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The influence of calcium hydroxide on adaptation 
and root canal penetration in teeth filled with 
methacrylate-based resin sealer

ABSTRACT

Objective: The aim of  this study was to evaluate, by confo-

cal laser scanning microscopy (CLSM), the effect of  Ca(OH)
2
 

dressing on the depth of  dentinal tubule sealer penetration 

and the percentage of  sealer-dentin adaptation in the coro-

nal, middle, and apical thirds of  teeth filled with methac-

rylate-based resin sealer (Epiphany). Methods: A total of  

30 extracted single-rooted human mandibular incisors were 

instrumented up to file #40.04 (ProFile), with 1.0% NaOCl 

as irrigating solution. The teeth were randomly divided into 

three groups (n = 10): GI = no Ca(OH)
2
 dressing (control 

group); GII = Ca(OH)
2
 for 14 days + removal with saline 

solution and #40 K-file; and GIII = similar to Group II plus 

17% EDTA for dressing removal. The Epiphany sealer was 

labeled with Rhodamine B dye, and all canals were filled 

with the Epiphany system. Three sections of  each tooth 

were sectioned and viewed under 5X and 40X magnifica-

tions. Results: ANOVA and Tukey tests showed signifi-

cantly lower values of  sealer penetration depth in the apical 

third compared to the middle and coronal thirds (p < 0.05). 

The deepest sealer penetration was observed in the coronal 

and middle thirds of  Group II. Groups II (93%) and III (86%) 

had the highest percentage of  adaptation compared with 

Group I (78%) (p < 0.05). Conclusions: Ca(OH)
2
 favors 

the depth of  methacrylate-based sealer penetration and the 

percentage of  sealer-dentin adaptation in teeth filled with 

the Epiphany system.

Keywords: Calcium hydroxide. Confocal laser scanning mi-

croscopy. Fluorescent dye. Root canal filling.
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Introduction
The tridimensional filling of  cleaned and shaped 

root canals is one of  the main steps in endodontic 
therapy.1 The objective of  root canal filling is to avoid 
coronal leakage of  oral bacteria or their by-products to 
prevent recontamination of  the root canal system. In 
infected root canals, Ca(OH)

2
 therapy aids disinfection 

and assists the re-establishment of  periapical tissues.2 
The Epiphany obturation system (Pentron Clinical 

Technologies, Wallingford, CT, USA) consists of  an ad-
hesive compound material with Resilon, a self-etching 
primer and a dual-curable resin sealer. The manufac-
turer claims that this system can bond to canal walls, 
creating a “monobloc,” which consists of  the chemi-
cal adherence of  the Epiphany sealer to the Resilon 
cones and the root canal walls, thereby resulting in 
hybridization of  intra- and intertubular dentin.3,4 Previ-
ous studies have shown that Resilon fillings resist bac-
terial leakage compared with gutta-percha fillings.3,4,5 
Wang et al,6 in a microbial leakage model, stated that 
the sealing ability of  the Epiphany system was not in-
fluenced by Ca(OH)

2
. However, Barbizam et al7 stated 

that the dressing could adversely affect the adhesion 
of  the Epiphany sealer to root canal walls. 

The sealer-dentin interface provided by the Epiph-
any system8 and the average depth of  sealer penetra-
tion9 have been evaluated by confocal microscopy 
and have shown a high percentage of  adaptation and 
deep sealer penetration into dentinal tubules. Another 
study,10 which used environmental scanning electron 
microscopy in canals treated with Ca(OH)

2
, indicated 

good adhesion with the Resilon-Epiphany sealer, with 
some gap-free regions and good tag formation. Con-
versely, Gesi et al11 reported poor bond strength at the 
Epiphany sealer-root canal wall interface. De Deus et 
al,12 who used CLSM, also confirmed that the quality 
of  the interfacial adaptation of  the Epiphany root fill-
ing was compromised, even in teeth with simple ana-
tomical features. 

