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Objectives: This study aimed to compare the shear bond strength (SBS) of different calcium silicate-based (CSB) pulp capping 
materials (Biodentine™ and TheraCal LC®) to two nano-hybrid composite resins. 
Materials and Methods: Biodentine™ and TheraCal LC® were applied to the central holes (4 mm × 2 mm) prepared in eighty 
acrylic blocks. Each group was randomly divided into two subgroups. Two nano-hybrid composites (Omnichroma and GC 
G-ænial) were applied over each different calcium silicate-based material using cylindrical polyethylene molds (2 mm × 2 
mm) and light cured. Shear bond strength values were measured using a universal testing machine. Failure modes were 
examined under a stereomicroscope and classified as adhesive, cohesive, or mixed type. Normality of the data distribution 
was assessed using the Shapiro–Wilk test, and two-way analysis of variance (two-way ANOVA) was performed to evaluate 
the effects of the pulp-capping material and composite resin type. 
Results: SBS values for Omnichroma after the use of TheraCal LC® and Biodentine™ were 9.33 ± 2.46 MPa and 3.42 ± 1.02 
MPa, respectively. Likewise, SBS values for G-ænial after the use of both CSB materials were 8.37 ± 1.83 MPa and 3.62 ± 
1.36 MPa, respectively. According to the two-way ANOVA results, the type of base material had a statistically significant 
effect on shear bond strength (p < 0.001), whereas the type of composite resin had no significant effect (p > 0.05). The most 
frequently observed failure mode was the mixed failure mode across all groups. 
Conclusions: Within the limitations of this in vitro study and under 24-hour evaluation conditions, TheraCal LC® 
demonstrated significantly higher shear bond strength to nano-hybrid composite resins compared to Biodentine™. These 
findings reflect early-stage bonding performance. 
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Kalsiyum Silikat Esaslı Pulpa Kapaklama Materyallerinin Nano-Hibrit Kompozit 
Rezinlere Makaslama Bağlanma Dayanımının Değerlendirilmesi: Bir In-vitro Çalışma 
 

Araştırma Makalesi ÖZ 
Amaç: Bu çalışma, iki farklı kalsiyum silikat esaslı (KSE) pulpa kapaklama materyalinin (Biodentine™ ve TheraCal LC®) iki nano-
hibrit kompozit rezine olan makaslama bağ dayanımının karşılaştırılmasını amaçlamaktadır. 
Gereç ve Yöntemler: Seksen akrilik blokta oluşturulan merkezi boşluklara (4 mm × 2 mm) Biodentine™ veya TheraCal LC® 
uygulanmıştır. Her grup üzerine yerleştirilecek kompozit rezine göre rastgele iki alt gruba ayrılmıştır. İki nano-hibrit kompozit 
(Omnichroma (Tokuyama Dental) ve GC G-ænial (Corporation), pulpa kapaklama materyalleri üzerine silindirik polietilen 
kalıplar (2 mm × 2 mm) kullanılarak yerleştirilmiş ve ışıkla polimerize edilmiştir. Makaslama bağlanma dayanımı, universal 
test cihazı ile ölçülmüştür. Kırılma modları stereomikroskop altında incelenerek adeziv, koheziv veya mikst olarak 
sınıflandırılmıştır. Verilerin normal dağılıma uygunluğu Shapiro–Wilk testi ile değerlendirilmiş, pulpa kapaklama materyali ve 
kompozit rezin tipinin etkilerini belirlemek amacıyla iki yönlü varyans analizi (two-way ANOVA) uygulanmıştır. 
Bulgular: TheraCal LC® ve Biodentine™ uygulamaları sonrasında Omnichroma için bağlanma dayanımı değerleri sırasıyla 
9,33 ± 2,46 MPa ve 3,42 ± 1,02 MPa olarak bulunmuştur. Benzer şekilde, G-ænial için bağlanma dayanımı değerleri sırasıyla 
8,37 ± 1,83 MPa ve 3,62 ± 1,36 MPa olarak saptanmıştır. İki yönlü varyans analizi sonuçlarına göre kullanılan temel 
materyalin bağlanma dayanımı üzerinde istatistiksel olarak anlamlı bir etkisi bulunurken (p < 0,001), kompozit rezin tipinin 
etkisi anlamlı bulunmamıştır (p > 0,05). Tüm gruplarda en sık gözlenen kırılma modu mikst tip olmuştur. 
Sonuçlar: Bu in vitro çalışmanın sınırlılıkları ve 24 saatlik değerlendirme koşulları çerçevesinde, TheraCal LC®’nin nano-hibrit 
kompozitlere Biodentine™’e kıyasla daha yüksek makaslama bağlanma dayanımı gösterdiği belirlenmiştir. Bu bulgular erken 
dönem bağlanma performansını yansıtmaktadır. 
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Introduction 

