
This study was carried out to investigate the microbial profile and endotoxin levels 
of endodontic-periodontal lesions of periodontal origin. Periodontal and endodontic 
samples were taken from periodontal pockets and necrotic root canals of 10 teeth 
with endodontic-periodontal lesions. Evidencing of 40 different bacterial species were 
determined in each endodontic and periodontal sample using the checkerboard DNA-DNA 
hybridization method and Kinetic chromogenic LAL assay was used for quantification 
of endotoxins. Fisher’s exact test correlated the bacterial species with the endodontic or 
periodontal microbiota. The endotoxin levels (EU/mL) found in samples of the root canal 
and periodontal pocket were compared by the Wilcoxon test (p<0.05). Bacteria and LPS 
units were found in 100% of the endodontic and periodontal samples. The species E. 
faecium, P. acnes, G. morbillorum, C. sputigena and L. buccalis were strongly correlated 
with the endodontic microbiota and P. nigrescens with the periodontal microbiota. P. 
intermedia, P. endodontalis and V. parvula were more prevalent in both endodontic 
and periodontal microbiots. The endotoxin levels in the periodontal pocket (89600 EU/
mL) were significantly higher than in the root canal (2310 EU/mL). It was concluded 
that the microbiota present in the periodontal and endodontic tissues is similar, with a 
higher prevalence of species of the orange complex and a higher level of endotoxin in 
the periodontal pockets.
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Introduction
The periodontal and endodontic tissues have embryonic, 

anatomical and functional interrelationships. As the 
tooth and root development, communication pathways 
are created between the periodontium and pulp, such 
as dentinal tubules, lateral and accessory canals, and 
the apical foramen. Through these communications, it 
is believed that microorganisms and toxins may pervade 
structures serving as a source for infection in a two-way 
relationship, resulting in pathological entities known as 
endodontic-periodontal lesions (1,2).

Endodontic-periodontal lesions are characterized by 
the association of endodontic and periodontal disease 
in the same tooth. Such infections are typically multi-
species and interactions among different microorganisms 
may contribute to the development of endodontic and 
periodontal flora (3). Studies that investigated teeth 
with periodontal and endodontic infection demonstrated 
that the microorganisms present in the root canals with 
advanced periodontal disease were similar to those found 
in the adjacent periodontal pockets (2,4-8). Furthermore, 
Didilescu et al. (9) investigated the association of six 
bacterial species in endodontic-periodontal lesions 

and found that the species Fusobacterium nucleatum, 
Capnocytophaga sputigena and Parviromona micra were 
more prevalent, suggesting that these species may play a 
role in the pathogenesis of these lesions.

Lipopolysaccharide (LPS), also known as endotoxin, is 
the major macromolecule found in the outer cell membrane 
of Gram-negative bacteria being released after its division 
or death.  It is an important virulence factor which plays 
a role in endodontic and periodontal infections and its 
presence has been correlated with clinical symptomatology 
and bone resorption in pulpal and periapical lesions (10,11). 
LPS is considered one of the most potent inflammatory 
cascade initiators because it can activate monocytes and 
macrophages to produce proinflammatory cytokines such 
as tumor necrosis factor alpha (TNF-a), interleukins (IL) -1, 
IL-6, IL -8, and IL-12 (12).

Until now, there are few studies regarding bacterial 
community of endodontic-periodontal lesions in the 
literature (2,4-7,9) and, consequently, treatment protocols 
of these lesions are not well established in clinical practice. 
The qualitative and quantitative correlation of pathogens 
and endotoxins in the infection processes of endodontic-
periodontal lesions may offer a better understanding of the 
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disease and it is essential for the development of improved 
strategies for diagnosis and therapeutic intervention. Thus, 
the aim of the present study was to investigate the microbial 
profile by 40 different species and endotoxin levels of 
endodontic-periodontal lesions of periodontal origin. 

