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Abstract:

Introduction:

The present study compared the ability of the endodontic sealers AH Plus, Pulp Canal Sealer and EndoREZ to fill the root canal
system in association with gutta-percha.

Methods:

Ninety mandibular premolars were accessed, prepared and divided into three groups of 30 teeth each, according to the sealer used to
fill  the canals:  AH Plus,  Pulp Canal  Sealer  and EndoREZ. All  the teeth were filled using the continuous wave of  condensation
technique. The specimens were then decalcified, dehydrated, rendered transparent, and analyzed by three independent evaluators
with 8x magnification. Chi-squared test (χ2, p < 0.05) was used to compare the groups in relation to the totally filled, the partially
filled and the non filled ramifications. The same test was used to compare the directions of filled ramifications and the number of
ramifications among the three thirds of the roots.

Results:

EndoREZ filled a significantly higher number of ramifications than AH Plus and Pulp Canal Sealer (χ2, p < 0.05). All the groups
showed higher number of totally filled ramifications than partially filled and unfilled ramifications. The ramifications were more
frequently detected in the apical third, followed by medium and coronal thirds, respectively (χ2, p < 0.05). The ramifications were
more frequently detected towards lingual direction (χ2, p < 0.05).

Conclusion:

EndoREZ presented higher ability to fill the root canal system in association with gutta-percha when compared to AH Plus and Pulp
Canal Sealer. The ramifications were more frequently detected in the apical third, running in a lingual direction.
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INTRODUCTION

The root canal system (RCS) has a complex internal anatomy with high prevalence of ramifications [1 - 4]. In cases
of endodontic infection, the ineffective cleaning and shaping of this system can cause failure of endodontic treatment
and maintenance of the disease due to bacterial biofilm colonizing accessory canals [5]. Filling procedures also have a
role in favoring and maintaining adequate conditions for endodontic repair [6]. Therefore, the three-dimensional filling
of the RCS is considered one of the most important requirements of a satisfactory endodontic treatment [7]. The use of
sealing materials able to fill accessory canals can be seen as the correct approach to prevent any further contamination
and diffusion of bacteria present in the deepest part of dentinal tubules and accessory canals [8].
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Currently, gutta-percha is used in association with an endodontic sealer to fill RCS. Endodontic sealers are used to
fill the gap between the gutta-percha and the canal walls and to fill the irregularities of the RCS where gutta-percha
cannot penetrate. Several materials have been studied aiming at improving the three-dimensional filling, thus providing
an increase in the success rate of the endodontic treatment [6, 9 - 11]. According to some authors, gutta-percha usually
penetrates the large accessory canals located at the coronal third of the root [3, 12]. The thin ramifications located at the
medium and apical thirds are ordinarily filled by endodontic sealers. Consequently, the ability to penetrate in irregular
areas is a very important property of the filling materials and must be considered when choosing an appropriate one [9].
Almeida et al. [9] observed that AH Plus, Epiphany Root Canal Sealant, Endométhasone, Pulp Canal Sealer (EWT) and
Sealapex have similar ability to fill artificial lateral canals when the lateral condensation technique is used. However,
according to Venturi et al. [13], AH Plus has a higher ability to fill lateral canals than Pulp Canal Sealer (EWT) when
the vertical compaction with the apical backfilling technique is used.

AH Plus  sealer  (Dentsply,  Maillefer,  Ballaigues,  Switzerland)  is  an  epoxy based sealer  which has  an  extensive
history of use. It has good dimensional stability and promotes adherence to the canal walls [14]. Pulp Canal Sealer
(SybronEndo, Glendora, CA USA) is a zinc oxide and eugenol based sealer widely used in endodontic practice. This
sealer has plasticity, reduced setting time and reduced dimensional variation after setting [13]. EndoREZ (Ultradent
Products Inc, South Jordan, UT) is a hydrophilic, dual-cured sealer containing zinc oxide, barium sulphate, resins and
pigments in a matrix of urethane dimethacrylate resin. It can be used in the wet environment of the root canal system
and is very effective in penetrating dentinal tubules and adapting closely to the canal walls [15].

