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Energy-Dispersive X-Ray
Spectrometry Analysis and
Radiopacity of Five Different Root
Canal Sealers
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Root canal sealers should have optimum adhesion to the root dentin, low
cytotoxicity, sufficient radiopacity and high dimensional stability, which
depend mainly on their chemical composition. The aims of this study were to
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evaluate the chemical composition of Syntex (Cerkamed, Stalowa Wola,
Poland), Adseal (Meta Biomed, Cheongju-si, Korea), Sealapex (SybronEndo,
Scafati, Italy), MTA Fillapex (Angelus, Londrina, Brazil) and GuttaFlow Bioseal
(Coltene/Whaledent, Altstatten, Switzerland) and to determine their
radiopacity comparatively. Stainless steel molds with an inner diameter of 5
mm and a depth of 2 mm were constructed. Tested root-canal sealers were
mixed and poured into the molds. Following setting, digital periapical
radiographs of the specimens (n=12) were taken under standard exposure
conditions and the mean gray-values of specimens were measured using a
computer graphics program. Then the specimens were examined by scanning
electron microscopy, and Energy-dispersive X-ray analysis was performed. The
data were analyzed using One-way ANOVA followed by Holm-Sidak multi- spectrometry, radiopacity, root
comparison test (p = 0.05). Sealapex showed higher calcium peak than MTA canal sealer, scanning electron
Fillapex, GuttaFlow Bioseal, Adseal and Syntex sealers. MTA Fillapex contained microscopy

a highest amount of tungstate. Sealapex presented the highest radiopacity

value among the tested materials (p < 0.05), whereas MTA Fillapex was the

least radiopaque material (p < 0.05). Each root canal sealer contains different

compositions of radiopacifiers including bismuth oxide, calcium tungstate and

zirconium oxide. The tested root canal sealers had radiopacity values above

the ISO-specified limit. Sealapex was the most radiopaque root canal sealer

followed by GuttaFlow Bioseal, Syntex, Adseal and MTA Fillapex.

Key Words: digital radiography,
energy-dispersive X-ray

Introduction

Sealing of root canal irregularities and accessory canals during endodontic treatment plays a
crucial role for the prevention of microleakage in the root canal system (1). Root canal sealers are
intended to fill and seal the gaps between gutta-percha and root canal walls, and thereby enhance the
obturation quality (2). In addition to these primary features, a root canal sealer should have optimum
adhesion to the root dentin, low cytotoxicity and solubility, high dimensional stability, flowability, long
setting time and antimicrobial activity (3), which are completely related to the chemical composition of
the material. Besides these optimum properties, the root canal sealer should have an adequate
radiopacity to allow discrimination from the anatomical structures and other dental or endodontic
materials (4). Additionally, accessory lateral canals, resorptive areas within the canal, root fractures, the
apical foramen area can be traced with adequately radiopaque root canal sealers (5).

Sealapex (SybronEndo, Scafati, Italy) was one of the first calcium hydroxide-based root canal
sealer with good biological properties (6,7). Its formulation contains zinc oxide, calcium oxide, silicone
particles, tricalcium phosphate, zinc stearate, titanium dioxide, bismuth trioxide, isobutyl salicylate,
methyl salicylate and pigment (8).

Mineral trioxide aggregate (MTA) has been widely used for various endodontic indications
including repair and sealing of perforations, capping of exposed pulp tissue and as a barrier for teeth
with open apices (9,10). MTA Fillapex (Angelus, Londrina, PR, Brazil) is a relatively novel MTA-based root-
canal filling material which contains MTA, salicylate, natural and diluting resins, bismuth trioxide, nano
particulated silica, and pigments (11).

GuttaFlow Bioseal sealer (Coltene/Whaledent, Altstatten, Switzerland) has been manufactured to
promote tissue repair associated with root canal obturation. It has a similar formulation as the GuttaFlow
sealer which contains gutta-percha powder, nano-silver particles, polydimethylsiloxane, bioactive glass
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ceramic, zirconium dioxide, platinum catalyst and coloring (12,13). However, GuttaFlow Bioseal sealer
includes calcium silicate particles as additional bioactive substances that induce biological repair upon
contact with the tissues and stimulate periapical tissue healing (12).