Material and Methods
Patient Selection

Ten patients were selected among those seeking 
dental treatment at São José dos Campos Dental School. 
A detailed dental history was obtained from each patient. 
The study included subjects which presented teeth with 
pulp necrosis associated with periapical lesion, gingival 
bleeding and ≥6 mm periodontal pocket in more than 
one site. Pulp status was assessed through thermal vitality 
tests and cavity test. The periapical status was determined 
through the observation of clinical and radiographic signs, 
and symptoms such as tenderness to percussion and pain 
on palpation. Exclusion criteria were teeth with the pulp 
chamber exposed to the oral cavity, previous endodontic 
treatment, caries communicating to the pulp chamber, 
presence of cracks or fissures, calcifications and external 
resorption. The presence of cracks or fissures was assessed 
through transillumination, wedging and staining tests, 
followed by radiographic examination. Thus, the lesions 
were endodontic-periodontal lesions whose infection 
was probably of periodontal origin (13). In addition, were 
excluded patients who presented systemic diseases, those 
who had undergone periodontal treatment during the 
last 6 months prior to the study, smoking and antibiotic 
therapy during the last 6 months prior to the study. All 
subjects who agreed to participate in the study were 
informed about the nature and potential risks and signed 
a free informed consent form. Furthermore, the study 
was approved by the local Institute Review Board (CAAE: 
30936714.8.0000.0077).

Sample Collection
All materials used in this study were treated with 

Co-gamma radiation (20 kGy for 6 h) for sterilization 
and elimination of preexisting endotoxins (EMBRARAD; 
Empresa Brasileira de Radiação, Cotia, SP, Brazil). Initially, 
the supragingival plaque was removed by rubbing a sterile 
gauze moistened in saline solution on all faces of the 
tooth crown and air jets were applied in order to keep the 
tooth surface dry. The periodontal sites to be sampled were 
isolated with cotton rolls in order to avoid contamination 
by saliva.

Periodontal samples were first collected as follows: four 
pyrogen-free paper points #30 (Dentsply, Petrópolis, RJ, 
Brazil) were inserted into the deepest periodontal pocket 
of the teeth, one at a time, where they remained for 1 min. 

The first paper point was transferred to an eppendorf tube 
and stored at -20 °C until the limulus amebocyte lysate 
(LAL) assay. The last three paper points were immediately 
transferred to one eppendorf tube containing 1 mL Tris-
EDTA buffer (10 mmol/L Tris-HCl, 1 mmol/L EDTA, pH=7.6). 
Then, 1 mL of 0.5 mol/L NaOH was added to each tube, and 
samples were frozen at -20º C until they were processed 
for checkerboard DNA-DNA analyses.

Subsequently, endodontic samples were collected under 
absolute isolation with a rubber dam. The operative field 
(outer surface of crown, clamp, rubber dam and frame) 
was disinfected in three steps: first with 30% hydrogen 
peroxide, second with 5.25% sodium hypochlorite (NaOCl) 
and third with 5% sodium thiosulfate. The access to the 
pulp chamber was made without the use of water spray 
but under manual irrigation with sterile/apyrogenic saline 
solution and by using sterile/apyrogenic high-speed 
diamond bur. All procedures were performed aseptically. 
Four paper points #15 (Dentsply, Petrópolis, RJ, Brazil) were 
consecutively introduced into the full length of the canal, 
which was determined radiographically. The storage method 
followed the same as periodontal samples.

Microbiological Assay: Checkerboard DNA-DNA
Counts of 40 different bacterial species (Table 1) 

were determined in each endodontic and periodontal 
sample, using the checkerboard DNA-DNA hybridization 
technique. DNA extraction was performed with the 
Qlaamp DNA kit (QIAGEN, Chatsworth, CA, USA) according 
to the manufacturer’s instructions. Briefly, each sample 
suspension containing free DNA was deposited in the 
slits of a Minislot 30® (Immunetics, Cambridge, MA, USA) 
containing a positively charged nylon membrane (15 x 
15 cm) (Amersham Biosciences, Chicago, IL, USA), where 
the DNA was fixed by oven heating at 120 °C for 20 min. 
The last two channels of the Minislot 30® were reserved 
for the placement of the controls, containing a mixture 
of species of microorganisms that were investigated by 
DNA probes at concentrations 105 and 106 bacterial cells. 
DNA probes specific for the 40 species were made using 
Random Primer Digoxigenin Labeling kit (Boehringer 
Mannheim, Indianapolis, IN, USA), as described by Feinberg 
and Volgelstein (14). Prior to their use, the probes were 
tested with a control mixture containing the investigated 
species, at a concentration of 104 bacterial cells. Their 
concentrations were adjusted such that the signal intensity 
of all probes became similar.

