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ABSTRACT
Introduction: Knowledge of endodontic microbiology and microbial organization in the root canal system is
important for understanding the disease process and for establishing effective antimicrobial therapeutic strategies.
The purpose of this survey is to summarize the
knowledge of 5-year Bulgarian dental students about endodontic infections and their treatment.
Materials and Methods: The survey includes students from FDM-Sofia who were asked to answer 11 questions online. The questions relate to species characteristics
and microbial count of microorganisms in infected root canals in primary and persistent infections, apical periodontitis and overtreatment. Additional information on the respondents’ age and gender has been collected and the data
has been analyzed using descriptive statistic.
Results: Ninety-three students participated in the
survey, 31.52% of whom reported that over 300 microbial
strains could be isolated from infected root canals. In apical periodontitis 8.7% reported 20-40 strains. 47.83% indicated that the microbial count in an infected root canal
in a primary endodontic infection is 105. Streptococcus
spp. is indicated as the main reason for persistent infections
by 53.26% and Enterococcus faecalis by 25%. 40.22%
have chosen Streptococcus spp. as the primary species associated with overtreatment, 27.17% have chosen
Peptpstreptococcus and 19.57% – Enterococcus faecalis.
85.87% associate pain with Peptpstreptococcus and
Prevotela spp. 68.48% consider plating onto agars as the
main method for isolating and identifying microorganisms.
The results are presented graphically and represent the percentage distribution of the answers.
Conclusion: Students’ knowledge of species characteristics of microorganisms in various nosological units associated with infected root canals should be increased.
Keywords: Endodontic infections, endodontic
microbiology, apical periodontitis, student training, survey.
INTRODUCTION
Apical periodontitis is essentially an inflammatory
disease of microbial etiology of the apical periodontium.
The bacterial profiles of the endodontic microbiota vary
between individuals. This indicates that apical periodon-
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titis has a heterogeneous etiology, and multiple bacterial
combinations in the root canal can cause apical periodontitis. To achieve successful endodontic treatment, it is important to know the specific bacterial species characteristic of endodontic infections and the specific antimicrobial
agents, antibiotics included, that can destroy the bacteria
present or at least inhibit their growth [1, 2, 3].
According to the guidelines of the European Society of Endodontology (ESE 2013), a graduating European
dentist’s knowledge should be adequately grounded in basic and applied science for safe clinical practice in Dental
Medicine and Endodontics in particular [4, 5]. According
to these prescriptions, graduating students should not only
have knowledge of endodontic microbiology and the microorganisms found in dental pulp diseases but should also
be competent enough to treat these infections by knowing
and applying pharmacological agents, including antibiotics, according to their mechanisms of action. However, lack
of sufficient knowledge of the problem and inappropriate
prescription schemes and use of medications have been established both among European dentists [4, 5, 6, 7, 8] and
dentists throughout the world.
Puryer, J. et al. have found a direct relationship between the level of clinical experience of the students and
the confidence they show when having to perform root
treatments [9].
The review of specialized scientific literature shows
that there is scarce information about research done among
trainee dental students regarding their knowledge in the
field of endodontic microbiology.
The purpose of this survey among students of dental medicine (in their fifth, last but one year of study) is to
summarize their knowledge of endodontic microbiology.
MATERIALS AND METHODS
Ninety-three Bulgarian students (n = 93), aged 2035, took part in the survey voluntarily, without payment
and after giving their informed consent. The survey was
conducted during a regular lecture class, and the absent
students were not included in it. The students were asked
to answer 11 questions online through a web link. The data
were analyzed using SPSS (Statistical Package for Social
Sciences) – descriptive statistics and the chi-square test.
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Data description was carried out by frequency graphs. When
obtaining the numerical representation by percentages, the
total number of answers for each question was taken into
account.

Fig. 3. Percentage distribution of participants’ responses as regards the number of microbial strains that can
be found in infected root canals

RESULTS
The demographic data of the 93 respondents is
shown in Figures 1 and 2: male (n = 37) represent 39.78%
and female (n = 56) – 60.22% of all the participants. The
average age of the respondents is 23 years (fig. 2). All respondents are students from the Faculty of Dental Medicine of the Medical University, Sofia (Bulgaria).
Fig. 1. Percentage distribution of respondents by sex

About 20-40 microbial strains are most commonly
isolated from infected root canals and associated with apical periodontitis, with 10-12 of them being predominantly
anaerobic species [1, 10, 11 ]. As regards apical periodontitis, 41.30% of the students have indicated that the isolated microbial strains could be over 300, and only 8.70%
have indicated 20 – 40 microbial strains (fig. 4).
Fig. 4. Percentage distribution of responses concerning the number of microbial strains that can be isolated
from infected root canals in apical periodontitis

