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ABSTRACT
Introduction Achieving a hermetic apical seal is mandatory to prevent ingress of any 

microorganisms or periapical fluids into the root canal system. Therefore it is essential to develop 
new materials having favorable physical, chemical and biological properties.    

Aim the purpose of this study was to use scanning electron microscopy to compare the marginal 
adaptation of new formulation of MTA (Harvard MTA), MTA flow and glass ionomer as root end 
filling materials using ultrasonic root-end preparation. 

Methodology Thirty-nine extracted single rooted human teeth were prepared using Protaper 
Next file system (Dentsply/Sirona) and filled with gutta-percha and MTA fillapex sealer (MTA 
Fillapex; Angelus, Londrina, Brazil) and obturated using cold lateral compaction technique. The 
apical 3 mm of the roots were sectioned perpendicular to the long axis of the roots. A 3-mm depth 
root-end cavity was prepared with ultrasonic tips powered by an Enac ultrasonic device. The teeth 
were randomly allocated into three groups of 13 teeth each according to filling materials tested. 
Group I the samples were filled with Harvard MTA (Universal, Handmix, Germany, Harvard), 
Group II filled with MTA Flow (Ultradent Products Inc., South Jordan,UT, USA), group III filled 
with glass ionomer (Fuji II, GC gold label 2, GC International, Japan). Using SEM the distance 
between the tested materials and the surrounding dentin was measured at different points.

Results According to the results of Kruskal-Wallis, there was significant difference between 
the three experimental groups at P value 0.01. The Man Whitney test was used for two-by-two 
comparison of the groups which revealed no statistical significant difference between MTA flow 
and MTA Harvard group however; there was statistically significant difference in Glass Ionomer 
group. 

Conclusion SEM results showed the presence of gaps in the root-end filling materials in all 
groups. MTA flow has the best marginal adaptation followed by MTA Harvard while the Glass 
Ionomer showed the least marginal adaptation.

Keywords: Root-end filling materials, Mineral trioxide aggregate, Glass Ionomer, Marginal 
adaptation, SEM. 
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INTRODUCTION 

Periapical surgery may be an alternative option 
of treatment if conventional root canal retreatment 
is failed. In these cases surgery is considered a better 
choice as it saves the tooth rather than extraction. (1)

Periapical surgical steps includes surgical de-
bridement of pathological lesion, root-end resection, 
root-end cavity preparation with sonic or ultrasonic 
surgical retrotips that have been used to improve the 
accessibility, alignment and cavity depth, and fill-
ing with a biocompatible root-end filling material to 
seal the root canal portals (2,3).

The presence of microorganisms in root canal 
system can initiate periapical lesions (4).  The mar-
ginal adaptation is related to sealing ability, so it is 
responsible for the long-term clinical success (5, 6).

Retrograde filling following root end cavity 
preparation is an important step in periapical sur-
gery, aimed at tight three-dimensional hermetic 
sealing against the leakage of irritants from the root 
canal to the periapical area. Incomplete seal of ret-
rograde cavity is considered the main cause of treat-
ment failure (7). Thus continuous development of 
new materials aiming to improve physical, chemi-
cal and biological properties of filling materials is 
mandatory.  

Glass ionomer cement (GICs) had been recom-
mended as root-end fillings due to its low toxicity; 
GICs also this cement doesn’t induce inflammatory 
reactions and is a biocompatible material. (8,9). Sev-
eral studies have reported that these cements de-
crease microleakage as they have the ability to form 
chemical bond to the tooth and have proper sealing 
ability (10).

Tricalcium silicate based materials, as mineral 
trioxide aggregate (MTA), have appropriate bio-
logical, physicochemical and mechanical charac-
teristics that are suitable for many different clini-
cal applications. Several studies evaluated the MTA 
as a root-end filling material (11, 12). A drawback of 
some MTA-based materials, such is their difficult 

handling properties renders them challenging of 
clinical use (13).

MTA Flow (Ultradent Products Inc., South Jor-
dan, UT, and USA) consists of a gray powder of di-
calcium and tricalcium silicate, bismuth oxide and a 
liquid water-soluble gel. It was introduced to over-
come the shortcomings of MTA. It is a calcium sili-
cate based material that has a smaller particle size 
and more pure composition than the conventional 
MTA. It is available in a powder and a gel. The 
powder’s particle size is less than 10μm. It has the 
same physical properties as conventional MTA mix-
ing resulting in a smooth consistency that is easy 
to be inserted into the indicated site (14). MTA Flow 
has a short setting time up to 15 minutes. Mixing 
the powder and liquid produces less sandy mixture 
that is easier to be handled. MTA Flow™ requires 
a moist environment to enhance the setting process 
effectively, so it not affected by blood or fluid. More 
recently it was concluded that MTA Flow stimulates 
bio-mineralization (15). MTA Flow is alkaline pH, 
low solubility, and acceptable radio-opacity and was 
able to form calcium and phosphate deposits (16). 

