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Evaluation of microleakage of three different types of pit and 

fissure sealants using invasive and non-invasive 

 techniques (An in-vitro study) 

Hiwa S. Khidir(1), Hemn M. Suleman(2).  

Backgrounds: The aims of this study were to; Evaluate the amount of in-vitro microleakage of three 

different types of pit and fissure sealants (Vertise Flow, Kerr), (Helioseal-F, IvoclarVivadent), (GC Fuji TRI-

AGE, GC corporation) and the effect of occlusal preparation on the leakage value. 

Methods: Sixty extracted human premolars randomly divided into 6 groups (n=10/group). Teeth fissures 

of three non-invasive groups (1, 3, 5) left intact, fissures of other three invasive groups (2, 4, 6) were 

opened up with ¼ round bur. Teeth fissures in group (1, 2) sealed with self-adhesive Vertise Flow, group 

(3, 4) Helioseal-F, while group (5, 6) fissures sealed with Glass Ionomer GC Fuji TRIAGE. The teeththermo-

cycled between 5±2°C and 55±2°C for 500 cycles with a dwell time of 30 seconds; All teeth sealed apically 

and coated within 1.5 mm of the sealant margin with two layers of nail varnish, then immersed in 1% 

Methylene blue solution. Subsequently, two buccolingual sections were made parallel to the long axis of 

tooth yielding 3 sections and 4 surfaces per tooth for microleakage analysis. The surfaces were scored 0 to 

3 for extent of microleakage using a binocular microscope at 25X magnification. Microleakage was ana-

lyzed by using paired t-test and ANOVA. 

Results: Invasive technique produced significantly less microleakagethan Non-Invasive groups (P<0.05). In 

all six groups Helioseal-F in Invasive technique showed significantly the least degree of microleakage 

(P<0.05). 

Conclusion: Helioseal-F was the best material in terms of reducedmicroleakage. Invasive techniquecom-

pared to non- invasive technique had produced less degree of microleakage. 
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Introduction 
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 direct-
ly related to poor cleaning accessibility to 
these surfaces.1A fissure sealant is defined 
as a      material, which is placed in the pits 
and    fissures of teeth in order to prevent or 
to  arrest the development of dental car-
ies.2Pit and fissure sealants are one of the 
best methods of preventing caries. It        
occludes the fissures and the pits from the 

accumulation of plaque and the cariogenic 
microflora. But caries still occurs in pits and 
fissures with sealant loss, and in adjacent 
pits and fissures or along cuspal inclines 
which were not initially sealed.3Several 
types of resin, both filled and unfilled, have 
been employed as Pit and Fissure Sealants. 
The main component of the fissure sealant is 
Bis-GMA resin. The success of the sealant 
technique is highly dependent on obtaining 
and maintaining an intimate adaptation of 
the sealant to the tooth surface.4The margin-
al sealing ability of a sealing material is ex-
tremely important for success of sealants, 
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The occlusal surfaces of teeth were cleaned 
with a disposable prophylaxis brush with 
tapered end by using a low speed contra  
angle hand piece for ten seconds. No    
pumice was used (Figure 3). The 60 premo-
lars were randomly divided into six groups 
of 10 teeth (Figure 4). 

which can be assessed by evaluating       
microleakage. Weak sealing can lead to 
marginal leakage, resulting in bacterial   
invasion, caries initiation and progression 
underneath the restoration. In vitro          
microleakage studies can predict the      
marginal integrity of restorative              
materials.5integrity of restorative             
materials.5 
Microleakage assessment may be           
qualitative or quantitative with different 
systems, including both simple and       
computer based methods. Dye penetration 
has been used in several studies, to assess 
the presence of marginal leakage at the  
sealant/enamel interface.6 
In invasive technique the preparation of  
fissures with burs has been suggested to   
provide better access to the deeper areas of 
the fissures, thus enabling debris removal 
and deeper sealant penetration.7 
 

Materials and methods 
Sixty sound human maxillary and         
mandibular premolar teeth were collected 
which were extracted for orthodontic      
purpose. The selected teeth were free from 
obvious carious lesions, morphological    
defects, restorations and sealants. The     
selected (60) teeth were kept in (0.1%)   
thymol solution (Figure 1). 