In dentistry, injury or infection of the dental pulp is 
common. To preserve pulp vitality in primary and immature 
permanent teeth affected by trauma, caries, or restorative 
procedures, clinicians use vital pulp therapies. These 
conservative treatments—such as partial/complete 

pulpotomy and indirect/direct pulp capping—rely heavily 
on the properties of the pulp-capping materials used. The 
bioactivity and biocompatibility of these materials enable 
integration with pulp tissue and promote dense tissue 
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formation, while their antimicrobial effects further support 
successful outcomes.1-4  

In vital pulp therapy, establishing an adequate coronal 
seal is essential for maintaining pulpal vitality, promoting 
dentin bridge formation, and supporting pulpal healing. 
Insufficient bonding at the interface between the pulp-
capping material and the overlying composite resin may 
permit bacterial and fluid movement, giving rise to 
microleakage, interfacial gaps, secondary caries, and pulpal 
inflammation. Therefore, effective adhesion and sealing 
between the pulp-capping material and the restorative 
material are of fundamental importance for the long-term 
success of the restoration and the preservation of pulp 
tissue integrity.5,6  

Vital pulp therapy has historically relied on calcium 
hydroxide–based materials such as Dycal, which were long 
considered the standard cavity liner due to their strong 
antibacterial activity and ability to stimulate hard tissue 
barrier formation.3 However, over time, the clinical use of 
conventional calcium hydroxide liners has declined because 
of several inherent limitations, including material fragility, 
susceptibility to fracture, high solubility, and gradual 
disintegration over time.7,8 

To overcome these limitations, calcium silicate–based 
bioactive materials have been developed and have become 
widely used in direct and indirect pulp capping procedures 
due to their bioactivity and favorable effects on pulp 
tissue.9 

Mineral trioxide aggregate (MTA) is a calcium silicate–
based cement distinguished by its low solubility after 
setting, ability to harden in the presence of moisture, 
facilitation of hemostasis, and capacity to form a tight seal 
against bacterial infiltration. In addition, it promotes 
mineralized tissue formation and supports 
cementogenesis, contributing to its regenerative potential. 
Owing to these consistent biological and physicochemical 
properties, MTA has become a widely accepted and 
versatile material in contemporary dental practice.10 

Its favorable regenerative profile has led to extensive 
use in vital pulp therapy, perforation repair, apexification 
procedures, and regenerative endodontic treatments. 
Nevertheless, despite these advantages, MTA presents 
certain clinical drawbacks, including prolonged setting time, 
risk of tooth discoloration, relatively high cost, and handling 
difficulties during placement.11 

In response to these limitations, alternative calcium 
silicate–based materials have been developed with the aim 
of improving handling characteristics, reducing setting 
time, and enhancing overall clinical performance.12  

Biodentine™ (Septodont) is a tricalcium silicate cement 
with a short setting time (~12 min) and dentin-like 
compressive strength.6,13-15 It releases calcium ions and 
promotes mineralization; however, bonding to resin 
composites may be unreliable if the composite is placed 
before full maturation.6,16  TheraCal LC® (TLC, Bisco Inc., 
Schaumburg, IL, USA) is a light-cured, resin-modified 
tricalcium silicate containing Portland cement and a resin 
matrix.15,17 It releases calcium ions at levels similar to 
calcium hydroxide materials and sets immediately upon 

light activation, allowing limited micromechanical 
interaction with adhesives.17,18 

 Biodentine™ and TheraCal LC® were selected due to 
their widespread clinical use in vital pulp therapy, 
particularly in cases requiring immediate intervention such 
as traumatic injuries or deep carious lesions. In addition, 
TheraCal LC may offer certain practical advantages in 
pediatric or low-cooperation patients due to its light-curing 
capability and ease of handling, whereas Biodentine 
represents a purely hydraulic alternative with well-
established biological performance.19,20 This selection also 
enabled a comparison between a resin-modified and a 
purely hydraulic calcium silicate material under 
standardized experimental conditions. 

Teeth that require pulp therapy often present with 
substantial structural loss. In such cases, protecting the pulp 
with a biocompatible material and subsequently restoring 
the tooth with an appropriate restorative material is 
essential for achieving successful clinical outcomes.21 In 
restorative dentistry, the selection of materials is generally 
guided by clinical indications and therapeutic 
requirements. Among available restorative options, 
composite resins are widely preferred due to their 
favorable esthetic properties and satisfactory long-term 
mechanical performance.22  

These two pulp-capping materials represent different 
subclasses of calcium silicate–based agents and may 
therefore show distinct bonding behavior beneath 
composite resins. The type of composite used can also 
influence interfacial bond strength, as modern nano-hybrid 
composites differ in filler technology and resin chemistry, 
affecting shrinkage stress and bond quality.23  

