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ABSTRACT

T

he purpose of this study was to analyze the histometry of ligature-induced periodontitis in rats at different histological
section depths. Sixteen male adult Wistar rats were randomly assigned to two groups: ligature and control. In the ligature
group, rats received a sterile 4/0 silk ligature around the maxillary right 2nd molar. Thirty serial sections containing the 1st and
2nd molars, in which the coronal and root pulp, cementoenamel junction (CEJ) in the mesial side of the 2nd molar, interproximal
alveolar bone and connective fiber attachment were clearly visible, were selected for histometric analysis. The histological
sections were clustered in groups of 10 sections corresponding the buccal (B), central (C) and lingual (L) regions of the of
periodontal tissue samples. The distance between the CEJ in the mesial side of the 2nd molar and the attached periodontal
ligament fibers (CEJ-PL) as well as the distance between the CEJ and the alveolar bone crest (CEJ-BC) were determined. From
CEJ-PL and CEJ-BC distances measured for each specimen, the measurements obtained in the B, L and C regions were recorded
individually and together. Data were submitted to statistical analysis. Significant differences (p<0.001) were observed between
the control and ligature groups regarding CEJ-PL (0.05 mm and 0.26 mm, respectively) and CEJ-BC (0.47 mm and 0.77 mm,
respectively) measurements. Regarding the depth of the buccal, central and lingual planes, the means of CEJ-PL and CEJ-BC
of both groups showed no statistically significant differences (p>0.05). In conclusion, the selection of 10 serial sections of the
central region of periodontal tissue samples at any depth can be considered as representative for the evaluation of periodontal
ligament fiber attachment and bone loss in ligature-induced periodontitis in rats.
Key Words: Experimental periodontitis, methodology. Periodontal diseases. Rats.

INTRODUCTION
The induction of periodontal disease by ligature
placement is widely used in animal studies6,25,26. Although
criticism of this experimental model of induced periodontitis
exists17, it remains a good option to collect information
regarding the etiopathogenesis of periodontal disease.
The methodologies used to quantify the progression of
ligature-induced periodontitis vary considerably, which
means that diverse forms of analysis are equally
available2,5,12,13,16,17,21.
Most studies report that histological sections for
qualitative and/or quantitative analyses are obtained from
the central portion of the region to be evaluated, being
selected 1 to 6 sections on average2,12,18,21,22,23,26,30. This means
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that the examiner has a universe of possibilities to select the
most central sections of the tissue samples. Thus, some
doubts arise regarding the reliability of the examiner’s choice
and the representativeness of a histological section for the
analysis of the results. In this context, the purpose of this
study was to analyze the histometry of ligature-induced
periodontitis in rats at different histological section depths.

MATERIAL AND METHODS
Animals
Sixteen male Wistar rats (Rattus norvegicus) with initial
mean weight of 290-315 g were used. The animals were
acclimatized to the housing conditions during 2 weeks. Four
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rats were housed in each cage and maintained under 12hour light/dark cycle at a temperature of 23oC and relative
humidity of 50% with access to standard rat chow pellets
and water ad libitum. The study protocol was independently
reviewed and approved by the Ethics in Animal
Experimentation Committee of the Dental School of
Araçatuba, UNESP, Brazil.

Experimental Induction of Periodontitis
Eight rats were randomly assigned to the ligature group
and 8 to the control group. All procedures of periodontal
disease induction were performed under general anesthesia
by intramuscular injection of a combination of 0.1 mL
ketamine hydrochloride (50 mg/mL; Dopalen; Agribrands
Saúde Animal, Paulínia, SP, Brazil) and 0.05 mL xylazine
hydrochloride (Rompun; Bayer Saúde Animal, São Paulo,
SP, Brazil; 2 g/100 mL) for each 100 g body weight. After
anesthesia, sterile 4/0 silk ligatures (Ethicon, Johnson e
Johnson, São Paulo, SP, Brazil) were placed around the
maxillary right 2nd molars26,27. The rats were euthanized by
cervical dislocation after 60 days.

