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Introduction

Several materials are commercially available for the treatment 
of endodontic lesions. However, with advancing scientific progress, 
the need to develop new materials with more accurate responses 
and concrete results arose. On this concern, Mineral trioxide aggre-
gate (MTA)is a promising material with clinically innovative char-
acteristics.1

The formulation of MTA is like commercial Portland cement, ex-
cept for the addition of bismuth oxide, offering radio capacity to the 
material.2 MTA exhibits low contraction and long setting time,3 low 
degree of solubility, biocompatibility, osteo inductive capacity, ad-
equate pH, non resorbable properties, and induces the calcareous 
carbonation of damaged zones.4-6 The mechanism of action of MTA 
is like calcium hydroxide and involves the release of calcium and 
hydroxyl ions, which induces the formation of a hard tissue bridge, 
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promoting site repair. MTA powder is composed of fine hydrophilic 
particles that render it ideal moisture. This property is essential for 
its application in Para endodontic surgeries.5-7

MTA expands after hardening. The expansion, combined with 
low solubility, is responsible for its sealing capacity.8 MTA can be 
used forapexification, retro filling, and root and furcal perforation, 
as it seals the communication pathways between the root canal sys-
tem and the surrounding tissues.9,10 MTA is considered the most ap-
propriate material for the treatment of root perforations.11-13

MTA properties that hinder its clinical applications are low flow 
and long setting time.14 Previous studies have proposed the incor-
poration of additives into MTA to improve its unsatisfactory phys-
ical properties.15-17 Several supplements, such as calcium chloride, 
sodium hydrogen phosphate, and a water-based lubricant, have 
been added to decrease the long setting time of MTA.15,16 The ad-
dition of 1% methylcellulose and 2% calcium chloride to MTA in-
creased its compressive strength and shortened the setting time.18 

The calcium lactate gluconate has also been reported as an accel-
erator to decrease setting time and improve the handling proper-
ties of MTA.18 Moreover, polycarboxylate sodium ether and sodium 
naphthalene sulfonate are excellent plasticizing agents for mineral 
oxide cements.19

An accurate analysis of the chemical safety data sheet (SDS) 
classifies the plasticizer additives (polycarboxylate and naphtha-
lene) at level three toxicity. This degree of toxicity is equal to that 
promoted byeugenol, which is widely used in dentistry; therefore, 
the additives can be suitable for dental use. In this study, we tested 
the flow and solubility of MTA with sodium naphthalene sulfonate 
and sodium ether polycarboxylate additives, following the ADA 
(American Dental Association) and ISO 6876 (2012) recommenda-
tions.

Proposition

This aims to elucidate the physical properties (flow and solubil-
ity) of pure MTA cement combined with plasticizing agents, sodium 
naphthalene sulfonate or sodium ether polycarboxylate at concen-
trations of 0.5%, 1.0% and 1.5%.

Materials and Methods

 The flow and solubility tests were carried out according to 
standard 57 ANSI/ADA20 and ISO 6876.21 Seven groups were cre-
ated for the study, pure MTA cement (control group) and MTA with 
the addition of two plasticizers, sodium naphthalene sulfonate 
(Cemix 2000–Vedacit, Brazil) and sodium ether polycarboxylate 
(Adi-Super H35–Aditibras, Brazil) at concentrations of 0.5%, 1.0% 
and 1.5%.

Preparation of plasticizing solutions

The volume of material needed for the corresponding amount 
of MTA powder was calculated and diluted in 100mL of distilled and 
deionized water. Because sodium naphthalene sulfonate is a liquid, 
the dilution was carried out directly in distilled and deionized wa-

ter. To obtain sodium ether polycarboxylate solution, the powder 
was diluted in water with a magnetic stirrer until completely dis-
persion.

Powder/liquid ratio, handling and working times

The powder/liquid ratio was fixed as directed by the manufac-
turer at 2.5g of powder for 1.0mL of liquid. The handling time was 
set at 90 seconds and the maximum working time was set at 10min. 
The powder was weighed on a 0.01g precision scale (Bel Engineer-
ing SRL model ALBIL001, Italy) and the liquid pipetted with an au-
tomatic pipette (TransferpetteS) set to 1.0mL.