In the present study, two nano-hybrid composite resins 
were intentionally selected to maintain consistency in 
composite classification while systematically investigating 
whether contemporary differences in filler architecture and 
optical technology may influence bonding performance to 
calcium silicate–based substrates. Omnichroma (Tokuyama 
Dental, Tokyo, Japan, OM) is a single-shade composite with 
supra-nano spherical SiO₂–ZrO₂ fillers that generate 
structural color for universal shade matching.24-26 GC G-
ænial (GC Corporation, Tokyo, Japan), a conventional multi-
shade nano-hybrid composite, features a filler system 
optimized for strength and esthetics.27  

Although both materials belong to the same composite 
class, their distinct compositional strategies—particularly 
differences in filler morphology and resin matrix 
formulation—may influence polymerization behavior, 
interfacial stress distribution, and ultimately bond strength 
outcomes. To date, most bond strength studies involving 
calcium silicate–based materials have primarily focused on 
adhesive systems or dentin substrates rather than on the 
potential influence of composite resin type itself.15,23,28,29 
Consequently, evidence regarding whether modern single-
shade composites perform differently from conventional 
multi-shade nano-hybrid systems when bonded to 
bioactive pulp-capping materials remains scarce.25 
Addressing this gap enhances the clinical relevance of 
material selection in vital pulp therapy and restorative 
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procedures performed after the initial maturation of 
calcium silicate–based pulp-capping materials. 

This in vitro study aimed to evaluate and compare the 
shear bond strength (SBS) of two nano-hybrid composite 
resins (Omnichroma and GC G-ænial) to two calcium 
silicate–based pulp-capping materials (Biodentine™ and 
TheraCal LC®). The null hypothesis (H₀) was that neither the 
type of calcium silicate-based material nor the type of 
composite resin, nor their interaction, would significantly 
affect shear bond strength. The alternative hypothesis (H₁) 
was that at least one of these effects would be statistically 
significant. 

Materials and Methods 

Study Design  
This in vitro study followed CRIS guidelines.30 Shear 

bond strength (SBS) testing was performed based on ISO/TS 
11405 recommendations, using a crosshead speed of 1.0 
mm/min and a standardized circular bonding area.31 Acrylic 
blocks were used as the substrate material instead of 
extracted teeth. 

Sample Size Calculation  
An a priori power analysis was performed using 

G*Power software (version 3.1; Heinrich Heine University, 
Düsseldorf, Germany) to determine the required sample 
size. Based on an effect size of Cohen’s f = 0.32, a type I 
error probability (α) of 0.05, and a statistical power (1−β) of 
80%, the required total sample size was calculated as 80 
specimens. Accordingly, 80 specimens were included and 
equally distributed among the four experimental groups, 
with 20 specimens in each group. 

Specimen Preparation and Group Allocation  
The materials used in this study are summarized in 

Table 1. 
Eighty acrylic blocks were fabricated, and a central 

cylindrical cavity (4 mm diameter × 2 mm depth) was 
prepared in each block. Specimens were allocated into two 
main groups according to the pulp-capping material 
(Biodentine™ or TheraCal LC®) (n = 40 each). Each main 
group was further divided into two subgroups according to 
the composite resin (Omnichroma or GC G-ænial) (n = 20 
each), resulting in a 2 × 2 factorial design (Table 2).

 
Table 1. Materials used in the study 

Category Material Class/Type Manufacturer (Country) Main components 

Composite 
(nano-hybrid) 

Omnichroma Single-shade nano-hybrid 
composite 

Tokuyama Dental 
(Japan) 

Resin matrix; supra-nano spherical fillers 
(~SiO2/ZrO2) 

Composite 
(nano-hybrid) 

GC G-ænial 
Anterior/Universal 

Conventional multi-shade 
nano-hybrid composite 

GC Corporation (Japan) Resin matrix; hybrid glass/silica fillers (nano 
+ pre-polymerized) 

Base (calcium 
silicate–based) 

Biodentine™ Tricalcium silicate–based 
dentin substitute 

Septodont (France) Powder: Calcium carbonate (50–100 wt%), 
Calcium oxide (<0.5 wt%), 

Zirconium dioxide (5–10 wt%), 
Oxide filler, 

Iron oxide shade. 
Liquid: Aqueous solution of a hydrosoluble 

polymer with calcium chloride. 
Base (calcium 

silicate–based) 
TheraCal LC® Light-cured 

resin-modified calcium 
silicate liner 

BISCO (USA) Portland cement (30–50 wt%), 
Strontium glass, 

Fumed silica, 
Barium sulfate, 

Barium zirconate (1–5 wt%), 
Bis-GMA (5–10 wt%), 

PEGDMA  
Adhesive 

(universal) 
GC G-Premio Bond 

Universal 
One-bottle, light-cured 

universal adhesive 
GC Corporation (Japan) MDP, 4-MET, MEPS, methacrylate 

monomer, acetone, water, initiator, silica 
filler, pH:1.5 

Table 2. Experimental groups and the materials used in each group 
 Composite resin Pulp-capping / Base material Adhesive system 

