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Correlation analysis of alveolar bone
loss in buccal/palatal and proximal
surfaces in rats

Abstract: The aim was to correlate alveolar bone loss in the buccal/pala-
tal and the mesial/distal surfaces of upper molars in rats. Thirty-three,
60-day-old, male Wistar rats were divided in two groups, one treated
with alcohol and the other not treated with alcohol. All rats received silk
ligatures on the right upper second molars for 4 weeks. The rats were
then euthanized and their maxillae were split and defleshed with sodium
hypochlorite (9%). The cemento-enamel junction (CEJ) was stained with
1% methylene blue and the alveolar bone loss in the buccal/palatal sur-
faces was measured linearly in 5 points on standardized digital photo-
graphs. Measurement of the proximal sites was performed by sectioning
the hemimaxillae, restaining the CEJ and measuring the alveolar bone
loss linearly in 3 points. A calibrated and blinded examiner performed
all the measurements. Intraclass Correlation Coefficient revealed values
of 0.96 and 0.89 for buccal/lingual and proximal surfaces, respectively.
The Pearson Correlation Coefficient (r) between measurements in buccal/
palatal and proximal surfaces was 0.35 and 0.05 for the group treated
with alcohol, with and without ligatures, respectively. The best corre-
lations between buccal/palatal and proximal surfaces were observed in
animals not treated with alcohol, in sites both with and without liga-
tures (r = 0.59 and 0.65, respectively). A positive correlation was found
between alveolar bone loss in buccal/palatal and proximal surfaces. The
correlation is stronger in animals that were not treated with alcohol, in
sites without ligatures. Areas with and without ligature-induced peri-
odontal destruction allow detection of alveolar bone loss in buccal/pala-
tal and proximal surfaces.

Descriptors: Alveolar Bone Loss; Animals; Periodontitis.

Introduction

Periodontitis is a disease characterized by periodontal tissue destruc-
tion caused by the host response against bacteria and their toxins. The
absence of treatment can lead to the loss of the tooth affected by the
disease.!

In the study of the pathogenesis of periodontitis, there are strong limi-
tations in the use of models involving humans for logistic and ethical rea-
sons. Because of these limitations, animal models have been widely used
in literature. Among the experimental models for destructive periodontal
disease study, monkeys, dogs and small animals have been used. Rats
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are one of the most frequently used models, since
they share similarities with humans. These similari-
ties apply to periodontal anatomy, development and
compositions of biofilms, histopathology and immu-
nobiology of periodontal lesions.?

Following the experimental periods, it is impor-
tant to quantify the destruction, in order to under-
stand the effect of the factor studied in the experi-
mental development of the disease. Animal models
make it possible to make different morphological
measurements, which of course is not possible with
human models. These measurements enable metri-
cal quantification of the result and of the inflamma-
tory process. For this purpose, different methods for
measuring alveolar bone loss in rats have been pro-
posed in the literature, such as histometric,®> mor-
phometric*® conventional radiographic measure-
ments’ and computed tomography.®’

Different studies have sought to demonstrate the
ability to measure periodontal destruction by dif-
ferent methods and effectively quantify the effect
caused by the experimental model of periodontal
disease. Fernandes et al.' compared the histomet-
ric and morphometric methods and found that both
are capable of detecting alveolar bone loss in rats. Li
and Amar' likewise compared the different meth-
ods—morphometric isolated, histometric and mor-
phometric associated and micro-computed tomog-
raphy—in 100 male rats, and their findings showed
that all the methods are accurate for quantification
of alveolar bone loss.

In addition to the ability to detect the destruc-
tion, there is the issue, raised in the literature, of the
best site and the best way to measure the observed
effects. For example, there are studies comparing
the morphometric method with area versus linear
measurements.'>* However, these two systems al-
low evaluation of alveolar bone loss in lingual/
palatal and buccal surfaces only. To the best of our
knowledge, studies evaluating proximal bone loss
are inexistent in the literature to date.

Thus, the aim of this study was to correlate al-
veolar bone loss in buccal/palatal and proximal sur-
faces of upper molars in Wistar rats.
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Methodology
Sample

The data used in the present study included a
subset of the project entitled “Effect of the chemi-
cal dependence of 15% ethanol on ligature-induced
alveolar bone loss in Wistar rats.” Thirty-three
male, 60-day-old Wistar rats were used, 15 not
treated and 18 treated with alcohol. A randomized,
blind and controlled animal model study was per-
formed. The project compared alcohol treated ani-
mals during the whole study period with animals
not exposed to alcohol. It was a methodological
study that compared intragroup measurements of
alveolar bone loss, without taking alcohol exposure
specifically into consideration. All rats received 4-0
silk ligatures (Ethicon, Johnson & Johnson®, Sio
Paulo, Brazil) for induction of alveolar bone loss
around the upper right second molars. The left side
remained as intragroup control. In all, 66 hemimax-
illae were used (33 with ligature and 33 without).
The induction of alveolar bone loss occurred during
a period of four weeks.