Ca(OH)
2
 dressing has been applied to enhance dis-

infection after the root canal is cleaned and shaped.2,13 
However, residual Ca(OH)

2
 may remain and influence 

the sealing ability and adaptation of  the sealer in den-
tinal tubules, either due to blocking the entry14 to the 
dentinal tubules or remaining on the root canal walls.15,16

Thus, the aim of  this in vitro study was to evaluate, 
by confocal laser scanning microscopy (CLSM), the 

influence of  Ca(OH)
2
 dressing on the percentage of  

sealer-dentin adaptation to root canal walls and the av-
erage depth of  sealer penetration into dentinal tubules 
filled with the Epiphany system. The null hypothesis is 
that Ca(OH)

2
 dressing favors interfacial adaptation of  

sealer to root canal walls and penetration depth of  the 
Epiphany system into dentinal tubules.

Material and Methods
This study was reviewed and approved by the Ethics 

Committee on Human Research (protocol #57/2008) 
of  Universidade de São Paulo (USP), School of  Den-
tistry, Bauru, São Paulo, Brazil. A total of  30 mandibu-
lar single-rooted central incisors were stored in saline 
solution containing 0.1% sodium azide. With the aid 
of  an optical light microscope (DF Vasconcelos, São 
Paulo, Brazil), under 8X magnification, the absence of  
cracks and apical resorption was verified. Periapical 
radiographs revealed the presence of  a single canal. 
Access openings were made with a #56 bur (Henry 
Schein, Melville, NY, USA). A #10 K-file was placed 
until just visible at the apex, and 1 mm was subtracted 
to establish the working length. Root canal shaping was 
then performed with the ProTaper system (Dentsply 
Maillefer) up to a F2 instrument, and complemented 
with Profile (Dentsply Maillefer) 35/0.4 and 40/0.4 in-
struments at the working length. Complementary hand 
files were applied by the balanced force technique17 up 
to a #40 K-file at the working length. Irrigation pro-
cedures were carried out by the use of  2 mL of  1.0% 
sodium hypochlorite for each file used. To remove the 
smear layer, all canals were irrigated with 3 mL of  17% 
EDTA for three minutes, followed by 2 mL of  2.0% 
sodium hypochlorite for one minute. For all groups, a 
final rinse of  5-mL saline solution was used according 
to the manufacturer’s instructions, and all root canals 
were dried with sterile paper points. The 30 teeth were 
randomly divided into three groups, according to the 
presence or absence of  Ca(OH)

2
 dressing: GI = no 

Ca(OH)
2
 dressing (control group); GII = Ca(OH)

2
 

dressing (14 days) and removal with saline solution 
and a hand file; and GIII = Ca(OH)

2
 dressing (14 days) 

and removal with saline solution, a hand file, and 17% 
EDTA. The dressing was placed in the canals by means 
of  a Lentulo spiral. 

One tooth from each group was randomly se-
lected, and its dressing was labeled with fluorescein 



Dental Press Endod. 2015 Sept-Dec;5(3):21-7© 2015 Dental Press Endodontics 23

Camargo EJ, Vivan RR, Bramante CM, Duarte MAH, Graeff MSZ, Silva PAA, Zapata RO, Moraes IG

isothiocyanate dye (FITC) (Sigma-Aldrich, St. Louis, 
MO, USA) for confocal analysis to verify the presence 
of  Ca(OH)

2
 paste in dentinal tubules (Fig 1). After 

14 days stored at approximately 37 °C and in 100% 
humidity, the dressing was removed. In Group II, the 
dressing was removed with 5 mL of  saline solution 
and a #40 K-file at the working length. In Group III, 
the dressing was removed similarly to Group II, but 
with 17% EDTA left for three minutes.

Subsequently, all canals were irrigated with 5 mL 
of  saline solution and dried with sterile paper points. 
The sealer was then mixed according to the manu-
facturer’s instructions. To allow for analysis by CLSM, 
the sealer was labeled with Rhodamine B dye (Sig-
ma–Aldrich) in 0.1% concentration determined by 
a precision analytic balance (Mettler Toledo, Jersey 
City, NJ, USA). The sealer was inserted by means of  
a Lentulo spiral up to 2-3 mm short from the apical 
foramen, and a 40/.04 Resilon point (Resilon, Resilon 
Research LLC, Madison, CT, USA) coated with sealer 
was inserted into the canal.

