
ORIGINAL RESEARCH PAPER

COMPARATIVE EVALUATION OF DIFFERENT INTRA-ORIFICE BARRIER ON 
FRACTURE RESISTANCE OF THE ENDODONTICALLY TREATED TEETH: AN IN-

VITRO STUDY

Shivani V. Chavan
MDS student, Department of Conservative dentistry and Endodontics, Bharati 
Vidyapeeth Dental College and Hospital, Pune, India.

Varsha Pandit*
Professor and guide, Department of Conservative dentistry and Endodontics, Bharati 
Vidyapeeth Dental College and Hospital, Pune, India. *Corresponding Author

ABSTRACT
Aim: To evaluate the effect of different intra orifice barrier materials on fracture resistance of endodontically treated teeth and to determine which 
amongst them is best suitable.
Materials and Method: 45 mandibular premolars were decoronated to a standardized length, prepared and obturated with gutta-percha and AH 
Plus sealer. Except for control group, the coronal 3-mm gutta-percha was removed and filled with RMGIC and Biodentine. Fracture resistance of 
the specimens was tested.
Result: Fracture resistance of roots was affected significantly by the type of IOB used and the following pattern was observed: RMGIC > 
Biodentine > Control Group.
Conclusion: Presence of IOB increases the fracture resistance of endodontically treated teeth as compared to teeth without IOB. RMGIC showed 
the maximum reinforcement.
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INTRODUCTION
Endodontically treated teeth are more susceptible to fracture than vital 
teeth, after the endodontic treatment, restoration and protection of the 
remaining teeth structure is mandatory, otherwise may lead to failure 
of root canal therapy [1,2,3].

Numerous previous clinical studies have reported that 11-13% of 
endodontically treated teeth are prone to vertical fractures [4,5]. 
Bender and Freedland stated the increased incidence of vertical 
fractures in teeth that have undergone endodontic treatment [6]. 
According to Dietschi et al., susceptibility of endodontically treated 
teeth to fracture is directly proportional to the coronal tissue lost as a 
result of carious lesion or restorative procedure [7]. The ability of tooth 
to resist occlusal forces depends on amount of remaining tooth 
structure.

Jhonson et al. stated that the major goal for endodontic therapy should 
be reinforcement of residual tooth structure. He also stated that the 
retention of an adhesive restoration is based on micro-mechanical 
retention, minimal invasive preparation with maximum conservation 
of dentinal tissue [8]. 

In order to reinforce the roots, stress concentration at dentin-material 
interface should be minimized by utilizing materials that have 
modulus of elasticity similar to dentine i.e. 14-16 GPa [9]. Root canal 
filling materials such as Resilon and gutta-percha have less modulus of 
elasticity compared to dentine and thus have little or no capacity for 
root reinforcement. Hence there is need for different materials and 
techniques to overcome the shortcomings of current endodontic filling 
materials to reinforce the roots [10]. 

Many studies have stated the use of intra coronal barriers in preventing 
coronal microleakage. Use of elastic materials with elastic moduli 
similar to the dentine seems logical to assume that intra orifice barriers 
can also provide stiffness against forces that generate root fractures, 
thus prevent vertical fracture to an extent [11].

Roghanizad and Jones advocated the placement of intra-orifice 
barrier (IOB) into root canals by replacing a part of coronal gutta-
percha after obturation which can act as a second line of defence for the 
obturated teeth without permanent restoration [12].

Several materials have been used as an IOB such as cavit, resin based 
temporary restorative material, amalgam with varnish, MTA, glass 
ionomer cement and composite resins. Out of which most commonly 
used barrier are composites and glass ionomers [13]. 

RMGIC have high flexural strength and modulus of elasticity. 
Modulus of elasticity values are similar to dentin and withstand large 

amount of stresses, so proven to be the best material as IOB [10].

Biodentine is a newly introduced calcium silicate based material which 
micromechanically bonds to tooth surface. It has short setting time, 
high mechanical strength, good handling property and used as dentine 
replacement. It is used for perforation repair, retrograde surgical 
filling, external and internal resorption. But very few studies are there 
in terms of its role as an IOB [14].

Very few studies have assessed the reinforcement effects of IOB 
placed over root canal filling [1]. Hence, the objective of this study was 
to evaluate the newly introduced Biodentine with the best proven 
RMGIC on the fracture resistance of endodontically treated teeth.

