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INFLUENCED BY RADIOPACITY AGENT AND/OR ANTI-WASHOUT
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Summary

Introduction: The goal of the present study was to improve the poor handling of

calcium silicate cement (CSC) and to develop materials that can be used as root canal

sealing materials by adding a radiopacity agent (RA), Bi,O3 or Ta,0s, and/or an

anti-washout admixture (methylcellulose, MC) with different molecular weight of MC

(MC4000, 400, 25). We examined the radiopacity, flow, and setting time according to

ISO 6876-2012.

Methods: Samples for the radiopacity test were prepared by adding RA to Portland

cement (PC) up to final concentrations (%) of 0, 5, 10, 15, 20, and 25, respectively.

Samples for the flow and setting time tests were prepared using mineral trioxide

aggregate as a control group. In test groups, final concentrations of 18% RA and 2%

MC, or 20% RA alone were added to PC. All of the methods in the present study

conform to ISO 6876-2012.

Results: A radiopacity test revealed that the radiopacity of PC containing over 10%

volume of each RA was higher than or equal to standard radiopacity. PC containing

Ta;Os and the MC25 group passed a flow and setting time test.

Conclusions: Bi,0; and Ta,;Os can be used similarly in radiopacity, flow value and

setting time test. The flow and setting time of CSC varied significantly with the



molecular weight of the added MC.
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Introduction

Root canal filling is able to seal the content of the root canal system, thereby
preventing the egress of microorganisms or byproducts into periradicular tissues. ' An
ideal root canal filling material should be biocompatible, antibacterial, non-toxic, and
radiopaque and should not be resorbable or soluble in an oral environment. In addition
to these characteristics, the material should be cost-effective, easy to handle, and closely
adaptable to the cavity walls. '

Mineral trioxide aggregate (MTA, ProRoot MTA; Dentsply-Maillefer, Switzerland),
which is a calcium silicate cement (CSC), was first developed by Torabinejad et al..*>
CSC is composed primarily of Portland cement (PC). MTA is used primarily for root
canal filling, perforation repair, and retrofilling because MTA has unique
biocompatibility, ** antibacterial properties, *’ sealability, ® and promotes hard tissue

. 9,10
formation. ~

In the case of the retrofilling by MTA, microscope is usually used for
keeping brightness and magnification on operation area (Fig 1). MTA is difficult to use
because of its granular consistency, slow setting time, and initial looseness. '

In previous reports on the use of a radiopacity agent (RA) as an additive to CSC, Bi,03

(BO) has been reported to affect a variety of physical properties. For example, BO has

been reported to reduce the compressive strength ' and extend the setting time " of CSC.



BO is an RA, and MTA contains 20% BO, which increases the radiopacity of MTA. 1
Furthermore, BO affects Ca(OH), precipitation after MTA hydration. ' Since BO
dissolves in an acidic environment, it has been suggested that placing MTA in an acidic
environment, such as inflammatory tissues, might result in the release of BO, '* which
might decrease the biocompatibility of MTA because BO does not encourage cell
proliferation in a cell culture. °

Bioaggregate (Innovative BioCeramix, Canada) has been introduced as a modified
version of MTA. This cement contains Ta,Os (TO), which has excellent
biocompatibility, for radiopacity. 117 In addition, compared with BO, TO is smooth and
has a small particle size. The addition of TO as an RA may affect the physical properties
of the CSC.

On the other hand, numerous attempts have been made to improve the handling
properties of MTA by adding calcium compounds as a setting accelerator or other

18 Ber ef al. ' reported that all of the methylcellulose

materials to enhance viscosity.
(MC), which is an anti-washout admixture, and MC/CaCl, concentrations greatly
improved the handling of CSC. The molecular weight of MC is adjustable. When MC

with various molecular weights is added to CSC, further variations in the properties of

CSC may occur (although this has not yet been reported).



Therefore, improvement of the handling characteristics of CSC was examined in the
present study. We examined the change in the physical properties of CSC caused by the
addition of RA and/or the MC with various molecular weights. In the present study,
CSC was investigated for use as a dental root sealing material. The examination was
performed in accordance with ISO 6876-2012 (Dental root sealing materials) of the

International Organization for Standardization. '



Materials and methods

1. Examination of radiopacity

The following experimental groups were established according to the materials to be

tested: RA (BO or TO) (Wako, Japan) was added to PC (TAIHEIYO CEMENT, Japan)

to final concentrations (%) of 0, 5, 10, 15, 20, and 25, respectively. Samples were mixed

with pure water using a 1:0.35 powder/liquid ratio. The shape of the surface and the

particle size of the RAs (BO and TO) were observed using a scanning electron

microscope (S-2150, HITACHI, Japan) before the experiment (Fig 2).

The radiopacity test was conducted according to ISO 6876-2012. After mixing, each

sample was packed into a stainless steel ring mold with an internal diameter of 10 mm

and a depth of 1 mm. The mold was placed on a glass slab before inserting the material.

