (9) found that the topographic 
quality of enamel etching with phosphoric acid (H3PO4) 
was not accomplished over the total adhesion surface. Also, 
H3PO4 acts only on the mineralized part of enamel but 
doesn’t eliminate the organic material which compromises 
less than 1% (8) but may affect the quality of etching 
pattern. For this reason, various invasive and non-invasive 
techniques as sodium hypochlorite (NaOCl) 
deproteinization have been suggested (10).  
        Sodium hypochlorite is a non-invasive technique, that 
has been used in endodontics due to its antibacterial effects 
and capability to dissolve and remove organic smear layer 
from the root canal space without doing any harm to tooth 
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structure (10). Thus, its role in removing the organic content 
from the enamel surface may give valuable results (8). 
        Espinosa et al (8) concluded that enamel 
deproteinization with NaOCl before acid etching doubled 
the enamel’s retentive surface significantly from 48.8% to 
94.47% and increased the Type I and Type II etching 
patterns. Also, Garrocho-Rangel et al (11) demonstrated 
that it improved the sealant retention and adhesion to 
enamel surface and significantly reduced microleakage. 
Such effect is due to the ability of NaOCl to remove the 
organic material from enamel surface and increase the 
surface area. However, Bhoomika et al (12), Harleen et al 
(7) and Ramakrishna et al (13), concluded that the shear 
bond strength was not improved after enamel 
deproteinization with 5.25% NaOCl and the use of 37% 
H3PO4 for 15 seconds still remained the best method for 
pre-treatment of enamel. 
      Due to conflict of the results, 5.25% NaOCl was re-
evaluated as a deproteinizing agent prior to acid etching. 
The null hypothesis was the assumption that 
deproteinization of human dental enamel surfaces, with 
5.25% NaOCl before acid etching does not increase the 
shear bond strength and does not decrease the nanoleakage 
than traditional acid etching and sealant placement, in 
permanent teeth. 
 
MATERIALS AND METHODS 
This experimental in vitro study was performed at the 
Pediatric Dentistry and Dental Public Health Department, 
Dental Biomaterial Department, Faculty of Dentistry and 
Electron Microscopy Unit, Faculty of Sciences, Alexandria 
University.   
A sample size of 36 per group (total 72) was the enough 
required sample to detect a standardized effect size of 0.6 of 
the primary outcome as statistically significant with 80% 
power (β = 0.20) and at a significance level of 95% (α = 
0.05). Sample size per group was increased to 40 per group 
(total of 80) to control for attrition bias (power=84.49%). 
Eighty non-carious posterior human permanent teeth 
extracted for orthodontic reasons were collected from the 
out-patient clinic of the Oral Surgery Department at Faculty 
of Dentistry, Alexandria University after the approval of the 
Ethical Committee.  
Teeth were cleaned from debris and blood with aqueous 
slurry of pumice and then stored in physiologic saline at 
room temperature (14). Teeth included in the study were 
randomly allocated using permuted block randomization 
technique (15) into two groups according to the enamel 
preparation method. Group A: Forty teeth were subjected to 
enamel deproteinization prior to acid etching. Group B: 
Forty teeth were subjected to acid etching without 
deproteinization. Each main group was further divided 
equally into two subgroups (n=20) according to the test used 
whether shear bond strength and nanoleakage respectively.  
a. Shear bond strength test 
The crowns of 40 teeth were separated from the root 2mm 
below the cementum-enamel junction with a water-cooled, 
low-speed diamond saw. Each tooth was mounted in self 
curing acrylic resin with their sound buccal surface 
displayed perpendicular to the long axis of the block (16). 
The buccal surfaces were ground flat using 800 and 1000 
grit wet silicon carbide finishing paper under water cooling 
(17). 

