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  Abstract 

Objectives: This study aimed to assess and compare the apical sealing ability of 

HEROfill® Soft-Core system and lateral condensation technique in fine curved canals 

using the fluid filtration method.  

Materials and Methods: Forty human mesiobuccal root canals of mandibular first molars 

with 25° to 40° curvatures were instrumented to an apical size 30/0.04. Roots were 

randomly assigned to two experimental groups of 15, designated as groups A and B. Two 

control groups, each containing five teeth, served as positive and negative controls. Group 

A was obturated using lateral condensation technique and group B with the HEROfill® 

Soft-Core system. The groups were tested for microleakage using an in vitro fluid 

filtration apparatus with 0.5 atm pressure at zero, two, four, six, eight and 10 minutes. 

Independent t-test was used to analyze the microleakage data.  

Results: The mean and standard deviation (SD) values for fluid microleakage in the 

lateral condensation group were 0.58±0.49 µL/min, 0.68±0.35 µL/min, 0.74±0.22 µL/min, 

0.71±0.29 µL/min and 0.60± 0.29 µL/min at two, four, six, eight and 10 minutes, 

respectively. The mean and SD values for fluid microleakage in the HEROfill® group 

were 0.53±0.42 µL/min, 0.67±0.34 µL/min, 0.69±0.26 µL/min, 0.73±0.33 µL/min and 

0.63±0.26 µL/min at two, four, six, eight and 10 minutes, respectively. The difference 

between the lateral condensation and HEROfill® groups was not statistically significant at 

two (P=0.776), four (P=0.909), six (P=0.562), eight (P=0.861) or 10 (P=0.765) minutes. 

Conclusion: The HEROfill® system and cold lateral condensation technique were equally 

effective for apical sealing of curved canals. 

Keywords: Dental Leakage; Root Canal Filling Materials; Root Canal Therapy; Root 

Canal Obturation  
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  INTRODUCTION 

The main goal of endodontic therapy is to 

completely disinfect the root canal system, 

totally fill the root canal space and seal the 

root canal three dimensionally without any 

fluid leakage through the apical foramen [1-3]. 

Complete obturation of the root canal space 

may increase the clinical success rate to 
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almost 96% [4]. Inadequate or incomplete root 

canal obturation is the cause of nearly 60% of 

endodontic failures [4,5]. Leakage of 

microorganisms and their by-products through 

the interface of dentinal walls and filling 

material may reinfect the canal [4,6]. 

Complete debridement and obturation of the 

root canal system may be easy in straight 

canals, but achieving these goals in severely 

curved canals can be difficult [7,8]. Obtaining 

a proper seal in the root canal system is critical 

in endodontic treatment [9]. 

Although numerous techniques using gutta-

percha have been developed to achieve an 

adequate three-dimensional obturation, cold 

lateral condensation in combination with a 

root canal sealer is still one of the most 

popular techniques [10,11]. This technique can 

be effective in most teeth, but might be 

difficult or even impossible in severely curved 

canals. If fine spreaders fail to reach the apical 

one-millimeter of the canal or the taper of the 

prepared canal is less than that of the spreader, 

lateral condensation may not be the method of 

choice for root canal filling [12]. In such 

cases, warm or thermo-plasticized gutta-

percha techniques have been suggested [12]. 

Da Silva et al. used digital radiography for 

detecting voids in curved canals obturated 

with ThermafilTM obturator versus lateral 

condensation method. No voids were found in  

ThermafilTM group whereas small voids were 

detected in most canals filled with lateral 

condensation technique. In addition, they 

reported thicker layer of sealer in the middle 

and apical parts of the canals obturated with 

Thermafil TM [13]. Another study 

demonstrated that the thickness of sealer layer 

negatively influenced the sealing ability of the 

root canal filling [14]. 

HEROfill® Soft-Core system (Micro-Mega, 

Besançon, France) is a third generation 

endodontic obturator consisting of a solid 

plastic carrier coated with thermoplastic α-

phase gutta-percha. The HEROfill®  system is 

comparable to ThermafilTM (Dentsply 

Maillefer, Ballaigues, Switzerland); they are 

both carrier obturation systems and use 

thermo-plasticized gutta-percha as a coating 

[15,16]. 

