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ABSTRACT
Periodontal disease (PD) is an inflammatory oral disease and alveolar bone loss is the most important sign 

of PD. However, the effects of exercise on inflammatory factors and alveolar bone loss in individuals with PD 
have been little studied. This meta-analysis assesses the effect of physical exercise on alveolar bone loss (ABL) 
and the inflammatory profile of PD in animal models. Relevant studies published through July 2020 in PubMed, 
Medline, Embase and Web of Science were searched after developing a PICOS statement. Quality assessment 
and risk of bias were analyzed according to the SYRCLE protocol. A total of 52 references were retrieved, 4 of 
which were considered eligible for inclusion. A total of thirty-four male Wistar rats from the included studies 
were evaluated for alveolar bone loss and assessed for inflammatory profile. The results indicated that physical 
exercise could reduce alveolar bone loss (95% CI -2.85 to -0.82, p = 0.002) and the pro-inflammatory tumor 
necrosis factor–α (TNF-α) in serum or gingival tissue (95% CI -0.45 to -0.24, p < 0.00001). Inversely, exercise 
increased anti-inflammatory interleukin–10 (IL-10) in serum or gingival tissue (95% CI 0.28 to 0.69, p < 0.00001). 
However, one study reported a negative result in the expression of TNF-α and IL-10. Current evidence indicates 
that physical exercise contributes to ameliorate PD by reducing alveolar bone loss and inflammation in animal 
PD models, which suggests that moderate exercise can be implemented in clinical practice to maintain peri-
odontal health. Level of Evidence I; Systematic Review and Meta-analysis

Keywords: Physical exercise; Periodontal disease; Alveolar bone loss.

RESUMO
A doença periodontal (DP) é uma doença inflamatória oral e a perda óssea alveolar é seu sinal mais importante. 

No entanto, os efeitos do exercício sobre os fatores inflamatórios e a perda óssea alveolar em indivíduos com DP têm 
sido pouco estudados. Esta metanálise avalia o efeito do exercício físico sobre a perda óssea alveolar (POA) e o perfil 
inflamatório da DP em modelos animais. Estudos relevantes publicados até julho de 2020 em PubMed, Medline, 
Embase e Web of Science foram pesquisados depois de desenvolver a pesquisa com o método PICO. A avaliação da 
qualidade e o risco de viés foram analisados de acordo com o protocolo SYRCLE. Um total de 52 referências foram 
recuperadas, quatro das quais foram consideradas elegíveis para inclusão. Um total de 34 ratos Wistar machos dos 
estudos incluídos foram avaliados quanto à perda de osso alveolar e avaliados quanto ao perfil inflamatório. Os 
resultados indicaram que o exercício físico pode reduzir a perda de osso alveolar (IC 95% -2,85 a -0,82, p = 0,002) e o 
fator de necrose tumoral pró-inflamatório-α (TNFα) no soro ou tecido gengival (IC 95% -0,45 a -0,24, p < 0,00001). 
Inversamente, o exercício aumentou a interleucina-10 anti-inflamatória (IL-10) no soro ou no tecido gengival (IC 95% 
0,28 a 0,69, p < 0,00001). Contudo, um estudo relatou resultado negativo na expressão de TNFα e IL-10. As evidências 
atuais indicam que o exercício físico contribui para melhorar a DP, reduzindo a perda de osso alveolar e a inflamação 
em modelos animais de DP, o que sugere que o exercício moderado pode ser implementado na prática clínica para 
manter a saúde periodontal. Nível de Evidência I; Revisão Sistemática e Metanálise.

Descritores: Exercício físico; Doença periodontal; Perda do osso alveolar.

