
This study evaluated the bond strength of root-end filling materials to root-end 
cavities using a new methodology. Twenty maxillary central incisors were subjected to 
biomechanical preparation (#80 hand file) and sectioned transversally 2 mm short of the 
apex and 4 mm coronally to this point. The root cylinders were embedded in acrylic resin 
and positioned at 45° to the horizontal plane for preparation of root-end cavities with a 
diamond ultrasonic retrotip. Two groups (n=10) were formed according to the root-end 
filling material: MTA and Super EBA. A gutta-percha cone (#80) was tug-backed at the 
limit between the canal and the root-end cavity. The cavity was filled and the gutta-percha 
cone was removed after complete setting of the sealer. The specimens were placed in an 
Instron machine with the root-end filling turned downwards. The push-out shaft was 
inserted in the space previously occupied by the gutta-percha cone and run at a crosshead 
speed of 1.0 mm/min for pushing out the root-end filling material. Data were analyzed 
by ANOVA (α=5%). Super EBA (6.03±1.31) presented higher bond strength (MPa) than 
MTA (1.81±0.45) (p>0.05). There was a predominance of cohesive failures for Super EBA 
and mixed for MTA. The protocol of specimen preparation is effective and introduces a 
specific methodology for assessing bond strength of root-end filling materials to dentin. 
Among the materials, Super EBA presented the highest bond strength.
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Introduction
Selection of a root-end filling material that has 

adequate physicochemical properties and fulfills the 
criteria of biocompatibility, cytotoxicity, apical seal and 
marginal adaptation is of utmost importance for a good 
clinical prognosis. Among the physicochemical properties, 
adhesiveness to intraradicular dentin is of particular interest 
because root-end filling materials must be able to remain 
adapted to the dentin walls when the teeth are subjected 
to mechanical forces occurring during function or operative 
and surgical procedures (1,2).

However, there is not a specific methodology for 
evaluating the bond strength of root-end filling materials 
and, for this reason, the same specimen preparation protocol 
and testing standards originally designed for root canal 
sealers through push-out test (3-6) have been employed 
in retrofilling research as well. In view of this, as a rule, 
the bond strength of root-end filling materials to root 
dentin is tested using canal-filled slices of the middle root 
third (1,2,7-11). 

Considering that, testing methods in dentistry should 
attempt to reproduce the conditions in which materials 
are used in order to predict their clinical performance as 
close as possible, the bond strength of root-end filling 
materials could be tested in root-end cavities prepared with 
retrotips. In this study, a new methodology was proposed to 

evaluate the bond strength of root-end filling materials 
MTA and Super EBA to root dentin in the apical root third.

Material and Methods
Human permanent maxillary central incisors stored 

in 0.1% thymol solution at 9 °C were washed in running 
water for 24 h to eliminate thymol residues. After 
being examined macroscopically and radiographed in a 
mesiodistal direction, 20 teeth were selected on the basis 
of having a straight, fully formed root with a single canal 
without calcifications, accentuated curvature or previous 
endodontic treatment.

The teeth were sectioned horizontally close to the 
cementoenamel junction with a diamond disc under 
constant water cooling to obtain 16-mm long roots. Root 
canal length was determined with a size 15 K-file (Maillefer, 
Ballaigues, Switzerland) introduced passively into the canal 
until its tip was visible at the apical foramen. Working length 
was calculated by subtracting 1 mm from canal length. The 
canals were prepared according to the step-down technique 
with K-files up to #80 (Maillefer) inserted in a handpiece 
with alternating motion (NSK, Kanuma, Tochigi, Japan). 
K-files #80 and #90 and Gates-Glidden drills #3, #4 and 
#5 (Maillefer) were used to complete the preparation of 
canals according to a step-back instrumentation. Canals 
were irrigated with 2 mL of 1% NaOCl at each change of 
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files and drills, and final irrigation was performed with 2 
mL of 17% EDTA for 5 minutes followed by 5 mL of distilled 
water. The canals were dried with absorbent paper points. 

After biomechanical preparation, the roots were 
sectioned transversally at two points: 2 mm short of 
the apical foramen (which is the level of apicoectomy) 
and 4 mm coronally to this point. The apical root third 
cylinders obtained were included individually in clear 
autopolymerizing acrylic resin inside aluminum rings (16 
mm diameter and 4 mm high) for fabrication of specimens.

