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ABSTRACT 
Background: Vital pulp therapy aims to preserve the health and function of the dental pulp, and the 
long-term success of these procedures depends considerably on the integrity of the interface between 
the pulp-capping material and the definitive restorative material. Mineral trioxide aggregate (MTA) is 
widely used for pulp capping; however, its handling characteristics and prolonged setting time have 
prompted interest in alternative bioactive materials. Bioactive glass (BG) has demonstrated favorable 
biocompatibility, antimicrobial activity, and potential for hard-tissue regeneration. 

Aim: To evaluate and compare the shear bond strength and failure modes of MTA and  bioactive glass 
when bonded to a nanohybrid composite resin. 

Materials and Methods: Twenty cylindrical acrylic resin specimens containing standardized cavities 
were prepared and randomly divided into two groups (n = 10) , Group1: MTA and Group2: bioactive 
glass. The respective pulp-capping materials were placed according to the manufacturers' instructions. 
Following their cutting, caviy was restored with nanohybrid composite resin .Samples were stored in 
distilled water and incubated for 24hrs. Shear bond strength was evaluated using a universal testing 
machine at a crosshead speed of 1 mm/min. Following debonding, the specimens were examined under 
a stereomicroscope at 20× magnification to determine the mode of failure. Data was assessed using 
independent T test  . 

Results: The mean shear bond strength was higher for group 2 i.e. bioactive glass (4.59 ± 0.57) than for 
group 1 i.e MTA (4.24 ± 0.89), although the difference was not statistically significant. A statistically 
significant difference was observed in the distribution of failure modes between the two materials, with 
MTA showing a greater predominance of adhesive failures, whereas bioactive glass demonstrating a 
higher proportion of cohesive failures. 

Conclusion: Within the limitations of this in vitro study, bioactive glass demonstrated slightly higher 
and more consistent shear bond strength to nanohybrid composite resin than MTA. The significantly 
different failure patterns, with a greater tendency toward cohesive failure in the bioactive glass group 
than MTA group, suggest favorable interfacial behavior. Bioactive glass may therefore represent a 
promising alternative to MTA as a pulp-capping material. 
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INTRODUCTION 
VPTs or vital pulp treatments are defined by 
the European Society of Endodontology (ESE) 
as ‘treatment strategies aimed at maintaining 
the health of all or part of the pulp'.2 
Various materials are used for pulp capping, 
including calcium hydroxide, mineral trioxide 
aggregate (MTA) and newer silicate-based 
cements, such as BioAggregate®, 
EndoSequence®, BiodentineTM, etc 
Mineral trioxide aggregate is a hydrophilic 
cement composed of calcium oxide, silica and 
bismuth oxide. Several successful clinical 
applications have been reported for MTA as 
use for vital pulp therapy1 . 
 Long-term studies (over 3 years) have 
reported that the success rate of vital pulp 
therapy with MTA is higher than in the case of 
calcium hydroxide (78% vs 60%). These 
favorable outcomes for vital pulp therapy with 
MTA have been confirmed in recent 
systematic reviews6. 
 Despite the various reported advantages, MTA 
has some disadvantages, including potential 
for discoloration, difficult handling, long 
setting time, high cost, unavailability 
of a solvent6. 
Bioactive glass is a promising pulp-capping 
material due to its ability to release bioactive 
ions and promote apatite formation, supporting 
mineralization and dentin bridge formation. Its 
favorable bioactivity, biocompatibility, and 
potential to enhance the pulp–dentin healing 
response make it a promising alternative to 
conventional pulp-capping materials.11 
One of the most important issues in vital pulp 
therapy is the ability to seal the pulp-capping 
agents, because keeping them intact affects the 
prognosis of  the therapeutic procedure. An 
effective seal at the interface between the pulp-
capping material and the overlying composite 
restoration is essential to prevent microleakage 
and bacterial penetration. A well-sealed 
interface also helps maintain the integrity of 
the restoration, promotes favorable pulpal 
healing, and ultimately improves the long-term 
clinical outcome of vital pulp therapy.4 
Therefore the current research aimed to 
evaluate and compare the bond strength in 
vitro of commercially available BAG and 
MTA with a nanohybrid composite. 
MATERIALS AND METHODOLOGY 
A total of 20 cylindrical acrylic resin blocks of 
same dimension were prepared for the purpose 
of this in vitro study. A cavity, measuring 4 
mm in diameter and 1mm in depth, was 
prepared at the center of each cylinder.  The 