Figure 1: Storage medium for extracted premolars. 

Figure 3: Tapered end prophylaxis brush. 

The occlusal surface debridement was done 
with hand scaling instruments. After     
cleaning of all teeth, construction of the 
plaster blocks was done by pouring mixed 
plaster of Paris onto the mold withlength, 
width and height dimensions (38 x 28 x 20) 
mm.  before initial set of plaster every tooth 
was embedded perpendicular (90°) into the 
plaster by using two Triangle rulers as seen 
in figure2. 

In group 1, 3, and 5 the occlusal surfaces of 
the teeth were left intact (Non–Invasive 
technique).In group 2, 4, and 6 the fissures 
of the teeth were opened up by using of ¼ 
round carbide bur in a high speed handpiece 
(Turbine). The high speed handpiece was 
fixed on a removable surveyor by a special 

Figure 2: Angulation of tooth on plaster block, A. 
perpendicular in mesiodistal direction, B.            
Perpendicular in buccolingual direction. 
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Figure 4: Scheme of sample size and distribution. 

part which was specially designed for this 
purpose. Plaster blocks were fixed on the 
base of surveyor.The bur on turbine was  
applied parallel to the long axis of the  
tooth, and placed on the deepest point of 
fissure with forward and backward motion 
by hand with no pressure to open central 
fissures. Cutting Dimension was equivalent 
to the diameter of the round carbide bur 
0.5mm (Figure 5). 

Figure 5: Dental bur parallel to the long axis of the 
tooth. 

Fissure sealants application. The 
teeth in Group 1 and 2, Vertise Flow was 
placed onto the fissures according to the 
manufacturer's instructionsand light cured 
for 20 seconds (Figure 6 and 7). 
In Group 3 and 4,Helioseal F were used  
according to its manufacturer instructions 
the teeth were etched with 37% phosphoric 
acid gel for 30 seconds. The teeth were 
rinsed for 20 seconds. The fissures were  air
-dried completely with oil and moisture free 
air syringe until mat white appearance     
occurred, then the Helioseal F was applied 
on to the fissures and light cured for 20  
seconds (Figure 8 and 9).In group 5 and 6, 
GC Fuji TRIAGE (GC Corporation, Tokyo 
Japan), The tooth washed for 10 seconds 
and dried for 20 seconds with an air        
syringe,the surface of the tooth appeared 
moist, glistening appearance. Then cement 
powder and liquid were mixed for 25      
seconds and placed in to fissures, when 
sealant was chemically set GC Fuji Varnish 
applied to the sealant (Figure 10 and 
11).The teeth in blocks were removed and 
cleaned from excess plaster and stored in 
distilled water for one week.After, all teeth 
were thermocycled between 5±2°C and 
55±2°C for 500 cycles with a dwell time of 
30 secondsby using thermocycling          
machine, followed by storage in distilled 
water at room temperature for three days. 
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Figure 6: Vertise flow sealant. 

Microleakage Assessment. The      
apices of teeth were sealed with sticky 
wax. All tooth surfaces were painted except 
1.5mm around the sealant margin with two 
layer of nail varnish. The teeth were       
immersed in a 1% Methylene blue solution 
for 48 hours at room temperature (Figure 
12). 
Upon removal from the dye, the teeth were 
rinsed with distilled water, and the excess 
sticky wax from root apices removed and 
then each tooth was placed on a plaster 
block and each block positioned, and     

Figure 7:A. application of Vertise flow, B. excess 

material removed with brush, C. tip of light cure on 

the tip of buccal cusp, D. 20 seconds light curing. 

Figure 8: Helioseal-F. 

Figure 9:A. acid etching, B. Helioseal-F application, 

C. using tip of probe for adaptation. D. light curing. 

Figure 10: GC Fuji TRIAGE- White shade. 



44          EDJ   Vol.4 No.1   Jun 2021  

Evaluation of microleakage of three different types of pit and fissure sealants doi.org/10.15218/edj.2021.06 

 

Figure 11:A. one drop of liquid and one spoon of powder, B. mixing by spatula, C. application of GC with 
small brush. 