Adseal (Meta Biomed, Cheongju-si, Korea) is a resin-based root canal sealer that contains epoxy
oligomer resin, bismuth subcarbonate, ethylene glycol salicylate, zirconium oxide, calcium phosphate,
triethanolamine, poly aminobenzoate and calcium oxide (14). Similarly, Syntex (Cerkamed, Stalowa Wola,
Poland) is also a resin based two component root canal sealer and comes in a syringe dispensing two
pastes in the ratio 1:1 and contains epoxy resin, amino resin, inorganic filler, calcium tungstate,
zirconium oxide and excipients.

Knowledge of the chemical composition of root canal fillings whose elements are scattered on the
surface of their structures not only can facilitate understanding of their properties and their interaction
with the tissues they come into contact with (15), but also helps to evaluate their impact on the
radiopacity of the materials. To the authors’ knowledge, the relationship between the chemical structures
and radiopacity properties of Adseal, GuttaFlow Bioseal, MTA Fillapex, Sealapex and Syntex has not been
evaluated previously in the literature. In addition, there is no report about the Energy-dispersive X-ray
Spectrometry (EDX) analysis of Adseal and Syntex.

The purpose of this study was to evaluate the chemical composition and particle shape and size
of different root canal sealers (Syntex, Adseal, GuttaFlow Bioseal, MTA Fillapex, Sealapex) using scanning
electron microscopy (SEM; Thermoscientific Apreo S, Waltham, MA, USA) and EDX (EDAX Team Software;
EDAX, Mahwah, NJ, U.S.A.) and their effects on the radiopacity of the test materials.

Materials and methods

Five different root canal sealers were evaluated: Adseal, GuttaFlow Bioseal, MTA Fillapex, Sealapex
and Syntex. Prior to the testing process, a power analysis for radiographic analysis was performed
according to a previous study (16). The analyses indicated that minimally seven samples are required;
therefore, considering the power analysis, 12 specimens were prepared for radiopacity, SEM and EDX
analysis of each group in the present study.

Radiopacity Analysis

Twelve stainless steel molds with an inner diameter of 5 mm and a depth of 2 mm were
constructed. Root-canal sealers were mixed according to the manufacturers' instructions and were
poured into the molds with disposable syringes in order to obtain 12 samples from each root canal sealer.
To eliminate air bubbles inside the material, a dental vibrator (Duradent, Izmir, Turkey) was utilized during
the procedure. The filled molds were enveloped with glass plates on the top and bottom to allow removal
of excessive root canal sealer. The filled molds were kept in an incubator at 37° C until complete setting
of the root canal sealers.

A five step 99% purity aluminum (Al) step wedge (SW) with 2 mm difference between the steps
was used as an internal radiographic standard in order to calculate the radiopacity of each root canal
sealer and to compare the radiopacity of the samples. During radiographic procedures, an acrylic
positioning device provided a sufficient and standardized focus-object distance (30 cm) and the x-ray
tube was fixed in the same position with the phosphor plate, with a 90° angle of the central beam. A
dentin disc, one root canal sealer specimen from each test group comprising 5 samples aligned in a
random sequence and the Al SW were located in the center of a phosphor plate which had not been
used before (Digora; Orion Corporation Soredex, Helsinki, Finland). All digital radiographs were obtained
under standard exposure conditions (60 kVp, 7 Ma, 0.32 seconds, 30 cm target to film distance) using a
dental x-ray machine (Gendex GX, Lake Zurich, IL, USA). The method was identical for all root canal sealer
specimens, and a total of 12 digital radiographs were acquired and saved in TIFF format (Figure 1).
Exposed phosphor plates were scanned instantly after exposure by using the Digora plate scanner
according to the manufacturer's instructions. A region of interest (ROI) with 50x50 pixels was selected
on every specimen and on every step of the Al SW on the digital images. Utmost care was afforded to
select regions without air bubbles inside the sealer material. Mean gray values (MGVs) of the ROIs of
every test sample, each step of Al SW and dentin were evaluated using the histogram function of a
computer graphics program (Adobe Photoshop 8.0, Adobe System, San Jose, CA, USA) (Figure 1). The
MGVs of all samples were measured three times and the mean MGV of each material was calculated.
Density measurements of the materials were performed by a single operator who was blinded to the
tested root canal sealers. For each digital image, a regression curve equation was defined by using the
MGVs of each Al SW step and the radiopacity of the root canal sealer specimen was established in
millimeters of equivalent Al (mm Al). In this procedure, the radiopacity curve of that film was determined
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on every digital image by using the average grayness values of the steps of Al SW with known thicknesses.
Then, a formula was calculated for each film in order to express the MGV measurements in terms of Al
equivalent mms., i.e 195.80 MGV corresponds to 7.93 mm aluminum of the step wedge (17,18). The
correlations between the MGVs and Al thicknesses were described as 'y = 18.989x + 45.161 for the first
digital image. The same procedure was repeated for all digital images and the radiopacities of the test
materials of these films were determined by using each radiograph’s own formula and Excel software
(Microsoft Excel 2016 MSO, New Mexico, USA). Then, all "Al equivalent thickness" values of each test
materials were gathered and the mean MGV of each material was calculated. On all radiographic images,
the same procedure was performed to measure the radiopacity of every root canal sealer in mm Al. The
collected data were analyzed using one-way ANOVA and Holm-Sidak multi-comparison test (p = 0.05).

