
A
P
P

A
T
a
t
t
s
a
b
w
w
a
i
p
o
t
t
w
t
s
p
s
4

K
C

V

C
t
V
0

E
d

Basic Research—Technology

4

Quantitative Comparison of the Fill Density of MTA
roduced by Two Placement Techniques
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bstract
his study compared the fill density of mineral trioxide
ggregate (MTA) produced by hand condensation with
hat produced by hand condensation with indirect ul-
rasonic (US) activation. Sixty acrylic blocks with
traight or curved canals were instrumented to an
pical size 45, and weighed with a digital electronic
alance. In 30 randomly chosen specimens, the canal
as filled with MTA by hand condensation and
eighed. The MTA was removed; the canal was rinsed
nd dried, and refilled using hand condensation with

ndirect US activation. In the other 30 specimens, the
rocedure was carried out identically but in reverse
rder. The blocks were then reweighed. The weight of
he MTA fill produced by the two placement methods in
he two canal configurations was analyzed by a two-
ay ANOVA. Hand condensation with indirect US ac-

ivation resulted in an MTA fill that was statistically
ignificantly heavier, and thus denser, than that accom-
lished by hand condensation alone in both curved and
traight canals (p � 0.0001). (J Endod 2006;32:
56–459)
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56 Yeung et al.
ineral trioxide aggregate (MTA) was introduced to endodontics by Torabinejad et
al. in 1993 (1) and has been used successfully in the repair of lateral root

erforations and furcal perforations, as a vital pulp capping agent, as an apical plug in
ne visit apexification, and as a root-end filling material. A review article by Alhadainy
2) described the ideal perforation repair material as being non-toxic, biocompatible,
onabsorbable, radio-opaque, bacteriostatic, and having excellent sealing properties.
TA has proven to be a material with many of these qualities. Previous studies (3–5)

ave demonstrated cemental repair, formation of bone, and regeneration of the peri-
dontal ligament when MTA is used in endodontic surgery. It has been shown to be
iocompatible in both in vitro and in vivo investigations (6 – 8). Leakage studies indi-
ate that MTA provides a superior seal even when placed under adverse conditions,
uch as in the presence of moisture and blood (9 –12).

Because of its success as a root end filling material, some investigators have
uggested using MTA to obturate the entire root canal system (13–15). Vizgirda and
ssociates (16) evaluated the potential of using MTA as a root canal filling by comparing
ts apical sealing ability with that of laterally condensed gutta-percha with sealer and
igh-temperature thermoplasticized gutta-percha with sealer in extracted bovine teeth.
TA was placed into the canal using a lentulo spiral until the material reached the canal

rifice. Their results suggested that gutta-percha obturation might provide an apical
eal that was superior to MTA. A possible explanation for the poorer performance of
TA was that it was difficult to place and condense in the apical portion of the root

anal. Conceivably, the use of US might improve the density of the MTA and thus provide
superior seal. Aminoshariae and associates (17) examined the adaptability of MTA to

he walls of plastic tubes simulating root canal walls when placed from an orthograde
pproach using hand placement and ultrasonic methods. Samples were evaluated with
light microscope and radiograph for the degree of adaptability of MTA to the tube wall
nd for the presence of voids within the MTA material itself. They found that hand
ondensation resulted in better adaptation to the tube walls and fewer voids than the
ltrasonic method. It is conceivable that the ultrasonic technique used may have actually
reated voids in the material and reduced its adaptability to the tube walls by the
pplication of excessive ultrasonic energy.

To date, there have been no studies quantitatively comparing the fill density of MTA
roduced by hand condensation and ultrasonic activation. The purpose of this study was

o quantitatively compare the density of MTA root canal filling produced by two different
lacement techniques: (a) hand condensation (H) and (b) hand condensation with

ndirect ultrasonic activation (US). In this study, it was hypothesized that placement of
TA with an optimal amount of ultrasonic activation would result in a higher fill density

han with hand condensation alone.