Group 1 GC G-ænial TheraCal LC G-Premio Bond Universal 

Group 2 Omnichroma TheraCal LC G-Premio Bond Universal 

Group 3 GC G-ænial Biodentine G-Premio Bond Universal 

Group 4 Omnichroma Biodentine G-Premio Bond Universal 

Following preparation of the acrylic blocks and central 
cavities, specimens were randomly allocated to the four 
experimental groups using a computer-generated simple 
randomization method (www.random.org). Group 
allocation was completed before application of the 
calcium silicate-based materials. Following 
randomization, all specimens were assigned unique 
identification codes. The sequence of shear bond strength 
testing was also randomized to prevent systematic 
testing-order effects and to ensure that specimens were 

not tested consecutively according to experimental group. 
All specimens were tested under identical laboratory 
conditions using the same universal testing machine, load 
cell, custom-made jig, crosshead speed, and standardized 
loading protocol. 

All experimental procedures were performed by a 
single calibrated operator to ensure standardization and 
minimize operator-related variability. Before the 
experimental phase, pilot specimens were prepared to 
standardize cavity preparation, placement of the calcium 

http://www.random.org/
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silicate-based materials, adhesive application, composite 
build-up, and light-curing procedures according to the 
study protocol. During this process, cavity dimensions, 
including width and depth, were verified using a 
periodontal probe to ensure consistency with the 
predefined dimensions. The pilot specimens were not 
included in the final analysis. 

Application of Calcium Silicate-Based Materials 
TheraCal LC® (Bisco Inc., Schaumburg, IL, USA) was 

applied in two 1-mm increments. Each increment was light-
cured for 20 s using an LED curing unit (Elipar S10, 3M ESPE, 
Seefeld, Germany; manufacturer-reported irradiance: 1790 
mW/cm²; wavelength range: 430–480 nm; tip diameter: 8 
mm), with the light tip positioned in direct contact with the 
material surface. After curing, specimens were stored in 
distilled water at 37°C for 24 h prior to adhesive application. 

Biodentine™ (Septodont, Saint-Maur-des-Fossés, 
France) was prepared strictly according to the 
manufacturer’s instructions. The capsule was triturated in 
an amalgamator at 4000–4200 rpm for 30 s. The mixed 
material was placed into the acrylic cavities (4 mm × 2 mm) 
using a plastic instrument, ensuring adaptation to the cavity 
walls and avoiding air entrapment. The material was 
allowed to set for approximately 12 min (initial setting time) 
under dry conditions, in accordance with the 
manufacturer’s recommendations. After initial setting, 

specimens were stored in distilled water at 37 °C for 24 h 
prior to adhesive application. 

Adhesive Procedure and Composite Build-Up 
No additional surface treatment or surface roughening 

procedures were performed prior to adhesive application. 
A universal adhesive (GC G-Premio Bond Universal; GC 
Corp., Tokyo, Japan) was applied in self-etch mode 
without phosphoric acid etching. The adhesive was 
applied in a single layer and actively rubbed for 20 s onto 
the substrate. Subsequently, it was gently air-dried for 5 s 
from a distance of approximately 1 cm using oil-free 
compressed air to evaporate the solvent and light-cured 
for 20 s using the same LED curing unit (Elipar S10, 3M 
ESPE, Seefeld, Germany; manufacturer-reported 
irradiance: 1790 mW/cm²; 430–480 nm), with the light tip 
positioned in direct contact with the surface.  

A cylindrical polyethylene mold (2 mm diameter × 2 
mm height) was positioned centrally over the bonded 
surface to standardize the bonding area. The composite 
resin (Omnichroma, Tokuyama Dental, Tokyo, Japan or GC 
G-ænial, GC Corp., Tokyo, Japan) was placed in a single 
increment and light-cured for 20 s using the same LED 
curing unit under identical conditions (Figure 1). Following 
composite placement, all specimens were stored in 
distilled water at 37°C for 24 h prior to shear bond 
strength (SBS) testing. 

 

 

Figure 1. Materials tested in this study. (a) Group 1: GC G-ænial composite resin and TheraCal LC. (b) Group 2: 
Omnichroma composite resin and TheraCal LC. (c) Group 3: GC G-ænial composite resin and Biodentine. (d) Group 4: 

Omnichroma composite resin and Biodentine. 