blocks were divided into 2 groups (n=10) 
according to the pulp capping agent used: 
Group 1: MTA (Safe Endo Biostructure) and 
Group 2: Bioactive glass (Nishika,Japan) .  
Placement of Pulp Capping Agents: 
Group 1: Mineral trioxide aggregate was 
mixed at a powder-to-liquid ratio of 3:1 
according to the manufacturer's instructions to 
achieve a proper consistency. 
In group 2: Bioactive glass sealer as pulp 
capping agent was prepared as per 
manufacturing instructions by adding BG 
multipowder to the paste to acquire desired 
consistency. 
The prepared MTA and bioactive glass were 
subsequently carried into the cavity using 
amalgam carrier and gently condensed and 
adapted to the cavity surface to obtain a 
uniform layer in a thickness of 1mm and 
intimate contact with the cavity walls. Care 
was taken during placement of both materials 
to avoid air entrapment and ensure consistent 
material adaptation before the application of 
the restorative material. 
After setting of the pulp capping materials, the 
specimen surfaces were etched with (Ivoclar N 
Etch) for 15 seconds, followed by rinsing with 
water for 5 seconds and gentle drying using an 
oil-free air stream for 5 seconds. Subsequently, 
the adhesive bonding agent (Ivoclar Tetric N 
Bond) was applied uniformly to the etched 
surfaces and gently air-dried for 5 seconds to 
facilitate solvent evaporation. The adhesive 
was then light-cured according to the 
manufacturer's instructions before composite 
resin application. The specimens were stored 
in distilled water and were thermocycled at 
100% humidity at 37o for 24hrs. 
The composite resin (Ivoclar Vivadent Tetric 
N Ceram) was placed in a single increment 
using a composite filling instrument and 
subsequently light-cured for 30 seconds. 
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Fig no: 1 - samples tested under UTM 
Subsequently, the samples were transferred to 
a universal testing machine , equipped with a 
chisel-shaped head measuring 5 mm in width. 
A perpendicular force was applied at the 
restorative material-pulp-capping agent 
interface at a cross head speed of 1 mm/min 
until failure occurred at the restorative 
material–pulp-capping agent interface. The 
load required to produce interfacial failure was 
recorded for each specimen and used for  
evaluation of the shear bond strength. 
Finally, all samples were evaluated under a 
stereomicroscope (20X magnification) for the 
fracture modes. 

 
             Fig no 2: cohesive and adhesive bond 
failure 
RESULTS: 

Parameter MTA Bioactivegla

ss 

Mean ± S

D 

4.24 ± 0.89 4.59 ± 0.57 

Median 4.25 4.85 

Coefficien

t of Variat

ion 

21.0% 12.4% 

Range 3.0 - 6.0 3.8 - 5.5 

95% CI 3.62 - 4.86 4.19 - 4.99 

Interpretat

ion 

Slightly lower 

mean, more var

iable 

Higher mean

, more consis

tent 

Table 1: Discriptive statistics of shear bond 
strength using T test. 
The table compares the descriptive statistics of 
MTA and bioactive glass. Bioactive glass 
shows a higher mean value (4.59 ± 0.57) than 
MTA (4.24 ± 0.89), indicating overall better 
performance for the measured parameter. This 
is supported by the higher median for bioactive 
glass (4.85) compared with MTA (4.25). In 
addition, bioactive glass demonstrates greater 
consistency, as reflected by a lower coefficient 
of variation (12.4%) compared with MTA 
(21.0%). The wider range observed with MTA 
(3.0–6.0) suggests more variability in 
outcomes, whereas bioactive glass shows a 
narrower range (3.8–5.5). The 95% confidence 
interval for bioactive glass (4.19–4.99) is 
narrower and lies at higher values than that of 
MTA (3.62–4.86), further indicating more 
reliable and consistently higher results.  
The Shapiro-Wilk test indicated that the shear 
bond strength data for both group 1 (W = 
0.927, p = 0.421) and group 2 (W = 0.912, p = 
0.301) were normally distributed. Levene’s test 
for equality of variances (F = 1.735, p = 0.205) 
confirmed that the assumption of homogeneity 
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of variance was met. These results justified the 
use of independent T test tests for comparing 
the two materials. 
There is a significant difference (p < 0.05) in 
failure mode distribution between group 1 and 
group 2. 
• Group1 (MTA) predominantly shows 
adhesive failures, indicating weaker interfacial 
bonding. 
• Group2 (BAG) demonstrates cohesive , 
reflecting stronger bond integrity. 

