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Abstract 

Introduction: The Mineral Trioxide Aggregate (MTA) has excellent 
biological property. However, its consistency makes it difficult to 
be inserted into retrograde cavities. Objective: To evaluate the 
ability of different methods to fill retrograde cavities with MTA. 
Material and methods: Root canals of thirty single-rooted resin 
teeth were prepared and filled. After the cut of 3 mm short of 
apical third, retrograde cavities with 3 mm deep were prepared 
using an ultrasound device and retrotips (CVD, São José dos 
Campos, SP, Brazil). The retrograde preparation was evaluate 
by using an operative microscope (D.F. Vasconcellos, São Paulo, 
SP, Brazil). The teeth were randomly divided into three groups 
(n = 10), according to the method: 1) condenser (Trinity, São 
Paulo, SP, Brazil); 2) MTA applicator (Angelus, Londrina, Brazil) 
+ condenser; 3) condenser associated with ultrasound (CVD, 
São José dos Campos, SP, Brazil). After the filling of retrograde 
cavities with white MTA (Angelus, Londrina, Brazil), teeth were 
radiographed using a digital system (Kodak RVG 6000, Rochester, 
NY, USA). The images were analyzed by UTHSCSA Image Tool 
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3.0 software. The percentage of filling was calculated by the 
proportion between the total area of retrograde cavity and the filled 
area. The radiographic density mean of each third of retrograde 
cavity filled with MTA was measured by using the histogram tool 
of the software. The results were submitted to ANOVA and Tukey 
tests, with 5% of significance. Results: There was no difference in 
percentage of filling among the groups (p > 0.05) (approximately 
85%). By comparing the thirds, the condenser and MTA applicator 
groups showed higher density for apical and middle third than 
cervical third (p < 0.05). The ultrasound group presented similar 
density among the thirds. Conclusion: The filling ability was 
similar for the studied methods. Ultrasound promoted better 
distribution of MTA in retrograde cavity, but did not increase 
the density of material.

Introduction

Surgical procedure may be necessary in cases 
of either conventional endodontic treatment failure 
or when this cannot be performed [5]. Among 
the techniques indicated, retrograde obturation 
comprises the apicoectomy and the retrograde 
cavity preparation followed by the insertion of 
the retrofilling material [15].

To per form the ret rograde cav it y,  t he 
introduction of the ultrasonic tips enables the 
preparat ion of a cleaner and deeper cavity 
more centered at the root canal [2, 7, 15]. The 
retro-preparation executed through diamond 
ultrasonic tips [2] has been used because it 
favors the sealing and marginal adaptation of 
the retrofilling materials [17]. The retrofilling 
materia ls are inserted into the retrograde 
cavity aiming to provide apical sealing and to 
prevent microorganism penetration, decreasing 
the leakage of irritating agents in the material/
canal’s wall interface [4] and contributing to 
periapical repair.

Several retrofi l l ing materials have been 
studied, such as dental amalgam, zinc oxide and 
eugenol-based cements (IRM and Super-EBA), 
Sealer 26 and mineral trioxide aggregate (MTA) 
[3, 10, 22]. MTA has demonstrated advantages 
as sealing [26, 27], marginal adaptation [29] and 
possibility of use in the presence of humidity [24]. 
MTA presents excellent biological property [3, 16]. 
However, its sandy consistence makes it difficult 
to handle [8] and insert in retrograde cavities 
during parendodontic surgeries [11]. Methods 
for MTA insertion have employed condensers 

and applicator syringes. Notwithstanding, in the 
clinical situations of retrograde cavity filling by 
this material, its insertion is difficult because 
of the location and small size of the cavity 
[12]. The ultrasound may be used to help the 
insertion of the endodontic cement during root 
canal obturation aiming to favor root canal filling 
[1, 9, 19, 28]. Therefore, the use of ultrasound 
could be suggested as an auxiliary tool for MTA 
insertion in retrograde cavities.

The aim of this study was to assess the filling 
ability of different methods to fill retrograde 
cavities with MTA through condensers, MTA 
applicator, or ultrasound.