The mold was then covered with a glass slide and allowed to set for 3 hr. Radiographs

were taken with a focus-film distance of 300 mm. The dental X-ray unit (DCX-100N,

ASAHI, Japan) was set at 70 kV, 7 mA, and an exposure time of 0.25 sec in order to

provide a radiographic density reading for the exposed and processed film under a

1-mm-thick section of the aluminum stepwedge. Radiographs were taken for each

sample. The exposed film was processed in an automatic developing machine. The

photographic densitometer (PDA-15, Konica, Japan) was used to take readings of the



radiographic images of the samples, each step of the stepwedge, and the unexposed part

of the film. Three readings were taken for each film, and the mean was calculated. The

radiographic density values of the materials were transformed into a radiopacity

expressed as the equivalent thickness of aluminum.

2. Examination of flow value and setting time due to the addition of RA and/or

MCs with various molecular weights to CSC

The following experimental groups were established according to the materials to be

tested: 1) MTA (control group) and 2) final concentrations of 18% or 20% RA (BO or

TO) and 2% MC (MC 4000, 400, 25, Wako, Japan) contained in PC (Table 1). MC 4000,

400 and 25 was the abbreviation of the product name ( Table 2). Samples were mixed

with pure water using a 1:0.35 powder/liquid ratio. The conditions of PC for each

molecular weight of MC are shown in Fig 3.

3. Flow value

The flow value test was conducted according to ISO 6876-2012. A total of 0.05 ml of

each sample was placed on a glass plate (40 mm x 40 mm x 5 mm). At 180+5 sec after

mixing was started, another plate with a mass of 20+2 g and a load of 100 g was placed



on top of the material. Ten minutes after mixing was started, the load was removed, and

the major and minor diameters of the compressed material were measured. If both

measurements were within 1 mm of each other, the results were recorded. If the major

and minor diameter discs were not uniformly circular or did not fall within 1 mm of

each other, the test was repeated. The test was conducted three times for each

experimental group, and the mean value was recorded.

4. Setting time

The setting time test was conducted according to ISO 6876-2012. Each sample was

placed in the mold (internal diameter: 10 mm, height: 1 mm) 120 sec after the start of

mixing. Samples were maintained at a temperature of 37°C and a relative humidity of

not less than 95%. After 30 min, the indenter as described in ISO 6876-2012 (mass: 100

g, diameter of flat end: 2 mm) was carefully lowered vertically onto the horizontal

surfaces of the samples. The indenter tip was cleaned, and the operation was repeated at

5 min intervals until the needle failed to make a complete circular indentation in the

sample. The time from the start of mixing at which this occurs was recorded. Setting

times were determined as the mean of three test results for each experimental group.
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5. Statistical analysis

The data obtained in experiment 2 were analyzed by a one-way ANOVA test for global

comparison and by a Tukey’s test for individual comparisons, and p-values of less than

0.05 were considered to be statistically significant.
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Result

1. Examination of radiopacity

The radiopacity of the PC samples containing over 10% volume of BO or TO was

higher than or equal to 3.00 mm Al (equivalent to a 3.00-mm-thick Al plate) as

determined by ISO 6876-2012 (Fig 4).

2. Examination of flow value and setting time due to the addition of RA and/or

MCs with various molecular weights to CSC

The results of the flow value test indicated that there was no significant difference

among MTA, PCBO, and PCTO when MC was not added. The flow value increased

when MC of lower molecular weight was added to PC in PCBO and PCTO. And

experimental groups with the addition of low- molecular weight MC (MC25) exhibited

a significantly higher flow value compared with other groups. A flow value of

approximately 17.00 mm, as determined according to ISO 6876-2012, was only

obtained in the PCTO+MC25 group, and the flow values of other groups were lower

than 17.00 mm (Fig 5).

The setting time test revealed that all samples had a setting time of from 30 min to 72

hr, as determined by ISO 6876-2012. There was no significant difference in setting time

12



between PCBO groups and PCTO groups under the same MC condition. On the other

hand, there was a significant difference between the MC-added groups and the MTA

group. The setting time was extended by the addition of MC. In the case of MC addition,

the setting time decreased in the order of MC25 > MC400 > MC4000 (Fig 6).
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Discussion

We examined the physical properties of CSC by varying the RA and adding MC with
various molecular weights. To date, the majority of the RA contained in CSC has been
BO. However, problems such as adverse effects on physical properties and
biocompatibility have been reported as a result of the addition of BO to CSC. "
Therefore, TO was added to CSC in place of BO. ¢

There has been no comparative report on the radiopacity of TO and BO added to CSC.
The results of experiment 1 reveal that the addition of approximately 10% of either TO
and BO provided sufficient radiopacity to PC. Furthermore, BO and TO have
approximately the same radiopacity, regardless of particle size. In the results of
experiment 2, no significant difference in the flow value or the setting time was
observed between the PCBO group and the PCTO group. Therefore, it is suggested that
BO and TO can be used in the same manner. In the groups in which only RA was added
to PC, no samples exhibited a flow value higher than 17.00 mm, as determined by ISO
6876-2012. Changing the RA alone seemed insufficient if CSC is to be used as a dental
root sealing material.