New formulation of MTA materials is now 
available in the dental market such as Harvard MTA. 
(Universal, Germany, Harvard) It is biocompatible 
material presented as powder and liquid in two 
forms capsules and hand mix, with many clinical 
indications as pulp capping and pulpotomy as it can 
form tertiary dentin for dentin bridge formation, 
root end fillings both orthograde or retrograde and 
as a perforation repair. 

The outcome of root canal treatment is decreased 
by failure in marginal adaptation of the filing 
material, and gaps at the interface between the filling 
and the dentin walls. There are almost no studies 
about Harvard MTA so this study was conducted to 
compare the marginal adaptation of three root end 
filling materials namely; Harvard MTA Universal 
Hand Mix, MTA Flow and Glass Ionomer; the 
marginal adaptation was evaluated using scanning 
electron microscopy (SEM).
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MATERIALS AND METHODS

Specimen selection

Thirty-nine single-rooted teeth were selected 
with inclusion criteria; absence of root canal 
calcifications, crack lines or fracture, internal or 
external resorption, previous root filling and the 
presence of mature root with a fully formed apex.

The teeth were stored on 0.2% thymol solution, 
and then immersed in 5% sodium hypochlorite for 
30 min to remove soft tissues. 

Specimen Preparation

The working length of the canals was measured 
using K-Files (Dentsply Maillefer, Ballaigues, 
Switzerland) to be 1 mm short of the apical foramen. 
Glide path was achieved with hand instruments and 
the preparation was completed using Protaper Next 
(Dentsply Sirona). During instrumentation, glyde 
was used as lubricant, the root canals were irrigated 
with 3 mL of 1% NaOCl after each files and 17% 
EDTA )Biodinâmica, Ibiporã, PR, Brazil) for 3 min 
to remove the smear layer. Finally, the root canals 
were irrigated with 3 mL of 1% NaOCl and dried 
with paper points (Dentsply Maillefer, Ballaigues, 
Switzerland).

The root canals were obturated with gutta percha 
designed for Protaper Next (Dentsply Sirona) and 
MTA Fillapex sealer (MTA Fillapex; Angelus, Lon-
drina, Brazil) using lateral compaction technique.

The apical 3 mm of roots was sectioned in 
perpendicular direction to the long axis of the root 
using a high-speed diamond disc under continuous 
water spray. A 3-mm-depth root-end cavity will 
be prepared with DF. 908 ultrasonic tips (Osada 
Eletric, CO., Osada, Japan) powered by an Enac 
ultrasonic unit (Osada Eletric CO., Osada, Japan) 
under continuous irrigation with saline solution.

The teeth were randomly allocated into three 
groups, according to the materials used.

Group I: Harvard MTA (Universal, Handmix, 
Germany, Harvard)

Group II: MTA Flow (Ultradent Products, Inc.)

Group III: GIC (Fuji II, GC gold label 2, GC 
International, Japan).

The materials were mixed according to the 
manufacturers’ instruction, and then the root-end 
cavities were filled. The samples were wrapped with 
wet gauze and stored in an incubator at 37°C for 24 
h to allow complete setting of the tested materials.

One mm transverse section from the apex of the 
root ends was sectioned with a slow-speed diamond 
disc.

Evaluation of Marginal Adaptation

The specimen sections were placed in a vials 
containing 2.25% sodium hypochlorite solution 
for 3 h. The specimens were dehydrated for 5 h 
in increasing concentrations of alcohol 70, 90 and 
99%, and then the specimens were fixed on metal 
stubs, and sputter coated with 150-Å thick gold 
palladium. Analysis of the samples using SEM 
(model JEOL 6490LV SEM, JEOL USA) was done 
by two observers independently to evaluate presence 
of marginal gaps at the dentin-material interface in 
each specimen.

Statistical analysis 

The data of different types of root-end filling 
materials were analyzed using SPSS 22.0 software. 
The marginal gap of the materials in each group 
was compared using the Kruskal-Wallis test with 
P<0.01 level of significance and Man Whitney test, 
was used for two-by-two comparison of the groups.

RESULTS

According to the results of Kruskal-Wallis tests 
table (1) fig (1), there was significant difference be-
tween the three experimental groups at P value 0.01. 
Man Whitney test was used for two-by-two com-
parison of the groups demonstrated no statistically 
significant difference between MTA Flow, Harvard 
MTA while there was significant difference in Glass 
Ionomer group. The marginal adaptation in MTA 
Flow was better than other two groups.
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Fig (1) Bar diagram representing the mean value of MTA flow, 
Harvard MTA and Glass Ionomer groups.