In this context, the aim of the present study was to compare the ability of the endodontic sealers AH Plus, Pulp
Canal Sealer and EndoREZ to fill the root canal system in association with gutta-percha. The frequency, location, and
direction of the ramifications filled with these sealers were investigated.

MATERIALS AND METHODS

The present study was approved by the Research and Ethics Committee of the University Hospital of the Federal
University of Rio de Janeiro (CAAE no. 0024.0.239.000-09). Ninety recently extracted human mandibular premolars
were used in this study. They were immersed in a 5.25% sodium hypochlorite solution for two hours and stored at 4oC
in distilled water until required. An endodontic access cavity was prepared in all teeth and the root canals were prepared
using K3 files (SybronEndo, Glendora, CA USA), according to the Segmented Preparation Technique used by Barbosa
et al. [2]. According to this technique, the coronal and medium thirds of the canals were prepared using a 25.06 NiTi
rotary file (SybronEndo, Glendora, CA USA) mounted on an electric motor (Easy Endo, Belo Horizonte, Brazil) at 350
rpm. Gates-Glidden drills 1, 2, 3 and 4 (Dentsply, Maillefer, Ballaigues, Switzerland) were then sequentially used on
these thirds of root canals with decreasing penetration and brushing movements. After this phase, the working length
was determined introducing a #10 file (Dentsply, Maillefer, Ballaigues, Switzerland) in the canal until it was visible at
the apical foramen. The apical portion of the canals was then prepared following the sequence of files: 15.04, 20.02,
20.04,  25.04,  20.06 and 25.06 (SybronEndo,  Glendora,  CA USA).  All  NiTi  files  were  used to  the  working length.
Irrigation with 5.25% sodium hypochlorite was carried out during all the instrumentation procedure. After the cleaning
and shaping, the root canals were washed with 10 ml of EDTA solution during 3 minutes and then with 5.25% sodium
hypochlorite. The final irrigation was made with 5 ml of distilled water. The root canals were dried with .06 paper
points (Dentsply, Maillefer, Ballaigues, Switzerland).

Obturation of the Root Canals

The teeth were then randomly divided into three groups of 30 teeth each, according to the sealer used to fill the root
canals: AH Plus sealer (Dentsply, Maillefer, Ballaigues, Switzerland), Pulp Canal Sealer (SybronEndo, Glendora, CA
USA) and EndoREZ sealer (Ultradent, South Jordan, UT, EUA). All the teeth were filled using the Continuous Wave of
Condensation Technique. According to this technique, medium gutta-percha cones (Endopoints Ind. e Comercio Ltda.,
Paraíba  do  Sul,  Brazil)  were  fitted  1.0  mm  from  the  working  length.  The  sealers  were  prepared  according  to  the
manufacturers’ instructions and introduced into the canals using a #15 file. The selected gutta-percha cone was coated
with sealer and placed in the canal. More than one cone was used depending of the canals’ shape. The System B Heat-
Source (Analytic Technologies, Redmond, EUA) was used to remove the coronal portion of the cone. A medium size
tip was placed in the canal with a silicone stopper set at 5 mm short of the working length, with temperature of 200oC.
The Obtura II system (Obtura Corporation, Fenton, MO) was used for the back-filling, with application of gutta-percha
in 4mm increments. The temperature of gutta-percha was 200oC when injected into the canal space. Once the obturation
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of the root canals was concluded, the pulp chamber was cleaned with a small piece of cotton and alcohol, to remove the
excess of sealer.