Material and methods

Thirty single-rooted resin teeth were used. 
The teeth had their crowns sectioned, resulting 
in roots of 15 mm of length. The roots were 
instrumented through rotary system (Mtwo, VDW, 
Munich, Germany) up to size #25 (.06) and filled 
with gutta-percha (Mtwo, VDW, Munich, Germany) 
and endodontic cement (AH Plus, Dentsply De 
Trey Gmbh, Konstanz, Germany) through single 
cone technique. Irrigation was executed through 
2.5% sodium hypochlorite. After obturation, the 
roots were sectioned perpendicularly at their long 
axis 3 mm short of the apex. Retrograde cavities 
with 3 mm deep were prepared by retrotips (CVD, 
São José dos Campos, SP, Brazil) coupled to 
an ultrasound device with the aid of operative 
microscope (D.F. Vasconcellos, São Paulo, SP, 
Brazil). The teeth were randomly divided into 
three groups (n = 10). All groups were filled 
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with MTA (Angelus, Londrina, PR, Brazil), which 
was inserted into the retrograde cavity through 
the different methods, according to the different 
groups:
1) Condenser – only a condenser was used (Trinity, 
São Paulo, SP, Brazil);
2) Applicator/condenser – MTA applicator (Angelus, 
Londrina, PR, Brazil) was used for the insertion of 
the material, followed by the condenser;
3) Ultrasound – the material was inserted by using 
the condenser associated with ultrasound device 
(CVD, São José dos Campos, SP, Brazil) which was 
placed onto the lateral surface of the condenser 
(Trinity, São Paulo, SP, Brazil).

Before and after the filling of retrograde 
cavities with MTA, the teeth were radiographed 
by using a digital radiograph system (Kodak RVG 
6000, Rochester, NY, USA). To obtain standardized 
radiographic images, a radiographic positioning 
device was used and the teeth were inserted into 
a silicon mold. The images were analyzed through 
UTHSCSA Image Tool 3.0 software to assess the 
percentage of filling and the radiographic density 
of the retrofilling material. The percentage of 
filling was calculated by the proportion between 
the total area of the preparation and the total area 
of filling (figure 1). To evaluate the radiographic 
density, the retrograde cavity was divided into 
three thirds (apical, medium and cervical). The 
radiographic density mean of each third was 
measured through the histogram tool of the 
aforementioned software (figure 2). The data 
obtained were submitted to Anova and Tukey 
tests, with level of significance of 5%.

Figure 2 – Representation of the measurement of 
radiographic density at the medium third of the 
retrograde cavity through the histogram tool of UTHSCSA 
Image Tool 3.0 software

Results

The three insert ion techniques showed 
statistically similar values (p > 005), of about 85%, 
in the total percentage of MTA filling of retrograde 
cavities, as seen in table I. 

Table I – Total percentage of filling (%) and standard 
deviation (±) for different experimental groups 

Groups Condenser Applicator Ultrasound

Mean 87.61 a 89.49 a 84.63 a

Standard 
deviation (±) 8.8 (±) 5.9 (±) 8.5

Equal letters indicate statistically similarity (p > 0.05)

When the radiographic density of MTA was 
analyzed according to the different techniques 
at the same third, all methods were not capable 
of increasing the material density (p > 0.05). 
However, the eva luat ion of MTA density at 
different thirds in the same insertion technique 
showed that when the condenser and applicator 
were applied, there was a greater density at 
apical and medium than cervical third (p < 0.05). 
However, when ultrasound was used, the density 
was similar among the three thirds (p > 0.05) 
(table II).

