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The aim of this study wasto evaluate the microbial distribution in the root canal system after periapical lesion inductionin dogs' teeth
using different methods. Fifty-two root canals were assigned to 4 groups (n=13). Groups | and I1: root canals were exposed to the oral
cavity for 180 days; groups |11 and IV: root canalswere exposed for 7 days and then the coronal openingswere sealed for 53 days. The
root apices of groups | and |11 were perforated, while those of groups Il and IV remained intact. After the experimental periods, the
animals were euthanized and the anatomi ¢ pieces contai ning the roots were processed and stained with the Brown & Brenn method to
assess the presence and distribution of microorganisms. The incidence of microorganisms at different sites of the roots and periapical
lesionswasanalyzed statistically by the chi-squaretest at 5% significancelevel. All groups presented microorganismsin the entireroot
canal system. A larger number of microorganisms was observed on the root canal walls, apical delta and dentinal tubules (p<0.05),
followed by cementum and cemental resorption areas. In spite of the different periods of exposureto the oral environment, the methods
used for induction of periapical periodontitisyielded similar distribution of microorganismsin theroot canal system.
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INTRODUCTION root canal system. However, the dentina tubules and
canal ramifications (3) are important areas of propaga
tion, contributing to the establishment of alarge number
of bacterial morphotypes.

The methods for induction of periapical peri-

odontitis used in endodontic research should reproduce

The biological effects of root cand filling mate-
rialsand substances employed in the different phases of
the root canal treatment may be investigated by ‘ usage
tests’, whichisthe ANSI/ADA denomination for evalu-

ation methods that reproduce in primates and dogs the
clinical conditions of usage of dental materials (1).
Regarding teeth with apical periodontitis, the
presence of bacteria after pulp necrosis is fundamental
for the establishment of periapical pathosis (2). In teeth
with necrotic pulp, bacteriaareinitially restricted to the

themicrobiological conditionsof theroot canal system.
In this way, the use of these experimental models and
the correct interpretation of the results shall provide
evidence-based results that will contribute to the im-
provement of endodontic treatment.

In studies using animal models, periapical peri-
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odontitis may be experimentally induced by different
methods. Different periods of exposure to the oral
cavity for contamination of the root canals can be used
aswell asfilling or not of thecoronal opening duringthe
process of development of periapical periodontitis.
Several authors(4-8) haveused coronal filling after root
canal contamination in such a way that the periapical
periodontitisisinduced within ashorter period of time.
Other authors (9-12) maintain the root canals exposed
to the oral cavity for longer periods. Another variable
that can be added to the methods of experimental
induction of periapical periodontitisistheperforation of
the foramen present in the root apex of dogs' teeth.

In a radiographic and microbiologic study in
dogs teeth, Tanomaru Filho et a. (13) compared
different techniques of experimental induction of peri-
apical periodontitis, with or without coronal sealing.
The authors observed the presence of root canal
microbiota with predominance of strictly anaerobic
microorganisms and found that the different methods
induced similar areas of periapical radiolucency.

In an experimental method for assessment of
teeth with periapical lesions, another factor to be con-
sidered is the presence of microorganismsin the entire
root cana system and the apical cementum. In this
region, apical biofilmformation contributestothedevel-
opment and maintenance of the chronic periapical
reaction, which hasbeen noticedin other studiesinvolv-
ing teeth with periapical periodontitis(3,14). Despitethe
large number of studies addressing the experimental
induction of periapical lesionswithin different periods,
thereareno studiesdescribing themicrobial distribution
pattern in the root canal system and apical cementum
after perigpical lesion induction by the different tech-
niques. The reproduction of these microbiological con-
ditionsisof paramount importancefor the eval uation of
materialsand techniquesin in vivo models of teeth with
periapical lesion.

Giventhat microbia diffusionintotheroot canal
system and apical cementum is an important factor for
reproducing the conditions of teeth with periapical
lesion, theaim of thisstudy wasto eval uatethe microbial
distribution in the root canal system after periapical
lesioninductionindogs' teeth using different methods.