Flow analysis

A cement volume of 0.5mL was withdrawn and placed on a glass 
plate. After 180±5 s from the onset of mixing, a system consisting of 
a glass plate of 60×60mm and additional weight was placed central-
ly on top of the softened material, resulting in a total load of 120g. 
Ten minutes after the onset of the mixing, the weight was removed 
and, with the help of a TESA-branded digital caliper, the larger and 
smaller diameters of the disc formed by the compressed cement 
were noted. This measurement was carried out in cases where the 
diameters differed by no greater than 1mm. The flow of the mate-
rial was taken to be the arithmetic mean of the two measurements. 
This procedure was repeated thrice for each group. The flow was 
determined by the arithmetic mean of these three measurements 
and approximated to the nearest millimeter.

Solubility analysis

Specimens measuring 1.5mm in thickness and 20mm in diame-
ter were obtained with the aid of Teflon molds. A waterproof nylon 
thread was inserted in the cement mass to support the specimen 
during the test. The specimens were weighed on a Uni Bloc pre-
cision scale of German origin to the nearest 0.001g. Subsequently, 
the sample was suspended by the nylon thread and placed inside a 
container containing 50mL of distilled and deionized water. Care 
was taken that there was no contact between the sample and the 
inner surface of the container. The set was closed and placed in an 
incubator at 37°C for 7 days.

After 7 days, the sample was removed, rinsed with distilled and 
deionized water, and the excess material was removed with the 
help of an absorbent tissue. The sample was suspended by the ny-
lon thread in a dehumidifier containing concentrated sulfuric acid 
for 48h. After this period, the sample was removed and a second 
weighing was carried out, again to the nearest 0.001g. The mass 
loss of each sample was noted, expressed as the percentage of the 
original mass of the material. This loss pertains to the solubility of 
the tested material. The solubility of the tested material was calcu-
lated as the mean of two the determinations, approximately to the 
nearest 0.1%.

Data analysis

The data exhibited a normal distribution (Shapiro-Wilk test) 
and were analysed by one-way ANOVA and Tukey post-test, with a 
significance of 5%, using the SPSS software (IBM, USA), version 25.
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Results

Flow test

Table 1 contains the Analysis of Variance for the flow test of the 
different cements. Table 2 shows the results obtained for the flow 
tests of the analyzed materials. The recommendation of Standard 
ADA 5720 reports that the disc formed by the cement should be at 
least 25mm in diameter. Thus, only the diameter of the pure MTA 
was lesser than the accepted criteria. The ANOVA indicated a signif-
icant difference among the samples (p=0.000). Pure MTA had the 
lowest flow rate. The results obtained with sodium naphthalene 
sulfonate, regardless of the concentration, were statistically similar 
and differed from the others. This group displayed flow that was 
higher than pure MTA but lower than sodium ether polycarboxyl-
ate. The addition of sodium ether polycarboxylate increased MTA 
flow, exceeding the values obtained by adding sodium naphthalene 

sulfonate. The flow rates were statistically different from each oth-
er for all concentrations. The higher the concentration of sodium 
ether polycarboxylate, the higher was the flow.

Solubility test

Table 3 shows the Analysis of Variance for the solubility test of 
the different cements. Table 4 displays the results of the solubility 
test. The ADA 57 standard 20 recommends that the material should 
not exceed 3% of its mass loss. The analysis of the solubility test 
demonstrates that all the tested materials had higher solubility 
than the maximum allowed by the standard. The ANOVA indicat-
ed a significant difference among the samples (p=0.000). Tukey 
test demonstrated that the addition of naphthalene increased the 
solubility of the MTA cements. The polycarboxylate led to a slight 
increase in solubility of MTA cements, statistically like pure MTA 
cement.

Table 1: One way analysis of variance for the flow test of the different cements.

Source of Variance DF Sum of Squares Mean Squares F value p-value

Groups 6 2839.27 473.212 269.2 0.000 *

Residual 14 24.61 1.758    

Total 20 2863.88      

Table 2: Flow test of the analyzed cements (in mm).

Cement Diameter (mm) SD 95% CI Tukey test*

1.5% polycarboxylate 53.32 1.579 (51.678; 54.962) a

1.0% polycarboxylate 44.132 2.152 (42.49; 45.78) b

0.5% polycarboxylate 33.187 1.18 (31.545; 34.828) c

1.5% naphthalene 28.417 1.445 (26.775; 30.058) d

1.0% naphthalene 26.537 1.162 (24.895; 28.178) d

0.5% naphthalene 25.323 0.441 (23.682; 26.965) d

Pure MTA 15.963 0.388 (14.322; 17.605) e
*Equal letters represent statistical similarity among groups (p<0.05).

