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Fracture resistance of postendodontic restoration 
using self‑adhesive bioactive resin and a bulk‑fill 
composite with or without resin‑impregnated glass 
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A b s t r a c t

Context: Due to advancements in adhesive technology and the introduction of fiber reinforcement, there has been a paradigm 
shift towards a more minimally invasive approach in coronal restoration of endodontically treated teeth.

Aims: This research aimed to evaluate and compare fracture resistance of postendodontic restoration using a self‑adhesive 
bioactive resin and a bulk‑fill composite with or without resin‑impregnated glass fibers.

Materials and Methods: Mesio‑occlusal‑distal cavities were prepared on 80 extracted human maxillary premolars. Root canal 
treatment was completed following standard access cavity preparation. Then, the teeth were divided into two groups based on 
the composite used for postendodontic restoration. Group I: Bulk‑fill composite (Tetric N‑Ceram). Group II: Activa BioActive. 
Group I and Group II were then divided into two subgroups depending on fiber incorporation (n = 20). Subgroup IA: Bulk‑fill 
composite. Subgroup IB: Bulk‑fill composite with fiber incorporation. Subgroup IIA: Activa BioActive. Subgroup IIB: Activa 
BioActive with fiber incorporation. The force required to fracture the teeth was recorded using the universal testing machine.

Statistical Analysis Used: Two‑way ANOVA and Tukey’s multiple post hoc test.

Results: Activa BioActive with fiber incorporation showed the highest mean fracture resistance (988.52N). Bulk‑fill composite 
without fiber incorporation had the least mean fracture resistance (669.87N).

Conclusions: Activa BioActive bulk‑fill restorative material when used with the incorporation of resin‑impregnated glass fibers 
can be a preferred material of choice for restoring endodontically treated teeth.

Keywords: Activa bioactive; bulk‑fill composite; fracture resistance; interlig; postendodontic restoration; resin‑impregnated 
glass fibers; self‑adhesive bioactive resin; Tetric N‑Ceram

INTRODUCTION

Dentinoenamel complex (DEC) is a functional interphase 
which prevents crack propagation by providing crack tip 
shielding.[1] Imbeni et al. reported that the DEC toughness 
is about 75% lower than dentin but five to ten times greater 
than enamel.[2] Hence, a restorative technique that is based 
on the knowledge and comprehension of the biomechanical 
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characteristics of the DEC is essential for the restoration of 
structurally compromised teeth.[1]

Coronal restorations of endodontically treated teeth add 
to the challenge. The advent of bulk-fill composite has 
simplified the restorative process in large cavities.[3] Activa 
BioActive is a novel, flowable, resin-based composite, 
which is hydrophilic, self-adhesive resin with a better bond 
strength.[4] It incorporates components of glass ionomer 
and patented rubberized resin, which has shock-absorbing 
property.[5] They require shorter clinical time and have 
decreased stress from polymerization.[3]

Newer techniques enable maximizing the bond and 
minimizing shrinkage stresses allowing the restoration to 
mimic the optical and functional properties of the natural 
tooth.[1] Integration of polyethylene or glass fibers into 
increments of composite has regained attention for restoring 
structurally compromised teeth that require more amount of 
composite.[1] Sadr et al. in their study concluded that placing a 
fiber-reinforced increment close to the hybrid layer of a deep 
restoration reduced gap formation and behaved as a shrinkage 
stress breaker, thus protecting the bonding interface.[6]

The combination of resin-impregnated glass fibers and Activa 
BioActive-restorative in deep restorations has not been 
evaluated yet. The current study investigated the fracture 
resistance of endodontically treated premolars  restored 
with Activa BioActive resin with and without glass fiber 
reinforcement (Interlig, Angelus, Brazil) when compared 
with restoration using conventional bulk-fill (Tetric N-Ceram) 
composite with and without fiber reinforcement.

MATERIALS AND METHODS

Eighty extracted human maxillary premolar teeth, with 
closed apex, without any caries, restorations, or fractures 
were used in this study. Scaling of samples was done 
followed by disinfection with 0.1% thymol solution and 
stored in 0.9% saline till use.

