
 

 

 
 
 

                                     Biological Medicine   P a g e  147| 162 
 

ISSN: 2697-3391 
Vol. 7 No. 2, pp. 147 – 162, April - June 2024 

www.anatomiadigital.org 

 

Microfiltración corono apical de Enterococcus faecalis 

en dientes endodonciados 

 

Corono-apical microfiltration of Enterococcus faecalis in endodontic teeth 

 

1 Cristina Elizabeth Vaca Ayala  https://orcid.org/0009-0001-9566-8155 

 Dentist, National University of Chimborazo (UNACH), Riobamba, Ecuador. 
cristina.vaca@unach.edu.ec 

2 Veronica Alejandra Guaman Hernandez  https://orcid.org/0000-0002-3476-192X 

 Dentist, Endodontics Specialist, Master's Degree in Health Sciences Research Methodology. 

vguaman@unach.edu.ec 

3 Christian Andres Cabezas Abad  https://orcid.org/0000-0002-5186-5210 
 Dentist, Specialist in Oral Rehabilitation, Master in University Teaching 

ancabezas94@gmail.com  
4 Manuel Alejandro Leon Velastegui  https://orcid.org/0000-0002-6387-9337 

 Dentist, Oral Rehabilitation Specialist, Master in Dental Sciences, PhD(c). Professor of 

Prosthodontics. National University of Chimborazo (UNACH), Riobamba, Ecuador. 

maleon@unach.edu.ec 

 

 

 

 
 

Scientific and Technological Research Article 
Sent: 03/18/2024 

Revised: 04/19/2024 

Accepted: 05/06/2024 

Published: 05/25/2024 

DOI: https://doi.org/10.33262/anatomiadigital.v7i2.3017   
  

 
Please 
quote: 

  
Ayala Vaca, CE, Hernandez Guaman, VA, Abad Cabezas, CA, & Velastegui Leon, MA 

(2024). Apical coronal microleakage of Enterococcus faecalis in endodontically treated 

teeth. Digital Anatomy, 7(2), 147-

162.https://doi.org/10.33262/anatomiadigital.v7i2.3017 

 
   DIGITAL ANATOMY is an electronic, quarterly journal that will be published in electronic format and has 

the mission of contributing to the training of competent professionals with a humanistic and critical vision 

who are capable of presenting their investigative and scientific results to the same extent that positive changes 

in society are promoted through their intervention.https://anatomiadigital.org   

The journal is published by Editorial Ciencia Digital (a prestigious publisher registered with the Ecuadorian 

Book Chamber with membership number 663).www.celibro.org.ec 

 

  This journal is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International 

License. Copy of the license:https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es  

mailto:cristina.vaca@unach.edu.ec
mailto:vguaman@unach.edu.ec
mailto:ancabezas94@gmail.com
mailto:maleon@unach.edu.ec
https://doi.org/10.33262/anatomiadigital.v7i2.3017
https://doi.org/10.33262/anatomiadigital.v7i2.3017
https://anatomiadigital.org/
http://www.celibro.org.ec/
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es


 

 

 
 
 

                                     Biological Medicine   P a g e  148| 162 
 

ISSN: 2697-3391 
Vol. 7 No. 2, pp. 147 – 162, April - June 2024 

www.anatomiadigital.org 

Palabras claves:  

E. faecalis, 

conductos 

radiculares, 

reinfección 

endodóntica, 

técnicas de 

obturación 

 Resumen 

Introducción.  El uso de agentes antimicrobianos y la aplicación 

de una buena técnica en la obturación del sistema de conductos 

son fundamentales para el éxito en los tratamientos 

endodónticos, ya que previenen el ingreso, proliferación y 

migración de las bacterias desde el interior de los conductos hasta 

los tejidos periapicales. Objetivo. La presente revisión 

bibliográfica tiene como objetivo analizar la microfiltración 

corono apical de Enterococcus faecalis en dientes 

endodonciados, así como, determinar su prevalencia en el 

sistema conductos radiculares con tratamiento endodóntico, 

además de, identificar materiales y técnicas utilizadas en 

endodoncia y, por último, describir las causas del fracaso 

endodóntico. Metodología. Se realizó una búsqueda exhaustiva 

en las bases de datos Science Direct, PubMed y Scopus, 

seleccionando 57 artículos científicos entre ellos experimentales, 

descriptivos y observacionales publicados desde el 2013 a 2023. 