Sample Decalcification and Analysis

After twenty four hours, the filled teeth were immersed in a 5% hydrochloric acid solution during approximately
four days at room temperature for decalcification. The decalcifying solution was changed every twenty four hours and
agitated for five seconds twice a day. After the completion of the decalcifying process, the teeth were washed in running
water during twelve hours to eliminate any trace of the acid substance. The teeth were then dehydrated with different
gradients of ethyl alcohol - 75, 85, 96 and 100%, - by immersing them in each solution for four hours. After that, the
teeth  were  rendered  transparent  in  methyl  salicylate  and  analyzed  by  three  previously  calibrated  and  independent
evaluators using an optical microscopy (DFV, Valença, Brazil) with 8x magnification. Each evaluator analyzed the
frequency, location and direction of the filled accessory canals. The evaluators were not informed to which group the
teeth pertained, thus characterizing a blind study.

Statistical Analysis

The reliability among the evaluators was evaluated using the kappa coefficient (k). Chi-squared test (χ2, p < 0.05)
was used to compare the groups in relation to totally filled, partially filled and non filled ramifications (Fig. 1). Chi-
squared test (χ2, p < 0.05) and Tukey test were used to compare the directions of filled ramifications and the number of
ramifications among the three thirds of the roots.

Fig. (1). (A) Totally filled ramification. (B) Partially filled ramification. (C) Non filled ramification.

RESULTS

The reliability among the evaluators was considered perfect (k=1.00). Homogeneity of the groups was confirmed, as
they  showed  no  statistical  difference  for  the  total  number  of  ramifications  (χ2,  p  <  0.05).  Table  1  summarizes  the
frequency and location of the totally filled, partially filled and unfilled ramifications in the three groups. All the groups
showed  higher  number  of  totally  filled  ramifications  than  partially  filled  and  unfilled  ramifications  (χ2,  p  <  0.05).
EndoREZ filled a significantly higher number of ramifications than AH Plus and Pulp Canal Sealer (χ2, p < 0.05). There
was no difference between AH Plus and Pulp Canal Sealer in relation to the number of filled ramifications.

Table 2 summarizes the direction and location of the ramifications. There was no significant difference among the
groups in relation to these variables (χ2, p < 0.05). In all groups, the ramifications were more frequently detected in the
apical third, followed by medium and coronal thirds, respectively (χ2, p < 0.05). The ramifications were more frequently
detected towards lingual direction in comparison to buccal, mesial and distal directions (χ2, p < 0.05).

DISCUSSION

The present study compared the ability of the endodontic sealers AH Plus, Pulp Canal Sealer and EndoREZ to fill
the ramifications of the root canal system using the tooth-clearing technique. This method renders the teeth transparent
and therefore allows to investigate the internal anatomy of the root canal system [2]. Nevertheless several methods have
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been used to investigate root canal morphology, micro-CT examination and the tooth-clearing technique have been
considered the gold standard methods for this purpose [16, 17]. Micro-CT examination is reproducible and applied both
quantitatively and qualitatively for a three-dimensional assessment of the RCS, however it is an expensive technology
that requires much time to acquire and process the images of a high number of specimens [18, 19]. On the other hand,
the  tooth-clearing  technique  used  here  is  a  simple  and  inexpensive  method  that  also  allows  three-dimensional
assessment of RCS. This method has been used to investigate the filling of accessory canals and the occurrence of
microleakage  after  root  canal  filling  with  different  techniques  and materials  [2,  3,  8,  9,  12,  13].  The  present  study
evaluated the ramifications filled with three different sealers based on these studies. Mandibular premolars were used
here because this group of teeth has a high number of ramifications, according to previous studies about RCS anatomy
[1, 5].

Three different  endodontic  sealers  were associated with gutta-percha to fill  RCS: AH Plus,  Endo Rez and Pulp
Canal  Sealer.  The  results  showed  that  all  the  groups  presented  higher  number  of  totally  filled  ramifications  than
partially filled and unfilled ramifications, which demonstrates that all sealers presented adequate flowing ability and
were able to fill ramifications. A higher incidence of ramifications was observed in the lingual and buccal directions
when compared to the other directions, which is in agreement with De Deus [1] and Barbosa et al. [2]. Consequently, a
high percentage of the ramifications of the root canal system is not visible in the radiographs. According to our results,
EndoREZ filled a significantly higher number of ramifications than AH Plus and Pulp Canal Sealer, which suggests
superior flowing ability of the EndoREZ compared to the other sealers analyzed There was no difference between AH
Plus and Pulp Canal Sealer in relation to the number of filled ramifications.