After fixation of DNA in the membrane, the DNA probes 
were hybridized perpendicular to the lines containing the 
bacterial DNA using a Miniblotter 45® device (Immunetics, 
Cambridge, MA, USA). Bound probes were detected using 
anti-digoxigenin antibody (Roche Diagnostics GmbH, 
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Mannheim, Germany) conjugated to alkaline phosphatase 
(Boehringer, Mannheim, Germany), at a dilution of 
1/25000, and by chemiluminescence using CDP-Star 
Detection Reagent® (Amershan Biosciences UK Limited, 
Buckinghamshire, UK). The membranes were placed in 
cassette under a Kodak® X-OMAT radiographic film (Kodak 
Brasileira Com. e Ind. Ltda, São José dos Campos, SP, Brazil) 
for approximately 40 min, and the films were revealed 
shortly thereafter. Each signal produced by a given probe 
in the root canals sample was compared with the signal 
produced by the same probe in the two controls containing 
105 and 106 bacterial cells.

Quantification of Endotoxins: Kinetic Chromogenic 
LAL ASSAY

The method used for measuring the endotoxin 
levels has been previously published (11). First, 1 mL of 
apyrogenic water was added to each tube containing the 
paper point and the endotoxin extraction was performed 
by mechanical shaking in vortex for 60 s. Subsequently, 
endotoxin suspensions were serially diluted to 10-1. Kinetic 
chromogenic limulus amebocyte lysate assay (Lonza, 
Walkersville, MD, USA) was used for quantification of 
endotoxins. As a parameter for calculating the amount 
of endotoxins in periodontal and endodontic samples, a 
standard curve was plotted by using endotoxins supplied 
in the kit with a known concentration (50 EU/mL) and 
their dilutions (0.005, 0.05, 0.5, and 5 EU/mL) according 
to the manufacturer’s instructions. Endotoxin from 
Escherichia coli was used as standard. A positive control 
(periodontal and endodontic samples contaminated with 
a known amount of endotoxin - 10 EU/mL) was included 

for each sample to determine the presence or absence of 
interfering agents. A 96-well apyrogenic plate (Easypath, 
São Paulo, SP, Brazil) was used in a heating block at 37° C 
and maintained at this temperature throughout the assay. 
For the test, 100 μL of apyrogenic water (blank), 5 standard 
endotoxin solutions (0.005-50 EU/mL), periodontal and 
endodontic samples, and positive controls (each periodontal 
and endodontic sample contaminated with a known 
concentration of endotoxin - 10 EU/mL) were added to 
the 96-well apyrogenic plate. The tests were carried out 
in quadruplicate. The plate was incubated at 37±1 °C for 
10 min in a KineticQCL reader, which was coupled to a 
computer with the WinKQCL software (Lonza). Then, 100 
μL of the chromogenic reagent was added to each well. As 
soon as the kinetic test started, absorbance at 405 nm was 
read in each microplate well and automatically calculated 
the log/log linear correlation between reaction time of 
each standard solution and corresponding endotoxin 
concentration.

Statistical Analysis
Investigation of 40 bacterial species in each endodontic 

and periodontal sample was expressed in mean prevalence 
and levels of each species in each sample. Prevalence was 
determined based on the proportions of endodontic and 
periodontal sample colonized by each bacterial species 
at counts <105, 105, 105-106 and 106. Fisher’s exact test 
was used to correlate the bacterial species with the 
endodontic or periodontal microbiota. The endotoxin 
levels (EU/mL) found in the root canal and periodontal 
pocket samples were compared by the Wilcoxon test. The 
level of significance was set at 5%.

Table 1. DNA probes of bacterial strains

Complex Species (strain)

Red
Porphyromonas gingivalis (33277ª), Tannerella forsythia (43037ª), 
Treponema denticola (B1b)

Purple Actinomyces odontolyticus (17929ª), Veillonella parvula (10790ª)

Green
Agregatibacter actinomycetemcomitans (a+b) (43718ª and 29523ª), 
Capnocytophaga gingivalis (33624ª), Capnocytophaga ochracea (33596ª),
Capnocytophaga sputigena (33612ª), Eikenella corrodens (23837ª)

Orange

Fusobacterium nucleatum ssp Nucleatum (25586ª), Fusobacterium nucleatum ssp polymorphum (10953ª), Fusobacterium 
nucleatum ssp vincentii (49256ª), Fusobacterium periodonticum (33693ª), Parvimonas micra (33270ª), Prevotella intermedia 
(25611ª), Prevotela nigrescens (33563ª), Streptococcus constellatus (27823ª), Campylobacter gracilis (33236ª), Campylobacter 
rectus (33238ª), Campylobacter showae (51146ª), Eubacterium nodatum (33099ª)