Figure 1 – Representation of the measurement of the 
total area of MTA filling in the retrograde cavity
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Table II – Radiographic density mean and standard deviation (±) in the different experimental groups and thirds of 
the retrograde cavity 

Cervical������  third Medium third Apical������  third

Condenser 6.64 (±1.4) Ab 7.86 (±1.9)����  Aab 9.37 (±2.4) Aa

Applicator 7.59 (±1.9) Ab 8.78 (±1.7) Aab 10.08 (±2.0) Aa

Ultrasound 7.04 (±2.2) Aa 8.33 (±1.9) Aa 8.99 (±2.2) Aa

Equal upper case letters in the vertical column indicate statistical similarity (p > 0.05) among the different techniques at a same 
third. Equal low case letters in the horizontal line indicate statistical similarity (p > 0.05) among the different thirds within the 
same insertion technique 

Discussion

The persistency of microorganism within 
the root canal system may lead to endodontic 
treatment failure [13]. The retrofilling aims to fill 
the retrograde cavity by a material with proper 
properties [12]. MTA is a powder composed of thin 
hydrophilic particles whose curing is achieved 
in the presence of humidity. The result of the 
powder hydration is a colloidal gel with pH of 
12.5 which solidifies, becoming a rigid structure. 
This cement has been considered as an ideal 
retrofilling material because of its low solubility 
and cytotoxicity and good tissue tolerance, in 
addition to enable the induction of mineralized 
t issue formation [25]. Notwithstanding, its 
disadvantage is the difficulty of insertion and 
filling of the retrograde cavity. Generally, MTA 
insertion is accomplished through condensers or 
applicators designed for this purpose. However, 
the preparation size and retrograde cavity location 
associated with the physical characteristic of MTA 
makes its insertion difficult. Aiming to facilitate 
this material insertion, Lee [12] proposed a new 
technique comprising the insertion of MTA by 
small increments, immediately after its handling, 
which are condensed and polished with the aid of 
size #3 Hollenback instrument (Hartzell & Sons, 
Concord, CA). The use of ultrasound to insert the 
endodontic cement during root canal obturation 
has been suggested, which may favor the filling 
and density of the material during the procedure 
[1], the effectivity of insertion within root canals 
[9] and the filling of accessory canals [19]. The 
results of this present study demonstrated that 
the use of ultrasound helped in the distribution 
of the material for all thirds of the retrograde 
cavity, but it did not favor a greater density in 
the filling by MTA, because this latter depends on 
the consistency of the material, making a higher 
performance of the condenser impossible.

The evaluation of the retrofilling material filling 
inside the cavity is of great importance, because an 
inappropriate filling may result in sealing failure 
and, consequently, in surgical treatment failure. 
The results of this study revealed that the three 
techniques (condenser, applicator and ultrasound) 
were similar and filled, in average, about 85% of 
the total area of the retrofilling.

The radiopacity is other essential property 
of a retrofilling material to allow that it be 
distinguished from the surrounding anatomical 
structures, such as bone and dentin [18, 20]. To 
measure the radiopacity, the method of obtainment 
and comparison of radiographic images of the 
materials, an aluminum scale with increasing 
values has been employed. The radiographs are 
digitized and by the material density (pixels) and 
the radiopacity value (aluminum equivalence) is 
determined by software [6, 21]. MTA contains 
bismuth oxide as radiopacifier. Tanomaru-Filho 
et al. [23], by analyzing the radiopacity of MTA 
(Angelus), verified that this is approximately 3.0 
mm of aluminum.

The evaluation tool of the density of the 
radiographic image was employed to differentiate 
the filling ability of the different methods, once 
the better the filling the higher the radiographic 
density of the material. Therefore, the density of 
the cement filling in the retrograde cavity was 
evaluated by the histogram tool of UTHSCSA Image 
Tool 3.0 software. The analysis of the retrograde 
cavity was divided into three thirds. The different 
techniques when evaluated at the same third, 
did not promote an increase in the density of 
the material. However, the insertion techniques 
through condenser and applicator promoted a 
higher density of MTA at apical and medium than 
cervical third (p < 0.05). Only after the use of 
the ultrasound, the density was similar among 
the thirds (p > 0.05), showing that this technique 
achieved a more homogeneous distribution of MTA 
within retrograde cavity.
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Conclusion

The ability to fill the retrograde cavities with 
MTA was similar for the three methods studied. 
The analysis of MTA density indicates that the 
use of ultrasound provide a greater distribution of 
MTA within the retrograde cavity. Notwithstanding, 
ultrasound was not capable of increasing the 
material density.
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