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Abstract: The present  study was conducted to compare the sealing ability of MTA and GIC.  

Method: Endodontic treatment was performed on seventy extracted teeth. 4mm of gutta percha was 

removed from all the teeth. Teeth were divided into two groups of thirty teeth  and two groups of five teeth. 

Group 1 were sealed with MTA, group 2 with GIC, group 3 (positive control)were not sealed and group 4  

(negative control) were sealed with amalgam. All teeth were covered  with sticky wax and  placed in 

methylene blue for 48 hours and subjected to diaphanisation. The dye penetration was checked through the 

cleared samples with a stereomicroscope.  

Results: The teeth from group 2 leaked more with a mean value of 11.21mm, group 1 had a mean value of 

1.86mm. Statistical analysis with  Mann Whitney U test and Students t test showed that there was a 

significant difference between group 1 and group 2 (p value < 0.01). Group 4 showed no leakage and 

Group 3 showed maximum leakage with the mean value of 19.36mm.  

Conclusion: The above results clearly indicate that MTA is a better material to be used coronally to seal 

the canals than the GIC. 
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I. Introduction 
The success of root canal treatment is largely dependant upon proper sealing of the root canals. 

Thus, a three dimensional fluid tight seal needs to be created to prevent bacterial ingress into the canal. 

Initially more stress was given to creation and maintenance of an intact apical seal. However, it has been 

found that failures occurred even in cases with good apical seal. This has led to studies being conducted on 

coronal leakage as source of the failure.
2 

Improper coronal seal allows the penetration of micro organisms 

and their byproducts from the oral cavity into the canals leading to the failure of the endodontic treatment.
3, 

4 , 5, 6 
 So for the ultimate success of a root canal treatment, along with an intact obturation, presence of a 

good coronal restoration is very essential. Various materials are being tried to achieve this coronal seal. In 

the present study, we have tried to compare the intracoronal sealing ability of Mineral trioxide aggregate 

and Glass ionomer cement. 

 

II. Methodology 
Seventy extracted anterior teeth were collected and stored in normal saline. Access cavity 

preparation and thorough biomechanical preparation was done on all teeth. The canals were then dried and 

obturated. The obturation was confirmed radiographically. The gutta percha level was reduced to a depth of 

4 mm which was once again verified radiographically. Then the teeth were randomly divided into four 

groups – 

Group 1 - consisting of thirty teeth. In this group, mineral trioxide aggregate was mixed with 

saline as per the manufacturer’s instructions and placed into the pulp chamber, and then condensed with 

endodontic pluggers. The access cavity was then covered with a moist cotton pellet.   

Group 2 - consisting of thirty teeth. In this group, glass ionomer cement was used as the coronal 

sealing material. The glass ionomer cement was mixed according to manufacturer’s instructions and placed 

into the canal and then condensed with endodontic pluggers. The access cavity was then covered with a dry 

cotton pellet. 

Group 3 - This was the positive control group consisting of five teeth. Here no material was placed 

over the gutta-percha. The obturation was left open. 

Group 4 - This consisted of the negative control group consisting of five teeth. Here the entire 

access opening was restored with silver amalgam. The homogenity of the fillings were confirmed with the 

help of radiographs. 
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Then the teeth from groups 1, 2, and 3 were covered on all surfaces with sticky wax except the 

access openings which were left uncovered. However, in the group 4, the entire tooth including the access 

cavity was covered with sticky wax. All the teeth were then immersed in the dye for 48 hours. The sticky 

wax was then removed after the exposure of the teeth to the dye. The teeth were then decalcified in 5 % 

nitric acid with fresh solution used daily. After the decalcification, the teeth were washed in running water 

and then subjected to dehydration which was done gradually by first immersing the teeth in 80 % ethyl 

alcohol overnight, then in 90 % ethyl alcohol in 2 one hour washes and then finally in 100 % ethyl alcohol 

in 3 one hour washes. All the teeth were then cleared in methyl salicylate. The amount of coronal dye 

penetration was then measured under a stereomicroscope at a magnification of 10 X.  

 

III. Results 
It was found that the teeth from group 2 leaked more with a mean value of 11.21mm when 

compared to those from group 1 which had a mean value of 1.86mm. Statistical analysis was conducted 

using Mann Whitney U test and Students t test. Both the tests showed that there was a significant difference 

between group 1 and group 2 ( p value < 0.01 ). The teeth from group 4 ( negative control group ) showed 

no leakage at all and the teeth from group 3 ( positive control group ) showed maximum leakage with the 

mean value of 19.36mm. 