Table 1. Frequency and location of ramifications.

 
AH Plus Pulp Canal Sealer EndoRez

TF PF UF TF PF UF TF PF UF
1/3 A Apical delta 3 2 0 3 2 0 3 1 2

Secondary 5 3 3 8 6 3 11 2 1
Accessory 0 0 0 1 0 0 0 0 0

1/3 M Intercanal 1 0 1 0 2 4 1 1 0
Recurrent 0 1 0 0 0 0 1 1 0
Colateral 1 0 0 1 1 0 1 0 0
Lateral 1 1 0 0 0 2 0 0 0

1/3 C Isthmus 0 0 1 1 0 0 1 0 0
Total 11 7 5 14 11 9 18 5 3

Percentage (%) 47.82 30.44 21.74 41.18 32.35 26.47 69.23 19.24 11.53
* TF = totally filled; PF = partially filled; UF = unfilled; 1/3 C = coronal third; 1/3 M = medium third; 1/3 A = apical third

The results presented here are in agreement with Almeida et al.  [9], who reported that AH Plus and Pulp Canal
Sealer have similar ability to fill artificial lateral canals when the lateral condensation technique is used. However, this
result is not in agreement with Venturi [13], who reported that AH Plus has a higher ability to fill lateral canals than
Pulp Canal Sealer. This discrepancy can be related to the different type of teeth used by that author. Our results are also
in conflict with Chandra et al. [20], who observed that AH Plus sealer, presented higher penetration into the dentinal
tubules than EndoREZ sealer. The results presented by those authors suggest that AH Plus presents a better flowing
ability than EndoREZ. However, the authors used confocal microscope to determine the depth of penetration of the
sealer into the dentinal tubules, which characterizes different experimental conditions compared to those used here. It
should be noted that the ramification filling is not likely to exert significant antibacterial effects to eliminate residual
bacteria in the ramification [5]. Consequently, it is extremely important to exhaust the strategies of RCS disinfection
before filling this system, regardless the sealer to be used. The solution used to irrigate the RCS must have low surface
tension and high antibacterial effect to clean and disinfect the irregularities and ramifications where the endodontic
instruments cannot penetrate. The irrigation with 5.25% sodium hypochlorite used here has both properties.

The ramification filling does not ensure its complete sealing [5]. The sealers may have polymerization shrinkage
and  fail  to  avoid  microleakage,  debonding,  and  void  formation.  Consequently,  the  shrinkage  associated  with  the
polymerization reaction of resin based sealers like EndoREZ is a serious drawback in comparison to other sealers [10].
EndoRez presented higher shrinkage than AH Plus and TubliSeal, a zinc oxide-eugenol based sealer [10, 21], while
Pulp Canal Sealer presented reduced dimensional variation after setting [13]. Regarding the sealing ability, EndoREZ
exhibited significantly higher leakage than AH Plus [22]. However, its seal may be improved with the use of a dual-
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cured self-etch adhesive, which produces apical and coronal seals at least as good as the AH Plus associated with gutta-
percha [22, 23]. It should be noted that EndoREZ exhibited significantly higher solubility and water sorption than AH
Plus [21], which tends to enable leakage.

The flowing and the sealing abilities of the material are not the only relevant aspects to be considered in the choice
of  the  endodontic  sealer.  Radiopacity,  clinical  performance  and  biocompatibility  of  the  sealers  are  also  important
properties.  Though  all  the  sealers  tested  here  present  acceptable  radiopacity  value  according  to  ANSI/ADA
Specification 57, EndoREZ radiopacity is significantly lower than that exhibited by AH Plus and Pulp Canal Sealer
[24]. Regarding the clinical performance, a retrospective clinical and radiographic study suggests that EndoREZ used in
conjunction with gutta-percha cones performs similarly to conventional endodontic sealers during a period of up to 8
years [25].

