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Abstract

Objective: Periradicular surgery is the procedure of 
choice when one aims to solve problems or complica-
tions which conventional endodontic therapeutics has not 
been able to solve. Surgical therapy comprises a num-
ber of procedures, among which retrofilling. The aim of 
this study was evaluating the degree of dentin marginal 
adaptation of root-end filling materials, as well as ascer-
taining the effectiveness of optical microscopic usage 
in the insertion of these materials. Methods: Sixty up-
per canine teeth were selected, apicectomized and then 
rood-end cavities were prepared with the help of ultra-
sonic tips. The specimens were divided according to the 
material used: White MTA Angelus®, Super-EBA® and 
Sealapex® + White MTA Angelus®, it being that optical 
microscope was used in half of the samples of each group.  

All samples were processed and evaluated by scanning 
electronic microscopy (SEM). Results: The three materi-
als tested presented satisfactory marginal adaptation. The 
use, or not, of the optical microscope, did not change the 
degree of adaptation of root-end filling materials evaluat-
ed in the present study. Conclusion: All materials tested 
(White MTA Angelus®, Super-EBA®, and Sealapex® ce-
ment added to White MTA Angelus®) proved efficient re-
garding the issue evaluated, dentin marginal adaptation. 
The use of the optical facilitated insertion of root-end fill-
ing materials, due to better illumination and magnifica-
tion. However, it did not promote any difference in the 
materials marginal adaptation to root-end cavities, when 
compared with its non-utilization.
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Introduction
Surgical therapy is the procedure of choice when one 

aims at the resolution of endodontic problems with re-
percussion on adjacent periapical tissues. Thus, it should 
be seen as an extension of the endodontic treatment, not 
as an independent entity. All principles of conventional 
endodontics, such as cleaning, modeling, disinfecting, 
filling and canal sealing should be followed, it being that 
such procedures are carried out via root apex rather than 
by access cavities in surgical treatment.1

Materials used in root-end fillings are, among oth-
ers, determining factors for the success of periradicular 
surgery.3 It should be emphasized that the ideal root-end 
filling material to be used should provide adherence, 
promote tridimensional sealing of the root canal sys-
tem, be biologically tolerated by the periradicular tis-
sues, non-absorbable, easy to handle and radio-opaque, 
in addition to allowing for a conducive environment to 
tissue regeneration.2,3,4

The most-used materials include amalgam, gutta-
percha, zinc oxide and eugenol cement, IRM® (Inter-
mediate Restoration Material), Super-EBA®, glass iono-
mer cement, composite resin, consistent Sealapex® and 
MTA (Mineral Trioxide Aggregate).5

Use of optical microscopy for performing surgi-
cal procedures involving the periapex has rendered 
prognosis more predictable. A great number of failures 
stems from poor visualization of root apex anatomical 
structures.6,7

The degree of adaptation and the quality of apex 
sealing provided by the filling materials used in root-end 
cavities have been evaluated by the use of dies, radio-
isotopes, bacterial penetration measures, scanning elec-
tron microscopy, electrochemical means and fluid filter-
ing techniques.8

Continuous search for an ideal root-end filling ma-
terial, which remains unknown, may be materialized as 
from the use of a surgical protocol, with or without the 
use of an optical microscope.

The present study aims to evaluate the degree of 
dentin marginal adaptation for three root-end filling ma-
terials: White MTA Angelus® (Mineral Trioxide Aggre-
gate), Sealapex® added to White MTA and Super-EBA®.

Concomitantly, the study shall ascertain the efficacy 
of the use of optical microscopy in periradicular sur-
gery, more precisely in the adaptation of the root-end 
filling material to root-end cavities.

Material and Methods
Sixty upper and lower canine teeth extracted from 

humans, with fully-formed apexes, single rooted and 
straight, conditions which have been proven by visual 
and radiographic examination. The present study had its 
research project approved by the Committee of Ethics 
in Research of the Estácio de Sá University.

The sample was preserved for 24 hours in a sodium 
hypochlorite solution at 2.5% for disinfecting and dis-
solving organic matter, being later washed in running 
water for 15 minutes and then sterilized.