RESUMEN 
La enfermedad periodontal (EP) es una enfermedad inflamatoria oral y la pérdida de hueso alveolar es su signo 

más importante. Sin embargo, los efectos del ejercicio sobre los factores inflamatorios y la pérdida ósea alveolar en 
individuos con EP han sido poco estudiados. Este meta-análisis evalúa el efecto del ejercicio sobre la pérdida ósea 
alveolar (POA) y el perfil inflamatorio de la EP en modelos animales. Se llevaron a cabo estudios relevantes publicados 
hasta julio de 2020 en PubMed, Medline, Embase y Web of Science tras desarrollar la investigación con el método 
PICO. La evaluación de la calidad y el riesgo de sesgo se analizaron según el protocolo SYRCLE. Se recuperó un total 
de 52 referencias, cuatro de las cuales se consideraron elegibles para su inclusión. En un total de 34 ratas Wistar ma-
cho de los estudios incluidos se evaluó la pérdida de hueso alveolar y el perfil inflamatorio. Los resultados indicaron 
que el ejercicio puede reducir la pérdida de hueso alveolar (IC del 95%: -2,85 a -0,82; p = 0,002) y el factor de necrosis 
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tumoral proinflamatorio-α (TNFα) en suero o tejido gingival (IC del 95%: -0,45 a -0,24; p < 0,00001). Por el contrario, el 
ejercicio aumentó la interleucina-10 (IL-10) antiinflamatoria en el suero o en el tejido gingival (IC del 95%: 0,28 a 0,69; 
p < 0,00001). Sin embargo, un estudio informó de un resultado negativo en la expresión de TNFα e IL-10. Las pruebas 
actuales indican que el ejercicio contribuye a mejorar la EP al reducir la pérdida de hueso alveolar y la inflamación en 
modelos animales de EP, lo que sugiere que se puede implementar el ejercicio moderado en la práctica clínica para 
mantener la salud periodontal. Nivel de Evidencia I; Revisión Sistemática y Meta-análisis. 

Descriptores: Ejercicio físico; Enfermedades periodontales; Pérdida de hueso alveolar.
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INTRODUCTION
Periodontal disease (PD) is a chronic destructive inflammatory disea-

ses that mainly affects the supporting structures of the teeth.1 PD is one 
of the ten most prevalent chronic diseases, and it is the second most 
prevalent oral disease affecting the global population.2,3 The symptoms 
and signs of PD are halitosis, swelling, gingiva bleeding, gingival reces-
sion, tooth movement, periodontal ligament destruction, alveolar bone 
resorption, and tooth loss ultimately.4 PD has multifactorial etiology with 
a marked inflammatory gum response and eventually alveolar bone 
resorption.5 In addition, PD is considered to increase several pro-in-
flammatory cytokines in blood,6 which makes PD a risk factor for several 
chronic and systemic inflammation diseases,7,8 and there is a possible 
reciprocal mechanism among them. Thus, professional and personal 
care may improve and adjuvant therapies to PD.

Regular physical activity plays an important role in the control of 
multiple diseases, particularly in several metabolic diseases, such as 
obesity, diabetes and nonalcoholic fatty liver disease.9-13 The interac-
tion between physical exercise and metabolic diseases is not clearly 
understood at present. Physical exercise may interfere with the several 
stages of the inflammatory process. It could speed up repair processes 
in inflammation14 or change inflammatory markers.15

Additionally, regular physically active individuals are less susceptible 
to develop PD compared to sedentary ones.16-19 Physical exercise pro-
tects the periodontal tissue since it declines an excessive inflammatory 
response.20 However, the effects of physical exercise on inflammatory 
profile and alveolar bone loss in individuals with PD have been poorly 
studied. Herein, a systematic review with meta-analysis was performed 
so as to answer this question.

METHODS
Protocol and study design

We searched the relevant studies published in PubMed, Medline, 
Embase, and Web of Science until 28 July 2020. A systematic literature 
search strategy was employed using (PICOS) the participants, intervention, 
comparison, outcome, and study design principle. Searching and data 
extraction were conducted by following PRISMA guidelines. We used 
combined key phrases and Medical Subject Heading (MeSH) terms as 
follows: “exercise” or “physical activity” and “periodontitis” or “periodontal 
disease” or “gingivitis.” Relevant articles were further cross-checked to 
search for articles that were cited in the relevant journals and references 
to be considered eligible studies.

Selection of studies and data extraction
A bibliographic reference manager (EndNote X8) was used to save 

retrieved citations in all databases and remove duplicate results. After 
screening the titles and abstracts, the studies that did not meet our 
eligibility criteria were excluded. The remaining studies were evaluated 
by reading their full-texts and making a final decision. All differences 

between the reviewer viewpoints were resolved through discussions 
or consultation with a third reviewer.