 
Table no 2: Mean adhesive and cohesive bond 
failure. 
The graph illustrates a clear difference in the 
distribution of outcomes between MTA and 
bioactive glass.  Overall, the pattern highlights 
that bioactive glass tends to perform more 
favorably and consistently in the primary 
outcome measure, whereas MTA shows 
comparatively lower or more variable results. 
These statistics reinforcing that bioactive glass 
provides more reliable and improved outcomes 
compared with MTA for the parameter 
evaluated. 
DISCUSSION 
The long-term success of vital pulp therapy 
depends not only on the biological properties 
of the pulp-capping material but also on the 
establishment of an adequate and durable 
interface between the pulp-capping agent and 
the overlying restorative material.¹ A 
satisfactory bond at this interface is essential 
because inadequate adhesion may result in 
interfacial gaps, microleakage, bacterial 
penetration, and ultimately compromise the 
prognosis of vital pulp therapy.² Therefore, 
evaluation of the bond strength between pulp-
capping materials and restorative composites is 
clinically relevant when selecting materials for 
definitive restoration following vital pulp 
treatment.³ 
Mineral trioxide aggregate (MTA) has been 
extensively used in vital pulp therapy because 
of its favorable biocompatibility, bioactivity, 
sealing ability, and capacity to promote hard-
tissue formation.⁴ Clinical studies have 
demonstrated favorable outcomes with MTA 
when compared with calcium hydroxide. 
Mente et al. reported a success rate of 78% for 
MTA compared with 60% for calcium 