MATERIAL AND METHODS

Thesecond, third and fourth mandibular premolars

and second and third maxillary premolars of 3 dogs,
totaling 52 root canals, were selected for treatment. The
study design and experimental protocols were in accor-
dance with the guidelines of the Committee of Animal
Experimentation of the School of Dentistry of Araraquara.

The animals were anesthetized intravenously
with 3% sodiumthiopental (Thionembutal ; Abbot Labo-
ratories, RiodeJaneiro, RJ, Brazil). After preparation of
the occlusal access cavities, the coronal pulp was
removed, the root canals were explored with a size 20
K-file(Dentsply Maillefer, Ballaigues, Switzerland) and
the root pulp tissue was extirpated with a size 20
Hedstrom file (Dentsply Maillefer).

The root canals were assigned to 4 groups
(n=13) according to the time of placement of corona
filling and apical perforation. In groups | and Il, root
canals were exposed to the oral cavity for 180 days.
One-hundred and twenty days after the procedures in
groups | and Il, the root canals of the other quadrants
of the same dog were exposed to the oral cavity for 7
days, after which time the coronal openings was re-
stored and remained sealed for 53 days. These root
canals were included in groups Il and IV.

In groups | and Ill, after corona access and
pul pectomy, the root apical delta was perforated using
sequential sizes 20, 25 and 30 K-files up to the total
length of theroot in order to create astandardized apical
opening. All experimental groups were tested in the
sameanimal and were performedin alternate quadrants.

The dogs were euthanized by anesthetic over-
dose 180 days after coronal opening in groups | and 11
and 53 days after coronal sealing in groups Il and 1V.
The maxillas and mandibleswereremoved and fixed in
sodium cacodylate solution containing sucrose and
glutaraldehyde. The specimens were then washed and
demineralized in EDTA solution and glutaraldehyde
activated in a microwave oven. Serial 6-um-thick sec-
tionswereobtained and stained withthe Brown & Breen
method for histomicrobiological analysis.

The presence of microorganisms was assessed
by optical microscopy with oil immersionin the apica
3 mm of the root canal system and in the periapical
region at the following sites: 1- main cana walls, 2-
apical delta ramifications, 3- cementum, 4- dentinal
tubules, and 5- areas of cemental resorption. After
analysis of all histological sections selected from each
root, the presence or absence of microorganisms was
recorded for each evaluated region. The incidence of
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microorganisms at different sites of the roots and
periapical lesions was analyzed statistically by the chi-
square test at 5% significance level.

RESULTS

A total of 312 seria sections stained with the
Brown & Brenn method were obtained from the 52 root
canals. The topographical distribution of microorgan-
isms in the apical 3 mm of the root cana system and
periapical region of the 4 groupsis given on Table 1.

There were no statistically significant differ-
ences (p>0.05) among the groups regarding the pres-
ence of microorganismsin the apical delta, cementum,
root canal walls, dentinal tubules and cemental resorp-
tion areas.

Gl (180-day exposure with apical perforation;
n=13): Microorganisms were observed on the root
canal wallsof al specimens, being detected inthe apical
delta, dentinal tubules and cemental lacunae in 84.6%,
69.2% and 61.5% of the cases, respectively (Figs. 1 and
2). Biofilms were identified on the root canals walls,
apical delta canals and apical cementum.

Gll (180-day exposure without apical perfora-
tion; n=13): Microorganisms were present on the root
canal wallsof al specimens, being detected in the apical
delta and dentinal tubules in 84.6% and 53.8% of the
cases, respectively.

GllI (7-day exposure and coronal sealing with
apical perforation; n=13): Microorganismswerefound
ontheroot cana walls of al specimens, being detected
in the apical delta, dentinal tubules and cementum in
84.6%, 76.9% and 38.5% of the cases, respectively
(Figs. 3and4). Thesemicroorganismsproduced biofilms
mainly onroot canal walls, apical deltacanal sand apical
cementum.

