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Methodological model of chronic 
stress associated with ligature-induced 
periodontitis in rats: a radiographic study

Abstract: This study evaluated the time efficiency of stress associat-
ed with ligature-induced periodontitis in rats. Sixty adult Wistar rats, 
housed in temperature-controlled rooms and receiving water and food ad 
libitum, were randomly separated into stress (n = 30) or control groups 
(n = 30). All animals were anesthetized, and nylon ligatures were placed 
at the gingival margin level of the maxillary right second molars. After 
the induction of periodontitis, rats in the stress group were subjected to 
physical restraint for 12 hours daily. The animals were euthanized af-
ter 7, 15 and 30 days by anesthetic overdose (10 animals per group per 
period). The right hemimaxillae were stored in formalin solution for 48 
hours. Parallel radiographic images of the hemimaxillae were taken and 
processed following standard procedures. Radiographic examination 
was performed by a blinded and previously calibrated investigator. Bone 
height level was measured, and data were submitted to analysis of vari-
ance and post hoc Bonferroni tests (p < 0.05). Rats in the stress group 
had greater bone loss than those in the control group at 7 and 15 days 
post-induction (p < 0.05). After 30 days, there was no statistically signifi-
cant difference between the groups (p > 0.05). Restraint stress modulates 
the short-term progression of periodontal disease in rats. Therefore, the 
12-hour daily physical restraint stress model in rats applied for up to 15 
days is suitable for the investigation of the combined effect of ligation 
and restraint stress on periodontal degradation.

Descriptors: Rats; Radiography; Periodontal Diseases; Stress, 
Physiological.

Introduction
Stress is an organic response of the hypothalamic-pituitary-adrenal 

(HPA) axis to chemical, physical and emotional stimuli. Researchers cat-
egorize stress into several phases that can lead to fast reactions with no 
major consequences or determine the collapse of vital organ systems (ex-
haustion phase).1,2

Studies on the relationship between stress and periodontal disease are 
not novel. Since the discovery of microorganisms as etiological agents of 
periodontal disease, it was suggested that stressed people were more like-
ly to develop periodontal disease such as acute necrotizing ulcerative gin-
givitis.3-5 The concept of acute disease has changed over the past years, 
although relations to psychosocial and emotional issues remain.6
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The 12-hour daily physical restraint stress mod-
el in rats associated with experimentally induced 
periodontal disease is well-documented.7-10 Other 
models using a short period of stress have also been 
demonstrated to be good options.11-13 In an attempt 
to minimize animal suffering and research expens-
es, the aim of the present work was to generate a 
short-term animal model that would minimize the 
number of days of the stress condition in rats with 
ligature-induced periodontitis. 

Material and Methods
The Ethics Committee of University General 

Hospital, University of Cuiabá approved the pro-
tocol for this study (protocol #2010-044). Sixty 
male Wistar rats (Rattus novergicus) with an aver-
age initial weight of 348  g were selected. Animals 
were housed in 16 x 40 x 30 cm polyethylene cages 
(five rats per cage) under controlled environmental 
temperature conditions (23°C) and relative humid-
ity (40%) and a 12-hour light/dark cycle. Food and 
water were available ad libitum.

The rats were anesthetized by a 0.1-mL intra-
muscular injection of ketamine hydrochloride (Do-
palen, Agribrands, Saúde Animal, Paulínia, SP, 
Brazil), combined with 0.05 mL of xylazine hydro-
chloride (Rompun, Bayer, Saúde Animal, São Paulo, 
SP, Brazil), per 100 g of body weight. After the an-
esthesia, a 5-0 nylon thread ligature (Ethicon, John-
son & Johnson, São Paulo, SP, Brazil) was placed 
around the maxillary second molar in a submargin-
al position to induce experimental periodontitis.14-17

Animals were randomly separated into a stress 
group (n = 30) and a control group (n = 30). One 
day after the induction of periodontitis, rats in the 
stress group were placed individually in ventilated 
plastic restraint tubes for 12 hours daily.

The rats from both groups were sacrificed after 
7, 15, or 30 days by anesthetic overdose, and the 
maxillae were collected for radiographic analysis. 
After each induction period, 20 animals were sac-
rificed: 10 in the stress group and 10 in the control 
group.

Right and left hemimaxillae were fixed in 10% 
formalin solution for 48 h. Radiographs were taken 
using a dental X-ray unit (Specto 70x, DabiAtlante, 

Ribeirão Preto, SP, Brazil). To take the images, spec-
imens were placed on the film (Kodak insight dental 
film, São Paulo, SP, Brazil), and the X-ray cone was 
set perpendicular to it. The distance between the 
cone and the specimens as well as the exposure time 
of 0.3 s were standardized based on a previous pilot 
study. A trained operator processed all radiographs 
using the same time and temperature.

