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Abstract

Background: Three-dimensional obturation of the root canal system is mandatory for a successful root canal treatment. 
Using a filling material with optimal properties may enable the root canal to be sealed well and therefore obtain the 
desired obturation.
Objective: To develop a new injectable paste endodontic filling material using calcium phosphate powder and a 
styrene–butadiene emulsion polymer.
Methods: The powder phase comprised an equivalent molar ratio of tetracalcium phosphate, anhydrous dicalcium 
phosphate, bismuth oxide, and calcium chloride. The liquid phase comprised a styrene–butadiene rubber emulsion 
in distilled water. The powder and the liquid were mixed to achieve a paste consistency. The paste was subjected to 
various tests including flow, setting time, dimensional change, solubility, and radiopacity to indicate its suitability as 
a root canal filling material. All these tests were conducted according to the American National Standards Institute–
American Dental Association for endodontic sealing materials. After passing these tests, the paste was submitted to an 
injectability test.
Results: The material showed acceptable flowability with 19.1 ± 1.3 min setting time and 0.61 ± 0.16% shrinkage 
after 30 days of storage. We found the highest solubility at 24 h (6.62 ± 0.58%), then the solubility decreased to 
1.09 ± 0.08% within 3 days. The material was more radiopaque than a 3 mm step on an aluminum wedge. Furthermore, 
the material showed good injectability of 93.67 ± 1.80%.
Conclusions: The calcium phosphate powder in styrene–butadiene emulsion met basic requirements for a root canal 
filling material with promising properties.
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The objective of root canal filling procedures is 3-dimen-
sional obturation of the root canal system after complete 
cleaning and shaping, to eliminate bacteria and tissue 
debris from within them [1]. The procedure should be 
directed toward the filling of lateral canals as well as filling 

the main root canals because lateral canals may contribute 
to lateral root abscesses unless sealed off from the perio-
dontal ligament [1, 2].

Microleakage in canals filled with gutta-percha and 
sealer leads to ingress and propagation of bacteria with 
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consequent infection [3]. Although Resilon was introdu-
ced with the concept of adhesive bonding to root dentine, 
it fails to provide a complete seal [4, 5]. Consistently, 
newly developed bioceramic sealers (EndoSequence 
BC Sealer and MTA Fillapex) do not fulfill the required  
chemical and physical properties as ideal root canal filling 
materials [6].

The inability of currently used root canal filling materials 
to adhere to the root canal dentine [3], their lack of ability to 
provide an optimum seal to the root canal system, and the hete-
rogeneous composition of dentine and anatomical complexity 
of root canals [4] have motivated researchers to develop new 
filling materials with more promising properties to increase 
the success rate of endodontic treatment.

Because of their chemical similarity to bones and teeth, 
calcium phosphate materials have received a lot of attention. 
They are attractive biomedical materials due to their excel-
lent biocompatibility and the nontoxicity of their chemi-
cal components [7, 8]. A mixture of tetracalcium phosphate 
(TTCP) and dicalcium phosphate anhydrous (DCPA) [9] with 
a liquid phase like water is a useful cement as a bone substi-
tute material because the ultimate product is hydroxyapatite 
[10]. Water-soluble biocompatible polymers may be added to 
the aqueous phase used to dissolve calcium phosphate powder 
[11, 12]. The incorporation of water-soluble biocompatible 
polymers into the formulation of calcium phosphate cements 
may improve their properties such as injectability, cohesion, 
and setting time [11, 13].

The present study aimed to investigate whether calcium 
phosphate powder can be used with a styrene–butadi-
ene emulsion polymer as an endodontic injectable filling 
material.

Methods

Preparation of the material

The powder phase consisted of an equivalent molar ratio 
of TTCP (Applichem) and DCPA (Sigma-Aldrich), 5% wt 
bismuth oxide (ChemicalPoint), and 10% wt calcium chlo-
ride (Merck). The liquid phase comprised 50% styrene–
butadiene rubber emulsion (Sika, Switzerland) in distilled 
water. To form the cement, one spoon of powder was mixed 
with 2 drops of liquid on a glass slab using a cement mixing 
spatula.

