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ABSTRACT
Aim: Dental surgeons must be aware of the most appropriate 
endodontic treatments and how to properly conduct them. The aim 
of this study was to evaluate the knowledge of dental surgeons 
in Burkina Faso in terms of endodontic treatment procedures.

Materials and methods: This descriptive, cross-sectional study 
was performed during the regular annual conference of the National 
Board of Dental Surgeons of Burkina Faso, held on February 27 
and 28, 2015 in Ouagadougou, through a questionnaire.

Results: A total of 33 practitioners took part (52.4% of the dental 
surgeons of Burkina Faso) in the study. The majority of them 
(90.9%) used sodium hypochlorite as their preferred irrigation 
solution. Nearly half of the dental surgeons (48.5%) did not know 
how to use a permeabilization file, and most did not make use of 
nickel–titanium (NiTi) mechanized instruments (78.8%) or rubber 
dams (93.9%). Approximately two-thirds of participants did not 
perform file-in-place radiography (66.7%) or control radiogra-
phy of the canal obturation (63.6%). The adjusted single-cone 
technique was the most commonly used (87.9%).
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INTRODUCTION

Endodontic treatment is performed in all cases where there 
is irreversible inflammation or infection of the dental pulp. 
Such treatments are geared toward preventing or eliminat-
ing infection of the canal system by removing pulp tissue, 
bacteria, and their toxins, as well as maintaining this dis-
infection over time by canal and coronary obturation.1,2 
To achieve this, the canal system is shaped according to 
biological requirements (e.g., without going above or 
below the canal) and mechanical considerations (e.g., the 
shape of the prepared canal must match those of the origi-
nal canal).1 Since the introduction of more flexible instru-
ments, shaping is more and more realized with these NiTi 
mechanized instruments.3 These files allow the reduction 
of root canal transportation4 and the improvement of the 
chemical disinfection in comparison with stainless steel 
instruments.5 The NiTi instruments make the preparation 
more effective and enhance the ergonomics for both the 
patient and the dentist.6 Moreover, NiTi instrumentation 
is constantly improving thanks to geometrical changes, 
surface and thermomechanical treatments, metallurgic 
variations, and kinematics of endodontic motors.3 Even 
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with these instruments, permeability of the canal, which is 
a key factor for shaping, must be maintained throughout 
the duration of the root canal preparation with a low-
diameter instrument. This allows confirmation that no 
blockage has been created, improves irrigant penetration, 
and permits resuspension of debris in the irrigation solu-
tion, thereby facilitating its elimination.7

The apical limit of the preparation must conform to the 
measurement of the working length, which is defined at 
the start of the endodontic treatment by apex locator and/
or radiography with millimeter precision. This objective 
reference allows the canal to be readily prepared along its 
entire length without impinging on the periapical tissues 
beyond the foramen. The complex anatomy of the tooth 
limits the ability to eradicate pathogens by mechanical 
means alone. Irrigation is the key to solving this problem.8 
Regardless of the system used, the canal is irrigated with 
sodium hypochlorite throughout successive passages 
of the files.9 The objectives of irrigation are to eliminate 
microorganisms, flush out debris, lubricate root canal 
instruments, dissolve organic and inorganic debris, and 
to prevent the formation of a smear layer during instru-
mentation or to dissolve it once it has formed.9,10 To reach 
these objectives, chelating agents [e.g., ethylenediamine-
tetraacetic acid (EDTA)] must be used, followed by a final 
rinse.9 All of these aspects, which affect the success of 
the treatment, are preceded by the placement of a rubber 
dam.10 Establishing this type of operating area is the only 
way to ensure that microbial reinfection does not occur 
during the endodontic treatment of an infected tooth, 
and it prevents primary bacterial infiltration during the 
treatment of a vital tooth. It also prevents inhalation and 
ingestion of instruments and avoids irrigating solutions 
escaping into the oral cavity.10 The advantages of a dam 
should be considered both from the patient’s perspective 
and that of the practitioner.11 Once cleaning and shaping 
are complete, the clinician must obturate the canal. There 
are many different materials and techniques available, 
but whichever is used, the goal is to seal the entire pre-
pared volume of the root canal.12 A final X-ray control 
allows evaluation of the quality of the obturation (in two 
dimensions) and is a reference to assess the outcome of 
the treatment in subsequent years.13

The main aim of this study was to evaluate the 
knowledge of endodontic treatment practices by dental 
surgeons in Burkina Faso. The second aim was to collect 
social professional data about dental surgeons performing 
endodontic procedures in Burkina Faso.