The aim of this study was to compare the 

apical microleakage of curved root canals 

filled with HEROfill® and cold lateral 

condensation techniques using the fluid 

filtration method. 

 

MATERIALS AND METHODS 

A total of 40 extracted human mandibular first 

molars with 25° to 40° canal curvatures and 

two separate canals were collected. These 

teeth had mature apices and no caries, cracks 

or resorption on the root surface. The degree 

of canal curvature was determined using the 

method described by Pruett et al, [17] with a 

computerized digital image processing system 

(AutoCAD 2007; Autodesk Inc., San Rafael, 

CA, USA). 

Debris and calculus on the root surfaces were 

removed using a curette. After coronal access 

cavity preparation, apical patency of the root 

canal was checked using a #10 K-file 

(Maillefer, Ballaigues, Switzerland). The 

crowns of the teeth were cut perpendicular to 

the long axis of the root to obtain a 

mesiobuccal root canal measuring 16 mm in 

length. The working length of each canal was 

determined visually by subtracting one-

millimeter from the length of a #10 K-file at 

the apical foramen.  

Root canal shaping was performed with 

HERO Shaper rotary instruments (Micro-

Mega, Besançon, France) according to the 

manufacturer's instructions. After initial canal 

enlargement using a #15 K-file, the coronal 

two-thirds of the root canal were instrumented 

with 20/0.06 file, and 20/0.04, 25/0.04 and 

30/0.04 files were then used to prepare the 

canal to the working length. After each 

instrument, the root canals were irrigated with 

5 mL of 2.5% sodium hypochlorite (NaOCl) 

using a 27-gauge needle and lubricated with 

RC Prep (Premier Dental Products Co., 
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Philadelphia, PA, USA). All canals were 

prepared using a crown-down technique at a 

speed of 450 rpm and a 16:1 reduction hand 

piece (W&H 975; Dental Work, Burmoos, 

Austria) and torque-controlled electric motor 

(TC Motor 3000, Nouvag, Goldach, 

Switzerland). The smear layer was removed 

by a rinse with 3 mL of 17% 

ethylenediaminetetraacetic acid (EDTA) for 

30 seconds followed by a final rinse with 3 

mL of 5.25% NaOCl. Root canals were dried 

with paper points before filling. 

The roots were then divided randomly into 

two experimental groups of 15 teeth each and 

two control groups of five teeth each (positive 

and negative control groups) and obturated as 

follows: 

In group A, canals were filled with #30 

HEROfill® obturator, which was the same 

size as the last file used to working length. A 

thin layer of AH26 sealer (DeTrey, Dentsply, 

Konstanz, Germany) was manually placed in 

the coronal portion of the canal with a size 30 

verifier. HEROfill® obturator was heated in 

the HEROfill® oven for 60 seconds and then 

introduced to the working length. Final 

radiographs were taken to ensure the quality of 

the obturation. The handle of the obturators 

and excess gutta-percha were removed after 

cooling using an inverted cone bur and a high-

speed handpiece. 

In group B, canals were obturated using the 

cold lateral condensation technique. For each 

canal, a master cone size 30/02 coated with 

sealer was placed into the canal to the working 

length. A finger spreader size B (Maillefer, 

Ballaigues, Switzerland), one-millimeter short 

of the working length, was selected and #20 

accessory gutta-percha cones coated with 

sealer were used until an accessory cone could 

not be introduced for more than 3 mm into the 

canal. Excess gutta-percha was removed from 

the canal orifice and the coronal gutta-percha 

was vertically condensed with a finger plugger 

size 4 (Dentsply Maillefer, Ballaigues, 

Switzerland).  

In group C (positive control), canals were 

filled using HEROfill® core material without 

the use of a sealer. 

In group D (negative control), canals were left 

unfilled and coated with two layers of nail 

varnish. 

Following obturation, the teeth were stored at 

37°C in 100% humidity for 72 hours to ensure 

complete setting of the sealer. After 

incubation, root surfaces except for the apical 

2 mm were coated with two layers of nail 

varnish and sealed with two layers of Parafilm 

strips (laboratory film; Chicago, IL, USA). 

The apical end of the root except for the apical 

foramen was covered using cyanoacrylate glue 

and inserted into a plastic tube (0.5 cm internal 

diameter and 5 cm long). The free end of the 

tube was then connected to a fluid filtration 

apparatus as described by Javidi et al, [18] for 

endodontic studies. The fluid filtration test 

was conducted under 0.5 atm pressure. An air 

bubble was introduced into the system using 

an air syringe.  