In improving the flow value of CSC by MC addition, the flow value increased

depending on the molecular weight of the MC, regardless of the type of RA.
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Experimental groups with the addition of low- molecular weight MC (MC25) exhibited
a significantly higher flow value compared with other groups (p < 0.05). Moreover, a
flow value of approximately 17.00 mm, as determined according to ISO 6876-2012,
was only obtained in the PCTO+MC25 group. Although the mean flow value of the
PCTO+MC25 group satisfied the ISO standard, some of the samples did not fulfill the
standard (Fig 5). In order to use of CSC as a dental root sealing material, all samples
should be satisfy the ISO standard. Therefore, the flow value of CSC should be
improved further. We have to investigate that improvement of existing additives, such as

], 11182021 91 d search for new additives.

MC and propylene glyco
The results of experiment 2 revealed there was no significant difference in setting time
between PCBO groups and PCTO groups under the same MC condition (MC4000, 400,
and 25). On the other hand, the setting time was extended when lower molecular weight
MC was added to PC. Therefore, the molecular weight of the MC is believed to affect
the setting time, whereas the RA does not affect the setting time. The setting time test
revealed that the setting times of all samples were within 30 min to 72 hr, as determined
by ISO 6876-2012 (Fig 6). However, Torabinejad et al. * reported that MTA had a long

setting time, which is a major drawback for use as a root canal sealing material.

Moreover, Hsich ef al. ' reported that the slow setting time of CSC made it a difficult
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material to use. In the present study, the setting time of CSC was significantly extended

by the addition of MC. Furthermore, a tendency for the setting time to be extended was

observed as the flow value increased. In the future, it will be necessary to examine

additives that reduce the setting time while maintaining the flow value.
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Conclusion

1. TO and BO can be used in the same way as an RA in ISO 6876-2012.

2. PC containing TO as an RA and low- molecular weight MC (MC25) obtained a flow

value more over 17.00 mm, as determined according to ISO 6876-2012.

3. The molecular weight of the MC affects the setting time of PC, whereas the RA does

not affect the setting time of PC.
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Fig 1 After the keeping brightness and magnification by microscope (A), MTA is

filled by exclusive instruments (B).
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D1B4349 15 kV x1.

Fig2 (A) BO: Shape of surface: rough, Particle size: approximately 30 pm.

(B) TO: Shape of surface: smooth, Particle size: less than 1 um.
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Fig 3

(A) 2%MC with a weight-average molecular weight of 140,000 was added to PC.

(B) 2%MC with a weight-average molecular weight of 84,000 was added to PC.

(C) 2%MC with a weight-average molecular weight of 40,000 was added to PC.
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Table 1 Samples used in the experimental 2

MTA PC BO TO MC
MTA 100%
PCBO 80%  20%

PCBO+MC4000 80% 18% 2%
PCBO+MC400 80%  18% 2%
PCBO+MC25 80%  18% 2%

PCTO 80% 20%
PCTO+MC4000 80% 18% 2%
PCTO+MC400 80% 18% 2%
PCTO+MC25 80% 18% 2%

Samples for the flow and setting time tests were prepared using MTA as a control group.
In test groups, final concentrations of 18% RA and 2% MC, or 20% RA alone were

added to PC. Samples were mixed with pure water using a 1:0.35 powder/liquid ratio.
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Table 2 The details of methylcellulose in present study.

weight-average
molecular weight

viscosity (2%, 20°C)

mean degree of
polymerization

methylcellulose 4000 140, 000 3,500~5,600 mPa-s 740
methylcellulose 400 84, 000 350~550 mPa-s 440
methylcellulose 25 40, 000 20~30 mPa-s 200

25
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Fig4 Radiopacity of the samples as determined according to ISO 6876-2012.
A radiopacity agent (BO or TO) that was added to PC to final concentrations
(%) of 0, 5, 10, 15, 20, and 25, respectively, has been examined. Samples were
mixed with pure water using a 1:0.35 powder/liquid ratio.
Reference value of radiopacity : greater than 3.00 mm Al (equivalent to a

3.00-mm-thick Al plate).
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Fig5 Flow value of the samples determined according to ISO 6876-2012.
All of the methods in the present study conform to ISO 6876-2012.
Reference value of flow : greater than 17.00 mm.

@ showed significant differences by Tukey’s multiple comparison

(n=3,p<0.05)
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Fig 6 Setting time of the samples determined according to ISO 6876-2012.
All of the methods in the present study conform to ISO 6876-2012.
Reference value of setting time : the setting time shall be within the range of
30 min to 72 hr.
* showed significant differences by Tukey’s multiple comparison

(n=3,p<0.05)
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