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Cement AH Plus Adhesiveness Assessment Associated
with Mineral Trioxide Aggregate in Different Proportions
(Push-out Test)
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ABSTRACT
Aim: The aim of the study is to evaluate the adhesiveness of
the AH Plus plug cement, plus the mineral trioxide aggregate
(MTA) in different proportions, through the push-out test.
Materials and methods: The authors utilized fifty premolars
with a single conduit, which were divided into five groups with
10 teeth. In group 1, the authors performed an obturation with
AH Plus cement, group 2 was filled with AH Plus cement with
10% of MTA, group 3 was filled with AH Plus cement plus 20%
MTA, group 4 was filled with AH Plus with 30% of MTA and
group 5 filling was performed with the MTA Fillapex endodontic
cement. The specimens were sectioned in 2 mm slices and
submitted to the push-out test in a universal testing machine.
The authors cataloged the data and follow through with statistical analysis based on T-test for independent samples, with a
significance level of 5%.
Results: There was no statistical difference in group 2. Groups
3 and 4 presented better adhesion than AH Plus cement and
MTA Fillapex. There was no statistical difference between the
AH Plus cement and the MTA Fillapex.
Conclusion: The authors concluded that the addition of MTA in
the proportion of 10% to the AH Plus does not alter its adhesive
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property. They also observed that when the MTA increased by
20% and 30% there was an increase in the adhesiveness of
the material when submitted to the push-out test.
Clinical significance: The relevance of this study refers to the
MTA inducing the deposition of mineralized tissue. However, it
is necessary to compare it to the AH Plus cement considered
“Gold Standard” in physical-chemical properties tests.
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INTRODUCTION
Endodontics is the dentistry specialty responsible for
the prevention and treatment of diseases of the dental
pulp and the clinical-therapeutical treatment of cases of
pulp necrosis and its possible consequences. In general,
it consists of the emptying, modeling and obturation of
the space previously occupied by the pulp.

Cement AH Plus Adhesiveness Assessment
Root canal obturation works effectively as a barrier to
the return of contamination and infection and, therefore,
complements all efforts made in the other stages of
endodontic treatment. Thus, for the objectives of this
important phase to be achieved, it must be understood
that the obturator material assumes a role of extreme
importance, mainly in relation to the sealing of the root
canal.1
It is noticed that one of the great difficulties in the
area of endodontic obturator materials is to find the
ideal material to be in close contact with the periapical
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tissues without causing any alteration in the performed
endodontic treatment.
The AH Plus is a root canal sealant presented in
the A+B double paste and composed of an epoxy resin
polymer. This endodontic cement offers biological
compatibility, radiopacity, color stability, easy removal,
adequate fluidity with low contraction, solubility and
an adhesion strength when compared to other cement.
The cement AH Plus still needs to be improved in its
biological properties, although in relation to its physical
and chemical properties they are among the best already
reported.2
The MTA has been widely used because it is a very
satisfactory material for retrograde obturation, and
because it presents appropriate physicochemical and
biological properties in several clinical situations, mainly
due to its biocompatibility and its osteoinductive action
potential and conductive cement. It is a material whose
main purpose is to seal communications between the
root canal system and the external surfaces of the teeth
at all levels, also capable of inducing the deposition of
mineralized tissue, preserving pulp vitality, proving
efficacy as a capping material.3
The MTA presents an unusual property to other
dental materials, which is the possibility of being used in
the oral environment in the presence of fluids. Its sealing
ability explains its indication in the treatment of root and
lateral perforations of the pulp chamber in the furcation
region, in addition to retrobturation, pulp capping and
pulpotomy.4

Cement AH Plus Adhesiveness Assessment
The adhesion strength test has become widely used
to determine the effectiveness of adhesion between
endodontic materials and tooth structure.5,6 The push-out
has proven to be effective, reproducible and allows cement
to be evaluated even though adhesion strength is low.5
The aim of this study is to evaluate the adhesiveness
of the AH Plus plug material plus the MTA in different
proportions through the push-out test.

MATERIALS AND METHODS
The authors tested fifty natural teeth with a single conduit,
giving preference to the lower premolars obtained
through the tooth bank of the university center UNI
NOVAFAPI. The teeth were transversely sectioned with
a double-sided diamond disc (KG Soresen, Barueri - SP,
Brazil) under low speed (Dabi Atlante Ltda, Ribeirão
Preto, SP, Brazil) under refrigeration, below the enamel
cement junction, in order to standardize the length of
roots in 14 mm. The working length was established by
inserting a K #10 file (Dentsply-Maillefer, Ballaigues,