Microleakage was quantitated by the 

movement of a small air bubble in the 

micropipette. First observation was done after 

30 seconds for localization of the bubble for 

each sample by a digital camera (C 765, 
Olympus, Tokyo, Japan). Other measurements 

were made at two-minute intervals for 10 

minutes (two, four, six, eight and 10 minutes 

after the first picture). Leakage quantity was 

expressed as μL/min/cm H2O and the mean 

values were calculated. 

The differences in fluid transport between the 

groups were statistically analyzed with 

independent t-test and statistical significance 

was set at P< 0.05. 

 

RESULTS 

The positive controls showed excessive fluid 

transport, while the negative controls 

registered no detectable bubble movement at 

0.5 atm pressure. The mean microleakage 

values in the experimental groups are 

presented in Figure 1.  
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The mean± standard deviation (SD) fluid 

microleakage for the lateral condensation 

group at minutes 2, 4, 6, 8, and 10 was 

0.58±0.49 µL/min, 0.68±0.35 µL/min, 

0.74±0.22 µL/min, 0.71±0.29 µL/min and 

0.60±0.29 µL/min, respectively. The 

mean±SD fluid microleakage for the 

Herofill® group at minutes 2, 4, 6, 8, and 10 

was 0.53±0.42 µL/min, 0.67±0.34 µL/min, 

0.69±0.26 µL/min, 0.73±0.33 µL/min and 

0.63±0.26 µL/min, respectively. Analysis of 

the data showed no significant difference 

between HEROfill® and lateral condensation 

techniques at two (P=0.776), four (P=0.909), 

six (P=0.562), eight (P=0.861) and 10 

(P=0.765) minutes. 

 

DISCUSSION 

The purpose of this study was to assess the 

sealing ability of HEROfill® and lateral 

condensation techniques in the curved canals 

of the mesial roots of mandibular first molars.  

The results indicated that there was no 

statistically significant difference in the 

sealing ability of these obturation methods 

using the fluid filtration system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microleakage studies are well accepted to 

measure the sealing ability of root canal 

fillings [2].  

Several methods have been recommended to 

evaluate apical leakage such as linear dye 

leakage, electrochemical method, radioisotope 

labeling, bacterial leakage and fluid filtration 

[19,20].  

Since a fluid-tight seal at the apical foramen is 

essential for the success of endodontic 

treatment, the fluid filtration method is one of 

the best techniques for evaluation of apical 

microleakage [21,22].  

The main advantage of the fluid filtration 

method is that the specimens are not destroyed 

and can be re-measured, allowing analysis at 

different time points. Moreover, this technique 

has proven to be reliable and reproducible 

[19].  

Other advantages of this technique include 

enabling quantitative measurements and 

providing accurate results because very small 

amounts can be recorded, the exact time that 

the maximum leakage occurs can be 

determined and the samples are not affected 

by the test procedures [3,15,23].  

 

Fig. 1. Microleakage in the experimental groups 
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No tracer is needed in this technique; thus, the 

associated problems with regard to molecular 

size, affinity for dentin or pH are eliminated. 

Unlike bacterial penetration or radioactive 

studies, this method does not require any 

intricate materials [24]. Thus, the fluid 

filtration method was used in our study. In the 

current study, we standardized the samples in 

terms of root length and diameter of apical 

foramina to ensure the uniformity of the roots. 

Sodium hypochlorite and EDTA were used as 

irrigants for smear layer removal. The absence 

of smear layer improves the seal at the sealer-

dentin interface as Cobankara et al. proved 

that AH26 root canal sealer provided a better 

seal when the smear layer was removed [25]. 

AH26 sealer has desirable properties such as 

low microleakage. Kardon et al. [19] noted 

higher microleakage when AH Plus root canal 

sealer was used rather than AH26. Therefore, 

AH26 was used as root canal sealer in the 

current study. 

Successful endodontic treatment depends on 

complete obturation and sealing of the root 

canal system. A variety of root canal 

obturation systems have been developed to 

improve the seal of the prepared root canal. 