Figure 1. Standard image on the computer screen
after reading of the radiography digital phosphor
plate by the laser optic reader of the Digora system.

SEM and EDX Analysis

The specimens were coated with gold for electrical conductivity and examined using SEM
(Thermoscientific Apreo S, Waltham, MA, USA) without any preparation or manipulation. The chemical
elements of the root canal sealer specimens were analyzed using EDX (Thermoscientific Apreo S,
Waltham, MA, USA). The metals used to sputter coat the specimens were excluded from the EDX data.
EDX analyses to characterize the elemental composition were performed from the total area of each root
canal sealer specimen by using EDAX Team software (EDAX., Mahwah, NJ, USA). SEM surface analysis at
x5,000 magnification was used to determine particle shape (globule-like and matrix) and size (um).

Results

Chemical compositions, the amount of the elements and radiopacifiers of the root canal sealer
specimens according to the EDX analysis are presented in Table 1. Scanning electron micrographs at
2.500x magnification of the specimens and EDX X-ray microanalysis are presented in figure 2. The
calcium oxide-based sealer (Sealapex) showed higher calcium and bismuth peaks than the bioceramic-
based sealer (MTA Fillapex), the calcium silicate-based (GuttaFlow Bioseal) and the resin-based (Adseal
and Syntex) sealers. The MTA-based sealer (MTA Fillapex) contained a higher amount of tungstate then
the other root canal sealers. Calcium silicate-based (GuttaFlow Bioseal) and resin-based (Adseal and
Syntex) sealers showed zirconium peaks.



Table 1 Percentage (wt%) of elements in the tested root canal sealers according to EDX analysis

Root canal sealer

Element Sealapex (wt%) MTA Fillapex (wt%) GuttaFlow Bioseal (wt%)  Adseal (wt%) Syntex (wt%)
(mean+SD) (mean+SD) (mean+SD) (mean+SD) (mean+SD)
CK 35.90+1.47 51.81+£0.71 16.98+1.34 62,16+2.80 60.86+2.72
0K 33.90+4.84 20.26+2.66 34.90+1.34 17.67+1.54 18,67+1.60
CakK 14.62+2.65 6.57+1.31 4.32+0.34 5,02+0.68 3.91+£1.13
NaK trace trace 3.041£0.59 - -
Si K 1.51+£0,19 4.20+0.52 21.59+1.49 - -
SK 2.56+0.34 6.12+0.85 - - -
*Bi L 8.81+2.28 0.22+0.20 0.25+0.21 0.08+0.05 0.13+0.08
Fe K - - 0.70+0.13 0.14+0.02 0.20+0.04
Zn K 1.27+0.45 trace 2.46+0.44 - -
Ti K 1.43+0.26 1,80+£0.16 - - -
WL - 8.61+0.87 - - 0.28+0.06
*Zr K - - 15.65+£1.93 12,32+0.70 13.49+2.18
Tel trace - - - -
P K - - - 2.64+0.12 2.46+0.39
Mg - - 0.16+0.14 - -

*Radiopacifier element

Sealapex

MTA Fillapex

Guttaflow Bioseal

Adseal

Figure 2. Scanning electron micrographs at x2500 magnification of the specimens and
EDX X-ray microanalysis.



