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Mechanical Properties of SDR™ and Biodentine™ as Dentin 
Replacement Materials: An In Vitro Study
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Ab s t r ac t
Aim: The aim of this study is to evaluate the shear bond strength of nanohybrid composite resins (NCR) and microhybrid composite resins 
(MCR) placed over three different dentin replacement materials: SDR—Smart Dentin Replacement™, Biodentine™, and resin-modified glass 
ionomer cement (RMGIC).
Methods and materials: Thirty acrylic blocks (50 mm × 20 mm × 15 mm), each with a central hole, were prepared, which were randomly 
distributed into three equal groups, each corresponding to one of the three dentin replacement materials—SDR, Biodentine, and RMGIC. The 
central holes were then filled with these materials. After setting and application of the respective adhesive system, the specimens were further 
divided into two subgroups each of NCR or MCR. The respective composite material was then applied to the dentin replacement materials using 
a cylindrical plastic matrix. Shear bond strength was tested on a universal testing machine (Instron 3366), at a crosshead speed of 1.0 mm/minute.
Results: SDR attained consistently higher shear bond strength (means: 21.18, 22.19 Mpa) values than RMGIC and Biodentine, with both types 
of composite resins (MCR and NCR), which were statistically significant (p <0.001). When considering the means of the shear bond strength 
measurements obtained by the two types of the composite resin, no significant difference (p <0.05) was found between them with all three 
types of dentin replacement materials.
Conclusion: There is no significant difference in the bond strengths achieved between MCR and NCR to the different dentine replacement 
materials. Hence, either type of composite resin may be expected to achieve similar bond strengths to the underlying substrate. SDR™ is a 
suitable dentine replacement material for placing below a composite resin veneer as it can achieve immediate higher bond strengths.
Clinical significance: SDR can be used as an effective bulk fill material in deep dentinal caries which can be capped with composite resins.
Keywords: Dentin replacement materials, Glass ionomer cement, Microhybrid and nanohybrid composite resins, Shear bond strength.
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In t r o d u c t i o n
The quest for an ideal material to replace the lost dentine has 
inspired substantial efforts in the field of dental materials, resulting 
in the formulation of a wide variety of materials available for the 
clinician today. Three such groups of materials developed for 
the restoration of teeth that have undergone a significant loss of 
dentinal structures are glass ionomer cement (GIC), resin-based 
composites (RBC), and calcium silicate-based cement.

Incorporation of a resin component resulted in the development 
of resin-modified glass ionomer cement (RMGIC), which had 
lowered the initial setting time, better handling, increased wear 
resistance and physical strength without compromising fluoride 
release, biocompatibility, and physiochemical bonding to the tooth 
structure.1,2 Croll and Nicholson in 2002 have argued that based 
on the principles of “biomimesis” (replacement of tissue or a part 
using materials that most closely replicate the original essence), the 
properties of particular GIC make them the best direct application 
dentin replacement material available.1 However, GICs are brittle 
and prone to fracture and wear2 and this may preclude their use in 
load-bearing areas. Additionally, RMGIC cannot be used as a direct 
pulp capping agent as it has been shown to initiate a persistent 
inflammatory response without pulp repair or dentin bridge 
formation even 300  days after pulp capping.3 Furthermore, the 
handling characteristics of this class of materials make it difficult 
to use in children who do not display optimal cooperation during 
dental treatment.

