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Abstract

Introduction: The aim of this study was to assess the
effect of indirect ultrasonic activation on the incidence
of voids within mineral trioxide aggregate (MTA) root
canal fillings and at their interface with the canal walls
by using a nondestructive 3-dimensional (3D) micro–
computed tomography (micro-CT) analysis. Methods:
Extracted human teeth with single canals and minimal
curvatures were decoronated, instrumented to size
50/05 apically, and randomly allocated into 4 groups
(n = 12). MTA was compacted manually by using
hand pluggers in group A (MC). Indirect ultrasonic
activation was applied to each increment of manually
compacted MTA for 1 second in group B (1 sec-UC), 5
seconds in group C (5 sec-UC), and 10 seconds in group
D (10 sec-UC). Filled roots were scanned with a micro-
CT device, and 3D analysis of void incidence was carried
out by using the SkyScan software. Results: Statistical
analysis showed a significantly lower incidence of voids
(P < .05) in the manual compaction (MC) group (0.7%)
compared with the ultrasonic activation for 1 second
(3.8%), 5 seconds (1.7%), and 10 seconds (1.6%)
groups. Conclusions: Manual compaction produced
significantly denser root fillings than those achieved
with ultrasonic activation. (J Endod 2012;38:670–672)

Key Words
Micro-CT, MTA, 3D, ultrasonic
From the *School of Dentistry, University of Manchester,
Manchester, United Kingdom; †Faculty of Dentistry, University
of Jordan, Amman, Jordan; and ‡Institute of Materials Science
and Technology, Friedrich-Schiller University, Jena, Germany.

Supported by the Alexander von Humboldt Foundation
(Bonn, Germany) through the provision of a Humboldt Research
Award (D.C.W.).

Address requests for reprints to Dr Ahmad M. EL-Ma’aita,
University of Manchester School of Dentistry, Higher Cambridge
Street, Manchester M15 6FH, United Kingdom. E-mail address:
ahmadmaayta@hotmail.com
0099-2399/$ - see front matter

Copyright ª 2012 American Association of Endodontists.
doi:10.1016/j.joen.2012.01.009

670 EL-Ma’aita et al.
Mineral trioxide aggregate (MTA) has favorable physical, chemical, and biologic
properties (1, 2). Its main constituents of dicalcium and tricalcium silicates

induce cell growth and differentiation as well as the deposition of hydroxyapatite on
its surface (3, 4). Recently, its use as a root canal obturation material has been
suggested (5). Although the sealing ability of MTA as a retrograde filling compared
favorably with gutta-percha and other dental materials (6–8), it was variously
reported to be either inferior to (9) or superior or similar to (10) gutta-percha
when used for orthograde root canal filling. The sealing ability of any material is nega-
tively influenced by the presence of voids between its particles. On mixing, MTA
becomes a slurry paste that is difficult to handle and compact into the narrow and
confined root canal spaces without creating voids. Several techniques have been
described for obturation of root canals with MTA such as the use of a lentulo spiral filler
to spin MTA into the canal (9) and the use of hand files and pluggers in a hand compac-
tion technique (5, 11).

Ultrasonic activation has been suggested to improve the compaction of MTA and its
adaptation to dentin (12) by generating compressive forces that lead to rearrangement
of the cement particles and facilitate the escape of entrapped air (12). In another study,
it was reported to result in higher incidence of voids and poorer adaptation to simulated
root canals (11).

To date, there is no consensus on the most suitable technique for obturation of
root canals with MTA, and there is no agreement on the effect of ultrasonic activation
on the density of MTA obturation. The aim of this study was to use micro–computed
tomography (micro-CT) imaging to quantify and compare the incidence of voids in
MTA root canal fillings placed by manual compaction alone or in conjunction with indi-
rect ultrasonic activation.

The null hypothesis is that indirect ultrasonic application to root canal obturation
with MTA has no effect on the incidence of voids.

Materials and Methods
The use of extracted human teeth in this study was approved by the ethics

committee at the University of Manchester. Forty-eight single-canal anterior human
teeth with minimal curvature were used. The crowns were removed with a water-
cooled diamond wheel saw, leaving 15 � 2 mm long roots. After determining the
working length of each root and establishing a glide path, canal shaping was carried
out by using ProTaper files (Dentsply Maillefer, Ballaigues, Switzerland) to size F5
(50/05). Irrigation during instrumentation was carried out with 1% sodium hypochlo-
rite and a final rinse with 5 mL of sterile water. Prepared roots were randomly allocated
to 1 of 4 groups (n = 12).