METHODOLOGY
Sample preparation: Teeth were manually cleaned and decoronated 
using diamond disc at the level of 14mm from the apex for 
standardization. All the teeth were then examined under 
stereomicroscope at X10 magnification to ensure the absence of pre-
existing fractures.

Root canal preparation: A number 10 k-type file was placed into the 
canal until visible at the apical foramen. The working length was 
determined visually and was kept 1mm short of the apex. Glide path 
was established by 2% k-files upto no.20 file. Biomechanical 
preparation was done using Universal Protaper rotary filing system 
upto F1 6% in conjunction with RC-help lubrication and 2ml of 5.25% 
sodium hypochlorite irrigation between each files. The root canals had 
a final irrigation of 5ml 17 % EDTA and 5ml 2.5% NaOCl. Canals were 
finally flushed with distilled water to avoid the prolonged effect of 
EDTA (RC-help) and NaOCl. The canals were dried with paper points. 
Obturaion was done by single cone technique using AH Plus sealer.

Group preparation and placement of the intra-orifice barrier: The 
prepared specimens were then randomly divided into 3 groups of 15 
samples per group.

Group-1: Control group – The gutta percha was not removed and the 
teeth in this group did not receive any IOB material.

Group-2: RMGIC – The gutta-percha was removed upto 3mm depth 
by heated plugger and spoon excavator. The depth was measured using 
a graduated probe and the cavity was restored with RMGIC (GC Gold 
Label 2LC reinforced) in the ratio of 1:1. After placing the material into 
the cavities, mylar strips were held against the restored cavity to ensure 
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SR.NO. GROUP MATERIAL NO. OF SPECIMEN

1 Group-1 Gutta-Percha 15

2 Group-2 RMGIC 15

3 Group-3 Biodentin 15



58 International Journal of Scientific Research

smooth finish and then the specimens were light cured using LED 
curing light of 450 nm wavelength, for 20 seconds each.

Group-3: Biodentine – Similar procedure as of group-2 was used and 
TMthe cavities were restored by Biodentine  (Septodont). It was mixed as 

per manufacturer's instruction [29] in a device called Ultramat (SDI). 
The capsule was held in the capsule holder, it was carefully opened, 
ampule was broken and 5 drops of distilled water were introduced in 
the opened capsule. The capsule was then closed tightly and was 
placed in the Ultramat. The mixing was carried out at the speed of 
4000-4200 rpm for 30secs. This lead to a homogenous mix of the 
Biodentine. The 15 IOB cavities of this group were restored with the 
obtained mix.
 
Mounting and testing of the samples: Teeth were marked at the 5mm 
level from the apex and were mounted in an acrylic block vertically 
upto the mark. The dimensions of the block were 20mm x 20mm x 
20mm.
 
All the specimens were subjected to computerized software based 
universal testing machine (ACME, India. Model no. UNITEST-10) it 
has an accuracy of ±1%. The plunger arm of the machine was placed 
perpendicular to the barrier material placed within the sample. A 
vertical compressive force was applied at a crosshead speed of 
1mm/min until the sample was fractured. This was determined visually 
as the sample exhibited vertical fracture line; also since the 
arrangement had a computerized demonstration of the force applied, 
the moment the sample was deformed the computer signalled the drop 
in the amount of force. The maximum fo

Analysis of data: Software statistical package for social sciences 
(SPSS) version 20.0 was used for statistical analysis. The force 
required to fracture the sample was recorded and subjected to 
statistical analysis using mean and standard deviation. Analysis of 
variance (ANOVA) and Tukey's test was applied to find the significant 
difference between the different groups.

RESULTS
Table No.1: Master chart showing the specimen wise readings of 
the force necessary to fracture specimen in different test and 
control groups. 

Table No.2: Comparison of the effect of different intra orifice 
barrier materials on fracture resistance in terms of {Mean (SD)} of 
endodontically treated teeth using ANOVA test

Table No.3: The inter-group comparison of the different groups 
using Tukey's post hoc analysis.

Graph No.1: Bar graph depicting comparison of load bearing 
strength values amongst the groups.

