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Abstract
Objective: evaluate the hardening time and flow of AH-PLUS and MTA cement in the proportions of 10%, 20% and 30% in order to add the ability to stimulate the deposi-
tion of hard tissue. Material and Methods: For the flow test, 0.5 ml of cement was deposited on a glass plate and another plate was added with an additional charge, 
after 10 minutes the charge was removed and the diameter of the circle formed by the cement was measured with a digital compass. For the hardening time, cylindrical 
molds filled with the tested cement were used, kept inside a kiln and Gillmore needle tests were performed on the material at 60 second intervals until the marks were not 
visible on the surface of the tested cement. Results: In the flow rate, the values obtained were: 41.1mm (10% MTA), 32.86mm (20% MTA), 21.91mm (30% MTA), 24.41mm 
AHPlus® and 26.47mm MTA Fillapex®. The hardening time found in this survey was 1631 ‘in proportion (10% MTA), 628.4 in proportion (20% MTA), 567’ in proportion (30% 
MTA), 767 in AH Plus and Fillapex MTA did not. took prey within 6 weeks. Conclusion: it was concluded that the addition of 10%, 20% and 30% of MTA to AH Plus did 
not change the flow properties and the established time.
Keywords: Endodontic; Endodontic cement; Flow; Hardening time.

Introduction

Endodontics is the field of dentistry that studies the 
pulp cavity morphology, the physiology and pa-
thology of the dental pulp as well as the prevention 

and treatment of pulp alterations and their repercussions 
on the periodontal tissues.1 Obtaining a root canal means 
filling it to the fullest extent with an inert or antisetic ma-
terial, hermetically sealing it, not interfering and prefera-
bly stimulating the apical and periapical repair process.2  
Obtaining an airtight seal after proper root canal cleaning 
and mo-deling is one of the keys to achieving long-term  
endodontic treatment success.3 The f low property of obtu-
rator cement is evaluated by the methodology proposed by 
ANSI/ADA Standard Nº 57. The f low of obturator sealers 
consists in their ability to penetrate irregularities, root  
canal system branches and dentinal tubules. The greater 
the f luidity of the material, the greater its penetration  
capacity, however, there is also a greater chance of mate-
rial leakage and, consequently, damage to the periapical  
tissue.4

Sealer setting time is also evaluated using the  
methodology proposed by ANSI/ADA Standard Nº 57 for 
sealing endodontic materials. This property calculates 
the time interval available for root canal obturation that 
may be interfered by factors such as temperature, pow-
der to liquid ratio, particle size, environment and pH.  
According to Alan et al.5 that time should not be long 
enough to impair clinical conduct, as that may cause  

cement deterioration, favoring the penetration of  
irritants and the release of possible toxic products, 
nor should it be short so that the work is completed  
properly. AH Plus® is a sealer marketed in 2 pastes, 
the paste A consisting of Bisphenol-A epoxy resin,  
Bisphenol-F epoxy resin, calcium tungstate, silica, zirconium  
oxide and iron oxide pigments. Paste B contains dibenzyl  
diamine, aminoadamantane, tricyclodecanediamine, 
calcium tugstenate, zirconium oxide, silica and silicone 
oil.6 Thus, sealer handling should be done by mixing the 
same volume of paste A and B (1:1) with a metal spatula  
to achieve homogeneous consistency. This sealer has 
good f low, working time of 4 hours at 23ºC and setting 
time is 8 hours at 37ºC. However, it has no mineralized 
tissue inducing potential.7

MTA is a mixture of hydrophilic powder consisting 
of tricalcium silicate, tricalcium oxide, silicate oxide 
and tricalcium aluminate,8,9,10 fine particles that harden 
in the presence of moisture.11,12 The hardening process 
of MTA can be described as a hydration of its silicates 
in which Ca2SiO4 is responsible for the development of 
mechanical strength.13,14 In this process, ions dissolve 
initially from the anhydrous material which induces the 
formation of calcium silicate hydrate (CSH) and calci-
um hydroxide (CH) 14, leading to the crystallization of 
hydrates with a tangled structure that gives resistance 
to material.15 Several laboratory and in vivo research in-
volving cell-tissue interactions with MTA demonstrate 