The rest of  the canal was filled by lateral compaction 
technique with a #20 NiTi endodontic finger spreader 
(Dentsply Maillefer Instruments SA, Ballaigues, Switzer-
land), inserted 2-3-mm short from the working length, 
and fine-to-medium-sized accessory Resilon cones. Ex-
cess Resilon was removed by means of  a heated plugger, 
and vertical compaction was performed at the orifice 
level. The specimens were light-cured for 40 seconds. 
The cervical portions of  the specimens were sealed 
with a provisional filling material (Coltosol, Coltène, Alt-
stätten, Switzerland). Specimens were stored at 37 °C 
and 100% humidity for seven days.

Three horizontal 0.3-mm sections were cut at the 
3-mm, 7-mm, and 10-mm levels from the apical fora-
men by means of  an Isomet saw (Buehler, Lake Bluff, 
IL, USA), at 200 rpm, under copious irrigation (5 °C) 
to prevent frictional heat. The polishing of  the sam-
ples was performed with a polishing machine (Poli-
triz, Arotec, Cotia, São Paulo, Brazil). The dentin seg-
ments were examined by an inverted Leica TCS-SPE 
confocal microscope (Leica, Mannheim, Germany). 
The respective absorption and emission wavelengths 
for fluorescein and Rhodamine B were 488/530 nm 
and 532/580 nm. Dentin samples were analyzed un-
der 5X and 40X magnification by oil lenses. Layers to 
be visualized were selected 10 µm below the sample 

outer surface.18 We obtained the 5X images by scan-
ning a single section, whereas the 40X images were 
taken from 10 sections with a size of  0.5 µm. The im-
ages were acquired with LAS-AF software (Leica), with 
a resolution of  1024 x 1024 pixels. Using the ruler tool 
of  the LAS-AF software, we measured the depth of  
sealer penetration and recorded it at four standardized 
points from each 5X image, according to Bitter et al18 
and Gharib et al8 (Fig 1). The canal wall served as the 
starting point, and sealer penetration into dentinal tu-
bules was measured to a maximum depth of  2000 µm. 

The percentage of  adaptation was considered as 
the region where the Resilon-Epiphany sealer adhered 
to the canal walls. Areas with gaps or where the Re-
silon cone came into direct contact with the root ca-
nal wall were considered as nonadaptation zones. We 
estimated the percentage of  adaptation by calculating 
the ratio of  the circumference of  the canal (root canal 
perimeter) to the gap-containing regions. These data 
were averaged to obtain a single measure for each sec-
tion for the three groups. 

First, to calculate the percentage of  sealer penetra-
tion around the root canal walls, we imported each 
image into the Image Tool software V.3 (UTHSCSA, 
Houston, TX, USA) and measured the circumference 
of  the root canal wall (Fig 1A). Thereafter, the areas 
along the canal walls with sealer between the dentin 
wall and Resilon cones were outlined and measured by 
the same methods (Fig 1B). Subsequently, the percent-
age of  the root canal wall with sealer adaptation in that 
section was established.

To evaluate the dentinal tubules with fluorescence 
from the Rhodamine dye, marked by the sealer, we 
used the orthogonal section tool (Z optical section) 
of  the LAS software (Leica) in representative sections, 
with the 40X oil lens with additional 3X zoom, to con-
firm the content of  the dentinal tubules. 

Statistical analysis of  depth penetration and percent-
age of  adaptation of  root canal sealers was determined 
for each level of  the root canal by analysis of  variance 
(ANOVA) followed by Tukey test. The significance level 
was established as 5%. All tests were analyzed by Graph-
Pad prism V5.0 software (GraphPad, La Jolla, CA, USA).

