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ABSTRACT 
Aim: Tend to evaluate Depth of Penetration and Lateral Wall Adaptations 
of three types of resin based pit and fissure sealants.  
Methods:  The present in-vitro study was done on 30 extracted sound 
human upper permanent first premolars, to evaluate the lateral 
adaptation and assess the penetration ability of three types of fissure 
sealants Helioseal Clear® (HC), Helioseal F® (HF) (Ivoclar Vivadent AG, 
Schaan, Liechtenstein) and experimental material (EM) (Helioseal Clear 
with addition of 10% of silanized dentin chips)  on molars, divided into 3 
equal groups of 10 each, with further sectioning of each sample into 3 
parts (1 mesial, 1 middle and 1 distal sections) giving 30 samples per 
group, following embedding of teeth in auto-polymerizing acrylic resin, 
evaluation of the sections was done for depth of penetration and lateral 
wall adaptation by Scanning Electron Microscope (SEM).  
Results: Showed that the EM sealant had more penetration depth, with a 
statistically significant increase compared to HC and HF, while according  

 
to the lateral adaptation, EM slightly higher than HF and HC, followed by 
HC and HF, respectively, with no statistically significant difference. 
Conclusion: Within the limits of this study, the addition of dentin chips to 
fissure sealants increased the penetration depth, which made them more 
resistant to wear, and no statistically difference in related to the wall 
adaptation.   
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BACKGROUND  
Dental caries is the most prevalent disease in the world, 

affecting children and adults, and representing a series public 

health issue (1). The term fissure caries was earlier used to 

describe the caries lesions found in pits and fissures. This 

definition was based on the assumption that the high 

incidence of caries lesions in molar pits and fissures was 

directly related to the poor cleaning accessibility to these 

surfaces (2). 

The history of occlusal caries dates back for more than 

100 years when Black (3) reported that more than 40% of all 

caries in the permanent teeth occurs in the occlusal pit and 

fissure surfaces. The high susceptibility of occlusal surface of 

molars and premolars to dental decay may be attributed to the 

complex morphology of pits and fissures, which are 

considered to be an ideal site for retention of bacteria and 

food remnants (4). 

In order to prevent dental caries, several methods have been 

used including dietary control to restrict the intake of 

cariogenic food and induce the intake of non-cariogenic food, 

tooth brushing instruction to effectively remove dental 

plaque, and use of pit and fissure sealants to protect the tooth 

areas most susceptible to caries (5).  

The occlusal surfaces of the newly erupted posterior teeth are 

particularly susceptible to carious lesions due to local 

conditions such as incomplete maturation of the enamel, 

infra-occlusion and very complex occlusal anatomy.  

Removing the bacterial plaque under such conditions is 

difficult, and those surfaces are, consequently, the most 

affected by caries (6). 

The cariostatic properties of sealants are ascribed to their 

ability to obstruct pits and fissures preventing bacterial 

colonization and fermentation of carbohydrates to produce 

acids at cariogenic concentration (7). 

Adaptation of the restorative material to cavity margins and 

internal cavity surfaces is of great importance for the long-

term performance of the restoration. Adequate adhesion at 

the interface between hard dental tissues and restorative 

materials is crucial for achieving good clinical performance 

and durable restoration (8). Penetration of the sealant into the 

complete depths of pits and fissures, its lateral wall adaptation 

and subsequent retention are the key factors in the longevity 

of these restorations (14). 

The aim of this in vitro study was to evaluate the interfacial 

microgaps generating between three types of fissure sealants 

[Helioseal Clear® (HC), Helioseal F® (HF) (Ivoclar Vivadent 

AG, Schaan, Liechtenstein) and experimental material (EM) 

(Helioseal Clear with addition of 10% of salinized dentin 

chips)] and dentin after polymerization, and depth of 

penetration, using Scanning Electron Microscope (SEM). 

