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Early and 24-hour shear bond strength to dentine of three 
calcium silicate based pulp capping materials

Objective: The aim of this study was to evaluate shear bond strength (SBS) at early and 24 h after setting of  
three calcium silicate based capping materials. 
Materials and Methods: Eighty permanent maxillary premolars were sectioned to expose coronal dentine. 
Specimens were randomly divided into four groups, n=20 each. Biodentine, RetroMTA, Theracal, and Dycal 
(control) were filled in 3-mm diameter tubes and placed on dentine. In each group, specimens were further 
divided into two subgroups for SBS testing at 60 min and 24 h (n=10 each). Failure modes were evaluated using 
a stereomicroscope. 
Results: At 60 min, all tested materials showed very low mean SBS (0.38-0.42 MPa), that did not significantly 
differ (p >0.05), and all specimens showed 100% adhesive failure. At 24 h, means SBS of Biodentine (1.01 MPa) 
and RetroMTA (1.15 MPa) significantly increased and were significantly higher than those of Dycal (0.37 MPa) 
and Theracal (0.44 MPa) (p <0.05). However, 24-h SBS of Biodentine and RetroMTA were not significantly 
different (p >0.05). In addition, 24-h bond strength of Theracal was not significantly different from that of Dycal 
(p >0.05). Dycal and Theracal showed 100% adhesive failure, while mixed failure was observed in Biodentine 
and RetroMTA groups. 
Conclusions: SBS of Biodentine, Theracal and RetroMTA were very low at 60 min and did not significantly differ 
from Dycal. SBS of Biodentine and RetroMTA significantly increased at 24 h and were higher than Theracal and 
Dycal.
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Introduction

	 Direct pulp capping is a therapy to maintain 
vitality of dental pulp. A pulp capping material  
is placed over the exposed pulp to promote pulp 
healing and generate reparative dentine [1].  
An ideal capping material should stimulate reparative 
dentine formation, provide a bacterial seal, adhere 
to dentine and restorative material [2]. Calcium 
hydroxide (CH) has been considered as a material 
of choice for direct pulp capping with a long-term 

record of clinical success [1, 2]. However, CH 
possesses drawbacks such as high solubility, tunnel 
defects in reparative dentine, and no adhesive 
properties [1, 2].
	 Mineral trioxide aggregate (MTA; ProRoot 
MTA, Dentsply, PA, USA) was introduced as  
a dental calcium silicate cement (CSC) and has 
been promoted in use for direct pulp capping [3, 4] 
with high clinical success rate [5]. Nevertheless, 
major disadvantages of MTA are long setting time, 
poor handling properties, and induction of tooth 
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discoloration [6]. In addition, MTA has relatively 
low adhesion to dentine [7]. In direct pulp capping, 
MTA tends to be displaced and needs a protective 
lining over the material.
	 Biodentine (Septodont, Saint Maur des 
Fossés, France), a fast-setting CSC, has been 
introduced. The powder consists of dicalcium 
silicate, calcium carbonate, calcium oxide and 
zirconium oxide as a radiopacifier. The liquid 
consists of water, calcium chloride and hydrosoluble 
polymer [8]. Biodentine has initial setting time at 
12 min [9], and its physical properties are improved 
[8]. Biodentine adheres to dentine, which the bond 
strength increases over periods [7, 10]. It seems 
that Biodentine might be suitable as a direct pulp 
capping material [11].
	 Theracal (Bisco Inc., Schaumburg, IL, USA) 
is a resin-modified MTA [12], designated for pulp 
capping or as a lining. It consists of 45% Portland 
cement, 45% methacrylate resin and other 
ingredients [13]. This CSC can be set immediately 
by light curing for 20 s. Low solubility [14], adhesion 
to dentine [15] and ability to induce dentine bridge 
formation in primate [16] have been reported for 
Theracal. 
	 RetroMTA (BioMTA Co, Ltd, Seoul, Korea)  
is a fast-setting CSC that initial setting is about  
two min and 30 s after mixing [17] . RetroMTA 
consists of calcium carbonate, silicon dioxide, 
aluminum oxide and calcium zirconia complex as 
a radiopacifier [18]. RetroMTA is as biocompatible 
as ProRoot MTA [19]. This CSC does not induce 
tooth discoloration [20] and provides good 
marginal adaptation [21]. RetroMTA might be 
used as a direct pulp capping material [22].
	 One of the required properties of a direct 
pulp capping material is adhesion to dentine [2]. 
For clinical relevance, bond strength to dentine of 
a pulp capping material should be tested after 
setting as early as possible. Currently, adhesion to 
dentine of these new fast-setting calcium silicate 
based cements remains unclear. Therefore, this 
study aims to determine shear bond strength to 

dentine, at early setting and 24 h, of Biodentine, 
Theracal and RetroMTA, in comparison with  
hard-setting calcium hydroxide cement, Dycal 
(Dentsply Caulk, Milford, DE, USA). 