Several improvements have been made to the composition of 
RBCs since their initial development, leading to the development of 

numerous new materials. One such example is a flowable bulk-fill 
RBC, marketed as SDR™—Smart Dentin Replacement (DENTSPLY 
DeTrey, Konstanz, Germany), indicated as a bulk-fill material and 
as a liner in Class I and Class II restorations. The ability to place it 
in 4 mm bulks instead of smaller increments without negatively 
affecting the polymerization shrinkage, cavity adaptation, or the 
degree of conversion is considered a significant advantage of SDR. 
Since it can be syringed directly into cavities, placement is made 
much more comfortable, and the restoration can be completed 
in a single appointment by placing a veneer of conventional 
composite resin over it. This characteristic can be particularly 
useful in pediatric patients, where the behavioral considerations 
necessitate faster placement of restorations. Since the material 
is closely related to composite resins, the strength properties 
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are expectedly superior.4 However, due to the similar chemistry 
and mode of application as conventional composite resins, the 
biocompatibility of this material may be questioned, primarily 
when used in deep cavities with minimal remaining dentin 
thickness, or when the pulp is exposed.

Progress in material science has also led to the development 
of calcium silicate–based cement, which attempt repair and 
regeneration, in addition to the restoration of lost tooth structure. 
Biodentine™ (Septodont, Saint Maur des Fosses, France) builds on 
the therapeutic properties of MTA. It consists of a powder with 
tricalcium silicate, zirconium oxide, and calcium carbonate and 
liquid with water, calcium chloride, and a hydrosoluble polymer.5 
The release of calcium hydroxide from the set material will have 
the beneficial effects of a liner material while the calcium silicate 
matrix will act as a rigid structure replacing the dentine in bulk.6 
Biodentine™ has been shown to perform as well as the RMGIC in 
open-sandwich restorations.7 The physical and chemical properties 
of Biodentine™ include excellent sealing ability, high compressive 
strength, short setting time, biocompatibility, bioactivity, and 
biomineralization. This indicates its use as a dentine substitute 
under restorations and as a repair material.8

Irrespective of their other biological and physicomechanical 
attributes, an overlying veneer of conventional RBC is recommended 
for all three groups of materials. However, since these classes of 
materials have widely differing chemical compositions, their bond 
to the RBC veneer is a subject of interest, as a reliable bond between 
the overlying RBC and the base material will add to the longevity 
and reliability of the final laminate restoration.

The aim of this study is to evaluate the shear bond strength (SBS) 
of microhybrid universal composite resin and nanohybrid flowable 
composite resin to three different dentin replacement materials. We 
hypothesize that there is no difference in SBSs achieved between 
the different types of dentin replacement materials with the 
composite resin. Further, no difference exists between the SBSs 
achieved between the two types of composite resin with the dentin 
replacement material.

Mat e r ia  l s a n d Me t h o d s
The study was conducted in the Department of Pedodontics 
and Preventive Dentistry, Manipal College of Dental Sciences, 
Manipal, Karnataka, in collaboration with the Department of Dental  
Materials, Manipal College of Dental Sciences, Manipal, Karnataka. 
The sample size at a 95% confidence level with a power of 80 was 
estimated as ten samples per group.

Specimen Preparation
An acrylic block measuring 50 mm × 20 mm × 15 mm thickness 
was prepared using cold cure methyl methacrylate resin and 
polished with 220, 320, 400, and 600 grit carbide polishing paper. 
Following this, a central hole 4 mm deep and 6 mm in diameter 
was drilled into the polished surface of the acrylic block, with 
grooves added for additional retention (Fig. 1). An impression of 
this block was taken using silicone elastomeric impression material, 
which was used as a mold for the fabrication of the acrylic blocks 
(n = 60) to maintain uniformity between all the blocks. The acrylic 
blocks were then randomly distributed into three groups of 20 
blocks each. Group I—RMGIC (Fuji II LCTM), group II—SDR (SDR™),  
group III—Biodentine (Biodentine™).

Preparation of Samples with RMGIC as the Base Material 
(Group I)
The material was mixed as per manufacturer’s instructions. The 
central hole of the acrylic block was then filled with GIC and covered 
with a glass microscope slide to produce a smooth surface and 
permit light curing. Finger pressure was immediately applied to the 
specimens for 5 minutes, to compact the GIC mass and minimize 
surface porosity. Upon removal of the load, the cement was light-
cured with a blue LED light-curing unit for 40 seconds. The surface 
of the RMGIC was then etched with 37% phosphoric acid etchant 
(Eco-Etch™, Vivadent, Lichtenstein). A single layer of total etching 
adhesive (Prime and Bond NT, Dentsply Caulk, Milford, Del.) was 
applied over the surface and light-cured with a blue LED light-
curing unit for 20 seconds. The surface was then gently air dried 
using a dental syringe, following which the overlying layer of RBC 
was placed after acid etching and placement of bonding agent.