Access to cavities was performed under constant re-
frigeration, with spherical bur #1013 (KG Sorensen, São 
Paulo, Brazil), burs #3083 (KG Sorensen) and Endo-Z 
(Dentsply-Maillefer, Ballaiguess, Switzerland). Apical fo-
ramen for each canal was ascertained with a Kerr # 10-
type file (Dentsply-Maillefer), by visual method, apical 
limit being considered 1 mm beyond apex for keeping 
the instrumentation standard. Instrumentation was car-
ried out up to Kerr # 40 (Dentsply-Maillefer) file, by the 
MRA (alternate rotation movement) technique. Irriga-
tion was done at every file change with 2 ml of a sodium 
hypochlorite solution at 2.5%.

Instrumentation being completed, the canals re-
ceived irrigation with 5 ml of EDTA 17% in solution, 
which remained in the canal for 5 minutes, followed by 
new irrigation with sodium hypochlorite 2.5%. Canals 
were dried with cones of absorbent paper 0.40 mm cali-
ber (Dentsply-Maillefer, Petrópolis, RJ, Brazil) and then 
filled with calibrated gutta-percha cones (Dentsply-
Maillefer, Petrópolis, RJ, Brazil) by the lateral condensa-
tion technique using Sealer 26 epoxy cement (Dentsply-
Maillefer, Petrópolis, RJ, Brazil).

Apical resection of the teeth was performed in 
the apical 3 mm roots, following marking off with an 
overhead projector, in a 90° angle, with the long axis 
of the root, using a Zecrya bur (Dentsply-Maillefer, Bal-
laiguess, Switzerland) under high rotation with constant 
cooling. The teeth were fixed in acrylic tubes with wax 
7 and acrylic resin leaving only 10 mm of its most api-
cal position outward. Upon resection, the assembly was 
attached to a lathe, thereby avoiding unforeseen move-
ments during this procedure.

The samples were randomly divided into three 
groups according to the root end filling material: 
Group I – White MTA (Angelus, Paraná, Brazil), 
Group II – Super-EBA® (Bosworth, Illinois, USA), and 
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Group III – Sealapex® (SybronEndo, California, USA) + 
White MTA. Later, groups I, II, and III were divided into 
subgroups: with the help of a surgical microscope and 
without a surgical microscope.

In experimental groups, root-end cavities were made 
with diamond burs, model TU21 (Trinity, São Paulo - 
Brazil), coupled to an ultrasonic unit ENAC model OE3 
(Osada, Japan), adjusted to level 5 (average). This stage 
was carried to a total time of 90 seconds, with the 15 
first seconds without cooling so that removal occurs, by 
plasticization, of the gutta-percha present therein and 
the last 75 seconds under cooling with distilled water 
spray. The root-end cavities were made to a depth of 
3 mm, and immediately afterwards, were irrigated with 
saline, and dried with paper cones. Twelve points were 
used for the making of root-end cavities, with 1 point for 
every 5 teeth of groups I, II, and III.

After completion of root-end cavities, the teeth 
were submitted to retrofilling, manufacturers’ recom-
mendations being used regarding the proportion and 
form of mixing. Each group with its respective material 
and each subgroup either using, or not, a surgical mi-
croscope (M-900 DF Vasconcelos) to a magnification 
of 25 times. The root-end filling material was taken to 
the operating field with the help of a child’s amalgam 
carrier and condensed with the help of Bernabé instru-
menting #2, #4, and #6.

The retrofilling, the 10 mm portion of the teeth was 
cut from the acrylic tubes by means of a diamond-coat-
ed cutting disc inserted in the precision cutter (Labcut 
1010 – Extec Corp, Enfield, USA), an average speed of 
150 rpm under constant irrigation with distilled water.

The specimens were fixed on a wax 7 so that surface 
with retrofilling be turned to the wax. The same were 
separated according to their pertinent subgroups and 
captured with an epoxy resin which was contained up 
to its total holding with 10 mm-high PVC cylinders.

The finishing of epoxy resin cylinders was performed 
on a Universal APL – 4 Sander and Polisher (Arotec, 
Rio de Janeiro, Brazil). Fine sandpaper with increas-
ing granulation of 600, 1200, 1500, and 2000, at a low 
speed and under constant cooling. Alumina suspension 
(Arotec, Rio de Janeiro, Brazil) #4, #3, and #2 with a felt 
disk was used for polishing.