DISCUSSION
Endodontic treatment needs enlargement of the coronal third of the 
root canal space. However, extensive use of rotary instruments during 
preparation of the root canal space by cutting the dentin to gain straight 
lines access weakens the root structure [15,16,17], causes desiccation 
and dehydration of the dentin [18,19]. This unavoidable loss of dentine 
weakens the root and creates increased susceptibility to fracture [20]. 
There is evidence that these teeth have reduced levels of 
proprioception which could have impaired normal protective reflexes 
which leads to fracture [21].
 
Rundquist et al. (2006) stated that with increasing taper, root stresses 
decreased during root filling but tended to increase for masticatory 
loading, resulting fracture originating in the cervical portion [22].
 
Zandbiglari et al. (2006) also observed that roots get significantly 
weakened with the use of greater taper instruments and obturation with 
AH Plus sealer was not able to increase the fracture resistance [23].
 
Obturation is one of the most important steps in endodontic treatment. 
Gutta-percha with root canal sealer is seen to be most commonly used 
root canal filling material. Many studies have shown that the root canal 
filling material i.e gutta-percha or resilon along with sealer have some 
limitations, low interfacial strength to radicular dentine which is not 
enough to reinforce the root structure so as to prevent vertical root 
fracture [24].
 
Nagas et al. has mentioned that the IOB with highest modulus of 
elasticity than these root canal filling materials can additionally 
reinforce the residual tooth structure; thereby preventing vertical root 
fracture to an extent. These materials can provide stiffness against the 
forces that generate root fracture [25].
 
The IOB concept was introduced by Rohganizhad and Jhones to 
prevent coronal microleakage. They advocated the placement of IOB 
into root canals by replacing a part of coronal gutta-percha after 
obturation. They suggested the 3mm thickness of material coronally is 
adequate to provide a good seal and also easy to remove should re-
treatment be needed [12].
 
Nagas et al. showed that the IOB could also be used to provide 
resistance against forces that generate root fractures. He stated that the 
reinforcing effect was material dependent [25].
 
In-order to reinforce the roots, stress concentrations at dentin-material 
interface should be minimized by utilizing materials that have 
modulus of elasticity similar to dentine i.e. 14 - 16 GPa. Root canal 
filling materials such as Resilon and gutta-percha have low modulus of 
elasticity compared to dentine and thus have little or no capacity for 
root reinforcement [24].
 
One of the goals of root canal treatment is to reinforce endodontically 
treated root. Many studies when compared the root canal treated teeth 
with IOB and without IOB, stated that there is increase in fracture 
resistance in teeth with IOB [1,2,13,25,26,27,28,29].

Several materials have been used as IOB such as cavit, resin based 
temporary restorative material, bonded amalgam, GIC, composite 
resin, MTA. They are routinely used for restorative procedures due to 
good sealing ability, but they have poor physical properties [30,31,32].
In the present in-vitro study RMGIC and Biodentine were used as IOB 
materials. 45 mandibular premolars with single root and single canal 
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Specimen No. Control RMGIC Biodentine

1 243.20 399.55 567.75

2 184.25 464.80 335.45

3 227.35 708.50 605.55

4 189.40 571.50 498.90

5 221.70 595.00 438.40

6 185.60 983.85 770.65

7 220.50 278.40 668.65

8 235.45 975.60 744.10

9 195.20 514.60 442.30

10 185.20 547.10 557.35

11 215.35 584.30 492.00

12 200.65 698.60 519.30

13 190.45 754.50 457.25

14 215.85 845.45 428.15

15 247.95 924.85 545.30

Groups N Mean Std. 
Deviation

F value P value

Control 15 210.54 22.011 54.236 <0.001**

Resin modified GIC 15 683.10 183.562

Bio-dentin 15 538.07 120.189

Total 45 477.24 235.435

Control RMGIC Biodentine

Control - <0.001** <0.001**

RMGIC <0.001** - 0.009*

Biodentine <0.001** 0.009* -
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were chosen. Endodontic preparation was done using Universal 
ProTaper 6% upto F1 file. Obturation was carried out by single cone 
technique using AH Plus a sealer. 3mm depth of gutta-percha was 
removed with heated plugger and the resultant cavity was restored with 
the respective IOB material except for the Control group.

The specimens were embedded in the self curing acrylic blocks. Linear 
compressive loading was applied at the crosshead speed of 1mm/min 
using universal testing machine. This is the most widely used 
technique for checking fracture resistance of endodontically treated 
teeth. Several studies have shown that applying force to the long axis of 
the tooth transmits the force uniformly [33,34,35]. The force necessary 
to fracture the specimen was recorded in newtons (N). The readings 
were subjected to statistical analysis.
 
