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Abstract: Pit and fissure caries has become increasingly more difficult to be detected because the 
typical cavity design in enamel is not present in many cases.  Solid state lasers Neodymium-doped: 
Yttrium Aluminum Garnet (Nd: YAG) has been approved by the Federal Dental Association for 
surface conditioning to improve adhesion.  Evaluation of microleakage is important for assessing the 
success of new methods for surface preparation.  Aim:  The aim of this in vitro study was to assess the 
microleakage of pit and fissure sealants after using three different enamel pretreatment techniques by 
means of dye penetration technique.  Materials and Methods:  Ninety freshly extracted teeth (47 
deciduous and 43 permanent human molars) were selected free of caries, cracks and restoration.  After 
occlusal enamel was pretreated [Acid etching (Gp. I) – Laser etching (Gp. II) – Laser etching followed 
by acid etching (Gp. Ш)] the restorations were applied and polished and then the teeth were 
thermocycled from 5-50ºC for 500 cycles.  Dye microleakage was assessed after immersion of teeth in 
methylene blue followed by examining longitudinal sections under a stereomicroscope at x 30 
magnification.  Results:  Significant differences were found between group I on one side and groups II 
and Ш on the other side (p< 0.05).  No significant difference were found between deciduous and 
permanent dentition as regarding penetration depth (p= 0.27) in all the three enamel pretreatment 
techniques.  Significantly better results were demonstrated in groups II and Ш.  Conclusion:  Nd: 
YAG laser is an effective method for improving the sealing ability of pit and fissure sealant before its 
application. 
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INTRODUCTION 

 
 Caries prevalence decline over the last decades has been well documented and has led to changes in the 
pattern (proportionately fewer smooth surface lesions than pit and fissure lesions) and progression velocity 
(Seema et al., 2011).  Nevertheless, occlusal caries account for 56% to 70% of the lesions in children aged 5 to 
17 years (Kaste et al., 2009).  Fissure sealing is an established and effective approach for caries management on 
occlusal surfaces (Simonsen, 2002).  Dental sealants are effective in preventing dental caries in the occlusal and 
other pitted and fissured surfaces of the teeth (Usumez, et al., 2003).  The properties of an ideal sealing material 
include biocompatibility, retention and resistance to abrasion and wear.  Lack of sealing allows the occurrence 
of marginal leakage, i.e., passage of bacteria, fluids, molecules and ions through the tooth-material interface 
which can prompt caries lesion progression underneath the restoration leading to treatment failure (Weerheijm 
et al., 2011).  The use of laser in dentistry has been considered for over 30 years.  The potential of an Nd: YAG 
laser (wavelength 1060 nm) to fuse dental enamel and to make it highly resistant to subsequent dissolution was 
established (Yamamtot et al., 1980).  As dental enamel, cementum, and dentin contain carbonated apatite which 
has absorption bands in the infrared region due to phosphate, carbonate, and hydroxyl groups in the crystals 
structure, the energy density of the laser irradiation was large enough not only to cause changes in the enamel 
surface structurally and morphologically but also to cause an apparent large change in the physical properties of 
the enamel such as pitting and melting of the surface enamel and fusion of the crystals (Nelson et al., 1982).  
Higher energy density lasers were shown to fuse enamel but were potentially unsafe however; low energy 
density laser was shown to affect artificial caries lesion formation (Featherstone et al., 1997).  Many of the 
studies that have been carried out for the possible application of lasers to dentistry have been based simply on 
empirical use of available lasers and an examination by various techniques of their effect on dental hard or soft 
tissues.  Nd: YAG solid state lasers have been approved by the FDA for caries removal and surface conditioning 
for improved adhesion (Michal et al., 2009).  In recent years, there has been a growing debate on the use of 
lasers for conditioning enamel and dentin as a possible alternative to acid etching.  There are studies 
investigating the effects of Nd: YAG and Er,Cr: YSGG laser etching on the bond strengths of the restorative 



Aust. J. Basic & Appl. Sci., 7(2): 895-899, 2013 

896 
 

materials to tooth structures.  The morphological structure produced by both lasers is thought to enhance 
bonding of adhesive restorations (Jensen et al., 2011).  An in vitro study utilized a ruby laser (wavelength 693.4 
nm) demonstrated that exposure of human enamel to laser increased the resistance of that enamel to subsurface 
demineralization (Seema et al., 2011).  
 In vitro microleakage studies can predict the marginal sealing ability of restorative materials (Hossain, et 
al., 2007).  The microleakage can be assessed by various dye penetration methods, i.e. Methylene blue dye, 
Basic fuschin, Rhodamine B micro flora penetration, P32 Isotope penetration, and Ca 45 auto radio graphic 
method (Blankenau et al., 2009). 
 The purpose of this study is to evaluate in vitro the microleakage of pit and fissure sealant after using three 
different enamel pretreatment techniques. 
 

