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ABSTRACT 

 
Aim: This study aimed to compare the shear bond strength of a 

self-adhering flowable composite (SAFC) and a bulk-fill composite 

when bonded to pulp capping materials, including NEO MTA Plus, 

Dycal, Biodentine, and MTA. 

 
Material and method: A total of eighty acrylic blocks, each with a 

central hole 2 mm deep and 4 mm in diameter, were fabricated and 

assigned to two main groups (n=40 per group) based on the type of 

composite used (Dyad Flow or SDR). These groups were then 

subdivided into four subgroups according to the pulp capping 

material applied. The shear bond strength (SBS) was measured 

using a universal testing machine with a crosshead speed of 1 

mm/min.Data were analysed using One way ANOVA test, Post Hoc 

Tuckey test and independent t- Test was used. 

 
Result: The intergroup comparison of mean shear bond strength 

between SDR and Dyad flow was statistically significant (_<0.05) 

with higher strength in SDR as compared to Dyad flow when 

analysed using independent t test. 



Conclusion: Among the eight subgroups, the combination of NEO 

MTA Plus and SDR demonstrated the highest shear bond strength. 

 
Keywords: Biodentine, Bulk-fill composite, Dyad flow, Mineral 

trioxide aggregate, NEO MTA Plus, SDR 

 

 
INTRODUCTION 

 
Subsequent to experiencing traumatic injuries or undergoing dental 

procedures, it is feasible for the dental pulp to be inadvertently 

exposed. In this context, essential pulp therapy is executed through 

the application of direct pulp capping biocompatible substances to 

preserve the integrity and vitality of the dental pulp.(1,2,3,) Vital pulp 

therapy is warranted in instances where there exist manifestations 

or indications of reversible or potentially irreversible pulpitis, 

provided that no periapical lesions of endodontic etiology are 

detected.(4) The purpose of the treatment is to maintain healthy pulp 

by sealing the pulp tissue against bacterial infiltration and forming 

dentine bridge at the exposed site.(5) Pulp-capped teeth 

necessitates the application of restorative substances such as 

amalgam or resin composite for effective sealing. The adhesion 

between restorative materials and pulp capping agents is of 

paramount significance; in the absence of an adequate seal, 

bacterial infiltration into the pulp and subsequent failure of the pulp 

capping procedure may ensue.(3) Historically, calcium hydroxide has 

been the preferred material for achieving optimal bonding between 

pulp capping agents and restorative materials due to its 

antimicrobial properties, alkaline pH, and ability to stimulate 

mineralization.Sulfonamide, butylene glycol disalicylate, calcium 

phosphate, calcium tungstate, and oxides of zinc, iron, and titanium 

are all found in the calcium hydroxide-based substance known as 

"Dycal”.(2) But recent research has shown that calcium hydroxide 

can be extremely harmful to tissue culture cells. Tissue change and 

breakdown have been demonstrated to result from it, which could 



lead to erratic and unpredictable results like reparative dentin 

bridges with numerous tunnel defects and aseptic necrosis 

patches.(6,7)As a result, the use of calcium hydroxide as a 

pulp-capping agent has declined. 

Introduced in 1993, mineral trioxide aggregate (MTA) has since 

become the gold standard for a variety of endodontic procedures.(8) 

MTA is composed of calcium oxide in the form of tricalcium silicate, 

dicalcium silicate, tricalcium aluminate, and bismuth oxide, which 

provides radiopacity.(9) MTA is a highly biocompatible material with 

superior sealing capabilities. It is believed to provide a dual seal: a 

physical seal through its cement-like properties and a biological 

seal by promoting cementogenesis. Additionally, MTA can 

effectively seal even in the presence of moisture.(10) The primary 

drawbacks of MTA are its extended setting time and challenging 

handling properties.(11) 

 
To address the long setting time of MTA, tricalcium silicate-based 

materials with reduced setting times have been developed. 