Gutta-percha combined with AH Plus sealer is the most commonly 
used obturating material. In this study, AH Plus was used as a sealer 
with gutta-percha as AH Plus epoxy resin based sealer has the highest 
bond strength to dentine and to gutta-percha.
 
Nagas et al. has mentioned that the IOB materials with highest 
modulus of elasticity than these root canal filling materials can 
additionally reinforce the residual tooth structure; thereby preventing 
vertical root fracture to an extent. These materials can provide stiffness 
against the forces that generate root fracture [25].
 
Many studies stated that, the placement of IOB act as a second line of 
defence for the obturation of the teeth without permanent restoration. 
Gupta et al. stated that the presence of IOB strengthens the fracture 
resistance of endodontically treated teeth as compared to 
endodontically treated teeth without barriers [1]. So the present study 
evaluated the ability of IOB materials i.e RMGIC and Biodentine.
 
Resin modified glass ionomer cements are class of hybrid material 
created by modifying GIC with the addition of monomer component 2-
HEMA (hydroxyl ethylene methyl acrylate) and associated initiator 
system. They are said to overcome the problems of low mechanical 
strength and low moisture sensitivity associated with GIC while 
retaining their advantages. In addition to ionic bonding RMGIC adhere 
to dentine by micro-mechanical retention [36]. Its modulus of 
elasticity is 10-14 GPa [37]; which is very similar to dentine and thus 
can withstands large amount of stresses. Therefore, due to its high 
flexural strength and modulus of elasticity this material is proven to be 
the best material as IOB [38,39,40,41].
 
Biodentine is a newly introduced calcium-silicate based material 
which micro-mechanically bonds to the tooth surface without surface 
preparation. It has improved physio-chemical properties when 
compared to other calcium-silicate based materials with advantages 
like short setting-time and high mechanical strength which makes it 
easier to handle and compatible for restoring clinical cases of dentine 
replacement. It is used for perforation repair, retrograde surgical 
filling, internal and external resorption [14,42]. But studies are scarce 
in terms of its role as an IOB.
 
As it is mentioned that the use of restorative material with high elastic 
modulus can provide stiffness against the forces that generate root 
fracture, present study tested the materials for the role in reinforcing 
the root structure. So this study was undertaken to compare Biodentine 
as an IOB with well proven RMGIC. 
 
In the results of our study, the fracture strength values of the individual 
specimen were as given in the master chart (Table No.01). The test 
groups revealed that fracture resistance of the roots was significantly 
affected by the type of IOB used. Both RMGIC and Biodentine 
significantly increased the fracture resistance of the root specimens.
 
Analysis of variance (ANOVA) was used to find the significance of 
study parameters between the groups i.e for inter group analysis. The 
mean values were calculated group wise (Table No.02). RMGIC 
showed the highest fracture resistance (683.10 N) followed by 
Biodentine (538.07 N). Whereas, the Control group (210.54 N) 
showed the least strength to the endodontically treated specimen.
 
In the present study, in Group I (Control) where the core material was 
not able to increase the root fracture resistance where IOB was not 
used. Thus it was seen that, this combination alone was not able to 
increase the root fracture resistance in all the samples of the Control 

group. This confirms the findings of the previous studies done by 
Ribeiro et al. and Gesi et al. who reported that the gutta-percha 
combined with endodontic sealer were not able to increase the root 
fracture resistance [43,23,44].
 
Also, Gesi et al. stated that gutta-percha and sealers have low 
interfacial strength to radicular dentine which is not enough to 
reinforce the root structures so as to prevent vertical root fracture [24].
  
Zandbiglari et al. also proposed that the roots were weakened with the 
employment of greater taper instruments and obturation alone, with 
GP and AH Plus sealer did not enhance the fracture resistance [23].

The Table No.02 shows the mean values of all the groups, Group I 
(Control) = 210.54 N, Group II (RMGIC) = 683.10 N and Group III 
(Biodentine) = 538.07 N. This shows that the maximum fracture 
resistance values are seen in group II i.e RMGIC and lowest values are 
seen in the Control group.

