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Abstract
The main etiological factor of periodontal disease is bacteria which substantially protect the
human oral cavity. Periodontal disease is primarily characterized by inflammation. Psychological
stress causes periodontitis resulting in a widening of the periodontal ligament which will form a gap
that will be analyzed by Volume of Interest (VOI) with Cone-beam Computed Tomography (CBCT).
Treatment of male Wistar for 5 months with moderate running and fear of predators and
decapitations on days 1 and 5 for CBCT testing and VOI analysis on the left maxilla. Cortisol is a
steroid hormone whose levels can be affected by psychological stress is the cause of periodontal
disease. To investigate the accuracy and reproducibility of landmarks and measurements marked
on images obtained from CBCT. CBCT analyzes and determines VOI by determining 4
components, namely Tissue Volume (TV), Percent Bone Volume (BV / TV), Tissue Surface (TS),
and Bone Surface Density (BS / TV). The moderate running group showed an increase in VOI by
94% and the fear group for predators by 18%, this is when compared to the control group who had
a VOI of -0.65%. This VOI determination can analyze the affected areas of psychological stress that
cause periodontitis.
The accuracy of CBCT is still possible in determining VOI from periodontitis caused by
psychological stress. The CBCT determination of VOI in maxillary periodontitis is very accurate for
the psychological consequences of stress.
Experimental article (J Int Dent Med Res 2022; 15(2): 516-520)
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Introduction
Germline-coded
pattern
recognition
receptors (PRRs) are closely related to the innate
immunity response based on their recognition of
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pathogens such as bacteria and viruses. The
inflammasome consists of multimeric protein
structure, sensor molecule (PRR) and adapter
molecule associated with apoptotic proteins due
to the content of the caspase recruitment domain
(CARD) and the protease caspase-1. There are
several inflammations that can be formed such
as PRR sensor which induces activation.1,2
The presence of endogenous and
exogenous stimuli in the body causes a
physiological response in the form of
inflammation of the immune system. This
inflammation is in the form of an acute response
which can then turn into a chronic one when the
adaptive immune response is activated.
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Periodontal diseases such as gingivitis and
periodontitis are often caused by bacteria in the
human oral cavity so that they often stimulate,
inflammation. 3-6 Periodontitis is generally
associated with infection of the supporting
tissues of the teeth (periodontium) which is
characterized by a high inflammatory response.
In addition, periodontitis is common in 10% - 15%
of the adult population. Genetic factors,
environment, unhealthy lifestyle, and exposure of
individuals affected by the onset also play a role
in the occurrence of periodontitis. 7-11
Recently, stress has contributed to periodontal
disease
due
to
its
physiological
and
psychological effects on periodontitis sufferers.12
Disease disorders caused by stress
should be monitored globally because stress has
been shown to alter the biochemistry, local
periodontal microenvironment and inflammatory
burden. global systemic.13 Chronic periodontitis is
often caused by psychological stress.14 The use
of unhealthy lifestyles such as smoking,
consuming alcohol, and staying up late also
contributes to aggravating dental periodontitis
and other risk factors for oral diseases such as
dental caries and oral cancer. 15-17 The stress
hormone cortisol directly induces changes in the
gene expression profile of the oral microbiome
that reproduce the results found in the
expression profile of periodontal disease and its
development. 18
Psychological stress causes periodontitis,
resulting in widening of the periodontal ligament,
which forms a fissure. This gap was analyzed by
volume of interest (VOI) to determine the level of
damage caused by psychological stress on the
periodontal ligament. Measurement of VOI using
3D Cone-beam computed tomography (CBCT)
imaging. Dental diagnosis using CBCT routinely
includes the diagnosis of dental implantology,
orthodontics,
periodontics,
maxillofacial
traumatology and surgery, endodontics, and
temporomandibular joint (TMJ). In detail, the
tooth structure, maxillofacial and anatomical
structures can be visualized 3D with CBCT.19
The smallest structures can be analyzed
in the gaps in the periodontal, so CBCT is a tool
used in diagnosing periodontal disease and for
planning treatment.20,21
Materials and methods
The in vivo test was carried out using
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male Wistar rats aged 5 months (300 grams)
then treated with running with moderate exercise,
namely 14-16 m / min, equivalent to 65-70% VO2
max 49, using a treadmill for 15 minutes with rest
for 45 minutes continued, the animal tried to run
for 15 minutes continuously and continued for 1
day and 5 days and the fear treatment group by
bringing the experimental animal closer to the cat
as a rat predator for 1 day and 5 days (Figure 1).
All the procedures involving animals have been
reviewed and approved by IPB University, Bogor,
Indonesia on Ethical Clearance Number:
019/KEH/SKE/XI/2020.