Results
Tables 1 and 2 shows the mean depths of  sealer 

penetration and the percentages of  sealer adaptation. 
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Table 2. Means and standard deviations (SD) of the percentages of gap-free regions in all thirds and evaluated groups.

Lowercase superscript letters indicate statistically signiicant differences among thirds in the same groups. Uppercase superscript letters indicate differ-

ences among groups in each third (p < 0.05).

Table 1. Means and standard deviations (SD) of sealer penetration depths (SPD) in micrometers.

Lowercase superscript letters indicate statistically signiicant differences among thirds in the same groups. Uppercase superscript letters indicate differ-

ences among groups in each third (p < 0.05).

Group I Group II Group III

Coronal 997.9 ± 263.5 a,AB 1287.8 ± 246.1 a,B 769.8 ± 301.9a,A

Middle 774.5 ± 297.9 a,A 1217.6 ± 197.1 a,B 668.4 ± 208.9a,A

Apical 339.8 ± 134.1 b,A 287.7 ± 167.9 b,A 252.1 ± 173.6b,A

Group I Group II Group III 

Coronal 78 ± 8.8 a,A 98 ± 4.0 a,B 88 ± 8.6 a,C

Middle  80 ± 12.3 a,A 91 ± 8.3 a,B 87 ± 5.4 a,AB

Apical 75 ± 8.0 a,A 91 ± 9.7 a,B  84 ± 13.9 a,AB

Figure 1. A, B) Confocal laser scanning microscopy images, 5X lens. A) The four points used for evaluation of the depth of sealer at four standardized 

points (V, L, M, D). B) Analysis of adapted zones to canal walls. C and D) Confocal laser scanning microscopy images, 40X lens. (C) Different patterns 

of complete tubule illings, complete (a) and peripheral (b). D) Ca(OH)
2
 on the canal walls (a) and illing of tubules with sealer and dressing (b). E and 

F) Orthogonal section tool (Z optical section) in confocal microscopy. E) Conirmation of the different patterns complete (a) and peripheral (b) dentinal 

tubules illed with sealer. F) Indicates the presence of Ca(OH)
2
 and sealer in dentinal tubules (a).

A

B

C

D

E

F



Dental Press Endod. 2015 Sept-Dec;5(3):21-7© 2015 Dental Press Endodontics 25

Camargo EJ, Vivan RR, Bramante CM, Duarte MAH, Graeff MSZ, Silva PAA, Zapata RO, Moraes IG

The depth of  sealer penetration was significantly lower 
in the apical thirds than in the coronal and middle 
thirds (p < 0.05). Sealer penetration in the middle third 
was significantly deeper in Group II than in Groups I 
and III, and in the coronal section only of  Group III 
(p < 0.05). The highest percentage of  adaptation was 
observed in Group II, followed by Group III, with sta-
tistically significant differences among all groups in 
the cervical portion (p < 0.05). In the apical portion, 
statistically significant difference occurred between 
Groups I and II (p < 0.05). The 40X CLSM images 
showed different sealer and dressing patterns inside 
the dentinal tubules, with complete or partial filling 
of  sealer and dressing (Fig 1C and 1D). The Ca(OH)

2
 

group analysis indicated the simultaneous presence of  
sealer and dressing (Fig 1F, a).

Discussion
The null hypothesis was accepted because Ca(OH)

2
 

dressing favored interfacial adaptation and dentinal tu-
bule sealer penetration depth of  the Epiphany system.

CLSM has been applied to evaluate the penetration 
and interfacial adaptation of  root canal sealers. This 
methodology offers panoramic visualization of  sealer 
adaptation and penetration into dentinal tubules.8,9 
At high magnification (40X), the confocal software is 
able to build 3D images to facilitate visualization of  
the filling patterns inside dentinal tubules. Rhodamine 
B was used in minimal quantities (0.1%). The labeling 
of  the sealer with Rhodamine B favored the analysis of  
depth penetration and adaptation to the canal walls, as 
seen in previous studies.8,9

Hence, a complete view of  sealer adaptation and 
penetration into the root canal and dentinal tubules 
can be easily confirmed at higher magnifications. 
In this case, we observed different patterns of  sealer 
penetration, including total and peripheral filling of  the 
dentinal tubules. 

