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started for use in vital pulp therapies in 1995 (10, 11). Their 
main advantages compared to the old materials included re-
leasing bioactive ions (biointeractivity), an apatite forming 
ability (bioactivity), highly physical properties and low solubil-
ity (11). MTA, TheraCal LC (a newly formed resin based trical-
cium silicate material) and Biodentine all belongs to this latter 
group of calcium silicate cement materials which show their 
effect by releasing calcium (Ca2+) and hydroxide (OH−) ions in 
contact with tissue fluids (12-15).

Calcium hydroxide-containing materials and calcium sil-
icate-based materials affect hard tissue formation by their 
Ca2+ and OH− releasing abilities (16). OH− ions increase the pH 
of the tissues and thus it performs an antibacterial function 
and produces an alkaline environment in the surrounded tis-
sue. The alkaline pH induces the activity of tissue enzymes 
that take a part in the mineralization process, together creat-
ing a medium that favors the repair of hard tissue (17). In the 
meantime, Ca2+ ions induce hard tissue formation by osteo-
blast differentiation, proliferation and odontogenic marker 
expression (18-20).

Although the ability to release Ca2+ and OH− ions is the main 
reason for using these materials, if there is a dentinal barrier 
between the pulp capping material and the pulp tissue then 
the effect of these materials is questionable. Previous studies 
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Introduction

The main purpose of vital pulp therapies is to maintain 
the vitality of the tooth and supporting tissues by stimulating 
hard tissue formation (1-3). Calcium hydroxide containing ma-
terials have been used as a gold standard in these therapies 
due to their antibacterial properties and hard-tissue forming 
capacities (4-6). Despite their abilities, calcium hydroxide-
based materials still present some disadvantages, however, 
such as highly costly effects, porosities in newly formed hard 
tissue barrier and solubility in tissue fluids (7-9). In order to 
overcome these obstacles, a newly developed dental mate-
rial group consisting of calcium silicate-based materials was 
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evaluated the root dentine and concluded that, Ca2+ and OH− 
ions can diffuse through root dentin and effect the pulp tissue 
cells (21-24). However, there is only 1 study that has demon-
strated this ionization process in coronal dentin (10). In this 
study, the number of diffused ions through the coronal dentin 
barrier was not quantified (measured) and only 2 capping ma-
terials (MTA and calcium hydroxide) were used.

The use of cone beam computed tomography (CBCT) has 
been proposed in the last decade for maxillofacial imaging. 
Rather than capturing an image as separate slices as in MDCT, 
CBCT produces a cone-shaped X-ray beam that allows an im-
age to be captured in a single shot. The resultant volume can 
be reformatted to provide multiple reconstructed images 
(25). CBCT thus offers the distinct advantage of a lower radia-
tion dose than MDCT and the possibility of importing and ex-
porting individualized, overlap-free reconstructions (26, 27).

Hence, it was considered worthwhile to evaluate and 
compare the Ca2+ and OH− ion release of 4 artificially pro-
duced pulp capping materials (MTA, Biodentin, TheraCal LC, 
Calsimol) used for indirect pulp capping treatment.

Methods

The research protocol was approved by the Ethics Com-
mittee of the Ankara University Faculty of Dentistry (No: 
36290600/45).

A power analysis (Power and Precision software; Biostat) 
was conducted that indicated the detection of differences be-
tween pulp capping materials could be obtained with at least 
14 teeth at a power of 0.8 (alpha = 0.05) in 1 study group. 
Thus, this study was conducted using 70 extracted teeth. All 
teeth were freshly extracted third molars without any car-
ies. The age range of the patients for the extracted teeth was 
between 20 and 24 years of age. Written consent from the 
parents were achieved before the teeth could be used for the 
study.

In total, 5 groups were constituted (4 groups of pulp cap-
ping materials and a control group). After the extraction, all 
teeth were cleaned of soft tissue remnants and stored in 
physiologic saline then immersed in 2.5% NaOCl solution. Be-
fore the experimental procedure, the crowns were removed 
at the cemento-enamel junction using a low-speed carbon 
separator under coolant water spray.