2 Rev. Bras. Odontol. 2019;76:e1460

SILVA JF et al.

its biocompatibility.16,17 However, changes in its composi-
tion and formulation with its mineral aggregates and the 
emergence of new materials propose to overcome some 
adversities in their physicochemical characteristics,18,19 
in which they stand out: sandy consistency (makes the  
material handling difficult and its application) 20  
dispersion poor, high porosity, long gripping time,21  
tooth and gum blackening22,23 and high cost.24

Although it does not contain calcium hydroxide, 
after hardening of the MTA, calcium oxide is formed, 
which can react with tissue f luids to produce calcium  
hydroxide. After contact with pulp tissue, MTA has some 
structures that are similar to calcium crystals found in 
calcium hydroxide. These attract fibronectin, which is 
generally responsible for cell adhesion and differentiation, 
as does calcium hydroxide25 the presence of calcium  
hydroxide makes highly alkaline cement (pH 12.5).26 In 
addition to these characteristics, MTA has a desirable  
 osteoinductive property.10 MTA powder, when mixed 
with water, results in the formation of a colloidal gel that 
hardens within 3 to 4 hours.8,9 The addition in different 
proportions of MTA to AH Plus aims to add the ability to 
stimulate hard tissue deposition to AH Plus, promoting  
a better biological response without changing its  
physicochemical properties. The present work aims to 
evaluate the f low and hardening time of AH Plus resin 
cement plus MTA in different proportions.

Material and Methods
AH Plus® cement (Dentsply De Trey, Konstanz, 

Germany) was used. The composition of which  
according to the manufacturer is: “Paste A: bisphenol-A 
epoxy    resin, bisphenol-F epoxy resin, calcium tungstate, 
zirconium oxide, silica, iron oxide pigments; Paste B:  
Aminoadamantane, Dibenzyldiamine; tricyclodecane- 
Diamine; calcium tungstate; zirconium oxide, silica,  
silicone oil”. The composition of MTA is a mixture of  
hydrophilic powder consisting of tricalcium silicate,  
tricalcium oxide, silicate oxide and tricalcium aluminate. 
The materials tested were AH Plus cement added to MTA 
in different proportions (Table 1).

The cements were manipulated according to the groups 
tested, using precision scales followed by spatulation with 
the aid of a f lexible spatula number 24 on a glass plate. 
Flow was evaluated using the methodology proposed by 
ANSI/ADA Standard No 57 for sealing endodontic mate-
rials. The test was conducted by splattering the cement 
according to the formulation of the tested groups and, 
with the aid of a glass Luer syringe (3.0 ml) adapted to 
always receive the same volume of manipulated cement 
(0.5 ml). 

After handling the AH Plus cement associated with 
the MTA in the proportions of 10%, 20% and 30% and 
obtaining a volume of 0.5 ml, these foam were placed 
in the center of the clean and smooth glass plate of di-
mensions 10x10cm. After 180 ± 5 seconds of the start of 
handling, a set consisting of a glass plate and additional 
load weighing a total of 120 grams was carefully and 
centrally placed above the obturator cement.

Additional weight was removed 10 minutes after the 
start of mixing and the largest and smallest diameters 
of the cement circle were measured with the aid of a  
digital caliper. The same was done with AH Plus cement 
in its pure form and with O MTA Fillapex according 
to the manufacturer’s guidelines. Five repetitions were  
performed for the studied cement, obtaining the arithme-
tic mean that represents the flow of the material.27

Results
Stainless steel cylindrical molds were made with an 

internal diameter of 10 mm and a uniform thickness 
of 2 mm. The molds were fixed on their external faces, 
with the aid of utility wax, on a glass plate 1mm thick 
by 25mm wide and 75mm long. The tested cements 
were manipulated and placed inside the metal cylinder  
until they were completely filled. 120 ± 10 seconds  
after the start of mixing, the cement-filled glass-mold plate  
assembly was placed on a 10 x 20 mm by 10 mm metal  
grid, conditioned within a hermetically sealed plastic 
container. The set was kept at a constant temperature 
of 37 degrees centigrades in a kiln with 95% relative  
humidity. The set formed by the specimen/glass slide/
metal cylinder was inside the climate chamber until the 
end of the test.