The material was subjected to a series of tests, all of which 
were performed according to the American National Standards 
Institute–American Dental Association (ANSI/ADA) specifi-
cation No. 57 [14], except for the injectability test.

Flow

Using a graduated syringe, 0.5 ± 0.05 mL of the mixed experi-
mental material was placed on a glass plate (40 mm × 40 mm, 
5 mm thick; 20 ± 2 g). At 180 ± 5 s after the start of mixing, 
a load of 100 g and a top glass plate (also 40 mm × 40 mm, 
5 mm thick, and 20 ± 2 g) were applied centrally on the top of 
the soft material. The load was removed 10 min after the start 
of mixing, and the minor and major diameters of the disc of the 
material formed were measured using digital calipers. If the 
disc was not uniformly circular or the major and minor diame-
ters did not agree within 1 mm, the test was repeated. Ten rea-
dings were obtained from 10 different samples, and the mean 
of these 10 readings was taken as the flow of the material.

Setting time

The apparatus used comprised an indenter attached to a 
surveyor and a metal block (8 mm × 20 mm × 10 mm). The 
indenter weighed 100 ± 0.5 g and had a flat end diameter of 
2 ± 0.1 mm. The indenter tip was cylindrical over a distance 
of at least 5 mm. The metal block and indenter needle were 
conditioned in an incubator at 37 ± 1 °C with a relative humi-
dity of 95%.

A plaster of paris mold (internal diameter of 10 mm and 
thickness of 2 mm) was used. The material was mixed for 45 s 
at 23 ± 2 °C (room temperature) and 50 ± 5% humidity. The 
plaster of paris mold was fitted on a flat glass plate (micro-
scope slide), then the hole of the plaster of paris mold was 
filled with the experimental material. After 180 ± 5  s from 
the start of the mixing process, the microscope slide with the 
mold containing the material was placed on the metal block 
and the whole apparatus was placed in an incubator capable 
of maintaining a temperature at 37 ± 1 °C and humidity of 
95 ± 5%. As soon as possible after the specimen was placed in 
the incubator, an indenter needle was lowered vertically onto 
the surface of the material and allowed to remain there for 
5 s. The indentation was repeated at 2 min intervals until the 
indenter impression ceased to be visible in the material. After 
each removal, the indenter tip was cleaned with a nonwoven 
swab. The net setting time was recorded as the time between 
the beginning of mixing and the time when the indenter did not 
make an impression in the material (Figure 1). The mean of 10 
readings was taken as the setting time of the material.

Dimensional change

We mixed 2 g of the material with 0.02 mL of distilled water. 
A cylindrical split mold (12 mm height and 6 mm diameter) 
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made of stainless steel was placed on a plastic sheet backed 
by a microscopic slide and was filled with the material to 
slight excess, another glass plate faced with a plastic sheet was 
pressed on the mold and the assembly held together firmly by 
the aid of a C-clamp. Five minutes after the start of mixing, the 
mold with the clamp was transferred to a cabinet that could be 
maintained at 37 ± 1 °C and relative humidity of not <95%. 
After the material had been set, the clamp was removed and 
the ends of the specimen were polished using 360-grit wet 
sandpaper. Subsequently, the specimen was removed from the 
mold and the distance between the flat ends was measured to 
an accuracy of 10 µm using a digital micrometer (Mitutoyo), 
and the result was recorded. The specimens were stored in dis-
tilled water for 30 days in the same cabinet. After this period, 
the specimen was removed from the distilled water, again the 
distance between the flat ends was measured to an accuracy of 
10 µm using the digital micrometer.