Table 3: One way analysis of variance for the solubility test of the different cements.

Source of Variance DF Sum of Squares Mean Squares F value p-value

Groups 6 244.423 7.4039 35.1 0.000 *

Residual 14 2.953 0.211    

Total 20 47.377      

Table 4: Solubility test of the analyzed cements (% weight loss).

Cement Weight loss (%) SD 95% CI Tukey test*

1.0% naphthalene 10.83 0.649 (10.261; 11.399) a

1.5% naphthalene 9.683 0.449 (9.115; 10.252) ab

0.5% naphthalene 8.582 0.301 (8.092; 9.072) bc

0.5% polycarboxylate 7.444 0.238 (6.954; 7.935) cd

1.0% polycarboxylate 7.097 0.532 (6.528; 7.665) d

Pure MTA 6.937 0.557 (6.368; 7.505) d

1.5% polycarboxylate 6.673 0.412 (6.105; 7.242) d

*Equal letters represent statistical similarity among groups (p<0.05).
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Discussion

Tricalcium silicate cements have excellent biological properties 
based mainly on alkaline pH, which induces mineralization.22 After 
placement, the material releases hydroxyl ions, which increase the 
pH of the environment and promote an inflammatory reaction that 
results in the formation of hydroxyapatite,23 along with dentin.24 
This material results in a hostile environment for microbial surviv-
al and proliferation.25

Despite its significant biological advantage, its use is hindered 
by its low plasticity, making its insertion into small spaces and root 
canals complex.11To solve this problem; MTA repair HP (high plas-
ticity) was commercially available in 2018. According to the man-
ufacturer (Angelus, Londrina, PR, Brazil), its formulation is like the 
conventional MTA, with the addition of a plasticizer.

In our study, sodium polycarboxylate ether and sodium naph-
thalene sulfonate were preferred as additives in MTA because they 
are well-known26,27 and highly efficient plasticizers.28,29 The0.5%, 
1.0% and 1.5% concentrations are following published reports.11 
The introduction of 0.05% to 1.50% of additives in the material de-
creased viscosity and increased setting time. 

The results indicate that a plasticizing agent significantly in-
creased the flow, emphasizing sodium polycarboxylate ether that 
exhibited higher values than pure MTA and the sodium naphtha-
lene sulfonate additive.

Sodium ether polycarboxylate promoted increased MTA flow at 
the three concentrations tested. The higher the concentration of the 
agent, the greater the increase. The results obtained using sodium 
naphthalene sulfonate indicates that this agent increases the plas-
ticity of MTA but not as much as those observed with sodium ether 
polycarboxylate. The increase in the concentration of sodium naph-
thalene sulfonate did not increase plasticity. Solubility is the loss 
of mass of a material during a period of immersion in water.6 It is 
a characteristic of calcium silicate-based cements. Their biological 
properties are attributed to the release of hydroxyl ions, which is 
only possible if solubilization of the material occurs, at least in its 
initial phase.30

Overall, the translation of the laboratory solubility tests to clini-
cal practice requires some considerations. A high solubility value in 
distilled water from the previously used materials is associated with 
the high release of calcium and hydroxyl ions, which leaves gaps. On 
the other hand, when immersed in bodily fluids, the calcium and 
hydroxyl ions in the materials combine with the phosphate in the 
surrounding fluids, causing a surface layer of calcium phosphate to 
fill the open gaps.31 The solubility and porosity of tricalcium silicate 
materials (MTA type) in distilled water do not predict such mate-
rials' actual stability and integrity under in vivo conditions.31 The 
MTA Fill apex has higher solubility and gap quantity in the dentin/
sealer interface than the AH Plus sealer.32 Regarding solubility, it is 
evident that naphthalene at concentrations above 1.0% significant-
ly increased the solubility of the cement and that polycarboxylate 
did not exhibit such an effect at any of the concentrations studied. 

Further studies still need to be carried out to adapt the MTA 
to the expectations of professionals and requirements of technical 
standards that regulate the physiochemical behavior of root canal 
filling materials. 

Conclusion

Considering the limitation of an in vitro test, we can conclude 
that the addition of plasticizing agents improves the flow of MTA. 
The sodium ether polycarboxylate is considerably superior to so-
dium naphthalene sulfonate at the concentrations tested. The ad-
dition of sodium ether polycarboxylate and sodium naphthalene 
sulfonate did not increase the solubility of MTA cement.
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