Resultados. La mayoría de los autores destacan a E. faecalis 

como el principal microorganismo prevalente en dientes con 

fracaso endodóntico, debido a su capacidad de sintetizar 

proteínas que le permiten sobrevivir en condiciones adversas 

dentro de los túbulos dentinarios, sin embargo, recientes 

resultados de los estudios experimentales in vitro integran a 

Propionibacterium, Actinomyces. Conclusión. Se concluye que, 

una buena preparación químico-mecánica de los conductos 

radiculares, utilizando NaClO al 5,25% con EDTA al 17%, más 

la aplicación de la técnica de obturación termoplastificada, la 

cual proporciona un completo sellado en la porción apical, y 

finalmente realizando una restauración temporal con excelente 

adaptación marginal, anticipan un 90% del éxito en el 

tratamiento endodóntico. Área de estudio general: 

Odontología. Área de estudio específica: Endodoncia. Tipo de 

estudio: Artículos originales. 

 

Keywords: 
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 Abstract 

Introduction.The use of antimicrobial agents and the application 

of a good technique in the obturation of the canal system are 

fundamental for the success of endodontic treatments since they 

prevent the entry, proliferation, and migration of bacteria from 

inside the canals to the periapical tissues. objective. This 
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literature review aimed to analyze the coronoapical microleakage 

of Enterococcus faecalis in endodontically treated teeth. as well 

as to determine the prevalence of E. faecalis in the root canal 

system with endodontic treatment, to identify materials and 

techniques used in endodontics and, finally, to describe the causes 

of endodontic failure. Methodology. A comprehensive search 

was performed in Science Direct, PubMed, and Scopus 

databases, selecting 57 scientific articles among experimental, 

descriptive, and observational published between 2013 and 2023, 

according to the PRISMA 2020 protocol. Results. Most authors 

highlight E. faecalis as the main microorganism prevalent in teeth 

with endodontic failure due to its ability to synthesize proteins 

that allow it to survive in adverse conditions within the dentinal 

tubules; However, recent results of in vitro experimental studies 

integrate Propionibacterium, Actinomyces. Conclusion. It is 

concluded that a good chemical-mechanical preparation of root 

canals, using NaClO at 5.25% with EDTA at 17%, plus the 

application of the thermoplastic obturation technique, which 

provides a complete seal in the apical portion, and finally 

performing a provisional restoration with excellent marginal 

adaptation, anticipates a 90% success rate in endodontic 

treatment. 

 

 

 

Introduction 

Corona-apical microleakage in root canals of endodontically treated teeth shows a 

predominance of bacteria of the genus Enterococcus faecalis, facultative anaerobes that 

are naturally part of the oral bacterial flora and the gastrointestinal tract, which based on 

several studies have been classified as potential pathogens in humans, as they cause 12% 

of nosocomial infections such as: urinary tract, infectious endocarditis, intra-abdominal 

infections; it is argued that this is due to its ability to survive in arid environments, as it 

is detected in water, food, plants, animals such as birds and insects. (1) 

Current studies carried out with the aid of electron microscopy, complemented with 

histochemical analysis, sampling and cultures have confirmed the prevalence of 

Enterococcus faecalis at 32% and discovered new bacterial species in periapical tissues 

of cases that report failure to conventional endodontic treatment. Canalda & Brau (2), 

confirm the findings ofRuksakietet al. (3), where they recognized the genus Actinomyces 
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with a predominance of 31.8%, followed by Propionibacterium 22.7%, Streptococcus 

18.2% and finally the presence of Staphylococcus with 13.6%. 