Preparation of mesio-occlusal-distal (MOD) cavities 
was done with a straight fissure diamond bur (SF-21, 
Mani, Japan). The cavity dimensions were standardized, 
occlusal isthmus was one-third (1/3rd) of the intercuspal 
distance, the width of the proximal box was 
two-thirds (2/3rd) of the buccopalatal width, and height 
of the proximal box was such that gingival floor was 
1 mm above cemento-enamel junction (CEJ). Preparation 
of the access cavity was done using an Endo Access bur 
no. 2 (Dentsply) under high speed. The working length 
was determined, 1 mm short of where 10 K file (Mani, 
Japan) exited the foramen. Canals were prepared with 
Protaper Universal nickel–titanium rotary files (Dentsply 
Maillefer, Switzerland) till F4 and 3% of sodium 

hypochlorite (Vishal, Dentocare) as an irrigant after 
each instrument was used. 2 mL of 17% EDTA (Ammdent 
Canalarge) for 1 min was used as a final irrigant. F4 
gutta-percha cone (Diadent Group International, Korea) 
and Apexit Plus Sealer (Ivoclar Vivadent) were used for 
the obturation of canals. The chamber was cleaned and 
sealed with resin-modified GIC (GC Gold Label 2 Lc). 
Teeth were stored at 37°C in 100% relative humidity for 
1 week.

After incubation, teeth were divided into two groups 
based on the restorative material used for postendodontic 
restoration.
•	 Group I: Bulk-fill composite
•	 Group II: Activa BioActive.

Group I and Group II were then divided into two subgroups 
depending on fiber incorporation (n = 20 in each).
•	 Subgroup IA: Bulk-fill composite
•	 Subgroup IB: Bulk-fill composite with fiber 

incorporation
•	 Subgroup IIA: Activa BioActive
•	 Subgroup II2B: Activa BioActive with fiber 

incorporation.

The cavities were dried; 37% phosphoric acid gel (Eco-Etch, 
Ivoclar) was used for etching the walls for 15 s, followed 
by 15 s of rinsing with water. The cavities were blot-dried, 
Tetric N-Bond (Ivoclar Vivadent, 5th-generation bonding 
agent) was applied for 20 s, air-dried for 5 s, and light cured 
for 20 s with QTH light-curing unit.

In Subgroup IA, Bulk-fill composite (Tetric N-Ceram, Ivoclar 
Vivadent) was used for restoration with one increment up 
to 4 mm thickness, then light cured for 20 s after each 
increment.

In Subgroup IIA, the cavities were filled with Activa 
BioActive (Pulpdent) with one increment up to 4 mm 
thickness, then light cured for 20 s after each increment.

Subgroup IB and IIB: Wallpapering technique was 
incorporated where dentin walls were reinforced with 
preimpregnated glass fibers.
•	 Two strands of preimpregnated glass fiber (Interlig, 

Angelus, Brazil) of 4 mm wide and 11 mm in length 
were cut

•	 Fibers were coated with a thin layer of flowable resin 
composite (Tetric N-Ceram) before insertion in the 
cavity.

Cut fibers were adapted to the cavity walls, on the buccal 
and palatal wall with composite spatula and cured for 20 
s. The fiber extension on proximal walls overlapped about 
1–1.5 mm over each other.
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Following which, Subgroup IB was restored using bulk-fill 
composite and Subgroup IIB was restored using Activa 
BioActive in a similar way like Subgroup IA and IIA re-spectively.

The force required to fracture the teeth was recorded 
using the universal testing machine with the load applied 
parallel to the cusps and with a spherical crosshead having 
diameter 6 mm, at a speed of 1 mm/min.

Statistics
Statistical analysis was done using the two-way ANOVA and 
Tukey’s multiple post hoc test.

RESULTS

Figure 1 shows the comparison of two groups (I and II) and 
two subgroups (A and B) with mean fracture resistance.

The results of this study showed that Subgroup IIB, Activa 
BioActive with fiber incorporation showed the highest mean 
fracture resistance (1259.87N) followed by Subgroup IIA, 
Activa BioActive without fiber incorporation (988.52N). 
Subgroup IB, Bulk-fill composite with fiber 
incorporation (877.00N) followed by Subgroup IA, Bulk-fill 
composite without fiber incorporation (669.87) having the 
least mean fracture resistance [depicted in Figure 1].