Figure 12: A, Sticky wax on root apex, B, Nail Varnish applied, C, tooth immersed in Methylene blue         
solution. 

secured on the base of manual surveyor for 
sectioning. Based on deepest part of the 
fissures two buccolingual sectioning cuts 
parallel to the long axis of each tooth were 
made, yielding 3 sections and 4  surfaces 
per tooth for analysis. For each tooth mesi-
al and distal sections were   secured on 
glass slides by wax and the middle section 
placed on slide glass. All sections were ex-
amined under stereo   microscope (x25) for 
microleakage level according to the method 
described by Övrebö and Raadal.8 

As shown in the figure 13, the scoring 
method was: 
Score 0 = no dye penetration 

Score 1= dye penetration restricted to the 
outer half of the sealant  
Score 2 = dye penetration to the inner half 
of the sealant 
Score 3 = dye penetration into underlying 
fissure. 
Each surface score was determined by the 
greatest dye penetration detected on the 
buccal occlusal and/or lingual occlusal   
fissure wall (Figure 14). The overall score 
for each tooth equaled the highest score of 
the 4 surfaces. Mean microleakage scores 
and standard errors were calculated for 
each treatment group.  
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Figure 14:  Score 0, Score1, Score2, Score3. 

Statistical Analysis:  
Data were analyzed using SPSS software 
version 19. The data were summarized    
using means and standard deviations.     Sta-
tistical analysis with one-way analysis of 
variance (ANOVA) was performed to   
compare the differences in the means 
among groups and paired t-test was used to 
compare between two groups with P>0.05.  
 

Results 
Table 1 shows the dye penetration scores 
according to highest tooth level analysis 
with 4 surfaces measurement per tooth total-
ing 60 scores. No leakage (score 0) was not-

ed in 10 of 60 teeth (16.6%). Dye       pene-
tration restricted to the outer half of the 
sealant (score 1) was noted in 12 of 60 teeth 
(20%). Dye penetration to the inner half of 
the sealant (score 2) was noted in 16 of 60 
teeth (26.6%). Dye penetration into         
underlying fissure (score 3) was noted in 22 
of 60 views (36.6%).  
The highest level of microleakagewas noted 
in group (5) GC Fuji TRIAGE non-invasive 
technique with (mean 2.6) per 10 teeth. 
While the lowest level  
was noted in group (4) Helioseal-F invasive 
technique with mean (0.8). Mean and  
standard deviation of each group was     
conducted in Table (2). 

Figure 13: Schematic diagram for dye penetration 
scoring9 

Table 1: Dye penetration scores of samples 

  Dye penetration   

 Fissure Sealant Technique Group 0 1 2 3 Total 

Vertise Flow 
Non- Invasive 1 0 1 4 5 10 

Invasive 2 0 5 4 1 10 

Helioseal-F 
Non- Invasive 3 3 4 0 3 10 

Invasive 4 6 1 2 1 10 

GC Fuji TRIAGE 
Non- Invasive 5 0 1 2 7 10 

Invasive 6 1 0 4 5 10 

Total 10 12 16 22 60 

Percentage 16.6% 20% 26.6% 36.6% 100% 
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Table 2: Mean and standard deviation of each group. 

Std. Deviation Mean No. Group 

0.69 2.4 10 1 

0.69 1.6 10 2 

1.25 1.3 10 3 

1.13 0.8 10 4 

0.69 2.6 10 5 

0.94 2.3 10 6 

Figure 15: Bar chart illustrating number and percentage of teeth with two different    
techniques for the three sealants. 

Table 3: Comparison between Non-invasive and Invasive technique for the three         
sealants. 