Over the years, the importance of performing a hermetic seal in the root canal system to 

prevent the multiplication and proliferation of bacteria has led to the creation and 

development of new materials and methods of endodontic obturation. Likewise, Cedeño 

et al. (4) in their study highlight that the anatomy of the canals is varied and complex, for 

this reason, standard disinfection protocols, especially with irrigants, greatly reduce the 

amount of bacteria in the root canal system. 

Several in vitro clinical trials that have been carried out in Ecuador maintain that apical 

microleakage of E. faecalis occurs in 60% of cases as a result of inadequate obturation, 

however, there are few studies carried out in the country through which the extracted data 

can be analyzed, compared and corroborated. (5)   

Recent research worldwide shows that 70% of failures in root canal treatments are caused 

by Enterococcus faecalis, a microorganism with a great capacity to invade dentinal 

tubules and survive in low-nutritional media.(6)(7) From this perspective, in 2017 Cancio 

et al.(8) performed an in vivo experiment, where root canal samples were obtained from 

teeth in which endodontic treatment failed and through the application of molecular 

techniques (PCR), E. faecalis was observed with a predominance of 77%. 

Finally, the purpose is to analyze the corona-apical microleakage of E. faecalis in 

endodontically treated teeth, as well as to determine the prevalence of Enterococcus 

faecalis in the root canal system with endodontic treatment, in addition to identifying 

materials and techniques used in endodontics and, finally, to describe the causes of 

endodontic failure. 

Methodology 

A review was conducted using the PICO question: What is the relationship of corona-

apical microleakage of Enterococcus faecalis in endodontically treated teeth? The 

components of this PICO question included: “P” (population); Microleakage, “I” 

(intervention); in endodontically treated teeth, “C” (comparison); Enterococcus faecalis, 

“O” (outcomes); relationship of corona-apical microleakage of E. faecalis in 

endodontically treated teeth. (9)  

For the literature search, the words coronal microleak, apical microleak, Enterococcus 

faecalis, microleak in endodontics, endodontic techniques, endodontic failure were used, 

which were combined with Boolean operators "AND, OR, NOT" for a primary search of 

scientific articles in scientific databases (Table 1). 

Table 1. Search equation used 



 

 

 
 
 

                                     Biological Medicine   P a g e  151| 162 
 

ISSN: 2697-3391 
Vol. 7 No. 2, pp. 147 – 162, April - June 2024 

www.anatomiadigital.org 

PubMed Science Direct Scopus 

(("apical microleakage") OR 

("coronal microleakage")) AND 

(("Enterococcus faecalis 

microleakage") OR 

("endodontic microleakage") 

OR ("apical crown leakage")) 

AND (("endodontic 

techniques") OR ( "endodontic 

failures")) 

(("apical microleakage") OR 

("coronal microleakage")) AND 

(("Enterococcus faecalis 

microleakage") OR 

("endodontic microleakage") 

OR ("apical crown leakage")) 

AND (("endodontic 

techniques") OR ( "endodontic 

failures")) AND NOT (resin 

leaks)) 

((“apical microleakage”) OR 

(“coronal microleakage”) AND 

((“Enterococcus faecalis 

microleakage”) OR 

(“endodontic microleakage”) 

OR (“apical crown leakage”)) 

AND ((“endodontic 

techniques”) OR (“ endodontic 

failures”)) 

 

By corroborating the SJR (SCImago Journal Rank) and ACC (Average Citation Count) 

values of the scientific articles used, the impact factor of the journals where they have 

been published was identified, because it organizes them into 4 quartiles (Q), for this, 

quartile 1 (Q1) symbolizes the highest and most important impact factor and quartile 4 

(Q4) the one with the lowest impact, but with great literary relevance. At the same time, 

the ACC reveals the average citation count of each scientific study and the year in which 

they have been announced, the ACC marks the amount that an article has been cited by 

other authors. Therefore, if an article has a greater number of citations by several authors, 

it acquires academic relevance; All these values certify the excellence in the literature 

with which the research work was prepared. 
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Search methodology 

Coronal microleakage 

Apical microleakage. 