MATERIALS AND METHODS

This was a descriptive, cross-sectional investigation 
that involved all of the private, semiprivate, and public 
practitioners registered with the National Order of Dental 

Surgeons of Burkina Faso. The study took place between 
the February 27 and the May 31, 2015, and complied with 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines. Data were col-
lected using an anonymous survey created with Sphinx 
Plus 2 software (version 5.0.0.75, Chavanod, France). The 
questionnaire was in two main parts: The first regard-
ing the civil information of the dental surgeons and the 
second dedicated to the evaluation of the endodontic 
procedures that they employ. All dental surgeons gave 
written informed consent for inclusion in the study. This 
study was conducted in full accordance with the World 
Medical Association Declaration of Helsinki, and the pro-
tocol was approved by the Burkina Faso Ethics Committee 
for Health Research (Ministry of Health and Ministry of 
Scientific Research and Innovation).

RESULTS

A total of 33 practitioners participated in this study. Male 
practitioners represented 60.6% of the population studied 
and female practitioners represented 39.4%. Public sector 
practitioners were the most highly represented at 54.6%, 
with those in the private sector at 24.2%, the armed forces 
health services at 15.2%, and the semiprivate sector at 
6.1%. The duration of professional involvement of the 
dental practitioners is presented in Graph 1.

The majority of practitioners involved in this study 
(66.8%) had been engaged in this profession for fewer 
than 20 years. Of the dentists surveyed, 84.8% partici-
pated in continuous learning, with conference attendance 
being the most common method, followed by reading 
from the Internet and books (60.6%). In contrast, 15.2% of 
the study population engaged in no continuous learning.

Only 6.5% of the practitioners placed a rubber dam 
before carrying out an endodontic procedure. As an irri-
gation solution, sodium hypochlorite was generally used 

Graph 1: Length of professional involvement in years (shown 
as percentage of participating dental surgeons)
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by 90.9% of dentists, but it was uncommon for EDTA to 
be added to the hypochlorite (24.2%). The recommended 
concentration for the sodium hypochlorite solution 
ranged from 5 to 10% for 30.3% of the practitioners, 2.5 to 
5% for 45.2% of the practitioners, and 1 to 2% for 15.2%. 
The recommended concentration was ignored by 9.1% of 
the practitioners. Hydrogen peroxide was used by 24.2% 
of the practitioners.

The use of permeabilization files was unknown to 
48.5% of the practitioners while 51.5% stated that they 
have used them. About 21.2% of the practitioners used 
mechanized NiTi instruments.

Results regarding preoperative, perioperative, and 
postoperative radiographies are shown in Table 1.

Practitioners reported using several different techniques 
when performing root canal filling: 78.8% of them used 
the adjusted single-cone technique, 9.1% used a straight-
forward paste, 9.1% used cold lateral compaction, and a 
single dental surgeon used vertical condensation with heat.

DISCUSSION

Socioprofessional Data

This study was the first survey of dental surgeons’ 
knowledge of endodontic treatments in Burkina Faso. 
The sample included 33 dental surgeons. In 2014, 63 
practitioners were registered in the National Order of 
Dental Surgeons of Burkina Faso.14 Ordinal registration 
is required to practice; therefore, the sample is representa-
tive of 52.4% of the dentists in Burkina Faso.

Male practitioners were represented more than female 
practitioners in this study population (60.6% males vs 
39.4% females), which does not reflect the population 
of females (51.7%) in Burkina Faso.15 This same pattern 
has been seen in Senegal and India. For example, a study 
performed by Touré et al16 in 2007 showed that, in the 
Dakar area, male practitioners represented 65.1% of the 
total, and females accounted for 34.9%. Likewise, in a 
study by Verma et al,17 34.2% of dentists in India were 
women and 65.8% were men.

Of the dental surgeons in this study, 24.2% worked in 
private practice, whereas 75.8% were in the government 
sector, which includes public and semiprivate practices in 
addition to the armed forces. This is representative of the 
population of workers in Burkina Faso, where the state is 

the main provider of employment.18 This finding could 
be explained by a lack of universal health insurance and 
a precarious economy, which makes the government the 
largest employer in Burkina Faso. This result is in con-
trast to a study performed in Nigeria.19 Indeed, a report 
by the Executive Office of Human Resources and Health 
System Management in Nigeria showed that the capital 
city of Lagos has a high proportion (86.4%) of dentists in 
private practice.19 According to Akpata,20 the proportion 
of dental surgeons engaged in the private sector is 78.6% 
in Nigeria. Furthermore, Touré et al16 showed that, in the 
Dakar area of Senegal, 60.4% of dentists were in private 
practice rather than in the semiprivate and public sectors.