Method Mean±SD Std.Error mean df P 

Non-Invasive 2.1±1.06 0.19 
29 *0.043 

Invasive 1.56±1.1 0.20 

*Significant    P<0.05  

Table 4: ANOVA Test comparing all Study Groups 

Groups Sum of Squares df Mean Square P 

1 11.60 9 0.90 0.55 

2 4.40 9 0.55 0.61 

3 14.10 9 0.95 0.60 

4 4.40 9 1.82 *0.02 

5 4.40 9 1.20 0.06 

6 8.10 9 1.07 0.34 

*Significant    P<0.05 
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Quality of two different techniques for 
the three sealant materials. Results 
showed that the invasive technique for  
sealants reveals better microleakage        
reduction than non-invasive technique as 
shown in Figure (15) with significance   
difference between two techniques for all 
sealants together (P<0.05) as shown in    
Table (3). 
Quality ofsealant material and technique.         
Better results were seen in Helioseal-F with 
Invasive technique (group 4), with          
significant difference between (group 4 and 
other five groups) (p<0.05) shown in Table 
(4) 

Discussion 
Pit and fissure sealants recently have 
been considered outstanding with oral 
health promotion and care as preventive 
strategies in the decrease of occlusal   
caries.10 

Marginal microleakage following sealant 
placement allows bacterial and bacterial 
byproducts to penetrate beneath the    
sealant, potentially initiating and        
continuing the caries formation process.11 

Causes for microleakage is related to  
several factors, such as dimensional 
changes of materials due to          
polymerization shrinkage, thermal     
contraction, absorption of water,         
mechanical stress and dimensional 
changes in tooth structure.9,12The results 
of this study are valid for in 
vitro conditions. Depending on the      
environment, all pit and fissure sealants 
may act differently due to other variables 
like type of fissures, preparation of      
fissures, enamel etching and               
conditioning, application of bonding 
agent and contamination of prepared    
surfaces of fissures. Appropriate method 
of application of sealants and viscosity of 
the sealant, are also a factors influencing 
the microleakage, and if a proper         
application method is followed, it can 
increase the length of resin tag and thus 
improve the efficiency of the sealant in 
preventing caries.13 

In this study the highest level of          
microleakage (score 3) among 6 groups 
was noted in group 5 (GC Fuji           
TRIAGE,Non-Invasive) with (mean 2.6) 

 

per 10 teeth. While the least level of          
microleakage (score 0) among 6 groups was 
noted in group 4 (Helioseal-F, Invasive) with 
mean (0.8) (Table 1)  
Quality of two different preparation    
techniques for the three sealant materials. 
Results showed that the invasive technique 
for sealants reveals better score readings than 
non-invasive technique.Enameloplasty    
technique is specially indicated for deep   
narrow discolored fissures, suspected of   
being carious. Opening of the fissure        
promotes mechanical retention, reduces    
microleakage and most important, it permits 
diagnosis of the presence or extent of the  
carious lesion.14 

This result agree with the study was done by 
Singla et al15, because invasive technique 
widens and deepens the pits and fissures 
eliminates organic material and plaque and 
exposes a more reactive tooth enamel,   
therefore, enabling a thicker layer of sealant, 
which would be more wear resistant, superior 
sealant adaptation can be obtained. 

In the study done by Chan et al.16    
mechanical preparation of fissures with burs 
is believed to provide certain advantages, 
such as removal of surface demineralization,   
creating a higher retention rate, and reducing 
the risk of microleakage. This could be the 
possible explanation for less microleakage in 
the invasive group of their study. 
Quality of Sealant Material and          
Technique. Helioseal F in invasive       
technique produced significantly the least 
microleakage among all six groups. The   
superior results of Helioseal F seem to be 
related to itis higher flowability rate which 
contain triethylene glycol dimethacrylate 
(TEGDM) make sealant less viscous and 
high flowable,On the other hand, the      
monomer matrix of Helioseal-F consists of 
Bis-GMA which provide lower         
polymerization shrinkage due to long chain 
polymer, rigid monomer, ring aromatic bond 
not flexible. This result is in consistent with 
the findings of previous studies. 17,18,19       