Yellow
Streptococcus gordonii (10558ª), Streptococcus intermedius (27335ª),
Streptococcus mitis (49456ª), Streptococcus sanguinis (10556ª)

Other

Actinomyces israelli (12102ª), Actinomyces oris (43146ª), Enterococcus faecalis (29212ª), Enterococcus faecium (6569ª), Eubacterium 
saburreum (33271ª), Gemella morbillorum (27824ª), Leptotrichia buccalis (14201ª), Neisseria mucosa (19696ª), Porphyromonas 
endodontalis (35406ª), Prevotella melaninogenica (25845ª), Propionybacterium acnes (I+II) (11827ª and 11282ª), Selemonas noxia 
(43541ª), Strepctococcus anginosus (33397ª), Treponema socranskii (S1b)

a: American Type Culture Collection. b: Forsyth Institute, Boston, MA.
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Results
Prevalence and levels of each bacterial species in 

endodontic and periodontal samples are presented in 
Figure 1 and Figure 2, respectively. Microorganisms were 
found in 100% of the samples by checkerboard DNA-DNA 
hybridization. Among 40 bacterial species evaluated, 
six species, including S. noxia, S. gordonii, F. nucleatum 
ssp polymorphum, S. anginosus, E. saburreum and A. 
actinomycetemcomitans, were not detected in any 
endodontic sample. The most prevalent species at this site 
were P. endodontalis (80%), L. buccalis (80%), C. sputigena 
(70%), E. faecium (70%), A. oris (70%), V. parvula (70%), 
P. micra (70%), P. intermedia (60%), G. morbillorum (60%) 
and E. nodatum (60%) (Fig 1). 

Regarding the periodontal samples, 14 microorganisms 
were not found: C. gracilis , C. sputigena ,  G. 
morbillorum, E. corrodens, P. acnes, S. noxia, C. 

gingivalis, N. mucosa, A. odontolyticus, E. faecium, 
C. ochracea, S. sanguinis, E. saburreum and A. 
actinomycetemcomitans. The most prevalent bacterial 
species in these samples were: P. nigrescens (70%), P. 
intermedia (50%), V. parvula (50%), F. nucleatum ssp 
vincentii (50%), P. gingivalis (40%), P. endodontalis (40%), 
F. nucleatum (40%) and E. nodatum (40%) (Fig. 2).

According to Fisher’s exact test, the species E. faecium 
(p=0.0031), P. acnes (p=0.0325), G. morbillorum (p=0.0108), 
C. sputigena (p=0.0031) and L. buccalis (p=0.0055) were 
strongly correlated with the endodontic microbiota. The 
species P. nigrescens was strongly correlated with the 
periodontal microbiota (p=0.0198). Although P. intermedia 
(p=0.75), P. endodontalis (p=0.34) and V. parvula (p=0.34) 
presented a weak correlation with both endodontic and 
periodontal microbiots, these bacteria were the most 
prevalent in both sites.

Figure 1. The mean prevalence (% endodontic sample colonized) and 
levels (<105, 105, 105-106 and 106) of each bacterial species in samples 
of the root canal of endodontic-periodontal lesions. The total length 
of each bar indicates percentage of positive samples. Different colors 
inside each bar indicate percentage of samples containing different 
levels of bacterial DNA.

Figure 2. The mean prevalence (% periodontal sample colonized) and 
levels (<105, 105, 105-106 and 106) of each bacterial species in samples 
of the periodontal pocket of endodontic-periodontal lesions. The total 
length of each bar indicates percentage of positive samples. Different 
colors inside each bar indicate percentage of samples containing 
different levels of bacterial DNA.
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LPS units were found in all samples, both periodontal 
and endodontic. The endotoxin levels (EU/mL) obtained 
in the periodontal pocket samples (89600 EU/mL) were 
significantly higher compared with the levels obtained in the 
root canal samples (2310 EU/mL) (p=0.002). Figure 3 shows 
the minimum, maximum and median values of endotoxins 
(EU/mL) found in the root canal and periodontal pocket. 