Shear Bond Strength Testing 
Shear bond strength (SBS) was measured using a 

universal testing machine (Lloyd LRX-10282, Lloyd 
Instruments Ltd., Fareham, UK) equipped with a 2.5 kN load 
cell. Each specimen was mounted in a custom-made jig to 
ensure stable fixation and proper alignment, with the 
bonding interface positioned parallel to the direction of 

load application. A chisel-shaped blade was carefully 
aligned as close as possible to the composite–base 
interface, and the load was applied parallel to the bonding 
interface at a crosshead speed of 1.0 mm/min until failure 
occurred (Figure 2). Bond strength values (MPa) were 
calculated by dividing the maximum load at failure (N) by 
the bonded surface area (3.14 mm²). 
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Figure 2. (a) Illustration showing the specimen preparation procedure and the configuration used for shear bond 
strength testing; (b) Photographic view of the actual experimental setup. 

Failure modes were evaluated under a 
stereomicroscope (Leica MZ12, Leica Microsystems, 
Germany) at 25× magnification. Before the evaluation, the 
two examiners were calibrated through a joint review of 
predefined assessment criteria and representative 
reference images for adhesive, cohesive, and mixed failure 
modes. Assessment was independently performed by two 
calibrated examiners who were blinded to group allocation. 
In cases of disagreement, specimens were re-evaluated by 
a third blinded examiner, and a final decision was reached 
by consensus. Failure modes were classified according to 
predefined operational criteria as follows: 
– Adhesive failure: failure at the interface between the 

base material and the composite/adhesive layer; 
– Cohesive failure: failure within the base material or 

within the composite; 
– Mixed failure: a combination of adhesive and cohesive 

failure patterns. 
Failure mode data were descriptively summarized as 

frequencies and percentages. 

Statistical Analysis 
Statistical analysis was performed using SPSS software 

(version 22.0; IBM Corp., Armonk, NY, USA). Descriptive 
statistics for shear bond strength (SBS, MPa) values were 

calculated for each experimental group and expressed as 
mean ± standard deviation (SD), along with minimum–
maximum values. The normality of data distribution was 
assessed using the Shapiro–Wilk test, and homogeneity of 
variances was evaluated using Levene’s test. 

Because the experimental design followed a 2 × 2 
factorial structure including two base materials (TheraCal 
LC and Biodentine) and two composite resins (GC G-ænial 
and Omnichroma), a two-way analysis of variance (two-way 
ANOVA) was performed to evaluate the main effects of 
base material and composite type as well as their 
interaction on shear bond strength (SBS) values. 

When significant differences were detected, Tukey HSD 
post-hoc tests were performed to identify pairwise group 
differences. Effect sizes were calculated using partial eta 
squared (η²). Statistical significance was set at p < 0.05. 

Failure mode distributions were evaluated descriptively 
using frequencies and percentages, and no inferential 
statistical comparisons were performed. 

Results 

The mean SBS values were as follows: TheraCal + GC: 
8.37 ± 1.83 MPa; TheraCal + Omnichroma: 9.33 ± 2.46 MPa; 
Biodentine + GC: 3.62 ± 1.36 MPa; Biodentine + 
Omnichroma: 3.42 ± 1.02 MPa (Table 3). 



Sadioğlu et al. / Cumhuriyet Dental Journal, 29(3): 400-410, 2026 

 

405 

Two-way ANOVA demonstrated a statistically 
significant main effect of base material on shear bond 
strength values (F = 142.82, p < 0.001, η² = 0.653). 
Specimens prepared with TheraCal LC exhibited 
significantly higher SBS values compared with Biodentine. 

However, no statistically significant main effect of 
composite resin type was observed (F = 0.72, p = 0.399, η² 
= 0.009), indicating that the type of nano-hybrid 
composite resin (GC G-ænial or Omnichroma) did not 
significantly influence bond strength. 

Additionally, no statistically significant interaction 
effect between base material and composite resin type 
was detected (F = 1.67, p = 0.200, η² = 0.022) (Table 4). 

Failure Mode Analysis 
Mixed failure was the most frequently observed failure 

mode across all experimental groups, accounting for 65% 

of failures in the TheraCal LC + GC G-ænial group, 60% in 
the TheraCal LC + Omnichroma group, 65% in the 
Biodentine + GC G-ænial group, and 70% in the Biodentine 
+ Omnichroma group. Adhesive failures accounted for 
15% of failures in both TheraCal LC groups, compared with 
35% and 30% in the Biodentine + GC G-ænial and 
Biodentine + Omnichroma groups, respectively. Cohesive 
failures were observed only in the TheraCal LC groups, 
accounting for 20% and 25% of failures with GC G-ænial 
and Omnichroma, respectively, whereas no cohesive 
failures were observed in either Biodentine group. The 
descriptive distribution of failure modes across the 
experimental groups is presented in Figure 3. 
Representative stereomicroscopic images of adhesive, 
cohesive, and mixed failures are presented in Figure 4. 