Preparation of Samples with SDR™ as the Base Material 
(Group II)
The SDR™ compule was loaded onto the compule tip gun supplied 
by the same manufacturer. The material was then injected into the 
central hole of the acrylic resin block, covered by a glass microscope 
slide, and then cured for 40 seconds using the blue LED light-curing 
unit. Without acid etching or application of a bonding agent, the 
overlying layer of RBC was immediately placed over the surface.

Preparation of Samples with Biodentine™ as the Base Material 
(Group III)
Biodentine™ was mixed per manufacturer’s instructions. The 
capsule was opened and placed in the capsule holder provided. 
Five drops of liquid were poured from the single-dose container into 
the capsule. The capsule was then closed and placed on a standard 
amalgamator (Duomat®3) at a speed of 4,000 rotations per minute 
for 30  seconds. The Biodentine™ was collected with the spatula 
provided by the manufacturer and placed in the central hole of the 
acrylic block. To achieve smooth surface, a glass microscope slide 
was placed over it and gentle finger pressure applied and waited for 
12 minutes, which is the setting time according to the manufacturer.

Fig. 1: Representative figure of an acrylic block with 4-mm hole filled 
with dentin replacement material which is capped with composite resin
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In groups I and III, the surface was etched with 37% phosphoric 
acid etchant (Eco-Etch™, Vivadent, Lichtenstein). A single layer of 
the total etching adhesive (Prime and Bond NT, Dentsply Caulk, 
Milford, Del.) was applied over the surface and light-cured with 
a blue LED light-curing unit for 20 seconds. The surface was then 
gently air dried using a dental syringe. Following this, placement 
of the overlying composite resin was done.

Placement of Restorative Material
Samples from all three groups were subsequently randomly 
divided into two subgroups of 10 specimens each (Flowchart 1).  
In subgroups IA, IIA, and IIIA, microhybrid composite resin (MCR) 
(Spectrum™) was placed over the dentin replacement material. 
In subgroups IB, IIB, and IIIB, nanohybrid composite resin (NCR) 
(Tetric-N Flow™) was placed over the dentin replacement material. 
The composite material (MCR and NCR) was applied into a 
cylindrical-shaped plastic matrix with an internal diameter of 
4 mm and a height of 2 mm. This was followed by light curing for 
20 seconds with an LED light-curing unit (Fig. 1 and Flowchart 1).

SBS Test: For SBS testing, the specimens were held in a 
holder placed on a universal testing machine (Instron® 3366), 
and the measurement was carried out at a crosshead speed of  
1.0 mm/minute. SBS in MPa was calculated by dividing the peak 
load at failure by the specimen surface area (F/ᴨr2). The results 
displayed on the computerized readout were then recorded for 
statistical analysis (Fig. 2).

The results obtained from the computerized readout 
connected to the Instron® machine for the various groups of 
specimens were recorded. Specimens that underwent pretest 
failures were excluded from the statistical analysis. Statistical 
analysis was done using SPSS version 18. A p value of <0.05 was 
considered statistically significant. Comparison of mean values 
was done using independent sample t-test, ANOVA with post hoc  
Games–Howell test and post hoc Tukey’s test. ANOVA with  
post hoc Games–Howell test was done to determine variation in 
SBS between the three groups.