At the time of our study, the majority of the practitio-
ners surveyed (66.8%) had been engaged in the profession 
for fewer than 20 years. The results of the study by Touré 
et al16 in Senegal were essentially the same as those found 
in our study. Continuous learning has been a requirement 
for all practicing dental surgeons in several Western 
countries, such as France for several years.21 The aim of 
this legislation is to ensure that practitioner knowledge 
remains up to date. In Burkina Faso, continuous learning 
is recommended but not compulsory. In our study, 87.9% 
of practitioners reported engaging in continuous learn-
ing by attending conferences and reading information 
on the Internet, although 12.1% reported that they do not 
engage in any further learning. This is worrying in terms 
of performance standards and may explain the observed 
shortcomings in practitioner knowledge.

Endodontic Treatment Procedures

Only 6.1% of the practitioners in Burkina Faso reported 
utilizing a rubber dam during endodontic treatment. A 
2011 study by Vedavathi et al22 concluded that 60% of 
patients would readily accept placement of a dam, and 
the reasons patients gave for not wanting a dam did not 
warrant them not being used. There can be no compro-
mise with regard to the use of a dam; the success of the 
endodontic treatment depends on it.23 The dam prevents 
tooth infection or reinfection, inhalation and ingestion 
of instruments, and avoids irrigating solutions escaping 
into the oral cavity.10

The majority of practitioners (90.9%) in our survey 
used sodium hypochlorite as an irrigation solution. In the 
past, numerous products have been used as irrigation solu-
tions in endodontics. Currently, nothing meets the various 
requirements better than sodium hypochlorite, which is the 
solution of choice.24 It serves a dual purpose through both 
physical elimination of organic matter and microorganisms 
and through its chemical action as an antibacterial and 
solvent.24 Regrettably, only 21.2% of the practitioners sur-
veyed were aware of this double effect, with 78.8% using it 

Table 1: Radiographic procedures used by dental surgeons in 
Burkina Faso during endodontic treatment

Procedure
Number of dental 
surgeons n = 33 (%)

Preoperative radiography 2 (6.1)

Radiography with the file in place 11 (33.3)
Control radiography 12 (36.4)
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for its antiseptic activity only. By far the greatest drawback 
of sodium hypochlorite use is its cytotoxicity, particularly 
in the case of accidental injection into the periapex.25 It is 
therefore imperative that dental surgeons are aware of 
the correct concentration of this product to use. In our 
study, 45.5% of the practitioners reported using sodium 
hypochlorite at a concentration of 2.5 to 5%. Several prac-
titioners (30.3%) used a toxic concentration between 5 and 
10%,26 while 9.1% of practitioners completely ignored the 
recommended concentration for use.

The current literature recommends using EDTA to 
eliminate the smear layer in the final rinse and to alter-
nate it with sodium hypochlorite before obturating the 
root canal.27 Few dentists (24.2%) in our study used this 
combination.

In endodontics, a concentration of 2% chlorhexidine 
is recommended as a solution for irrigation and/or 
intracanal medication as either a liquid or a gel.28 The 
effect of chlorhexidine on microbial biofilms is signifi-
cantly inferior to that of sodium hypochlorite.9 However, 
chlorhexidine is effective against Enterococcus faecalis and 
can be used in cases of retreatment because it prevents 
reinfection.29 Chlorhexidine can also be used in end-
odontic surgery as an alternative irrigation solution to 
disinfect the surgical site in case the patient is allergic to 
sodium hypochlorite.29 Whatever the solution, it must 
be agitated mechanically and renewed so that it makes 
contact with the tissue;30 however, only 6.1% of the 
practitioners knew the appropriate amount to use (1 mL) 
between each passage of the instrument. A permeabilizing 
file with a small diameter (010) is used after each irriga-
tion. Irrigation between each cycle of instrument use and 
permeabilization with a K 010 file prevents the formation 
of blockages and promotes true chemical and mechanical 
trimming.7 In our study, 51.5% of dental practitioners in 
Burkina Faso reported utilizing a permeabilization file, 
while 48.5% ignored or were unaware of its potential 
usefulness. Moreover, they rarely prepared or shaped 
root canals with mechanized NiTi endodontic instruments 
(21.2%). This rate may seem low, particularly in compari-
son with the adoption rates of NiTi rotary instrumentation 
in other countries. The NiTi instruments were actually 
used routinely by 67 and 40% of the responding general 
dental practitioners respectively, in the recent surveys in 
Wales (United Kingdom)31 and Iran.32 A lack of continu-
ous learning and the cost of this technique may explain 
the low uptake among dentists in Burkina Faso.