Regarding  the  biocompatibility,  there  is  no  consensus  among  the  researches  [6,  26  -  30].  Though  Karapinar-
Kazandag et al. [26] observed no or minimal cytotoxicity of both AH Plus and EndoREZ, some authors observed that
AHPlus presented lower cytotoxicity than EndoREZ and EndoFill sealers [21, 27, 28]. In contradiction to those studies,
Brackett et al. [29] observed that AH-plus and Pulp Canal Sealer were severely cytotoxic initially, but cell viability in
contact with AH-plus increased markedly with time during a 6-week testing period. Zmener et al. [30] also observed
that  Pulp  Canal  Sealer  showed  a  severe  subcutaneous  connective  tissue  reaction  in  rats  and  considered  EndoREZ
biologically acceptable when used with accelerator.

Table 2. Location and direction of lateral and secondary.

  Apical Third Medium Third Coronal Third Total
Buccal 9 (20.93%) 4 (44.44%) 0 13 (24.52%)
Lingual 14 (32.55%) 3 (33.33%) 1 (100%) 18 (33.96%)
Mesial 9 (20.93%) 0 0 9 (16.98%)
Distal 11 (25.58 %) 2 (22.22%) 0 13 (24.52%)
Total 43 (100%) 9 (100%) 1 (100%) 53 (100%)

CONCLUSION

The conclusion from the results presented here is that EndoREZ presented higher ability to fill the root canal system
in  association  with  gutta-percha  when  compared  to  AH  Plus  and  Pulp  Canal  Sealer.  The  ramifications  were  more
frequently detected in the apical third, running in a lingual direction.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] De Deus QD. Frequency, location, and direction of the lateral, secondary, and accessory canals. J Endod 1975; 1(11): 361-6.
[http://dx.doi.org/10.1016/S0099-2399(75)80211-1] [PMID: 10697487]

[2] Barbosa FO, Gusman H, Pimenta de Araújo MC. A comparative study on the frequency, location, and direction of accessory canals filled with
the hydraulic vertical condensation and continuous wave of condensation techniques. J Endod 2009; 35(3): 397-400.
[http://dx.doi.org/10.1016/j.joen.2008.12.009] [PMID: 19249603]

[3] Venturi M, Di Lenarda R, Prati C, Breschi L. An in vitro model to investigate filling of lateral canals. J Endod 2005; 31(12): 877-81.
[http://dx.doi.org/10.1097/01.don.0000164131.46519.d5] [PMID: 16306822]

[4] Yang H, Tian C, Li G, Yang L, Han X, Wang Y. A cone-beam computed tomography study of the root canal morphology of mandibular first
premolars and the location of root canal orifices and apical foramina in a Chinese subpopulation. J Endod 2013; 39(4): 435-8.
[http://dx.doi.org/10.1016/j.joen.2012.11.003] [PMID: 23522531]

[5] Ricucci D, Loghin S, Siqueira JF Jr. Exuberant Biofilm infection in a lateral canal as the cause of short-term endodontic treatment failure:
report of a case. J Endod 2013; 39(5): 712-8.
[http://dx.doi.org/10.1016/j.joen.2012.12.008] [PMID: 23611398]

[6] Tavares CO, Böttcher DE, Assmann E, et al. Tissue reactions to a new mineral trioxide aggregate-containing endodontic sealer. J Endod
2013; 39(5): 653-7.
[http://dx.doi.org/10.1016/j.joen.2012.10.009] [PMID: 23611385]

http://dx.doi.org/10.1016/S0099-2399(75)80211-1
http://www.ncbi.nlm.nih.gov/pubmed/10697487
http://dx.doi.org/10.1016/j.joen.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19249603
http://dx.doi.org/10.1097/01.don.0000164131.46519.d5
http://www.ncbi.nlm.nih.gov/pubmed/16306822
http://dx.doi.org/10.1016/j.joen.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23522531
http://dx.doi.org/10.1016/j.joen.2012.12.008
http://www.ncbi.nlm.nih.gov/pubmed/23611398
http://dx.doi.org/10.1016/j.joen.2012.10.009
http://www.ncbi.nlm.nih.gov/pubmed/23611385