Further Tukey's post hoc analysis was carried out since the values of 
ANOVA test were significant. The obtained values of significance are 
as shown in the Table No.03. It indicated that both the IOB materials 
i.e RMGIC and Biodentine significantly increased the fracture 
resistance than teeth without the IOB.  
 
In the present study, the fracture strength values of test groups revealed 
that the fracture resistance of the roots was significantly affected by the 
type of IOB used. Both the RMGIC and Biodentine significantly 
increased the fracture resistance of root specimen as compared to 
Control group. Maximum fracture resistance values were seen in 
Group II (RMGIC) followed by Group III (Biodentine). This is well 
depicted in the bar graph (Graph No.01).
 
Our results are in conjunction with the previous studies conducted by 
Nagas et al. and Aboobaker et al., who have reported that RMGIC to 
be an effective IOB with significantly high resistance [25,2]. Also 
Gupta et al. in his study concluded the RMGIC as highest facture 
resistant material amongst their test groups [1].
 
RMGIC has high flexural strength and modulus of elasticity close to 
the dentine. Thus the material can withstand large amount of stress 
before transmitting to the root [41]. Moreover it chemically bonds with 
the dentinal surface rendering more strength at the dentine-cement 
interface [45]. All these properties might have resulted in RMGIC 
being the most fracture resistant material in the present study [10,37]. 
So it was confirmed in the present study that the use of restorative 
materials with high elastic moduli can provide stiffness against the 
forces that generate root fractures.

According to a study done by Patrika Takaki et al., the normal range 
of force applied by the human jaw while mastication is between 150 N 
to 350 N [46]. After comparing these values to the values obtained in 
the present study, it can be stated that endodontically treated teeth 
without intra-orifice barrier are more prone to fracture than the one 
with intra-orifice barrier; this is in conjunction with many of the 
previous studies. Moreover, it also suggests that both the test materials 
reinforced the endodontically treated samples adequately and that it is 
necessary to place an IOB after subjecting the tooth to the endodontic 
treatment.
 
Thus, we can say that, for a material to reinforce the tooth structure, 
elastic properties of a material should approximate those to the tooth 
structure so that lesser amount of tensile stresses will form at the tooth-
restoration interface and marginal degradation which occurs due to 
mechanical change in the shape of the restoration will get minimized. 
The stresses created from occlusal loads will be distributed more 
evenly along the tooth-restoration interface and the whole tooth 
restoration system will act as a single unit (monoblock effect) which 
will improve fracture strength [13].

CONCLUSION
Within the limitations of this study, it might be concluded that presence 
of IOB increases the fracture resistance of endodontically treated teeth 
as compared to teeth without IOB. Present study indicated that both 
RMGIC and Biodentine have increased the fracture resistance in the 
teeth than teeth without IOB. Present study showed highest fracture 
resistance with RMGIC followed by Biodentine when compared to 
teeth without IOB. Hence it can be said that, fracture resistance of the 
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root was significantly affected by type of IOB used.

REFERENCES
1)  Gupta A, Arora V, Jha P, Nikhil V, Bansal P. An in vitro comparative evaluation of 

different intraorifice barriers on the fracture resistance of endodontically treated roots 
obturated with gutta-percha. J Conserv Dent 2016;19:111-5.

2)  Shaheen Aboobaker, Baiju Gopalan Nair, Rajesh Gopal, Sandeep Jituri, Fazalu Rahman 
Pothu Veetil. Effect of Intra-Orifice Barriers on the Fracture Resistance of 
Endodontically Treated Teeth – An Ex-Vivo Study. Journal of Clinical and Diagnostic 
Research. 2015 Feb, Vol-9(2): ZC17-ZC20.

3)  Karapinar Kazandag M, Sunay H, Tanalp J, Bayirli G. Fracture resistance of roots using 
different canal filling systems. Int Endod J 2009;42:705-10.

4)  Fuss Z, Lustig J, Tamse A. Prevalence of vertical root fractures in extracted 
endodontically treated teeth. Int Endod J. 1999;32(4):283-86.

5)  Caplan DJ, Weintraub JA. Factors related to loss of root canal filled teeth. J Public Health 
Dent 1997;57:31-9.

6)  Bender IB, Freedland JB. Adult root fracture. J Am Dent Assoc 1983;107:413-9.
7)  Dietschi D, Duc O, Krejci I, Sadan A. Biomechanical considerations for the restoration 

of endodontically treated teeth: a systematic review of the literature – Part I:composition 
and micro and macrostructure alteration. Quintessence Int. 2007;38(9):733-47.