The root-end cavities were prepared with a diamond 
ultrasonic retrotip (ST12D-Mani; Mani, Inc. Takanezawa, 
Tochigi-Ken, Japan) coupled to a ultrasound unit (U.S. Profi 
II-AS; Dabi Atlante, Ribeirão Peto, SP, Brazil) set at power 
3, under constant cooling with distilled and deionized 
water. A custom-made device was used to maintain the 
position of the specimens at 45° to the horizontal plane 
during preparation and restoration of the root-end cavities 
stainless steel (Fig. 1). Root-end cavities with standardized 
dimensions (1.5 mm diameter and 2 mm deep) were 
prepared by making intermittent forward-backward 
movements with the retrotip, with penetration limited to 
2/3 of its active part (Fig. 2A). The root-end cavities were 

rinsed with 2 mL of saline using a NaviTip needle (Ultradent 
Products Inc., South Jordan, UT, USA) attached to a syringe 
and dried with absorbent paper cones.

The specimens were divided into two groups (n = 
10) according to the root-end filling materials used for 
restoration of root-end cavities: MTA (Angelus, Londrina, 
PR, Brazil) and Super EBA (Bosworth Co, Skokie, IL, USA). The 
materials were prepared according to the manufacturers.

In each specimen, a master gutta-percha cone #80 was 
tug-backed at the limit between the root-end cavity and the 
canal, and the root-end filling material was inserted into 
the root-end cavity with an amalgam carrier, condensed 
with appropriate-size condensers and burnished (Fig. 2B). 
After a period three times longer than the setting time of 
each sealer, the gutta-percha cone was removed from the 
canal. The specimen was then fixed in an Instron 4444 
universal testing machine (Instron Corp., Canton, MA, USA) 
in such a way that the root-end filling faced downwards 
and was aligned to the shaft, which would exert the load 
on the sealer.  A stainless steel shaft (1 mm diameter and 
5 mm long) was inserted in the space previously occupied 
by the gutta-percha cone and run at a crosshead speed 
of 1 mm/min until pushing out the root-end filling 

Figure 1. Device designed to standardize the position of the specimens at 45° to the horizontal plane during preparation and restoration of the root-end 
cavities. A. Lateral view. B. Frontal view showing the slot to accommodate the specimen. C. Frontal view with the specimen placed inside the device slot. 
D. Schematic drawing showing the specimen in the device, simulation of the tooth and alveolar socket (dotted lines) and the specimen with the 4-mm-
thick root cylinder (crosshatch area). E. Specimen positioned at 45° to the horizontal plane and ultrasonic retrotip positioned at 90° to apical root third.
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material in a crown-down direction (Fig. 2C). The force 
needed to dislodge the root-end filling material (F) (in 
kN) was transformed into tension (σ; in MPa) by dividing 
the force by the adhesive area of the root-end filling 
material (SL; in mm2), using the following equation: σ = 
F/SL. SL was calculated using the following equation: SL= 
πDg+(πD2/4-πd2/4), where π = 3.14; D = mean diameter 
of the retrofilling (mm); d= mean diameter of the root 
canal (mm); g = depth of the retrofilling (mm). Data were 
subjected to statistical analysis by two-way ANOVA (α=5%) 
using the GraphPad InStat software (GraphPad Software 
Inc., San Diego, CA, USA). 

After the test, the specimens were cleaved and examined 

in a stereomicroscope (ZEISS Stemi 2000-C, Germany) at 
25× magnification to evaluate the failure modes (adhesive, 
cohesive, mixed) that occurred owing to the displacement 
of the material from the specimen.

 
Results

Super EBA (6.03±1.31) presented significantly higher 
bond strength (p<0.05) than MTA (1.81±0.45). The analysis 
of failure modes after debonding showed predominance of 
cohesive failure for Super EBA and mixed failures for MTA.

 
Discussion

So far no specific methodology is available for testing 
the bond strength of root-end filling materials to root 
dentin and all studies derive their results from the push-out 
test originally designed for root canal sealers (1,2,8-10). 
Middle root third slices have been frequently used as a 
substrate for evaluating the bond strength of root-end 
filling materials (1,2,8-11), without considering the fact 
that the density, diameter and number of dentinal tubules 
in this region are greater than in the apical third (12). Since 
adhesiveness is directly related to the interaction of the 
material with dentin surface (4), this difference in the test 
substrate could result in over or underrepresentation of the 
bond strength of root-end filling materials (13).