 
Table 3. Shear bond strength (SBS) values for each composite–base combination (mean ± SD, MPa) 

Pulp-capping base + Composite SBS (Mean ± SD), MPa 

TheraCal LC + GC G-ænial 8.37 ± 1.83a 

TheraCal LC + Omnichroma 9.33 ± 2.46a 

Biodentine + GC G-ænial 3.62 ± 1.36b 

Biodentine + Omnichroma 3.42 ± 1.02b 
Groups assigned the same superscript letter show no statistically significant difference (p > 0.05). 
Groups assigned different superscript letters demonstrate statistically significant differences (p < 0.05). 

 
Table 4. Two-way ANOVA results for shear bond strength (SBS) values 

Effect df F p Partial η² 

Base material 1 142.82 <0.001 0.653 
Composite type 1 0.72 0.399 0.009 
Interaction 1 1.67 0.200 0.022 

df: degrees of freedom; η²: partial eta squared; p < 0.05 indicates statistical significance.

 

 

Figure 3. Distribution of failure modes among the experimental groups. 
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Figure 4. Stereomicroscopic images illustrating failure modes: a. Adhesive failure in TheraCal LC b. Cohesive failure 
in TheraCal LC c. Mixed failure in TheraCal LC d. Adhesive failure in Biodentine e. Mixed failure in Biodentine. 

Discussion 

In the present study, acrylic blocks were intentionally 
used instead of extracted human teeth to ensure strict 
standardization of substrate geometry and bonding 
surface area, in accordance with the recommendations of 
ISO/TS 11405 for adhesion testing.31 Natural dentin 
exhibits substantial structural variability related to tubule 
density, depth, sclerosis, age, and storage conditions, all 
of which are known to significantly influence adhesion 
performance and bond strength outcomes.32,33 

Such heterogeneity may introduce confounding 
factors that obscure the specific interaction between the 
tested base materials and composite resins. 

By employing standardized acrylic substrates with 
uniform cylindrical cavities, the present study minimized 
substrate-related variability and enabled a more 
controlled evaluation of the interfacial bond between 
calcium silicate–based materials and nano-hybrid 
composites. This approach allowed the primary variable 
under investigation—the interaction between the pulp-
capping material and restorative composite—to be 
isolated more effectively.  

Moreover, the use of flat, standardized bonding 
interfaces reduced variability in stress distribution during 
shear bond strength testing. Natural tooth cavities 
present irregular morphology and higher configuration 
factors (C-factor), which may alter polymerization 
shrinkage stress and interfacial behavior.32,33  

Standardized substrates are therefore frequently 
recommended in preliminary bond strength studies when 
the objective is comparative material evaluation rather 
than direct clinical simulation.34  

Nevertheless, it must be acknowledged that acrylic 
blocks do not replicate the biological and microstructural 
complexity of dentin. Consequently, the findings of this 
study should be interpreted cautiously as early interfacial 

data obtained under controlled laboratory conditions. 
Future investigations incorporating natural tooth 
substrates and thermomechanical aging protocols are 
required to better simulate intraoral conditions and 
enhance clinical extrapolation. 

In young permanent teeth, particularly in anterior 
esthetic regions affected by trauma or deep caries, pulp 
capping procedures are frequently required. Due to the 
potential discoloration associated with mineral trioxide 
aggregate (MTA) in esthetically demanding areas, calcium 
silicate–based alternatives such as Biodentine™ and 
TheraCal LC® were therefore selected for evaluation in the 
present study. 

For definitive restoration, Omnichroma was selected 
as a representative single-shade nano-hybrid composite 
reflecting simplified esthetic workflow, while GC G-ænial 
was included as a conventional anterior nano-hybrid 
composite widely used in clinical practice. Accordingly, 
comparing their bonding performance over calcium 
silicate–based substrates may provide clinically relevant 
insight for material selection. 

In the present study, the universal adhesive was 
applied in self-etch mode to preserve the surface integrity 
of the calcium silicate–based materials and to avoid 
potential degradation associated with phosphoric acid 
conditioning. Previous studies have demonstrated that 
acid etching may compromise the immature surface 
structure of hydraulic materials such as Biodentine, 
increasing porosity and negatively affecting early bond 
strength.28,29,35  

Moreover, systematic evidence suggests that self-etch 
strategies provide comparable or more reliable early bond 
performance after the initial maturation of calcium 
silicate–based materials.34  

Accordingly, the self-etch approach was selected in 
the present study to minimize substrate alteration, ensure 
methodological standardization, and simulate a simplified 
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clinical scenario. However, it should be acknowledged 
that alternative adhesive strategies, such as selective-etch 
or etch-and-rinse approaches, may result in different 
interfacial outcomes. 