Vertise Flow showed higher of                  
microleakagerate than Helioseal-F, this is 
due to that Vertis Flow contain 70wt% fillers 
while Helioseal-F contain 40.5wt% filler, on 
the other hand Vertise Flow contain Hydroxy 
Ethyl MethAcrylate (HEMA) which is      
hydrophilic material and absorb water that 
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affect shrinkage of sealant. this result 
agrees with Eliadeset al20.By including the 
bonding in its formulation, Vertise Flow 
eliminates the additional steps of etching/
priming/bonding otherwise necessary to 
bond a resin composite to dentin and  
enamel.21In the present study, Vertise Flow 
fissure sealants used without acid etch. In 
light of the    findings of Horiuchet al.22 and 
Iijimaet al.23 they found that the low bond 
strength of Vertise Flow was due to its  
minimal effects on tooth enamel.  
Moreover, it is important to consider that 
the enamel surface has an aprismatic     
configuration in the zone of occlusal       
fissures. Therefore, treatment with self-
etching agents does not eliminate a         
significant amount of the surface layer of 
enamel without prisms, since it is not 
washed after applying to the tissue. The 
aprismatic structure of the enamel might 
prevent penetration of self-etching          
adhesives, leaving some zones partly 
unetched and with inadequately sealed    
fissures.24,25 

According to some studies higher extent of 
microleakage was observed under glass  
ionomer sealant, which is attributed to the 
solubility of the material.26,27These results 
were in agreement withastudyby (Alonso et 
al.)28 that indicated poor retention rates of 
glass ionomer-based materials placed as 
occlusal sealants.  

Conclusion 
Within the limitation of this invitro study the 
following conclusions was drawn: Helioseal-
F in comparison with Vertise Flow and GC 
Fuji TRIAGE provided the least                
microleakage while GC Fuji TRIAGE      
produced the highest amount of microleakage 
as a fissure sealant material. This study     
revealed that invasive technique for fissure 
treatment compared to non- invasive       
technique had lesser degrees of                  
microleakage. 
 
 
Conflict of interest 
The authors reported no conflict of  interests. 

1. Newbrun E. Cariology, 3rd ed., Quintessence 
Books, Chicago. (1989); pp:249-279. 

2. Welbury R, Raadal M, Lygidakis NA. EAPD 
guidelines for the use of pit and fissure seal-
ants. Europ J Paed Dent. (2004); 5(3):179-184. 

3. Herle GP, Joseph T, Varma B, Jayanthi M. Com-
parative evaluation of glass ionomer and resin 
based fissure sealant using noninvasive and 
invasive techniques: A SEM and microleakage 
study. J of Indian SocPedo Pre Dent. (2004); 22
(2):56-62. 

4. Anusavice KJ. Phillip's Science of Dental Materi-
als. 11th ed. St Louis, Mo: WB Saunders; (2003); 
pp:396-397. 

5. Corona SM, Borsatto MC, Garcia L, Ramos RP, 
Palma‐Dibb RG. Randomized, controlled trial 
comparing the retention of a flowable restora-
tive system with a conventional resin sealant: 
one‐year follow up. Inter J of Paed Dent. 
(2005); 15(1):44-50. 

6. Hatibovic-Kofman S, Wright GZ, Braverman I. 
Microleakage of sealants after conventional, 
bur, and air-abrasion preparation of pits and 
fissures. Pediatric dentistry. (1998); 20(3):173-
176. 

7. Geiger SB, Gulayev S, Weiss EI. Improving fis-
sure sealant quality: mechanical preparation 
and filling level. J of Dent. (2000); 28(6):407-
412. 

8. Övrebo RC, Raadal M. Microleakage in fissures 
sealed with resin or glass ionomer ce-
ment. European J of Oral Sciences. (1990); 98
(1):66-69. 

9. Blackwood JA, Dilley DC, Roberts MW, Swift EJ. 
Evaluation of pumice, fissure enameloplasty 
and air abrasion on sealant microleak-
age. Pediatric dentistry. (2002); 24(3):199-203.  

10. Gunjal S, Nagesh L, Raju HG. Comparative eval-
uation of marginal integrity of glass ionomer 
and resin based fissure sealants using invasive 
and non-invasive techniques: An in vitro 
study. Indi J of Den Rese. (2012); 23(3):320-
325. 

11. Duangthip D, Lussi A. Variables contributing to 
the quality of fissure sealants used by general 
dental practitioners. Operative dentistry. 
(2003); 28(6):756-764. 

12. Staninec M, Mochizuki A, Tanizaki K, Jukuda K, 
Tsuchitani Y. Interfacial space, marginal leak-
age, and enamel cracks around composite res-
ins. Operative dent. (1986); 11(1):14-24. 