The Mean, Median, S.D., S.E., Minimum and Maximum values of different test groups are as 

depicted in Table - 1. The comparison between Group 1 and Group 2 by Students t Test is depicted in 

Table - 2. The comparison of Group 1 and Group 2 by Mann Whitney U Test is depicted in Table - 3. 

 

TABLE - 1 
Summary Group 1 Group 2 

   

Mean 1.86 11.21 

   

Median 1.95 11.25 

   

Standard Deviation 0.74 0.78 

   

SE 0.13 0.14 

Minimum 0.6 9.6 

Maximum 3.4 12.4 

   

 

TABLE – 2 

Pair wise comparison of two groups by Students t-test 
Group n Mean SD t-value p-value Significance 

       

1 30 1.8667 0.7406 47.3627 0.0000 S 

       

2 30 11.2133 0.7873    

       

 

TABLE - 3 

Comparison of two groups by Mann Whitney U Test 
Groups Median Rank Sum U-value Z - value P-value Significance 

       

1 1.9500 465.0000 0.0000 -6.65299 0.0000 S 

       

2 11.2500 1365.0000     

       

 

IV. Discussion 
The failures seen in root canal treatments are usually caused when microorganisms and / or their 

products gain access into the canals. This can occur in cases with an improper seal leading to microleakage 

into the canals. Thus we need to take utmost care in creating best of the seals in all the three directions – 

apically, coronally and laterally. Apical seal has been in the limelight in the past and was thought to be the 

deciding factor of the success of a root canal treatment. In the olden days, apical leakage received the 

maximum attention for being the cause of an endodontic failure.
2
 It has been gaining this attention due to 

the presence of complex anatomical variations in the apical third of the root canal. But in spite of good 

apical seal, sometimes we face the problems of failed endodontic treatment. This has led to more and more 

studies regarding the role of coronal seal in the success of a root canal treatment. It has been seen that 
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presence of an improperly placed coronal seal or failure of the coronal restorations decide the prognosis 

and thus the end result of the case.
2, 5

 

The various causes for coronal leakage are delay in placing the coronal restoration, dissolution of 

the restoration, inadequate thickness of the restoration, fracture of the tooth, and fracture of the restoration.
7
 

The coronal restoration may also be affected by various chemicals like the intracanal medicaments or 

bleaching agents used.
3
To prevent loss of this very crucial coronal seal, we need to place a good restoration 

after the endodontic treatment. This post endodontic restoration should have the ability to prevent 

recontamination of the root canal system from food debris, oral fluids and microorganisms in the oral 

cavity.
3
 

The various materials which can be used to achieve a coronal seal are Cavit, Intermediate 

restorative material ( IRM ), Glass ionomer cements, Zinc oxide eugenol cement, Resin modified glass 

ionomer cements, Compomer, Composites and recently Mineral trioxide aggregate ( MTA ). Each of these 

materials have their own benefits and limitations.
3, 9 

In the present study, we have used two restorative materials Glass ionomer cement ( GIC ), and 

Mineral trioxide aggregate ( MTA ) to evaluate and compare their sealing ability against microleakage 

when used as a coronal sealing material. Microleakage is clinically undetectable passage of bacteria, 

bacterial products, fluid, molecules or ions from the oral environment along the various gaps present in the 

cavity restoration interface. These may be drawn into the gap between the restoration and tooth by capillary 

action. This effect is called microleakage. 
29 

Micro leakage can be studied by various methods like dye 

penetration, fluid filtration, microbial leakage, using radioactive isotopes, dye extraction method, microbial 

toxin infilteration, chemical tracers, neutron activation analysis, scanning electron microscopy, 

electrochemical studies, use of compressed air etc.
3, 30 

In the present study, the extent of microleakage was studied using dye penetration where in the 

samples were decalcified, dehydrated and then cleared to see the amount of dye penetration which was 

checked using a stereomicroscope. This process is called diaphanisation. Dye leakage is a time tested 

method to study the amount of microleakage. The various dyes that can be used for this purpose are eosin, 

methylene blue, India ink, procion brilliant blue etc. The dye penetrates through microspaces between the 

restoration and the cavity wall mainly by action of capillarity. The amount of dye penetration is affected by 

the particle size, pH, and chemical reactivity of the dye. 
30 

Methylene blue is the most common dye used in 

dye penetration studies because it is inexpensive, easy to manipulate, has a high degree of staining and has 

molecular weight lesser than most bacterial toxins. It has also been found that methylene blue has similar 

amount of leakage as butyric acid which is a microbial by product used for microleakage studies.
30 

Diaphanisation is a process to study the amount of dye penetration which was given by Okumura in 1927. 