The data were extracted from each study following the predesigned 
guideline on unified standardization by two independent reviewers. 
The following data were extracted: first author’s name, publication year, 
species of animals, animal models of periodontal disease, number of 
animals, intervention protocols (aerobic exercise), and main outcomes 
(alveolar bone loss and expression of TNF-α and IL-10).

Risk of bias assessment
The methodological quality of the included studies was evaluated by 

two independent authors (LY and YY). The authors used SYRCLE’s tool to 
check for random sequence generation, blinding, incomplete outcome 
data, selective reporting, and other biases. The evaluation results were 
categorized into high-risk, low-risk, and unclear grades.21

Quality assessment analysis
We designed a 10-item rating system to assess the methodolo-

gical quality of the included animal experimental studies based on 
the recommendations published in 2014.21 Ten aspects of each study 
were evaluated as follows: (1) randomization of animal grouping, (2) 
baseline characteristics, (3) random housing, (4) blind trial of caregivers 
and researchers, (5) random outcome assessment, (6) blind outcome 
of assessors, (7) incomplete outcome data, (8) assessment of at least 2 
outcomes (alveolar bone loss and expression of TNF-α and IL-10), (9) 
types of exercise (aerobic exercise), and (10) animal species. The points 
were granted when in the study report these items were mentioned, 
and the studies in three categories: category I (7 to 10 items), category II 
(4 to 6 items), and category III (0 to 3 items).

Statistical analysis
Briefly, outcome measures were calculated by standardized weighted 

mean difference (SMD). All analyses were carried out with Revman 
Manager 5.3.5. Lastly, we set a significance level of P less than 0.05 as a 
statistical significance.

RESULTS
Study selection

A total of 52 studies were identified in accordance with our search 
strategy. Among the 52 studies, 14 duplicates were removed. After 
reading titles and abstracts, 23 out of 38 references were excluded 
based on the eligibility criteria. Thus, 15 references were selected for 
full-text appraisal. Among these full-text references, one reference was 
a conference article,22 two articles were excluded due to the lack of the 
main outcomes,23,24 six articles were excluded because the experimental 
animals were not rat or mouse,25-30 two studies did not included since the 
exercise was not belong to aerobic exercise.31,32 Finally, four articles were 
eligible for qualitative assessment. The selection process of identifying 
eligible studies is shown in Figure 1.
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Figure 1. Selection process of eligible studies.

Study characteristics
The primary characteristics of the included studies are shown in 

Table 1. Among our included studies, all used animals were male Wistar 
rats and the periodontitis models were ligation. In the four reports, only 
one report that exercise was treadmill exercise,33 the others were swim-
ming. The exercise intervention lasted for four weeks or more in all reports. 
In the involved experiments, one reported the outcomes only had the 
result of alveolar bone loss,34 and one only had the result of the expression 
of TNF-α and IL-10.33 The others reported complete results. All animal 
models included in the experiments mentioned weight (100 -250 g).

Alveolar bone loss
Alveolar bone loss (ABL) is a main sign of PD, and may result in tooth 

loss. Out of four studies, three studies assessed the effects of exercise 
on ABL, as measured by the distance between the cementum-enamel 
junction (CEJ) and alveolar bone crest (ABC) using digital images (n ≥ 
3). Animals submitted to exercise presented lower ABL than those from 
non-trained groups (95% CI -2.85 to -0.82, p = 0.002), which showed a 
positive effect of exercise on ABL (Figure 2). Although alveolar bone 
loss measured by imaging method in all experiments, the measuring 
unit demonstrated was different. Two experiments used millimeter,35,36 

while one experiment used pixel.34 The results indicated that physical 
exercise reduces ABL during PD, which was contribute to prevent the 
development of PD.

