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AbstrAct
Objective: this study aimed to compare the dentin bond strength of a resin-modified light-curable calcium-silicate-based material (TheraCal LC®; Bisco, Schaumburg, IL, 
USA) with White MTA (WMTA®; Angelus, Londrina, PR, Brazil). Materials and Methods: sixteen human maxillary incisors and canines were selected and three 1-mm-discs 
were obtained from the middle third of each root. On the coronal surface of each disc, two 1.2-mm-wide-holes were drilled through the dentin. Then, artificial holes were 
filled with one of the tested materials: WMTA® and TheraCal LC®. The filled dental slices were stored in a phosphate-buffered saline (PBS) solution (pH 7.2) for 7 
days at 37°C. After that, push-out assessment was performed with a 1.0-mm-plunger-tip. Load was applied at a crosshead speed of 0.5 mm/min until sealer displacement. The 
results were expressed in MPa. Mann-Whitney U test was applied to rank materials regarding dentin push-out bond strength.  Significance level was set at a = 5%. 
Results: All specimens showed measurable results and no premature failure occurred. TheraCal LC® demonstrated superior push-out bond strength values to dentin 
when compared to WMTA® (P<0.0001). Conclusions: there is advantage of TheraCal LC® over WMTA® as regards to the  push-out bond strength  and, therefore it
 may be taken as a promising and innovative reparative material. 
Keywords: endodontics. root canal obturation. root canal therapy.

Introduction

During pulp-capping procedures, covering materials 
are applied over directly or indirectly exposed 
pulp, acting as a barrier for the protection of the 

dental-pulp complex and preservation of the pulp vitality.1-4 
Calcium-silicate-based materials such as mineral trioxide 
aggregate (MTA) are commonly used for pulp-capping 
despite the main drawbacks related to difficult handling, 
extended setting time and tooth discoloration.5,6 As MTA 
does fulfill all requirements for a pulp-capping material, 
calcium-silicate-based materials with different compositions 
have been designed to overcome these limitations, exhibiting 
improved physicochemical properties.7 In this sence, TheraCal 
LC® (Bisco, Schaumburg, IL, USA) is a resin-modified light-
curable calcium-silicate filled material that is designed for 
pulp-capping and protective liner under base materials (e.g., 
composites and cements). 

According to the manufacturer, TheraCal LC® is a singular 
stable and durable calcium-silicate based material that can be 
used as a liner or base due to its hydrophilic resin formulation. 
This material is composed of tricalcium-silicate particles in 
a hydrophilic monomer, which provides calcium release 
and low solubility properties that offers major advantages 
in direct pulp-capping therapies.8-11 Even though the heat 
generated by light-cured pulp capping materials represents 
a matter of concern12, TheraCal LC® demonstrated similar 
ability to MTA regarding the induction of differentiation 

and mineralization of human dental pulp cells.13 In addition 
to that, when TheraCal LC® was applied in primate pulps, 
dentin bridges and mild inflammation in a level acceptable 
for pulp capping were obtained.14 Moreover, in response to 
lactic or hydrochloric acid, pH values of TheraCal LC® increase 
significantly (final pH 9.2-11.3).15

In contrast to MTA, TheraCal LC® presents easy handling 
resulting from thixotropic properties (becoming less viscous 
when subjected to stress) and the light-cured set, which 
permits immediate placement and condensation of the 
restorative material (http://www.bisco.com/).16 In this context, 
the use of TheraCal LC® seems to be clinically beneficial for 
patients and practitioners because it permits the final adhesive 
restoration over pulp-capping material during the same 
appointment.3

Despite the fact that TheraCal LC® has a new interesting 
approach, the current level of available evidence lacks 
relevant aspects of TheraCal LC®, such as the bond strength 
to dentin that is yet not evaluated. Because TheraCal LC® is 
meant to direct or indirect pulp-capping its overall stability 
in contact to dentin is an important parameter of its overall 
performance. Thereby, this study aimed to compare the dentin 
bond strength of this resin-modified light-curable calcium-
silicate pulp protectant/liner with White MTA (WMTA®; 
Angelus, Londrina, PR, Brazil). The following null hypothesis 
was tested: there is no difference in the push-out performance 
of both materials evaluated (TheraCal LC® and WMTA®). 
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Materials and Methods
Sample Size Calculation
From a prior study,17 an effect size of 1.39 was added to 

power ß = 95% and α = 5% and input into a T test family 
between two independent means (G*power 3.1 for Macintosh). 
As a result, a total size of 30 slices samples (15 per group) was 
required for the reliable identification of differences between 
the groups evaluated.

