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Thisstudy evaluated histopathol ogically different methods of experimental induction of periapical periodontitis. The radiographic and
microbiological evaluations have been performed in apreviousinvestigation. Fifty-seven root canalsfrom dogs teeth were assigned to
4 groups. In Gl (n=14) and Gl (n=14), the root canalswere exposed to oral environment for 180 days; in GlI1 (n=14) and GIV (n=15)
the root canal s were exposed for 7 days and then the access cavities were restored and remained sealed for 53 days. The root apices of
Gl and GlII were perforated, whilst those of Gl and GIV remained intact. After induction of periapical periodontitis, the dogs were
euthanized. Seria sections were obtained and stained with hematoxylin and eosin. Data of the histopathological evaluation were
submitted to Kruskal-Wallis and Dunn’s tests at 5% significance level. The inflammatory periapica reaction and resorption of
mineralized tissues were lessintense in Gl than in the other groups (p<0.05). There was no histopathological difference among the
experimentally induced periapical lesionsin theteeth with coronal sealing. On the other hand, when coronal sealing was not performed,

greater intensity of induced periapical periodontitis was observed in the teeth with apical perforation.
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INTRODUCTION

Experimental induction of chronic periapical pe-
riodontitisin teeth of animal sisimportant for evaluation
of new root canal materials and procedures for clinical
use under conditions similar to those in humans.

Thebiologica effectsof root candl fillingmaterials
and substances employed in the different phases of the
root cana treatment may be investigated by ‘usage
tests’, which is the ANSI/ADA denomination for
evaluation methodsthat reproducein primatesand dogs
the clinical conditions of use of dental materials (1).
According to Spangberg (2), the histopathological
evaluation of periapical tissues by different endodontic
treatment protocol s substantiates a scientific evidence-

based clinical practice.

Therefore, models for assessment of endodontic
treatment of teeth with periapical lesions should repro-
duce the inflammatory reaction and mineralized tissue
resorption in the periapical region. Several studieshave
been performed in dogs to evaluate the root canal
treatment of teeth with periapical lesions (3-9) or
incomplete root formation (10-11) and the healing
process after periapical surgery (12-13).

Periapical periodontitis can be experimentally
induced by different methods. Different time periods
for contamination of root canals after oral exposure can
be used, as well as sealing or not of the coronal access
cavity during the devel opment of periapical periodonti-
tis. Several authors have recommended the placement
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of corona filling after root cana contamination to
shortenthetimefor induction of periapical periodontitis
(3,4,6,8,11). Other authors advocate that the exposure
of root canalsto the oral environment should be main-
tained for longer periods (7,14-16). Another variable
that can be introduced to the methods of experimental
induction of periapical periodontitisistheperforation of
the apical deltaintheroot apex of dogs' teeth. Although
the dog is considered to be an excellent experimental
anima model, dog's teeth end with an apica delta
composed of numerous canal ramifications. This ana-
tomic difference can be compensated by perforating the
apical cementum layer with K-filesin order to create a
standardized apica opening (4-6, 8-11,13). Perforation
of the apical delta can be accomplished shortly after
exposure of the root cana or, alternately, the root apex
can remain intact.

Theapical and periapica healing after endodontic
treatment of teeth with periradicular lesions depends
directly on the induced periapical inflammatory pro-
cess. Despite the large number of studies employing
experimental induction of periapical periodontitis, there
are no studies addressing the inflammatory reaction
produced by the different methods available.

Given that the methodology of experimental
induction of periapical periodontitisis akey factor for
the interpretation of research results, the aim of this
study was to perform a histopathological evaluation of
the inflammatory reaction produced by different meth-
odsof experimental induction of periapical periodontitis
in dogs' teeth.

MATERIAL AND METHODS

Thesecond, third and fourthmandibular premolars
and the second and third maxillary premolars of three
dogs, totaling 57 root canals, were selected for treat-
ment. The study design and experimental protocols
were in accordance with the regulations of the loca
Committeeof Animal Experimentation, which complies
with the NIH guidelines.

The animals were anesthetized intravenously
with 3% sodiumthiopental (Thionembutal, Abbot L abo-
ratories, RiodeJaneiro, RJ, Brazil). After preparation of
occlusal access cavities, the coronal pulp wasremoved,
the root canas were explored with a size 20 K-file
(Dentsply/Maillefer, Ballaigues, Switzerland) and the
radicular pulp tissue was extirpated with a size 20
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Hedstromfile (Dentsply/Maillefer).

The root canals were assigned to 4 groups,
according to thetime of placement of the coronal filling
and apical perforation. In Gl and Gll, the root canals
were exposed to the ora cavity for 180 days. One-
hundred and twenty days after the proceduresin Gl and
Gll, the rot cands of the other quadrants of the same
dog were exposed to the oral cavity for 7 days, after
which time the corona openings were restored and
remained sealed for 53 days. These root canals were
included in GlIl and GIV.

