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Objective: To investigate the radiopacity of two commercial calcium silicate cements (CSC)—Biodentine and 
Bio-MA—and experimental CSC containing one radiopacifier—zirconium oxide (Zr), barium sulfate (Ba),  
tantalum oxide (Ta) or bismuth oxide (Bi) according to International Organization for Standardization (ISO) 
6876:2012.
Materials and Methods: Biodentine and Bio-MA were mixed according to the manufacturers’ instructions.  
CSC powder was added 20% by weight of radiopacifier in a blending machine. The powder was mixed with 
distilled water with a ratio of 0.5 g per 0.18 ml. The disc-shaped material, 6 mm in diameter and 1 mm thick,  
was formed in a mold. CSC without radiopacifier was used as a control. The disc was placed alongside 0.5-mm 
increment aluminium (Al) step wedge and irradiated with x-ray 60 kV, 8 mA, 0.016 msec on a digital receptor. 
Radiopacity of materials were compared with the aluminium step wedge using ImageJ program and transformed 
into mm of Al.
Results: Bio-MA radiopacity was 6.59±0.39 mmAl and was significantly higher than other investigated materials 
(p<.01). The radiopacity in mmAl of CSCs with the addition of radiopacifiers were CSC/Ba 2.52±0.14, CSC/Zr 
2.90±0.05, CSC/Ta 3.39±0.10, CSC/Bi 5.42±018, and the control group was 0.99±0.06. They were all significantly 
different from each other (p<.01). Biodentine radiopacity was 2.34±0.20 mmAl which was significantly lower than 
other groups (p<.05) except CSC/Ba (p>.05).
Conclusion: Radiopacity of Bio-MA, CSC/Bi, and CSC/Ta were greater than 3 mmAl and were clinically acceptable 
as recommended by ISO 6876:2012.
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Introduction

	 Portland cement (PC) or calcium silicate 
cement (CSC)-based endodontic root repair/filling 
materials have been widely used for root perforation 
repair, retrograde or orthograde filling [1]. Root 
repair/filling material should be radiopaque for the 
evaluation of filling quality [2,3]. Radiopacity unit is 
commonly measured in millimeter of aluminium 
thickness [4]. The International Organization for 
Standardization (ISO) recommended that the 
radiopacity of root canal sealing material should 

be at least 3 mm of aluminium thickness (mmAl) 
(ISO 6876:2012) [5].
	 Radiopacity of CSC (1.62±0.29 mmAl) [6] 
and PC (0.86-2.02 mmAl) [7,9] were insufficient  
to use as endodontic material. The addition of  
a high atomic-number (Z) compound, namely  
a radiopacifier, increases material radiopacity. 
Various radiopacifiers are used in dental materials 
such as zirconium oxide, barium sulfate, tantalum 
oxide or bismuth oxide. An addition of 20% of 
zirconium oxide in CSC increased radiopacity to 
5.09-5.2 mmAl [10,11]. Biodentine (Septodont, 
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Saint Maur des Fosses, France) is a commercial 
CSC with 5% zirconium oxide with radiopacity at 
2.8-3.3 mmAl [12-14]. Barium sulfate is a radiopacifier 
in gutta percha and endodontic sealers. PC with 
20% barium sulfate radiopacity was 1.48 mmAl [15]. 
Adding 20%tantalum oxide in PC, the radiopacity 
increases to 2.78 mmAl [15]. Bismuth oxide was 
the radiopaque material in the first generation of 
CSC, ProRoot MTA (Dentsply, Tulsa Dental 
Products, Tulsa, OK, USA) with radiopacity at 
6.4±0.06 mmAl [16]. Camilleri et al. [6] reported that 
radiopacity of CSC with 20% bismuth oxide was 
6.83±0.48 mmAl. Bio-MA (M-Dent/SCG, Bangkok, 
Thailand), and a calcium silicate cement composed 
of bismuth oxide, has been used for similar purposes 
as ProRoot MTA [1]. Recently, a study on the high-
purity of calcium silicate powder in substitution of PC 
has been developed. The radiopacity of pure CSC 
is too low to use clinically by itself, then a proper 
radiopacifier is required. The aim of this in vitro 
study is to evaluate the radiopacity of Biodentine, 
Bio-MA, and the purified CSC which contained 
with one of the following radiopacifiers—zirconium 
oxide, barium sulfate, tantalum oxide or bismuth oxide.