The Sealapex specimens revealed an irreqular distribution of globular-like particles in different
sizes (=0.860 pum to =1.210 um) (Figure 3.a). MTA Fillapex specimens showed a non-uniform distribution
of different sizes (=0.849 pum to =2.540 pm) of globular-like particles that contain similar elements
(Figure 3.b). On the other hand, GuttaFlow Bioseal specimens exhibited a uniform distribution of smaller
sizes (=0.844 pm to =1.794 um) of globular-like particles that contain similar elements (Figure 3.c).
Adseal and Syntex disclosed a few globular-like particles embedded in the matrices (Figs 3.d, ).

Fig. 3. Scanning electron micrographs of the specimens examined at different magnifications (1: x47-60, 2:
x1,000, 3x5,000): Sealapex (a1,a2,a3), MTA Fillapex (b1,02,b3), GuttaFlow Bioseal (c1,c2,c3), Adseal (d1,d2,d3) and
Syntex (e1,e2,e3).

The radiopacity values of the tested root canal sealers are summarized in Table 2. Sealapex
presented the highest radiopacity among the tested materials (10.01 mm Al, p < 0.05). There were no
significant differences between the radiopacity of Syntex (8.85 mm Al), GuttaFlow Bioseal (8.87 mm Al)
and Adseal (8.39 mm Al) (p > 0.05). MTA Fillapex was the least radiopaque material (4.52 mm Al, p <
0.05) when compared to other groups.



Table 2. The radiopacity values of the tested materials (n=12)

Groups Radiopacity value (mm Al)

(Mean + SD)
Adseal 839"+ 0.4
Guttaflow Bioseal 8.874+ 0.3
MTA Fillapex 4528+ 04
Sealapex 10.01%: 0.8
Syntex 8.85% + 0.3
Dentin 1.57° + 0.3

Note: Different superscript letters indicate significant difference between the materials (p <0.05).

Discussion

The chemical composition of root canal sealers is the most important factor for understanding
the physical, chemical and biological properties of these materials, which are in close contact with
periapical tissues (15,19,20). In the literature, even though there are studies regarding the radiopacity
values of Adseal, GuttaFlow Bioseal, MTA Fillapex, Sealapex, there is no report about the Energy-
dispersive X-ray Spectrometry (EDX) analysis of Adseal and Syntex. In addition, the relationship between
the chemical structures and radiopacity properties of these root canal sealers has not been evaluated
previously. The present study is the first report about the chemical composition of resin-based Adseal
and Syntex and also first report evaluating the chemical composition effect on the radiopacity of the
test materials.

Sealapex, a calcium-oxide based sealer, exhibited a high amount of calcium (14.62+2.65wt %)
which confirms the manufacturer’s claim that the main component of Sealapex is calcium oxide. MTA
Fillapex, a bioceramic-based sealer, revealed high amounts of silicone (4.20+0.52%wt) from silicone
dioxide and MTA silicates. Guttaflow Bioseal, a calcium-silicate based sealer, disclosed high amounts of
silicone (21.59+1.49wt%) from calcium silicate, and zirconium (15.65+1.93wt%), from zirconium
dioxide. The amounts of the elements as measured in this study are consistent with those of other studies,
which found similar chemical compositions for MTA Fillapex and GuttaFlow Bioseal (13). Adseal, an epoxy
resin based sealer, had high amounts of calcium and phosphorus from calcium phosphate, and also
zirconium (12.32+0.70wt%) from zirconium dioxide. Syntex, an epoxy resin based sealer, contains high
amounts of zirconium (13.49+2.18 wt%), phosphorus, calcium and tungstate from calcium tungstate
which were described by its manufacturer.

The present study's EDX analysis showed the presence of carbon, oxygen and calcium in the
composition of all tested root canal sealers, which suggests the bioactivity and interaction of these
sealers with dentin, and is also in accordance with the results from previous studies (21,22). Several
chemical elements such as Ag, Al, Ba, Bi, Ni, S, Zn, Zr, Tc and W may harm human cells at certain
concentrations (23-25). The chemical analysis of Sealapex showed the presence of high amounts of
bismuth (8.81+2.28wt%), sulfur (2.56+0.34wt%), zinc (1.27+0.45wt%), and traces of technetium, and
all have been associated with cytotoxicity (23-25). In Guttaflow Bioseal, high amounts of zirconium
(15.65+1.93wt%), zinc, magnesium and iron were also found. Although the relative amount of
magnesium is not a concern, the relatively high iron (0.70+0.13wt%) and zinc (2.46+0.44wt%) content
requires screening of the toxicity of these heavy metals. The high level of zirconium (12.32+0.70wt%),
and the low amounts of bismuth (0.08+0.05wt%) and iron (0.14+0.02wt%) in Adseal may be questioned
for cytotoxic effects. Even though the cytotoxicity of Adseal due to epoxy resin components that release
amine or formaldehyde during the setting reaction has been reported (26), the effect of zirconium,
bismuth and iron within Adseal on toxicity cannot be assessed because of the lack of EDX analysis of this
material. Similarly, the high amount of zirconium (13.49+2.18wt%) and the low amount of tungsten
(0.28+0.06wWt%) in Syntex may explain part of its cytotoxicity (27,28).