Material and Methods

	 This research was approved by the 
Institutional Review Board, Faculty of Dentistry/
Faculty of Pharmacy, Mahidol University with  
COE. No. MU-DT/PY-IRB 2016/002.0102. Eighty 
permanent maxillary premolars extracted for 
orthodontic reason from 16-40 years old patients 
were collected. Teeth with caries, restoration or 
crack were excluded. All teeth were cleaned, 
stored in 0.1% thymol solution, and used within 
three months. To estimate the level of pulp horns, 
a digital radiograph was taken in the mesio-distal 
view (Kodak2200, Eastman Kodak Company, 
Rochester, NY and Kodak RVG 6500 sensor). 
Each tooth was horizontally sectioned at the level 
of 1 mm in approximate above the pulp horns 
(Fig.1) with an Isomer diamond saw (Buehler, 
Lake Bluff, NY, USA) to expose coronal dentine. 
The sectioned tooth was embedded in a polyvinyl 
ring with self-curing acrylic resin (Prothyl repair 
EVO, Zhermack, Badia Polesine, Italy). The dentine 
surface was polished with 600-grit silicon carbide 
paper and then cleaned in an ultrasonic cleanser 
for 10 min. The specimens were randomly divided 
into four groups, 20 of each, according to tested 
capping materials- Biodentine, RetroMTA, Theracal, 
and Dycal (control).	
	 Biodentine, RetroMTA, and Dycal were mixed 
according to the manufacturers’ instructions. 
Mixed material was filled in a plastic tube, 3 mm  
in diameter and height, which was then placed on 
dentine surface. For Theracal, the tube was firstly 
placed on dentine, filled with one-mm increment of 
Theracal and then light-cured for 20 s (Elipar 
Highlight; 3M ESPE, Seefeld, Germany). Twenty 
specimens of each capping material were further 
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divided into two subgroups (n = 10 each) for shear 
bond strength testing at 60 min and 24 h after 
setting. From a pilot study, the materials could not 
be tested before 60 min due to pre-testing failure 
of bonded specimens. All specimens were stored 
in an incubator (Memmert, Schwabach, Germany) 
at 37°C and 100% humidity. 
	 Shear bond strength testing was performed 
using a universal testing machine (EZ-S, Shimadzu, 
Kyoto, Japan). A knife-edge plunger for shear test 
was placed close to the bonded surface and 
loaded with a speed of 0.5 mm/min until failure 
(Fig.1). Shear bond strength in MPa was calculated 
using a software program (Trapezium 2, Shimadzu, 
Kyoto, Japan). Failure modes were evaluated 
using a stereomicroscope (EMZ-5TR SZTP, MEIJI, 
Japan) at 20x magnification. Failure modes  
were classified into three categories according  
to Price et al. [23] as follows: 1) adhesive failure- 
failure at the material-dentine interface ≥70%  
of de-bonded area, 2) cohesive failure- failure 
within material ≥70% of de-bonded area and  
3) mixed failure- either adhesive or cohesive 
failure at less than 70% of de-bonded area.

	 Non-parametric statistical analyses were 
used because the data were not normally distributed. 
Shear bond strengths were statistically analyzed 
using Kruskal-Wallis test and Mann-Whitney U test 
with a significant level at p-value of .05.

Results

Shear bond strength 
	 At 60 min, all tested materials showed very 
low shear bond strength. Shear bond strength of 
Dycal (0.42 MPa), Biodentine (0.38 MPa), Theracal 
(0.42 MPa) and RetroMTA (0.41 MPa) did not 
significantly differ (p > .05) (Table 1). After 24 h, 
shear bond strength of Biodentine (1.01 MPa) and 
RetroMTA (1.15 MPa) significantly increased from 
those at 60 min (p < .05), and were significantly 
higher than those of Dycal (0.37 MPa) and Theracal 
(0.44 MPa) (p <.05) (Table 1). However, the 24-h 
bond strengths of Biodentine and RetroMTA were 
not significantly different (p > .05). In addition,  
the 24-h bond strength of Theracal was not 
significantly different from that of Dycal (p > .05).

