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Effect of body weight in the pathogenesis of ligature-induced
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Abstract

Objective. The aim of this study was to compare ligature-induced alveolar bone loss between obese and non-obese rats.
Material and methods. Thirty female Wistar rats were randomly divided into two groups: a test group comprising 14 rats
fed with a “cafeteria diet” for 120 days in order to gain weight and a control group comprising 16 regularly fed rats.
Ligatures were placed around the 2nd upper molars, and the contralateral teeth served as intra-group controls. After 30
days, the animals were killed and the maxillae were removed. Sodium hypochlorite was used to prepare the specimens, and
the cementum-enamel junction was stained with methylene blue 1%. Morphometric analysis of alveolar bone loss was by
standardized digital photographs and the distance between the cementum-enamel junction and the alveolar bone crest was
measured using the software Image Tool 3.0. Results. Body weight differed statistically between test and controls (268.6
and 242.4 g, respectively). Test animals demonstrated a mean (SD) alveolar bone loss of 0.51 (0.11) mm and in the controls
0.52 (0.14) mm in teeth with ligatures. No statistically significant differences were observed (ANOVA + Tukey), except for
teeth with and without ligatures in both groups. Conclusions. The establishment and progression of alveolar bone loss in
rats was not influenced by body weight in the present study.
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Introduction production of inflammatory mediators and cytokines
by macrophages, monocytes and the adipose tissue,
leptin increasing production of interleukins and
interferon [9,10], a reduction in T lymphocytes
and increase in TNF production [11], among others.

In a study evaluating the relationship between
obesity and periodontitis, 12 normal weight Spra-
gue-Dawley rats, 12 Sprague-Dawley rats with
spontaneous hypertension and non-obese, 8 obese
Zucker rats and 12 obese and spontaneously hyper-
tense Zucker rats received induction of periodontal

Obesity is an increasing public health problem,
especially in developed and developing countries. It
is a chronic condition that is associated with
cardiovascular disease, hypertension, dyslipidemia,
diabetes mellitus, osteoarthritis, some types of can-
cer and death [1,2]. It affects men and women,
children, adolescents and adults [3,4].

Obesity and periodontitis are epidemiologically
associated in different populations with an odds ratio

varying between 1.44 and 3.4 [5-8]. When these
samples are stratified, however, especially concern-
ing gender and smoking, stronger associations are
found in women and non-smokers [7,8].
Immunological and inflammatory alterations in
obese individuals may partly explain the relationship
between obesity and periodontitis, including the

disease by ligatures [12], the results demonstrating
that obese rats had higher bone resorption than
controls.

The aims of the present study were to compare the
induction of alveolar bone loss in obese and non-
obese female Wistar rats and to test the hypothesis
that body weight may influence alveolar bone loss.
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Material and methods
Animals

Thirty female Wistar rats, 2 months old (day 0),
were used in the present study. A 12 h light and dark
cycle was applied. Four to five rats were housed in
each cage at a temperature of around 20°C.

Experimental groups

The animals were randomly assigned into two
groups as follows: a test group given a calorie-rich
diet (a “cafeteria diet” consisting of chocolate
cookies and fat cheese) [13,14] for 4 months (day
0 to day 120) before being submitted to ligature-
induced periodontal disease for 30 days (day 120-—
150), (n=14); and a control group given standard
rat chew pellets (Nuvilab®, Curtiba, Brazil) for 4
months (days 0-120) prior to induction of period-
ontal disease by means of ligatures, from day 120 to
day 150 (z =16). Water was available to both groups
ad libitum.

During induction of the periodontal disease, the
test animals continued to be fed with the “cafeteria
diet” and the control animals with the standard diet.

Sample size calculations

Sample size estimates were calculated based on the
data of the previous study [12]. A difference of
0.2 mm in alveolar bone loss was assumed significant
in teeth with ligature. Considering an alpha error of
0.05 and a beta error of 0.20, a minimum number of
9 animals per group was calculated. For a beta error
of 0.10, a minimum number of 14 animals per group
was required.