Histological Examination
The right segments of the maxilla was dissected and
fixed in 10% neutral buffered formalin for 48 h, decalcified in
10% EDTA for approximately 2 weeks, washed, dehydrated
in graded alcohol concentrations, cleared in xylol and
embedded in paraffin. The paraffin blocks were serially cut
in a mesiodistal direction along the long axis of the teeth to
provide 7-µm-thick longitudinal sections. Care was taken to
obtain histological sections in which the 1st and 2nd molars,
the interproximal alveolar bone crest and the coronal and
root pulp chambers were clearly identified. When these
criteria were met, serial sectioning was performed until

reaching the maximum number of sections possible. Sections
representative of each specimen were selected and stained
with Harris hematoxylin and eosin. Thirty serial sections
containing the 1st and 2nd molars, in which the coronal and
root pulp, cementoenamel junction (CEJ) in the mesial side
of the 2nd molar, interproximal alveolar bone and connective
fiber attachment were clearly visible, were selected for the
histometric analysis. The histological sections were
clustered in groups of 10 sections corresponding to the
buccal (B), central (C) and lingual (L) regions of the
periodontal tissue samples.
Images were captured using a trinocular microscope
(enamed 2, Carl Zeiss, lens 12.5/0.25, Germany) coupled to a
video camera (JVC, Japan). All measurements were carried
out in pixels and converted into mm by a blinded examiner
using a digital image-processing software (ImageLab 2000;
Diracon Bio Informática Ltda., Vargem Grande do Sul, SP,
Brazil). The following histometric parameters were evaluated:
(a) distance between the CEJ in the mesial side of the 2nd
molar and the attached periodontal ligament fibers (CEJPL), established as histological attachment loss; (b) distance
between the CEJ and the alveolar bone crest (CEJ-BC),
established as histological bone loss. From CEJ-PL and CEJBC distances measured for each specimen, the measurements
obtained in the B, L and C regions were recorded individually
and together (Figure 1). A single examiner blinded to the
treatment groups performed the histometric analysis.
Intraexaminer reproducibility was checked before and
during the histometric analysis. Sixty sections were selected
at random from the ligature group and analyzed twice with a
1-week interval between measurements. In order to evaluate
intraexaminer reproducibility during histometric analysis, the
first section of every 15 analyzed sections was reexamined29.
Paired t-test statistics showed no statistically significant

FIGURE 1- Distance between the cementoenamel junction in the mesial side of the 2nd molar and the attached periodontal
ligament fibers (CEJ-PL) and distance between the cementoenamel junction and the alveolar bone crest (CEJ-BC)
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differences (p>0.05) in intraexaminer reproducibility for both
types of calibration. The standard errors of the mean
differences before and during histometric analysis were 0.004
mm and 0.002 mm for histological attachment loss, and 0.002
mm and 0.002 mm for histological bone loss, respectively.

Statistical analysis
Data were analyzed statistically by one-way ANOVA with
post-hoc Bonferroni correction and at t test for independent
samples. A 5% level of significance was set for all tests.

RESULTS
One animal from each group (ligature and control) was
lost during laboratorial processing.
Comparisons of the CEJ-PL means obtained in the three
regions (B,C,L) of the control and ligature groups (Table 1)
showed no statistically significant differences (p>0.05)
(Figure 2). Comparisons of the CEJ-BC means obtained in
the three regions (B,C,L) of the control and ligature groups
(Table 1) showed no statistically significant differences
(p>0.05). There was statistically significant difference

TABLE 1- Means (±SD) (in mm) of histometric attachment level (distance between CEJ and PL) and bone level (distance
between CEJ and BC) in both groups distributed according to the depth of the histological sections (buccal (B), central (C)
and lingual (L) regions, 10 sections per region)
Ligature group

Control group

CEJ-PL

CEJ-BC

CEJ-PL

CEJ-BC

B

0.32 ± 0.22 a

0.77 ± 0.17 a

0.05 ± 0.02 a

0.42 ± 0.07 a

C

0.25 ± 0.12 a

0.75 ± 0.15 a

0.04 ± 0.03 a

0.45 ± 0.10 a

L

0.22 ± 0.07 a

0.80 ± 0.20 a

0.05 ± 0.05 a

0.50 ± 0.12 a

CEJ= cementoenamel junction; PL= periodontal ligament; BC= alveolar bone crest. Different letters in columns indicate
statistically significant difference at 5%.

