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ABSTRACT 
The prevalence of periodontal abnormalities is 20-50% of the global population. 
Periodontitis is inflammatory in 10% -15% of the adult population. Hormones that 
were affected by microbial infections will reduce the immune system and increase 
cortisol secretion. Stress triggers the immune response including changes in the 
oral cavity. Stress-related periodontitis results in increased levels of interleukin-1 
beta (IL-1β), interleukin-6 (IL-6), interleukin-10 (IL-10), and the hormone cortisol 
in the blood, as well as increased plaque formation and gingival inflammation that 
damages periodontal tissue. In this study, experimental animals were tested with 
Cone-beam computed tomography (CBCT) for the dominant tracing of the 
periodontitis region due to psychological stress. Aim: This study aimed to find 
periodontitis-dominant regions in psychologic stress with CBCT. This study used 6 
white Wistar rats with psychological stress (running and moderate exercise fear) 
and control models. Treatment with 1 day and 5 days and termination with 
decapitation followed by CBCT test. Psychological stress changes the different 
mechanisms in the periodontium to activate inflammatory factors that can lead to 
periodontitis. In this study, to find the dominant periodontitis due to psychological 
stress by looking at the volume of interest of periodontal tissue widening, the 
CBCT test showed the area where the distribution width gap and trabecular 
thickness were measured. This VOI is an area that will determine the distribution 
width gap and trabeculae thickness. This tracing is to focus on which areas should 
be of concern in periodontitis therapy. Tracing with CBCT to find the dominant 
periodontitis region, so that more focus on periodontitis therapy on psychological 
stress. 
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INTRODUCTION 
A Periodontal is a supporting tissue around the teeth that 
supports the normal function of the teeth with a 
periodontal tissue structure consisting of the gingiva, 
alveolar bone, periodontal ligament, cementum1,2,3. Most 
of the treatments for oral diseases (gingivitis and 
periodontitis, dental caries, and oral cancer) can be 
prevented but there are many obstacles due to the high 
incidence of these oral diseases4. The prevalence of 
periodontal abnormalities in both developing and 
developed countries is estimated to affect 20-50% of the 
global population5. Periodontitis is an inflammatory 
disease due to infection of the tooth supporting tissue that 
affects 10% -15% of the adult population6,7. The 
prevalence of periodontitis development has increased by 
50% of the population worldwide and continues to 
increase in prevalence by 10% 3.Based on the 2018 
Riskesdas data, the percentage of periodontitis cases in 
Indonesia was 74.1%, with the second highest prevalence 
after caries (88.8%), seen from the type of work the 
prevalence of cases was 68.1% of cases. Based on the data 
above, it can be seen that periodontitis is a growing 
problem that cannot be underestimated. Its prevalence 
increases with age and can occur in anyone8. Genetic and 
environmental and behavioral factors influence the 
progression of periodontitis severity3. 

Several theories explain how hormones can influence 
microbial infections involving the immune system. Stress 
can affect the central nervous system and hypothalamus to 
release corticotropin-releasing hormone and arginine 
vasopressin which stimulates the release of 
adrenocorticotropin from the pituitary which produces 
cortisol in the adrenal cortex which directly changes the 
gene expression profile of the oral microbiome which will 
increase periodontitis9,10,11,12. 
Stress is related to emotional and physiological as an 
individual's ability to adapt physically and psychologically, 
stress can also be associated with increased susceptibility 
to diseases that trigger immune responses including 
changes in the oral cavity such as periodontitis12. Stress-
related periodontitis results in increased levels of 
interleukin-1 beta (IL-1β), interleukin-6 (IL-6), 
interleukin-10 (IL-10), and the hormone cortisol in the 
blood, as well as increased plaque formation and gingival 
inflammation that damages periodontal tissue13,14. 
Polymorphonuclear neutrophils (PMN), which are 
components in leukocytes that affect periodontal health6. 
Increased macrophage infiltration generally precedes the 
incidence of periodontitis, macrophages phagocytosis of 
bacteria that infiltrate the gingival tissue15. 
Immunoglobulin is a protein that plays a role in the 
immune system, there are 5 types of protein, namely Ig A, 
Ig G, Ig M, Ig E, and Ig D among these proteins IgG and IgA 
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have an important role in periodontitis because IgG is the 
main antibody that circulates in the blood. and can move 
through the bloodstream to the tissue, whereas IgA has an 
important role in protecting the surface of the gingival 
mucosa16,17. In this study, experimental animals were 
tested with Cone beam computed tomography (CBCT) 
which evaluated the condition of the alveolar bone 
qualitatively and quantitatively by visualizing the precise 
3D anatomical structures for diagnosis and analysis, 
accurate measurement of alveolar bone height and 
thickness is clinically very important in periodontal 
treatment, orthodontics, and implants18,19. This study 
aimed to find periodontitis-dominant regions in 
psychologic stress with CBCT. 
 
MATERIALS AND METHODS 
Experimental design 
This study used three groups (control and two 
treatments), six Wistar rats with five months of age, 300 
grams of weight, and a male type. / min is equivalent to 65-
70% VO2max 49, with a treadmill for 15 minutes with a 
rest for 45 minutes followed by the animal try to run 15 
minutes continuously and continue for one day and five 
days: and the fear treatment group by bringing the 
experimental animal closer to the cat as a rat predator for 
one day and five days. 
CBCT analysis 
Rats were sacrificed on day 1 and day 5 followed by 
decapitation, previously anesthetized with ketamine 95 
mg/kg BW intramuscularly and xylazine 5 mg/kg BW 
intraperitoneally then put into 10% buffered 
formaldehyde solution for fixation before the sample was 
tested CBCT. The sample was placed in a container that 
was given wax as the fixation of the sample when the 360 
°CBCT rotation was scanned (CS 9000 3D, NY USA). 
Ethical approval 
This study has been evaluated and approved by the animal 
ethics committee of IPB University with Ethical Clearance 
Number: 019/KEH/SKE/XI/2020. 
 