In Gl and GlllI, following pul pectomy, the root
apical deltawas perforated using sequential sizes 20, 25
and 30 K-filesup to thetotal length of theroot to create
astandardized apical opening. A sizeK-filewasfrequently
used at theroot total canal lengthin order to confirmthe
standardization of the apical opening. All experimental
groups were tested in the same animal and were
performed in aternate quadrants.

The dogs were euthanized by anesthetic over-
dose 180 days after coronal opening for Gl and Gl1 and
53 days after coronal sealing for Gl and GIV. The
maxillas and mandibles were removed and fixed in
sodium cacodylate solution containing sucrose and
glutaraldehyde. The specimens were then washed and
demineralizedin EDTA and glutaraldehydeactivatedin
a microwave oven. Serial 6-um-thick sections were
obtained (25-30 sections per specimen) and stained
with hematoxylin-eosin (HE) and Mallory Trichrome.

The pathologists who evaluated the specimens
were calibrated and blinded to the groups. Histopatho-
logical examination of the apical and periapical region
wascarried out onthebasisof thefollowing parameters:
intensity of the periapical inflammatory infiltrate, thick-
nessof theapical periodontal ligament, boneresorption,
extension of the periapical inflammatory infiltrate and
apical cementum resorption. Scoresof 1, 2, 3or 4 (from
best toworst) wereattributed to each analyzed parameter.

Theintensity of periapical inflammatory infiltrate
was evaluated by counting the number of inflammatory
cells in the histologic sections using a binocular light
microscope (Olympus BX50, Tokyo, Japan) with a
%1000 magnification ocular lens(Carl Zeiss, Optronics,
GmbH, Germany) and a 10x10 mm test area. The
median and quartiles (25% and 75%) were calculated
from the dataobtained in al groups. These valueswere
used to establish intervals of the number of inflamma-
tory cells corresponding to scores 1 to 4 (Table 1).
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The thickness of the apical periodontal ligament
was measured in millimeters (distance between the root
apex and the alveolar bone). Photomicrographs were
taken at x40 magnification and digitized and theimages
were processed by Image Tool software for Windows
version 3.0 (UTHSCSA, San Antonio, TX, USA). Sta-
tistical analysiswas performed to obtainthe median and
quartiles (25% and 75%) for elaboration of scores 1 to
4, corresponding to periodontal space thickness inter-
vals (in mm) (Table 1).

Bone resorption was analyzed based on the aver-
ages (in mm) of apical periodontal ligament thickness
and the following scores were attributed: 1 - absence of
resorption; 2 - repaired resorption; 3 - presence of bone
resorption <1.389 mm (average of apical periodontal
ligament thickness); and 4 - >1.389 mm (average of
apical periodontal ligament thickness).

For periapical inflammatory infiltrate extension,
thefollowing scoresweregiven: 1 - absent; 2 - restricted

to the apical foramen; 3 - up to half of the apica
periodontal space; 4 - beyond half of the apical peri-
odontal space.

For apical cementum resorption, the scores
were the following: 1 - absent; 2 - localized up to half
of the cementum thickness; 3 - localized beyond half of
the cementum thickness; 4 - reaching dentin.

Theoverall outcomeswere calculated by adding
thevaluesof al parametersinvestigated for each group
and then comparing the groupsto each other. Statistical
analysis of the histopathological parameters was per-
formed by the Kruskal-Wallis test at 5% significance
level. When a statistically significant difference was
detected, two-by-two comparisons between the
experimental groups were done using Dunn’s test.

RESULTS

In al 14 root canals of Gl (exposure to the ora

Table 1. Distribution of specimens according to the histopathological parameters and scores.

Histological Scores Gl Gll GllI GlV
parameters (n=14) (n=14) (n=14) (n=15)
Inflammatory 1=0- 72.1inflammatory cells 9 4 - 1
infiltrate 2=72.2 - 87.2 inflammatory cells 3 8 2 1
intensity 3=87.3- 115.8 inflammatory cells 1 2 7 5
4= Over 115.9 inflammatory cells 1 - 5 8
Apical 1= 0to 1.068 mm 2 9 2 1
periodontal 2=1.069 to 1.389 mm 4 4 2 5
space (APS) 3=1.390to 1.769 mm 5 1 2 6
4= Over 1.770 mm 3 - 8 3
Bone 1= Absent - - - -
resorption 2= Repaired areas - - - -
3= Non-repaired areas with APS <1.389mm 6 13 3 6
4= Non-repaired areas with APS> 1.389mm 8 1 11 9
Inflammatory 1= Absent - - - -
infiltrate 2= Redtricted to apical foramen - - - -
extension 3=Upto % of APS - 5 - 4
4= QOver Y2 of APS 14 9 14 11
Apica 1= Absent - - - -
cementum 2= Up to ¥ of cementum thickness 5 11 10 12
resorption 3= Beyond %2 of cementum thickness 7 3 3 3
4=Reaching dentin 2 - 1 -
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cavity for 180 daysfollowed by apical perforation), the
inflammatory infiltrate was composed mainly by
mononuclear cells(Table 1). Extensive bone resorption
areas were observed (Fig. 1). The apical cementum
surface exhibited partial resorption in 5 roots, total
resorption in 7 roots and dentinal involvement in 2
specimens.