Biodentine, a calcium silicate cement, is one such material that 

exhibits dentin-like mechanical properties. It consists of water, 

calcium chloride (which shortens the setting time), and a 

hydrosoluble polymer (a water-reducing agent). The powder 

component of Biodentine includes tricalcium silicate (the primary 

component), dicalcium silicate (the secondary component), 

zirconium oxide (for radiopacity), and calcium carbonate (as a 

filler).(12,13) Biodentine has shown superior performance compared to 

MTA, exhibiting better sealing ability, higher compressive strength, 

shorter setting time, reduced microleakage, enhanced antimicrobial 

properties, and lower toxicity. Additionally, it offers improved 

biocompatibility, bioactivity, and biomineralization.(14) Biodentine 

may be the viable choice for conducting “preventive” 

endodontics.(15) Biodentine has demonstrated beneficial effects on 

vital pulp cells, promoting the stimulation of tertiary dentin formation 

and the early development of reparative dentin.(16) 



NeoMTA Plus was formulated with properties similar to those of 

MTA. It includes tricalcium silicate, dicalcium silicate, tantalum 

oxide, calcium sulfate, and silica. Tantalum oxide is used as a 

radiopacifier in place of bismuth oxide.(17) NeoMTA Plus is mixed 

with a water-based gel, which enhances its handling properties. The 

powder-to-gel ratio can be adjusted, allowing for a thinner 

consistency suitable as an orthograde sealer, or a thicker mixture 

for use as a root-end filling material.(18,19) 

NeoMTA Plus is easy to manipulate and stays in place without 

being washed away, thanks to its unique gel properties. 

Additionally, it does not cause staining of the tooth.(20) 

 
The bond strength between the pulp capping material and the 

superimposed restoration is crucial for the efficacy of the treatment. 

A properly bonded adhesive interface between the restoration and 

the pulp capping material has the potential to uniformly distribute 

stresses across the entire bonding area.(21) 

 
A significant advancement was made with the introduction of 

self-adhering flowable composite (SAFC), which combines the 

benefits of both adhesive and restorative materials into a single 

application process, representing the eighth generation of dental 

composites.(22,23) 

 
A recently developed self-adhesive flowable composite is called 

Dyad Flow. Chair time is decreased when an all-in-one bonding 

mechanism is incorporated into the composite, which removes the 

need for adhesive application.(2) 

 
Bulk-fill composites have been shown to generate less 

polymerization shrinkage stress compared to conventional 

microhybrid composites, both during and after the light-curing 

process.(24) 



Surefil SDR (Dentsply, Konstanz, Germany) is a light-cured bulk-fill 

material that contains fluoride and is radiopaque, designed to 

establish close contact with cavity surfaces.(25) Bulk-fill composites 

(BFCs) were developed to shorten placement time and enhance the 

fracture resistance of endodontically treated teeth (ETT).These 

materials' improved translucency and low polymerization shrinkage 

stress allow them to be layered in bulk up to 4-5 mm.(26,27) 

 
Thus, the study's objective was to evaluate the shear bond strength 

(SBS) of bulk-fill flowable composites (SDR) and self-adhering 

flowable composites (Dyad Flow) in relation to pulp capping 

materials such as MTA, NEO MTA Plus, Dycal, and Biodentine. 

 
. 

 
MATERIALS AND METHODS 

 
Study design 



 
 
 
 
Flowchart 1:    Study design 



A total of 80 acrylic blocks, each measuring 2 cm in height and 2 

cm in interior diameter, were made. Each block had a 4 mm 

diameter and 2 mm deep hole punched in the centre. These 80 

blocks were split up into the groups listed below: 
 

Image 1 - Acrylic blocks with pulp capping agents 

 

● Group I: Dyad Flow(n=40) 

○ Subgroup I-a (n=10): NEO MTA Plus +Dyad Flow 

○ Subgroup I-b (n=10): Dycal + Dyad Flow 

○ Subgroup I-c (n=10): Biodentine + Dyad Flow 

○ Subgroup I-d (n=10): MTA + Dyad Flow 
 

 
● Group II: SDR (n=40) 

○ Subgroup II-a (n=10): NEO MTA Plus + SDR 

○ Subgroup II-b (n=10): Dycal + SDR 

○ Subgroup II-c (n=10):Biodentine + SDR 

○ Subgroup II-d (n=10): MTA + SDR 



We will mix MTA, Dycal, NEO MTA Plus, and Biodentine as directed 

by the manufacturer and apply them to their appropriate blocks. 

Each of the 80 blocks will be coded and incubated for 72 hours at 

37°C and 100% humidity. 

 

 
Following incubation, a plastic cylinder measuring 2 mm in height 

and 2 mm in diameter was used to distribute Dyad Flow directly 

over the capping agents in group I blocks in two increments of 1 

mm each, via a dispensing tip. The LED device was used to light 

cure each increment for 15 to 20 seconds. 

 
Optibond all-in-one self-etch adhesive was applied in two 

increments on group II blocks (n=40), and each increment was light 

cured for 20 seconds using the LED unit. Using a plastic spatula, 

SDR was then positioned over the capping agents, and the LED 

device was used to light cure it for 20 seconds. Every specimen 

was incubated for 24 hours at 370 C and 100% humidity. 