Radiographs were projected on a white board 
using a slide projector (Kodak-Ektagraphic III, São 
Paulo, SP, Brazil) that provided a 15-fold magnifi-
cation of the images. After the identification of the 
structures between the first and second molars, the 
teeth and interproximal bone crest were drawn on 
the board, as was a horizontal line between the cusp 
tips of both teeth. At the contact point between the 
molars, a vertical line perpendicular to the horizon-
tal line was drawn. The distance between the bone 
crest and the horizontal line was determined using 
digital calipers (Paquímetro Digital, Mitsu, São Pau-
lo, SP, Brazil) and recorded for further analysis and 
comparisons. A previously calibrated and blinded 
operator performed all the measurements. During 
the calibration process, the standard errors of the 
mean differences of the radiographic results were 
0.002 mm. The average maxillae sizes in the stress 
and control groups were 1.97  mm and 1.98  mm, 
respectively. The standard error of the mean differ-
ence between the groups was 0.003.18

The statistical significance of differences in the 
measured values among groups was evaluated by 
one-way analysis of variance and post hoc Bonferro-
ni tests. For individual comparisons, an independent 
t-test was used. A difference was considered statisti-
cally significant if p < 0.05.

Results
During hemimaxillae collection and storage, 

some samples from the stress and control groups 
were lost, thus reducing the number of samples per 
group and per period of evaluation (Table 1). 

Table 1 shows the average radiographic bone loss 
measurements assessed in rats from the stress and 
control groups after 7, 15 and 30 days of the induc-
tion of periodontal disease. The measurements at 7 
days post-induction were similar to those at 15 days 
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in both the control and the stress groups (p > 0.05). 
However, the values in these periods were statisti-
cally different from those at 30 days post-induction 
in both groups (p < 0.05).

Greater bone losses were observed in the stress 
group when compared with the control group at 7 
and 15 days (p < 0.05). No statistically significant 
difference was observed between both groups at 30 
days post-induction (p > 0.05).

Regarding the weight (Figure 1), there was no 
difference between the animals in the stress and 
control groups 7 days after the induction of peri-
odontal disease (p  >  0.05). However, after 15 and 
30 days, body weight loss was greater in rats in 
the stress group than in those of the control group 
(p < 0.05).

Discussion
Studies using restraint stress and experimental-

ly induced periodontitis models in rats are not re-
cent19-20 and were performed to provide important 
information about periodontal disease pathogenesis 
and progression. However, due to the difficulty in 

quantifying the amount and duration of stress, the 
detrimental effects of inadequate coping with stress 
and the possible adaptive response to stressors, sev-
eral basic questions remain incompletely answered.

Many studies use the 12-hour daily physical re-
straint for 30 days, which certainly causes irrevers-
ible systemic changes in the organism, mainly in 
the HPA axis.7-10 However, the modulatory effect of 
stress on periodontal disease is controversial, and 
there is a search for factors that either have protec-
tive effects or impair the progression of the disease, 
irrespective of being induced or not.11-13

The present study demonstrated that restraint 
stress enhanced bone destruction in rats with liga-
ture-induced periodontitis at 7 and 15 days post-in-
duction, which is in agreement with other studies.7-10 
Chronic stress disrupts the body’s internal balance, 
which was reflected by the animal weight at 15 and 
30 days post-induction,9 and it impairs not only the 
ability of the immune system to relocate immune 
cells but also the ability of those cells to do their 
job of recognizing and responding to the pathogenic 
agent.21-23

However, a lack of significant differences be-
tween stress and control groups was found at 30 
days. This result is unexpected and may be ex-
plained by a possible adaptive response to repeated 
stresses. The potential role of the daily repetition of 
the same physical restraint intervention in the dy-
namics of body homeostatic regulation remains to 
be elucidated, as this hypothesis was beyond the 
scope of this work.

In addition, despite the lack of statistically sig-
nificant differences, another intriguing finding was 
the smaller values of bone loss at 15 days when 
compared with those at 7 days after the induction 
of periodontal disease both in the control and stress 
groups. A reasonable explanation for these data may 
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Figure 1 - Body weight, in grams, of rats after 7, 15 and 
30 days of the induction of periodontal disease (*p<0.05).

Table 1 - Crestal bone loss, in mm, determined by linear measurements taken at the interproximal space between the first and 
second molars in radiographic analyses of rat hemimaxillae.

Groups 7 days 15 days 30 days

Stress 2.67 ± 0.54 aA (n = 8) 2.55 ± 0.54 aA (n = 6) 3.43 ± 0.49 bA (n = 8)

Control 2.18 ± 0.22 aB (n = 7) 2.11 ± 0.36 aB (n = 9) 3.37 ± 0.60 bA (n = 8)

Means followed by different lower case letters in the same row and capital letters in the same column differ statistically (p < 0.05).
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be found in the small sample size, which occurred 
due to the loss of some hemimaxillae during collec-
tion and storage, mainly at 15 days post-induction 
in the stress group; this may be considered a weak-
ness of the present work. It is well known that an 
adequate sample size with sufficient statistical pow-
er is required to yield reliable information.

As the size of the tooth crown might also repre-
sent a bias in our study because the occlusal plane 
was used as a reference for the measurements, we 
took care to assess the tooth size in both groups. 
However, no difference was found, and the mea-
surements could be attributed solely to the destruc-

tion of the crestal bone.

Conclusion
Taken together, our results allow us to conclude 

that restraint stress modulates the short term pro-
gression of periodontal disease in rats. Therefore, 
the 12-hour daily physical restraint stress model ap-
plied to rats for up to 15 days is suitable for investi-
gating the combined effect of ligation and restraint 
stress on periodontal degradation. Further studies 
are necessary to clarify the mechanism involved in 
this process.
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