 

 METHODS 

Two Commercial resin based fissure sealants, {Helioseal F 

fissure sealant (HF) (as the control group), which is a light-

curing, white shaded fissure sealant featuring fluoride release, 

and Helioseal Clear fissure sealant (HC) (as the reference 

group), which is a light-curing, transparent fissure sealant}, 

were used in this study. Dentin chips coated with silane 

coupling agent was added to the HC fissure sealant (EM) (as 

the experimental material). The commercial name, 

mailto:sazgar.muhammed83@gmail.com
mailto:sazgar.muhammed83@gmail.com
http://dx.doi.org/10.5530/srp.2019.2.04


Sazgar M. Sabir et al / SEM Evaluation of Depth of Penetration and Lateral Wall Adaptions of Different Resin Based Pit and 
Fissure Sealants  

 

522                                                                                     Systematic Review Pharmacy                         Vol 11, Issue 1, Jan-Jun, 2020   

composition and manufacture of all materials used in this study are listed in Table (1) 

 

Table 1: The commercial name, composition and manufacturer of the fissure sealants used 

 

 

Preparation of Dentin Chips 

Twenty sound permanent third molar teeth were used to 

obtain the dentin powder. They were cleaned with ultrasonic 

scaler (Delta, Turkey). Each tooth was cut 1mm above 

cemento enamel junction, by using a slow speed conventional 

straight hand-piece with diamond disc (Komt, German), and 

was performed in such a way that the disc was perpendicular 

to the long axis of the tooth and abundance of water spray. A 

new disc had been used after every five samples (9).  

All intra root dentin was removed with long-neck #4 tapered 

fissure carbide burs (KG-

low speed and without refrigeration, the prepared dentin 

chips were placed on glass slide and grinded immediately for 5 

minutes using a domestic grinder and then with Mortar and 

Pestle(10), then sieved with different size of sieves, then 

sterilized by autoclaving with 121 c for 21 min (23), and 

immediately stored in vacuum sealing plastic bags after air 

tighting with Silvercrest Vacuum Sealer device. 

The prepared dentin chips coated with silane coupling agent 

on a sterilized mixing pad with different proportions of dentin 

chips and silane coupling agent, by mixing them with a 

spatula and ultra-sonication  

The final result is that the proportion for mixing of dentin 

chips with silane coupling agent was 1/10 scoop/drops for 40 

-

300) Spectrometer, revealed that the mixing was done without 

change in the chemical properties of both materials. 

 

Preparation of pit and fissure sealant 

The pretreated dentin chips with silane, then weighed on a 

sterilized mixing pad and added to the HC types of fissure 

sealant with the ratio of 10%. The mixture thoroughly blended 

by speed mixture device, the mixing procedure was carried 

out before all the experiments, in order to ensure a uniform 

mixture (11). 

 

Homogeneity evaluation: Scanning electron microscope 

(SEM) analysis was performed to confirm the homogeneity of 

the distribution of the dentine chips in the fissure sealant. 

Therefore, two disc-shaped sample from experimental group 

was prepared for SEM analysis (Fig 1) Samples were broken in 

to two pieces with a chisel like blade, and the broken surfaces 

were gold sputter coated in a thin 15-nm layer to prevent the 

surface of the samples from burning during SEM observation. 

The broken surfaces of each samples were observed with a 

SEM (11). 

 
Figure 1: Scanning Electron Microscope (Field Emission SEM, 

S-4160, HITACHI, Tokyo, JAPAN) 

 

Sample Collection: The present study was conducted on 30 

extracted first premolars, which had been extracted due to 

orthodontic reason were selected, based on following criteria. 

Inclusion criteria of sample selection:  

 Intact buccal surface that is free of carious and 

restoration, 

 Unbroken buccal surface, no cracks present due to 

trauma and/ or extraction forceps, 

 Buccal surface free from erosion, fluorosis and 

hypoplastic enamel deformities  

The collected teeth were stored in distilled water in a 

refrigerator at 4°C up to 3 months to avoid dehydration until 

the time of the experiment. Also, the distilled water was 

change every week to prevent bacterial growth and to 

minimize deterioration according to International 

Standardization Organization, TS 11405 (12).  

Sample Preparation 

The teeth were individually mounted and placed at center of 

plastic tube, with the dimension of (2cm in diameter and 2.5 

in height), filled with self-cure acrylic resin, covering the tooth 

at the level less than 2mm below the cemento enamel junction 

(CEJ), in such a way that the occlusal surface of the tooth was 

Materials Composition Lot number Manufacturer 

Helioseal F  

( Control) 

The monomer matrix consists of Bis-GMA, 

urethane dimethacrylate,and triethylene glycol 

dimethacrylate (58.6 wt%).The fillers are highly 

dispersed silicon dioxide and fluorosilicate glass 

(40.5 wt%).  