 
Using a knife-edge blade and a crosshead speed of 1 mm/min, the 

specimens were placed in a universal testing machine (Instron 

CORP, Canton, MA) and sheared. Newtons (N) were used to record 

the load at failure, and the adhesive surface area (mm2) was 

divided by the load at failure to get the bond strength in 

megapascals (Mpa). 

 
A plasma sputtering coater was used to sputter gold onto each 

specimen, and the bond failure manner was then assessed under a 

scanning electron microscope. Adhesive, cohesive, and mixed bond 

failure modes were identified. 



RESULTS 

 
Data were analysed using SPSS version 23.0 version. The level of 

significance for the present study was fixed at 5%. Descriptive and 

analytical statistics were done. The intergroup comparison was 

done using the One Way ANOVA and independent t-test followed 

by post hoc Analysis. The Shapiro-Wilk test was used to investigate 

the distribution of the data and levene’s test to explore the 

homogeneity of the variables. 

 
Table 1 shows mean and standard deviations of shear bond 

strength comparison between the Dyad flow and SDR composite 

resins used with 4 pulp capping materials. 

 
Intergroup comparison between dyad flow and SDR 

 
In the SDR Group the mean shear bond strength of Dycal was 

3.63±1.29,  in  the  MTA  was  5.36±1.58,  in  the  Biodentin was 

7.51±1.72 and in the MTA plus was 9.18±1.27. In the Dyad Flow the 

mean shear bond strength of Dycal was 1.44±01, in the MTA was 

2.47±1.17, in the Biodentin was 3.68±1.27 and in the MTA plus was 

4.98±1.36.The intergroup comparison of mean shear bond strength 

between SDR and Dyad Flow was statistically significant with 

higher strength in SDR as compared to Dyad Flow when analysed 

using Independent t-test 



 

 
SDR Dyad Flow 

 

 
Mean 

Std. 

Deviation 
Mean 

Std. 

Deviation 
P value 

Dycal 3.63 1.29 1.44 1.01 0.001 (Sig) 

Mineral trioxide 

aggregate 
5.36 1.58 2.47 1.17 0.001 (Sig) 

Bio dentin 
7.51 1.72 3.68 1.27 0.001 (Sig) 

Neo MTA Plus 
9.18 1.27 4.98 1.36 0.001 (Sig) 

Table 1: Intergroup comparison between dyad flow and SDR 
 
 
 

 

  Fig. 1. Graphical presentation showing mean bond strength



DISCUSSION 

 
Shear, tensile, micro-shear, and micro-tensile tests are among the 

several tests used to gauge the clinical performance and bond 

strength of composite resin.Shear bond strength was employed in 

this investigation as a dependable and useful technique.(28) 

 
Since histology events and clinical results rarely align, it is very 

impossible to predict the type and extent of pulpal damage in 

restorative procedures requiring pulp exposure.However, by 

removing dental cavities and employing biocompatible materials to 

create a robust barrier against bacterial microleakage, the physician 

should do everything in their power to preserve vitality.(29) 

 
Self-adhesive resin composites, such as dyad flow, are a class of 

novel resin-based materials. The stages that are typically necessary 

to adhere a resin composite to dentin and enamel—etching, 

priming, and bonding—are removed.(30)(31)(32) Because of its low pH 

and the chemical interactions between the tooth's calcium ions and 

the monomer's phosphate groups, it forms a connection with the 

tooth through micromechanical etching.(2) 

 
Bulk-fill composite promotes less polymerisation shrinkage 

stress.These resins' improved translucency results from the 

addition of additional photoinitiator chemicals, which promote 

deeper photopolymerization and enable the material to be inserted 

into thick 4–5 mm increments with uniform polymerization and 

conversion degree.(33)(34) 

 
Smart Dentin Replacement (SDR) is a bulk-fill composite treatment. 