Fig. 2. Percentage distribution of respondents by age

Epidemiological studies indicate that over 300 different microbial strains can be found in infected root canals, usually in combinations. Theoretically, each of them
has the potential to be an endodontic pathogen, but not
every one of them can adapt and survive in the conditions of the root canal. This is the answer given by
31.52% of the students to the question, “How many microbial strains can be found in infected root canals?” The
answer, “Up to 200 microbial strains”, is chosen by
27.17%, up to 100 – by 23.91%, and 20-40 – by 17.39%
of the respondents (fig. 3).
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The microbial count of bacterial cells in an infected
root canal is between 103 and 108 CFU [1, 12, 13 ]. The
highest percentage of respondents, 47.83%, have indicated
that the microbial count in primary endodontic infection
is up to 105 CFU, and 31.52% have indicated the response
of 108 CFU (fig. 5).
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Fig. 5. Percentage distribution of responses regarding microbial count in an infected root canal in a primary
endodontic infection
Since it is impossible to investigate students’ knowledge of all types of endodontic pathogens in one survey,
we have chosen to focus on the following types of microorganisms: Streptococcus spp., Peptostreptococcus spp.,
Actinomyces spp., Enterococcus faecalis and Candida albicans.
53.26% of the respondents in this survey have chosen the microaerophilic Streptococcus spp. as the most
common cause of persistent endodontic infections, 25.00%
have chosen Enterococcus faecalis, 9.78% – Peptostreptococcus spp., 7.61% – Actinomyces spp., and 4.35% – Candida albicans (fig. 6).
Fig. 6. Percentage distribution of responses regarding the bacterial species that is most commonly
associated as the main cause of persistent endodontic infections

Streptococcus spp. and Enterococcus spp. are facultative anaerobes that are referred to the potentially virulent and invasive pathogens (isolated from both teeth with
a primary endodontic infection and after overtreatment).
Actinomyces spp. are isolated in 10% of the infected root
canals and mostly in cases of failed endodontic treatment
[1, 14, 15].

The greatest part (40.22%) of the respondents believe that Streptococcus spp. is most commonly associated
with the failure of the treatment carried out, which leads
to overtreatment. 27.17% have indicated Peptostreptococcus spp., 19.57% – Enterococcus faecalis, 11.96% –
Actinomyces spp., and 1.09% – Candida albicans (fig. 7).

Fig. 7. Percentage distribution of responses regarding the bacterial species that is most commonly
associated with as the main cause of root treatment failure and the need of overtreatment subsequently
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Culture studies have proved that E. faecalis is the
most frequent species in root canals of endodontically
treated teeth, with the prevalence reaching up to 90% of
the cases. Teeth with prepared root canals are approximately
nine times more likely to harbor E. faecalis than teeth with
primary infections. E. faecalis can often be isolated from
teeth treated in multiple visits and/or teeth left open for
drainage. Thus, E. faecalis may be a secondary invader that
succeeds in colonizing the root canal, resists treatment and
causes a secondary infection that then becomes persistent.
E. faecalis is usually the most frequent species that is isolated from human clinical specimens and represents 80-90%
of the clinically significant enterococcal isolates [16].
Pain, as a symptom, is most often associated with the
presence of Peptostreptococcus spp. and Prevotella spp. The
swelling and presence of an exudate in the root canal are
associated with a combination of Eubacterium, Peptostreptococcus spp. and Prevotella spp. [1].
The presence of Peptostreptococcus spp. and
Prevotela spp. was indicated as the cause of pain in infected
root canals by 85.87% of the respondents, whereas 14.13%
of them indicated Eubacterium and Prevotella spp. as such
a cause (fig. 8).
Fig. 8. Percentage distribution of responses regarding the microorganisms whose presence is associated with
the presence of pain in infected root canals

In the case of a persistent endodontic infection that
is hardly affected by medications, it is often necessary to
take material for microbiological examination from the root
canal. Various laboratory tests are used to isolate and identify pathogenic microbial strains. The largest percentage
of respondents, 68.48%, indicated nutrient agar plating as
the basic identification test (fig. 9).
Fig. 9. Percentage distribution of responses regarding the types of laboratory tests/methods used to prove a
bacterial infection

48.91% of the respondents indicated the presence of
a continuous, unabated exudation from the root canal as
grounds for carrying out microbiological examination.
28.26% indicated the need for such examination as
grounds for producing an antibiogram. 18.48% considered
as grounds the continuous endodontic treatment without a
good final healing effect. And 4.35% believed that microbiological examination is needed in patients suffering from
general diseases (fig. 10).