Expression of TNF-α and IL-10
Tumor necrosis factor–α (TNF-α) is a pro-inflammatory cytokines 

and plays an important role in the development of PD.37 Out of three 
studies, two studies showed that physical training reduces TNF-α levels 
in serum or gingival tissue than those without training35,36 (Figure 3A). 
Unfortunately, one study showed that there was no significant difference 
between training and non-training groups in TNF-α serum level.33 Unlike 
TNF-α, interleukin -10 (IL-10) exerts a strong anti-inflammatory role. Its 
increase is related to bone preservation, mainly by inhibiting osteoclas-
togenesis.38 The results showed that exercise increases levels of IL-10 
in serum or gingival tissue of PD groups in two studies35,36 (Figure 3B). 
However, only one study showed that expression of IL-10 decreased in 
serum after exercise intervention, but the level of IL-10 maintained high 
levels in the exercise group.33 Both results of TNF-α and IL-10 confirmed 
the positive effect of exercise on PD. These results indicated that exercise 
attenuates PD by increasing the expression of an anti-inflammatory 
mediator and reducing the expression of a pro-inflammatory mediators.

Table 1. Characteristics of the included animal studies.

Author, year of 
publication

Animal
(treated/control), n

Periodontitis model Method of administration Outcome measures
Quality category 

(score)

Andrade et al.35 Male Wistar rats (6/6)
Ligature placed around each 

first mandibular molars

Swimming without a load until each 
animal swam for 60 min (7 days). 

Swimming with 5% of body weight load 
60 min/d for 8 weeks (5 days a week).

Alveolar bone loss, 
expression of TNF-α and 
IL-10 in gingival tissue.

II (6)

Andrade et al.36 Male Wistar rats (5/5)
Ligature placed around 

each first molars.

Swimming without a load until each animal 
swam for 60 min (7 days). Swimming 
with 5% of body weight load 60 min/

day for 8 weeks (5 days a week).

Alveolar bone loss, 
expression of TNF-α 
and IL-10 in serum.

II (6)

Bortolini et al.34 Male Wistar rats (6/6)
Ligature placed around 

the first right molar.

Each animal swam 15 min/day for 3 days 
in the first week. And then each animal 

swam with a gradual increase in time until 
60 min/day for 4 weeks (5 days a week).

Alveolar bone loss. II (5)

de Souza et al.33 Male Wistar rats (6/6)
Ligature placed around 

the first molars.

The treadmill exercise with a gradual increase 
in speed until approximately 70% of the 
speed capability of the animal. Exercise 

lasted for 8 weeks (5 days a week).

Expression of TNF-α 
and IL-10 in serum.

I (7)

Category I: 7 to 10 items, category II: 4 to 6 items, category III: 0 to 3 items.
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Risk of bias
All included studies were assessed according to related assessment 

criteria and the evaluation results are shown in Table 2. All the studies 
clearly stated the baseline characteristics, random housing, aerobic 
exercise and experimental animal species. Only one study reported 
incomplete outcomes data and the method of randomization of animal 
grouping.33 Among the included studies, three experiments did not 
employ assessor blinding.33-35 None of the studies were clearly stated 
feeders or experimenter blinding. However, all included studies were 
classified as having a low risk of bias according to the assessment criteria 
and quality category (Table 1).21,39

DISCUSSION
This meta-analysis is the first study to systematically assess the ef-

fect of physical exercise on alveolar bone loss and inflammatory profile 
in animal models of PD. The results showed that physical exercise re-
duced ABL in PD. Furthermore, the meta-analysis revealed that exercise 
was an effective interventions in the reduction of pro-inflammatory 
TNF-α and increase anti-inflammatory IL-10. These findings indicated 
that exercise is an appropriate prevention and therpeutic modality 
for improving PD.

We found meaningful reductions from exercise intervention to 
the non- intervention of -1.83 in ABL in the trained and non-trained 
groups. As we known, if ABL decrease, PD will improve. Therefore, 
exercise may be an effective method to improve periodontitis in this 
respect. The rise of pro-inflammatory mediators in individuals with 
periodontitis is one aspect that contributes to increase ABL.40 Our 
studies indicated that exercise led to a small but significant reduction 
in pro-inflammatory TNF-α level serum or gingival tissue, which may 

Table 2. SYRCLE’s tool for assessing risk of bias.