Enterococcus faecalis 

Microleakage in endodontics 

Endodontic techniques 

Endodontic failure. 

 

Search sequence: 

PubMed (Microfiltration AND 
endodontics) = 249 

Science Direct (E. faecalisOR 
endodontics) = 213 

Scopus (Filling techniques AND root 
canals) = 522 

Search strategy = n 984 

Search sequence after 

inclusion and 

exclusion criteria 

PubMed = 63 

Science Direct = 86 

Scopus = 48 

 

Total= n 197 

Selected articles with ACC 
greater than 0.5 and for 

meeting the impact factor 
(SJR) and Quartile (Q): 

n197 – n175 = n22 

Articles discarded for ACC 
less than 0.5 and not meeting 
the impact factor (SJR) and 

Quartile (Q): 

n197 – n22 = n175 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.Flowchart 

Once all the selection criteria were considered and after the first review, the 197 studies 

were compressed into a total of 22 scientific articles to carry out this study. Articles were 

selected without language restrictions and with a filter from the last 5 years; a descriptive, 

non-experimental research is proposed. 

Results 

Coronal-apical microleakage of E. faecalis in endodontically treated teeth 

Bacteria and their byproducts are the main etiological factors of pulpal and periapical 

diseases. The stationary phase of bacterial growth is known to be among the mechanisms 

of resistance of bacterial biofilms to antimicrobials, although the starvation phase, 

induced by nutrient depletion, could be even more resistant to treatment.(10) Interest in 

the microbial composition and frequency of various microorganisms in endodontic 

Total: articles 

included in review 

PubMed = 12 

Science Direct = 7 

Scopus = 3 

 

 

Selected = 22 

 

Identifying studies through databases and registries 



 

 

 
 
 

                                     Biological Medicine   P a g e  153| 162 
 

ISSN: 2697-3391 
Vol. 7 No. 2, pp. 147 – 162, April - June 2024 

www.anatomiadigital.org 

infection has focused in recent decades on anaerobic bacteria due to their predominance 

in untreated teeth with necrotic pulps. Studies have shown that the periodontal microbiota 

can vary markedly in frequency and proportions in populations with different ethnic 

backgrounds. Geographical differences in the detection of bacteria in endodontic 

infections have also been observed.(11) 

E. faecalisIt is the species most frequently isolated and sometimes the only one found in 

root canals, however, the involvement of this species in the pathogenesis of endodontic 

infection is still not fully understood. Recent research indicates that E. faecalis in 

previously endodontically treated canals is probably of exogenous origin. A more likely 

explanation is that the normal microflora in a healthy individual prevents opportunistic 

enterococci from colonizing the oral cavity by competing for substrate and binding sites, 

as well as for the production of bacteriocins and hydrogen peroxide. (12)  

 

Figure 2.Apical coronal microleakage in endodontically treated teeth caused by E. faecalis 

Prevalence of E. faecalis in endodontically treated root canal systems. 

Enterococci are gram-positive cocci that can occur singly, in pairs, or in short chains. 