Experimental procedures

The animals were weighed weekly during the obesity
induction period (pre-experimental phase) and
throughout alveolar bone loss induction. After hav-
ing reached a difference of approximately 15% in
body weight, cotton ligatures (Ethicon; Johnson &
Johnson®, Sio Paulo, Brazil) were placed around
one of the upper 2nd molars, i.e. the contralateral
tooth the intra-group control [15,16]. The animals
were killed 30 days after ligature placement (day
150), when a fasting period of 4 h was introduced in
order to sample blood glucose in mg/dl [16]. The
ethics committee of the Lutheran University of
Brazil approved the study.

Laboratory procedures

Following sacrifice, the left and right segments of the
maxillae were defleshed and fixed in 10% neutral
buffered formalin for 24 h. The specimens were then
immersed in sodium hypochlorite (Q,b0a®, Osasco,
Brazil) with 9% active chlorine for 5 h. The soft
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tissues were removed mechanically. Methylene blue
1% was used for 1 min to stain the cementum-
enamel junction, followed by rinsing with water [17].

Measurements

Standard pictures of each specimen, together with
a ruler, were taken with a Digital Camera and
Medical Lenses (Nikon® D100; Ayuthaya, Thai-
land). A minimal focal distance was used and the
specimen was placed with the occlusal surfaces
parallel to the floor. A tripod was used to minimize
error. Pictures were taken from the buccal and
palatal aspects of the specimens. Measurements
were computed using an image analysis program
(Image Tool 3.0; UTHSCSA, San Antonio, USA).
Bone levels were measured at the 2nd maxillary
molar, buccally and palatally, on both sides (with or
without ligatures) and between the cementum-
enamel junction and the bone crest in the picture
[17]. Four measurements per site were taken, i.e.
the cusps and sulci between the reference points.
The mean of these four measurements was consid-
ered the bone loss.

The examiner was unaware of the group distribu-
tion or of the presence or absence of the ligature.
Measurements were converted into millimeters,
utilizing a precision ruler as reference. In the present
study, this distance was considered the alveolar bone
loss [17].

Reproducibiliry

Prior to analysis, the examiner was trained and
calibrated (double measurements of 10 specimens
at 1-week intervals). Paired z-test statistics were run
for comparison and no differences were observed in
the mean values. The Pearson correlation coefficient
between the two measurements revealed a very high
correlation (r=0.984, p <0.001). After every 10
measurements during the experimental measure-
ments, one specimen was re-evaluated in order to
assess trans-experimental reproducibility, but no
differences were detected.

Statistical analysis

The rat was considered the unit of analysis in this
study. A normal distribution of the data was verified.
Mean weights of animals were obtained on days 0,
120 and 150 and repeated measurements ANOVA
was used to test the interaction between group-time.
Mean blood glucose levels were calculated and
analyzed by independent sample z-test.

Mean values of bone level were obtained for
buccal and palatal aspects and compared by casual
blocks ANOVA. The Tukey test was used if neces-
sary as post-hoc for the ANOVAs. The level of
significance was set at 5%.
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Table I. Mean (SD) body weight of the animals

Test (n =14) Control (n =16)
Mean Standard deviation Mean Standard deviation P
0 186.94% 8.09 178.40% 8.53 NS
120 270.61€ 12.88 237.628 8.70 <0.001*
150 268.59€ 12.09 242358 11.29 <0.001*

*Means followed by different letters are statistically different (ANOVA +Tukey, o =0.05).

Results

The body weight of the study animals is given in
Table I. On day 0, no statistically significant differ-
ence was observed between animals in the test and
control groups. Rats from both groups gained weight
throughout the study period up to day 120. How-
ever, animals from the test group presented higher
mean body weight on days 120 and 150 compared to
controls.

In the present study we employed the “cafeteria
diet”, i.e. with chocolate cookies for 5 days, followed
by cheese for 2 days, with a daily consumption of
approximately 4 g of standard diet and 4 g of the
complement per rat. In the control group, the mean
consumption of standard chew pellets was of 8.7 g
per rat daily. No differences were observed in the
amount of food consumed between tests and con-
trols.

Mean (SD) fasting blood glucose levels on day
150 did not differ statistically in animals from the
test and control groups (205.6 (51.5) and 198.4
(54.8) mg/dl, respectively).

The mean (SD) alveolar bone loss on day 150 in
teeth without ligatures was 0.28 (0.07) for the test
group and 0.29 (0.07) mm for the control group. No
statistically significant differences were observed.
Alveolar bone losses in teeth with ligatures were
0.51 (0.11) and 0.52 (0.14) mm for tests and
controls, respectively. No statistically significant
differences were observed between groups.