Fig (2) Scanning electron Photomicrograph of Harvard MTA root-end filling material.

Fig (3) Scanning electron Photomicrograph of MTA Flow root-end filling material.

TABLE (1) Means and standard deviation of MTA 
Flow, Harvard MTA and Glass Ionomer 
groups.

Groups Min Max Mean±SD P-value

MTA flow 1.91 6.78 3.95±1.47 c

0.000**Harvard MTA 4.98 11.34 7.44±1.83 b

Glass Ionomer 8.9 18.49 12.59±2.57 a

** indicate significant difference at 1% probability level, 

a,b,c; Means with different letter at the same columns are 
statistically significant at 1% level probability

The results obtained by the SEM of the samples 
showed variable gaps at the dentin-MTA interfaces.
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DISCUSSION 

The success of root canal treatment whether con-
ventional or surgical treatment depends mainly on 
coronal and apical sealing. So preventing microle-
akage was the interest of many studies that evalu-
ated the marginal adaptation of different root-end 
filling materials with biocompatible properties. (17-19)

The aim of periradicular surgery is to achieve 
access to the root canal that is difficult to be cleaned 
from orthograde access, evaluation of root anatomy 
and inoculation of pathological lesion (1-3). 

Scanning electron microscopy (SEM) has been 
used to assess the marginal adaptation of filling 
materials (19, 20).

Several studies showed that the clinical success 
of MTA based on its proper apical sealing, and its 
excellent biocompatibility in comparison to     

other root end filling materials. MTA has powder 
of hydrophilic particles that allows setting in the 
presence of moisture, specifically blood that is often 
causing a problem with other materials which are 
used in apical surgery (21-23).

Scanning electron microscopy (SEM) with 
its high magnifications has been used to measure 
the gaps at the interface between dentin and root-
end filling material and to analyze the marginal 
adaptation (24, 25).

Our results showed that glass ionomer showed 
the highest gaps. Table (1) and fig (1) these results 
were in accordance with Malhotra and Hegde 
(24) who concluded that there were statistically 
significant difference between biodentine and GI, 
where the least microleakage was seen in case of 
biodentine while the maximum microleakage was 
seen in GIC group. 

 The results of present study revealed that the 
presence of separate gaps that represents the space 
between the dentine and the filling material was 
assessed as studied by Torabinejad et al. (26) and 
Fitzpatrick & Steiman (27), also in our study an 
image analysis program was used to calculate the 
whole area of gaps. 

MTA FlowTM is calcium silicate based material 
with high pH of 12.5. It has smaller particle sizes 
and shorter setting time of 15 minutes. Also has the 
ability to precipitate crystals at the junction of MTA 
and dentin that enhances marginal adaption. In our 
study the results showed that MTA FlowTM has the 
best marginal adaptation, this was in agreement 
with other studies that reported the better adaptation 
of MTA Flow (25,26).

The results showed that there is no significant 
difference between MTA Flow and Harvard MTA 
this could be explained that both of the investigated 

Fig (4) Scanning electron Photomicrograph of Glass Ionomer root-end filling material.
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materials had the same composition with calcium 
silicate as the main component Fig (2, 3, and 4). 
The results of our study were similar to the results 
reported by Torabinejad et al. (27); and Gondim et  
al. (29) who concluded that MTA based materials 
have the best marginal adaptation compared to other 
tested materials.

The results of present study are in accordance 
with other studies that concluded that glass ionomer 
cement doesn’t present good results when compared 
with     other materials (30, 31). 

Xavier et al. studied the marginal adaptation 
of MTA-Angelus, Super- EBA and Vitremer (32). 
There were significant differences between the 
three tested materials. SEM results showed variable 
gaps between materials and the dentin interface, 
less gaps were detected in the MTA group, while 
the greatest gaps was found in the Vitremer group. 
Their results were in accordance with our results. 
Torabinejad et al. (27) reported inferior marginal 
adaptation of Super-EBA and IRM as compared to 
MTA. They explained the absence of gaps in MTA 
samples to the possibility of the material expansion 
after setting.

Our results was in agreement to the results 
obtained by Bernabe et al. (33) who compared the 
effect of  different root end filling materials; MTA, 
Super-EBA, glass ionomer, IRM, and amalgam. 
They concluded that MTA was the material that had 
the best results, while IRM had the worst results and 
the other materials had the same results.

CONCLUSION

Based on the results of this in vitro study, SEM 
images showed presence of gaps in the root-end 
filling materials in the three groups. MTA flow has 
the best marginal adaptation followed by Harvard 
MTA while the Glass Ionomer cement showed the 
least marginal adaptation.
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