Materials and methods

Preparation of materials and samples
	 The main composition and radiopacifiers of 
Biodentine, Bio-MA and CSCs in this study were 
shown in Table 1. CSC without radiopacifier was 
used as a control. The encapsulated powder of 
Biodentine was added with five droplets of liquid, 
and was then triturated in a trituration machine 
(Septodont, Hangzhou Sifang Medical Apparatus 
Co. Ltd., Zhejiang, China) at 4,000 rpm for 30 sec. 
Bio-MA powder was mixed homogeneously with  
a calcium chloride-containing liquid, in a powder-
liquid ratio of 1 g : 0.35 ml. The CSC powder was 
prepared by mixing purified calcium silicate 
powder (Alfa Aesar, Thermo Fisher Scientific, 
Ward Hill, MA, USA) with 20% by weight of  
a radiopacifier- zirconium oxide (Riedel-de-

Haën™, Loughborough, United Kingdom), barium 
sulfate (Alfa Aesar), tantalum oxide (Alfa Aesar)  
or bismuth oxide (Scharlau, Scharlab, Barcelona, 
Spain). The radiopacifier was mixed in calcium 
silicate powder by the geometric dilution method. 
In brief, the calcium silicate powder and radiopacifier, 
3 g of each, were mixed in a close chamber of a 
blending machine for 5 min. Then, 6 g of calcium 
silicate powder was added and mixed for another 
5 min. Finally, an additional 3 g of calcium silicate 
powder was mixed for 5 min to obtain a total 15 g 
of the material. The mixed experimental CSCs 
were kept in a close container with desiccant  
until the experiment started. CSCs and the control 
were mixed with distilled water in a powder-liquid 
ratio of 1 g : 0.36 ml.
	 The mixed material was swept and carried 
by a cement spatula into a stainless steel mold, 
6-mm internal diameter and 1-mm thick, on a glass 
slab and condensed with an amalgam plugger 
(Thomson, Miltex Inc., York, PA, USA). Material 
surface in the mold was covered and pressed with 
a glass slit to create a flat, smooth-surface disc. 
Five discs with 1±0.01 mm thickness from each group 
(measured by Digimatic Caliper, Seiko Instruments 
Inc., Chiba, Japan) were stored in a container with 
95% relative humidity at room temperature for 7 days 
to allow complete set of material.

Radiopacity investigation
	 Radiopacity of the materials was evaluated 
according to ISO 6876:2012 [5]. Samples in the 
mold were placed beside an aluminium step 
wedge, which had 0.5-mm thickness difference 
between the steps (Figure 1). Both samples and 
step wedge were laid on a digital x-ray phosphor 
plate size 2 (DIGORA® Optime, KaVo Kerr, 
Tuusula, Finland) and was x-ray irradiated (X-MIND 
DC, Acteon, Olgiate Olona, Italy) at 60 kV, 8 mA, 
0.016 msec with a fixed 30 cm distance between 
the x-ray tube and the target plate. Irradiated 
phosphor plate was scanned by an imaging-plate 
scanner (SOREDEX DIGORA® Optime, KaVo Kerr), 
and the radiographic image was saved as TIFF file.
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Table 1	 Powder, liquid, and radiopacifiers of Biodentine, Bio-MA, and experimental CSCs.

Groups Compositions

Powder Liquid Radiopacifier

1. Biodentine Tricalcium silicate,
calcium carbonate,
water reducing agent

Water-based liquid 
with CaCl2

Zirconium oxide

2. Bio-MA Tricalcium silicate,
dicalcium silicate,
tricalcium aluminate

Distilled water with CaCl2 Bismuth oxide

3. CSC/Zr Calcium silicate powder Distilled water Zirconium oxide

4. CSC/Ba Calcium silicate powder Distilled water Barium sulfate

5. CSC/Ta Calcium silicate powder Distilled water Tantalum oxide

6. CSC/Bi Calcium silicate powder Distilled water Bismuth oxide

7. CSC (Control) Calcium silicate powder Distilled water -
CSC: calcium silicate cement, Zr: zirconium oxide, Ba: barium sulfate, Ta: tantalum oxide, Bi: bismuth oxide, CaCl2: calcium chloride

Figure 1	 An aluminium step wedge with thickness from 0.5 mm 
to 9 mm was a radiopacity reference of evaluation 
materials.