Following final polishing, samples were immersed in 
distilled water and placed in an ultrasonic basin (Cristó-
foli Equipamentos de Biossegurança, Paraná, Brazil) for 

10 minutes for removal of debris. The demineralization 
procedure was started for removal of the dental inor-
ganic matrix for later observation in SEM. A phosphoric 
acid solution at 37% (Condac – FGM, Santa Catarina, 
Brazil) was applied, for 3 minutes, for demineralization. 
Later, the samples were dehydrated in absolute ethylic 
alcohol in growing concentrations (25%, 50%, 75%, and 
100%) for 15 minutes in each concentration.

Specimens were mounted on steel plates, of 45 mm 
diameter, with double face adhesive tape, to be submitted 
to metal-coating. Sample coating was done in gold and the 
latter stored in the desiccators until processing in SEM.

Processing was performed under variable-pres-
sure (self-vacuum), scanning electron microscope, 
LEO model VP1450 (Carl Zeiss do Brasil, São Paulo, 
Brazil), under EHT conditions: 15.00 kV, chamber 
pressure: 1.2 ± 0.04mBar, detector: QBSE and WD 
12/15 mm. All samples were analyzed and photo-
graphed with a magnification of 70x and then divided 
into four quadrants. Each quadrant was amplified by 
500x and analyzed by two examiners who did not 
know the root-end filling material used, and the form 
of insertion of the latter, with or without the help of a 
surgical microscope.

Results
In the analysis of dentin marginal adaptation, with 

the aid of SEM, it was ascertained that there are no 
points of failure of adaptation at any of the three groups 
evaluated; thus, a statistical analysis is unnecessary at 
this stage of the experiment. Groups I, II, and III dis-
played total adaptation to the surface of the root-end 
cavities, there being no presence of cracks between 
dentin walls and the filling material, indicating that the 
MTA Angelus®, Super-EBA®, and the combination of 
the Sealapex® + MTA Angelus®, displayed a similar be-
havior in the marginal adaptation item (Fig 1).

It is important to point out that all specimens were 
submitted to previous procedures, related to the meth-
odology of the present study, so that they would be ap-
propriate for SEM evaluation. The presence of cracks, 
stemming from apical resection or ultrasonic root-end 
cavities, is evident in some images. In other images, we 
can ascertain dark regions under the retrofilling, which 
are the burns occurring during test sample metal-coat-
ing. Both the cracks and the burns are deemed technical 
artifacts for preparing specimens.
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Figure 1. Evaluation of marginal adaptation to dentin of retrograde obturation materials. (A) MTA 500x; (B) Super-EBA 500x; (C) Sealapex + MTA 500x.

Figure 2. Evaluation of surgical microscope use in the insertion of retrograde obturation materials: A1) MTA with microscope 70x; A2) MTA without 

microscope 70x; B1) Super-EBA with microscope 70x; B2) Super-EBA without microscope 70x; C1) Sealapex + MTA with microscope 70x; C2) Sea-

lapex + MTA without microscope 70x.

In analyzing optical microscope effectiveness during 
root-end filling material insertion, it was determined that 
the use of the latter rendered control of the retrofilling 
phase easier, due to the excellent illumination and the 
magnification provided. However, this did not change ad-
aptation of material to root-end cavities. Independently 
of optical microscopic use, all specimens referring to 
Groups I, II, and III presented perfect adaptation to root-
end cavity surface. Thus, there is no need either of statis-
tical evaluation at this stage of the research (Fig 2).

Discussion
The specific objective of this study consisted in 

comparing the dentin margin adaptation capacity of 
three root-end filling materials: White MTA Angelus®, 

Sealapex® added to White MTA Angelus®, and Super-
EBA®. Additionally, performance of the optical micro-
scope as surgical material, in helping the performing of 
root-end filling material insertion.