MATERIAL AND METHODS 
 
 Ninety freshly extracted teeth (47 deciduous and 43 permanent human molars) free of caries, cracks and 
restoration were selected after scaling to remove residual tissues and calculus.  The occlusal surfaces were 
cleaned with pumice/water slurry in Robinson bristle brushes at slow speed.  Samples were randomly assigned 
to three groups according to the enamel surface pretreatment; Group I pretreatment: Acid etching of the enamel 
surface at the predetermined area (4 × 3 mm) with 37% orthophosphoric acid (Ultra Etch® / Ultra dent Products, 
Inc.) according to the manufacturer instruction.  Group II pretreatment: An Nd: YAG laser irradiation 
(Waterlase®, Biolase Technology, Irvine, Calif., USA, wavelength 532 nm, free running, pulse duration 8 
nanoseconds, fiber delivered, repetition rate 10 Hz, fiber diameter 600 micrometer) on the enamel of the 
occlusal surface without contact was used with the power of 4 Watt (400 m J/cm2).  The tip was bathed in an 
adjustable air water spray during the treatment.  Surface areas of approximately 4 × 3 mm were prepared in this 
manner.  To ensure consistent energy, density, spot size, distance, and angulations the laser handpiece was 
attached to a modified surveyor.  Group III pretreatment: The enamel of the occlusal surface was pretreated the 
same as in group two plus the steps which were done for group one (Nd: YAG laser + 37% orthophosphoric 
acid). 
 Placement of the sealant material: The pits and fissures in the occlusal surface of each tooth in all the three 
groups were sealed with the pit and fissure sealant, opaque white shade (Resin modified Glassionomer, Ultra 
Seal XT® PlusTM, Ultradent Products, Inc.) and light cured for 30 seconds and the teeth were stored for 7 days in 
distilled water at 37°C and 100% relative humidity until thermocycling. 
 Thermocycling: All the teeth were thermocycled to simulate oral environment by placing the specimens 
alternatively in cold 5 +/- 2ºC and hot 55 +/- 2ºC with an intermediary water bath at 37ºC for 500 cycles with a 
dwell time of 10 seconds.   
 At the end of the thermocycling procedure, the samples were sealed apically (Their roots were removed and 
the neck of the crowns were embedded in polyester resin) and coated with two layers of a varnish except for the 
area of the sealant and 1 mm margin around it.  After that the teeth were immersed in a 2% buffered solution of 
methylene blue dye for 24 hours to allow dye penetration into possible gaps between enamel and sealant.   
 The specimens were washed thoroughly and then sectioned in a mesiodistal direction parallel to the long 
axis of the tooth through the center of the sealant.  Two halves were obtained from each tooth using a diamond 
cutting disc.  Analysis for microleakage was done using an optical stereomicroscope at x 30 magnification 
connected to a digital camera.  Images of the slices were then scanned to a Macintosh G3 computer and 
examined for marginal microleakage.  Three independent examiners were assigned to evaluate the dye 
penetration.  Microleakage was scored as the distance of dye penetration to the underling fissure.  The surfaces 
were assessed according to a ranked scale which was used to score dye penetration where: 0 = no dye 
penetration; 1 = dye penetration limited to the outer half of the sealant; 2 = dye penetration extending to the 
inner half of the sealant and 3 = dye penetration extending to the underlying fissure. 
 

 
Fig. 1: Stereomicroscopic photograph of dye penetration in a deciduous tooth of group II showing score 0 (a) 

and of group Ш showing score 3 (b). 



Aust. J. Basic & Appl. Sci., 7(2): 895-899, 2013 

897 
 

 
 
Fig. 2: Stereomicroscopic photograph of dye penetration in a permanent tooth of group Ш showing score 0 (a) 

and of group I showing score 3 (b). 
 
Results: 
 The dye penetration scores were tabulated, interpreted and statistically analyzed.  Chi square, Kruskal-
Wallis and Mann-Whitney non-parametric tests were used to compare the groups for statistically significant 
differences at 5% and highly significant differences at 1% significance level.  Distribution of numbers of teeth 
in each group are presented in table 1. 
 
Table 1: Distribution of samples of deciduous and permanent teeth in each group. 

  Teeth  
Group Deciduous Permanent Total 

I 23 13 36 
II 13 16 29 
III 11 14 25 

Total 47 43 90 

 
 Distribution of penetration depth scores in deciduous and permanent teeth for the three enamel pretreatment 
techniques are presented in table 2.  As regarding the penetration depth it was found that the highest penetration 
scores occurred in group I in both deciduous and permanent dentitions while the least penetration scores were in 
group II in deciduous and group Ш in permanent teeth (Table 2). 
 
Table 2: Distribution of penetration depth scores in deciduous and permanent teeth by techniques. 

Teeth 
 Deciduous Permanent 

Scores 
Groups 

0 1 2 3 0 1 2 3 

I 3 4 5 1 5 2 5 4 
II 19 2 1 1 8 1 3 1 
Ш 8 1 1 1 11 1 1 1 

 
 Generally no significant difference between deciduous and permanent dentition as regarding penetration 
depth (p= 0.27) in the entire three enamel pretreatment groups and the total (Table 3). 
 
Table 3: Mann-Whitney test between deciduous and permanent teeth in all pretreatment groups. 