GIV (7-day exposure and coronal sealing with-
out apical perforation; n=13). Microorganisms were

present in the root canal walls of all specimens, being
detectedintheapical deltaand dentinal tubulesin92.3%
and 76.9% of the cases, respectively (Figs. 5 and 6).

Figure 1. Region of the root apex with the presence
microorganismsand biofilm. (Brown & Brenn x100).

ontheapical deltaramification and Gram-negative bacteriaon the
apical foramenwall. (Brown & Brenn x400).

Table 1. Topographical distribution of microorganismsin the apical 3 mm of the root canal system and periapical region.

Groups Apical delta Cementum Main canal walls Dentinal tubules Cemental resorption areas
Gl (n=13) 11 (84.6%) 8 (61.5%) 13 (100%) 9 (69.2%) 6 (46.2%)
Gll (n=13) 11 (84.6%) 4 (30.8%) 13 (100%) 7 (53.8%) 1(7.7%)
Glll (n=13) 11 (84.6%) 5 (38.5%) 13 (100%) 10 (76.9%) 4 (30.8%)
GIV (n=13) 12 (92.3%) 9(69.23) 13 (100%) 10 (76.9%) 3(23.1%)
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Figure 4. Area of arrow in Figure 3. Biofilm formation on
internal root canal wall, with predominance of Gram-negative

microorganisms (Brown & Brenn x1000).
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Figure 3. Region of the root apex, showing the presence
microorganismsand biofilm (Brown & Brenn x100).
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Figure 5. Apical delta presenting microorganisms in the delta Figure 6. Area of arrow in Figure 5. Note agglomeration of
canalsand apical cementum (Brown & Brenn x100). microorganismsin the apical delta(Brown & Brenn x1000).
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DISCUSSION

The endodontic treatment of teeth with chronic
periapica reaction has a more unfavorable prognosis
and lower success rate due to the involved microbiota
anditsdiffusion within theroot canal system and apical
cementum (2,14).

Amongtheavailablemethodol ogiestoinvestigate
endodontic infection, the Brown & Brenn staining
offers information about the topographical location,
morphology and gram-positive or gram-negative struc-
ture of microorganismsinthetissue (4,15). Theoriginal
histological process produced significant damagetothe
cell walls of gram-negative bacteria due the aggressive
acidsinvolved (16). Inthisstudy, fixation and deminer-
alization were undertaken using glutaraldehyde, su-
crose, sodium cacodylate and EDTA, which replaced
the original formic acid and sodium nitrate. Further-
more, microwave activation has been shown to reduce
the demineralization time (17).

In aprevious study (4), the root canals of dogs'
teeth were exposed to the oral cavity for 7 daysto allow
contamination of the root canals and induce the forma-
tion of chronic periapical lesions. After thisperiod, the
coronal openings were sealed until periapical radiolu-
cencies were observed radiographically, which usually
occurred within 45-60 days. Thismethodol ogy hasalso
been used in other studies (4-8,13,18).

Jansson et al. (9), using two methods to induce
periapical periodontitiswith and without coronal resto-
ration, observed that when the pulp chambers were
closed, the radiolucencies were formed more rapidly
than when they were left open, which indicates that a
closed environment is more favorable to the develop-
ment of selective anaerobic gram-negative bacteria.

A former study by Tanomaru-Filho et a. (13)
demonstrated that different methods for experimental
induction of periapical periodontitis, with or without
coronal sealing, produced similar radiographic periapi-
cal lesionsand microbiotawith predominance of anaero-
bic microorganisms. The findings of the present study
demonstrated that the methods for induction of chronic
periapical lesions, even with different experimental
periods, allow the diffusion of microorganisms within
the entire root canal system, including the root canal
walls, cemental lacunae, apical deltaramificationsand
the dentinal tubules.