Specimens Preparation
This study was approved by the local Ethics Committee. 

Sixteen maxillary canines extracted for periodontal causes 
were selected. All specimens were previously cleaned – 
through the removal of hard deposits and soft tissues 
using curettes and immerging specimens in 5.25% sodium 
hypochlorite (NaOCl) during 10 minutes – and stored in 
0.1% thymol solution at 5 °C. Following this, the coronal and 
apical root segments were removed from each tooth by using 
a low-speed saw (ISOMET; Buehler Ltd, Lake Buff, IL) with 
a diamond disk (Ø 125 mm x 0,35 mm x 12,7 mm; Buehler 
Ltd), preserving solely the middle third. Under constant water 
irrigation, 3 horizontal cross-sections (1 ± 0.1 mm thick) were 
prepared in the remaining middle segment (Figure 1A). Then, 
the final thickness of each slice was confirmed with the use 
of a high accuracy digital caliper (Avenger Products, North 
Plains, OR). Forty-eight root slices were produced following 
this protocol. 

Preparation of Canal-like Holes for the Push-out Assay 
Slices were drilled by using a 1.2-mm-cylindrical-carbide-

bur, under continuous water irrigation. Two canal-like holes 
were obtained parallel to the root canal in each root slice 
by the aid of a vertical drill stand (Dremel Workstation 
220, Mount Prospect, IL) in such a way as to standardize 
the drilling perpendicular to the surface, determining a 
minimum distance of 1-mm between the holes drilled, the 
external cementum, and the main root canal walls (Figure 
1B). After examining specimens as regards to the presence of 
dentinal cracks, adequate perpendicular drilling and 1-mm 
minimum thickness, eighteen slices were excluded from the 

study. Afterwards, a final total sample of thirty slices were 
immersed in a recipient with saline solution and ultrasonic 
irrigation for 15 minutes. 

After irrigation, holes were dried with absorbent paper, and 
the slices were fixed on a glass plate to stabilize the samples 
and favor the adequate insertion of the materials. Following 
this, each hole was randomly signaled, in order to identify 
the material, and holes were filled with WMTA® or TheraCal 
LC® (Figure 1C). The creation of bubbles was avoided by the 
gentle vibration whilst placing materials. Both TheraCal LC® 

and WMTA® were mixed according to the manufacturers’ 
instructions (Table 1). In a sterilize glass slab, WMTA® was 
mixed for 30 seconds with distilled water. When the mixture 
was homogeneous and with a consistency similar to wet sand, 
the cement was placed in the selected hole with the aid of an 
MTA carrier delivery system. Then, it was compacted to allow 
its adaptation into the holes’ walls. TheraCal LC® was directly 
applied into the selected hole with precise placement and 
condensation. Following this, it was photopolymerized for 
20 seconds. Lastly, before the push-out evaluation, specimens 
were stored in contact with phosphate-buffered saline (PBS) 
solution (pH 7.2) at 37ºC for 7 days.

Push-out Assessment
A universal testing machine (Instron, Canton, 

Massachusetts, USA) was used to measure the values of push-
out groups. Loading was performed with a plunger tip of 
1.0-mm-diameter that was positioned over only one of the 
tested materials for each analysis. The load was constantly 
applied in a coronal-apical direction with a speed of 0.5 mm/
min, until filling-material dislodgment occurred. During 
the push-out test, a real-time software program (specific for 
the universal testing machine) was used to plot a load (N) 
x displacement (mm). The median value of push-out bond 
strength was calculated to obtain the MPa data according to 
the following formula18,19:

The adhesion area of endodontic sealers was defined by 
the cylinder area method, where π = constant 3.14; r = hole 
radius filled with root sealers (0.6 mm); and h = thickness of 
dentin slice (1.0 mm)18,19:

Figure 1. Schematic representation of sample preparation: (A) horizontal cross-sections; (B) canal-like holes prepared in the cross-sections; (C) holes 
filled with WMTA® or TheraCal LC®.
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Data Presentation and Analysis
Overall, data did not adhere to a Gaussian Curve (Shapiro-

Wilk test, P< 0.05). Accordingly, Mann–Whitney U test was 
applied to rank materials regarding dentinal push-out bond 
strength (P < 0.05). IBM SPSS Inc. for Windows (17.0) was 
used as statistical package for analysis.

Results
All specimens showed measurable results and no premature 

failure occurred. A significant difference was observed 
between materials, in which TheraCal LC® demonstrated 
higher push-out bond strength values to dentin when 
compared to WMTA® (P < 0.0001). Table 2 discloses the 
central tendency data of the study.