Proven techniques, such as apicectomy at 45º, root-
end cavities with burs and retrofilling with amalgam, 
have been gradually replaced by new procedures such 
as using ultrasounds in root-end cavities and the em-
ployment of new odontological materials for retrofilling, 
for example. These important innovations increase sur-
gical benefits and provide for better clinical prognosis in 
cases deemed as of difficult therapeutical solution.9,10

Apical resection may be performed with different 
types of burs and different angles. In this research, op-
tion was made for apical resection at 90°, at 3 mm of the 
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A B C

B1 C1

C2B2A2



Dental Press Endod. 2012 Oct-Dec;2(4):20-5© 2012 Dental Press Endodontics 24

In vitro evaluation of dentin marginal adaptation of three root-end filling materials inserted with and without surgical microscope[ original article ]

root apex, as these are the apicectomy techniques most 
recommended in literature.9,10,11

In the cases in which apicectomy at 90° is performed, 
more security is found in removing root canal ramifica-
tions. Thus, one of the causes of failure in periradicular 
surgery, the possibility of the passage of bacteria and 
irritating agents via root apexes, is prevented.12,13

Option was made in the present research for using the 
diamond-covered ultrasonic point was based on three 
main criteria: preserving dental structure, capacity of 
performing duper and more appropriate preparation for 
inserting the root-end filling material and its capacity of 
providing cleaner and smoother root-end cavities.14,15,16

However, studies warn on the possibility of occurring 
microcracks and microfractures when ultrasonic points 
are used in making root-end cavities. It was possible, in 
this study, it was possible to ascertain the presence of 
these injuries following the use of ultrasonic points in a 
number of specimens.17,18

The presence of cracks was also ascertained in the 
SEM of apex surfaces of specimens following placement 
of root-end filling materials. In these authors’ view, the 
occurrence of cracks may be associated to the prepa-
ration of samples for SEM observation, this hypothesis 
being the one with which our study agrees.19

The capacity of marginal adaptation and the api-
cal scaling of the main materials in retrofillings are ap-
proached by countless works in the literature.5,11,19-28

In selecting the materials tested in the present study, 
it was attempted to comparatively evaluate those which 
were object of biological experiments and those which 
displayed more favorable results.

It was ascertained, upon comparing the capacity of 
dentin marginal adaptation of MTA Angelus®, Super-
EBA®, and Sealapex® + MTA Angelus® in this research, 
which bore scanning electron microscopy as tool, it was 
found out that all materials displayed similar behaviors 
from the point of view of adaptation, which differs from 
the work of Torabinejad et al,19 in which the authors 
report that the MTA displayed better adaptation when 
compared with Super-EBA® and amalgam.

The present research was made according to the 
findings of Bernabé et al,5 when the authors compared 
four root-end filling materials: MTA Angelus®, Pro-
Root® MTA, Portland cement and consistent Sealapex®. 

No  statistical difference was found regarding seepage 
by dye on the interface between the filling material and 
exposed dentin surface on the cavity wall, which justi-
fies a satisfactory material adaptation.

In another studio, the authors evaluated the marginal 
sealing capacity of a combination proposed by them, in 
which MTA Angelus® (powder) was added in the mix-
ing of the Sealapex cement. The authors compared this 
combination with the MTA Angelus® cement and with 
the consistent Sealapex® cement.27

The aim of investigation by the present study wheth-
er such combination would provide a better marginal 
adaptation, as the other authors have reported better 
consistency and consequently a better insertion of this 
material when compared with the other groups. The 
authors did not find statistically significant differences 
between the groups studied.

As from this finding, we have compared the combi-
nation proposed with two already-known materials, pre-
viously tested: MTA Angelus® and Super-EBA. No dif-
ference was found in marginal adaptation between the 
materials; it was not ascertained that the combination 
between Sealapex® and MTA Angelus® promotes a bet-
ter insertion of the material or a better consistency. The 
materials displayed themselves in a similar fashion, in 
the item consistency, insertion and adaptation.

It is important to point out that the present study 
evaluated only the dentin marginal adaptation of this 
combination; new studies need to be developed. How-
ever, one can say that all materials tested displayed po-
tential to be indicated as root-end filling materials.

The use of optical microscopy for the performing 
of surgical procedures involving the periapex has been 
emphasized by other authors, which justifies the proto-
col adopted in this work.7,29

We are able to confirm, with the results of the pres-
ent research, that the surgical microscope provides bet-
ter lighting and magnification of the operating field, 
thereby rendering the surgical phase easier. However, 
we have determined that it is also possible to perform 
satisfactory retrofilling without the use of the micro-
scope, as results were similar in the groups aided by the 
microscope and not aided by the optical microscope. 
Thus, the presence of the optical microscope in the 
endodontic surgical protocol is not a mandatory factor.
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