Class I cavities with a diameter of 3 × 3 were prepared 
on the occlusal side of extracted human sound third molars 
using number 12 diamond burs (ISO 806314) and in the bot-
tom of the cavities a second cavitation was prepared using 
number 16 round burs (ISO 806314) in order to quantitatively 
standardize the pulp capping materials. Moreover, a number 
14 inverted cone bur (ISO 806314) was used for the pulpal 
cavities from the bottom for standardization of the remain-
ing dentin tissue between dentin and pulp chamber (Fig. 1). 
The remaining dentin thickness tissue was measured by a mi-
crometer and by scanning in a CBCT unit.

Scanning protocol

The teeth were coded and a 1.5-cm plexi-glass sphere 
was used in order to simulate the soft tissue. The teeth were 
placed into the plexi-glass sphere 1 by 1 with wax from its 

roots to upright position. The plexi-glass was then mounted 
horizontally to fit the chin support of the machine. Pre-and 
post-instrumentation scans were performed using CBCT (Pro-
max® 3D Max; Planmeca). Scans of each tooth were made in 
96 kVp and 12 mA at 2 resolutions: 0.125-mm3 voxel size. The 
field of view was 4.2 cm in diameter and 5.0 cm in height. 
Slice were 1,024 × 1,024 pixels.

The remaining dentin thickness from occlusal cavity to 
pulp chamber was measured in 3-dimensional (3D) images 
and also standardized with a micrometer (Astor mechani-
cal micrometer 0-25 mm) to be 1 ± 0.3 mm (Fig. 2). A single 
observer (KO) made the measurements. The measurements 
were taken twice by the same observers, and the mean val-
ues of the measurements were included.

The pulp capping materials were applied in the occlusal 
cavities along with manufacturers’ directions and occlusal 
cavities were etched (Southern Dental Industries) during  
20 seconds, washed and bonded at the same time. Glass ion-
omer cement was placed as a base and the final restoration 
was performed as coronal obturation by a composite resin 
material (Charisma-Classic) without any Ca2+ inside. A control 
group was also constituted without any treatment. All surfac-
es except the pulpal cavities were isolated with a nail varnish. 
After the preparation, all samples were stored in 10 mL saline 
at 37° in PVC containers (Fig. 3).

The leached Ca2+ was measured using an optical emission 
spectrometer (Optima 4300 DV; Perkin Elmer) and for OH− 

Fig. 1 - Figure showing the preparation of the cavities.
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Fig. 3 - The preparation and storing of the teeth before measure-
ments of ion releases.

Fig. 2 - Figure showing the measurement of remaining dentin tissue 
using both 3D CBCT and micrometer.

ions, a pH meter previously calibrated with standard solutions 
(InoLab pH7110; Wissenschaftlich-Technische werkstatten) 
was used. The measurements were performed after soaking 
for 24 hours, 7 days and 28 days in 10 mL saline solution.

The amounts of Ca2+ and OH− were determined for subse-
quent analysis. The results were obtained with the aid of SPSS 
version 20.0 software. To analyze the change in pH and dif-
fusion of Ca in each group, 1- and 2-way analysis of variance 
(ANOVA) and the Kruskal-Wallis H tests were used.

Results

Ca2+ ions were detected in treated saline solution during 
the experimental period for all materials. For all measure-
ments, the levels of Ca2+ ions were higher for Biodentin and 
Theracal LC than all the other materials (p<0.05). However, 
no significant difference was found between Biodentin and 
Theracal LC (p>0.05). For all materials, Ca2+ ion release in-
creased rapidly in the first 7 days followed by a linear, gradual 
increase for the following periods. In all experimental groups, 
statically significant difference was found between 24 hours, 
7 days and 28 days and the results at day 28 are significantly 
higher than at 24 hours and day 7 (Tabs. I and II).

The Biodentine group showed the highest OH− ion rates 
compared to the other materials in 24 hour examination 
while the scores gradually decreased during the following 
measurement periods (p<0.05). The Biodentin and Thera-
Cal LC groups showed higher pH rates at 24 hours; subse-
quently, after 7 days, they started to slowly decrease until 
the last measurement day. The pH rates of the MTA group 
increased in the first 7 days and then slowly decreased. The 
pH levels of the Calcimol group decreased in the first 7 days 
and gradually increased in the following experimental peri-
ods (Tabs. III and IV).

Discussion

The biological properties of calcium hydroxide-containing 
and forming materials are due to their Ca2+ and OH− ion releas-
ing abilities (11, 28-30). The main reason for biointeractivity is 
the biologically relevant ion release and diffusion through the 
dentin to the pulp chamber (11). Previous studies indicated 
that this activity can be seen even if they are used behind the 
dentin barrier (10, 24).