The National Executive Health Body in France has 
issued specific recommendations regarding the various 
X-rays that should be taken during the course of end-
odontic treatment.33 At least three X-rays are required: 
Preoperative, perioperative, and postoperative.10,33 
Preoperative images provide information about the 

anatomy of the canal and the periodontal integrity. They 
also constitute a reference of the condition of the tooth. 
Perioperative images allow the stages of treatment to be 
controlled, determination and control of the working 
length of the file, and control of the adjustment of the 
master cone before obturation.10 A postoperative X-ray 
allows for verification of the quality of the obturation 
and provides a reference for the follow-up of the patient.8 
Detection of the apical constriction by feel alone is not 
reliable enough to consistently determine the working 
length. Indeed, even with experienced operators, it was 
not adequately determined in 64% of cases.34 Only one-
third of the practitioners of this study took a perioperative 
radiograph. In light of this apparent failure to adequately 
gauge the apical limit, underobturation or overextension 
must occur with some frequency because of underprepa-
ration or overpreparation. In this context, it should be 
noted that the use of an apex locator could be useful. 
Unfortunately, they are not widespread in Burkina Faso 
because of their cost. Overextension and underobturation 
can be the direct result of errors not only in evaluating 
the working length but also of failing to take into account 
the mechanical principles involved in shaping or due to 
lack of adjustment of the master cone during obturation.35 
Postoperative radiography permits control of the quality 
of the filling and is a reference to assess the outcome of 
the treatment in subsequent years.35 Unfortunately, only 
36% of dental surgeons in our study reported utilizing 
postoperative radiography.

Practitioners in our study reported using the adjusted 
single-cone obturation technique (78.8%) and a straight-
forward paste (9.1%). Currently, canal filling techniques 
based on paste alone oron a single-cone associated with 
paste are still used but are not recommended; tech-
niques based on cold or hot gutta-percha condensation 
associated with canal sealing cement are recommended 
instead.36 The single-cone technique is difficult to control 
and reproduce and is associated with underobturations, 
fractures of the lentulo spiral, or severe consequences, 
such as pushing zinc oxide-based paste into the sinus 
or the inferior alveolar nerve.37 Although this technique 
is not recommended, it is widely used in Burkina Faso. 
At best, it results in filling of the main canal, rather than 
allowing for a genuine obturation of the canal system. 
The single-cone technique is characterized by having 
fewer gutta-percha filled areas and more sealer-filled 
areas than the recommended techniques.38 The sealer has 
a pronounced retraction, thereby causing a lack of proper 
sealing. Several studies suggest that only techniques 
using hot gutta-percha associated with sealing cement 
allow for three-dimensional obturation of the canal 
network. It provides a better degree of obturation of the 
canal spaces and a better obturation of the canal system 
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than the cold-condensed gutta-percha techniques.39,40 
Only 3% of dental surgeons in our study who report using 
the vertical hot condensation method in Burkina Faso are 
in line with this current recommendation.

CONCLUSION

Treatment of endodontic pathologies requires that the 
dental surgeon remove inflamed and/or infected tissue 
from the inside of the tooth. The success of this therapy 
involves four fundamental steps: The placement of a dam, 
formation of the access cavity, shaping and irrigating, 
and obturation of root canal. To master these key stages, 
dental surgeons in Burkina Faso must commit to regularly 
upgrading their knowledge and techniques.

CLINICAL SIGNIFICANCE

This study highlights that the majority of dental surgeons 
in Burkina Faso are not using the currently recommended 
endodontic procedures to perform obturations. Dental 
surgeons in Burkina Faso must commit to continued 
professional development and training to remain abreast 
of developments in endodontic knowledge and improved 
techniques.

ACKNOWLEDGMENT

Authors would like to thank the National Board of 
Dental Surgeons of Burkina Faso and all the dentists who  
participated in this survey.

REFERENCES

 1. Schilder H. Cleaning and shaping the root canal. Dent Clin 
North Am 1974 Apr;18(2):269-296.

 2. Kirkevang LL, Hörsted-Bindslev P, Ørstavik D, Wenzel A. 
Frequency and distribution of endodontically treated teeth 
and apical periodontitis in an urban Danish population. Int 
Endod J 2001 Apr;34(3):198-205.