The percentage of the material shrinkage was calculated 
as follows:
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Solubility

We mixed 2 g of the material with 0.02 mL of distilled water. 
A split ring mold (1.5 ± 0.1 mm thickness and 20 mm inter-
nal diameter) was placed on a glass plate covered by a plastic 
sheet and was filled with the material to slight excess. A piece 

of dental floss was inserted into the material to allow the disc 
of the material to be suspended in the bottle without touching 
its walls. Another glass plate faced with a sheet of plastic was 
pressed on top of the experimental material and the mold was 
placed in the cabinet for 24 h to allow the material to set. After 
this, the mold was removed from the cabinet, and the specimen 
was carefully removed from the mold and the periphery of the 
specimen was finished to remove any irregularities or flash. 
The specimens were placed in a desiccator containing silica 
gel. After 24 h, the specimen was removed from the desicca-
tor and its net weight was determined to the nearest 0.001 g 
using laboratory balance (model AL204; Mettler Toledo).  
A dry clean glass bottle was weighed to the nearest 0.001 g and 
was filled with 30 mL of distilled water and the sample was 
suspended in the bottle for periods of 24 h, 72 h, and 7 days 
alternatively.

After each time, the sample was removed carefully from 
the bottle and washed with 2  mL of distilled water; which 
drained back to the glass bottle, which was then dried in the 
desiccator for 24 h, then put into a new bottle (the same sample 
was used for different time intervals). The bottle containing 
water was placed in an oven at 110 °C for 24 h and then placed 
in a desiccator to allow complete cooling for another 24  h, 
then the bottle was weighed to the nearest 0.001 g using the 
laboratory balance.

Solubility was measured according to the following 
equation:
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Radiopacity

In the powder constituents, 3 different concentrations of 
Bi2O3 were used: 3%, 5%, and 7%. A stainless steel ring mold 
of 10 ± 0.01 mm and a height of 1 ± 0.01 mm was placed on 
a microscopic slide and filled with the experimental mate-
rial to slight excess, another microscopic slide was pressed 
over the ring mold to make a uniform 1 mm disc thickness 
between the 2 microscopic slides. The mold containing the 
material with 2 glass plates was placed in an incubator at 
37 ± 1 °C and 95% humidity to allow the material to set. 
Subsequently, the disc of the material formed was removed 
from the mold and attached to paper with glue. Ten discs of 
the material were prepared for each concentration. The spe-
cimens were positioned on the center of an X-ray film along 
with an aluminum step wedge that was graduated from 1 mm 

Figure 1. Fitted on a flat glass plate (microscope slide), a plaster of 
paris mold containing cement material for testing. An indenter needle 
was lowered vertically onto the surface of the material and allowed to 
remain there for 5 s. The indentation was repeated at 2 min intervals 
until the indenter impression ceased to be visible in the material. The 
net setting time was recorded as the time between the beginning of 
mixing and the time when the indenter did not make an impression in 
the material.
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to 9 mm thick. An X-ray machine operating at 65 kV, 10 mA 
was used to produce an image on a digital phosphorus plate 
film (Figure 2). The focus film distance was 30 cm. A mean 
of 10 samples of each concentration of Bi2O3 was taken as the 
density of the material and was compared with the density 
of the aluminum step wedge using an optical densitometer 
(Heiland Electronic, Germany).

Injectability test

After the experimental material had passed the ANSI/ADA 
specification No. 57 [14] for flow, setting time, dimensional 
change, solubility, and radiopacity, the injectability of the 
experimental material was tested.

Injectability was quantified as the residual mass of the 
material retained into the syringe after loading with a constant 
force of 3 kg for a period of 5 s. The device used was com-
posed of 3 parts: a tripod, a track (in which the syringe was 
placed), and a load mass.

Polymeric disposable syringes of 3  mL and a stain-
less steel cannula of 55 mm length and a diameter of 1 mm 
were used. An injectability test was performed after 2 min of 
mixing. The syringe was weighed when it was empty and the 
result was recorded, then it was filled with the experimen-
tal material using a metal spatula. To minimize air retention 
inside the syringe, it was tapped many times, then the syringe 
was weighed again, and subsequently it was filled with 2 mL 
of the material, and the result was recorded. The filled syringe 
was placed in the apparatus and the load was applied for 5 s. 
The syringe was weighed for the third time, and the result was 
recorded. All syringe mass measurements were made without 
the cannula.