The EDX analysis showed that Guttaflow Bioseal, Adseal and Syntex are rich in zirconium and
oxygen. Zirconium oxide is an alternative radiopacifier, which has been recently manufactured and used
instead of bismuth oxide in calcium silicate- and resin-based root canal sealing materials, due to its
higher biocompatibility and reduced tooth discoloration (29,30).

Particle size is another important feature of the root canal sealers as smaller particles may
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penetrate better into dentinal tubules and increase the adhesion to the root canal dentin (1). Small
particle sizes maintain a low film thickness of the root canal sealer, which can increase the adaptation
of the root canal filling material (31,32). In the present study, Sealapex, MTA Fillapex and Guttaflow
Bioseal had different particle sizes and all of the tested sealers had smaller particle sizes than 2 pm in
accordance with the literature (21,33).

Radiopacity is an important property of root canal sealing materials and should allow for
visualization and assessment on the radiograph (34). Minimal radiopacity of root canal sealer has to be
equivalent to 3 mm Al (35,36). In the present study, the radiopacity values were between 4.52-10.01 mm
Al, and all were complying with international standards. Our EDX analysis showed that each
manufacturer used various compositions of different elements including zirconium oxide, bismuth oxide
and calcium tungstate for achieving the required radiopacity of root canal sealers. Several studies have
reported different mm Al equivalent values for radiopacity of sealers (37,38). These differences may
originate either from the disparities in the Al alloy properties of the stepwedge, imaging technique,
exposure parameters, and developing process (39,40) or the structure, type, thickness and amount of the
radiopaque agent (41).

Considering the influence of material thickness on radiopacity (ISO 6876/2012), stainless steel
plates containing wells with an inner diameter of 5 mm and a depth of 2 mm were used to prepare the
test samples with the same thickness of the test materials. In order to place more samples in the central
part of the digital receptor (16), the inner diameter of the wells was reduced from the ANSI/ADA's
specifications number 57 (36) from 10 mm to 5 mm. According to Tagger and Katz (42) the advantage
of decreasing the inner diameter of the wells is that the digital image can be directly measured and
evaluated on the computer screen under high magnification.

It was reported that high atomic number and molecular weight increase the radiopacity value of
the radiopacifier (43). The atomic numbers and molecular weights of barium, zirconium, tungstate and
bismuth are 56 (137,327 g/mol), 40 (91.224g/mol), 74 (293.82 g/mol) and 84 (208.98 g/mol), respectively.
Additionally, the presence, quantity, and proportion of radiopacifying agents in each material would be
effective on the each material's radiopacity value (44).

In this study, the highest radiopacity values were observed for Sealapex, which had bismuth as a
radiopacifier in its new composition instead of barium in a former formulation (45). The higher atomic
number and molecular weight of bismuth than barium may be accountable for the increased radiopacity
value (46), because the highest amount of bismuth (8.81+2.28 wt%) was observed in Sealapex with our
EDX analysis. The radiopacity value of Sealapex is in accordance with those obtained by Bodrumlu et al.
(37) and Tonamaru-Filho et al. (47).

Adseal, Syntex and GuttaFlow Bioseal revealed similar radiopacity values. The radiopacity of
GuttaFlow Bioseal may be associated with the presence of zirconium dioxide and nano silver particles
(48,49). On the other hand, those of Adseal and Syntex may be related to the iron oxide, zirconium oxide,
and calcium tungstate in their formulations since the level of zirconium in GuttaFlow Bioseal was
15.65+1.93 wt0b, Syntex was 13.49+2.18 wt0b, and Adseal 12.32+0.70 wt% in the EDX analysis, and
these results were in accordance with their radiopacity values. The results of this study are consistent
with others, which found similar radiopacity values for Adseal (14) and GuttaFlow Bioseal (48,49),
however, there was no report in the literature about the radiopacity value of Syntex.