Additional contents are titanium dioxide, stabilizers 

and catalysts (< 1 wt%). 

V25115 Ivoclar Vivadent AG/ 

Schaan/ Liechtenstien 

Exp: 2020 

Helioseal Clear  

( As reference) 

Helioseal Clear consists of Bis-GMA and tri e 

thylene glycol dimethacrylate (> 99 wt%).  

Additional contents are stabilizers and catalysts (<1 

wt%). 

W01582 Ivoclar Vivadent AG/ 

Schaan/ Liechtenstien 

Exp: 2020 
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always parallel to the adjustable table of the surveyor that was 

previously adjust in zero angled horizontal planes using 

balancing instrument, high speed straight hand piece attached 

to the surveyor arm (13). 

 

Steps in placement of sealant 

All fissures in each tooth were cleaned for 15 seconds with 

aqueous slurry of 5g pumice/4ml water using a rubber cup in 

a slow-speed contra-angle hand piece. The teeth were rinsed 

with air-water spray. Teeth in all groups, were etched with 

37% phosphoric acid gel (Email Preparator Blue; Vivadent), 

and let it react for 30 seconds, then were rinsed thoroughly 

with water for 20 seconds and lightly dried with water- oil free 

air. The etched enamel should have a mat white appearance. 

After etching and drying, pit and fissure sealant was applied 

directly with the disposable cannula. Sharp explorer was used 

to remove any air bubbles and uniform flow of the material 

was ensured. Waited for approximately 15 seconds the sealant 

was cured with a bluephase polymerization light for 20 

seconds, according to  (18). 

Each tooth was checked with an explorer for complete 

coverage and retention of the sealant, after that the restored 

teeth were stored in distilled water for 7 days at 37°C in 

incubator (Fig 2). 

 
(a) 

 
(b) 

Figure 2: (a) Etching occlusal surface of teeth with 37% 

phosphoric acid gel (Email Preparator), (b) Placement of 

fissure sealants on occlusal surface of teeth. 

Thermocycling 

After placement of fissure sealant, all the restored teeth were 

subjected to thermocycling, the purpose of thermocycling was 

to simulate the oral environment. 

All specimen was immersed alternately in water baths at 5+-

2°C followed by 55+-2°C for 600 cycles, with at dwell time of 

60 seconds in each bath and a transfer time of 15 seconds (14).  

After thermocycling, all teeth were placed in water at 37°C in 

incubator until they were sectioned. The whole crown, then 

sectioned buccolingually, three sections were obtained from 

each tooth (1 mesial, 1 middle and 1 distal sections) by using a 

slow speed conventional straight hand piece with diamond 

disc (Komt, Germany), at a speed range from 8000-12000 rpm 

with water coolant, and was performed in such a way that the 

disc was parallel to the long axis of the tooth) also using 

surveyor for standardization (14). 

 

Scanning Electron Microscope evaluation 

The specimens were allowed to dry for 24 h before subjecting 

them to gold sputtering. For this, the specimens were 

mounted on aluminum stubs using double-sided adhesive 

tape; they were mounted in such a way that area to be studied 

faced upward, then coated with a thin layer (25 nm thickness) 

of pure gold using an ion sputtering unit. The stubs were then 

placed in the vacuum chamber of the SEM. The accelerating 

voltage, angle of tilt and the aperture were prepared to suit the 

specimen to optimize the quality of the micrograph. Under 

scanned and observed on the screen (15). 

 

Parameters that were studied were:  

1. Analysis was performed to confirm the homogeneity of the 

distribution of the dentine chips in the fissure sealant. 

2. Sealant penetration depth (µ) calculated as length measured 

(µ) from the deepest point on concavity of the upper margin 

of the occlusal sealant to the base of the sealant.   

3. Total length of fissure (µ) calculated as length measured (µ) 

from deepest point on the upper margin of the sealant to the 

base of the fissure. 