13. Prabhakar AR, Murthy SA, Sugandhan S. Com-
parative evaluation of the length of resin tags, 

References 



doi.org/10.15218/edj.2021.06               Hiwa S. Khidir, Hemn M. Suleman 

EDJ   Vol.4 No.1   Jun 2021                         49 

viscosity and microleakage of pit and fissure seal-
ants–an in vitro scanning electron microscope 
study. Contemporary clinical dentistry. (2011); 2
(4):324-230. 

14. Shapira J, Eidelman E. Six-year clinical evaluation 
of fissure sealants placed after mechanical prepa-
ration: a matched pair study. Pediatric dentistry. 
(1986); 8(3):204-205. 

15. Singla A, Garg S, Jindal SK, Sogi SP, Sharma D. In 
vitro evaluation of marginal leakage using invasive 
and noninvasive technique of light cure glass ion-
omer and flowablepolyacid modified composite 
resin used as pit and fissure sealant. Indi J of Dent 
Rese. (2011); 22(2):205-209. 

16. Chan DC, Summitt JB, Garcia-Godoy F, Hilton TJ, 
Chung KH. Evaluation of different methods for 
cleaning and preparing occlusal fissures. Oper 
dent. (1999); 24(6):331-336. 

17. Herle GP, Joseph T, Varma B, Jayanthi M. Com-
parative evaluation of glass ionomer and resin 
based fissure sealant using noninvasive and inva-
sive techniques: A SEM and microleakage study. J 
of Indian SocPedo Pre Dent. (2004); 22(2):56-62. 

18. Kwon HB, Park KT. SEM and microleakage evalua-
tion of 3 flowable composites as sealants without 
using bonding agents. Pediatric dentistry. 
(2006); 28(1):48-53  

19. Joshi K, Dave B, Joshi N, Rajashekhara B, Joban-
putra LH, Yagnik K. Comparative Evaluation of 
Two Different Pit & Fissure Sealants and a Restor-
ative Material to check their Microleakage - An In 
Vitro Study. J Int Oral Health. (2013); 5(4):35-9. 

20. Eliades A, Birpou E, Eliades T, Eliades G. Self-
adhesive restoratives as pit and fissure sealants: A 
comparative laboratory study. Dent Mater. 

(2013); 29(7):752-762. 
21. Sabbagh J, Souhaid P. Vertise Flow Composite: A 

Breakthrough in Adhesive Dentistry. Oral Health. 
(2011); 101(3):48-52. 

22.Horiuch S, Kaneko K, Mori H, Kawakami E, Tsuka-
hara T, Yamamoto K, Tanaka E. Enamel bonding of 
self-etching and phosphoric acid-etching ortho-
dontic adhesives in simulated clinical conditions: 
Debonding force and enamel surface. Dent mate-
rials j. (2009); 28(4):419-425. 

23.Iijima M, Muguruma T, Brantley WA, Ito S, Yuasa 
T, Saito T, Mizoguchi I. Effect of bracket bonding 
on nanomechanical properties of enamel. Ameri J 
of Ortho Dentofacial Orthopedics. (2010); 138
(6):735-740. 

24. Hannig M, Gräfe A, Atalay S, Bott B. Microleakage 
and SEM evaluation of fissure sealants placed by 
use of self-etching priming agents. Journal of den-
tistry. (2004); 32(1):75-81.  

25. Brown JR, Barkmeie WW. A comparison of six 
enamel treatment procedures for sealant bond-
ing. Pediadenti. (1996); 18(3):29-31. 

26. Mali P, Deshpande S, Singh A. Microleakage of 
restorative materials: an in vitro study. J of 
IndSocie of PedodPrev Dent. (2006); 24(1):15-18. 

27. Kuşgöza A, Tüzüner T, Ülker M, Kemer B, Saray O. 
Conversion degree, microhardness, microleakage 
and fluoride release of different fissure sealants. J 
of the MechaBeh of BioMat. (2010); 3(8), 594–
599. 

28. Alonso RC, Correr GM, Borges AF, Kantovitz KR, 
Rontani RM. Minimally invasive dentistry: bond 
strength of different sealant and filling materials 
to enamel. Oral Health and Prev dent; (2005); 3
(2):87-95. 