 Subgroup A1: Twenty teeth were deproteinized with freshly 
prepared 5.25% NaOCl. It was applied with a sterile cotton for 
60 seconds, rinsed with sterile water for 10 seconds and dried 
thoroughly by oil-free compressed air spray (11). The teeth were 
then sealed. Subgroup B1:  Twenty teeth were 
sealed with acid etching without deproteinization.             
       The enamel in both sub-groups was etched with 37% 
H3PO4 gel (Kerr, Orange, CA, USA) for 15 seconds, rinsed 
for 10 seconds and air-dried for 5 seconds. The sealant 
(PROMEDICA Dental Material. Domagkstr,31. 24537 
Neumunster Germany) was applied to the flattened buccal 
enamel surface in increments and according to the 
manufacturers’ instructions using a cylindrical plastic tube 
(4mm in diameter and 3 mm in height). The plastic tube was 
perpendicularly centralized over the treated enamel surface and 
stabilized by sticky wax (18). The plastic mold was then 
removed carefully and the teeth were left undisturbed for 24 
hours in an incubator at 100% humidity at 37°C prior to shear 
bond strength testing (16). 
       Each tooth was mounted in a special attachment in a 
Universal Testing Machine (Instron, Comten Industries, 
USA). The force was applied with a metallic loading blade 
placed as close as possible and parallel to the junction of the 
tested material and the enamel surface with a cross head 
speed 1mm/min. Shear bond strength was then measured by 
determining the force required to dislodge the sealant from 
the enamel surface. Bond strength was calculated in 
Megapascals (MPa) via dividing the load at failure 
(Newtons) by the adhesive surface area of the attachment 
(mm2) (19). 
         The fracture assemblies for each tooth were evaluated by 
a single operator under a stereomicroscope (Olympus Co. 
Germany) at 40x magnification to determine the location and 
type of failure according to Peutzfeldt and Nielsen (19) as: 
cohesive failure (failure occurred within the substrate enamel 
or sealing material), adhesive failure (between sealing material 
and enamel) and mixed failure (adhesive and cohesive failures 
occurred simultaneously). 
b. Nanoleakage test 
Forty teeth were mounted in epoxy resin using cuboidal 
copper molds with the occlusal surface facing upwards and 
perpendicular to the long axis of the block for nanoleakage 
evaluation quantitatively using Energy Dispersive X-ray 
spectrometer (EDX) and qualitatively using Scanning 
Electron Microscope (SEM) (Joel JSM-5300. Faculty of 
Science, Alexandria University). 
Subgroup A2: Twenty teeth were fissure sealed with 
deproteinization prior to acid etching. 
Subgroup B2: Twenty teeth were fissure sealed after acid 
etching without deproteinization. 
       Deproteinization, etching of occlusal surface and 
sealant application took place as previously mentioned. All 
sealed teeth were stored in normal saline until 
thermocycling. Teeth were thermocycled in a water bath 
between 5°C and 55°C for 500 cycles with a dwell time of 
30 seconds (20). 
Staining of teeth: After thermocycling, all sealed teeth were 
coated with 2 layers of nail varnish over the axial surfaces of 
each tooth, leaving 1mm free around the sealant borders. Teeth 
were then immersed in freshly prepared silver nitrate solution 
(50% by wt) (GAMMA Laboratory Chemicals) for 24 hours 
in lightproof containers, followed by thorough rinsing with 
running distilled water for 5 min. The silver nitrate was 
prepared by dissolving 50 grams of pure silver nitrate in 
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100ml/L of distilled water (21). The stained teeth were then 
immersed for 8 hours in photo developing solution (Carestream 
Dental X-ray, Belgium) under fluorescent light so that the 
silver ion reduction to metallic silver would be completed (21). 
Then teeth were rinsed with distilled water for 5 minutes to 
remove the photo developing solution. Finally, teeth were dried 
and sectioned with a water-cooled diamond saw in a bucco-
lingual direction through the sealant resulting in two sections 
for each specimen (20). 

1- Energy dispersive x-ray spectrometer (EDX) 
(quantitative evaluation) 

Specimens were dehydrated by immersing in ascending 
grades of ethyl alcohol (30-70%) (22), then left to 
completely dry in fresh air. Then they were mounted each 
on a copper stub and exposed to the EDX. Elemental 
distribution of silver (Ag) content in percent (%) weight of 
enamel was determined in the form of peaks on a graph with 
their corresponding readings. Three standard measurements 
were obtained at three representive points along the enamel 
sealant interface (I, II, III) on each specimen. The first 
representive point (I) was measured at the midpoint of the 
buccal surface of the interface, the second reperesentive 
point (II) was measured at the midpoint of the lingual 
surface of the interface and the third representive point (III) 
was measured at the tip of the apex of the interface. A mean 
of the three measurements was calculated and represented 
the total silver % penetrated the enamel sealant interface of 
each specimen (23).  