In the present study, the new methodology was 
proposed in an attempt to provide a more accurate 
method for assessing the bond strength of root-end filling 
materials to root-end cavity walls. Materials routinely 
used for retrofilling were evaluated. In this method, the 
specimen was prepared in the apical root third and a 
custom-made device was used to maintain the specimens 
at 45° to the horizontal plane during the preparation and 
restoration of root-end cavity because of the position of 
the maxillary central incisors in the dental arch. This angle 
can be changed accordingly for maxillary and mandibular 
teeth. Likewise, the root-end cavities were prepared with 
diamond ultrasonic retrotips in the present study, but this 
methodology can be used to evaluate the bond strength 
of root-end filling materials to root-end cavities prepared 
with other tips or laser (14).

Another of the advantages of this methodology is that 
the shaft is introduced through the coronal portion of 
the specimen, which means that retrofilling is pushed  in 
a crown-apex direction, with the force starting from the 
deepest root-end cavity or material base. This modification 
in the test specimen allows measuring the actual bond 
strength of the root-end filling material to root-end cavity 
walls, along the entire cavity extension. 

Super EBA is an improved zinc oxide and eugenol-
based sealer, which has good sealing ability (15) and its 
characteristics are not much influenced by moisture (16). 

Figure 2. Schematic drawing of specimen preparation and push-out test. 
A: Four-millimeter-thick root cylinder embedded in acrylic resin, with the 
root-end cavity and apical portion of the canal. B: Restored root-end 
cavity and gutta-percha cone tug-backed at the limit between the root 
canal and the retrofilling. C: Simulation of the push-out test. The specimen 
is turned downward in relation to images A and B, and the testing shaft 
is inserted in the space previously occupied by the gutta-percha to push 
out the root-end filling material in a crown-down direction.
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This compact material is formed by regular and small 
particles (16) that promote micro-retention of sealer surface 
during burnishing, which is beneficial to the adaptation of 
the material to root dentin (17) and could explain the bond 
strength values and cohesive failure modes observed in this 
study. MTA is a biomaterial with tissue compatibility (8,18), 
low cytotoxicity (19), alkaline pH (20) and good marginal 
adaptation (21), In the present study, MTA presented lower 
bond strength to root-end dentin than Super EBA, and the 
debonded specimens exhibited mixed failures, since after 
the setting reaction  the apatite formation occurs on the 
surface of the MTA, which creates a structure similar to 
the tags, but with lower adherence capacity to dentinal 
tubules (22). These results are consistent with those of 
Tobón-Arroyave et al. (17), who observed better marginal 
adaptation and less infiltration with Super EBA than MTA.

Based on the results obtained with two traditional 
root-end filling materials (Super EBA and MTA), it may 
be concluded that preparation and the positioning of the 
specimens in the proposed testing machine in this study is 
effective and introduces a new and specific methodology 
for testing the bond strength of these materials. 

Resumo
Este estudo avaliou a resistência de união de materiais retrobturadores 
a cavidades retrógradas, usando uma nova metodologia. Vinte incisivos 
centrais superiores foram submetidos ao preparo biomecânico (lima 
manual #80) e seccionadas transversalmente a 2 mm do ápice e a 4 mm 
do primeiro corte. Os cilindros de raízes foram incluídos em resina acrílica 
e posicionado a 45° em relação ao plano horizontal para confecção das 
retrocavidades com ponta ultrassônica diamantada. Dois grupos (n = 10) 
foram formados de acordo com os cimentos utilizados: MTA e Super EBA. 
Um cone de guta-percha (#80) foi travado no limite da retrocavidade 
com o canal radicular. A retrocavidade foi preenchida e, após o tempo de 
endurecimento do cimento utilizado, o cone de guta-percha foi removido. 
Os espécimes foram fixados na máquina universal de ensaios Instron com 
a retrobturação voltada para baixo. A haste empregada para pressionar 
o cimento retrobturador no teste de push-out foi inserida no espaço 
anteriormente ocupado pela guta-percha e acionada com velocidade de 
cruzeta de 1,0 mm/min, para extrusão do material retroburador. Os dados 
foram analisados por meio do teste ANOVA (α=5%). O cimento Super EBA 
(6,03 ± 1,31) apresentou maior resistência de união (MPa) comparado ao 
cimento MTA (1,81 ± 0,45) (p> 0,05). Houve predomínio de falhas coesivas 
para o cimento Super EBA e falhas mistas para o MTA. O protocolo de 
preparação das amostras é eficaz e apresenta uma metodologia específica 
para avaliação da resistência de união de materiais retrobturadores à 
dentina. Dentre os materiais testados, o cimento Super EBA apresentou 
a maior resistência de união.
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