Gandolfi (10) has designed an innovative experimental 
setup to test the ability of pulp capping materials to gener-
ate pulpward Ca2+ and OH− ion fluxes through coronal den-
tin after indirect pulp capping in vitro. As a result of this 
study, calcium ions were detected and a rise in pH was ob-
served in the treated water after a few hours for all tested 
materials (10).

Ozdemir et al (24) aimed to investigate the diffusion of 
calcium ions (Ca2+) through exposed dentinal tubules follow-
ing intracanal application of mineral trioxide aggregate (MTA). 
The results showed diffusion of Ca2+ through the defects in 
the dentin in MTA-filled roots with a significant increase in 
concentration within time.

In the present study, Ca2+ ions detected in all groups and 
the calcium ion diffusion rates increased for all groups during 
the test period as in similar previous studies. Biodentine and 
TheraCal LC showed a higher release of free calcium ions and 
diffusion levels compared to MTA Angelus, Calcimol and the 
control groups. The fast hydration reaction of Biodentin can 
be correlated with the low solubility and high calcium release 
at a few hours (11). Although bioactive ion releasing ability is 
the main reason these materials are known as biocompatible, 
Ca2+ ion diffusion rates also explain the biocompatibility and 
bioactivity of Biodentine and TheraCal LC. 

According to Gandolfi et al (11), similar to our study, Bio-
dentine showed a higher release of free calcium ions, higher 
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TABLE I - Ca2+ ion release according to pulp capping materials

Groups Kruskal Wallis H Test Multiple  
comparisons

n Mean Median Min Max ss

24 hours MTA Angelus (1) 14 1.9 1.4 0.62 5.54 1.3 1-4, 1-3, 5-4, 5-3, 2-3

Calcimol (2) 14 2.1 1.8 1.1 6.22 1.3

Biodentin (3) 14 7.1 6.6 2.24 15 3.3

TheraCal LC (4) 14 4.1 3.7 1.27 8.49 2

Control (5) 14 1.8 1.7 0.99 2.97 0.7

Day 7 MTA Angelus (1) 14 13.1 10.9 4.33 31.3 7.9 5-1, 5-4, 5-3, 2-3, 1-3

Calcimol (2) 14 11.6 9.7 6.9 25.1 4.8

Biodentin (3) 14 23.5 21.9 13.7 36 6.2

TheraCal LC (4) 14 16.1 16.1 5.16 28 5.5

Control (5) 14 5.6 5 2.17 14.3 3.3

Day 28 MTA Angelus (1) 14 18.6 16.5 7.95 32.6 8.8 5-4, 5-3, 2-3, 1-3

Calcimol (2) 14 17.5 14.7 8.93 32.6 8.4

Biodentin (3) 14 37.1 34.2 24.3 63 11.4

TheraCal LC (4) 14 26.6 23.9 10.4 63 12.3

Control (5) 14 11.2 11.6 5.6 16.7 3

Statistical analysis of Kruskal-Wallis H test; ss = sum of squares.
p<0.05.

TABLE II - Ca2+ ion release according to experimental periods

2-Way ANOVA Test

Groups n Mean Median Min Max ss Multiple  
Comparisons

Groups

MTA Angelus 14 1.9 1.4 0.62 5.54 1.3 1-2, 1-3, 2-3

Day 7 14 13.1 10.9 4.33 31.3 7.9

Day 28 14 18.6 16.5 7.95 32.6 8.8

Calsimol 24 hours 14 2.1 1.8 1.1 6.22 1.3 1-2, 1-3

Day 7 14 11.6 9.7 6.9 25.1 4.8

Day 28 14 17.5 14.7 8.93 32.6 8.4

Biodentin 24 hours 14 7.1 6.6 2.24 15 3.3 1-2 ,1-3 ,2-3

Day 7 14 23.5 21.9 13.7 36 6.2

Day 28 14 37.1 34.2 24.3 63 11.4

TheraCal LC 24 hours 14 4.1 3.7 1.27 8.49 2 1-2, 1-3 ,2-3

Day 7 14 16.1 16.1 5.16 28 5.5

Day 28 14 26.6 23.9 10.4 63 12.3

Control 24 hours 14 1.8 1.7 0.99 2.97 0.7 1-2, 1-3

Day 7 14 5.6 5 2.17 14.3 3.3

Day 28 14 11.2 11.6 5.6 16.7 3

ss = sum of squares. 
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TABLE III - OH− ion release according to experimental periods