Here, the teeth are decalcified in an acid, dehydrated using an alcohol and then cleared with methyl 

salicylate thus making them completely transparent. These provide a three dimensional view of the internal 

anatomy making it easier to view the dye penetration. It has also been found that clearing technique was 

more precise than taking sections to check the amount of leakage.
30 

In the present study, the two materials being compared for the amount of dye leakage when used 

as coronal sealing materials were Glass ionomer cement (GIC ) and Mineral trioxide aggregate ( MTA ). 

Glass ionomer cement also known as Alumino silicate poly acrylic acid was developed by Wilson and Kent 

in 1972 and is also sometimes referred as ‘Man made dentin’ and ‘Dentin substitute’. In endodontics GIC 

has been used as a root canal sealer, as a retrograde filling material, for repair of perforations, and as a 

coronal sealing material. The unique features of glass ionomer cement are it’s excellent biocompatibility, 

fluoride release, aesthetic appearance and the ability to adhere chemically to the tooth.
31

 

However, it has been observed that the bond strength to enamel is more than that present with dentin. 

Marginal adaptation and sealing ability of GIC has been shown to improve with the use of conditioners. 
31 

However it has certain disadvantages like sensitivity to contamination by water before the initial 

set of the cement which can lead to early dissolution of the cement.
31

 It also tends to undergo some amount 

of shrinkage during the setting which can cause loss of the marginal integrity thus leading to microleakage.
9 

The other material used in the study was Mineral trioxide aggregate ( MTA ). MTA was 

developed by Dr. Mahmoud Torabinejad and his associates at Loma Linda University in California in 

1993.
32 

MTA has been proposed to be used in vital pulp therapy, repair of perforations, as a retrograde 

filling material, as a coronal sealing material after completion of endodontic treatment and for repair of 

fractured roots.
 
The MTA powder consists of fine hydrophilic particles. The principal compounds present 

in this material are tricalcium silicate, tricalcium aluminate, tricalcium oxide, and silicate oxide. Bismuth 

oxide powder has also been added to provide radio opacity.
 
MTA is available in two forms – white and 

gray. Both of these are almost same with very minor changes. The white MTA differs from the grey MTA 

by the exclusion of iron compounds. It also does not contain large particles as seen in gray MTA, which 

accounts for its improved clinical handling properties.
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The hydrophilic particles tend to set in presence of moisture. Hydration of the powder results in a 

colloidal gel which solidifies to a hard structure in about 3 hours. MTA has a pH of 10.2 after mixing and 

rises to a pH of 12.5 after setting which is responsible for it’s antimicrobial nature.
32, 33, 34 

MTA undergoes 

dissolution on contact with tissue fluids releasing all of it’s major cationic constituents. Of all the ions 

released, Ca
++

 is the most dominant. As it is sparingly soluble in biologic fluids, it leads to precipitation of 

hydroxyapatite. The reaction responsible for the precipitation is
 

10 Ca 
2+

 + Ca ( PO4) 
3-

 + 2 ( OH ) 
-   

 Ca 10 ( PO4 )6 ( OH )2 

Because of the porous nature of MTA, precipitation continues internally within it and leads to a 

change in overall composition of MTA adjacent to dentinal wall.
35 

So it has been proposed that MTA after placement, undergoes gradual dissolution, with the 

formation of hydroxyapatite crystals which further nucleate and grow to fill the microscopic spaces 

between MTA and dentin. Initially the seal is mechanical, but with time, due to diffusion of ions, a 

chemical bond develops.
35 

It has also been shown that MTA expands on setting and thus helps to achieve a good seal. This 

expansion is said to be the cause for the superior sealing ability of MTA.
33 

The advantages of MTA are it’s 

excellent biocompatibility, hydrophilic nature, radio opacity, ability to initiate cementogenesis, and 

antimicrobial nature.
34 

However MTA has the disadvantages of long setting time, difficulty in manipulation 

and is an expensive material.
 

  

V. Conclusion 
Within the scope of the study performed, we can reach to the conclusion that Mineral trioxide 

aggregate has a better sealing ability than glass ionomer cement when used as a coronal sealing material. 

However, further long term clinical studies are necessary to substantiate the results and to find an ideal 

coronal restorative material. 
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