They are facultative anaerobes and have the ability to grow in the presence or absence of 

oxygen. Of the Enterococcus species, E. faecalis is the most frequently detected in oral 

infections. In addition, it is associated with different forms of periradicular disease and is 
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more likely to be found in cases of persistent infections than in primary endodontic 

infections.(13) 

E. faecalisIt is a prevalent microorganism in persistent endodontic infection and the most 

commonly used microorganism to determine the antibacterial efficacy of treatment agents 

or regenerative endodontic procedures. In addition, it has the ability to form a biofilm and 

invade dentinal tubules.(14)Penetration into dentinal tubules is the most important 

resistance mechanism of E. faecalis against antibacterial agents in endodontics.(15) 

A single treated root canal with persistent infection may harbor a similar amount of 

bacteria as untreated root canals with primary infection; however, microbial diversity 

decreases after treatment in persistent infection. Conditions in untreated necrotic root 

canals favor Gram-negative anaerobic bacteria, and there is evidence that only one to 

three species, mainly Gram-positive cocci or rods, can be isolated from failed endodontic 

treatments.(16) 

 

Figure 3.Prevalence of Enterococcus faecalis 
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Causes of endodontic failure 

Root canal treatment failure can be attributed to several factors, but microleakage through 

the root canal system is one of the main ones.Milani et al.(17)It is believed that most failed 

cases of root canal treatment are due to leakage of fluid from inflamed areas and periapical 

tissue into improperly filled canals. Poor filling quality, over- and under-extension of the 

root canal filling, and leakage between the materials and the dentin surface of the root 

canal or within the filling materials are often the main causes of failure in root canal 

treatments.(18) 

The success of endodontic treatment depends primarily on the effective removal of 

bacteria and their byproducts from the root canal system. Anatomical complexity such as 

isthmuses, lateral canals, and dentinal tubules may represent an obstacle to achieving this 

goal. In this context, bacteria remaining in the root canal at the time of root filling cause 

persistent infection and treatment failure, so to achieve adequate disinfection, mechanical 

instrumentation must be supplemented with chemical irrigation methods. Effective root 

canal disinfection is crucial for the success of regenerative endodontics because infection 

can interfere with stem cell activity and regeneration as well as the repair process. (19)  

Lack of adhesion of gutta-percha to the filling material and adequate sealing of the apical 

canal are responsible for almost 60% of root canal failures.(20)In this sense, the study by 

Samson et al.(21)on endodontic success and failure suggests that apical percolation of 

periradicular exudates into incompletely filled canals is the main cause of endodontic 

failures. It would seem safe to assume that noxious products leaking from the apical 

foramen act as inflammatory irritants. 

Bhandiet al.(22)They followed teeth with endodontic treatment for 5 years and concluded 

that 63% of the failures of such treatments are due to coronal microleakage, defined as 

the passage of liquids and bacteria through the temporary restoration material and the 

dentin wall. As one of the main etiological agents of human dental caries, the virulence 

of S. mutans as a dental pathogen resides mainly in its capacity to cause infections.(23) 
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Figure 4.Causes of endodontic failure 

Discussion 

Control of coronal-apical microleakage of E. faecalis in endodontically treated teeth 

represents a challenge for most endodontic procedures, since it requires appropriate 

cleaning and modeling of the root canal, in addition to a filling technique that facilitates 

a three-dimensional sealing of the canals, and thus reduces the formation of spaces that 

generate communication with the external environment and consequently cause 

reinfection. From this deduction, the authors(1)(11) (14)(15)They agree that performing a 

correct obturation technique will greatly reduce the filtration of persistent 

microorganisms that remain in the dentinal tubules or in the complex morphology of the 

root canal. 

On the other hand, according to the studies(4)(8)(18)(19)Currently there are several methods 

to verify the microfiltration of bacteria, to mention a few: infiltration of dyes and fluids, 

measurement bystereomicroscope, isotope markers, computed tomography (CBCT), 

bacterial filtration, the latter being the most widely used technique.conservative, 

effective, providing a high level of precision, while the radiographic method shows a low 

degree of reliability. 

Coronal apical microleakage in endodontically treated teeth is caused in 90% of cases by 

the invasion of Enterococcus faecalis in the root canals, however, there are several strains 
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that can survive the endodontic procedure such as Actinomyces, Propionibacterium, 

Streptococcus and Staphylococcus. Based on this premise, the authors(6)(8)(17)(20)They 

confirm that E. faecalis, an opportunistic anaerobic pathogen, has the ability to survive in 

environments with scarce nutrients and a high alkaline pH and, as interesting 

characteristics, it presents a high resistance to antimicrobial agents, which makes it a 

pathogen resistant to root canal treatment. 