After 150 ± 10 seconds from the start of mixing,  
a 100 g Gillmore needle with a 2.0 mm active tip 
was placed vertically on the horizontal surface of the  
material. The placement of the Gillmore needle over 
the material was repeated at 60-second intervals until 
it no longer caused marks on the tested cement. After  
obtaining the f low test (Table 2) and hardening time data  
(Table 3), these were submitted to statistical analysis using the  
non-parametric Mann Whitney test.

GROUPS SEALERS

GROUP 1  AH Plus® + 10% of MTA

GROUP 2 AH Plus® + 20% of MTA

GROUP 3 AH Plus® + 30% of MTA

GROUP 4 AH Plus®

GROUP 5 MTA Fillapex®

Table 1. Experimental Groups



3Rev. Bras. Odontol. 2019;76:e1460

Evaluation of physico-chemical properties, time of hardening and draining of an endodontic sealer added to mta in different proportions

Discussion
The f low of a filling cement is an important factor in 

the clinical performance of the material, as it interferes 
with its ability to penetrate small irregularities in the  
dentin and lateral channels.26 According to Lara,28 
the flow determination can be performed by several  
techniques: viscosity, penetrability, flatness and extru-
sion. The present work used the spread ability method  
according to ADA specification N0 57. Following this 
specification, the spread ability or extensibility method 
was defined by Ricci et al.29 as the average area obtained 
when the obturator cement is subjected to a constant 
load for a given time. This method refers to the ability to  
f latten or f latten the surface of a preparation when  
subjected to a particular force. It also refers to the ease 
with which it spreads and extends under pressure.28  
The difference between the smallest and largest  
diameters shall not exceed 1.0 mm and the disc shall be  
uniformly circular. Otherwise, the test should be  
repeated following the same experimental parameters. 
Five repetitions should be performed for the studied  
cement, obtaining the arithmetic mean that represents 
the f low of the material.27 The minimum value  
recommended by ANSI/ADA is 20.0mm.

In the present study, the f low values were variable and 

are above the minimum recommended by ANSI/ADA 
(2000). However, the mean diameter of group 1 (90% 
AH Plus + 10% MTA) was 41.1mm. The material taken 
from AH Plus paste B was found to be very f luid. This 
average value suggests the risk of cement leakage to the 
peri-apex, increasing the risk of periapical inf lamma-
tion. This result may be justified by the fact that the first 
group used AH Plus cement at the beginning of the tubes. 
As can be seen from the study by Baldin et al., in which  
differences in physicochemical properties such as  
hardening time, f luidity and radiopacity at the  
beginning, middle and end of the tubes were noted. Thus 
demonstrating that AH Plus cement is not uniform and 
changes its consistency throughout the tubes: it is more 
f luid at the beginning and thicker at the end.36

The proportion of group 2 (80% AH Plus + 20% MTA) 
had a mean value of 32.86 mm. The proportion of group 
3 (70% AH Plus + 30% MTA) averaged 21.91. With  
diameters close to the minimum recommended by the 
ADA and without statistical differences when compared 
to Group 4 (AH Plus). AH Plus f low studies have shown 
very variable values following ANSI/ADA or ISO 31, 28, 
32, 33 specifications. Duarte31 found a result of 40.25mm, 
whereas Almeida et al.33 presented the value and 43mm 
for the f low from AH Plus. In our study, the mean value 
found in Group 4 (AH Plus) was 24.41 mm. Örstavik34 