The universal adhesive used in the present study (GC 
G-Premio Bond Universal) contains functional monomers 
such as 10-MDP, 4-MET, and MDTP, which are capable of 
interacting chemically with calcium ions released from 
calcium silicate–based materials. Previous studies have 
suggested that such functional monomers may contribute 
to the formation of a stable adhesive interface by 
promoting chemical interaction with calcium-containing 
substrates.36-38 However, in the present study, the same 
adhesive system and application protocol were applied to 
all experimental groups to ensure methodological 
standardization and to minimize variability. This approach 
allowed the observed differences in shear bond strength 
to be attributed primarily to the tested base materials and 
composite resins rather than to variations in adhesive 
chemistry.  

Resin composite is commonly preferred as a 
restorative material due to its superior esthetics, reliable 
adhesion to enamel, conservative tooth preparation 
requirements, and satisfactory clinical durability.22 The 
clinical success of both dental restorations and pulp 
therapy is strongly influenced by the quality of adhesion 
achieved between the restorative resin and the tooth 
substrate (enamel or dentin), as well as between the 
restorative material and the underlying cavity liner.6,32-34  

In this study, the SBS of TheraCal LC and Biodentine to 
two nano-hybrid composite resins was assessed following 
a standardized 24-hour storage period to allow early 
maturation of the calcium silicate-based materials, in line 
with previous studies. 28,29,39  

The two-way ANOVA results indicated that the type of 
calcium silicate–based base material had a significantly 
greater influence on bond strength than the composite 
resin type. This finding suggests that the interfacial 
bonding performance is primarily governed by the 
physicochemical characteristics of the underlying pulp-
capping material rather than by differences between 
nano-hybrid composite resins.  

The type of composite resin did not exert a statistically 
significant effect on bond strength.  

Omnichroma showed slightly higher SBS values when 
used with TheraCal LC, whereas GC G-ænial demonstrated 
marginally higher values when applied over Biodentine; 
however, these differences were not statistically 
significant and are unlikely to be clinically relevant. 

These minor variations may be related to differences 
in polymerization shrinkage stress, filler structure, or 
photoinitiator systems, which may influence stress 
distribution at the adhesive interface.22,33  

The resin-modified structure of TheraCal LC may 
provide improved early mechanical stability and enhanced 
interaction with adhesive systems, which could explain its 
consistently higher bond strength values.5,34,40 In addition, 
the presence of hydrophilic methacrylate components 

may further enhance chemical interaction with adhesive 
systems, contributing to stronger interfacial bonding.18,41  

Conversely, Biodentine demonstrated lower SBS 
values, which may be attributed to its immature surface 
characteristics and ongoing hydration during the early 
setting period. As a hydraulic calcium silicate material, 
Biodentine continues its hydration reaction and surface 
maturation over time, and previous studies have shown 
that delaying composite placement for 1–2 weeks can 
significantly improve bond strength.42  

Therefore, composite placement following a 24-hour 
maturation period of Biodentine may have contributed to 
the reduced interfacial bond strength observed in the 
Biodentine groups. 

Although delayed placement generally enhances the 
bonding performance of Biodentine, recent micro-SBS 
studies suggest that restoration performed shortly after 
the material’s initial setting may still provide clinically 
acceptable bond strength under specific conditions.6,43,44  

Deepa et al.39 reported significantly higher bond 
strength values for TheraCal LC and resin-modified glass 
ionomer cement compared with Biodentine, and the 
present findings similarly demonstrated higher SBS values 
for TheraCal LC.  

In addition, the descriptively higher proportion of 
adhesive failures observed in the Biodentine groups is 
consistent with their lower bond strength and immature 
surface characteristics.28,29 The present findings are 
consistent with previous studies indicating that 
Biodentine exhibits limited early adhesion to composite 
materials due to its gradual maturation process and that 
cohesive failures may occur when strong adhesive 
systems containing functional monomers such as 10-MDP 
are used.28,29,35 In contrast, the cohesive failures observed 
within TheraCal LC may be associated with its greater 
early mechanical stability.34,45 

The predominance of mixed failures across all groups 
further indicates that interfacial bond strength cannot be 
attributed to a single failure mechanism.  

However, the higher early bond strength of TheraCal 
LC does not necessarily indicate that it is the ideal material 
for all clinical situations. Despite its favorable handling 
properties and immediate light-curing capability, TheraCal 
LC is a resin-modified calcium silicate material containing 
approximately 30–50% resin components.17 Although it 
has been appreciated for easier manipulation and calcium 
ion release compared with conventional hydraulic 
materials such as MTA and calcium hydroxide, several in 
vitro, in vivo, and clinical studies have raised concerns 
regarding its biological performance. Increased 
inflammatory responses, reduced pulp cell viability, and 
limited bioactive potential have been reported, which 
may restrict its indication in vital pulp therapy 
procedures.46-49  

Accordingly, a recent systematic review published in 
2022 recommended limiting its use primarily to indirect 
pulp capping procedures and did not support its routine 
application in direct pulp capping cases involving pulp 
exposure.50 Therefore, although TheraCal LC 
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demonstrated superior early bond strength in the present 
study, its biological limitations should be carefully 
considered when clinical pulp exposure is present. 