In the present investigation, the apical third was
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analyzed becauseit representstheregion weremicrobial
propagation is more complex, with alarger number of
ramifications of the main root canal. Additionally, the
apical cementum presents an important region of endo-
donticinfection, lodging microorganismsinitsresorbed
areas. Numerous microorganismswereidentified in all
examined sites, which isin agreement with the findings
of previous microbiological studieswith root canals of
teeth with periapical periodontitis (3,13). In addition,
periapical biofilmswereclearly observed, aspreviously
reported in scanning electron microscopic study (14).
Leonardo et a. (4) evaluated the root cana system
microbiota after two different endodontic techniques,
being performed experimental induction of periapical
lesions associated with the coronal sealing method.
Microorganisms were found in al regions of the root
canal system, suggesting that the method of experimen-
tal induction of periapical lesions alowed microbia
propagation. Soareset a. (19) eval uated the presence of
microorganisms in the root canal system after place-
ment of intracanal medication in dog's teeth with
periapical lesion, being used the method of induction of
periapical lesions with coronal sealing for 60 days.
Brown and Brenn staining identified microorganisms
compatible with root canal system infection.

This study showed biofilm formation after a
relatively short time interval (60 days) for induction
periapical lesions. The results of the present study
revealed an endodontic infection pattern compatible
withthe one observed in teeth with periapical periodon-
titis, that is, an intense microbial diffusion within the
entireroot canal system, including apical deltaramifica
tionsand apical cemental region.

Ferreira et a. (20) evaluated the microbiota of
root canals after inducing periapical lesions in dogs
teeth using two different methods, with and without
coronal sealing, for a 120-day period. The microbiota
was collected only from the main canal. The authors
observed alarger number of strictly anaerobic microor-
ganismsin the teeth that were seal ed compared to those
exposed to the oral environment.

In the present study, a 60-day period was used
for the seal ed root canalsand a 180-day period for those
left exposed to the oral cavity, which hasbeen described
inpreviousstudies(4-13,18). Thefindingsindicatethat,
in spite of the shorter period for induction of periapical
periodontitis (60 days), the groups in which coronal
sealing was performed presented similar microbial dif-
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fusion to those without corona sealing, which used a
longer experimental period (180 days). Both methods
used for induction of periapical periodontitis yielded
similar distribution of microorganismsin theroot canal
system, irrespectively of time for lesion induction.

RESUMO

O objetivo deste estudo foi avaliar a distribuicdo microbianano
sistema de canais radicul ares apés indugéo de lesdes periapicais
em dentes de cées por diferentes métodos. Cinqlienta e dois
canaisradicul aresforam divididosem 4 grupos (n=13). Grupos|
ell: canaisradiculares foram expostos por 180 dias; gruposlil e
IV: canais radiculares foram expostos por 7 dias e entéo as
aberturas coronarias foram seladas por 53 dias. Os apices
radicularesdosgrupos| elll foram arrombados, enquanto osdos
grupos Il e IV foram mantidos intactos. Apds os periodos
experimentais, os animais foram mortos e as pegas foram
processadas e coradas pelo método de Brown e Brenn para
avaliacdo da presenca ou auséncia e distribuicdo dos
microrganismos. A incidénciade microrganismos nas diferentes
regidesdasraizesel esdesperiapicaisfoi analisadaestatisticamente
pel o Teste Qui-Quadrado emnivel de5% designificancia. Todos
0S grupos apresentaram microrganismos em todo o sistema de
canais radiculares. Um maior nimero de microrganismos foi
observado nas paredes do canal radicular, delta apical e tlbulos
dentinérios, seguido pel o cemento edreasdereabsorcdo cementéria.
Apesar de utilizar diferentes periodos de exposi¢do dos canais
radiculares ao meio bucal, os métodos usados para inducdo das
lesbes periapicais permitiram semelhante distribuicdo de
mi crorgani smos no sistemade canaisradiculares (p>0,05).
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