Type of bias Description of domain Results of assessment

Selection bias
Randomization of 
animal grouping

Andrade, 2017 (U); Andrade, 
2018 (U); Bortolini, 2019 
(U); de Souza, 2020 (Y)

Selection bias

Relevant baseline characteristics 
in the intervention and 

control groups (such as sex, 
weight, age, healthy or not)

Andrade, 2017 (Y); Andrade, 
2018 (Y); Bortolini, 2019 
(Y); de Souza, 2020 (Y)

Performance 
bias

Random housing
Andrade, 2017 (Y); Andrade, 

2018 (Y); Bortolini, 2019 
(Y); de Souza, 2020 (Y)

Performance 
bias

Blinding (feeders or 
experimenters)

Andrade, 2017 (U); Andrade, 
2018 (U); Bortolini, 2019 
(U); de Souza, 2020 (U)

Detection bias Random outcome assessment
Andrade, 2017 (Y); Andrade, 

2018 (U); Bortolini, 2019 
(U); de Souza, 2020 (U)

Detection bias Blinding (assessors).
Andrade, 2017 (U); Andrade, 

2018 (Y); Bortolini, 2019 
(U); de Souza, 2020 (U)

Attrition bias incomplete outcome data
Andrade, 2017 (U); Andrade, 

2018 (U); Bortolini, 2019 
(U); de Souza, 2020 (Y)

Reporting bias
Selective outcome reporting 

(alveolar bone loss, expression 
of TNF-α and IL-10)

Andrade, 2017 (Y); Andrade, 
2018 (Y); Bortolini, 2019 
(Y); de Souza, 2020 (Y)

other
Exercise types (aerobic 

exercise) and time

Andrade, 2017 (Y); Andrade, 
2018 (Y); Bortolini, 2019 
(Y); de Souza, 2020 (Y)

other Species (rats and mice)
Andrade, 2017 (Y); Andrade, 

2018 (Y); Bortolini, 2019 
(Y); de Souza, 2020 (Y)

Yes (Y) indicates low risk of bias, no (N) indicates high risk of bias, and unclear (U) indicates an unclear risk of bias.

Figure 2. Forest plot for changes in alveolar bone loss.

Figure 3. Forest plot for changes in expression of (A) TNF-α and (B) IL-10.
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have a positive effect on lessening the ABL and preventing PD. As well 
as TNF-α, the levels of other pro-inflammatory biomarkers such as IL-6 
and IL-1β also decreased after exercise training.41 Regretfully, only one 
including study presented the changes of IL-6 and IL-1β intervened 
by exercise, respectively.33,35 Thus, this data was absent in our studies. 
In addition, one article’s findings were inconsistent with others, which 
reported that there was no significant difference between trained 
and non-trained groups in TNF-α level of serum.33 It may indicate that 
TNF-α contributes to the regeneration process after tibialis anterior and 
gastrocnemius injury. But the inflammatory cells such as lymphocytes, 
and neutrophils monocytes and eosinophils changed in the tibialis 
anterior and gastrocnemius.

As mentioned above, the increase of anti-inflammatory contrib-
utes to bone preservation. However, IL-10 is a cytokine produced by 
a several cells and presents low levels in patients with PD.42 In our 
findings, there was a significant increase of IL-10 in serum or gingival 
tissue of trained groups. These results were consistent with the results 
of previous studies, which showed that exercise can cause an increase 
of anti-inflammatory IL-10.43 These results indicated that the increase 
of IL-10 and the reduction of pro-inflammatory TNF-α cooperated to 
improve PD. However, heterogeneity of ABL and inflammatory cytokines 
among the included studies was large, which may be related to the 
different measuring unit used. It is a problem of experiment measure 
in different area, which implied that it is essential to use uniform and 
standard measuring unit globally.

There were methodological problem (eg. randomization, asses-
sor blinding, and feeders or experimenters blinding) in our analysis, 
which is known to affect the risk of bias in animal studies.21 Nevertheless, 
the quality score ranged from 5 to 7 (according to the 10-item quality 
scale) in the meta-analysis. More good-quality studies should be con-
ducted in the future. Recruitment of different animal specises including 
large animals and application of different types of exercise regimes are 
important for translational results.