hydroxide after direct pulp capping, while a 
subsequent long-term study reported success 
rates of 80.5% and 59%, respectively.⁵˒⁶ 
Similarly, a practice-based randomized clinical 
trial demonstrated a lower probability of 
failure with MTA than with calcium hydroxide 
after 24 months.⁷ Recent systematic-review 
evidence has also supported the superior 
clinical performance of MTA over calcium 
hydroxide for direct pulp capping.⁸ 
Despite these biological advantages, MTA 
presents several clinical limitations, including 
prolonged setting time, difficult handling, high 
cost, and potential tooth discoloration.⁴˒⁹ These 
limitations have encouraged the development 
of newer bioactive materials that aim to 
provide comparable biological performance 
while improving handling and restorative 
integration.⁹ Bioactive glass (BAG) has 
attracted considerable attention because of its 
biocompatibility, ion-releasing ability, apatite-
forming potential, antimicrobial properties, and 
capacity to promote hard-tissue 
regeneration.¹⁰˒¹¹ 
The present study evaluated the shear bond 
strength of MTA and commercially available 
bioactive glass used beneath a nanohybrid 
composite resin. The mean shear bond strength 
obtained for BAG was 4.59 ± 0.57 MPa, 
whereas MTA demonstrated a mean value of 
4.24 ± 0.89 MPa. Although results did not 
show signifigant diffrences. 
The higher median value observed for BAG 
(4.85 MPa) compared with MTA (4.25 MPa) 
further supports the favorable numerical trend 
observed in the BAG group. In addition, BAG 
demonstrated a lower coefficient of variation 
(12.4%) compared with MTA (21.0%), 
suggesting that the BAG specimens exhibited 
less variability in their bond-strength 
measurements. The narrower range observed 
with BAG (3.8–5.5 MPa) compared with MTA 
(3.0–6.0 MPa) similarly indicates greater 
consistency within the BAG group. Such 
consistency may be clinically advantageous 
because predictable interfacial behavior is 
important for maintaining the integrity of the 
restoration.¹² 
Although BAG demonstrated higher mean and 
median bond-strength values and lower 
variability than MTA, the difference in the 
primary bond-strength outcome was not 
statistically significant (p = 0.286). Therefore, 
the results suggest that BAG performed at least 
comparably to MTA under the experimental 
conditions, with a favorable numerical trend, 
rather than establishing BAG as statistically 
superior. 
The present findings are in agreement with 
previous investigations demonstrating that 
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bioactive glass can interact favorably with 
dental hard tissues and promote mineral 
deposition at the material–tissue interface.¹¹˒¹³ 
Bioactive glass undergoes surface reactions in 
an aqueous environment, resulting in the 
formation of a calcium-phosphate-rich layer 
with apatite-like characteristics.¹⁰˒¹³ This 
bioactive surface may potentially contribute to 
improved interaction with mineralized dental 
substrates and may partly explain the relatively 
consistent bond-strength values observed in the 
present BAG group. 
Previous biological investigations have also 
demonstrated the potential of BAG as a pulp-
capping material. Long et al. reported that 
experimental BAG pulp-capping materials 
produced favorable pulpal responses, with 
formation of a substantial dentin bridge and 
minimal inflammatory response, findings 
comparable with those observed for MTA.¹⁴ 
Similarly, Hanada et al. demonstrated that a 
novel bioactive-glass-based cement was 
biocompatible, promoted reparative dentin 
formation, and showed potential for use as a 
direct pulp-capping material.¹⁵ These 
biological findings, together with the favorable 
interfacial performance observed in the present 
study, support further investigation of BAG as 
an alternative bioactive pulp-capping material. 
The present study also evaluated the failure 
patterns following shear testing. A statistically 
significant difference was reported in the 
distribution of failure modes between MTA 
and BAG. MTA predominantly demonstrated 
adhesive failures, whereas BAG showed a 
greater tendency toward cohesive failure. 
Therefore, the greater occurrence of cohesive 
failure in the BAG group may suggest a more 
favorable interfacial interaction between BAG 
and the restorative system used in this study. 
The use of nanohybrid composite resin as the 
restorative material is also clinically relevant. 
Composite restorations provide an effective 
definitive coronal seal when appropriately 
bonded; however, the success of the restoration 
depends on adequate adhesion to the 
underlying pulp-capping material.²˒³ A strong 
and stable interface may reduce the risk of 
restoration displacement and minimize 
pathways for bacterial penetration. 
Consequently, the mechanical compatibility 
between the pulp-capping agent and the 
restorative material represents an important 
consideration in the overall success of vital 
pulp therapy.¹² 
 However, the relatively small sample size of 
10 specimens per group should be considered 
when interpreting the statistical findings, as 
small in-vitro samples may have limited power 
to detect modest differences between materials. 

Nevertheless, several limitations should be 
acknowledged. First, the study was conducted 
in vitro using acrylic resin blocks rather than 
natural teeth; therefore, the results cannot fully 
reproduce the complex biological, structural, 
and moisture-related conditions present 
clinically. Second, the sample size was 
relatively small, with only 10 specimens in 
each group. Third, the study evaluated 
immediate shear bond strength and did not 
investigate the durability of the interface after 
thermocycling, prolonged water storage, 
mechanical fatigue, or aging. Previous studies 
have shown that aging and storage conditions 
can influence the bond strength and reliability 
of bioactive-glass-containing restorative 
systems.¹⁹˒²⁰ 
Furthermore, shear bond-strength testing 
provides information about interfacial 
resistance under a particular loading 
configuration but does not completely 
reproduce the multidirectional stresses 
experienced by restorations clinically.¹² The 
fracture pattern observed under 
stereomicroscopic examination should 
therefore be regarded as complementary 
evidence rather than a direct predictor of 
clinical longevity. Future studies should 
incorporate larger sample sizes, natural human 
teeth, thermocycling, long-term aging, 
microscopic interfacial analysis, and clinical 
evaluation to establish the long-term 
performance of BAG beneath composite 
restorations. 
Conclusion: 
Within the limitations of the present 
investigation, bioactive glass demonstrated a 
higher shear bond strength than MTA, 
although the difference in bond strength was 
not statistically significant. The significantly 
different failure-mode distribution, with a 
greater tendency toward cohesive failure in the 
BAG group, suggests a potentially favorable 
interfacial relationship with the nanohybrid 
composite resin. Therefore, BAG may be 
considered a promising alternative to MTA 
from the standpoint of restorative interfacial 
performance, although further laboratory and 
clinical studies are necessary before definitive 
conclusions regarding its superiority can be 
established. 
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