8)  Johnson ME, Stewart GP, Nielsen CJ, Hatton JF. Evaluation of root reinforcement of 
endodontically treated teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2000;90:360–64.

9)  Marshall SJ, Balooch M, Breunig T, et al. Human dentin and the dentin-resin adhesive 
ınterface. Acta Mater 1998;46:2529–39.

10)  Williams C, Loushine RJ, Weller RN, Pashley DH, Tay FR. A comparison of cohesive 
strength and stiffness of Resilon and gutta-percha. J Endod. 2006;32:553–55.

11)  Pisano DM, DiFiore PM, McClanahan SB, Lautenschlager EP, Duncan JL. Intraorifice 
sealing of gutta-percha obturated root canals to prevent coronal microleakage. J Endod 
1998;24:659-62.

12)  Roghanizad N, Jones JJ. Evaluation of coronal microleakage after endodontic treatment. 
J Endod. 1996;22(9):471-73.

13)  Mahalakshmi V., Harsh Priyank, Chandan Kumar, Saurav Purbay, Ankita Verma. 
Evaluation of the effect of flowable composite, vitremer and biodentine as intraorifice 
barriers on the fracture resistance and coronal microleakage of roots obturated with gutta 
percha – an in vitro study. International Journal of Contemporary Medical Research 
2017;4(9):2004-2010.

14)  Özlem Malkondu, Meriç Karapinar Kazandağ, and Ender Kazazoğlu, “A Review on 
Biodentine, a Contemporary Dentine Replacement and Repair Material,” BioMed 
Research International, vol. 2014, Article ID 160951, 10 pages, 2014.

15)  17. Sormkul E, Stannard JG. Strength of roots before and after endodontic treatment and 
restoration. J Endod 1992;18:440-4.

16)  Lertchirakarn V, Palamara JE, Messer HH. Load and strain during lateral condensation 
and vertical root fracture. J Endod 1997;25:99-103.

17)  Sormkul E, Stannard JG. Strength of roots before and after endodontic treatment and 
restoration. J Endod 1992;18:440-4.

18)  Helfer AR, Meinick S, Schilder H. Determination of moisture content of vital and 
pulpless teeth. Oral Surg Oral Med Oral Pathol 1972;34:661-70.

19)  Jhamb S, Nikhil V, Singh V. Effect of sealers on fracture resistance of endodontically 
treated teeth with and without smear layer removal: An in vitrostudy. Journal of 
Conservative Dentistry : JCD. 2009;12(3):114-117.

20)  Trabert K, Caputo A, Abou-Rass M. Tooth fracture – A comparison of endodontic and 
restorative treatments. J Endod 1978;4:341-5.

21)  Tang, W., Wu, Y., & Smales, R. J. (2010). Identifying and Reducing Risks for Potential 
Fractures in Endodontically Treated Teeth. Journal of Endodontics, 36(4), 609–617. 
doi:10.1016/j.joen.2009.12.002.

22)  Rundquist BD, Versluis A. How does canal taper affect root stresses? Int Endod J 
2006;39:226-37.

23)  Zandbiglari T, Davids H, Schäfer E. Influence of instrument taper on the resistance to 
fracture of endodontically treated roots. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2006;101:126-31.

24)  Gesi A, Raffaelli O, Goracci C, Pashley DH, Tay FR, Ferrari M. Interfacial strength of 
Resilon and gutta-percha to intraradicular dentin. J Endod 2005;31:809–13.

25)  Nagas E, Uyanik O, Altundasar E, Durmaz V, Cehreli ZC, Vallittu PK, et al. Effect of 
different intraorifice barriers on the fracture resistance of roots obturated with Resilon or 
gutta-percha. J Endod. 2010;36:1061-3.

26)  Yasa E, Arslan H, Yasa B, Akcay M, Alsancak M, Hatirli H. The force required to 
fracture endodontically roots restored with various materials as intra-orifice barriers. 
Niger J Clin Pract 2017;20:1237-41.

27)  Renuka Nadar, Aparna Palekar, Basawaraj Biradar, Sai Kalyan, Saurabh Pawar, 
Dhanashree .C.Thorat. Effect of intra - orifice barriers on the fracture resistance of 
endodontically treated teeth – An Ex-Vivo study. Pravara Med Rev 2018;10(1).