Re s u lts
Upon considering the mean SBS values among all subgroups, it was 
seen that values of bond strengths obtained followed the order: IIB 
(21.18 MPa) > IIA (22.19 MPa) > IB (13.37 MPa) > IA (10.97 MPa) > IIIA 

(6.80 MPa) > IIIB (5.23 MPa). Hence, SDR bonded to NCR showed the 
highest bond strengths among all the subgroups and Biodentine 
bonded to NCR showed the least bond strength.

It was seen that SDR attained consistently higher SBS (means: 
21.18, 22.19 Mpa) values than RMGIC and Biodentine, with both types 
of composite resin (MCR and NCR), which was statistically significant 
(p <0.001). Biodentine showed the least SBS values (means: 6.80, 
5.23 MPa) with both types of composite resin, as compared to SDR 
and RMGIC, which was considered statistically significant (p <0.001). 
Hence, a trend was seen, whereby SDR showed the highest SBSs 
with the overlying composite resin, followed by RMGIC, and finally 
Biodentine, which showed the least bond strength with both types 
of composite resin (Table 1).

When considering the means of the SBS measurements 
obtained by the two types of composite resin, no significant 
difference (p <0.05) was found between them with all three 
types of dentin replacement materials. NCR attained higher mean 
bond strengths with both RMGIC and SDR. However, this was 
not considered statistically significant (p =  0.191 and p  =  0.793, 
respectively). MCR showed higher SBS values than NCR when 
bonded to Biodentine. This too was not considered statistically 
significant (p = 0.238) (Table 2).

Di s c u s s i o n
A wide range of different classes of materials has been introduced 
into the dental armamentarium for the replacement of lost dentin, 
with each type having its peculiarities concerning chemistry, 
biocompatibility, ease of placement, and mechanical properties. 
Three different kinds of such materials examined in this study 
are: 1. RMGIC, 2. bulk-fill composite resins (SDR™), and 3. calcium 
silicate-based cement (Biodentine™). Since it is recommended that 
these materials, when used for the restoration of teeth, be capped 
by a layer of composite resin as a laminate, the SBS between these 
materials and two different types of composite resin (nanohybrid 
flowable vs. microhybrid universal) was investigated in this study.

GIC as a base material has been widely used as a base below 
RBCs since the introduction of the sandwich technique or the 
laminate technique by McLean et al.9,10 The primary advantages 
of using GICs have been their excellent biocompatibility, chemical 
bonding to the tooth structure, and fluoride release. However, the 
strength properties of this class of materials are insufficient.2 An 

Flowchart 1: Groups and subgroups of specimens

Fig. 2: Shear bond strength testing using Instron machine
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overlay of resin composite is placed over GIC to provide mechanical 
strength, wear resistance, and esthetics, while the GIC can seal the 
cavity, reduce microleakage, and provide fluoride release. This 
technique is especially useful in deep approximal box cavities where 
radicular dentin is involved and has been advocated widely.11–15 
Resin monomers were added to the original GIC composition, 
leading to the development of RMGIC, leading to improved 
handling characteristics and bonding with RBCs.16–19 The problems 
of weak strength and relative lack of pharmacotherapeutic action 
on the pulp–dentin complex, however, persist even with this class 
of materials.

Another recent class of materials introduced in the market is 
flowable bulk-fill composites (SDR™). SDR™ has been marketed 
as a dentin replacement material that is characterized by ease 
of placement, as it can be directly injected into the cavity 
and cured in 4  mm increments, with minimal polymerization 
shrinkage. Additionally, altered rheology of this material affords 
it a self-leveling behavior and better adaptation to cavity walls, 
which facilitates faster completion of the restorative procedure. 
Conventional RBCs require a layering technique for restoration, 
whereby 2  mm increments are cured at a time to offset the 
adverse effects of polymerization shrinkage. Hence, SDR™ affords 
the clinician an immense advantage, especially in the pediatric 
dentistry setting, where behavior management considerations 
necessitate faster completion of restorative work. However, SDR™, 
being a resin-based material, is not indicated for use as a direct pulp 
capping agent.20 Further, the use of this material is still a multistage 
process whereby the material is placed into the cavity only after the 
use of an etchant and a bonding system. In a scenario where the 
remaining dentinal thickness is low, the use of this material without 
an intervening pulp protective material may be questionable as 
studies have shown a fairly high degree of monomer elution and 
incomplete degree of conversion of the monomer after curing.21,22 
Both the manufacturer’s recommendations, as well as studies, have 
advocated the use of an overlying composite resin veneer over the 
surface of SDR due to its low wear resistance and poor esthetics.23