Our results showed that the penetration depth of  the 
sealer decreased from the coronal to the apical thirds. 
These findings are in agreement with those of  previ-
ous studies and can be explained by the differences in 
numbers and diameters of  dentinal tubules.19,20,21 Sealer 
penetration may be influenced by dentin permeability,22 
filling technique,23 and the physical-chemical properties 
of  the sealer.22 The type of  sealer may influence its abil-
ity to penetrate dentinal tubules. The superior mean of  

sealer penetration in Group II may be explained by the 
potential of  calcium hydroxide to reduce superficial ten-
sion, including some substances known to have high su-
perficial tension, such as water;24 thus, facilitating sealer 
penetration. This beneficial effect was decreased in 
Group III, which had the action of  an acid, even though 
the use of  EDTA is recommended to improve dentin hy-
bridization of  methacrylate-based sealers.25 Other point 
to be considered is the fact that NaOCl and EDTA have 
high superficial tension similarly to water.26 In addition, 
the hygroscopic properties of  Ca(OH)

2
 and propylene 

glycol used as a vehicle may have dehydrated the dentin; 
thus, improving sealer penetration.27 A previous study9 
indicated that different types of  material present distinct 
sealer penetration. 

Nevertheless, some authors have reported that 
Ca(OH)

2
 dressing can block the entrance of  sealer into 

dentinal tubules.14,15 Groups II and III showed deeper 
sealer penetration than the control group (Group I), 
particularly in the cervical and middle thirds of  
Group II. The dressing was beneficial: once combined 
with the Epiphany sealer, the Ca(OH)

2
 paste did not in-

hibit sealer penetration. The use of  5.25% NaOCl solu-
tion associated with EDTA has been shown to be more 
effective in removing Ca(OH)

2
 in the dentinal tubules 

and root canal walls,15,28 even though residual dressing 
has been observed by scanning microscopy in these 
areas.29 Saline solution and hand files were ineffective 
in removing Ca(OH)

2
 for evaluation of  its interference 

with sealer penetration and its adaptation to root canal 
walls. In this study, saline solution was chosen as a fi-
nal rinse, according to the manufacturer’s instructions. 
Similarly to our results, some studies have indicated 
that the presence or absence of  Ca(OH)

2
 dressing has 

not been shown to have adverse effects on the sealing 
ability of  Resilon-Epiphany fillings.6,28 

In the present study, using CLSM under 40X mag-
nification, we observed the presence of  fluorophores 
inside dentinal tubules and classified the patterns and 
the contents of  fillings according to the fluorescence 
emitted and their coloring. The excitation and emis-
sion wavelengths for fluorescein are shorter and might 
overlap with those of  Rhodamine B. To avoid some false 
positive signals,30 this study used appropriate filters on 
the laser-scanning microscope, which enables each dye 
emission to be examined separately in the same sample, 
thereby greatly reducing image artifacts. Thus, we could 
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observe that each dye was separately stimulated and 
then the green, red and orange colors could be viewed 
when there were calcium hydroxide, sealer or both, re-
spectively. In Group I, the presence of  sealer alone al-
lowed us to notice, in red, the high intensity of  fluores-
cence and complete filling of  dentinal tubules. Lower 
fluorescence represented partial or incomplete filling of  
the dentinal tubules. Thus, in Groups II and III, Ca(OH)

2
 

was observed as green fluorescence. The overlaid im-
ages of  the sealer and dressing indicated an exclusive 
zone of  dressing in the root canal wall. Leakage studies 
indicated that Ca(OH)

2
 dressing did not affect the seal-

ing ability of  the Resilon system.6,16,28 
However, the presence of  residual Ca(OH)

2
 affected 

zinc oxide and eugenol sealer adaptation, leading to 
higher rates of  leakage.16 Our results indicated that the 
Ca(OH)