Fig. 1	 (A) Each tooth was horizontally sectioned at the level of 1 mm in approximate above the pulp horns with  
an Isomer diamond saw (Buehler, Lake Bluff, NY, USA) to expose coronal dentine. (B) Shear bond strength 
testing was performed using a universal testing machine. A knife-edge plunger for shear test was placed 
close to the bonded surface and loaded with a speed of 0.5 mm/min until failure.
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Mode of Failure
	 At 60 min, all specimens showed adhesive 
failure (Fig.2). At 24 h, all specimens of Dycal and 

Theracal showed adhesive failure, whereas mixed 
failure was observed in Biodentine (10%) and 
RetroMTA (20%) (Fig.3).

Table 1	 Shear bond strength to dentine (MPa, mean ± SD) of pulp capping materials at 60 min and 24 h after setting.

Material Shear bond strength (mean ± SD) p - value*

60 min 24 h

Dycal 0.42 ± 0.18 0.37 ± 0.11 0.63

Biodentine 0.38 ± 0.13 1.01 ± 0.36 < 0.01

Theracal 0.42 ± 0.14 0.44 ± 0.20 0.91

RetroMTA 0.41 ± 0.15 1.15 ± 0.32 < 0.01

p - value ** 0.91 < 0.01
* Mann-Whitney U test to compare SBS between setting periods (p < 0.05). 

** Kruskal-Wallis test to compare SBS among pulp capping materials (p < 0.05).

Fig. 2	 Mode of failure from the 60-min shear-bond testing. All specimens showed adhesive failure.
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Discussion

	 Since a tooth is immediately restored after 
direct pulp capping, adhesion to dentine of  
a capping material should be tested as early as 
possible. However, at our preliminary test, the 
materials could not be tested earlier than 60 min 
because pre-testing failure was very high. Thus, 
early bond strength of these materials was tested 
at 60 min. The capping materials were also tested 
at 24 h since the bond strength might increase 
over period.
	 Very low early bond strength of all tested 
capping materials may be interpreted as a clinical 
concern. These materials might be displaced 
during restorative procedures. The capping 
material should be covered with lining, such as 
glass ionomer cement, before acid etching and 
rinsing. Biodentine and RetroMTA showed 
increased bond strength at 24 h with a presence 
of mixed failure. The results are similar to Kaup  
et al. [7] who compared bond strength to dentine 

of Biodentine at 2, 7 and 14 days after setting and 
reported that the bond strength significantly 
increased over the periods. However, the 
increased bond strength were very low and not 
enough to withstand any force during restoration 
placement.
	 Bond strength of Biodentine and RetroMTA 
may be explained by adhesion to dentine of CSC 
that chemical and/or micromechanical adhesion 
might be created [24-26]. CSC might bond 
chemically to dentine through the formation of 
hydroxyapatites [24]. Furthermore, additional 
retention of CSC to dentine would be expected 
through physical adaptation [25] and penetration 
in dentinal tubules. High pH of hydrated Biodentine 
could induce denaturing and increasing permeability 
of dentine [26], and flowable consistency of CSC 
may promote the penetration into dentinal tubules, 
resulting in micromechanical retention [26]. 
RetroMTA might adhere to dentine through the 
same mechanism of chemical reaction and 
micromechanical retention.

Fig. 3	 Mode of failure from the 24-h shear-bond testing. All specimens of Dycal and Theracal showed adhesive 
failure. Mixed failure was observed in Biodentine (10%) and RetroMTA (20%).
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	 Theracal is partially composed of CSC,  
but shear bond strength did not differ from Dycal, 
a hard-setting calcium hydroxide, that did not 
adhere to dentine [2]. Low bond strength of 
Theracal may be attributed to methacrylate resin 
content that can cause shrinkage after light-curing 
polymerization. Polymerization shrinkage might 
result in early bond failure and low bond strength [8]. 
In addition, CSC content in Theracal was only 45%, 
and this reduces the chance to form a chemical or 
micromechanical adhesion to dentine.
 

Conclusion

	 At 60 min after setting, Biodentine, Theracal, 
and RetroMTA had very low shear bond strength 
that did not significantly differ from that of Dycal. 
At 24 h, bond strength of Biodentine and RetroMTA 
significantly increased and were higher than those 
of Theracal and Dycal.
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