28)  Wells JD, Pashley DH, Loushine RJ, Weller RN, Kimbrough WF, Pereira PN. 
Intracoronal sealing ability of two dental cements. J Endod 2002;28:443-7.

29)  Tselnik M, Baumgartner JC, Marshall JG. Bacterial leakage with mineral trioxide 
aggregate or a resin-modified glass ionomer used as a coronal barrier. J Endod 
2004;30:782-4.

30)  Ghulman MA, Gomaa M. Effect of intra-orifice depth on sealing ability of four materials 
in the orifices of root filled teeth: an ex vivo-study. Int J Dent. 2012;318108. Epub 2012 
May 22.

31)  Bailon SME, Gonzalez CS, Gonzalez RMP, Poyatos MR, Ferrer LCM. Intraorifice 
sealing ability of different materials in endodontically treated teeth. Med Oral Patol Oral 
Cir Bucal. 2011;16(1):105-09.

32)  Sanchez MEB, Castillo SG, Rodriguez MPG, Martinez RP, Luque CMF. Intraorifice 
sealing ability of different materials in endodontically treated teeth. Med Oral Patol Oral 
Cir Bucal. 2010;30:632-36.

33)  Chen RS, Liu CC, Cheng MR, Lin CP. Bonded amalgam restorations: using a 
glassionomer as an adhesive. liner Oper Dent. 2000;25:411-17.

34)  Lindemuth JS, Hagge MS, Broome JS. Effect of Restoration Size on Fracture Resistance 
of Bonded Amalgam Restorations. Oper Dent. 2000;25:177-81.

35)  Dias de Souza GM, Pereira GD, Dias CD, Paulillo LA. Fracture resistance of premolars 
with bonded class II amalgams. Oper Dent. 2002;27:349–53.

36)  Bayrak S, Sen TE, Tuloglu N. The effects of surface pretreatment on the microleakage of 
resin-modified glass-ionomer cement restorations. J ClinPediatr Dent. 2012 
Spring;36:279-84. 

37)  Goldberg F, Kaplan A, Roitman M, Manfré S, Picca M. Reinforcing effect of a resin glass 
ionomer in the restoration of immature roots in vitro. Dent traumatol 2002;18:70-2.

38)  Yavari HR, Samiei M, Shahi S, Aghazadeh M, Jafari M, Abdolrahimi M, et al. An In 
Vitro Comparison of Coronal Microleakage of Three Orifice Barriers Filling Materials. 
Iran Endod J. 2012;7(3):156-60.

39)  Attin T, Vataschki M, Hellwig E. Properties of resin-modified glass-ionomer restorative 
materials and two polyacid-modified resin composite materials. Quintessence Int. 
1996;27:203-9. 

40)  Wilson AD. Resin-modified glass-ionomer cements. Int J Prosthodont. 1990 
Sep;3(5):425–9.

41)  Trope M, Ray HL Jr. Resistance to fracture of endodontically treated roots. Oral Surg 
Oral Med Oral Pathol 1992;73:99-102.

42)  http://www.septodontusa.com/sites/default/files/2016-03/Biodentine%20IFU.pdf
43)  Ribeiro FC, Souza-Gabriel AE, Marchesan MA, Alfredo E, Silva-Sousa YT, Sousa-Neto 

MD. Influence of different endodontic filling materials on root fracture susceptibility. J 
Dent. 2008;36:69-73.

44)  Chan CP, Lin CP, Tseng SC, Jeng JH. Vertical root fracture in endodontically versus 
nonendodontically treated teeth: a survey of 315 cases in Chinese patients. Oral Surg 
Oral Med Oral Pathol Oral RadiolEndod. 1999;87:504-7. 

45)  Bae JM, Kim KN, Hattori M, Hasegawa K, Yoshinari M, Kawada E, et al. The flexural 
properties of fiber-reinforced composite with light-polymerized polymer matrix. Int J 
Prosthodont 2001;14:33-9.

46)  Patricia Takaki, Marilena Vieira, Silvana Bommarito. Maximum Bite Force Analysis in 
Different Age Groups. Int Arch Otorhinolaryngol 2014;18:272–276.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume-8 | Issue-10 | October - 2019