 4. Penetrability (%) = Sealant Penetration Depth × 100   

                                      Total Length of Fissure 

5. Sealant adaptation was expressed as the gap width. The gaps 

between the sealant and tooth surface were measured by 

placing the two indicator marks at two extremes of the gaps 

along the lateral walls and the distance between them was 

recorded as given by the computer under higher 

 (14). 

All the linear measurements were made with the help of 

software (ImageJ, National Institutes of Health, Bethesda, 

USA) and calculated in microns (µ). 

 

RESULTS 
SEM images of experimental material (EM) showed individual 

dentin chips particles that are embedded in the resin fissure 

sealant along with other fillers and there are homogenous 

distributions of the filler inside HC fissure sealants, as shown 

in Figure (3), and average particle size is between 160.0 nm  

2460 nm as shown in Figure (4). 
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(a) 

 
(b) 

Figure 3: SEM image of homogenous distribution of dentin 

chips in HC fissure sealant 

 
Figure 4: SEM image of experimental materials 

 

The means and standard deviations of the depth of 

penetration values of the tested materials are shown in Table 

(2). One-way ANOVA test Table (3) revealed that a 

statistically significant difference (P<0.05) were found among 

the groups, in which the Helioseal F (HF) and Helioseal C 

(HC) groups showed the lowest penetration mean value with 

statistically no significant difference between them. While the 

Experimental material (EM) group showed the highest 

penetration value and there were statistically significant 

differences between (HF, EM) groups and (HC, EM) groups. 

The result showed that the addition of dentin chips to the 

Helioseal Clear resin based fissure sealant significantly 

increased the penetration value of such fissure sealant. 

   

 

Table 2: Mean values, standard deviations, standard errors and 95% confidence intervals for depth of penetration data. 

 

Groups 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. 

Error 

95% Confidence Interval for 

Mean 

 

Minimum 

 

Maximum 

Lower Bond Upper Bond 

HF 30 87.33 13.40 2.45 82.33 92.34 60.00 100.00 

HC 30 87.43 10.34 1.89 83.57 91.30 60.00 100.00 

EM 30 94.00 8.78 1.60 90.72 97.28 68.00 100.00 

 

 

Table 3: ANOVA test for difference among groups for depth of penetration 

Sig. P-value F Mean Square df Sum of Squares Source of Variation 

.0 0.0311 3.612 437.878 2 875.756 Between Groups 

   151.219 87 10546.033 Within Groups 

    89 11421.789 Total 

The variation of the depth of penetration of materials in to the fissures by scanning electron microscope shown in (Fig 5)  
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(a) 

 
(b) 

 
(c) 

Figure 5: Scanning Electron Microscope pictures showing 

penetration of sealant into fissures in different groups; (a) HF, 

(b) HC, (c) EM 

 

All groups showed some degree of adaptation failure as shown 

the means and standard deviations of the lateral adaptation 

values of the tested materials as shown in Table (4). One-way 

ANOVA test Table (5). EM group showed the lowest mean 

values (highest degree of adaptation), followed by HC groups, 

and then followed by HF groups with statistically no 

significant difference was found between them.  

 

Table 4: Mean values, standard deviations, standard errors and 95% confidence intervals for lateral adaptation data. 

 

Groups 

 

N 

 

Mean 

 

Std. Deviation 

 

Std. 

Error 

95% Confidence Interval for 

Mean 

 

Minimum 

 

Maximum 

Lower Bond Upper Bond 

HF 30 3.84 1.52 0.28 3.27 4.40 1.07 7.33 

HC 30 3.62 1.41 0.26 3.09 4.14 1.27 6.67 

EM 30 3.42 1.91 0.35 2.70 4.13 0.65 9.80 

 

Table 5: ANOVA test for difference among groups for lateral adaptation 

Sig. P-value 

 

F Mean 

Square 

df Sum of 

Squares 

Source of 

Variation 

 0.6122 0.4934    1.3082 2 2.617 Between Groups 

   2.6514  87 230.674 Within Groups 

    89 233.290 Total 
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The lateral wall adaptation of materials in to the fissures by 

scanning electron microscope showed in (Fig 6).  