Fig. 10. Percentage distribution of responses regarding the cases where there are grounds
for conducting microbiological examination
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Sometimes, the root canal may have no exudate but
may exhibit strong pain symptomatics that is hardly affected by medications. In these cases, when the root canal
is dry, the dentin wall is scraped off with a sterile file, after
the root canal has been filled with a saline solution or a
liquid transport medium. 52.17% of respondents indicated
that it is necessary to use a transport medium followed by

scraping the root wall with a sterile file and taking material for microbiological examination with a sterile paper
point. 28.26% consider that a saline solution should be
placed in the root canal, and 19.57% indicate that only
scraping the root wall with a file, followed by taking material for microbiological examination with a paper point
is an adequate means of treatment in this case (Fig. 11).

Fig. 11. Percentage distribution of responses regarding the way the material is taken
for microbiological examination from a dry root canal and pain symptomatics

DISCUSSION
According to their anatomic location, endodontic
infections can be classified into intraradicular and
extraradicular. Intraradicular infections can, in turn, be
subdivided into three categories depending on when the
participating microorganisms established themselves in the
root canal: primary, secondary and persistent. The composition of the microbiota may vary depending on the different types of infections and the different forms of apical periodontitis. Sophisticated culture and molecular biology
techniques have revealed the polymicrobial nature of endodontic infections, with an obvious dominance of obligate anaerobic bacterial species in primary infections. At a
broader, taxonomic level, endodontic bacteria are divided
into nine types, namely: Firmicutes, Bacteroidetes,
Spirochaetes, Fusobacteria, Actinobacteria, Proteobacteri,
Synergistetes, TM7 and SR1. Data from studies using molecular-DNA sequencing show a high prevalence of still
uncultivated species: about 40% to 60% of the endodontic microflora consists of bacteria that are not yet cultivated
and characterized [12, 17, 18]. Furthermore, the bacterial
profiles of endodontic microbiota vary from individual to
individual [12, 19], suggesting that apical periodontitis has
a heterogeneous etiology leading to a variety of bacterial
combinations that may play a role in the causation of the
medical condition [20].
Microorganisms that initially invade and colonize
the necrotic pulp tissue cause a primary intraradicular
infection [21]. The invading microorganisms can be involved at the earlier stages of inflammation and further
necrosis of the pulp, or they can be latecomers that take
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advantage of the environmental conditions in the root canal after pulp necrosis. Various enteric bacteria as Klebsiella, Enterobacter and enterococci are commonly isolated pathogens from teeth with primary endodontic infections [22, 23, 24, 25]. Enterococci are considered to
be the most abundant gram-positive cocci colonizing the
intestines, and E. faecalis (facultative anaerobic grampositive cocci) are some of the most common bacteria in
various periapical/periradicular diseases, associated with
failure of endodontic treatment [26].
Although chemical and physical factors may cause
periapical inflammation, a great deal of scientific evidence
suggests that the endodontic infection is essential for the
emergence, progression and persistence of various forms of
apical periodontitis [2, 27]. In various studies, primary root
canal infection in untreated canals was found to be polymicrobial with approximately the same ratios between
gram-positive and gram-negative species but dominated by
obligate anaerobes [28, 29, 30, 31]
Although about 1000 different types of bacteria [32]
have been reported in the oral cavity and each person’s
mouth may contain about 100 to 200 microbial taxa, only
a limited range of these bacteria is present in an infected
canal [33]. This indicates that there should be certain selective conditions in the root canal system that favor the
existence of some species and inhibit the development and
reproduction of other species [31]. The main environmental factors that influence the microbiota composition in a
root canal with a necrotic pulp are oxygen pressure and
oxidation-reduction potential, the type and amount of
available nutrients and bacterial interactions [21]. As re-