In the present study, MTA Fillapex contained two chemical components responsible for its
radiopacity, tungstate (8.61+0.87 wt%) and bismuth (0.22+0.20 wt%). A reason for the low value for
MTA Fillapex may be related to lower radiopacifying potential of tungstate (50). Even though the atomic
number of tungstate is higher than zirconium, the wt% of this material is lower in MTA Fillapex and this
may be considered as the cause of lower radiopacity in this study sample (44). MTA Fillapex presented
the lowest radiopacity and this result is similar to that reported by Tonamaru-Filho et al. (47) and Vidotto
et al. (51).

Clinicians should be aware of the radiopacity of the root canal sealer they use. In the endodontic
treatment, the materials should ideally be sufficiently radiopaque in order to determine the filling's
quality (2, 52) and distinguishing the material from the surrounding anatomic structures (4, 53).
Additionally, in the retreatment cases the location of the margins of a root canal filling is of great
importance, since the radiographical detection of an unsuccessful root canal treatment. A sealer with
low radiopacity may not be clearly detected on the radiograph and removal of the sealer from the root
canal walls may be inadequate, thus, infected remnants of the material would eventually cause
unsuccessful retreatment outcomes. Therefore, using the sealers with the highest radiopacity value may
help clinicians in cases with recurrent periapical lesions in order to diminish the above mentioned
disadvantages.



Conclusions

Within the limitations of this study, EDX analysis showed that each root canal sealer contains
different compositions of radiopacifiers including bismuth oxide, calcium tungstate and zirconium oxide.
All the tested root canal sealers had radiopacity values above the 1SO-specified limit. Sealapex was the
most radiopaque root canal sealer followed by GuttaFlow Bioseal, Syntex and Adseal, whereas MTA
Fillapex was the least radiopaque root canal sealer. Additionally, no association was observed between
the particle size and the radiopacity.

Acknowledgements

The authors would like to thank Assoc. Prof. Dr.Timur Kése from Ege University, Faculty of
Medicine, Department of Biostatistics and Medical Informatics, for his valuable contributions in
statistical analyses and interpretations of data.

Disclosure Statement
The authors declare that they have no conflict of interest.

Funding
There is no funding.

Resumo

Os cimentos endoddnticos devem conter 6tima adesdo a dentina radicular, baixa citotoxicidade,
radiopacidade suficiente e estabilidade dimensional elevada, que dependem principalmente da sua
composicdo quimica. Os objetivos deste estudo foram avaliar a composi¢cdo quimica de Syntex
(Cerkamed, Stalowa Wola, Polénia), Adseal (Meta Biomed, Cheongju-si, Coreia), Sealapex
(SybronEndo, Scafati, Italia), MTA Fillapex (Angelus, Londrina, Brasil) e GuttaFlow Bioseal
(Coltene/Whaledent, Altstitten, Suica) e determinar comparativamente a sua radiopacidade. Foram
construidos moldes de aco inoxidavel com um didmetro interior de 5 mm e uma profundidade de 2
mm. Os cimentos testados foram misturados e vertidos em moldes. Apos a fixacdo, foram feitas
radiografias periapicais digitais dos espécimes (n=12) em condi¢des de exposicio padrio e os valores
médios de cinza dos espécimes foram medidos utilizando um programa de computacdo grafica. Em
seguida, as amostras foram examinadas por microscopia eletronica de varredura, e foi realizada uma
analise de raios X dispersiva de energia. Os dados foram analisados utilizando a ANOVA unidirecional
seguida do teste de comparacido multipla Holm-Sidak (p = 0,05). O Sealapex mostrou um pico de
calcio mais elevado do que os cimentos MTA Fillapex, GuttaFlow Bioseal, Adseal e Syntex. 0 MTA
Fillapex continha uma quantidade mais elevada de tungstato. O Sealapex apresentou o maior valor
de radiopacidade entre os materiais testados (p < 0,05), enquanto que a MTA Fillapex foi o material
menos radiopaco (p < 0,05). Cada cimento endoddntico contém diferentes composicdes de
radiopacificadores incluindo oxido de bismuto, tungstato de calcio e oxido de zirconio. Os cimentos
testados apresentaram valores de radiopacidade acima do limite especificado pela ISO. Sealapex foi
o cimento obturador mais radiopaco seqguido por GuttaFlow Bioseal, Syntex, Adseal e MTA Fillapex.
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