described the importance of the cement powder/liquid 
ratio being properly specified by the manufacturers in 
order to have a clinical reproduction acceptable to den-
tal surgeons. Reported that other properties may change, 
including biocompatibility. When the amount of more 
f luid material was present the f low values increased con-
siderably, making it clear that segregation interfered with 
the powder/liquid ratio of the affected paste itself, as 
well as the ready cement, thus affecting the f low values.  
McComband Smith35 stated that there is still no ideal  
value for the f low of endodontic cements, but these values 
cannot be excessive. Cements that have very high yield 
values increase the likelihood of cement leakage to the 
peri-apex.5,27 This cement extravasation to the peri-apex, 
keeping the cement in contact with periapical tissues, 
may lead to permanent inf lammatory process.34

Specification N0 57 states that in f low tests, the disk 
formed must be at least 20mm in diameter. Siqueira28  

emphasizes that the good f low of na endodontic  
cement plays na important role in its penetration into the 
confined areas of the root canals. Thus, the cement 
must f low into the root canal system penetrating the  
minimum spaces not occupied by the solid material,  
becoming an important factor for the hermetic sealing. 
According to Allan et al.6 hardening time is an important 
property, as it indicates the time interval available for 

Groups Average SD

Group 1 41.1 11.12

Group 2 32.86 9.83

Group 3 21.91 4.10

Group 4 24.41 0.94

Group 5 26.47 1.93

Table 2. Diameters (in mm) of the circles obtained during the flow test 
and the standard deviation of each group.

P=0.009 G1 x G4; P=0.016-G2 x G4; P=0.17-G3 x G4. SD = Standard 
Deviation.

Hardening Time (mm)

Groups Average SD

Group 1 1631 11

Group 2 658.4 30.24

Group 3 567 44

Group 4 767 15

Group 5* - -

Table 3. Average hardening time values and the standard deviation of 
each group.

P<0,01 – G1 x G4; G2 x G4; G3 x G4. SD = Standard Deviation (value of 
P <0,01 in all comparisons: G1 x G4; G1 x G4; G3 x G4)
*The waiting period for polymerization of this group exceeded 6 weeks. 
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filling after material handling. Ideally, this should not 
be too short a time, so as not to hinder clinical practice, 
nor so long as to favor the release of irritants. The most 
frequently used method for determining curing time is 
by using Gillmore needles placed on the cement surface. 
A material is considered to have become trapped when 
these needles, when exerting only their own weight, do 
not leave marks on its surface.27 The hardening time of 
group 1 (AH Plus® + 10% MTA) was 1631 minutes, very 
long time, contact with periapical tissues may cause  
irritation in this region before material set.

During the removal of the material inside the AH 
Plus® tubes, it was observed that the material coming out 
of the B-tube tube was more f luid, suggesting that the 
material had segregated inside it. In the present study it 
was found that the presentation of the inhomogeneous 
paste B caused a change, increasing the hardening time.

The hardening time of groups 2 (20% MTA) and 
3 (30% MTA) were similar to that obtained in group 4 
(AH Plus®), suggesting that the addition of MTA in the  
proportions of 10%, 20% and 30%. do not change the hard-

ening time of AH Plus cement. According to Marques36 
MTA Fillapex® has high f luidity and may compromise 
its clinical performance, as it increases the chance of  
extravasation during obturation, which can lead to severe 
post-operative pain. Fillapex® MTA in the present study 
had 26.47 mm f low and the cure time exceeded 6 weeks. 
In his study, Grossman27 stated that the ideal setting time 
hás not yet been determined but stated that this time 
should be sufficient for the dentist to fill the molar teeth 
with ease. According to verbal contact with the product 
manufacturers, the ANSI/ADA 57 standardization does 
not include bioceramic cements, requiring an adequate 
methodology to evaluate such properties.

Conclusion
Therefore, considering the results obtained and  

according to the methodology employed, it is concluded 
that: addition of 10% and 20% MTA to AH Plus did not 
affect the physicochemical properties of the obturator 
cements. Fill MTA Fillapex hás not been arrested in 6 
weeks.
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