Two different types of RBCs were used in this study. The 
packable composite resin (Spectrum™) is composed of microhybrid 
filler particles, while the flowable composite resin (Tetric N-Flow) 

is described as a NCR. Major changes that occur in the evolution 
of RBCs are related to the change in the size and loading of filler 
particles. NCRs are a newer kind of RBCs, characterized by reduced 
viscosity and increased polishability. This study also sought to 
investigate if there is a difference in bonding characteristics 
between the two types of RBCs with different substrates.

Macro-shear bond strength test on a universal testing machine 
(Instron 3366) using a knife-edge shearing force under a crosshead 
speed of 1  mm/minute was employed in this in vitro study. The 
knife-edge was placed as closely as possible to the bonded interface 
between the materials, as recommended by numerous authors.24,25 
According to Salza and Bockb,25 macro-shear bond strength tests 
may not accurately depict the fracture mechanics due to the 
uneven distribution of stresses in the specimens tested. However, 
macro-shear bond test is the most commonly used technique to 
test bonding,26 used in 26% of scientific papers reporting on bond 
strength. The popularity of this testing method is a result of its ease 
and speed, as well as the lack of specimen processing requirements 
as seen in other approaches. This method was thus chosen for 
testing the bond strengths, as our goal is to find the bond strengths 
of various materials, which belong to vastly different categories of 
restorative materials, relative to each other.

During sample preparation, we followed manufacturer’s 
instructions as provided in the literature on the packaging. No 
changes were made regarding the manipulation and mode of 
application. Further, the layer of laminate RBC was placed either 
immediately (RMGIC and SDR) or after 12 minutes (Biodentine), as 
recommended by the manufacturer. This was done to ensure that 
the set material in the in vitro study mimics as closely as possible 
the clinical scenario, where the clinician follows the manufacturer’s 
guidelines in the placement of the material. Furthermore, testing 
of the samples was done after storage in 100% relative humidity 
for 24 hours. Hence, findings from this study will not accurately 
reflect the effect of maturation of the set substrate or bonding 
agent. According to Hashem et al.,27 Biodentine achieved higher 
bond strength values when testing was delayed. The authors 
attribute this finding to the maturation process of Biodentine, 
which may continue for up to 2 weeks after placement. We chose 
to test the bond strength immediately, as our goal was to evaluate 
the suitability of various dentin replacement materials to be used 
as a base below RBCs in a single-stage process, obviating the 
need for a second appointment for placement of the composite 
resin veneer.

The total etch (TE) technique, using Prime N Bond® NT™, was 
used for bonding the composite laminate over both RMGIC and 
Biodentine. The bonding agent and technique were kept constant 
for the materials to eliminate the effect of another material variable 
on the study outcome. One advantage of SDR™ is that there is no 
need to etch or place a bonding agent before the placement of 
the overlying composite veneer. Hence, the bonding agent was 
not applied to the SDR group.