White MTA (ProRoot MTA; Dentsply, Tulsa, OK; batch no. 09001766) was mixed
according to the manufacturer’s instructions for 30 seconds to produce a homogenous
mixture. An MTA carrier (MAPS, Vevey, Switzerland) was used to insert increments of
MTA into the prepared canals, and sizes 1/2 and 3/4 Machtou pluggers (Dentsply) were
used to condense the MTA increments.

In group A (MC group), increments of MTA were manually condensed by using
hand pluggers until the whole root canal was filled. Each increment was a full
loading of an MAPS MTA carrier. In group B (1 sec-UC group), ultrasonic activation
of each MTA increment was carried out for 1 second according to the method of
Yeung et al (12). After manual compaction of each increment, a size-1 Machtou
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plugger was held over the condensed MTA without contacting the
root canal walls, and a CPR-1 ultrasonic tip (Dentsply) was activated
against the plugger for 1 second by using a piezoelectric ultrasonic
unit (EMS Piezon Master 400’ Electro Medical Systems, Nyon,
Switzerland) set at 25 kHz. In groups C (5 sec-UC group) and D
(10 sec-UC group), manual compaction of each increment was
carried out as in the previous 2 groups. However, ultrasonic activa-
tion was applied for 5 and 10 seconds, respectively. All teeth were
prepared and obturated by the same operator and stored at 37�C
� 1�C and 100% humidity for 1 week to allow for complete setting
of MTA.

The filled roots were scanned by using a high-resolution
micro-CT instrument (SkyScan 1072, Kontich, Belgium) at a pixel
size of 15.19 mm and an exposure time of 3.1 seconds (Fig. 1A).
The resultant images were reconstructed by using NRecon soft-
ware (SkyScan) that produced 2-dimensional (2D) slices of the
inner structure of the filled roots (Fig. 1B). CTAn and CTVol soft-
ware (SkyScan) were used for volumetric analysis and to create
3-dimensional (3D) models for the roots (Fig. 1C). The total
volume of the root canal, the volume of voids within the root
canal, and the percentage volume of voids were measured in
each sample.

For each group, the mean, median, and standard deviation were
calculated. One-way analysis of variance and Bonferroni post hoc tests
were used to determine any statistically significant differences at P <.05
between the 4 groups by using SPSS software version 16 (SPSS Inc,
Chicago, IL).
Results
The results are presented in Table 1.
Group A (MC) showed the least amount of voids (0.73%)

compared with 3.77% in group B (1 sec-UC), 1.70% in group C
(5 sec-UC), and 1.62% in group D (10 sec-UC). The differences
were statistically significant (P < .05) between all groups except for
groups C and D.

In the coronal third, group B demonstrated significantly more
voids than in the 3 other groups (P< .05), whereas in the middle third,
group A showed fewer voids than all other groups. In the apical third,
1 second of ultrasonic activation resulted in the highest incidence of
voids among the 4 groups (P < .05).
Figure 1. Stages of the 3D evaluation showing 2D images (A), 2D cross-
sectional slices (B), and 3D virtual models (C).
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The null hypothesis of no effect of ultrasonic application on the
incidence of voids produced during obturation of the root canal with
MTA was rejected.
Discussion
Ultrasonic activation has been used to influence the properties of

glass ionomer cements (13–16). Ten to 30 seconds of ultrasonic
activation during early setting of glass ionomer cements resulted in
reduced setting time, increased hardness and creep resistance, and
reduced porosity (13–15). In endodontics, ultrasonic devices
have been used in different applications including refinement of
access cavities, removal of fractured instruments, posts, and other
intracanal obstructions, retrograde cavity preparation, root canal
instrumentation, and activation of irrigating solutions via cavitation
and acoustic streaming to improve their ability to dissolve organic
debris and remove smear layers (17, 18).

Several techniques have been used to investigate the ultrasonic
effects on the porosity of dental materials in general. In certain studies,
glass ionomer samples were sectioned and observed by scanning elec-
tronmicroscopy (SEM) under magnifications of up to 5000� (14, 16).
Aminoshariae et al (11) used both radiographic and light-microscopic
methods to assess the presence of voids and the adaptation of MTA to the
walls of polypropylene simulated root canals. They reported that ultra-
sonic activation resulted in more voids and poorer adaptation. In that
study, the activation time and power settings used were not given.
The ultrasonic tip was applied directly to MTA, which might have re-
sulted in excessive vibratory forces. Furthermore, the methods of
assessment failed to consider the internal structure of the root fillings,
and only the outer surfaces of the fillings were examined. Measurements
for each sample were based on the size of the largest void present, which
resulted in ordinal data and a qualitative rather than quantitative study.