During the entire experimental period, the rats
remained at the Center of Reproduction and Ex-
perimentation of Laboratory Animals (CREAL), at
the Federal University of Rio Grande do Sul. Ani-
mals were kept in boxes, in rooms with a controlled
temperature (20°C) and in a light/dark cycle of 12
hours. The animals received standard diet ad libi-
tum during the study.

The study protocol was submitted and approved
by the Research Ethics Committee of the Federal
University of Rio Grande do Sul. The protocol com-
plies with the regulations set down by the Universal
Declaration of Animal Rights (UNESCO - January
27, 1978) and the International Ethical Guidelines
for Biomedical Research Involving Animals (Coun-
cil for International Organizations of Medical Sci-
ences - CIOMS).

Specimen preparation

The animals were euthanized by decapitation.
Specimen preparation and morphometric analysis
were conducted at the Laboratory of Periodontol-
ogy at the Federal University of Rio Grande do Sul,



and followed the method proposed by Fernandes et
al.’® Soft tissue was removed by defleshing the max-
illae with sodium hypochlorite solution (9%) (Maz-
arollo, Gravatai, Brazil) for five hours, and then
removing the remaining tissues manually. The speci-
mens were then washed and dried. Specimens were
stained with 1% methylene blue for one minute for
better visualization of the CEJ. Pictures were taken
using a 6.1 megapixel digital camera (Nikon® Cool-
pix, Ayutthaya, Thailand) coupled to a tripod and
equipped with 100 mm macro-lenses with minimal
focal distance. The hemimaxillae were placed with
the occlusal surface parallel to the floor.*10:6:13

Buccal/palatal morphometric analysis

The buccal/palatal morphometric analysis was
performed by evaluating standard digital photo-
graphs. An examiner, calibrated and blinded to the
experimental groups, performed the measurements
of the linear distances of the CE] to the bone crest,
using Image Tool 3.0. software (UTHSCPA, San
Antonio, USA). Five measurements were performed
on each surface (two on the distal root, two on the
mesial root and one on the furcation). The measure-
ments in pixels were then converted into millimeters
using the markings of the endodontic ruler to which
the hemimaxillae were attached as reference. Each
hemimaxillae generated a mean value for analysis at
a later time. Figure 1 shows the specimen and the
measurements made on the buccal surface in the site
with no ligature.

Figure 1 - Linear measurements made on digital photo-
graphs of the buccal surface of hemimaxillae attached to an
endodontic ruler in the site without ligature.
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Proximal site morphometric analysis

After morphometric analysis of buccal/pala-
tal surfaces, the hemimaxillae were cut with hand
pieces and diamond burs under refrigeration, in
mesial and distal aspects of the second molar, pre-
serving the bone crest. The CE]J was restained with
1% methylene blue, and alveolar bone loss was
evaluated in three regions (buccal root, center of the
proximal surface and palatal root) of each proximal
surface (mesial and distal). Before cutting, a refer-
ence mark was made in order to identify the mesial
surface. Each hemimaxillae generated a mean value
for later analysis. Figure 2 shows the measurements
for the site with ligature on the proximal aspects.

Blinding

Examiner blinding was assured before the mor-
phometric analysis. After the photographs were tak-
en, they were all codified by an external examiner,
so that the investigators would not know to which
group each specimen belonged when analyzed. After
measurement was concluded, the code was broken
and the photographs were renamed according to the
respective group.

Figure 2 - Linear measurements made on digital photo-
graphs of the proximal surface of hemimaxillae attached to
an endodontic ruler in the site with ligature.
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Reproducibility

Reproducibility was checked by testing and re-
testing, with a one-week interval between measure-
ments. Scatter Graphics and Intraclass Correlation
Coefficient (ICC) were used to evaluate reproduc-
ibility. The ICC of these measurements was 0.96
and 0.89 for buccal/palatal and proximal surfaces,
respectively. These values are considered excellent
by the literature.

Data analysis

Parametric tests were used to determine possible
correlations and statistical differences between the
experimental groups, insofar as the data presented
normal distribution. Pearson Correlation Coeffi-
cient (r) was used to determine the grade of corre-
lation between measurements of buccal/palatal and
proximal surfaces. Cutoff points were > 0.70: strong
correlation; 0.30 to 0.70: moderate correlation;
< 0.30: weak correlation. All data analyses were
performed using Stata® 10.1 for Macintosh software
(Stata Corporation, College Station, USA).

Results

The results of the present study are shown in
Figures 3-6. Correlations were assessed separately
between buccal/palatal and proximal sites for teeth
with and without ligature in the hemimaxillae of
rats treated or not treated with alcohol.

The correlation between the variables presented

Treated with alcohol - proximal site with ligature

LJ
Treated with alcohol - buccal/palatal site with ligature

Figure 3 - Scatter plot correlating buccal/palatal and proxi-
mal surfaces in the group treated with alcohol and with liga-
ture.
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a positive/ascendant direction (Figures 3-6) for all
comparisons. However, there were different values
for the Pearson Correlation Coefficient, depending
on the comparisons. In general, Figures 3, 5 and 6
presented a moderate correlation, whereas Figure 4
presented a low correlation. The Pearson Correla-
tion Coefficient between measurements of buccal/
palatal and proximal surfaces was 0.35 and 0.05
in the groups treated with alcohol, in sites with or
without ligature, respectively. When groups that
were not treated with alcohol are considered, higher
correlations were observed between measurements
of buccal/palatal and proximal surfaces, with an
r=0.59 and r = 0.65 in sites with and without liga-
ture, respectively.