In Gl (exposure to the oral cavity for 180 days
without apical perforation), all 14 root canals exhibited

Figure 1. GI: Periapical region exhibiting intense inflammatory
cell infiltrate and increase of the apical periodontal ligament
thickness. HE. (Original magnification x40).

=

Figure 2. Gll: Root apex with resorption and inflammatory cell
infiltrate within the increased apical periodontal ligament. HE.
(Origina magnification x40).
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inflammatory alterationsand mineralized tissueresorp-
tion in the apical and periapical regions, but with less
intensity than in GI (Fig. 2).

The 14 root canalsin GllI were exposed to the
oral cavity for 7 daysand remained sealed for additional
53 days with apical perforation. The intensity of
inflammatory reaction in the periapical area was
considered predominantly severe, being attributed scores
3 and 4 (Fig. 3). The thickness of the periodontal
ligament was severely increased (score 4) in most
specimens.

InGIV (coronal sealing after root canal exposure
to the oral environment for 7 days without apical
perforation), theperiapical tissueexhibited alargenumber
of mononuclear inflammatory cellsin addition to tissue
necrosis and fibril dissociation (Figs. 4 and 5). The
thickness of the periodontal ligament was severely
increased (score 4). Farther from the apical foramen,

Figure 3. GllII: Periapical area with severe inflammatory cell
infiltrate within the increased apical periodontal ligament. HE.
(Origina magnification x40).

Braz Dent J 19(3) 2008

28/9/2008, 14:17



‘ 1148.pmd

242 J.M.G. Tanomaru et al.

some collagen fibers were observed attempting to
circumscribe the inflammatory process.

Statistical analysis of the histopathological pa-
rameters revealed significant differences among the
groups(p<0.05). InGll, thehistopathol ogical parameters
eva uated showed alessintenseinflammatory periapical
reaction and resorption of mineralized tissuesthaninthe
other groups (p<0.05).

DISCUSSION

The methods for induction of experimental peri-
apical periodontitisevaluatedinthepresent study arethe
most frequently reportedintheliterature (3,4,6-8,11,14-
16), though with different periods of induction. In the
methodology described by Leonardo et al. (17) for
induction of periapical periodontitisindogs’ teeth, after
corona opening and removal of radicular pulp tissue,
the pulp cavity was kept exposed to the oral environ-
ment for 7 daysfor contamination of root canalsby oral
microorganisms. After this period, coronal sealing was
performed and maintained until radiolucent periapical
areas were observed, which normally occurred within
45 to 60 days.

Thismethodology for inducing periapical lesions
in dog's teeth has aso been used in other studies
(4,5,6,8-11,18), which reported that after contamina-
tion of the root canals by oral pathogens or inoculation
of microorganisms from the endodontic microbiota,

Figure 4. GIV: Apical and periapica root areas presenting
extensive cementum resorption and increase of the apical
periodontal ligament. HE. (Original magnification x40).
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coronal sealing reduced the time necessary for forma:
tion of radiographically visibleperiapical lesions. Stud-
ies have shown that when the occlusal cavities are
sealed, the periapical inflammatory reaction is usually
induced within 60 days (4,6,8,11,13), whereas in the
teeth without coronal sealing induction of periapical
periodontitis occurs only after 180 days (7,12,15).
Similar findings were observed in the present study.
Regarding theinduction of periapical inflamma-
tion, the findings of this study demonstrated that all
proposed techniques induced the development of peri-
apical lesions, which presented severe inflammatory
infiltrate with predominance of mononuclear cells,
thereby characterizing achronicinflammatory reaction.
For root canals exposed to the ora environment for the
duration of the experiment (180 days) without apical
perforation (Gl1), the induced periapical periodontitis
exhibited lessintenseinflammatory parametersand less

Figure 5. Greater magnification of Figure 4 showing apical
cementum resorption and inflammatory cell infiltrate. HE.
(Original magnification x200).
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apical and periapical mineralizedtissueresorption com-
pared to the other groups (p<0.05).