Ability of Three Endodontic Sealers The Open Dentistry Journal, 2016, Volume 10   17

[7] Schilder H. Filling root canals in three dimensions. 1967. J Endod 2006; 32(4): 281-90.
[http://dx.doi.org/10.1016/j.joen.2006.02.007] [PMID: 16554195]

[8] Bertacci A, Baroni C, Breschi L, Venturi M, Prati C. The influence of smear layer in lateral channels filling. Clin Oral Investig 2007; 11(4):
353-9.
[http://dx.doi.org/10.1007/s00784-007-0127-y] [PMID: 17574482]

[9] Almeida JF, Gomes BP, Ferraz CC, Souza-Filho FJ, Zaia AA. Filling of artificial lateral canals and microleakage and flow of five endodontic
sealers. Int Endod J 2007; 40(9): 692-9.
[http://dx.doi.org/10.1111/j.1365-2591.2007.01268.x] [PMID: 17608677]

[10] Hammad M, Qualtrough A, Silikas N. Extended setting shrinkage behavior of endodontic sealers. J Endod 2008; 34(1): 90-3.
[http://dx.doi.org/10.1016/j.joen.2007.10.014] [PMID: 18155502]

[11] Nagas E, Uyanik MO, Eymirli A, et al. Dentin moisture conditions affect the adhesion of root canal sealers. J Endod 2012; 38(2): 240-4.
[http://dx.doi.org/10.1016/j.joen.2011.09.027] [PMID: 22244645]

[12] Venturi M, Breschi L. Evaluation of apical filling after warm vertical gutta-percha compaction using different procedures. J Endod 2004;
30(6): 436-40.
[http://dx.doi.org/10.1097/00004770-200406000-00015] [PMID: 15167475]

[13] Venturi M. An ex vivo evaluation of a gutta-percha filling technique when used with two endodontic sealers: analysis of the filling of main
and lateral canals. J Endod 2008; 34(9): 1105-10.
[http://dx.doi.org/10.1016/j.joen.2008.06.017] [PMID: 18718375]

[14] Bouillaguet  S,  Shaw  L,  Barthelemy  J,  Krejci  I,  Wataha  JC.  Long-term  sealing  ability  of  Pulp  Canal  Sealer,  AH-Plus,  GuttaFlow  and
Epiphany. Int Endod J 2008; 41(3): 219-26.
[http://dx.doi.org/10.1111/j.1365-2591.2007.01343.x] [PMID: 18005042]

[15] Kim YK, Grandini S, Ames JM, et al. Critical review on methacrylate resin-based root canal sealers. J Endod 2010; 36(3): 383-99.
[http://dx.doi.org/10.1016/j.joen.2009.10.023] [PMID: 20171352]

[16] Neelakantan P, Subbarao C, Subbarao CV. Comparative evaluation of modified canal staining and clearing technique, cone-beam computed
tomography, peripheral quantitative computed tomography, spiral computed tomography, and plain and contrast medium-enhanced digital
radiography in studying root canal morphology. J Endod 2010; 36(9): 1547-51.
[http://dx.doi.org/10.1016/j.joen.2010.05.008] [PMID: 20728725]

[17] Paes da Silva Ramos Fernandes LM, Rice D, Ordinola-Zapata R, et al. Detection of various anatomic patterns of root canals in mandibular
incisors using digital periapical radiography, 3 cone-beam computed tomographic scanners, and micro-computed tomographic imaging. J
Endod 2014; 40(1): 42-5.
[http://dx.doi.org/10.1016/j.joen.2013.09.039] [PMID: 24331989]