From a clinical perspective, resin-modified calcium 
silicate materials such as TheraCal LC may provide 
improved early bonding performance when restoration is 
performed after short-term maturation of the calcium 
silicate–based material. However, in cases involving direct 
pulp exposure—particularly in young permanent teeth or 
pediatric patients—purely hydraulic calcium silicate 
materials such as Biodentine or MTA may be preferred 
because of their superior biological compatibility and 
more predictable pulp healing potential. In such 
situations, delaying composite placement may be 
considered as a strategy to enhance bonding reliability. 
Accordingly, material selection should be guided by the 
specific clinical scenario, particularly whether early 
restoration following calcium silicate–based pulp capping 
is planned. 

 In addition, some studies have reported that the bond 
strength between Biodentine and glass ionomer cement 
(GIC) or resin-modified glass ionomer cement (RMGIC) 
may be higher than that between Biodentine and 
composite resin.39,51 These findings suggest that the use of 
GIC or RMGIC as an intermediate liner layer could 
represent a potential strategy. However, other studies 
have shown that the bond strength of conventional or 
resin-modified glass ionomer cements to Biodentine is not 
always significantly higher than that of composite 
resins.52,53-56 Therefore, in the present study, the direct 
interfacial bonding between the pulp-capping material 
and the restorative material was evaluated without the 
use of an intermediate liner layer. 

The null hypothesis was rejected with respect to the 
calcium silicate-based material but retained with respect 
to the composite resin type and the interaction between 
the two factors. TheraCal LC® demonstrated significantly 
higher SBS values than Biodentine™, whereas no 
significant effect of composite resin type or material × 
composite interaction was observed. 

These findings suggest that resin-modified calcium 
silicate liners may provide improved early bonding 
performance following a standardized 24-hour 
maturation period of the base material; however, 
potential cytotoxic effects and biological limitations 
should be carefully considered. 

 Conversely, when hydraulic materials such as 
Biodentine are used beneath composite restorations, 
additional bonding strategies may be necessary to 
reinforce the interface. Future research should focus on 
improving the bond strength between bioactive base 
materials and restorative materials in order to ensure 
long-lasting, leakage-resistant restorations in vital pulp 
therapy and deep cavity procedures. 

This study has several limitations. Acrylic blocks were 
used instead of natural teeth to ensure standardized 
bonding conditions; therefore, the findings should be 
interpreted with caution when extrapolating to clinical 
scenarios. In addition, the simplified experimental design 

using flat substrates and standardized cylindrical cavities 
does not fully represent the irregular morphology and 
higher configuration factors (C-factor) of natural tooth 
cavities. Furthermore, the absence of thermomechanical 
aging procedures, such as thermocycling, represents an 
important limitation of the present study, as intraoral 
thermal fluctuations and mechanical stresses may 
influence the long-term stability of the adhesive interface. 
In addition, bond strength was evaluated after a 
standardized 24-hour maturation period of the calcium 
silicate-based materials followed by an additional 24-hour 
post-restoration storage period. Therefore, these findings 
should not be interpreted as representing an immediate 
or single-visit restorative protocol. Finally, although the 
sample size was sufficient to detect major differences 
between groups, smaller variations—particularly those 
related to composite type—may require larger sample 
sizes to be consistently detected. Therefore, the findings 
of this in vitro study should be interpreted with caution, 
and further studies incorporating natural tooth substrates 
and thermomechanical aging protocols are recommended 
to enhance clinical relevance. 

Conclusions 

Within the limitations of this in vitro study, TheraCal 
LC® demonstrated higher shear bond strength to nano-
hybrid composite resins than Biodentine™ following a 
standardized 24-hour maturation period of the calcium 
silicate-based materials and an additional 24-hour post-
restoration storage period. 

However, given the resin-containing composition of 
TheraCal LC® and the biocompatibility concerns reported 
in the literature, these findings should be interpreted with 
caution. Particularly in clinical situations involving direct 
pulp exposure, where biological response is a critical 
determinant of treatment success, early bond strength 
data alone may not be sufficient to guide material 
selection. Therefore, clinical decision-making should be 
based on a comprehensive evaluation that considers both 
mechanical performance and biological properties. 
Further studies incorporating natural tooth substrates, 
thermomechanical aging protocols, and biological 
assessments are required to confirm the clinical relevance 
of these findings. 
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