https://www.journal-imab-bg.org

3049

gards apical periodontitis, 41.30% of the students have indicated that the isolated microbial strains could be over
300.
Microorganisms that initially invade and colonize
the necrotic pulp tissue cause a primary intraradicular infection. Primary infections are characterized by a mixed
bacterial consortium composed of 10 to 30 bacterial species and 103 to 108 bacterial cells per a root canal [13, 21,
34 ]. Although there is evidence that anaerobic gram-negative bacteria are the most common microorganisms in primary endodontic infections, gram-positive bacteria, some
of which have very high prevalence rates, have also been
found in the mixed endodontic consortium. The most commonly found types of gram-positive bacteria include: Streptococcus (e.g. Str. anginosus), Peptostreptococcus (P.
anaerobius, P. stomatis), Actinomyces (e.g. A. israelii),
Filifactor (e.g. F. alocis), Olsenella (e.g. O. uli), Parvimonas
(e.g. P. micra), Propionibacterium (e.g. P. propionicum, P.
acnes), etc. [17, 35, 36, 37].
Microorganisms other than bacteria, as for example
fungi, have occasionally been found in endodontic infections. Fungi and Candida spp. in particular are eukaryotic
microorganisms that are detected by a light and scanning
microscope only sporadically in teeth with primary endodontic infections, but the incidence of their detection in
persistent and secondary infections varies from 3% to 18%
of the cases [21, 38, 39].
Both Enterococcus faecalis and Candida albicans
have a number of properties that allow them to survive in
treated canals, including resistance to intracanal medicaments and abilities to form biofilms, enter dentinal tubules
and survive long in nutrient-poor environments [21, 40].
In this survey, 19.57% indicated Enterococcus faecalis as
a pathogen associated with the failure of endodontic treatment.
Gram-negative bacteria, which are common in primary intraradicular infections, are usually eliminated by
endodontic treatment because they are very sensitive to
strong oxidizing agents, such as sodium hypochlorite. Most
studies on this subject have clearly shown the higher occurrence of gram-positive bacteria (e.g., streptococci, lactobacilli, E. faecalis, O. uli, Parvimonas micra, P.
alactolyticus, and Propionibacterium) in both post-instrumentation and post-medication samples [41, 42]. Teeth with
treated root canals are nine times more likely to harbor E.
faecalis than teeth with a primary infection [39].
This supports the thesis that gram-positive bacteria
can be more resistant to antimicrobial measures taken and
have the ability to adapt to the harsh conditions of the surrounding environment in mechanically and chemically
treated root canals [21].
Gram-negative bacteria appear to be the most common microorganisms in primary endodontic infections.
Bacteria of the genus Prevotella (e.g., P. intermedia, P.
nigrescens, P. baroniae and P. tannerae) are gram-negative
rods or cocci. They are common causes of upper respiratory tract infections, brain and lung abscesses, empyema,
tubo-ovarian abscesses, and in root-canal infections of the
teeth they are most commonly associated with peptostrep-
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tococci and other anaerobic gram-positive bacteria, Fusobacterium (e.g., F. nucleatum) and other facultative-anaerobic species of the normal flora. They produce endotoxins,
and their presence is associated with pain in acute inflammatory processes of the periapex of the teeth [21, 44].
Bacteria of the genus Peptostreptococcus (P.magnus,
P. micros, P. prevotii) are anaerobic gram-positive cocci,
varying in shape and size (0.5 -2.0 µm), part of the normal
flora of the skin and the mucous membrane of the oral cavity, the large intestine and the genital organs. The species
of the former Peptococcus genus are also included to them
now. In association with other anaerobic and facultative
anaerobic bacteria, they cause infections to the soft tissues
(gangrene), the bones (osteomyelitis) and the joints; endocarditis [44].
Eubacteria are also so gram-positive, anaerobic nonspore-forming rod-shaped bacteria. They inhabit the oral
cavity and the pharynx, the intestinal tract and the vaginal mucous membrane. Like other anaerobic bacteria, they
grow in oxygen-free environments, growing on specially
enriched nutrient media for 2-3 days and more [44].
In general, nutrient media are artificially created
substrates containing the necessary sources of C, N, P, H,
O and other elements, growth factors, etc. With its chemical composition, pH and other properties, the nutrient medium must create conditions that meet the requirements of
the microbial species and favor its growth and reproduction. As a source of carbon, bacteria most often use sugars,
multivalent alcohols, acids, etc. The optimum temperature
for cultivating pathogenic bacteria is about 37°C, but there
are also exceptions. The optimum pH for the development
of most pathogenic bacteria is about 7.2 – 7.4, but they
can also develop within the range of 6.8 – 8.0. An important role in the composition of the nutrient medium is
played by the presence of sodium chloride (NaCl), the optimal concentration of which ranges between 0.5% and
0.8%. This concentration provides optimum osmotic pressure (isotony) in the nutrient medium and conditions for
normal transport of nutrient substances in cultivating
pathogenic bacteria [44].
The greatest achievement in molecular biology, and
in genetic engineering particularly, is the polymerase chain
reaction (PCR). The PCR is a method for in vitro DNA amplification. It was discovered by Karry Mullis, and the scientist was awarded the Nobel Prize for it in 1993. The reaction is carried out in special apparatuses, called thermal
cyclers, in which the temperature required for the reaction
step is created by a given program at specified times. Each
cycle begins with heating to 94°C to denature the doublestranded DNA fragments, which leads to the separation of
the two strands. Nucleotides (ATP, GTP, CTP, TTP), which
are a source of energy, and nucleosides for DNA synthesis,
a thermostable DNA, Taq-polymerase, primers and a DNA
matrix, are present in the reaction mixture. The PCR is an
extremely sensitive method, which can prove the DNA of
single microorganisms in a particular material. Today, it is
widely used in research and medical laboratory diagnostics [44].
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CONCLUSIONS
On the basis of the results obtained, we consider that
it is necessary to increase students’ knowledge regarding:
(1) species characterization of microorganisms at different
nosological units, (2) the ways of taking material for microbiological examination, transportation of samples to a relevant specialized microbiological laboratory for analysis
and an antibiogram, and (3) good knowledge of the various therapeutic agents (including antibiotics) and their pre-
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