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abstract

Objective: The present study aims to evaluate the influ-
ence of root-canal irrigants in the compressive strength 
and surface morphological characteristics of gray MTA 
Angelus using scanning electron microscopy (SEM). 
Methods: The MTA was mixed according to the manu 
instructions from manufacturer and packed incrementally 
into silicone cylindrical molds with an internal diameter 
of 2 mm and a height of 4 mm. After the initial setting, 30 
samples were randomly divided into 3 groups (n=10). In 
Group C (control) the samples were immersed in a saline 
solution, in Group MC the samples were immersed in a 
2.5% sodium hypochlorite solution and in Group MH the 
samples were immersed in a 2% chlorhexidine digluco-
nate solution, all remaining for 1 hour. After rinsed, the 
compressive strength was measured in an Instron 4410 
test machine with a crosshead speed of 0.5 mm / min. The 

surface morphological characteristics were determined by 
scanning electron microscopy (SEM). The statistical sig-
nificance in compressive strength was evaluated by one-
way analysis of variance (α=0,05). Results: The aver-
age compressive strength values (MPa) were 69.24±7.32 
(Group C), 64.74±9.21 (Group MC) e 71.15±11.54 (Group 
MH), with no significant difference. The results of SEM 
had demonstrated that the microstructures from group 
C and MH were crystalline, composed of cubic crystals. 
A granular structure, in which crystals had not formed, 
was observed in the Group MC. Conclusion: The im-
mersion in root-canal irrigants did not affect the compres-
sive strength of MTA, with changes only in surface mor-
phological characteristics. Further studies are needed to 
determine the clinical relevance of this crystal structure.
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Introduction
MTA (Mineral Trioxide Aggregate) has been intro-

duced in the dental market in 1993 by Torabinejad 
(Loma Linda University), with the indication for 
primary use in repairing lateral perforations in root 
canals and sealing apical areas. Currently, its indica-
tions are varied, persisting as drawbacks the long 
working time and difficult manipulation.1

This material consists of a powder of fine parti-
cles, which main components are tricalcium silicate, 
tricalcium aluminate, tricalcium oxide and silicate 
oxide. Its working time is 3 to 4 minutes and the 
setting time 3 to 4 hours.2 The pH at mixing is 10.2, 
changing to approximately 12.5 after setting, there-
by providing an antimicrobial action. There is also a 
possibility that MTA may promote tissue regenera-
tion at its site of insertion.3 Additionally, MTA pres-
ents two additional advantages in relation to other 
sealing materials: Its biocompatibility and the pos-
sibility of use in the presence of moisture.4

In endodontic therapy, we aggregate mechani-
cal procedures and use of chemicals for removal of 
pathogens and chemicals that are harmful to the living 
tissues. Solutions based on sodium hypochlorite have 
been largely used with positive results, but there is also 
the alternative of using chlorhexidine solutions.5 

However, information on the effect of such sub-
stances on MTA are still scarce. Still, when they are 
used in cases of root perforation, MTA is invariably 
exposed to these irrigants.

The objective of this study was to evaluate the in-
fluence of irrigating solutions on gray MTA Angelus® 
by assessing the resistance to compression and quali-
tative analysis of surface morphology on micrographs 
obtained by SEM (scanning electron microscopy).

Material and Methods
The matrices were obtained using devices con-

sisting of an aluminum ring and a central base with 
a pin. Once these parts were positioned, addition 
silicone (Splash L - Discus Dental) was used to fill 
the rings and copied the cylindrical pins. After the 
setting of the silicone, the aluminum rings were re-
moved (Figs 1A, B). Thirty samples were prepared 
inside the silicone matrices. The cylindrical cavi-
ties had a 2 mm diameter and a 4 mm height (Figs 
1C and 1D). The material (Gray MTA Angelus - Lot 

2302 - Angelus, Brazil) was handled under standard 
conditions (temperature 25 ± 2 °C and relative air 
humidity at 55%) using the proportion recommend-
ed by the manufacturer. The amount of powder was 
measured with a precision scale and the volume of 
the liquid dispensed with a micropipette. 

The material was inserted into the matrix in re-
duced portions with a spatula and an amalgam con-
denser. The cavities were filled with an excess of 
the cement, with a constant vertical pressure of 
approximately 3 MPa applied for 1 minute in order 
to standardize the procedure.6 The spilled material 
was carefully removed and the matrices were kept 
in containers at a temperature of 37 °C and 100% 
relative humidity for 72 hours. After storage, all sam-
ples were removed from the silicone matrix, checked 
for possible surface irregularities and, according to 
each experimental group (n = 10), immediately im-
mersed for 1 hour in the following solutions:
	 »	Group C: Control - saline solution.
	 »	MC Group: 2% solution of chlorhexidine.
	 »	MH Group: 2.5% solution of sodium hypochlorite.