Figure 1. Sample with moderate running
treatment (A), fear treatment of predators (B).
Samples were terminated on day 1 and
day 5 followed by decapitation which was
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
CBCT test samples. The sample was placed in a
container given wax as the fixation of the sample
when it was scanned in a rotation of 3600 CBCT
(CS 9000 3D, NY USA). CBCT was conducted at
Arrmy Hospital, Gatot Subroto Army Hospital,
Jakarta. The position of the specimen was
adjusted in such a way that it was placed in a
place that was fixed with wax and then scanned
with a rotation of 3600 with a CBCT (CS 9000 3D,
NY USA). The specimen is placed in a position
where ABC on the lingual and buccal sides is
parallel (red line in the X-Z plane). In addition, the
position is arranged in such a way that from
anterior to posterior it is parallel to the height of
the tooth crown (red line in the Z-Y plane) The XY plane image is then rotated. The image
analyzed is a pile of slices from the X-Z plane.
CBCT was performed with Resolution: 0.0131
pixels
per
micron,
Voxel
size:
76.5217x76.5217x1 micron^3, Exposure Time:
10800, then reconstructed the image into a 16-bit
grayscale image.
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Results
The CBCT test was carried out on the
sample to analyze the volume of interest so that
the left maxillary jaw was determined in the
treatment of moderate running (Figure. 2) and
fear of predators (Figure. 3). Data were obtained
for each by analyzing tissue volume (TV),
percent bone volume (BV / TV), tissue surface
(TS), and bone surface density (BS / TV) (Figure.
4).

Figure 2. Samples of day 1, control (A),
moderate running treatment (B), and fear
treatment of predators (C).

Figure 3. Samples of day 5, control (A),
moderate running treatment (B), and fear
treatment of predators (C).

Figure 4. The VOI component of each group.

Figure 5. The VOI per group.
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Discussion
Adrenal glands are known as the main
producer of cortisol, which plays a role in
responding to stress or inflammation.12-15
Meanwhile, the prevalence of periodontal
disease is also influenced by psychological
stress, so that it can increase inflammatory
agents. This increase becomes a relevant
benchmark in assessing level of risk of
periodontal disease. The existence of a stressrelated correlation with periodontal disease was
first confirmed during the development of acute
necrotizing ulcerative gingivitis. However,
currently, there are known data regarding the
correlation between psychological stress and
chronic periodontal disease.13,16,17
Persistent stress tends to have a negative
impact on the body's immunological response,
resulting in the severity of inflammation. On the
oral cavity, cortisol can suppress immune
responses such as secretory immunoglobulins
and neutrophils, thereby reducing the body's
immunity
to
infection
with
periodontal
microorganisms. Meanwhile, oral microbes are
also able to sense the presence of stress
conditions in the oral cavity so that it can
exacerbate periodontal disease.18-22 Psychosocial measures of stress manifesting as
depression are indicators of a high risk of
periodontal disease.14 Therefore, cortisol levels
and psychological stress are positively correlated
with chronic periodontitis.12 Measurement
accuracy and reproducibility of landmarks can be
obtained from CBCT. 21 Aveolar bone loss is a
major symptom of periodontal disease. The use
of CBCT can detect performance, estimate
accuracy and assess treatment outcomes for
periodontal disease. In addition, CBCT is also
useful and accurate in diagnosing infa-bone
defects and furcation involvement so that it can
be used to evaluate the outcome of periodontal
surgery and regenerative therapy.22-24
3D imaging visualization on CBCT to
analyze and determine VOI by determining 4
components, namely TV, BV/TV, TS, and BS/TV.
Tissue volume (TV) is the volume of VOI (volume
of interest) defined, which covers the gap and
also covers a portion of the hard tissue around
the gap in mm3.25-27 Percent bone volume
(BV/TV) is the ratio of the volume gap to VOI with
units of %. Tissue surface (TS) states the surface
area of VOI in mm3, while Bone surface density
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(BS/TV) is the ratio of the surface area of the gap
to VOI.28,29 This is generally translated as a trend
toward complexity and/or pattern of gap
distribution in units of 1/mm (Figure 4). VOI
Determination Accuracy by CBCT in Maxillary
Periodontitis under Psychological Stress showed
that TV, BV/TV, TS, and BS/TV in the moderate
running group and predatory fear increased from
day 1 and day 5 compared to the control group
on day 1. Day 1 and day 5. The moderate
running group showed an increase in VOI by
94% and the fear group for predators by 18%,
this is when compared to the control group who
had VOI of -0.65%, which means that the
accuracy of determining VOI is very accurate in
periodontitis due to the psychological effects of
stress.30 Increasing the gap by determining VOI
so that psychological stress can be assessed can
be how much the influence of psychological
stress involving the periodontal tissue causes
periodontitis.31,32 This VOI determination can
analyze the affected areas of psychological
stress that cause periodontitis. The accuracy of
CBCT is still possible in determining VOI from
periodontitis caused by psychological stress.
Conclusions
The CBCT determination of VOI in
maxillary periodontitis is very accurate for the
psychological consequences of stress.
Acknowledgments
This research has been discussed and
supported by Veterinary Teaching Hospital,
Bogor Agricultural Institute, Bogor, Indonesia. We
would like thanks to the team of Veterinary
Teaching Hospital, Bogor Agricultural Institute,
Bogor, Indonesia and Micro-CT Laboratory,
Faculty of Mathematics and Natural Sciences,
Institut Teknologi Bandung, Bandung, Indonesia
and The Radiology Department at RSPAD Gatot
Soebroto, Jakarta, Indonesia for providing the
laboratory facilities
Declaration of Interest
The authors state that no conflict of
interest in this study

Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Cone-Beam Computed Tomography
Baby Prabowo and et al

References
1. Marchesan JT, Girnary MS, Moss K, Monaghan ET, Egnatz GJ,
Jiao Y, Zhang S, Beck J, Swansn KV. Role of inflammasomes
in the pathogenesis of periodontal disease and therapeutics.
Periodontol 2000. 2020;82(1):93–114.
2. Aral K, Milward MR, Kapila Y, Berdeli A, Cooper PR.
Inflammasomes and their regulation in periodontal disease: A
review. J Periodontal Res. 2020;55(4):473–87.
3. Luis Muñoz-Carrillo J, Elizabeth Hernández-Reyes V, GarcíaHuerta OE, Chávez-Ruvalcaba F, Isabel Chávez-Ruvalcaba M,
Mariana Chávez-Ruvalcaba K, Diaz-Alfaro L. Pathogenesis of
Periodontal Disease. 2019;1,4.
4. Marchesan JT. Inflammasomes as contributors to periodontal
disease. J Periodontol. 2020;91(S1):S6–11.
5. Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in
periodontal disease. Periodontol 2000. 2020;83(1):14–25.
6. Wang Z, Li Y, Zhou Y, Qiao Y. Association between the IL-10
rs1800872 polymorphisms and periodontitis susceptibility: A
meta-analysis. Medicine (Baltimore). 2019;98(40):e17113.
doi:10.1097/MD.0000000000017113
7. Könönen E, Gursoy M, Gursoy U. Periodontitis: A Multifaceted
Disease of Tooth-Supporting Tissues. J Clin Med.
2019;8(8):1135.
8. Liu J, Ruan J, Weir MD, Ren K, Schneider A, Wang P, Oates
TW, Chang X, Xu HHK. Periodontal Bone-Ligament-Cementum
Regeneration via Scaffolds and Stem Cells. Cells.
2019;8(6):537.
9. Kinane DF, Stathopoulou PG, Papapanou PN. Periodontal
diseases. Nat Rev Dis Prim. 2017;3.
10. Graves DT, Li J, Cochran DL. Critical review in oral biology &
medicine: Inflammation and uncoupling as mechanisms of
periodontal bone loss. J Dent Res. 2011;90(2):143–53.
11. Sczepanik FSC, Grossi ML, Casati M, Goldberg M, Glogauer M,
Fine N, Tenenbeum HC. Periodontitis is an inflammatory
disease of oxidative stress: We should treat it that way.
Periodontol 2000. 2020;84(1):45–68.
12. Jaiswal R, Shenoy N, Thomas B. Evaluation of association
between psychological stress and serum cortisol levels in
patients with chronic periodontitis - Estimation of relationship
between psychological stress and periodontal status. J Indian
Soc Periodontol. 2016;20(4):381–5.
13. Decker A, Askar H, Tattan M, Taichman R, Wang HL. The
assessment of stress, depression, and inflammation as a
collective risk factor for periodontal diseases: a systematic
review. Clin Oral Investig. 2020;24(1):1-12.
14. Wellappulli N, Ekanayake L. Association between psychological
distress and chronic periodontitis in Sri Lankan adults.
Community Dent Health. 2019;36(4):294–8.
15. Sabbah W, Gomaa N, Gireesh A. Stress, allostatic load, and
periodontal diseases. 2018;154–61.
16. Arman K, Petruninaitė A, Grigalauskienė R, Slabšinskienė E.
Stress experience and effect on self-perceived oral health
status
among
high
school
students.
Stomatologija.
2016;18(3):75–9.
17. Coelho JMF, Miranda SS, da Cruz SS, Trindade SC, PassosSoares J de S, Cerqueira E de MM, Costa M da CN, Figueiredo
ACMG, Hintz AM, Barreto ML, Seymour GJ, Scannapieco F,
Gomes-Filho IS. Is there association between stress and
periodontitis? Clin Oral Investig. 2020;24(7):2285–94.
18. Duran-Pinedo AE, Solbiati J, Frias-Lopez J. The effect of the
stress hormone cortisol on the metatranscriptome of the oral
microbiome. npj Biofilms Microbiomes. 2018;4(1):1–4.
19. Gorbunkova A, Pagni G, Brizhak A, Farronato G, Rasperini G.
Impact of orthodontic treatment on periodontal tissues: A
narrative review of multidisciplinary literature. Int J Dent.
2016;2016:4723589. doi: 10.1155/2016/4723589.
20. Edey DR, Pollmann SI, Lorusso D, Drangova M, Flemming RL,
Holdsworth DW. Extending the dynamic range of biomedical
micro-computed tomography for application to geomaterials. J
Xray Sci Technol. 2019;1–16.
21. Barreto MS, da Silva Barbosa I, Miranda Leite-Ribeiro P, de