FIGURE 2- Figure illustrating the control group
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between the ligature and control groups regarding
histological attachment loss and bone loss (p<0.001) (Figure
3).

and 2nd molars and one of the respective roots29 were clearly
identified. A great variability exists regarding the number of
sections. In some studies, the number of sections varies

FIGURE 3- Figure illustrating the group with ligature-induced periodontitis

DISCUSSION
Different methodologies have been proposed for
histometric analysis of periodontal tissue
loss2,3,6,9,12,15,19,21,24,27. Although clinical and radiographic
models are a good alternative7,19, the qualitative data from
cellular and tissue events8,9,12 associated to the quantification
of the attachment loss caused by periodontal disease provide
more complete information17.
However, histological processing and selection of the
sections are critical factors in studies based on histometric
analysis, which use the central portion of periodontal tissue
sections. These steps should be standardized and a
sufficient number of samples should be obtained to avoid
distortions during comparison of results. In the present
study, cutting of sections prior to staining was performed
with the aid of a microscope in order to visualize the
interproximal space and obtain standardized sections. After
HE staining, 30 serial histological sections were obtained
from the region comprehended between the buccal and
lingual sides, as described in the methodology.
Review of the literature shows that most studies uses
histological sections from the central portion of the
specimens, without giving any further details regarding how
this region is determined. Two studies describe that used
histological sections in which the central pulp5 and the 1st

from 1 to 6, while in other studies an unspecified number of
sections is merely reported as “the selected histological
sections”2,4,9,10,12,20,21. In order to make a representative
analysis of the process that occurs in the interdental region,
Susin and Rösing29 (2003), was to obtain semi-serial sections
with a 10-step difference between sections, until reaching
60 sections (6 per block). In the present work, 30 serial
sections were obtained on the understanding that this was
a satisfactory number capable of representing any area from
the buccal to the lingual face in the central portion of the
periodontal tissue sample.
The choice of CEJ-PL and CEJ-BC as comparative
histological parameters was due to the fact that there is a
large number of studies using connective attachment loss
and bone loss to evaluate periodontal disease, especially
for quantification of bone loss3,21,25,26,29,30.
In order to have a reliable histometric results, care was
taken in the present study with respect to standardization,
selection of histological sections and blind examination, as
differences in these variables could explain the divergences
found in the literature 1,14. In addition, intraexaminer
reproducibility was checked before and during the
histometric analysis29. No significant differences were found
in intraexaminer reproducibility for both types of calibration,
as reported elsewhere5,29.
The analysis of histological attachment loss and bone
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loss revealed that the different section planes examined in
the present study did not differ significantly to each other,
with section from the buccal, central and lingual portions of
the specimens being representative of disease progression,
both in the ligature group and in the control group. The
analysis of a group with established ligature-induced
periodontists and a periodontally healthy group was
important to confirm the readings at several plane depths
and in both disease and health conditions.
Despite the loss of two samples (one from each group)
during histological processing, sample size was still
appropriate and representative for analysis of results2,26,28,29.
In the present work, the acquisition of different section
planes of the interproximal region, from the region extending
from the buccal to the lingual face, made it possible to obtain
a good representation of the health to disease process that
occurred in this region. This gives rise to some doubts
regarding the reliability of the results of several studies due
to the great variability existing in the criteria established for
determination of the central region of the specimens, and to
the different methodologies used for obtaining the
histological sections11,23,29,30.

6- Breivik T, Thrane PS. Psychoneuroimmune interactions in
periodontal disease. In: Alder R, Felten DL, Cohen N.
Psychoneuroimmunlogy. 3rd ed. San Diego: Academic Press; 2000.
p.627-44.

CONCLUSION

13- Gyöfi A, Fazekas A, Suba Z, Ender F, Rosivall L. Neurogenic
component ligature-induced periodontitis in the rat. J Clin
Periodontol. 1994;21(9):601-5.

In conclusion, the selection of 10 serial sections of the
central region of periodontal tissue samples at any depth
can be considered as representative for the evaluation of
periodontal ligament fiber attachment and bone loss in
ligature-induced periodontitis in rats.
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