Later, they were all rinsed in deionized and dis-
tilled water for 5 minutes and kept in a container 
with 100% relative humidity until the mechanical 
testing. The tests were performed in a test ma-
chine (Instron, model 4410, Norwood, MA, USA) at 
a crosshead speed of 0.5 mm / min. Compressive 
strength values were recorded in MPa. 

In addition, two extra cylinders of equal size for 
each group were subjected to the experimental pro-
cedures previously described and stored in a con-
tainer with 95% relative humidity. They were further 
evaluated in a scanning electron microscope model 
LEO EVO 40 (Carl Zeiss AG, USA), with low vacu-
um (0.05 to 2.0 Torr) in the region of the electrode, 
column and specimen chamber.7,8 The images were 
recorded on file in TIFF (Tagged Image File Format) 
format in order to avoid errors caused by digital im-
age compression, noise generation and distortion.

The original values obtained in the compressive 
strength test were subjected to analysis of variance, 
considering the model with one factor (dipping en-
vironment) and α = 0.05, with the result described in 
the appendix. We used the software Microsoft Ex-
cel® with the add-in Analysis Tools (Microsoft Of-
fice® 2003).
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Results
After obtaining the values of compressive 

strength, no statistically significant difference be-
tween the groups was observed (Table 1): 

Figures 2 - 7 show the photomicrographs used for 
qualitative analysis involving the samples surface. 
In Figure 2 it is noticeable the presence of cubic 
crystals with a greater variety of sizes and major 
proximity, increasing the compression on the sur-
face, features which are more evident under higher 
magnification (Fig 3).

In the photomicrographs for the MC group, it is 
shown a major filling and partial recoating of the 
cubic crystals and gaps if compared to Group C (Fig 
4). It can be seen with an even higher magnification 
(Fig 5) that gaps still remain on the surface, con-
sistent with dissolution of less stable phases. These 
areas became less cohesive, what may be the cause 
for lower mechanical strength.9 

The photomicrographs relative to Group MH 
showed less gaps along the analyzed surface (Fig 6) 
and a greater presence of smaller size cubic crystals 
among the larger crystals (Fig 7). This may increase 

the packing factor and the resulting structure. This 
fact allows a more sparse distribution of gray MTA 
Angelus particles in relation to the particles size. 
However, this feature may come to affect the homo-
geneity of the newly manipulated material.6

Discussion 
The dental materials are constantly evolving and 

their clinical use should be preceded by a greater 
knowledge of their physical, chemical and biological 

Table 1. Experimental groups, mean values of compressive strength  

and standard deviation as a function of immersion solutions. 

Results are expressed in MPa. Mean values followed by same letter 

vertically do not show statistically significant difference (α = 0.05).

Figure 1. A) Parties forming the matrix forming set, with visualization of the ring, top and bottom 

with a center pin that will create the standard cavities in the silicone matrices. B) Overview of an 

aluminum ring attached at the base (addition silicone). C) Base and ring filled with silicone, under 

pressure from top. D) Silicone matrix obtained by viewing the standard cylindrical cavity and the 

base that originated it.

Group Mean Value Standard Deviation

C 69.24a 7.32

MC 64.04a 9.21

MH 71.15a 11.54
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Figure 2. Photomicrograph displaying the surface for a representative 
sample of the group C (4000 x)

Figure 6. Photomicrograph displaying the surface for a representative 
sample of the group MH (4000 x).

Figure 4. Photomicrograph displaying the surface for a representative 
sample of the group MC (4000 x).

Figure 3. Photomicrograph displaying the surface for a representative 
sample of the group C (7000 x).

Figure 7. Photomicrograph displaying the surface for a representative 
sample of the group MH (7000 x).