Table 1 gives the comparison of two groups (I and II) and 
two subgroups (A and B) with mean fracture resistance by 
the two-way ANOVA.

A significant difference was observed between the 
groups (P = 0.000*).

Table 2 depicts the results of Tukey’s multiple post hoc 
analysis procedure for comparison between two Groups I 
and II and two Subgroups A and B.

There was a highly statistically significant difference 
between each of the groups with respect to mean fracture 
resistance (P = 0.000*).

DISCUSSION

Endodontically treated teeth are more prone to fracture as 
a result of increased loss of tooth structure due to caries 
or removal of previous restorations and due to the absence 
of a pulp chamber roof.[7] Preservation of endodontically 
treated teeth with no catastrophic fracture in the 
maintenance phase hence is a challenge.

Teeth, which require larger or cusp replacement restorations 
like most endodontically treated teeth, are most commonly 
opted for both, indirect composite resin or ceramic inlay/
onlay restorations.[8]

The current advanced composite resins and the use of 
modern adhesive systems have made it possible to use direct 
composite restoration techniques for the rehabilitation of 
endodontically treated teeth. Bonded restorations allow 
the preservation of sound tooth structure, and functional 
stresses are better distributed across the bonding interface 
increasing the fracture resistance of the tooth.[9]

To achieve stress reduction, in direct composites, fiber 
reinforcement is considered a biomimetic approach to 
restore endodontically treated teeth. The fibers may act as an 
internal splint changing the dynamics of shrinkage stresses at 
the bonding tooth-restoration interface, thus increasing the 
flexural strength of the restoration.[10,11] The design of the fiber 
also prevents crack propagation.[12] Thus, the stress-reduced 
direct composite (SRDC) technique can be considered as a 
treatment alternative to indirect restorations.

In this study, premolar teeth were chosen as they are more 
likely to undergo lateral stresses which are destructive in 

Figure 1: Comparison of two groups (1 and 2) and two 
subgroups (A and B) with mean fracture resistance

Table 1: Comparison of two groups (I and II) and two subgroups (A and B) with mean fracture resistance by two‑way 
ANOVA
Sources of variation Degrees of freedom Sum of squares Mean sum of squares F P
Main effects

Groups 1 3,626,002.51 1,208,667.50 252.604 0.000*
Subgroups 2 1,165,315.88 582,657.94 121.772 0.000*

Two‑way interaction effects
Groups × Subgroups 1 72,020,561.63 7,202,056.63 15,051.852 0.0001*
Error 76 363,647.11 4784.830

Total 80 76,010,211.25
*P<0.05
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nature.[13] Reinforcement of self-adhesive bioactive resin, 
Activa BioActive, with preimpregnated glass fibers (Interlig) 
showed the highest fracture resistance compared to other 
groups, which was in accordance with Kemaloglu et al. 
Their study concluded increased fracture strength in 
groups where composite restorations were reinforced with 
fibers as compared to no fiber reinforcement or unrestored 
cavities.[14]

Activa BioActive composite is a flowable, resin-based 
bioactive restorative material with minimal polymerization 
shrinkage stress of about 1.7% and a greater depth of curing 
up to 4 mm.[15] Hence, it can be used as a bulk-fill material 
for restoring large cavities. Its greater fracture resistance 
could be due to its low modulus of elasticity which allows 
greater deformability under occlusal stresses, especially in 
load-bearing areas.[16]

Lardani et al. found no statistically significant difference in 
retention and fracture of restoration filled with SDR bulk-fill 
and newly introduced Activa BioActive composite resin for 
restoring primary molars.[15] Shafiei et al. concluded that 
flowable bulk-fill composite resin with fiber had a similar 
reinforcing effect as packable bulk-fill and had the benefit 
of better adaptation.[7] Similar results were obtained 
by Toz et al. concluding that bulk-fill flowable resin in 
endodontically treated teeth exhibited higher fracture 
resistance than bulk-fill resin composites.[16]