	 The grey value of investigated materials and 
aluminium step wedge in the radiographic image 
were measured by ImageJ program (National 
Institutes of Health, Bethesda, MD, USA). The 
‘Oval’ tool was selected for the circular area at the 
center of the disc and the ‘Rectangular’ tool was 
for the rectangular area at the center of the 
aluminium step. The average grey value of the 
selected area was automatically showed when 
using the ‘Measure’ tool. The average grey values 
of the disc and aluminium step wedge were 
calculated to transform the grey value of materials 

into mm of aluminium thickness (mmAl) by the 
following formula:

	 Radiopacity (mmAl) =		  +C(m-b) * t
(a-b)

	 m	 =	 grey value of the material
	 b 	 =	 grey value of the aluminium step wedge  
			   below m
	 a	 =	 grey value of the aluminium step wedge  
			   above m
	 t	 =	 different thickness between steps of  
			   aluminium step wedge, which was  
			   0.5 mm
	 C	 =	 mmAl of the step wedge immediately  
			   below m
	 Means and standard deviations of radiopacity 
from each material were calculated and were 
descriptively compared with the clinically acceptable 
level at 3 mmAl [5].

Results

	 Means and standard deviations of radiopacity 
of investigated materials were shown in Table 2 
and Figure 2. The Shapiro-Wilk test indicated  
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that the data were normally distributed and the 
Levene’s test revealed of non-homogeneity of 
variance. The Welch Analysis of Variance and  
the Games-Howell test were used to compare 
radiopacity between groups, at a significant level 
of .05. Bio-MA had 6.59±0.39 mmAl radiopacity 
that was significantly higher than the other materials 
(p<.01), while calcium silicate material without  
a radiopacifier was 0.99±0.06 mmAl, the lowest 
radiopacity. The radiopacity value in mmAl of 

experimental CSC with radiopacifiers increased  
in the ascending order (low to high) as follows—
CSC/Ba 2.52±0.14, CSC/Zr 2.90±0.05, CSC/Ta 
3.39±0.10, and CSC/Bi 5.42±0.18. Radiopacity  
of these CSC/radiopacif iers groups were 
significantly different from each other (p<.01). 
Biodentine radiopacity was 2.34±0.20 mmAl  
and was significantly lower than that of CSC/
radiopacifiers (p<.05), but was not significantly 
different from CSC/Ba (p>.05).

Discussion

	 The radiopacity investigation was based  
on the ISO standard 6876:2012 [5], with minimal 
modifications to improve the reliability of testing. 
Firstly, a 0.5 mm-increment aluminium step wedge 
was used instead of a standard 1.0 mm-increment. 
The smaller increment between the steps provided 
more details of the radiopacity level, and provided 
more accuracy of radiopacity comparison. Secondly, 
a digital phosphor imaging plate reduced the 
variations of conventional film processing [17]. 

Table 2	 Means and standard deviations of radiopacity 
(mmAl) of investigated materials.

Groups Mean ± SD (mmAl)

Gr1 Biodentine 2.34 ± 0.20a

Gr2 Bio-MA 6.59 ± 0.39b

Gr3 CSC/Zr 2.90 ± 0.05c

Gr4 CSC/Ba 2.52 ± 0.14a

Gr5 CSC/Ta 3.39 ± 0.10d

Gr6 CSC/Bi 5.42 ± 0.18e

Gr7 CSC 0.99 ± 0.06f

Different superscript letters indicate statistically significant difference among  

the groups (p<.01).

Figure 2	 Means and standard deviations (mmAl) of radiopacity of investigated materials and clinically acceptable radiopacity level.
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Moreover, the digital radiographic data was easily 
transferred and analyzed in the software. Lastly, 
the ImageJ program automatically averaged the 
grey values of the selected area. The comparison 
of data reading between material and reference 
step wedge were more accurate and reliable than 
the subjective decision from the visual reading.
	 Atomic number (Z) of material plays  
a significant role in radiopacity [6]. Grey scale on 
radiographic image is varied in proportion to  
the x-ray photons exposed to the target receptor. 
The unexposed area appears as whiteness or 
radiopaque area [18]. X-ray photons disappear 
when hitting and transferring the energy to the 
inner shell electrons of the element. An element 
with a higher atomic number contains more inner 
shell electrons that block more photons, resulting 
in higher radiopacity. In this study, the radiopacifiers 
including zirconium oxide (Z=40), barium sulfate 
(Z=56), tantalum oxide (Z=73), and bismuth oxide 
(Z=83) were added in the experimental CSC.  
The results showed that the radiopacity generally 
increased when the atomic number of the 
radiopacifier was higher. However, the radiopacity 
of CSC/Zr was higher than CSC/Ba, although the 
atomic number of Zr was lower than Ba. In fact, the 
radiopacity does not only rely on the atomic 
number, but also depends on the arrangement or 
density of atom [19]. The atomic number of barium 
sulfate (Z=56) is higher than zirconium oxide 
(Z=40). One unit-volume of barium sulfate is about 
346.8 Å3, while that of zirconium oxide is about 
142.4 Å3. In these volumes, barium sulfate as well 
as zirconium oxide has 4 element atoms [20,21]. 
Barium sulfate occupied 2.4 times volumetric 
space larger than zirconium oxide. In an equivalent 
volumetric space, the density of zirconium atoms 
is higher than barium atoms, which the x-ray 
photons have a chance to hit the zirconium atoms 
approximately as twice as the barium atoms. With 
this reason, zirconium oxide is able to block x-ray 
photons better than barium sulfate and provides 
the higher radiopacity.