Group Kruskal-Wallis H Test
n Mean Median Min Max ss p

24 hours

MTA 14 8.05 8.04 7.55 8.55 0.28

0.001
Calcimol 14 8.04 8.05 7.93 8.2 0.08
Biodentin 14 9.6 9.61 9.3 9.77 0.13
TheraCal LC 14 8.2 8.19 8.1 8.3 0.04
Control 14 7.65 7.61 7.41 7.89 0.19
Total 70 8.31 8.09 7.41 9.77 0.7 5-1 5-4 5-3 2-3 1-3

Group 1-Way ANOVA
n Mean Median Min Max ss p

7 days

MTA 14 9.2 9.16 8.76 9.87 0.31

0.001
Calcimol 14 7.93 7.98 7.65 8.2 0.14
Biodentin 14 9.25 9.25 9.17 9.34 0.05
TheraCal LC 14 8.21 8.21 8 8.4 0.09
Control 14 7.38 7.38 7.32 7.43 0.03
Total 70 8.39 8.21 7.32 9.87 0.75 1-2 1-4 1-5 2-3 2-4  

2-5 3-4 3-5 4-5
Group Kruskal-Wallis H Test

n Mean Median Min Max ss p

28 days

MTA 14 8.08 8.08 7.89 8.31 0.12

0.001
Calcimol 14 8.63 8.66 7.98 8.91 0.22
Biodentin 14 8.37 8.36 8 8.7 0.15
TheraCal LC 14 8.06 8.07 7.98 8.21 0.06
Control 14 7.36 7.35 7.23 7.61 0.08
Total 70 8.1 8.1 7.23 8.91 0.45 5-4 5-1 5-3 5-2 4-2 1-2

ss = sum of squares. 

TABLE IV - OH− ion release according to cupping materials

2-Way ANOVA Multi comparisons
n Mean Median Min Max ss p

MTA
24 hours 14 8.05 8.04 7.55 8.55 0.28 0.001 1-2 3-2

7 days 14 9.2 9.16 8.76 9.87 0.31
28 days 14 8.08 8.08 7.89 8.31 0.12

Friedman’s 2-Way ANOVA Multi comparisions
n Mean Median Min Max ss p

Calcimol

24 hours 14 8.04 8.05 7.93 8.2 0.08 0.001 2-3 1-3
7 days 14 7.93 7.98 7.65 8.2 0.14

28 days 14 8.63 8.66 7.98 8.91 0.22

Friedman’s 2-Way ANOVA Multi comparisions
n Mean Median Min Max ss p

Biodentin
24 hours 14 9.6 9.61 9.3 9.77 0.13 0.001 2-3 1-3

7 days 14 9.25 9.25 9.17 9.34 0.05
28 days 14 8.37 8.36 8 8.7 0.15

2-Way ANOVA Multi comparisions
n Mean Median Min Max ss p

TheraCal LC
24 hours 14 8.2 8.19 8.1 8.3 0.04 0.001 1-3 2-3

7 days 14 8.21 8.21 8 8.4 0.09
28 days 14 8.06 8.07 7.98 8.21 0.06

Friedman’s 2-Way ANOVA Multi comparisions
n Mean Median Min Max ss p

Control
24 hours 14 7.65 7.61 7.41 7.89 0.19 0.001 1-2 1-3

7 days 14 7.38 7.38 7.32 7.43 0.03
28 days 14 7.36 7.35 7.23 7.61 0.08

ss = sum of squares.
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alkalinizing capability, and the formation of smaller calcium 
phosphate deposits. Gandolfi (10) has indicated that Thera-
Cal LC displayed higher calcium-releasing ability and lower 
solubility than either ProRoot MTA or Dycal.

During the test period, all test materials alkalinized the 
medium and the pH values for the control group were con-
fined to 7.4. Biodentine and TheraCal LC showed higher OH− 
ion rates than the other materials throughout the entire time, 
consonant with the free calcium ion rates.

Conclusions

In conclusion, calcium silicate materials such as Bioden-
tine and TheraCal LC used in this study may be preferable for 
indirect pulp capping because of their stimulation of hard tis-
sue formation and ion releasing ability.
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