 3. Çapar ID, Arslan H. A review of instrumentation kinematics  
of engine-driven nickel-titanium instruments. Int Endod  
J 2016 Feb;49(2):119-135.

 4. Celik D, Taşdemir T, Er K. Comparative study of six rotary 
nickel-titanium systems and hand instrumentation for root 
canal preparation in severely curved root canals of extracted 
teeth. J Endod 2013 Feb;39(2):278-282.

 5. Schäfer E, Schulz-Bongert U, Tulus G. Comparison of hand 
stainless steel and nickel titanium rotary instrumentation: a 
clinical study. J Endod 2004 Jun;30(6):432-435.

 6. Hülsmann M, Peters OA, Dummer PMH. Mechanical prepa-
ration of root canals, shaping goals, techniques and means. 
Endod Top 2005 Mar;10(1):30-76.

 7. Bronnec F, Bouillaguet S, Machtou P. Ex vivo assessment of 
irrigant penetration and renewal during the cleaning and 
shaping of root canals: a digital subtraction radiographic 
study. Int Endod J 2010 Apr;43(4):275-282.

 8. Darcey J, Jawad S, Taylor C, Roudsari RV, Hunter M. Modern 
endodontic principles part 4: irrigation. Dent Update 2016 
Jan-Feb;43(1):20-22, 25-26, 28-30.

 9. Basrani B, Haapasalo M. Update on endodontic irrigating 
solutions. Endod Top 2012 Sep;27(1):74-102.

 10. European Society of Endodontology. Quality guidelines for 
endodontic treatment: consensus report of the European 
Society of Endodontology. Int Endod J 2006 Dec;39(12):921-930.

 11. Casto FLA, Reges RV, Campos BB, Pazinatto FB, Marra J, 
Bruno KF. Improving patient care: alternative rubber dam 
isolation. Rev Odontol Bras Central 2012;21(59):538-542.

 12. Darcey J, Roudsari RV, Jawad S, Taylor C, Hunter M. Modern 
endodontic principles. Part 5: obturation. Dent Update 2016 
Mar;43(2):114-116, 119-120, 123-126.

 13. Huumonen S, Ørstavik D. Radiographic follow-up of 
periapical status after endodontic treatment of teeth with 
and without apical periodontitis. Clin Oral Investig 2013 
Dec;17(9):2099-2104.

 14. Conférence Internationale des Ordres de Pharmaciens 
Francophones (CIOPF). Burkina Faso: CIOPF. 2016. [cited 
2016 Aug 16]. Available from: http://www.ciopf.org/
Fiches-des-pays/Burkina-Faso.

 15. Recensement Général de la Population et de l’Habitation 
(RGPH); 2006. Resultats definitifs. Burkina Faso: Unité-
Progrés-Justice; 2008. [cited 2016 Jun 01]. Available from: 
http://www.insd.bf/documents/publications/insd/publi-
cations/resultats_enquetes/autres%20enq/Resultats_defini-
tifs_RGPH_2006.pdf.

 16. Touré B, Kane AW, Diouf A, Faye B, Boucher Y. Preoperative 
pain and medications used in emergency patients with irre-
versible acute pulpitis or acute apical periodontitis: a prospec-
tive comparative study. J Orofac Pain 2007 Fall;21(4):303-308.

 17. Verma P, Chandra A, Yadav R. Endodontic emergencies: 
your medication may be the cause. J Conserv Dent 2009 
Sep;12(2):77-79.

 18. Politique Nationale de l’Emploi (PNE). 2008. [cited 2016  
Aug 16]. Available from: http://www.onef.gov.bf/download/ 
politique-nationale-emploi.pdf.

 19. Udoye CI, Sede MA, Jafarzadeh H, Abbott PV. A survey of 
endodontic practices among dentists in Nigeria. J Contemp 
Dent Pract 2013 Mar;14(2):293-298.

 20. Akpata ES. Endodontic treatment in Nigeria. Int Endod  
J 1984;17(3):139-151.

 21. Décret 2006-652 Relatif à la Formation Continue. 2006. [cited 
2016 Aug 30]. Available from: https://www.legifrance.gouv.
fr/affichTexte.do?cidTexte.

 22. Vedavathi B, Sreenivasa Murthy BV, Nadig RR, George JV. 
Patients’ attitude to rubber dam: a short-term study. World  
J Dent 2011 Jun;2(2):167-168.