Table 1: Comparison of shear bond strength between the dentin replacement materials and MCR and NCR

Restorative material

Base

p value

RMGIC SDR Biodentine

Mean SD Mean SD Mean SD
MCR 10.97 1.61 21.18 10.60 6.80 1.95 <0.001; Sig
NCR 13.37 4.54 22.19   5.43 5.23 3.57 <0.001; Sig

ANOVA with post hoc Games–Howell test. MCR, microhybrid composite rein; NCR, nanohybrid composite resin

Table 2: Comparison of shear bond strength of base materials to MCR 
and NCR

Base

Restorative material

p value

MCR NCR

Mean SD Mean SD
RMGIC 10.97 1.61 13.37 4.54 0.191; NS
SDR 21.18 10.60 22.19 5.43 0.793; NS
Biodentine   6.80 1.95   5.23 3.57 0.238; NS

Independent sample t test. MCR, microhybrid composite rein; NCR, nano-
hybrid composite resin
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It has been observed that etching alters the structural and 
chemical composition of Biodentine™, without affecting the micro 
hardness of the material. Etching caused surface modifications on 
the GIC and to a lesser extent on the RMGIC but with no physical or 
chemical changes to both materials.7 According to the findings of 
Hashem et al.,27 there is no significant difference in the reliability of 
bond strength of resin composite to Biodentine™, GIC, and RMGIC 
when different bonding techniques—self etch (SE) and total etch 
(TE)—were used using the same bonding agent. They also stated 
that the similar μSBS values between SE and TE adhesive modes 
might be due to the porous nature of the Biodentine™ surface 
which may have nullified the effect of the differences between 
SE and TE bonding techniques. Furthermore, the acidity from the 
bonding techniques may have been buffered by the alkalinity of 
the Biodentine™, also reducing its effect.

SBS tests performed in this study showed that the difference 
in bond strengths achieved between the two types of RBCs to 
the underlying substrate was not statistically significant. Both 
the flowable NCR, as well as the universal MCR showed bond 
strengths similar to each other when bonded to the respective 
dentin replacement materials. Our results show that SBS is similar 
when either NCR or MCR is bonded to either one of SDR/RMGIC/
Biodentine. Hence, the null hypothesis, which states that no 
difference exists in the SBS of flowable NCR and Universal MCR to 
the dentin replacement materials, was accepted. This result shows 
a similar trend to a study by Camile et al.28 who found no significant 
difference in SBS when either hybrid or microfilled resin composite 
was bonded to RMGIC. To date, however, it has not been investigated 
if a difference exists in the bond strength achieved by MCR and NCR 
to either flowable bulk-fill composite resin or Biodentine.

When SBS values obtained among the various dentin 
replacement materials to the RBCs were compared, SDR™ 
attained the highest bond strength values among the three 
groups. According to Ilie et al.,23 bulk-fill RBCs are fundamentally 
similar in their chemical composition to regular nanohybrid and 
microhybrid RBCs, despite being marketed as a new material 
class. They contain monomers like Bis-GMA, UDMA, TEGDMA, and 
EBPDMA in their organic matrix as well as regular filler systems. 
In SDR, the organic matrix also contains a patent-registered 
urethane dimethacrylate with incorporated photoactive groups 
able to control polymerization kinetics (SDR technology = stress-
decreasing resin). Hence, the high bond strengths achieved by 
SDR with the nanohybrid and microhybrid RBCs can be attributed 
to the presence of monomer groups that ensure a stable and 
comprehensive chemical bonding between the substrates. It is 
significant to note that SDR™ attained high bond strengths without 
the use of a bonding agent. In the clinical situation, this can be 
immensely helpful and reduce chairside times.

In our study, RMGIC achieved bond strengths that, although 
lower than SDR, were higher than Biodentine. According to 
Camile et  al.,28 RMGIC attains high bond strengths to resin 
composite due to the curing process, whereby a light-activated 
free radical polymerization of methacrylate groups of the 
polymer and hydroxyethyl methacrylate (HEMA) occurs in 
addition to an acid/base reaction identical to that of conventional 
GIC. The presence of a resin component in the composition of 
RMGIC substantiates the bond strength with composite resin. 
Etching the surface of RMGIC prior to the application of a bonding 
agent has been a subject of debate. In our view, acid etching 
on the smooth surface of the RMGIC affords some degree of 

micromechanical bonding in addition to the bond established 
between the resin components of the RMGIC and RBC.