2- Scanning electron microscope (qualitative evaluation) 
Ten specimens (5 from each subgroup A2, B2) were air-
dried, mounted on an aluminum stub, coated with gold for 
scanning electron microscope (SEM) examination, and 
photos of the sections were obtained (24). 
Statistical analysis 
Data were collected and entered to the computer using SPSS 
(Statistical Package for Social Science) program for statistical 
analysis (ver 21) (25). Data were entered as numerical or 
categorical, as appropriate. Data were described using 
minimum, maximum, mean, standard deviation, median and 
inter-quartile range. Kolmogorov-Smirnov test of normality 
revealed significance in the distribution of the variables, so the 
non-parametric statistics was adopted. Categorical variables 
were described using frequency and percentage. Comparisons 
were carried out between two studied independent not-
normally distributed subgroups using Mann-Whitney U test. 
Chi square test and Post-hoc analysis was used to compare 
mode of failure between the two groups. Box and Whiskers 
plot and clustered bar chart were used accordingly. In the 
present study, an alpha level was set to 5% with a significance 
level of 95%, and a beta error accepted up to 20% with a power 
of study of 80%. 
 
RESULTS 
I. Shear bond strength evaluation 
Mann-Whitney U test showed no statistical significant 
difference in the median values and interquartile ranges of the 
shear bond strength between experimental (A1) and control 
(B1) subgroups (P=0.678) (Table 1, Figure 1). 
 
 
 
 
 

Table (1): Comparison of shear bond strength (MPa) 
between experimental and control groups. 

Shear Bond 
Strength 

Subgroup A1 
(experimental group) 

n=20 

Subgroup B1 
(control group) n=20 

Min- Max 0.25007-1.00030 0.11250-0.77520 
 Median 

(IQR) 
0.39380 (0.30009-

.72205) 
0.41880 (0.27500-

0.60325) 
95% CI for 

mean 
0.38060-0.62885 0.35124-0.53766 

KS test D=0.212,  
P=0.019 

D=0.116, 
 P=0.200 NS 

Test of 
significance 

P (value) 

=0.434(MW)Z 
P=0.678* NS 

*: Statistically not significant (P>0.05) 
 
 

 
Figure 1: Box and whisker graph of shear bond strength 
(MPa) in subgroups A1and B1. 

 
      Regarding the mode of failure chi square test and post-hoc 
analysis showed that in subgroup A1 (experimental group) 
45% had cohesive mode of failure and 55% had mixed 
mode failure, while in subgroup B1 (control group), 60 % 
had cohesive mode of failure and 40% had mixed mode of 
failure. There was no statistically significant difference in 
distribution of modes of failure between the two subgroups 
with (P=0.342). (Table 2, Figure 2) 

 
Figure 2: Bar graph representing the mode of failure in 
subgroups A1and B1. 
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Table (2): Comparison of mode of failure between 
experimental and control groups. 

Mode of failure 

Subgroup A1 
(experimental 

group)  
n=20 

Subgroup 
B1 

(control 
group) 
n=20 

Test of 
significance 

p (value) 

- Mixed 11 (55.00%) 8 (40.00%) =0.902(df=1)
2X 

P=0.342* NS 
- Cohesive 9 (45.00%) 12 (60.00%) 

 
 

II. Nanoleakage evaluation 
a. Energy dispersive x-ray spectrometer (EDX) 

(quantitative evaluation) 
The median values and interquartile ranges of the silver 
penetration percentages of the total examined interface for 
the experimental and control groups are shown in Table 3, 
Figure 3, and the result showed that there was a statistically 
significant difference in nanoleakage score between the 
experimental and control groups. Subgroup A2 
(experimental group) showed significant lower nanoleakage 
scores than subgroup B2 (control group) (P<0.001)  

b. Scanning electron microscope (qualitative evaluation) 
The images obtained showed little penetration of silver 
nitrate at the bonding interfaces between the sealant and 
enamel in the experimental group (Figure 4), in comparison 
with the control group, which showed more silver 
penetration especially at the base of the fissure (Figure 5)  
 

 
Figure 5: Scanning electron micrograph of the enamel sealant 
interface for subgroup B2 and the three representive points I, II, III 
at magnification ×100. (E=enamel, S=sealant) 
 
DISCUSSION 
The results of the present study rejected the null hypothesis, 
which had assumed that deproteinization of human dental 
enamel surfaces; with 5.25% NaOCl before etching did not 
increase the shear bond strength and did not decrease the 
nanoleakage than traditional acid etching and sealant 
placement, in permanent teeth. 
        In the present study, there was no significant difference 
in shear bond strength between the experimental and control 
group. Sodium hypochlorite was intended to remove the 
organic material from the enamel surface. The organic 
material compromises only 1% of the enamel, however it 
may affect the quality of etching pattern. Our results showed 
that the removal of the organic content increased the shear 
value despite the fact that it did not reach a statistically 
significant figure. 