The injectability was calculated according to the fol-
lowing equation:

Injectability% = M M M M
(M1 M0)
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where:
M0 is the empty syringe mass,
M1 is the filled syringe mass, and
M2 is the syringe mass after injection.

Statistical analyses

Results are generally reported as mean ± standard deviation.

Results

Flow

The experimental material had a flow of 21.2 ± 0.08 mm.

Setting time

The setting time was 19.1 ± 1.3 min (Figure 1).

Figure 2. Digital radiograph of samples and an aluminum step wedge 
that was graduated from 1 mm to 9 mm thick. In the powder consti-
tuents, 3 different concentrations of Bi2O3 were used: 3%, 5%, and 7%. 
Discs of the material (10 mm diameter and 1.0 mm height) were prepa-
red for each concentration. An X-ray machine operating at 65 kV, 10 mA 
was used to produce an image on a phosphorus plate film. The mean 
of 10 samples of each concentration of Bi2O3 was taken as the density 
of the material and was compared with the density of the aluminum 
step wedge using an optical densitometer (Table 1).
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Dimension change

Extra samples were prepared because 5 of the samples were 
destroyed while stored in distilled water after 7 days. Simi-
larly, some of the new samples were found damaged after 
30  days of storage in distilled water. In total, there were 7 
samples for the dimension test. The percentage of shrinkage of 
the experimental material was 0.61 ± 0.16%, which is within 
the scope of ANSI/ADA specification No. 57 [14].

Solubility

The solubility of the experimental material was different at diffe-
rent times; it was maximal after 24 h (6.62 ± 0.58%), but decre-
ased after 72 h (1.09 ± 0.08%) and after 7 days (1.16 ± 0.18%).

Radiopacity

As shown on the radiographic film (Figure 2), the mean den-
sities for material samples with any of the 3 concentrations of 
Bi2O3 used were greater than that of the 3 mm step on the alu-
minum wedge (radiopacity 0.95), as such, they met the ANSI/
ADA specification No. 57 [14]. All samples with 5% Bi2O3 had 
densities greater than that of 3 mm step (Table 1). However, 
some samples with 3% Bi2O3 apparently had slightly less than 
the optimum density. The radiopacities were 3% Bi2O3: 0.89 ± 

0.58 (range 0.65–0.98; median 0.92); 5% Bi2O3: 0.84 ± 0.076 
(range 0.66–0.95; median 0.88; 7% Bi2O3: 0.81 ± 0.18 (range 
0.61–0.89; median 0.83).

Injectability

The material showed 93.67 ± 1.80% injectability.

Discussion

Calcium phosphate cements have been used as bone grafts 
with great success in the last decade [15]. Because they have 
a chemical composition and a crystalline structure similar to 
tooth and bone apatite materials [16], they have seen clinical 
success in many dental and orthopedic applications. However, 
there is limited clinical use of calcium phosphate cements in 
applications requiring injection because of their relatively 
poor injectability [17], this problem can be improved by the 
addition of various polymers [18–20].

To our knowledge, the present study is the first attempt 
to use a synthetic rubber styrene–butadiene polymer emulsion 
with calcium phosphate cements.

The experimental material was prepared and tested to 
identify its suitability as a root canal filling material. The tests 
were conducted according to ANSI/ADA Specification No. 57 
for endodontic sealing materials [14].

Flow is considered an important characteristic of endo-
dontic filling material because it helps the material to reach 
the irregularities of the canal walls. At the same time, the high 
flow may result in apical extrusion, leading to injury of the 
periapical tissues [21]. An endodontic sealing material is said 
to have good flowability when a disc is formed according to 
the procedure mentioned has a diameter of not <20 mm [14]. 
In this work, the experimental material had a mean diameter of 
21.2 mm. The composition, particle size, shear rate, tempera-
ture, and time from mixing are the main factors related to the 
flow characteristics of the material [21].