Materials and Methods
reparation of the Samples

There were 30 transparent acrylic blocks with 30-degree curved canals and 30
locks with straight canals (Pecina & Associates, Waukegan, IL) used. The blocks with
traight canals were designated as group S and those with curved canals as group C. For
he straight canals, the working length was determined by placing a #15 Flexofile
Denstply Maillefer, Johnson City, TN) into the root canal until it was visible at the
eservoir located at the apical end of the canal; 1.0 mm was then subtracted from the file
ength. This terminus was chosen so that a constricture would be preserved between the

anal and the reservoir to prevent MTA from being extruded into the reservoir from
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hich it could not be irrigated out between groups. In the acrylic blocks
ith 30-degree curved canal, the canal exits directly from the side of the
lock. Therefore, the working length was determined to be the point
here the tip of the #15 file exited the canal so the MTA could be

emoved between groups by reverse flushing the canal from the exte-
ior. All the canals were instrumented using K3 0.06 taper nickel-tita-
ium (Ni-Ti) rotary files (Sybron-Endo, Glendora, CA) with a crown-
own technique. The apical portion of each canal was prepared to a size
5 file with 0.06 taper. Patency was maintained by passing a #15 file to
he apical foramen after the use of each rotary file. The canal was
rrigated with 1 ml of water between each instrument use. Upon com-
letion of instrumentation, the canal was dried with paper points. Each
nstrumented block was weighed to the nearest 0.1 mg using a digital
lectronic balance (Model GD603, Sartorius, Gottingen, Germany).

bturation of the Canal
In half of the specimens, chosen at random, the canal was first

illed with MTA using the hand condensation method; then the block was
eighed. The MTA was removed, the canal dried, and the block was
eighed again. The same canal was refilled using the hand method

ollowed by indirect ultrasonic activation described below. In the other
alf of the specimens, the procedures were carried out identically but in
everse order.

The MTA was mixed according to the manufacturer’s instructions
Tulsa Dentsply, Tulsa, OK). MTA was delivered into the canal incre-
entally using a nonsurgical MTA carrier (Micro Apical Placement

ystem, Vevey, Switzerland). A Ni-Ti plugger (Obtura S-Kondenser, Ob-
ura Corp., Fenton, MO) similar in size and taper to a 1-3 plugger was
sed to condense the MTA to the appropriate length in the apical third.
n the middle and coronal third of the canal, a Ni-Ti plugger similar to
5-7 plugger (Obtura S-Kondenser, Obtura Corp.) was used for the

ondensation. For both placement methods, each canal was incremen-
ally filled with MTA. Each increment of MTA was immediately con-
ensed using the appropriate Ni-Ti hand plugger. The obturation was
udged to be complete when the MTA was filled to the top of the plastic
lock. A flat metal millimeter ruler was used to wipe off any excess to
nsure that the fill was flush. Once completed, each block was imme-
iately reweighed and the difference between the filled and empty
eights calculated.

For the US method, after each MTA increment was condensed with
hand plugger to the appropriate length, the end of the plugger re-
ained in contact with the MTA in the canal while it was indirectly

ctivated for one second with a #1 ProUltra ultrasonic tip (Dentsply,
ulsa) in a Spartan ultrasonic unit (Obtura Corp.) set on its lowest
ower setting unit as shown in Fig. 1. The method and duration of
ltrasonic activation of the material were developed in our pilot re-
earch.

leaning the MTA from the Canal
After the canal was initially filled with MTA using either of the two

ethods, the filling material had to be completely cleaned from inside
he canal before the second obturation. In both groups C and S, the MTA
as loosened by carefully threading a size 25 Flexofile into it until the file

eached the full working length. In group C, the file was also inserted 3
m into the canal from the apical foramen to facilitate the loosening of

he MTA around the curve at the apical end. A copious amount of water
as used to flush out the MTA from the canal. A radiograph was taken of

he block to ensure that the canal was free of residual MTA. The canal
as dried and the block was re-weighed. If any changes (gain or loss)

n weight had occurred during the cleaning process, that specimen was
liminated from the study. The canal was then obturated with MTA using

he second method. P

OE — Volume 32, Number 5, May 2006
This study employed the repeated measured design used by Deitch
t al. (18). Each sample, serving as its own control, was sequentially
illed with MTA using two different placement methods and the weight of
he MTA after each placement was compared. Data was analyzed by a
wo-way ANOVA for repeated measures, followed by the Tukey-Kramer

ultiple-Comparison Test.