 23. Castellucci, A. Tooth isolation: the rubber dam. In: Castellucci A,  
West JD, editors. Endodontics. Vol. I. Florence (Italy): Tridente; 
2004. p. 226.

 24. Kandaswamy D, Venkateshbabu N. Root canal irrigants.  
J Conserv Dent 2010 Oct;13(4):256-264.

 25. de Gregorio C, Estevez R, Cisneros R, Paranjpe A, Cohenca N.  
Efficacy of different irrigation and activation systems on the 
penetration of sodium hypochlorite into simulated lateral 
canals and up to working length: an in vitro study. J Endod 
2010 Jul;36(7):1216-1221.

 26. Siqueira JF Jr, Rôças IN, Favieri A, Lima KC. Chemomechanical 
reduction of the bacterial population in the root canal after 
instrumentation and irrigation with 1%, 2.5%, and 5.25% 
sodium hypochlorite. J Endod 2000 Jun;26(6):331-334.

 27. Cobankara FK, Erdogan H, Hamurcu M. Effects of chelat-
ing agents on the mineral content of root canal dentin. 



Wendpoulomdé AD Kaboré et al

646

Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2011 
Dec;112(6):e149-e154.

 28. Ahmed B, Parveen N, Anjum NA, Lal V. Effectiveness of 2% 
chlorhexidine gel in reducing intracanal bacterial count. Pak 
Oral Dent J 2014 Dec;34(4):726-729.

 29. Gomes BP, Vianna ME, Zaia AA, Almeida JF, Souza-Filho FJ, 
Ferraz CC. Chlorhexidine in endodontics. Braz Dent J 2013 
Mar;24(2):89-102.

 30. Alkahtani A, Al Khudhairi TD, Anil S. A comparative study 
of the debridement efficacy and apical extrusion of dynamic 
and passive root canal irrigation systems. BMC Oral Health 
2014 Feb;14:12.

 31. Locke M, Thomas MB, Dummer PM. A survey of adoption 
of endodontic nickel-titanium rotary instrumentation part 1: 
general dental practitioners in wales. Br Dent J 2013 Feb;214(3):E6.

 32. Raoof M, Zeini N, Haghani J, Sadr S, Mohammadalizadeh S. 
Preferred materials and methods employed for endodontic 
treatment by Iranian general practitioners. Iran Endod J 2015 
Mar;10(2):112-116.

 33. Haute Autorité de la Santé Traitement endodontique. Rapport 
d’évaluation Technologique. Service Evaluation des Actes 
Professionnels, Septembre; 2008 [cited 2016 Aug 16]. Available 
from: http://www.has-sante.fr/portail/upload/docs/appli-
cation/pdf/200901/rapport_traitement_endodontique.pdf.

 34. Saeed MH, Luke AMJ, Abtahi NA, Pradeep AP. An in vitro 
comparison of root canal measurement in permanent teeth by 

electronic apex locator, conventional and digital radiography. 
World J Dent 2011 Oct-Dec;2(4):312-315.

 35. Robberecht L, Colard T, Claisse-Crinquette A. Qualitative 
evaluation of two endodontic obturation techniques: 
tapered single-cone method versus warm vertical condensa-
tion and injection system: an in vitro study. J Oral Sci 2012 
Mar;54(1):99-104.

 36. Jou YT, Karabucak B, Levin J, Liu D. Endodontic working 
width: current concepts and techniques. Dent Clin North Am 
2004 Jan;48(1):323-335.

 37. Florenzano S, Elias LA, Leite AF, Silva C, Estrela C, Mendonça EF,  
et al. Endodontic material diffusion in the pathogenesis of 
maxillary sinus aspergillosis. Stomatos 2013 Jan/Jun;19(36): 
36-43.

 38. Schäfer E, Nelius B, Bürklein S. A comparative evaluation 
of gutta-percha filled areas in curved root canals obturated 
with different techniques. Clin Oral Investig 2012 Feb;16(1): 
225-230.

 39. Aminsobhani M, Ghorbanzadeh A, Sharifian MR, Namjou S, 
Kharazifard MJ. Comparison of obturation quality in modified 
continuous wave compaction, continuous wave compaction, 
lateral compaction and warm vertical compaction techniques. 
J Dent (Tehran) 2015 Feb;12(2):99-108.

 40. Ho ESS, Chang JWW, Cheung GSP. Quality of root canal fill-
ings using three gutta-percha obturation techniques. Restor 
Dent Endod 2016 Feb;41(1):22-28.