An acceptable root canal filling material should set suf-
ficiently slowly [2] to provide enough time for the operator to 
introduce it into the root canal before it sets, although an assu-
rance in the setting reaction is one of the key advantages for 
the successful clinical results when using a calcium phosphate 
cement [22]. It is worth noting that the calcium phosphate 
cement needs moisture during the setting process. Therefore, 
for setting time measurement, a plaster of paris mold was used 
and stored at 37 °C and >95% relative humidity for 24 h before 
use. The experimental material introduced in this work had 
a mean setting time of 19.1 min. In general, polymers act to 

Table 1. The radiopacity of the aluminum step wedge

Aluminum thickness (mm) Radiopacity†

1 1.12

2 1.00

3 0.95

4 0.87

5 0.81

6 0.72

7 0.66

8 0.60

9 0.37

†Radiopacity of the material sample has no units as values are related 
to the optical density of the radiograph and are assigned numerical 
values related to the amount of light that penetrates the film as mea-
sured using an optical densitometer, as density of the material sample 
increases the radiopacity values decrease in an inverse relationship as 
radiograph density decreases. The ANSI/ADA specification No. 57 [14] 
is that “an X-ray machine capable of producing radiation at (65 ± 5) kV 
and 10 Ma shall be used in conjunction with radiographic film of speed 
group D or E as specified in ISO 3665 to obtain a radiograph of the test 
specimen and the aluminum step wedge.”
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increase setting time, which may be related to the higher vis-
cosity of the polymer-containing paste, which hinders ion dif-
fusion in the matrix [11]. This setting time is consistent with 
the findings by Fukase et al. [23], who found the setting time 
of calcium phosphate cement composed of TTCP and DCPA to 
be approximately 20 min. Komath and Varma [24] had found 
similar results when the cement powder contained TTCP and 
DCPD, mixed in an equimolar ratio, and the wetting medium 
used was distilled water with sodium phosphate (Na2HPO4) 
as the setting accelerator in an optimized concentration. A 
year later, they introduced a novel formulation of calcium 
phosphate cement that is fully injectable with a setting time 
of 20 min [25]. By contrast, Engstrand et al. [26] found that 
the cement prepared from polymer microparticles with an 
acidic premixed calcium phosphate cement had a final setting 
time between 30 min and 35 min measured using the Gilmore 
needle method. Hirayama et al. [27] found that calcium phos-
phate cement composed of equimolar amounts of TTCP and 
DCPA would harden in about 30 min when water was used 
as a cement liquid. The suggested optimal setting time for 
calcium phosphate cement is 10–15 min. However, Unosson 
[28] found that the precipitated hydroxyapatite cement sets 
slowly and could take up to a few weeks to fully harden, while 
the brushite cement sets rapidly and hardens within a minute.

The chemical composition, particle size and sintering 
temperatures of the powders, the liquid phase, and the ratio of 
liquid-to-powder play crucial roles in determining the setting 
time of cement materials [29].

In the present study, the experimental material showed 
good injectability, this can be attributed to the styrene–butadi-
ene emulsion that is present in the liquid phase [11]. However, 
obtaining a material with good flowability (injectability) with 
a short setting time is difficult because injectability and rapid 
setting can be opposing properties as a rapid setting paste may 
start setting in the syringe, increasing the paste thickness and 
rigidity, and thus reducing its injectability. Improvements in 
injectability via powder or liquid modifications may inad-
vertently result in a slow setting. Therefore, any enhancement 
in paste injectability should not compromise setting times 
[30]. In the present study, the material showed good injecta-
bility, and this did not affect the setting time. The injectability 
of the calcium phosphate cement varies inversely with its vis-
cosity, powder-to-liquid ratio, and the time after starting the 
mixing of liquid and powder. Injectability can be improved by 
using smaller particle sizes, with shorter and larger diameter 
cannula, and lower flow rates [31].