Discussion

The objective of the present study was to corre-
late measurements of ligature-induced alveolar bone
loss in Wistar rats, in buccal/palatal and proximal
surfaces, using specimens from a controlled experi-
mental study. It was observed that the measurements
for animals not treated with alcohol presented good
correlation. It is important to emphasize that 100%
of the specimens were evaluated, with no losses. The
CEJ was evident in all specimens, both in the buc-
cal/palatal and in the proximal surfaces. This indi-
cates that it is possible and reliable to prepare the
specimens without losing information. There were
no difficulties in analyzing the proximal surfaces.

Treated with alcohol - proximal site without ligature

LJ
Treated with alcohol - buccal/palatal site without ligature

Figure 4 - Scatter plot correlating buccal/palatal and proxi-
mal surfaces in the group treated with alcohol and without
ligature.



Not treated with alcohol - proximal site with ligature

Not treated with alcohol - buccal/palatal site with ligature

Figure 5 - Scatter graph correlating buccal/palatal and
proximal surfaces in the group not treated with alcohol and
with ligature.

Experimental studies in animals are fundamen-
tal in the context of etiopathogenic research of the
morbid processes. This situation relies on the idea
that it is important to know the different interfer-
ences that may occur in the causal chain of diseases.
These studies cannot be performed in humans be-
cause of ethical reasons, and also because it is im-
possible to isolate the variables, which is possible to
do in animal models.'>?> Nonetheless, it is important
to clarify that data obtained in animals represent a
step toward gaining the needed knowledge, but must
not be directly extrapolated to clinical situations.'

One of the most important aspects to be high-
lighted in the present study is that the potential ben-
efits of understanding the pathogenesis of periodon-
tal destruction in rats can transcend dentistry. In
the health sciences, it is very difficult to quantify in-
flammation and its effects with objective and repro-
ducible measurements. This is done today mostly by
analyzing the quantity and intensity of inflamma-
tory cells in different manners. In the specific case of
periodontal disease, the inflammatory process leads
to tissue destruction, an effect that is quantifiable by
objective criteria. Therefore, the experimental mod-
els of periodontal disease induction in animals have
the potential to be used for studying other chronic
inflammatory processes, if what is intended is to un-
derstand the chain of events and to isolate variables.
These measurements are reproducible and, in the
present study, the Intraclass Correlation Coefficients
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Not treated with alcohol - proximal site without ligature

Not treated with alcohol - buccal/palatal site without ligature

Figure 6 - Scatter graph correlating buccal/palatal and
proximal surfaces in the group not treated with alcohol and
without ligature.

for buccal/palatal surfaces and proximal surfaces
were about 0.9, a figure considered excellent. Ex-
perimental models such as that used in the present
study are useful, because they allow adequate exam-
iner blinding and repeated analyses. This increases
the quality of the information generated.

It is also important to highlight that the way al-
veolar bone loss was measured in the present study
is also at issue. It is possible to measure periodon-
tal destruction by histometric, morphometric and
also image examinations. Studies published by
Fernandes et al.,'° Park et al.® and Wilensky et al.’
demonstrated that these three outcome-measuring
methodologies are possible and capable of detecting
differences among the factors studied.

Different studies have addressed the measure-
ment issue in distinct ways. For instance, some stud-

ies have measured the destruction in the furcation

area, others in proximal sites, some in buccal and
lingual areas, others with only one measurement, or
repeated measurements, etc.'*!72* To the best of our
knowledge, there are no studies evaluating ligature-
induced alveolar bone loss in proximal and buccal/
palatal surfaces in rats. Although ligature-induced
alveolar bone loss measurement in proximal sur-
faces may be difficult to perform in morphometric
analyses, the focus of the present study was to ex-
amine differences in the prevalence and extension of
periodontal disease in proximal surfaces in humans,
which could also occur in animals.?
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The results obtained in the present study showed
a positive correlation between the measurements
of buccal/palatal and proximal surfaces in groups
not treated with alcohol, in sites both with and
without ligature. In the group treated with alco-
hol, these correlations were less intense. This may
be explained by the fact that other factors may in-
terfere in the outcomes more easily when there is
a modifier. Interestingly, there is a study that has
shown differences between the groups only in the
site without ligature.® This has been examined in the
research on etiopathogenesis of periodontal diseases
in animal models, and explanations are still scarce.
In the present study, an r = 0.59 was obtained for
the group not treated with alcohol, in the site with
ligature, and a value of r = 0.65 was obtained for
the site without ligature. The higher value obtained
for this correlation coefficient corroborates that the
chances of higher associations between the measure-
ments increase when there are no interferences.

The results of the present study are challenging
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