 
(a) 

 
(b) 

 
(c) 

Figure 6: Scanning Electron Microscope pictures showing 

gap along lateral wall of fissures in different groups; (a) HF, 

(b) HC, (c) EM 

 

DISCUSSION 
Scanning electron microscope (SEM) images of experimental 

helioseal clear resin based fissure sealant with 10% dentin 

chips (pretreated with silane coupling agent) added, showed 

individual particles that are embedded in the resin based 

fissure sealant along with other filers and there are 

homogenous distributions of the dentin chips within the 

sealant, this might be due to the fact that the added fillers were 

silane coated which attribute to the good bonding between the 

nano-sized particles and the matrix and can efficiently 

enhance uniform dispersion of the fillers in nano-scale in 

composite resin (22). 

In this study, penetration and lateral wall adaptation of resin- 

analysis.  

The use of SEM provides a mean of direct visual observation 

of penetration and adaptation of sealant materials to enamel 

walls due to its focusing in depth and magnification. Using of 

computer software for calculating the measurements, gives 

scoring system. 

Regarding sealant penetration, EM showed better penetration 

than HF and HC, which might be due to the combination of 

low viscosity.  

At times, the size of the filler particles may be larger than the 

porosities of the enamel. Therefore, faster penetration rates 

are found with larger holes, but slower rates are found with 

fluids that are more viscous. The addition of filler particles 

that alter the flow of the sealant and the size of the filler 

particles used, are influence the depth of penetration of the pit 

and fissure sealant (14). Barnes et al has been studied that the 

sealants containing fluoride tend to be thicker than those 

without fluoride (21).  

Sridhar et al (18) evaluated the more penetrability of Clinpro 

fissure sealant than Helioseal F fissure sealant attributed to the 

lesser filler loading of 6% in Clinpro fissure sealant when 

compared to filler loading as high as 43% in Helioseal F fissure 

sealant. Lesser filler loading contributes to low viscosity which 

enables better penetrability into pits and fissures. 

Thus, placement of pit and fissure sealant can be considered 

as an effective treatment modality in preventive dentistry. 

Though all the three sealants have shown the depth of 

penetration of more than 60% but due to better results 

obtained with EM sealant (94.00%) versus HF Sealant 

(87.33%) and HC Sealant (87.43%). 

The properties of the pit and fissure sealants such as surface 

tension and viscosity are the important factors that affect 

penetration of the sealants. Cleaning and conditioning of the 

fissures can remarkably influence the penetration behavior of 

the sealants (16). Blackwood JA et al, showed that the least 

microleakage was seen with the conventional pumice 

prophylaxis compared to enameloplasty (20).  

The materials used in the present study were applied without 

enameloplasty in order to observe the behavior of these 

materials without removal of tooth substance, as done in the 

in vitro studies by Prabhakar et al and Sridhar et al (19,18), Even 

though the sealing efficiency of pit and fissures and the 
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penetration into the etched enamel is of prime importance in 

caries prevention (17). The depth of penetration of the EM was 

found to be superior followed by HC and HF. 

The results of the present study revealed a good performance 

significant differences in compared to HC and HF, it is 

important to note that during HF application, the inclusion of 

air bubbles was very common, could have occurred in 

consequence of the injector tip of HF. It was observed that the 

HF tip has greater diameter than that HC. After the material 

effect on the adaptation, this superficial defect occurrence was 

also verified in the study of Kobayashi et al (24), who observed 

the inclusion of air bubbles are more in HF sealant, as well as 

those of Koch et al (25) who reported that materials with fillers 

have a significantly higher deficiency in the marginal 

adaptation than those without fillers. 

To the best of our knowledge, Helioseal Clear and Helioseal F 

(Ivoclar Vivadent) resin-based had never been compared in 

vitro studies before. 

 

CONCLUSION 
The present study concluded that the sealants used in this 

study showed some degree of failure in adaptation, the more 

adaptation was seen with EM sealant. 

The major disadvantage of resin-based sealants is the 

technical sensitivity during clinical applications. 

 Continuous improvement of materials and clinical 

techniques has led to better marginal adaptation and 

penetration. 

The present study was conducted in an in-vitro environment; 

care was taken to replicate the oral conditions in terms of 

thermocycling. 
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