However, none of these methods can provide a 

leak-proof seal [10]. Complete obturation and 

sealing of curved canals might be more 

difficult than straight canals [12]. Although 

cold lateral condensation of gutta-percha is the 

most widely used technique for root canal 

filling, warm or thermo-plasticized gutta-

percha techniques may provide a better quality 

of obturation in curved canals [12]. 

Thermoplastic carrier-based systems offer 

numerous potential advantages. Among them, 

HEROfill® is a fast, reliable and simple 

obturation method. This study compared the 

apical sealing of HEROfill® system, a third 

generation endodontic obturator, with that of 

lateral condensation of cold gutta-percha in 

curved canals. 

Since cold lateral condensation is the most 

commonly used and studied technique for 

canal obturation, it serves as a standard with 

which other techniques can be compared [11]. 

In the current study, the gutta-percha coated 

carrier technique, HEROfill® Soft-Core 

system, showed similar level of apical sealing 

to that obtained by cold lateral condensation.  

This result is in agreement with the findings of 

Abarca et al [26]. They selected curved canals 

of the mesial roots of human mandibular 

molars. The canals were obturated using the 

ThermafilTM technique, another gutta-percha 

coated carrier method, and the lateral 

condensation technique. The HEROfill® Soft-

Core system appears to be comparable with 

the ThermafilTM system because both involve 

a central carrier covered with α-phase gutta-

percha, the use of a verifier and a gutta-percha 

heating oven. They found no significant 

differences between the apical sealing 

obtained using cold lateral condensation 

method and ThermafilTM technique. In another 

study, Schäfer and Olthoff [11] compared 

ThermafilTM obturators with cold lateral 

condensation method. They found that as long 

as a sealer was used, the curved canals 

obturated with ThermafilTM were equivalent in 

terms of dye penetration to those filled with 

lateral compaction technique. Similarly, in 

another study Lares and ElDeeb [27] used 

curved canals of the mesial roots of 

mandibular molars and obturated them with 

ThermafilTM obturation technique or lateral 

condensation. Using linear dye leakage 

method, they found no statistically significant 

difference between the two methods in curved 

canals.  

However, In contrast to our current findings, 

Zarei et al. [28] used cone beam computed 

tomography to compare the quality of 

HEROfill® obturation with lateral 

condensation method. They also studied the 

effect of curvature on adaptation of filling 

materials to dentinal walls of root canals.  

The results of their study showed larger gap 

area between filling materials and dentinal 

walls in the lateral condensation group. The 
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least gap was found in the HEROfill® group 

with curves < 25 ̊. 

In another study, Leung and Gulabivala [29] 

compared the apical leakage of lateral 

condensation and ThermafilTM methods in root 

canals with curvatures either greater or less 

than 25°. Using dye penetration technique, 

they concluded that the microleakage in lateral 

condensation group was more than in 

ThermafilTM in canals with curvatures greater 

than 25 ̊. However, there were no significant 

differences between the techniques in the 

relatively straight canals. Boussetta et al. [16] 

achieved a better apical seal with HEROfill® 

Soft-Core system than with cold lateral 

condensation technique. However, De Moor 

and Martens [30] compared the microleakage 

of three obturation systems and concluded that 

HEROfill® had the highest leakage compared 

to thermomechanical and lateral condensation 

techniques.  

The discrepancies between our results and 

those of other studies may be attributed to the 

different microleakage evaluation techniques 

used. Method of leakage assessment used by 

De Moor and Martens was linear dye 

penetration after transverse sectioning of the 

teeth [30].  

The fluid filtration method has been more 

acceptable for measuring leakage than linear 

dye penetration measurement technique. Dye 

penetration studies have several limitations: 

the trapped air restricts the penetration of dye 

[31], the molecular size of most dye particles 

is smaller than that of bacteria and the degree 

of leakage is measured in one plane, making it 

impossible to evaluate the total apical leakage 

[3,32]. Another reason that may account for 

these inconsistent results may be the tooth 

selection; molar teeth with curved canals were 

selected for our study, but straight single-

rooted teeth were used by Boussetta et al, [16] 

and De Moor and Martens [30].  

According to our experience, HEROfill® 

obturation method is less time-consuming and 

easier than lateral condensation. Although not 

measured separately for each sample, the time 

required for placement of the filling material 

using HEROfill® system was less than with 

lateral condensation. 