On the other hand, Yeung et al (12) demonstrated on acrylic
blocks that indirect ultrasonic activation of MTA for 1 second combined
with hand compaction produced significantly denser fillings than
manual compaction alone. The difference in mass (to the nearest
0.1 mg) between filled and unfilled blocks was recorded for each tech-
nique and used as an indication as to the filling densities. It was assumed
that the higher the mass difference, the denser the MTA filling and the
fewer voids there were. However, postobturation mass measurement
was recorded immediately after obturation was completed and when
the MTA was still unset. Voids within the MTA could initially contain
entrapped air or excess water, which are different in density. Therefore,
these results could have been different if the MTA had been allowed to
set and if another methodology had been used that did not rely on mass
differences.

In our study, the aim was to quantify the volumes of voids and gaps
within the root fillings and at their interface with dentin as a result of
obturation technique deficiencies rather than determining porosity of
MTA per se. Therefore, although SEM evaluation allows the analysis
of porosity, samples need to be sectioned to allow for observation of
their internal structure. This might lead to inaccuracies because arti-
facts might be created, and some filling material might be lost during
sectioning. Therefore, only 2D evaluation is possible with the SEM,
and quantitative 3D measurements would be inferential at best.

On the other hand, micro-CT analysis has been successfully used
to perform volumetric measurements of root canal fillings and other
dental materials (19, 20), albeit on much lower magnifications. Its
nondestructive 3D nature allowed for accurate and rapid observation
of the internal structure of the samples and the quantification of
voids and gaps without the need to section the roots and hence the
creation of artifacts.
Micro-CT Evaluation of MTA Root Canal Fillings 671



TABLE 1. Means and Standard Deviations of Void Percentages in the 4 Groups

Group

Voids %

Total Coronal Middle Apical

MC 0.73 (0.35)a 0.62 (0.55)a 0.92 (0.62)a 1.05 (0.83)a

1 sec-UC 3.77 (1.63)b 3.62 (1.55)b 3.03 (2.26)a,b 5.66 (3.36)b

5 sec-UC 1.70 (0.67)c 1.07 (0.93)a 3.12 (2.23)b 1.83 (1.56)a

10 sec-UC 1.62 (0.58)c 0.89 (0.67)a 3.18 (2.21)b 2.14 (1.85)a,b

The 4 groups: manual condensation (MC) and ultrasonic condensation for 1 second (1 sec-UC), 5 seconds (5 sec-UC), and 10 seconds (10 sec-UC). Different superscripts within each column indicate statis-

tically significant differences at P <.05.
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Our results showed that manual compaction of MTA resulted in
denser root fillings than those achieved with ultrasonic activation in
general. When ultrasonic activation was applied, more voids were
created with 1 second of activation time than with 5 and 10
seconds.

The short ultrasonic activation time (1 second) might result in
a mechanical shock-like effect on the compacted MTA that leads to
separation of the cement particles and consequently more voids. The
prolonged activation times (5 and 10 seconds) seem to have generated
the compressive forces needed to rearrange the cement particles and
facilitate the escape of entrapped air, which resulted in denser fillings
than the 1-second group but still with more voids than in the manual
compaction group. The difference in the distribution of voids among
the 4 groups cannot be explained by this study and merits further
research.

The incidence of voids within MTA root fillings can be affected
by many factors such as the consistency of MTA (powder to liquid),
the operator’s expertise, the technique used, and the use of ultra-
sonic activation. Although additional research is needed to deter-
mine the most suitable technique for obturation with MTA, this
article demonstrated that manual condensation of MTA by using
hand pluggers is of reproducible accuracy and produced denser
root fillings than those achieved with indirect ultrasonic activation
for up to 10 seconds when MTA was mixed in a 3:1 powder to
liquid ratio.

Conclusion
In this study, no technique used for compaction of MTA

produced void-free root canal fillings. However, manual compaction
produced significantly denser root fillings than those achieved with
ultrasonic activation. Five-second and 10-second ultrasonic activa-
tion produced significantly lower incidence of voids than 1-second
activation. It remains to be determined whether these differences
could have any effect on the sealing ability of the root fillings
and whether they could influence the clinical success of root canal
treatment.
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