[18] Versiani MA, Pécora JD, Sousa-Neto MD. Microcomputed tomography analysis of the root canal morphology of single-rooted mandibular
canines. Int Endod J 2013; 46(9): 800-7.
[http://dx.doi.org/10.1111/iej.12061] [PMID: 23402296]

[19] Leoni GB, Versiani MA, Pécora JD, Damião de Sousa-Neto M. Micro-computed tomographic analysis of the root canal morphology of
mandibular incisors. J Endod 2014; 40(5): 710-6.
[http://dx.doi.org/10.1016/j.joen.2013.09.003] [PMID: 24767569]

[20] Chandra SS, Shankar P, Indira R. Depth of penetration of four resin sealers into radicular dentinal tubules: a confocal microscopic study. J
Endod 2012; 38(10): 1412-6.
[http://dx.doi.org/10.1016/j.joen.2012.05.017] [PMID: 22980190]

[21] Lee BS, Wang CY, Fang YY, Hsieh KH, Lin CP. A novel urethane acrylate-based root canal sealer with improved degree of conversion,
cytotoxicity, bond strengths, solubility, and dimensional stability. J Endod 2011; 37(2): 246-9.
[http://dx.doi.org/10.1016/j.joen.2010.11.008] [PMID: 21238811]

[22] Gillespie WT, Loushine RJ, Weller RN, et al. Improving the performance of EndoREZ root canal sealer with a dual-cured two-step self-etch
adhesive. II. Apical and coronal seal. J Endod 2006; 32(8): 771-5.
[http://dx.doi.org/10.1016/j.joen.2006.01.006] [PMID: 16861080]

[23] Karapinar-Kazandağ M, Tanalp J, Bayrak OF, Sunay H, Bayirli G. Microleakage of various root filling systems by glucose filtration analysis.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010; 109(6): e96-102.
[http://dx.doi.org/10.1016/j.tripleo.2010.01.009] [PMID: 20417137]

[24] Camilleri J. Evaluation of selected properties of mineral trioxide aggregate sealer cement. J Endod 2009; 35(10): 1412-7.
[http://dx.doi.org/10.1016/j.joen.2009.07.008] [PMID: 19801242]

[25] Zmener O, Pameijer CH. Clinical and radiographic evaluation of a resin-based root canal sealer: an eight-year update. J Endod 2010; 36(8):
1311-4.
[http://dx.doi.org/10.1016/j.joen.2010.04.020] [PMID: 20647086]

[26] Karapınar-Kazandağ M, Bayrak OF, Yalvaç ME, et al. Cytotoxicity of 5 endodontic sealers on L929 cell line and human dental pulp cells. Int
Endod J 2011; 44(7): 626-34.
[http://dx.doi.org/10.1111/j.1365-2591.2011.01863.x] [PMID: 21306404]