The outcomes of the present study suggest that
in teeth that had the access cavities sealed, microbial
shift occurred within ashorter time, resulting in afaster
colonization of theroot apex areaby anaerobic bacteria,
asobserved in apreviousstudy (19). For GlIl and GIV,
bothwith sealing of coronal openings, periapical lesions
were induced in a similar manner, which suggests that
apical perforation was not a significant factor.

In aprevious study, Tanomaru Filho et al. (19)
eval uated methods of induction of periapical periodon-
titisindogs' teeth with and without coronal sealing and
either perforating or not the root apices and concluded
that the different methods analyzed induced the devel-
opment of radiographically similar periapical lesions
with predominance of anaerobic bacteria. The same
specimenswere usedin the histopathol ogical evaluation
of the experimentally induced periapical lesionsin the
present study.

Ferreira et a. (20) evaluated the microbiota of
root canals after inducing periapical lesions in dogs
teeth using two different methods, with and without
corona sealing, for a 120-day period. These authors
observed alarger number of strictly anaerobic microor-
ganismsin theteeth that were seal ed compared to those
exposed to the oral environment. In the present study,
a60-day period was used for the sealed root canals and
a 180-day period for those left exposed to the oral
cavity, which has been described in previous studies
(3,7,11,14,16). Using the same methods for induction
of apical periodontitis as those of the present study,
Tanomaru-Filho et al. (19) reported the formation of
periapical lesions with similar characteristics and the
sametype of microbiotawith predominanceof anaeraobic
microorganisms, for all induction methods. These
findings were also observed in the present study.

Nevertheless, in the groups whose access cavi-
ties were not sealed, apical perforation was important
for the devel opment of periapical periodontitis, leading
toinduction of periapical lesionswithintenseinflamma:
tory phenomenaand mineralized tissueresorption, simi-
lar to the groups with coronal sealing (Gl and GIV;
p>0.05). This may be explained by the fact that apical
perforation yielded a greater access to microorganisms
and their products and byproducts, thereby creating
morefavorableconditionsfor devel opment of periapical
inflammatory reaction.
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Theshorter period required for inducing periapi-
cal lesions when the coronal accesses of the root canals
weresed edisinagreement withthefindingsof previous
studies (14,19). Jansson et a. (14), using two methods
of periapical lesion induction in monkeys' teeth, with
and without coronal sealing, observed that when the
pulp chamberswere sealed, lesion formation wasfaster
than when they were left open, suggesting that aclosed
environment facilitates the development of selective
anaerobic gram-negative bacteria. The pulp cavity was
exposed to the oral environment for 10 to 14 days, then
the crown openings were either sealed or left exposed
for different experimental periods (1, 2, 4, 7 and 10
months). The authorsreported that the teeth with sealed
root canal entrancesrequired significantly shorter times
for development of periapical lesions, which were
radiographically visible after 2 months. The exhibited
inflammatory infiltrate was composed mainly of mono-
nuclear cells. However, for the teeth that did not have
theaccesscavitiesseal ed, periapical inflammatory reac-
tion was observed only at 7 months.

The knowledge of the periapical periodontitis
experimentally inducedisimportant totheinterpretation
of research results. In this study, the obtained results
showed no histopathological differences between the
induced periapical lesions in the groups with coronal
opening sealing and the group without coronal sealing
with apical perforation. Lower intensity of induced
periapical periodontitis was observed for the teeth
without coronal sealinginwhich apical perforation was
not performed. However, itisal soimportant to consider
that lesser time is required for induction of periapical
periodontitiswhen the method with coronal sealingwas
used (60 days), decreasing the experimental period.

RESUMO

O objetivo deste estudo foi aavaliagdo de diferentes métodos de
induco delesdes periapicais. Cinglientae seiscanaisradicul ares
de dentes de cées foram divididos em 4 grupos. No Gl (n=14) e
no Gl (n=14), os canais radicul ares foram expostos a cavidade
bucal por 180 dias; no Gl (n=14) e no GIV (n=15) os canais
radiculares foram expostos por 7 dias e entdo as aberturas
corondrias foram restauradas e permaneceram seladas por 53
dias. Os épices radiculares do Gl e Glll foram perfurados,
enquanto os do Gll e do GIV foram mantidos intactos. Apos
inducdo das lesdes periapicais, os cdes foram mortos. Cortes
seriados foram obtidos e corados por hematoxilina e eosina. Os
dados da andlise histopatol 6gica foram submetidos ao teste de
Kruskal-Wallis e Dunn com nivel de significancia de 5%. A
reacdo inflamatéria periapical e reabsorcdo dos tecidos
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mineralizados foram menos intensos no Gll que nos demais
grupos (p<0,05). N&o houve diferenca histopatol 6gica entre as
| esBes periapi caisinduzidas nos dentes com selamento coronario.
Por outro lado, quando o selamento coronério ndo foi realizado,
maior intensidade deles&o periapical induzidafoi observadanos
dentes com perfuracéo apical.
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