Discussion
The effectiveness of the treatment of infectious 

diseases depends not only on the antimicrobial potential 
of the therapeutic strategies, but also on the susceptibility 
of the microbial species involved. The knowledge of 
the microbiological profile and endotoxin levels in 
endodontic-periodontal lesions can contribute to a better 
understanding of the pathogenesis of the disease, as well 
as to direct the therapeutic conducts. In addition, the 
use of antibiotics has been increasingly considered as an 
option to treat periodontal disease and the microbiological 
diagnosis may direct the choice of a specific antibiotic 
agent, also reducing the possibility of developing bacterial 
resistance (15). Thus, the main objective of this study was 
to investigate and identify the microbiological profile of 
endodontic-periodontal lesions of periodontal origin by 
the checkerboard DNA-DNA hybridization method, as 
well as to quantify and correlate the endotoxin levels by 
the LAL assay. The checkerboard DNA-DNA hybridization 
is a rapid and sensitive molecular identification technique 
that permits the determination of the presence of multiple 
bacterial species in very large numbers of samples 
containing complex mixtures of microorganisms (16). 
Regarding its limitations, checkerboard technique can 
only detect species for which the DNA probes have been 
prepared, in addition to not detecting microorganisms that 
are below the detection limits of the method (103 to 104 

cells) (16). The method used for measuring the endotoxin 
levels has been previously published (10,11) and has high 
sensitivity and precision (17). The 40 species investigated 
in this study were selected because of their association 
with endodontic/periodontal infections or their presence 
in other oral infections and saliva (18-21).

The microbiota of the root canal in endodontic-
periodontal lesions was similar to that found in the 
periodontal pocket, suggesting a pathway of infection 
between the pulp and periodontal tissues, particularly 
through the apical foramen, accessory canals and/or 
dentinal tubules exposed to the buccal environment, 
corroborating previous studies (2,4-8). Thus, the infected 
periodontal pocket was probably the main source of root 
canal infection in these cases of endoperiodontal lesions. 
The periodontal origin of the lesions was diagnosed because 
there was no evidence of pulpal aggression/infection via 
the dental crown, but rather a deep periodontal pocket 
and bone resorption progressing apically (13). The most 
prevalent species in the root canal samples were P. 
endodontalis (80%), L. buccalis (80%), C. sputigena (70%), 
E. faecium (70%), A. oris (70%), V. parvula (70%), P. micra 
(70%), P. intermedia (60%), G. morbillorum (60%) and E. 
nodatum (60%), all of them strict or facultative anaerobic 
bacteria. Other studies using culture-based methods also 
reported predominantly anaerobic polymicrobial flora in 
root canals of teeth with associated periodontal disease 
(4,5). Higher prevalence of P. micra was also reported by 
Hong et al. (6) when studying the intracanal and periodontal 
bacterial community in teeth with combined endodontic-
periodontal lesions, in addition to Porphyromonas 
gingivalis and Tannerella forsythia. The species E. faecium, 
P. acnes, G. morbillorum, C. sputigena and L. buccalis were 
strongly correlated with the endodontic microbiota in the 
present study, and were rarely detected in samples from 
the periodontal pocket, indicating that such bacteria are 
more specifically associated with endodontic microflora.

The most prevalent species in the periodontal samples 
were P. nigrescens (70%), P. intermedia (50%), V. parvula 
(50%), F. nucleatum ssp vincentii (50%), P. gingivalis 
(40%), P. endodontalis (40%), F. nucleatum (40%) and 
E. nodatum (40%), all of them strict anaerobic bacteria. 
P. nigrescens was the only bacteria strongly correlated 
with the periodontal microbiota. Thus, there was a high 
prevalence of microorganisms of the orange complex in the 
periodontal pockets, known as the one with the greatest 
pathogenicity alongside the red complex (20). However, in 
addition to its relationship with periodontal pathogenicity, 
high incidence of this complex has also been associated 
with endodontic infections (22-24). Bacteria of the orange 
complex as, P. micra, P. intermedia and E. nodatum, were 
also prevalent in the root canal samples. Although they 

Figure 3. Median, maximum and minimum values of endotoxin 
levels (EU/mL) found in the root canal and periodontal pocket of 
endodontic-periodontal lesions.
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presented a weak association with both endodontic and 
periodontal microbiots, P. intermedia, P. endodontalis and 
V. parvula were predominant in both sites and may play 
a role in the pathogenesis of endoperiodontal lesions. 
Didilescu et al. (9) found a correlation of endodontic-
periodontal infections with P. micra, F. nucleatum and 
C. sputigena, however in their study were analyzed cases 
with both primary and secondary endodontic infections. 
In the present investigation, these microorganisms were 
also found in both tissues, especially P. micra, but this 
correlation was not statistically significant.