       Bhoomika et al (12), Harleen et al (7) and Ramakrishna et 
al (13), stated that the shear bond strength was not improved 
after enamel deproteinization with 5.25% NaOCl and the use 
of 37% H3PO4

 for 15 seconds still remained the best method 
for pre-treatment of enamel. Also, Gandhi et al (26) concluded 
from their study that there was no significant difference in the 
tag quality between acid etch only and deproteinization before 
acid etching.  
       On the contrary, Espinosa et al (8) showed that 
removing organic content from the enamel surface with 
5.25% NaOCl as a deproteinizing agent prior to acid 
etching, doubled the enamel’s retentive surface 
significantly from 48.8% to 94.47% and increased the Type-
I and Type-II etching patterns which were considered to be 
the most retentive patterns of acid etching. Again, Espinosa 
et al (27) evaluated the qualitative and quantitative resin tag 
penetration with a resin replica model and concluded that 
enamel deproteinization with 5.25% NaOCl for 60 seconds 
prior to H3PO4 etching almost doubled the enamel’s 
retentive surface from 46% to 73% and the topographical 
features of the replica resin penetration surface increased 
significantly with Type-I and Type-II etching patterns.  
       With regard to the types of failures observed in the 
fractured specimens, cohesive and mixed failure patterns 
were predominantly observed in the 2 groups with no 
significance difference between them which supported our 
previous finding that both groups had same bond strength, 
while adhesive mode of failure was not found which 
indicated high strength in both groups.  
       To evaluate the sealing ability of sealant, nanoleakage 
represented a refined means of assessing the defective 
adaptation of materials more than traditional microleakage 
tests. (28). Silver nitrate has been accepted as a suitable method 
for measuring interfacial leakage due to the size of silver ion 
dyes compared to the size of typical bacterium (0.5-1.0 nm) 
(30).        Most nanoleakage studies are performed on dentin 
surface. However, in our study we evaluated nanoleakage 
on enamel surface which represented a clinically relevant 
case. The use of SEM in conjunction with EDX to measure 
the nanoleakage qualitatively and quantitatively 
respectively enabled distinct images to be captured together 
with sensitive and accurate analysis (29).  
          In order to simulate changing intraoral temperature 
conditions and create the aging effects that restorative 
materials are prone to in the oral cavity, all teeth were 
subjected to thermocycling between 5oC and 55oC for 500 
cycles (30). 
        When the nanoleakage patterns between the sealant 
and enamel were evaluated quantitatively, the experimental 
group showed less silver tracing than that of the control 
group. Results revealed a statistically significant lower 
nanoleakage score for experimental group, and indicated 
adequate bonding and sealing ability, that prevented the 
infiltration of silver ions inside the interface. 
         Concerning the qualitative evaluation of nanoleakage 
by SEM, the images obtained showed little penetration of 
silver nitrate at the bonding interfaces between the sealant 
and enamel in the experimental group, as compared to the 
control group which showed more silver penetration 
specially at the base of the fissure as shown by SEM in the 
Figure 5. 
      These quantitative and qualitative results indicated that 
deproteinization before acid etching perform adequate 
bonding and sealing ability as it prevented the infiltration of 
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silver ions inside the interface. The reason behind these 
findings may be due to the removal of organic material 
which allowed more surface area and thus better sealing. 
This finding was supported by Garrocho-Rangel et al (11), who 
compared the microleakage of sealant after placement on 
etched enamel with and without deproteinization. They stated 
that microleakage was significantly reduced in 
deproteinization group.  
          Permanent teeth were used in the present study as the 
focus of most sealant studies is on the occlusal surfaces of 
permanent molars, especially permanent first molar 
which is the most susceptible for occlusal caries because 
of variation in occlusal fissure morphology and long 
eruption phase (31,32). 
         One of the limitations of this study is that in vitro 
setting may not simulate the effect of deproteinization and 
acid etching in vivo, and the clinical condition in the mouth 
is not easy to imitate in the laboratory. In addition, possible 
concerns of NaOCl are the taste, chlorinated odor, tolerance 
by young children and possible soft tissue reactions (8). 
         The overall results of the present study indicated that 
deproteinization group had comparable shear bond strength 
but lower nanoleakage than that of the control group. 
 
CONCLUSION 
Within the limitations of the present study it may be 
concluded that deproteinization prior to acid etching 
slightly improved shear bond strength. However, it showed 
a significant reduction in sealant nanoleakage when 
compared to acid etching only. 
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