2
 dressing favored the adaptation of  the Epiphany 

sealer, because higher percentages of  sealer adaptation 

were observed in Groups II and III. Babizam et al7 stated 
that Ca(OH)

2
 might affect adhesion strength in canals 

filled with Epiphany sealer. The results of  Gesi et al11 in 
canals without dressings are in agreement with theirs. In 
cases without Ca(OH)

2
 dressing, the canals filled with 

the Epiphany system presented gap-free regions at the 
dentin wall and filing material interface.3 However, Tay et 
al10 confirmed the presence or absence of  regions with 
gaps between the Epiphany sealer and root canal wall, 
corroborating the results of  our Group I. In addition, they 
observed the presence of  a hybrid layer along the dentin 
surface and around dentinal tubules. 

Conclusion
Ca(OH)

2
 dressing positively affected the depth of  

sealer penetration and percentage of  sealer-dentin 
interface in root canals filled with Epiphany resin-
based sealer.



Dental Press Endod. 2015 Sept-Dec;5(3):21-7© 2015 Dental Press Endodontics 27

Camargo EJ, Vivan RR, Bramante CM, Duarte MAH, Graeff MSZ, Silva PAA, Zapata RO, Moraes IG

1. Saunders WP, Saunders EM. Coronal leakage as a cause of failure 

in root-canal therapy: a review. Endod Dent Traumatol. 1994 

Jun;10(3):105-8.

2. Tanomaru Filho M, Leonardo MR, da Silva LA. Effect of irrigating 

solution and calcium hydroxide root canal dressing on the repair of 

apical and periapical tissues of teeth with periapical lesion. J Endod. 

2002 Apr;28(4):295-9.

3. Shipper G, Ørstavik D, Teixeira FB, Trope M. An evaluation of 

microbial leakage in roots illed with a thermoplastic synthetic 

polymer-based root canal illing material (Resilon). J Endod. 2004 

May;30(5):342-7.

4. Shipper G, Teixeira FB, Arnold RR, Trope M. Periapical inlammation 

after coronal microbial inoculation of dog roots illed with gutta-

percha or resilon. J Endod. 2005 Feb;31(2):91-6.

5. Aptekar A, Ginnan K. Comparative analysis of microleakage and seal 

for 2 obturation materials: Resilon/Epiphany and gutta-percha. J Can 

Dent Assoc. 2006 Apr;72(3):245.

6. Wang CS, Debelian GJ, Teixeira FB. Effect of intracanal medicament 

on the sealing ability of root canals illed with Resilon. J Endod. 2006 

Jun;32(6):532-6.

7. Barbizam JV, Trope M, Teixeira EC, Tanomaru-Filho M, Teixeira FB. 

Effect of calcium hydroxide intracanal dressing on the bond strength 

of a resin-based endodontic sealer. Braz Dent J. 2008;19(3):224-7.

8. Gharib SR, Tordik PA, Imamura GM, Baginski TA, Goodell GG. 

A confocal laser scanning microscope investigation of the epiphany 

obturation system. J Endod. 2007 Aug;33(8):957-61.

9. Patel DV, Sherriff M, Ford TR, Watson TF, Mannocci F. 

The penetration of RealSeal primer and Tubliseal into root canal 

dentinal tubules: a confocal microscopic study. Int Endod J. 2007 

Jan;40(1):67-71.

10. Tay FR, Loushine RJ, Weller RN, Kimbrough WF, Pashley DH, 

Mak YF, et al. Ultrastructural evaluation of the apical seal in roots illed 

with a polycaprolactone-based root canal illing material. J Endod. 

2005 Jul;31(7):514-9.

11. Gesi A, Raffaelli O, Goracci C, Pashley DH, Tay FR, et al. Interfacial 

strength of Resilon and gutta-percha to intraradicular dentin. 

J Endod. 2005 Nov;31(11):809-13.

12. De-Deus G, Reis C, Di Giorgi K, Brandão MC, Audi C, Fidel RA. 

Interfacial adaptation of the Epiphany self-adhesive sealer to root 

dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011 

Mar;111(3):381-6. 