Endodontic-periodontal lesions are characterized by a 
great bone loss (3,8), what relate them to Gram-negative 
microorganisms and their endotoxins or LPS. In endodontics, 
LPS has been strongly correlated to pain and periapical 
bone resorption (10,11). In the present study, the most 
prevalent bacteria in the periodontal pockets were Gram-
negative bacteria, with the exception of E. nodatum. In 
the root canal samples, predominantly Gram-negative 
bacteria such as P. endodontalis, L. buccalis, C. sputigena, 
V. parvula and P. intermedia were also detected. The 
endotoxin level in the periodontal pocket (89600 EU/mL) 
was significantly higher in comparison with the root canal 
(2310 EU/mL) and this difference can be explained by the 
microbial load, specifically Gram-negative species, which 
was higher in the periodontium compared with the root 
canal, consistent with previous studies (2,9). Duque et al. 
(25), through a clinical study, also found a higher level 
of LPS in the periodontal pockets than in the root canals 
in teeth with primary periodontal lesion and secondary 
endodontic involvement. The median value of 2310 EU/
mL obtained from root canals was high compared with 
other studies evaluating endotoxin levels in root canals 
with primary endodontic infections, whose levels ranged 
from 7.49-198 EU/mL (10,11,17). This may be due to the 
methodological differences among works, mainly in relation 
to the sample collection method. Higher values obtained 
in this study can be explained by the fact that in our cases 
the periodontal pocket was already in communication with 
the apical foramen, which probably led to an increase in 
the number of microorganisms and LPS in root canals.

In conclusion, it was demonstrated that the microbiota 
present in the periodontal and endodontic tissues of teeth 
with endodontic-periodontal lesion is similar, with a higher 
prevalence of species of the orange complex, suggesting 
that the periodontal pocket may be an important source 
of root canal infection. The species E. faecium, P. acnes, 
G. morbillorum, C. sputigena and L. buccalis were strongly 
correlated with the endodontic microbiota and P. nigrescens 
with the periodontal microbiota. The species P. intermedia, 
P. endodontalis and V. parvula were predominant in both 
samples of the root canal and periodontal pocket and may 

play a role in the pathogenesis of endodontic-periodontal 
lesions. However, it is necessary to define the specific role 
played by these pathogens in this type of lesion and thus to 
determine the best therapeutic measures for its eradication. 
In addition, further studies evaluating all microorganisms 
by using DNA sequencing should be performed to evaluate 
other potential pathogens related to this type of lesion. 
The endotoxin levels found in the periodontal pocket was 
higher compared with the root canal.

Resumo
Este estudo foi realizado para investigar o perfil microbiano e os níveis de 
endotoxina de lesões endoperiodontais de origem periodontal. Amostras 
periodontais e endodônticas foram obtidas de bolsas periodontais e 
canais radiculares necróticos de 10 dentes com lesões endoperiodontais. 
A investigação de 40 espécies bacterianas diferentes foram determinadas 
em cada amostra endodôntica e periodontal usando o método de 
hibridização de DNA-DNA (checkerboard) e o ensaio cinético cromogênico 
LAL foi usado para quantificação de endotoxinas. O teste exato de Fisher 
correlacionou as espécies bacterianas com a microbiota endodôntica 
ou periodontal. Os níveis de endotoxina (EU/mL) encontrados nas 
amostras do canal radicular e na bolsa periodontal foram comparados 
pelo teste de Wilcoxon (p<0,05). Bactérias e unidades de LPS foram 
encontradas em 100% das amostras endodônticas e periodontais. As 
espécies E. faecium, P. acnes, G. morbillorum, C. sputigena e L. buccalis 
foram fortemente correlacionadas com a microbiota endodôntica e P. 
nigrescens com a microbiota periodontal. P. intermedia, P. endodontalis 
e V. parvula foram mais prevalentes em ambas microbiotas endodôntica 
e periodontal. Os níveis de endotoxina na bolsa periodontal (89600 EU/
mL) foram significativamente maiores do que no canal radicular (2310 
EU/mL). Concluiu-se que a microbiota presente nos tecidos periodontal 
e endodôntico é semelhante, com maior prevalência de espécies do 
complexo laranja e maior nível de endotoxina nas bolsas periodontais.
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