Lower cuspal deflection may also be a result of the SDR's improved 

translucency and stress-relieving flowability, which enhance light 

transmittance and improve polymerization kinetics up to 4 mm.(26)(35) 



Significant variations in the link strength between the SDR and 

Dyad flow groups were discovered in the current investigation.The 

findings showed that the SDR group's shear bond strength was 

greater than that of the Dyad flow group. Since Dyad Flow is a 

self-adhesive composite, no adhesive was needed. Nevertheless, 

we employed the OptiBond all-in-one self-etch adhesive in the SDR 

group.(2)According to Vichi et al., as compared to all-in-one 

adhesive systems, dyad flow demonstrated improved marginal 

sealing ability but a lesser binding strength to dentin and 

enamel.(36)A potential reason for the low bond strength of 

self-adhesive flowable composites could be the absence of 

compression force or pressure during placement. This lack of 

pressure is essential to eliminate open spaces at the interface, 

which can negatively impact the long-term durability of the resin.(2) 

 
The 15% barium glass filler (0.04µ) in OptiBond, according to the 

product's maker, not only strengthens the hybrid layer but also 

effectively enters dentinal tubules and creates a structural link that 

is absent from unfilled or nanofilled composite resins.This filler 

prevents microleakage and strengthens the binding to the tooth 

surfaces.(37) 

 
NEO MTA Plus and Dycal had the highest (9.18 + 1.27) and lowest 

(3.63 + 1.29) SBS among the four capping agents employed in our 

investigation respectively. 

 
NEO MTA Plus is a calcium silicate based cement. Its small particle 

size may accelerate the hydration process and improve bond 

strength by increasing cement penetration into dentinal 

tubules..(38)(39 )Dycal is made of calcium hydroxide. Dycal tends to 

release less calcium ions than calcium silicate-based materials, 

which explains its lower shear bond strength. The mineralization 

and development of pulp cells depend on calcium ions.(40) 



Biodentine displayed a higher SBS than MTA in the current 

investigation.Better interlocking of Biodentine may be facilitated by 

smaller, more consistent components.A smaller biodentine particle 

size influences cement's ability to enter dentinal tubules in a tag-like 

structure, creating a micromechanical anchor.(41)(42) Additionally, the 

presence of calcium chloride enhances the material's resistance to 

displacement, thereby improving its bond strength.(2) Also 

Biodentine induces tertiary dentin formation and has a shorter 

setting time when compared to MTA.(11) According to Tulumbaci et 

al., MTA had a stronger bond with composite and composite than 

Biodentine.(43)But according to Cantekin and Avci, Biodentine has a 

greater SBS than composites made of methacrylate.(44) 

Tricalcium silicate, dicalcium silicate, tricalcium illuminate, and 

bismuth oxide, which acts as a radio opacifying agent, are the forms 

of calcium oxide that make up MTA.(45)(46)(47)MTA's drawbacks 

include its high solubility, discoloration, and extended setting 

time.(48)(49) 

 
NEO MTA Plus is a new cement made of calcium silicate. Instead of 

using bismuth oxide as a radiopacifying agent, it uses tantalum 

oxide. It imparts good handling properties and does not stain the 

tooth. In several studies it has been mentioned that bismuth oxide 

causes tooth discoloration.(50)(51)(52)(53)(54) The release of calcium and 

hydroxyl ions was longer and more significant, which is essential for 

induction and formation of mineralised tissue. Additionally it shows 

the potential to form calcium phosphate layer.(55)(56) NEO MTA Plus 

stimulates tissue repair and may be bioactive.(57)(58) In some studies 

this material has shown biocompatibility with human dental pulp 

stem cells.(59) It can also be used for root canal treatment of primary 

successors molars without successors based on radiographic 

evidence.(60) 

 
NEO MTA Plus has several advantages in terms of handling, setting 

time, resistance to washout, and improved formulation.(59)(61) 



Following SBS analysis of the specimens, the failure mechanisms 

were assessed under SEM and documented as cohesive (failure 

within the capping agent or composite), adhesive (failure at the 

capping agent-composite interface, two flat surfaces), or mixed (a 

combination of cohesive and adhesive)(2) 

 
Cohesion was the predominant mode of failure. The tendency 

towards cohesive fracture might be attributed towards to the uneven 

distribution of stresses within the bonded materials, resulting in 

early failure before the bonded surface affected.(14) Therefore, it 

may be concluded that when cohesive failure is absent, pulp 

capping materials may have a higher SBS to composites. 

 
 

 
CONCLUSIONS 

 
According to the study's constraints, NEO MTA Plus demonstrated 

the highest SBS in both self-adhering and bulk fill flowable 

composites, followed by biodentine, MTA, and Dycal.In 

comparisons utilizing the same pulp capping agent, the bulk-fill 

flowable composite adhered more well than the self-adhesive 

flowable composite. 

Therefore, given its higher SBS, Neo MTA Plus may be preferred as 

a pulp capping agent. It may be better to use bulk fill flowable 

composite instead of self-adhesive flowable composite when it 

comes to pulp capping agents. 
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