Test 
Pretreatment group 

Mean Rank Significance 
Deciduous             Permanent 

I (N=36) 17.0                        21.1 0.083 NS 
II (N=29) 14.2                        15.7 0.290 NS 
Ш (N=25) 13.4                        12.7 0.446 NS 

Total (N=90) 42.9                        48.3 0.267 NS 

 
 Table 4 shows that there are significant differences between the three techniques in the deciduous dentition 
as well as those of the permanent dentition.  
 
Table 4: Chi square test between different groups and different penetration depth scores in both deciduous and permanent teeth. 

Test 
Teeth 

Chi square Significance 

Deciduous 20.9 0.002** 
Permanent 16.7 0.011* 

* Significant at p< 0.05                                                ** Highly significant at p< 0.01 

 



Aust. J. Basic & Appl. Sci., 7(2): 895-899, 2013 

898 
 

 As regarding the deciduous teeth; the three pretreatment groups showed a highly statistically significant 
difference (p< 0.01).  Significant differences were only found between groups 1 and 2 and groups 1and 3 (p< 
0.05 and p< 0.01 respectively).  As for the permanent dentition, there is statistically significant differences 
between the three groups (p< 0.05).  Significant differences were found to follow the same trend as the 
deciduous teeth (p< 0.01 and p< 0.05 respectively) as shown in Table 5.  
 
Table 5: Kruskal-Wallis and Mann-Whitney test between the different pretreatment groups in deciduous and permanent teeth.  

Test 
Pretreatment group 

Mean Rank Significance Mean Rank Significance 
Deciduous Permanent 

All groups 33.4 
19.6 
22.3 

P<0.01** 21.7 
20.5 
17.0 

P<0.05* 

Group I & Group II 25.4 
14.6 

P<0.05* 17.2 
12.3 

P<0.01** 

Group I & Group Ш 16.8 
19.7 

P<0.01** 15.2 
12.9 

P<0.05* 

Group II & Group Ш 15.00 
9.06 

P=0.290 18.9 
11.6 

P=0.225 

*= Significant at p< 0.05                                               ** Highly significant at p< 0.01     
    
Discussion: 
 Pit and fissure sealants have been considered an outstanding adjunct to oral health care preventive strategies 
in the decrease of occlusal caries onset and or progression.  The American Dental Association established that 
fissure sealants can be placed in incipient caries on enamel.  However, it is possible that teeth with dentin 
lesions under apparently sound enamel surfaces (hidden caries) are equivocally sealed (Seema et al., 2011).  
Several studies have investigated whether caries disease is arrested when dentin lesions are not completely 
removed; the findings of these studies have shown a decrease in the number of cultivable microorganisms in 
infected dentin after sealant placement (Zervou et al., 2000, Esteves, 2010 and Mohammed et al., 2011).  
Because of this beneficial effect of sealing dentin caries or incipient enamel caries, the sealing material should 
fill pits and fissures completely during sealant placement and periodical clinical and radiographic (bitewing 
technique) controls is required for follow-up of this type of restoration (Weerheijm, et a1., l999).   
 The marginal sealing is important for sealant success because penetration of bacteria beneath the sealant 
might allow caries onset and/or progression (Featherstone et al., 1997).  The unique interactions of laser 
irradiation with dental tissues, with a focus on the differences specific to primary and young permanent teeth 
help clinicians take advantage of the many inherent benefits of laser energy (Hemalatha et al., 2011). 
 Laser application on hard tissues and dental materials have been done, but there is the necessity to develop 
the processing of these materials for biological targets and improve the understanding of the basic mechanisms 
of their interaction and the search for new control methodologies.  One of the arguments to use lasers in the 
etching of dental hard tissue is the possible selectivity that can be achieved.  It is possible to pursue portions of 
the tissue that present different compositions using short pulses of high power densities.  This possibility opens 
up a new type of selectivity ablation which may allow an ultra conservative dentistry procedure.  The other 
benefits of laser are precise control of the energy emitted focusing the beam to a specific depth and collimating 
the beam to a selected diameter (Blankenau et al., 2009). 
 In this study, the in vitro microleakage of the three enamel surfaces pretreatment management was used for 
deciduous and permanent teeth.  The specimens were thermocycled to mimic the different temperatures to 
which the teeth are subjected during eating and drinking under normal conditions.  Traditional pit and fissure 
sealing maneuver using acid etching technique in group I showed significantly higher marginal penetration 
scores than the other two groups which advocates the application of Nd: YAG laser to enhance the sealing 
quality; this coincides with Michal (2009) and Nabi (2010).  The non significant differences between groups II 
and Ш show that either laser pretreatment to enamel surface or application of laser firstly followed by acid 
etching appear to have the same efficiency and are superior to using acid etching only in sealing of pits and 
fissures.  This is in accordance with Zervou et al., (2000) and Mohamed et al., (2011); however better results 
were demonstrated by using laser plus etching (Gp. Ш) with permanent teeth which might be due to the 
prismatic nature of the enamel in permanent teeth rather than that of the deciduous, this is coincide with the 
work of Perez et al., (2003). 
 
Conclusion: 
 Nd: YAG laser is an effective method for improving the sealing ability of pit and fissure sealant before its 
application.  
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