In disagreement, the authors(4)(11)(16)They emphasize that E. faecalis is not a habitual 

colonizer of the oral cavity, since it is mainly found in the human intestine, thus the 

question of how this pathogen manages to intervene in root canal infections arises. In 

accordance with the above, several studies(2)(13)(14)(23)They state that E. faecalis has not 

been shown to be involved in periapical lesions when compared with teeth with root canal 

treatment without lesions, and they also argue that, despite being present, it is not the 

most dominant species in retreatment cases. 

The purpose of endodontic materials is to serve as a barrier to prevent communication of 

the periapical area with the outside environment and to eliminate any microorganisms 

within the root canal. However, multiple authors(6)(11)(22)They argue that with the 

materials and methods currently used in endodontics it is not feasible to achieve a 

complete and permanent sealing of the root canal system. In agreement with this, in vitro 

and animal studies(4)(7)(10)(12)They show that no material meets the requirements for proper 

sealing of the duct system. 

An ideal endodontic sealant should present antimicrobial properties as well as produce a 

hermetic seal of the root canals, various authors(3)(11)(20)They state that calcium silicate-

based materials have superior sealing capabilities to others. In disagreement, the 

authors(4)(6)(14)(22)14 investigated that a bioceramic sealant provides a complete coronal 

seal in endodontically treated teeth, compared to other materials examined in 

endodontics. 

In this perspective, the authors point out that the Thermafil obturation technique produces 

a superior apical seal when compared to the lateral condensation method and Obtura II. 

Likewise, the authors(3)(12)(18)(19)(21)agree based on in vitro experiments that the lateral 

condensation technique lacks replication of the complex morphology of root canals and 

their homogeneity. However, some authors(11)(17)(22)They disagree because based on their 

studies, the lateral condensation technique is the most widely used method due to its long-

term advantages, ease of use, predictability, and mastery in material placement. 

Conventional irrigation and disinfection techniques of the root canal system have been 

able to eliminate 90% of bacteria. Based on this premise, the authors(7)(19)(20)(21)(22)They 

agree that irrigants with their antibacterial capacity help to eradicate microorganisms and 

consider that 5.25% sodium hypochlorite and 2% chlorhexidine are highly effective. 
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However, in vitro studies(1)(3)(19)(23)Using five irrigating solutions, they claim that the most 

potent agents are 5% NaOCl and 17% EDTA. In support of this claim, the 

authors(2)(4)(13)(18)They found that irrigation with sodium hypochlorite in combination with 

the ethylenediaminetetraacetic acid17% present less coronal microleakage after 

obturation. 

The main cause of endodontic failure is the presence of microorganisms, which are 

capable of causing extraradicular and intraradicular reinfection. Based on this, the 

authors(3)(5)(12)(17)They agree that the main pathogen causing contamination of treated root 

canals is Enterococcus faecalis due to its ability to form biofilms resistant to endodontic 

irrigants and intracanal medications. 

An inadequate obturation technique, underextension and overextension of the root canal, 

as well as leakage between the filling material and the dentin wall of the root canals, are 

causes of endodontic retreatment. The authors(4)(5)(13)(18)(20)Accordingly, they point out 

that complete disinfection of the root canal system and proper application of endodontic 

sealants are crucial to avoid failure in endodontic therapy. 

Conclusions 

 E. faecalisOpportunistic pathogen is prevalent in root canals due to its potent 

virulence factors. Thermoplastic obturation technique presents effective results in 

preventing microleakage compared to other endodontic techniques. Finally, the 

findings affirm that the two main reasons are given by an incomplete obturation 

of the root canal system and corona-apical microleakage of Enterococcus faecalis. 
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