The shrinkage of the experimental material was 0.61%, 
which is within the scope of ANSI/ADA specification No. 57 
[14] because any dimensional change of the root filling mate-
rial may affect the integrity of the bond between the filling and 

the root dentine [32]. While stored in distilled water for the 
30 days, some samples were destroyed, the reason for this may 
be the initial high solubility of this calcium phosphate cement 
as shown in the solubility test, and hence the degradation of the 
material [33]. The solubility is an important property because 
it determines the dissolution, precipitation, hydrolysis, and 
phase transformation of calcium phosphate. Moreover, it plays 
an important role in biological processes that involve the for-
mation and resorption of hard tissues [34]. The solubility of 
the experimental material was determined at 3 times [33]; at 
24 h, it was highest (6.62%), but the solubility decreased to be 
within the ANSI/ADA specification No. 57 [14] at 3 days and 
7 days. In general, all calcium phosphate compounds are more 
soluble in low pH [34]. Hydroxyapatite is considered as least 
soluble at neutral to basic pH, while DCPA is considered as the 
least soluble at acidic pH [28]. The DCPA content may be the 
cause of the early high solubility of the experimental material 
used in this study.

The final hydrated product of the calcium phosphate 
cement is of paramount importance because it determines 
the solubility of the CPC in vitro and in vivo. The hydrated 
product depends on the pH of the cement paste [29].

Root canal filling materials should have sufficient 
radiopacity to detect their presence, deficiency, extent, and 
apparent condensation. The radiopacity of 1 mm aluminum 
is approximately equivalent to a 1 mm thickness of dentine 
[35]. However, the use of a highly radiopaque material 
might give the impression of a compact root canal obturation 
despite the presence of imperfections including minor voids 
in the filling. Conversely, a less radiopaque material might 
be judged absent in areas where it is present in small amounts 
[36]. In the present study, all the samples were radiographed 
at the same time and digital film processing was used. This 
provides greater standardization of the densities, and it also 
reduced the time needed for conventional radiograph film 
processing. The digital imaging technique yields better con-
trast, visualization, sharp images, as well as being relatively 
quick [37]. It is well known that the radiopacity of pure 
aluminum (99.5%) is very close to that of human dentine 
[38]. Hence, an aluminum step wedge is used to compare the 
radiopacity of root canal filling material. Calcium phosphate 
has low radiopacity [29], therefore, a radiopaque agent needs 
to be incorporated into it, and should only impart the neces-
sary radiopacity. The material should be inert, nontoxic, and 
be added in minimal amounts. To achieve the latter point, it 
is important to use elements that have high relative atomic 
mass [39, 40]. Bi2O3 is a common radiopaque agent and is 
incorporated into root filling material [41] because of its high 
radiopacity [42]. In the present study, 3 different concentra-
tions of Bi2O3 were used in the powder: 3%, 5%, and 7%. The 
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material with 5% Bi2O3 produced a mean density that com-
plied with ANSI/ADA specification No. 57 [14]; however, 
some samples with 3% Bi2O3 had less than the optimum 
density. This may be attributed to a “radiographic inhomo-
geneity” phenomenon, which is due to material microdensity 
variations, in which there is a small, but significant variation 
of radiopacity within and between successive specimens of 
the same geometry [38]. By contrast, samples with 7% Bi2O3 
showed a density approximately equivalent to that of the 
5 mm step on the aluminum wedge, although this may give 
a false impression of a perfect root canal obturation. Moreo-
ver, a study showed that the Bi2O3 used in mineral trioxide 
aggregates is not biocompatible [43] and it has a deleterious 
effect on the physical properties of mineral trioxide aggre-
gates [44].

Conclusion

Calcium phosphate powder with styrene–butadiene emulsion 
met the basic requirements for a root canal filling material. 
Further research to study the biocompatibility and other 
important properties of this newly developed material is 
warranted.
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