Results
In every sample in both groups C and S, the use of 1 s of indirect

ltrasonic activation resulted in a greater fill density than that achieved using
and condensation alone (Fig. 2). The mean weight increases of the MTA
sing the two placement methods in the two canal types are presented in
able 1. There was a statistically significant increase in weight of MTA in the
S group over the hand condensation group in both group S (p � 0.0001)
nd group C (p�0.0001). In group S there was a mean net weight increase
f 3.3 mg in using the US method, which was a 9.1% increase over the hand
ondensation method. In group C the mean weight increase in the US group
as 3.5 mg, which was 10.07% higher than the hand condensation group.
here was no statistically significant difference in weight increase between

he straight canals and the 30-degree curved canals; and there was no
nteraction between the variables.

Discussion
According to its MSDS (19), MTA consists of approximately 75%

igure 1. Ultrasonic condensation of the MTA in the plastic block achieved
hrough indirect activation of a Ni-Ti plugger.
ortland cement, with the addition of 5% gypsum to control the setting

Comparison of Fill Density of MTA 457
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ime (20) and 20% barium sulfate to effect radiopacity (3). Studies
nalyzing MTA and Portland cement have concluded that with the ex-
eption of the added bismuth there is no significant difference in ele-
ental composition between the materials (21, 22). From a therapeutic

tandpoint, both materials show similar results when used for pulp
apping (23, 24), similar low cytotoxicity (25, 26), and comparable
esistance to leakage when used as a coronal seal (27). Therefore, the
heology, the flow of fluids, and deformation of solids under stress and
train, should also be similar for the two materials.

Portland cements are made by pulverizing clinkers (nodules of
intered materials) produced by calcining, or roasting, raw materials
hat contain lime, iron, silica, and alumina at very high temperatures.
he proportion of these components is carefully controlled to produce
ive major types of Portland cements and numerous sub-types with
arious physical and chemical characteristics appropriate to their end
se (28). During the calcining process, the lime combines with the
ilicates to make dicalcium silicate (2CaO�SiO2) and tricalcium silicate
3CaO�SiO2), and with the aluminates to make tricalcium aluminate
3CaO�Al2O3) and tretracalcium aluminoferrite (4CaO�Al2O3�Fe2O3).
his mixture is combined with calcium sulfate dihydrate or gypsum
CaSO4�2H2O) to control the setting speed (29, 30). White Portland
ement with identical physical properties is produced by simply remov-
ng the tetracalcium aluminoferrite (at higher cost) (3, 29). The rela-
ionship of white to gray MTA is apparently analogous to that of white
nd gray Portland cement (22, 31). These compounds theoretically
ccur if all components are at phase equilibrium, and thus may not
eflect the complex crystalline and amorphous structures that depend
pon the effects of many or the effects of actual kiln conditions in
anufacturing. The behavior of the cements, however, will depend

pon the mixture of these components (32).
Portland cements are hydraulic cements that harden by combining

ith water. During this hydration reaction a node forms on the surface
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igure 2. Comparison of the weight of MTA in the blocks achieved by hand
ondensation alone (H) versus that achieved by hand condensation followed by
S. Note the uniformly and consistently greater weight achieved by the latter
ethod.

ABLE 1. Comparison of mean weight of MTA achieved by hand versus hand plu

Group Hand (H) Hand plus US

Straight 37.4 mg 40.7 mg

Curved 35.3 mg 38.8 mg 3

58 Yeung et al.
f each cement particle that grows and expands until it coalesces with
odes from other cement particles (33). The internal microstructure of

he hydrated cement continues to develop after the cement is set, and
ay continue for months or years so long as water is available (32).

uring the cement by keeping it moist for an extended time period
nsures that this process continues and that the cement reaches its
aximum strength (33).