Switzerland) into the canal until its tip was visualized in
the apical foramen and recessed 1mm. On the other hand,
teeth with lateralized foramina, in which the actual canal
length was less than 13 mm, were replaced.
The biomechanical preparation was performed
using the ProTaper Universal rotating system (DentsplyMaillefer, Ballaigües, Switzerland), utilizing the SX
instrument for cervical preparation and, in the middle
and apical thirds, instruments S1, S2, F1, F2, F3, F4 and
F5, which were driven by the X-Smart counter-angle
(Dentsply-Maillefer) with continuous rotational speed
300 rpm/min and 3 N/cm.
Irrigation was performed at each instrument change
with 2 mL of 1% NaOCl using a 10 mL disposable plastic
syringe (Ultradent, South Jordan, Utah, USA) and Navitip
needle (Ultradent, South Jordan, Utah, USA). Finally, final
irrigation was performed with 17% EDTA, maintained
for 3 minutes inside the root canal, followed by 10 mL
of distilled water.
The root canals were dried with absorbent paper tips
(Dentsply-Maillefer, Ballaigües, Switzerland) and the
types of cement selected for the study were used. Pure
endodontic cementa and other

Cement AH Plus Adhesiveness Assessment
Endodontic cement was prepared in the same way as for
the study of physicochemical properties, with AH Plus
cement being used in a ratio of 1:1, MTA Fillapex in a ratio
of 1:1 and finally cement AH Plus plus 10%, 20% and 30%
of MTA, considering that this percentage of the MTA was
obtained with the aid of a precision scale, so that after
all weighing they were spatulated until homogeneous
consistency.
The teeth were divided into five groups, each group
consisting of 10 teeth. In the first group, the obturation was
performed with pure AH Plus cement, while the second
group was filled with AH Plus cement plus 10% MTA;
the third group was filled with AH Plus cement plus 20%
MTA; the fourth group was obturated with AH Plus plus
30% MTA, and finally, in the latter group, the obturation
was performed with the MTA Fillapex endodontic cement.
The root canals were obturated using the lateral
condensation technique. The main gutter cone ProTaper
F5 (Dentsply-Maillefer, Ballaigues, Switzerland) was
inserted up to the working length and then the digital
spacer # 35 (Dentsply-Maillefer, Ballaigues, Switzerland)
was inserted adjacent to the main cone, obtaining space
for the insertion of the accessory cones F (DentsplyMaillefer, Petrópolis, RJ, Brazil) of gutta-percha.
The excess cones of gutta-percha were cut at the mouth of
the root canal with the aid of Hollemback 3S (Duflex, S. S.
White dental articles Ltda., Rio de Janeiro, RJ, Brazil) heated.
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After the obturation, the roots were submitted to
a machine (IsoMet 1000, precision saw, BUEHLER) to
be sectioned and to obtain the slices of the cervical,
middle and apical third of the roots, with a thickness of
approximately 2 mm and under running water. Thus,
each slice had its measured thickness, larger and smaller
diameter in the cervical direction and larger and smaller
diameter in the apical direction, with the aid of a digital
caliper.
The slices underwent a push-out test on the Instron
Universal Instrument Machine 3345 (Instron Corporation,
Canton, MA, USA), where each slice was placed on its
smaller diameter face so that the

Cement AH Plus Adhesiveness Assessment
Channel was face up and aligned with a tip of 1.4 mm and
6 mm in length, of the machine used to press the cement.
This methodology provides accurate and reproducible
alignment of the specimen so that the rod used does not
contact the dentin layer when the obturator material is
pressed at a velocity of 1mm/min. The results of the
maximum force, expressed in K Newton, required for
the displacement of the cement were recorded and later
converted into Mpa, to be submitted to statistical analysis.

RESULTS
The values corresponding to the mean and the standard
deviation of the adhesiveness measured in Mpa are
shown in Table 1 below:
The AH Plus + 10% presented lower adhesiveness than
the AH Plus + 20% MTA and AH Plus + 30% MTA (Table 2).
The authors verified that there was no statistical
difference when comparing the cement AH Plus +
20% MTA and AH Plus + 30% MTA. The AH Plus +
10% of MTA did not present statistical difference when
compared to AH Plus and had greater adhesiveness than
the MTA FILLAPEX.