Several mechanisms are thought to be involved in the 
chemical adhesive bond between resin-modified glass ionomers 
and resin composites.29 The presence of unsaturated double 
bonds in the air-inhibited layer of the RMGIC may contribute 
toward chemical bonding to the resin bonding agent and resin 
composite. Unpolymerized HEMA on the surface of RMGIC 
intensifies the surface wetting capability of the bonding agent, 
leading to increased bond strength when polymerized. Unsaturated 
methacrylate groups on the polyacid chain within the polymerized 
RMGIC may also form covalent bonds with the resin bonding agent. 
RMGIC also contains modified polyacrylic acids which polymerize to 
form cross-links that play a part in increasing not only the strength 
of the set cement but also the degree of bonding to the composite 
resin. A chemical bond is more stable and less likely to separate 
than a micromechanical one29 and hence is the preferred mode of 
bonding for a successful “sandwich” restoration.

The findings of this study imply that Biodentine™ bonds 
weakly to immediately placed RBC when compared to RMGIC 
and SDR. This agrees with the findings of Hashem et  al.27 who 
found significantly higher μSBS of GIC and RMGIC as compared 
to Biodentine™. During their study, the investigators found higher 
μSBS when the Biodentine™ was allowed a period of maturation 
of the set material before the placement of composite resin. 
Biodentine™ passes through an initial setting reaction which 
takes approximately 12  minutes following mixing the powder 
with the liquid where a hydrated calcium silicate gel structure is 
formed which has weak physicomechanical properties. Surface 
set is achieved at this stage. There is a continuous maturation of 
Biodentine™ where crystallization of the calcium silicate hydrate 
gel structure continues for up to 2 weeks. Bulk set is achieved at 
this stage with improved physicomechanical properties.9 Hence, 
the authors have recommended that the placement of composite 
resin laminate over the Biodentine should be delayed for 2 weeks. 
We agree with their recommendation, as the immediate placement 
of composite resin over the Biodentine showed the weakest bond 
strengths. The freshly set mass of Biodentine cannot sufficiently 
withstand the stresses induced due to polymerization shrinkage 
of the overlying composite resin. This can be one of the limitations 
of this study.

Hence, the findings from our study show that there is a 
significant difference between the SBS of SDR, Biodentine, and 
RMGIC with composite resin. When bonded to either NCR or 
MCR, a trend was seen where SDR showed the highest early bond 
strengths, followed by RMGIC and finally by Biodentine. The null 
hypothesis that no difference exists in the bond strengths attained 
by the various dentin replacement materials to the overlying RBC 
was rejected. While the high SBS values attained by SDR may be 
attributed to the similarity in composition with conventional 
composite resins, the SBS achieved by RMGIC may be attributed 
to the presence of resin components, which may facilitate a 
significant degree of chemical bonding with the composite resin. 
Future research may be directed at improving the immediate 
bond strengths achieved by calcium silicate-based materials 
with composite resin. Although this may be possible through 
the incorporation of a resin component in the composition to 
facilitate chemical bonding, the excellent biocompatibility and 
bioactivity of this class of materials should not be compromised 
in the process.
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Co n c lu s i o n
Within the limitations of this in vitro study, the following 
conclusions were drawn. There is no significant difference in the 
bond strengths achieved between MCR and NCR to the different 
dentine replacement materials. Hence, either type of composite 
resin may be expected to achieve similar bond strengths to the 
underlying substrate. Biodentine™ does not allow reliable bonding 
to the overlying composite resin when used in the TE technique, 
and immediate placement of a composite resin veneer over this 
material should be avoided. SDR™ is a suitable dentine replacement 
material for placing below a composite resin veneer as it can achieve 
immediate higher bond strengths, with fewer steps required for 
completing the restoration. However, long-term clinical trials are 
required to assess the efficacy of SDR™ and Biodentine™ as dentine 
replacement materials.
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