http://dx.doi.org/10.1016/j.joen.2006.02.007
http://www.ncbi.nlm.nih.gov/pubmed/16554195
http://dx.doi.org/10.1007/s00784-007-0127-y
http://www.ncbi.nlm.nih.gov/pubmed/17574482
http://dx.doi.org/10.1111/j.1365-2591.2007.01268.x
http://www.ncbi.nlm.nih.gov/pubmed/17608677
http://dx.doi.org/10.1016/j.joen.2007.10.014
http://www.ncbi.nlm.nih.gov/pubmed/18155502
http://dx.doi.org/10.1016/j.joen.2011.09.027
http://www.ncbi.nlm.nih.gov/pubmed/22244645
http://dx.doi.org/10.1097/00004770-200406000-00015
http://www.ncbi.nlm.nih.gov/pubmed/15167475
http://dx.doi.org/10.1016/j.joen.2008.06.017
http://www.ncbi.nlm.nih.gov/pubmed/18718375
http://dx.doi.org/10.1111/j.1365-2591.2007.01343.x
http://www.ncbi.nlm.nih.gov/pubmed/18005042
http://dx.doi.org/10.1016/j.joen.2009.10.023
http://www.ncbi.nlm.nih.gov/pubmed/20171352
http://dx.doi.org/10.1016/j.joen.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/20728725
http://dx.doi.org/10.1016/j.joen.2013.09.039
http://www.ncbi.nlm.nih.gov/pubmed/24331989
http://dx.doi.org/10.1111/iej.12061
http://www.ncbi.nlm.nih.gov/pubmed/23402296
http://dx.doi.org/10.1016/j.joen.2013.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24767569
http://dx.doi.org/10.1016/j.joen.2012.05.017
http://www.ncbi.nlm.nih.gov/pubmed/22980190
http://dx.doi.org/10.1016/j.joen.2010.11.008
http://www.ncbi.nlm.nih.gov/pubmed/21238811
http://dx.doi.org/10.1016/j.joen.2006.01.006
http://www.ncbi.nlm.nih.gov/pubmed/16861080
http://dx.doi.org/10.1016/j.tripleo.2010.01.009
http://www.ncbi.nlm.nih.gov/pubmed/20417137
http://dx.doi.org/10.1016/j.joen.2009.07.008
http://www.ncbi.nlm.nih.gov/pubmed/19801242
http://dx.doi.org/10.1016/j.joen.2010.04.020
http://www.ncbi.nlm.nih.gov/pubmed/20647086
http://dx.doi.org/10.1111/j.1365-2591.2011.01863.x
http://www.ncbi.nlm.nih.gov/pubmed/21306404


18   The Open Dentistry Journal, 2016, Volume 10 Ormiga et al.

[27] Al-Hiyasat AS, Tayyar M, Darmani H. Cytotoxicity evaluation of various resin based root canal sealers. Int Endod J 2010; 43(2): 148-53.
[http://dx.doi.org/10.1111/j.1365-2591.2009.01669.x] [PMID: 20078704]

[28] Scarparo RK, Grecca FS, Fachin EV. Analysis of tissue reactions to methacrylate resin-based, epoxy resin-based, and zinc oxide-eugenol
endodontic sealers. J Endod 2009; 35(2): 229-32.
[http://dx.doi.org/10.1016/j.joen.2008.10.025] [PMID: 19166779]

[29] Brackett MG, Marshall A, Lockwood PE, et al. Cytotoxicity of endodontic materials over 6-weeks ex vivo. Int Endod J 2008; 41(12): 1072-8.
[http://dx.doi.org/10.1111/j.1365-2591.2008.01471.x] [PMID: 19133096]

[30] Zmener O, Pameijer CH, Kokubu GA, Grana DR. Subcutaneous connective tissue reaction to methacrylate resin-based and zinc oxide and
eugenol sealers. J Endod 2010; 36(9): 1574-9.
[http://dx.doi.org/10.1016/j.joen.2010.06.019] [PMID: 20728730]

Received: December 15, 2014 Revised: November 10, 2015 Accepted: November 16, 2015

© Ormiga et al. ; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License (CC
BY-NC  4.0)  (https://creativecommons.org/licenses/by-nc/4.0/legalcode),  which  permits  unrestricted,  non-commercial  use,  distribution  and
reproduction  in  any  medium,  provided  the  work  is  properly  cited.

http://dx.doi.org/10.1111/j.1365-2591.2009.01669.x
http://www.ncbi.nlm.nih.gov/pubmed/20078704
http://dx.doi.org/10.1016/j.joen.2008.10.025
http://www.ncbi.nlm.nih.gov/pubmed/19166779
http://dx.doi.org/10.1111/j.1365-2591.2008.01471.x
http://www.ncbi.nlm.nih.gov/pubmed/19133096
http://dx.doi.org/10.1016/j.joen.2010.06.019
http://www.ncbi.nlm.nih.gov/pubmed/20728730
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Ability of Three Endodontic Sealers to Fill the Root Canal System in Association with Gutta-Percha 
	[Introduction:]
	Introduction:
	Methods:
	Results:
	Conclusion:

	INTRODUCTION 
	MATERIALS AND METHODS
	Obturation of the Root Canals
	Sample Decalcification and Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