Cement AH plus Adhesiveness Assessment
Displacement of the obturator mass during the operative
procedures. Thus, it becomes fundamental to study the
adhesiveness of these cement to gutta-percha cones and
the dentinal walls of the root canal.7
The lack of specific guidelines from the American
Dental Association (ADA) led to the development of a wide
range of experimental models and methodologies without
standardization. Some variables may interfere with the
results of the research and the understanding of the cement
adhesive properties to the channel walls, methodology,
dentine surface treatment and cement type.8,9
The present study chose to utilize the push-out test
because of its advantage of being more sensitive to small
variations between the specimens and variations in the
stress distribution during the application of the load
when compared to the tensile test or resistance test to
shear bond strength.
The push-out test allows a better evaluation than
the conventional shear tests because the fracture occurs
parallel to the dentin-cement interface, which makes it a
true shear test for parallel-side samples. Its great advantage
is to simulate the clinical condition more faithfully.8
Cement based on epoxy resin has been widely used
because their acceptable physical properties, reduced
solubility, good apical sealing ability, and adequate
biological performance. The AH plus cement, used as
a reference product in many investigations, has these
properties, besides a small contraction when compared
to other cement. The good performance of this cement,
based on epoxy resin, has been related to its high degree
of flow and long polymerization time, which results in
a greater mechanical locking between cement and root
B dentin. This fact increases the penetration of the material
within micro-irregularities, increasing resistance to
removal or displacement, which can be translated as
greater adhesion.10

DISCUSSION

Cement AH Plus Adhesiveness Assessment

The adhesiveness of endodontic cement represents one
of its main characteristics, since it avoids the percolation
of fluids between the spaces of the obturation, besides
avoiding the

Mineral trioxide aggregate (MTA) is a hydrophilic powder
mixture consisting of tricalcium silicate, tricalcium oxide,

Table 1: Mean and standard deviation of adhesion measurements
by cement type and proportion. Teresina (PI), 2017
AH Plus
AH Plus + 10% MTA
AH Plus + 20% MTA
AH Plus + 30% MTA
MTA Fillapex

Mean
958,68
1130,52
1689,59
1567,78
662,41

Source: Data processed by the authors
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Standard Deviation
744,73
564,08
945,02
975,26
770,73

Table 2: Comparison between groups G1- AH Plus;
G2- AH Plus + 10% MTA; G3- AH Plus + 20% MTA;
G4- AH Plus + 30% MTA E G5- MTA Fillapex
Groups
G1
G2
G3
G4
G5

G1
–
–
–
–
–

G2
0,329
–
–
–
–

G3
0,002*
0,009*
–
–
–

G4
0,009*
0,043*
0,625*
–
–

G5
0,135
0,001*
0,000*
0,000*
–

(*) indicate significant difference between groups in relation to adhesiveness
(p < 0,05).
Source: Data processed by the authors.
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silicate oxide, and tricalcium aluminate. Although it does
not contain calcium hydroxide after its hardening calcium
oxide is formed, which can react with the tissue fluids to
produce calcium hydroxide.11
The MTA was developed to seal paths of communication
between the canal system and the external surface of
the tooth. It is a powder that consists of fine hydrophilic
particles that harden when they come in contact with water.
Hydration of the powder results in a colloidal gel, which
solidifies a hard structure. This material is predisposed to
extend during the hydration hardening reaction, which is
one of the reasons for its excellent sealing ability.12-14
The addition of MTA to the AH Plus endodontic cement
proposed in the present work aims to add the ability to
stimulate hard tissue deposition, thus promoting an ideal
biological seal.
The addition of MTA to the AH Plus endodontic
cement should be sufficient to improve its biological
properties without, however, altering the physical
properties, among them, the adhesive capacity. Since,
when 20% and 30% MTA was added to the AH Plus, there
was a significant increase in the adhesive capacity when
compared to the AH Plus in the original form. This result
is related to the chemical and physical characteristics
of cement based on epoxy resin, potentialized by the
adhesive properties of the MTA, as previously mentioned.
The addition of 10% MTA to the AH Plus cement
showed similar adhesive strength to the AH Plus in the
original form. Probably the small amount of MTA added
was not enough to change the adhesiveness of the cement.
The MTA Fillapex cement showed similar adhesive
strength to the results obtained with the AH Plus cement
corroborating to the studies of Assmann et al.8
The present study presented same result, stating
that the AH Plus cement did not present a significant
adhesion difference when compared to the Fillapex MTA.
On the other hand, the association AH Plus + MTA 10%
presented greater adhesion in relation to MTA fillapex
due to the potentiation of the adhesive capacity with the
addition of the MTA.

Cement AH Plus Adhesiveness Assessment
The association between 10% MTA and resin cement AH
Plus did not change the adhesive properties of the cement.
When 20% and 30% of MTA were added, it presented
more significant results, besides obtaining better results
than the MTA Fillapex cement, which contains MTA in
its composition.

CONCLUSION
Therefore, base on the results obtained and according to
the methodology used, it is concluded that:

• The addition of 10% MTA to the AH Plus does not
change the adhesive property of the AH Plus.
• When the MTA was added in 20% and 30% there was
an increase in the adhesiveness of the material when
subjected to the push-out test.
• AH Plus + 10% MTA cement showed better adhesive
strength than a cement containing MTA in its
composition.
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