Page 519

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

Cone-Beam Computed Tomography
Baby Prabowo and et al

Araújo TM, Almeida Sarmento V. Accuracy of the
measurements from multiplanar and sagittal reconstructions of
CBCT. Orthod Craniofacial Res. 2020;23(2):223–8.
Assiri H, Dawasaz AA, Alahmari A, Asiri Z. Cone beam
computed tomography (CBCT) in periodontal diseases: A
Systematic review based on the efficacy model. BMC Oral
Health. 2020;20(1):1–15.
Diba SF, Pramanik AF, Tjahajawati S. Analysis of betacrosslaps (β-ctx) and mandible trabecular parameters in
menopausal women using cone beam computed tomography
(CBCT). J Int Dent Med. 2020;13(1):189-193.
Azhari, Fahmi O, Fariska I. Normal value of cortical and
mandibular trabecular bone density using cone beam computed
tomography (CBCT). J Int Dent Med. 2019;12(1):160-164.
Doğan MS, Callea M, Kusdhany LS, Aras A, Maharani DA,
Mandasari M, Adiatman M, Yavuz I. The evaluation of root
fracture with cone beam computed tomography (CBCT): An
epidemiological study. J Clin Exp Dent. 2018;10(1):e41-e48.
Kristanti RA, Bramantoro T, Soesilawati P, Setiawatie EM,
Purwanto B. Periodontitis affects skeletal muscle metabolism
through an increase in proinflammatory cytokines. J Int Dent
Med. 2021;14(4):1623-1628.
Komara I, Sopiatin S, Hendiani I, Rusminah N, Susanto A.
Effect of carbonate apatite membrane as adjunctive therapy of
scaling and root planing on gingival crevicular fluid matrix
metalloproteinase-8 in chronic periodontitis patient. J Int Dent
Med. 2021;14(4):1517-1522.
Berniyanti T, Palupi R, Setiyowati D, Ramadhani A, Novia D,
Afanda NM, Khairani NI, Nurlaili AZ, Kartikasari F. Lifestyle as a
risk factor of high periodontitis prevalence with and without type
2 diabetes mellitus in Surabaya. J Int Dent Med.
2021;14(4):1503-1508
Acharya AB, Padakannaya I, Thakur S. Erythrocyte
sedimentation rate as an alternative to c-reactive protein in
rheumatoid arthritis patients with periodontitis. J Int Dent Med.
2021;14(4):1327-1333.
Setiawan F, Yudianto A, Wahjuningrum DA, Sunariani J.
Increase of CD 34 in bone defect healing lesions of periodontitis
by capsaicin administration. J Int Dent Med. 2021;14(3):954958.
Hendiani I, Carolina DN, Arnov ST, Rusminah N, Amaliya A,
Susanto A, Komara I. Effectiveness of mangosteen (Garcinia
mangostana l.) peel gel on the MMP-8 levels in chronic
periodontitis patients after scaling and root planning. J Int Dent
Med. 2021;14(2): 654-659.
Pusporini R, Listari KM, Nugraeni Y, Hidayat LH, Ito MEIT. The
Effect of papaya seeds extracts nanoliposomes administration
on osteoclasts number of diabetic periodontitis animal model. J
Int Dent Med. 2021;14(2):563-568.

Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Page 520