RESULTS AND DISCUSSION 
There are three approaches to the theory of stress (Stress 
stimulus model, Stress response model, and Transactional 
Stress model)20. Various variables assessing periodontal 
disease and response to periodontal therapy due to 
psychological disturbances and stress21. Periodontitis is 
caused by direct and indirect causes, periodontitis can be 
directly caused by pathogenic bacteria, and indirectly it 
can be caused by systemic reactions in the patient's body 
due to immune reactions22. Periodontitis is what causes 

loss of supporting tissue and results in tooth loss due to 
infection7. Stress can be made of quantitative data called 
the perceived stress scale (PSS) which can affect 
psychological balance by increasing cortisol levels which 
can increase the incidence of periodontitis23,24,25. the 
hormone cortisol directly induces changes in the oral 
microbiome that can affect periodontitis and its 
progress10,4.11, inflammatory factors in biological 
pathways can result in host responses to periodontal 
disease26,9,3. Stress can be a risk indicator for oral health27.  
Psychological stress changes the different mechanisms in 
the periodontium to activate inflammatory factors that can 
lead to periodontitis28. Stress contributes to the 
pathogenesis of periodontal disease29. Biological changes 
due to stress are a risk factor for oral disease. Stress can 
result in changes in saliva which can increase the 
susceptibility to periodontal disease dental caries 
appears30. 
 In this study, to find the dominant periodontitis due to 
psychological stress was by looking at the volume of 
interest of CBCT periodontal tissue widening. After tracing 
with CBCT, the dominant region was located in the upper 
left jaw, especially the molar region. 
Stress samples due to running and fear treatment showed 
periodontitis in the same region predominantly in the 
upper left jaw in the molar region. Tracing was carried out 
to make it easier to identify and analyse which region was 
more prevalent and dominant for periodontitis in 
treatment with a psychological stress model in 
experimental animals. 
The left maxillary molar region of all samples showed a 
gap in all treatment samples due to the susceptibility of the 
maxilla to consist of thin and incompatible bones. The 
effect of stress that causes an increase in the hormone 
cortisol can cause periodontitis in vulnerable regions with 
an average distribution width gap of 205,649 mm and an 
average trabeculae thickness of 0.53812475 mm (Table. 
1). 
Measurement of the mean distribution width gap and 
trabeculae thickness indicates that this region has the 
most severe and dominant periodontitis among the other 
regions in the treatment sample. Distribution width gap 
and trabeculae thicknesses are indicators and parameters 
of the occurrence of periodontal tissue widening which 
indicates the occurrence of periodontitis. This 
measurement is carried out from the cement enamel 
junction to the periapical apex to be able to analyse the 
presence of periodontal tissue widening around the 
periapical as a whole.

 
Table 1. Distribution of Width Gap and Trabeculae Thickness 

 
In CBCT imaging, it shows the area where the distribution 
width gap and trabeculae thickness are measured. The 

area marked in red is Volume of Interest (VOI) after 
tracing to all regions of the maxilla and mandible. This VOI 

Sample Distribution of Width Gap  Average 

S1 5.996 168.924 212.805 179.409 144.128 99.305 135.469 0 135.148 

S2 56.836 363.539 444.861 134.763 0 0 0 0 250.000 

L1 84.372 314.797 600.831 0 0 0 0 0 333.333 

L2 46.277 137.823 139.739 142.159 121.893 116.247 111.811 18.405 104.294 

  Total Average 205.694 

 Trabeculae Thickness  

Sample S1 S2 L1 L2         Average 

 0.615031 0.406727 0.745608 0.385133     0.53812475 
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is an area that will determine the distribution width gap 
and trabeculae thickness. Distribution width gap is the 
width of the gap that is distributed around the periapical 

in units of mm. Trabeculae thickness is the thickness of the 
gap (heterogeneity, calculated from the distribution of the 
thickness of the gap) in units of mm (Fig. 1-6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Treated sample and control in experimental animal models with psychological stress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Tracing regions in treated samples and controls in experimental animal models with psychological stress. 

 
Figure 3. Tracing dominant psychological stress regions in the S1 sample with a graph of the gap width distribution. 
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Figure 4. Tracing dominant psychological stress regions in the S2 sample with a graph of the gap width distribution. 
 

Figure 5. Tracing dominant psychological stress regions in the L1 sample with a graph of the gap width distribution. 
 

 
Figure 6. Tracing dominant psychological stress regions in the L2 sample with a graph of the gap width distribution. 
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Tracing region dominant in periodontitis can be used to 
identify and analyse as well as diagnose and treat 
periodontitis cases due to psychological stress treatment. 
Tracing can also be used to prevent periodontitis due to 
psychological stress treatment. Prevention is needed to 
eliminate the occurrence of periodontitis from the start or 
will become severe periodontitis. This tracing is to focus 
on which areas should be of concern in periodontitis 
therapy. 
  
CONCLUSION 
In conclusion, tracing with CBCT to find the dominant 
periodontitis region, so that more focus on periodontitis 
therapy on psychological stress. 
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