	 ISO proposed that the radiopacity of root 
repair/filling material should not be less than  
3 mmAl for radiographic interpretation [3,5].  
Pure CSC (CaSiO3) contains low-Z value elements, 
Ca (Z=20), Si (Z=14), and O (Z=8), and the 
radiopacity was lowest among the tested materials. 
Adding a high Z-value radiopacifier into CSC 
increased the radiopacity significantly. However, 
only bismuth oxide and tantalum oxide provided 
the radiopacity above 3 mmAl, which is a clinically 
acceptable level.
	 Bio-MA with bismuth oxide had the highest 
radiopacity and was significantly higher than CSC/
Bi, which contained the same amount of the 
bismuth oxide. This might be the difference in the 
main ingredients of these two cements. Bio-MA 
consisted of PC—calcium silicate, calcium 
aluminate, and calcium aluminoferrite, while 
calcium silicate was pure CSC [22]. The radiopacity 
of PC was 1.54-1.73 mmAl [9,23] and was higher 
than the 0.99 mmAl radiopacity of pure CSC.
	 Radiopacity of Biodentine was significantly 
lower than CSCs contained with a radiopacifier 
except CSC/Ba. The main ingredient of Biodentine 
is tricalcium silicate with 5%/w of zirconium oxide 
as a radiopacifier [24]. Low content of zirconium 
oxide in Biodentine resulted in less radiopacity 
than that of CSC with 20% of zirconium oxide. 
Nevertheless, the radiopacity of Biodentine 
(2.34±0.20 mmAl) was lower than the 3 mmAl 
standard value but was still clinical accepted.
	 Radiopacity of CSC was markedly improved 
by the addition of either bismuth oxide or tantalum 
oxide, and was higher than the acceptable level. 
With the addition of bismuth oxide, tooth discoloration 
might be of concern [25,26], while tantalum oxide 
is a rare earth element with a relative high cost. 
The radiopacity of CSC with barium sulfate or 
zirconium oxide was slightly below the recommended 
standard. To improve the radiopacity if the amount 
of radiopacifier increases, the active ingredients 
will be reduced which might compromise the 
material properties such as push-out strength [16] 
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and compressive strength [27]. The combination 
of radiopacifiers in a proper ratio might be a solution 
for acceptable radiopacity and will not affect the 
material properties.
	 In the biological point of view, radiopacifiers 
with good biocompatibility were generally selected. 
Tantalum oxide and zirconium oxide were inert 
and not leached out from the set material [28,29]. 
Bismuth oxide could induce discoloration, but 
cellular biocompatibility was confirmed [7,30,31]. 
Barium sulfate was commonly used in the medical 
field as a contrast media for gastrointestinal tract 
diagnosis [32]. However, these new CSC materials 
with the radiopacifiers must be tested to confirm 
their important physical properties and biocompatibility.

Conclusion

	 Bio-MA (6.59±0.39 mmAl) had the highest 
radiopacity among the investigated materials. 
Radiopacity of Biodentine was 2.43±0.20 mmAl. 
The addition of a radiopacifier—zirconium oxide, 
barium sulfate, tantalum oxide or bismuth oxide into 
the CSC increased the radiopacity in the ascending 
order—CSC/Ba (2.52±0.14 mmAl), CSC/Zr 
(2.90±0.05 mmAl), CSC/Ta (3.39±0.10 mmAl),  
and CSC/Bi (5.42±0.18 mmAl) The radiopacity of 
Bio-MA, CSC/Bi, and CSC/Ta were greater than 3 mmAl 
and were clinically acceptable as recommended 
by ISO 6876:2012.
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