13. Valera MC, de Moraes Rego J, Jorge AO. Effect of sodium 

hypochlorite and ive intracanal medications on Candida albicans in 

root canals. J Endod. 2001 Jun;27(6):401-3.

14. Nandini S, Velmurugan N, Kandaswamy D. Removal eficiency of 

calcium hydroxide intracanal medicament with two calcium chelators: 

volumetric analysis using spiral CT, an in vitro study. J Endod. 2006 

Nov;32(11):1097-101.

15. Calt S, Serper A. Dentinal tubule penetration of root canal sealers 

after root canal dressing with calcium hydroxide. J Endod. 1999 

Jun;25(6):431-3.

References

16. Kim SK, Kim YO. Inluence of calcium hydroxide intracanal 

medication on apical seal. Int Endod J. 2002 Jul;35(7):623-8.

17. Roane JB, Sabala CL, Duncanson MG Jr. The “balanced force” 

concept for instrumentation of curved canals. J Endod. 1985 

May;11(5):203-11.

18. Bitter K, Paris S, Martus P, Schartner R, Kielbassa AM. A Confocal 

Laser Scanning Microscope investigation of different dental 

adhesives bonded to root canal dentine. Int Endod J. 2004 

Dec;37(12):840-8.

19. Vassiliadis LP, Sklavounos SA, Stavrianos CK. Depth of penetration 

and appearance of Grossman sealer in the dentinal tubules: an in 

vivo study. J Endod. 1994 Aug;20(8):373-6.

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 Oct;38(10):1412-6.

21. Ravi SV, Nageswar R, Swapna H, Sreekant P, Ranjith M, 

Mahidhar S. Epiphany sealer penetration into dentinal tubules: 

Confocal laser scanning microscopic study. J Conserv Dent. 2014 

Mar;17(2):179-82. 

22. Okşan T, Aktener BO, Sen BH, Tezel H. The penetration of root canal 

sealers into dentinal tubules. A scanning electron microscopic study. 

Int Endod J. 1993 Sep;26(5):301-5.

23. De Deus GA, Gurgel-Filho ED, Maniglia-Ferreira C, Coutinho-Filho T. 

The inluence of illing technique on depth of tubule penetration by 

root canal sealer: a study using light microscopy and digital image 

processing. Aust Endod J. 2004 Apr;30(1):23-8.

24. Poorni S, Miglani R, Srinivasan MR, Indira R. Comparative evaluation 

of the surface tension and the pH of calcium hydroxide mixed with 

ive different vehicles: an in vitro study. Indian J Dent Res. 2009 Jan-

Mar;20(1):17-20.

25. Prado M, Simão RA, Gomes BP. Effect of different irrigation 

protocols on resin sealer bond strength to dentin. J Endod. 2013 

May;39(5):689-92. 

26. Yilmaz Z, Basbag B, Buzoglu HD, Gümüsderelioglu M. Effect of 

low-surface-tension EDTA solutions on the wettability of root canal 

dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011 

Jan;111(1):109-14.  

27.  Bhat KS, Walkevar S. Evaluation of bactericidal property of propylene 

glycol for its possible use in endodontics. Arogya J Health Sci. 

1975;1:54-9.

28.  Pasqualini D, Scotti N, Mollo L, Berutti E, Angelini E, Migliaretti G, 

et al. Microbial leakage of Gutta-Percha and Resilon root canal illing 

material: a comparative study using a new homogeneous assay for 

sequence detection. J Biomater Appl. 2008 Jan;22(4):337-52.

29. Porkaew P, Retief DH, Barield RD, Laceield WR, Soong SJ. Effects 

of calcium hydroxide paste as an intracanal medicament on apical 

seal. J Endod. 1990 Aug;16(8):369-74.

30. D’Alpino PH, Pereira JC, Svizero NR, Rueggeberg FA, Pashley DH. 

Use of luorescent compounds in assessing bonded resin-based 

restorations: a literature review. J Dent. 2006 Oct;34(9):623-34. 