Inserting fibers in the composite resin decreases the 
composite mass which decreases volumetric shrinkage due 
to the presence of a smaller organic matrix, thus decreasing 
microleakage. The fibers also resist pull-away forces on the 
edges of restoration toward the curing light.[17]

Interlig by Angelus was used in our study. Interlig is 
braided glass fibers, preimpregnated with light-cured 
composite resin.[18] The placement of glass fibers helps 
in the distribution of shrinkage stresses, thus resulting 
in improved occlusal load bearing.[19] The fibers perform 
similarly to DEC, when adapted directly against cavity 
walls, aid dentin and enamel to work together in harmony 
with the restorative composite.[20] Wallpapering walls of 
the cavity with fibers resist occlusal vertical loading by 

absorbing lateral forces,[11] causing minimal and repairable 
damage on the tooth-restoration complex.[21]

Luthria et al. concluded in their study that Interlig (glass 
fiber) reinforcement showed higher fracture resistance 
than Ribbond (polyethylene fiber) reinforcement. They 
stated the inferior results of Ribbond could be due to 
nonuniform manual wetting with unfilled resin, reducing 
adhesion of fibers to resin matrix.[18] In a study by Ozel and 
Soyman, glass fiber-reinforced composites exhibited lower 
volumetric polymerization shrinkage than polyethylene 
fiber-reinforced composites.[22]

A resultant unique structure is possible to achieve with 
flowable composite resin and fibers with the formation of 
chemical bond between the flowable resin, fibers, and the 
restorative resin positively influencing the use of fiber in 
the fracture resistance.[7]

Tetric N-Ceram, bulk-fill material, has a sculptable 
consistency and can be applied in a single increment of 
4-mm thickness.[23] The presence of gap formation at the 
interface of the paste-based composite and the fibers 
might explain its lower fracture resistance.[3]

In case of failure, fiber reinforcement leads the tooth 
towards fracture modes that are more favorable (fractures 
above CEJ).[20]

Favorable mode of failure further allows the possibility 
of restoring the tooth using treatment like post-and-core 
and a full-coverage prosthesis, without compromising the 
entire tooth.

Yet, when the biomechanical integrity of the tooth is lost, 
where the functional (<2 mm) and nonfunctional (<3 mm) 
cusps are compromised, bonded direct restorations are not 
indicated. Such a structurally compromised tooth should 
be restored with an indirect restoration.[24]

This is an in vitro study and very few clinical trials have 
studied the long-term performance of SRDC restorations. 
As a future prospective, there is scope for further in vivo 
studies and randomized clinical trials with long-term 

Table 2: Pairwise comparison of two groups (I and II) and two subgroups (A and B) with mean fracture resistance by 
Tukey’s multiple post hoc procedures
Groups with subgroups Bulk‑fill without 

fiber incorporation 
(Group IA)

Bulk‑fill with fiber 
incorporation 
(Group IB)

Activa bioactive without 
fiber incorporation 

(Group IIA)

Activa bioactive with 
fiber incorporation 

(Group IIB)

Mean 669.87 877.00 988.52 1259.87
SD 73.99 51.24 28.13 101.22
Bulk‑fill without fiber incorporation (Group IA) ‑
Bulk‑fill with fiber incorporation (Group IB) P=0.000* ‑
Activa bioactive without fiber incorporation (Group IIA) P=0.000* P=0.000* ‑
Activa bioactive with fiber incorporation (Group IIB) P=0.000* P=0.000* P=0.000* ‑
*P<0.05. SD: Standard deviation
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follow-ups to study the efficacy of bulk-fill composites 
with fiber reinforcement, their survival rate, and thus their 
application in intraoral conditions.

CONCLUSIONS

Although reinforcing a compromised endodontically 
treated tooth is challenging, using resin-impregnated 
glass fibers along with flowable, bulk-fill composite resin 
enhances the strength of endodontically treated teeth 
compared to conventional restoration.

Thus, it can be concluded, within the limitations of this 
study, that the newly introduced Activa BioActive bulk-fill 
restorative material when used with the incorporation of 
resin-impregnated glass fibers can be a preferred material 
of choice for restoring endodontically treated teeth.
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