 

CONCLUSION 

Under the conditions of this study, it was 

demonstrated that both cold lateral 

condensation and HEROfill® root canal 

obturation techniques were equally efficient 

for the apical sealing of curved canals and 

both methods exhibited apical microleakage in 

vitro.  

 

ACKNOWLEDGMENTS 

This study was supported by a grant from the 

Vice Chancellor of Research Council of 

Mashhad University of Medical Sciences, 

Iran. 

 

REFERENCES 

1-  von Fraunhofer JA, Fagundes DK, 

McDonald NJ, Dumsha TC. The effect of root 

canal preparation on microleakage within 

endodontically treated teeth: an in vitro study. 

Int Endod J. 2000 Jul;33(4):355-60. 

2-  Mahdi AA, Bolanos-Carmona V, Gonzalez-

Lopez S. Bond strength to root dentin and 

fluid filtration test of AH Plus/gutta-percha, 

EndoREZ and RealSeal systems. J Appl Oral 

Sci. 2013 Jul-Aug;21(4):369-75. 

3-  Gencoglu N, Orucoglu H, Helvacioglu D. 

Apical leakage of different gutta-percha 

techniques: Thermafil, Js Quick-Fill, Soft 

Core, Microseal, System B and lateral 

condensation with a computerized fluid 

filtration meter. Eur J Dent. 2007 Apr;1(2):97-

103. 

4-  Maden M, Gorgul G, Tinaz AC. Evaluation 

of apical leakage of root canals obturated with 

Nd: YAG laser-softened gutta-percha, System-

B, and lateral condensation techniques. J 

Contemp Dent Pract. 2002 Feb 15;3(1):16-26. 

5-  Shahi S, Zand V, Oskoee SS, Abdolrahimi 

M, Rahnema AH. An in vitro study of the 

effect of spreader penetration depth on apical 

604 



Zarei et. al                                                                 In Vitro Evaluation of Apical Sealing Ability of HEROfill® … 

www.jdt.tums.ac.ir  August  2015; Vol. 12, No. 8                7 

microleakage. J Oral Sci. 2007 Dec;49(4):283-

6. 

6-  Baumgardner KR, Taylor J, Walton R. 

Canal adaptation and coronal leakage: Lateral 

condensation compared to Thermafil. J Am 

Dent Assoc. 1995 Mar;126(3):351-6. 

7-  Jain N, Tushar S. Curved canals: Ancestral 

files revisited. Indian J Dent Res. 2008 Jul-

Sep;19(3):267-71. 

8-  Magura ME, Kafrawy AH, Brown CE Jr., 

Newton CW. Human saliva coronal 

microleakage in obturated root canals: an in 

vitro study. J Endod. 1991 Jul;17(7):324-31. 

9-  Dewsnup N, Pileggi R, Haddix J, Nair U, 

Walker C, Varella CH. Comparison of 

bacterial reduction in straight and curved 

canals using erbium, chromium:yttrium-

scandium-gallium-garnet laser treatment 

versus a traditional irrigation technique with 

sodium hypochlorite. J Endod 2010;36(4):725-

8. 

10-  Inan U, Aydin C, Tunca YM, Basak F. In 

vitro evaluation of matched-taper single-cone 

obturation with a fluid filtration method. J Can 

Dent Assoc. 2009 Mar;75(2):123. 

11-  Schäfer E, Olthoff G. Effect of three 

different sealers on the sealing ability of both 

Thermafil obturators and cold laterally 

compacted Gutta-Percha. J Endod. 2002 Sep; 

28(9):638-42. 

12-  Jafarzadeh H, Abbott PV. Dilaceration: 

Review of an endodontic challenge. J Endod. 

2007 Sep;33(9):1025-30. 

13-  Da Silva D, Endal U, Reynaud A, 

Portenier I, Orstavik D, Haapasalo M. A 

comparative study of lateral condensation, 

heat-softened gutta-percha, and a modified 

master cone heat-softened backfilling 

technique. Int Endod J. 2002 Dec;35(12): 

1005-11. 

14-  De-Deus G, Coutinho-Filho T, Reis C, 

Murad C, Paciornik S. Polymicrobial leakage 

of four root canal sealers at two different 

thicknesses. J Endod. 2006 Oct;32(10):998-

1001. 