Discussion

The present study evaluated the effect of obesity in
ligature-induced periodontal disease in rats. Several
behavioral and systemic factors are associated with
establishment and progression of the disease and
obesity is one of the factors that may play a role in
the pathogenesis [5-8,18].

Despite epidemiological association, causality can-
not be claimed. Experimental studies are important
in identifying risk factors and performing them in
humans might be unethical [19]. Ligature-induced
periodontal disease is an interesting model for study-
ing periodontal disease pathogeneses isolating con-
tributing variables [15,20-27].

In the present study, alveolar bone loss clearly
occurred, since teeth with ligatures (in both groups)
presented virtually double the amount of mean bone

loss compared to teeth without ligatures. Split-
mouth designs are subject to criticism, since an
effect from the test manipulation could be observed
in the control group as well. However, the above-
mentioned differences indicate that if this occurred it
was not to such an extent that the outcomes would
not differentiate sides with and without ligature
[28,29].

In order to study systemic differences experimen-
tally, genetically modified animals may be used or
induction methods may be applied in similar ani-
mals. Concerning obesity, induction can be by a fat-
rich diet [30] or by use of the so-called “cafeteria
diet” as complement [13,14].

In humans, obesity can be assessed by body mass
index, total subcutaneous fat, waist-to-hip ratio or
by abdominal measurements. In experimental rats, it
is considered that a difference of approximately 15%
between groups could account for obesity [13]. In
the present study, the test animals presented a mean
body weight 13.8% higher than controls at the
moment ligatures were placed (day 120). This
difference is of significance in rats and, at least,
suggests overweight. The lack of association encoun-
tered in our results might be linked to this fact.

Consistency of diet might influence alveolar
bone loss [31]. In the present study, both groups
were exposed to the standard diet complemented by
the cafeteria diet.

The age of the animals is also important where
biological plausibility is concerned. Epidemiological
studies suggest stronger associations between obesity
and periodontitis in youngsters [5,32]. Hence,
higher degrees of association are found in women
[7,8]. Taking this into consideration, this study
was performed in female rats and the ligatures
were placed when the rats were 180 days old.
The literature considers rats as old at 10 months of
age [33,34].

Data on fasting glycemia in the present study did
not reveal statistically significant differences between
groups, and were considered in the normal range.
This finding shows that the rats did not differ in this
respect and that they were not diabetics, since the
Wistar rat cut-off point for diabetes is 300 mg/dl
[35]. Thus, this possible bias can be ruled out.

In the only animal study found in the literature
about the topic [12], normal weight rats, obese rats,
animals with hypertension and hypertense/obese rats



were used. The authors detected that obese rats
present higher attachment loss than normal weight
rats (mean (SD) 1.45 (0.36) mm and 1.25 (0.34)
mm, respectively) during 7 weeks. A limitation of
this study is that different species were used, leading
to possible selection bias. On the other hand, our
data are related to diet-induced obesity, which is not
the same as naturally occurring obesity.

Only Wistar rats were used in the present study.
Our values of alveolar bone loss are lower than those
of Perlstein & Bissada [12] for teeth both with and
without ligatures. The time of experiment (30 days
versus 7 weeks) could explain the difference. Ad-
ditionally, different methods of evaluation of support
loss were used. The differences in body weight of test
and control animals (13%) could account for the
results, since they are of a relatively small magnitude.
However, this difference may surely be claimed as
overweight.

The importance of this study is strongly related to
the elevated prevalence of obesity and periodontitis
in developed and developing countries. The absence
of differences observed in our results sheds some
light on our understanding of the problem, in that
the assumed biological interactions between obesity
and periodontitis are not so significant in ligature-
induced periodontal disease in rats. However, this
knowledge is not suffice for us to imply that obesity
does not affect the periodontal immunological re-
sponse; it cannot be ruled out. All lifestyle char-
acteristics implicated in obesity in periodontitis have
to be stressed. Both obesity and periodontitis share
risk factors and, in this sense, further studies should
be performed aimed especially at a more integral
dental approach.

The findings of the present study, taking into
consideration its methodological characteristics and
limitations, may lead to the conclusion that the
establishment and progression of ligature-induced
alveolar bone loss in rats is not influenced by body
weight.
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