Discussion
MTA outperformance during pulp-capping procedures 

has been well documented in endodontic literature.15,20 For 
this reason, WMTA® was selected as the reference material 
for comparison in the present study. However, even though 
MTA is the most traditional calcium-silicate material, 
TheraCal LC®, which is a tricalcium-silicate material modified 
by photopolymerizable resin, presented better push-out 
performance. Therefore, the tested null hypothesis was 
rejected. 

Both WMTA® and TheraCal LC® are calcium-silicate 
based materials, presenting the ability to form an 
apatite layer when in contact with phosphate-containing 
physiological fluids, such as PBS.21,22 This interaction with 
the storage medium is known as bioactivity, that positively 
influences the bond strength performance because of the 
production of crystalline deposits along the materials-

Materials Manufactures Composition

White MTA® Angelus, Londrina,
PR, Brazil

Tricalcium silicate, 
dicalcium silicate, 
tricalcium aluminate, 
calcium oxide, bismuth 
oxide.

TheraCal LC® Bisco,Schaumburg, 
IL, USA

Portland cement, 
BIS-GMA, barium 
zirconate powder. 

Table 1. Composition, manufactures and batch numbers of the tested 
materials.

Mean (±SD) Median (IQR) 95% CI

WMTA® 1.04 (±0.74)A 0.79 (0.80) 0.67 – 1.40

TheraCal LC® 5.01 (±1.60)B 4.57 (3.28) 4.22 – 5.81

Table 2.  Mean and standard deviation (±SD), median and 
interqualtile range (IQR) and 95% confidence interval (CI) of the 
push-out values displayed by the reparative materials, WMTA® 
and TheraCal LC®.

dentin interface.4,23-26 Nevertheless, TheraCal LC® physical-
mechanical characteristics and material set are dependent 
on the application of light-cure during 20 seconds.10 At 
the same time, the hydrophilic resin present in TheraCal 
LC®composition permits water absorption in some levels, 
which is associated with the initiation of the hydration 
reaction of the Portland cement.10

As a result of this light-cured set in association with 
thixotropic properties, TheraCal LC® demonstrates superior 
handling characteristics. Consequently, the application of this 
material is simple and allows precise immediate placement 
and adequate condensation, even in deep cavity preparations. 
This peculiarity is very likely related to a strong adhesion. 
In addition to that, MTA underscores inferior flowability10 
and a water-based chemistry that may led to poorest 
bonding findings when compared to a resin-based material 
with dimethacrylate monomers. Accordingly, it seems that 
the addition of polymerizable methacrylate hydrophilic-
monomers in the formula of calcium-silicate-based materials 
significantly increases push-out bond strength values.

In line with the present finding of great bond strength 
to dentin, previous reports concluded that TheraCal LC® 

produces significantly higher microshear bond strength 
to resin composite when compared to MTA, Fuji IX and 
Biodentine.3,6,27,28 On the contrary, a weak bonding between 
TheraCal LC® and glass ionomer has been reported.8 In this 
context, it has been advised that, after the use of TheraCal 
LC®, the application of composite resins using a total-
etch technique followed by self-etch primer should be 
performed.6,27

Nevertheless, despite presenting promising properties 
in several studies3,8,11,14,20,25-30, it should be pointed that  
TheraCal LC® has recently demonstrated inconsistent results 
regarding biological31 and clinical performance32. These 
results may have occurred due to differences in methodology 
and points to the need for new TheraCal LC®studies.

Push-out bond strength represents a relevant physical 
aspect, as it is crucial for the support and integrity of the 
endodontic materials conditioned in the dental element. In 
cases of pulp-capping, in which the preservation of the vital 
condition of pulp tissues is intended, suitable push-out results 
are widely desired. Pulp-capping materials should ideally 
remain bonded to the dentin after conditioned, maintaining 
its allocation even under the action of mechanical forces from 
operative procedures, tooth function or dental traumas.7,14,28 
The current selection protocol of teeth, as well as preparation 
of slices, leaded to greater homogeneity and standardization 
of the specimens, yielding reduction of the biases’ possibilities 
and greater validation of the results. The use of equivalent 
dentin substrate for both materials evaluated and the standard 
format of the holes to which they were conditioned allowed 
more reliable baseline for push-out assay.26,33,34
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Conclusion
In conclusion, TheraCal LC® demonstrated a significant 

advantage over WMTA® as regards to push-out bond 
strength. Thus, it may be taken as a promising and 
innovative pulp-capping material for the treatment of 
compromised vital pulp. The development of resin-
modified light-curable calcium-silicate-based materials 

seems to be relevant for the improvement of dentin bond 
strength performance. 
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