15-  Onay EO, Ungor M, Unver S, Ari H, Belli 

S. An in vitro evaluation of the apical sealing 

ability of new polymeric endodontic filling 

systems. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod. 2009 Aug;108(2):e49-54. 

16-  Boussetta F, Bal S, Romeas A, Boivin G, 

Magloire H, Farge P. In vitro evaluation of 

apical microleakage following canal filling 

with a coated carrier system compared with 

lateral and thermomechanical Gutta-Percha 

condensation techniques. Int Endod J 2003; 

36(5):367-71. 

17-  Pruett JP, Clement DJ, Carnes DL Jr. 

Cyclic fatigue testing of nickel-titanium 

endodontic instruments. J Endod. 1997 Feb;23 

(2):77-85. 

18-  Javidi M, Naghavi N, Roohani E. 

Assembling of Fluid Filtration System for 

Quantitative Evaluation of Microleakage in 

Dental Materials. Iran Endod J. 2008 Summer; 

3(3):68-72. 

19-  Kardon BP, Kuttler S, Hardigan P, Dorn 

SO. An in vitro evaluation of the sealing 

ability of a new root-canal-obturation system. 

J Endod. 2003 Oct;29(10):658-61. 

20-  Vasconcelos BC, Bernardes RA, Duarte 

MA, Bramante CM, Moraes IG. Apical 

sealing of root canal fillings performed with 

five different endodontic sealers: analysis by 

fluid filtration. J Appl Oral Sci. 2011 Aug;19 

(4):324-8. 

21-  WU MK, Wesselink P, Boersma J. A 1‐
year follow‐up study on leakage of four root 

canal sealers at different thicknesses. Int 

Endod J. 1995 Jul;28(4):185-9. 

22-  Onay EO, Ungor M, Orucoglu H. An in 

vitro evaluation of the apical sealing ability of 

a new resin-based root canal obturation 

system. J Endod. 2006 Oct;32(10):976-8. 

23-  Pommel L, Jacquot B, Camps J. Lack of 

correlation among three methods for 

evaluation of apical leakage. J Endod. 2001 

May;27(5): 347-50. 

24-  Pommel  L, Camps  J. Effects  of  pressure 

and measurement time on the fluid filtration 

 

605 



Journal of Dentistry, Tehran University of Medical Sciences                                                             Zarei et. al 

                 www.jdt.tums.ac.ir  August 2015; Vol. 12, No. 8                  
2 

 method in endodontics. J Endod. 2001 Apr;27 

(4):256-8. 

25-  Cobankara FK, Adanr N, Belli S. 

Evaluation of the influence of smear layer on 

the apical and coronal sealing ability of two 

sealers. J Endod. 2004 Jun;30(6):406-9. 

26-  Abarca AM, Bustos A, Navia M. A 

comparison of apical sealing and extrusion 

between Thermafil and lateral condensation 

techniques. J Endod. 2001 Nov;27(11):670-2. 

27-  Lares C, ElDeeb ME. The sealing ability 

of the Thermafil obturation technique. J 

Endod. 1990 Oct;16(10):474-9. 

Zarei M, Talati A, Mortazavi M, Zarch HH, 

Javidi M, Bidokhty HA. In-vitro evaluation of 

the effect of canal curvature on adaptation of 

gutta-percha in canals obturated with 

HEROfill system by CBCT. J Oral Sci.  

2011 Mar;53(1): 43-50. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28-  Leung SF, Gulabivala K. An in-vitro 

evaluation of the influence of canal curvature 

on the sealing ability of Thermafil. Int Endod 

J. 1994 Jul;27(4):190-6. 

29-  De Moor RJ, Martens LC. Apical 

microleakage after lateral condensation, 

hybrid gutta-percha condensation and Soft-

Core obturation: an in vitro evaluation. Endod 

Dent Traumatol. 1999 Oct;15(5):239-43. 

30-  Spangberg LS, Acierno TG, Yongbum 

Cha B. Influence of entrapped air on the 

accuracy of leakage studies using dye 

penetration methods. J Endod. 1989 Nov;15 

(11):548-51. 

31-  Antonopoulos KG, Attin T, Hellwig E. 

Evaluation of the apical seal of root canal 

fillings with different methods. J Endod. 1998 

Oct;24(10):655-8.  

 

606 