Figure 5. Photomicrograph displaying the surface for a representative 
sample of the group MC  (7000 x).

properties.10 Among these materials, MTA stands 
out due to its excellent repair properties, biocompat-
ibility and tolerance to moisture.1,2,4,11 Additionally, it 

shows a sealing ability within the standards, with the 
advantage of radiopacity provided by the presence 
of bismuth oxide.12
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Characteristics related to mechanical strength 
may not be a factor of utmost importance when a 
material is inserted into cavities that do not directly 
support high stresses (e.g.: a retrofiller). However, one 
should consider that in situations such as furcation 
perforations in molars and direct pulp capping, this 
may be significant due to the occlusal loads.13 In this 
study, the compressive strength was selected with 
the purpose of representing such clinical situation. It 
should be emphasized that applying  a correct meth-
odology in laboratory tests shows a direct relation to 
the standardization and validity of the results.14 For 
instance, in compressive strength tests, the presence 
of internal and external failures can lead to the oc-
currence of complex loads. This may occur if the 
sample is too short or too long. To avoid bending, the 
sample should have a height twice its diameter.15

Because MTA has a long setting time, patients 
should be informed to avoid strong chewing on the 
MTA-treated tooth for at least 4 hours after place-
ment. Research has confirmed that in cases of root 
perforations, the placement of the MTA should be 
performed via  root canal with the aid of an amal-
gam holder and be gently compressed with moist-
ened cotton pellets.16,17 

In studies that address the relation between the in-
sertion and mechanical strength of MTA,18,19,20 there is 
frequent mention of the time of 72 hours that should 
be awaited in order to present satisfactory values of 
mechanical strength and resistance to displacement. 

In this study, the mean compressive strengths 
(MPa) were 69.24, 64.04 and 71.15 respectively for 
the groups C, MC and MH. These values differ from 
those described in the literature, e.g., approximate-
ly 40 MPa after 21 days of insertion up to 67 MPa, 
which corresponds to those of IRM and Super EBA.21 
The manufacturer of the evaluated product (gray 
MTA - Angelus) describes the value of 42 MPa for 
the compressive strength after 28 days. Nevertheless, 
in literature there are mean values of 70 MPa for Gray 
MTA,19 which are similar to those obtained here. 

Given the variations found in the values of com-
pressive strength, it should be considered that differ-
ent protocols were used. It has been shown that the 
setting reaction  of MTA is highly susceptible to the 
environment in which it occurs (presence of chemi-
cal substances and pH values).22,23,24

Looking for similarity between laboratory test-
ing and clinical performance,  solutions such as 2% 
chlorhexidine and 2.5% sodium hypochlorite were 
used in this study. This was performed to simulate 
the clinical situation in which the MTA would be ex-
posed to these substances during endodontic treat-
ment.5,25 Such substances, either due to their com-
position or pH, change the structure and the surface 
morphology of the MTA,8,17,24 which was actually 
demonstrated in this study.

Studies with similar methodology described the 
formation of cubic crystals in the MTA, when ex-
posed to a neutral pH solution, a fact which cor-
roborates the results of this study. However, there is 
a description of the presence of acicular crystals, 
which was not observed in the experimental con-
ditions herein. Differences in the type of MTA and 
methodology may have been responsible for this 
variation.17,26

The analysis of the photomicrographs regarding 
the control group (Figs 2 and 3) showed character-
istic images of cubic and compact crystals, with an 
approximate width of 5 mm and size and shape vari-
ations, which were consistent with the literature.27,28 
In Figure 3 the cubic crystals are presented juxta-
posed, without the presence of an amorphous layer 
covering them.

In Figure 5 gaps still remain on the surface, con-
sistent with dissolution of the less stable phases, 
related to lower mechanical strength.9 However, the 
fact that they occur in small scattered regions causes 
them to not be representative in order to influence 
the compressive strength, a fact evidenced by the 
mechanical test performed. 

The photomicrographs for the MH group exhib-
ited less gaps along the analyzed surface (Fig 6) and 
a greater presence of cubic crystals with smaller 
size among the larger crystals (Fig 7), thus increas-
ing the packing factor and the resulting structure. 
This fact provides a more sparse distribution of gray 
MTA Angelus particles in relation to the particles 
size. However, this feature may come to affect the 
homogeneity of the newly manipulated material.6

Despite the fact that the solutions did not influ-
ence the values of compressive strength, the clinical 
performance of a material is grounded in a satisfac-
tory set of properties, acting in a synergistic way. 
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Assessments involving surface relations under the 
tested conditions are necessary, in order to clarify 
whether such changes affect the interaction with 
other restorative materials and mechanical strength 
in the long-term.

Conclusions
Before the experimental conditions, we may con-

clude that: 
»	There was no statistically significant difference 

in compressive strength among the experimen-
tal groups.

»	The SEM analysis showed variation on the sur-
faces, with a similar pattern between groups 
C and MH, and a granular structure occurring 
only in group MC.
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