Because the strength of Portland cement decreases as the water/
ement ratio increases, it is desirable to limit the amount of water as
uch as possible. Similarly, MTA has been shown to solubilize more
ith time at higher water/cement ratios (34). A dry mix, however, will
ot have the necessary flow and workability needed for it to conform to

he irregularities of the space into which it is placed. It will also contain
honeycomb internal structure that contains air pockets (33), with air
omprising from 1 to 30% of the volume (35, 36). To minimize these
laws, increase strength, and improve density and homogeneity it is
esirable to use some method of compacting the material during place-
ent (33). Vibration accomplishes this by producing a series of rapid

ompressive impulses that reduce the surface friction between the ce-
ent particles that enabled the cement to support itself in a honey-

ombed condition. The mix now becomes unstable, individual particles
egin to rotate, and the cement starts to flow. During this process the
articles are re-arranged into a denser mass and the unwanted en-

rapped air escapes to the surface (36).
As the tip of the ultrasonic unit, or an instrument activated by the tip,

oves it must displace any cement in its path. The degree of displacement
nd the amount of force determine the speed at which the consolidation
akes place. The degree of displacement depends on the amplitude of the
ibratory motion. The force equals mass X acceleration of the tip, while the
cceleration in turn depends on the amplitude and the frequency of the
otion. The greater the amplitude, the stronger is the impact against the

ement. The greater the speed or frequency, the more impacts per second
he cement receives. Because acceleration varies as the square of the fre-
uency, it is more important than amplitude.

In previous studies where MTA unexpectedly failed to produce a
ood seal (16, 37), investigators speculated that the method used for
lacement of the material into a long canal, as opposed to a relatively
hallow apical retropreparation, might be the cause of the material’s
ailure rather than the material itself. Neither study attempted to vibrate
r compact the material mechanically. Because there is an optimum
ibration rate for every type of cement (36), we empirically investigated
arious combinations of time and ultrasonic power in pilot studies to
rrive at the optimum values for each parameter.

We used the weight of the MTA as an indicator of fill density be-
ause the formula for density is: Density � Mass/Volume. Because the
olume of the canal was kept constant in this study by using the same
lock for both condensation methods, any increase in weight of MTA
ould correspond to an increase in the fill density.

In the pilot phase of the study, we examined the difference in fill
ensity of MTA that resulted from varying the number of seconds of

ndirect US activation at the lowest power from 1 to 5 s, and found that
ne second of indirect US produced the highest weight of MTA. Longer
ctivation time produced voids with sufficient diameter to be detected
adiographically, which resulted in a lower weight of MTA.

ondensation in straight and curved canals

Difference % increase p

.3 mg � .0004 9.1% � 1.66 �.0001
s US c

3

.5 mg � .0008 10.07% � 2.66 �.0001
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The results of our study demonstrated that hand condensation of
TA followed by indirect ultrasonic activation resulted in a 10.07%

ncrease in mean weight in curved canals and 9.1% increase in straight
anals in plastic blocks. These results differ from those reported by
minoshariae and associates (17). Their study evaluated the adaptabil-
ty of MTA to the walls of polyethylene tubes using hand condensation
nd ultrasonic placement and concluded that hand condensation re-
ulted in a fill that was more uniform and had fewer voids than ultra-
onic placement. Several differences between these two studies are wor-
hy of note. First, our study was quantitative in nature while theirs was
ualitative, relying upon evaluation with a light microscope and radio-
raph to determine the degree of adaptability of MTA to the tube wall and
o detect voids within the MTA material itself. Their analysis was limited
o a surface view of the material; any internal voids could easily have
emained undetected. A quantitative analysis that measures the weight of
he MTA in the canal may provide a more accurate evaluation of the
ensity of the fill.

Second, their study used direct ultrasonic activation whereas we used
ndirect activation. In our study, the ultrasonic tip was not used to directly
ctivate the MTA because even the smallest US tip was unable to extend to the
ull length of the curved simulated canal. A small Ni-Ti plugger that was
lexible enough to follow the canal curve was used instead.

Third, the method of ultrasonic activation varied between the two
tudies. They first obturated the tubes to different levels (3, 5, 7 mm,
tc.) with MTA and then activated the ultrasonic tip continuously as a
ast step to condense the MTA apically. Although the exact duration of
ctivation in their study was not specified, we speculated that excessive
S may have incorporated air into the MTA and contributed to a fill that
as less dense and less uniform than that produced by hand conden-

ation. Our pilot work with different times and intensities demonstrated
hat very low intensity vibration for a short time period was necessary to
revent this occurrence.

This study compared the fill density of MTA in simulated root canal,
sing two placement methods: hand condensation and hand condensa-
ion with indirect US. The results demonstrated that hand condensation
ith indirect US resulted in an MTA fill that was denser than that accom-
lished by hand condensation alone in both straight and curved canals.
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