CONCLUSION
This meta-analysis supports the positive effects of physical exer-

cise on ABL and inflammatory profile in animal models of PD. These 
findings indicate that physical exercise is contribute to improve PD 
via ameliorating alveolar bone loss and inflammatory profile, and 
moderate exercise can be implemented in clinical practice to maintain 
periodontal health.

ACKNOWLEDGMENTS
We thank the professor Janak Lal Pathak for its linguistic assistance 

during the preparation of this manuscript. The work was supported by 
the Health Commission of Guangdong Province, China (A2019250); the 
Department of Education of Guangdong Province, China (2019KTSCX079).

All authors declare no potential conflict of interest related to this article

REFERENCES
1. Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ, Marcenes W. Global burden of severe 

periodontitis in 1990-2010: a systematic review and meta-regression. J Dent Res. 2014;93(11):1045-53.

2. Nascimento GG, Leite FR, Correa MB, Horta BL, Peres MA, Demarco FF. Relationship between periodontal 
disease and obesity: the role of life-course events. Braz Dent J. 2014;25(2):87-9.

3. Oppermann RV, Haas AN, Rosing CK, Susin C. Epidemiology of periodontal diseases in adults from Latin 
America. Periodontology 2000. 2015;67(1):13-33.

4. Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et al. Periodontitis: Consensus report of 
workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases 
and Conditions. J Periodontol. 2018;89 Suppl 1:S173-82.

5. Cekici A, Kantarci A, Hasturk H, Van Dyke TE. Inflammatory and immune pathways in the pathogenesis 
of periodontal disease. Periodontology 2000. 2014;64(1):57-80.

6. Panezai J, Ghaffar A, Altamash M, Sundqvist KG, Engstrom PE, Larsson A. Correlation of serum cytoki-
nes, chemokines, growth factors and enzymes with periodontal disease parameters. PLoS One. 
2017;12(11):e0188945.

7. Potempa J, Mydel P, Koziel J. The case for periodontitis in the pathogenesis of rheumatoid arthritis. Nat 
Rev Rheumatol. 2017;13(10):606-20.

8. Teixeira FB, Saito MT, Matheus FC, Prediger RD, Yamada ES, Maia CSF, et al. Periodontitis and Alzheimer’s 
Disease: A Possible Comorbidity between Oral Chronic Inflammatory Condition and Neuroinflammation. 
Front Aging Neurosci. 2017;9:327.

9. Sullivan S, Kirk EP, Mittendorfer B, Patterson BW, Klein S. Randomized trial of exercise effect on intrahepatic 
triglyceride content and lipid kinetics in nonalcoholic fatty liver disease. Hepatology. 2012;55(6):1738-45.

10. Passos E, Pereira CD, Goncalves IO, Rocha-Rodrigues S, Silva N, Guimarães JT, et al. Role of physical 
exercise on hepatic insulin, glucocorticoid and inflammatory signaling pathways in an animal model 
of non-alcoholic steatohepatitis. Life Sci. 2015;123:51-60.

11. Keating SE, Hackett DA, Parker HM, O’Connor HT, Geerofi JA, Sainsbry A, et al. Effect of aerobic exercise 
training dose on liver fat and visceral adiposity. J Hepatol. 2015;63(1):174-82.

12. Yang W, Liu L, Wei Y, Fang C, Zhou F, Chen J, et al. Exercise ameliorates the FGF21-adiponectin axis 
impairment in diet-induced obese mice. Endocr Connect. 2019;8(5):596-604.

13. Yang W, Liu L, Wei Y, Fang C, Liu S, Zhou F, et al. Exercise suppresses NLRP3 inflammasome activation in 
mice with diet-induced NASH: a plausible role of adropin. Lab Invest. 2021;101(3):369-80.

14. Nieman DC. Influence of carbohydrate on the immune response to intensive, prolonged exercise. Exerc 
Immunol Rev. 1998;4:64-76.

15. Fernandes RA, Ritti-Dias RM, Balagopal PB, Conceição RDO, Santos RD, Cucato GG, et al. Self-initiated 
physical activity is associated with high sensitivity C-reactive protein: A longitudinal study in 5,030 
adults. Atherosclerosis. 2018;273:131-5.

16. Merchant AT, Pitiphat W, Rimm EB, Joshipura K. Increased physical activity decreases periodontitis risk 
in men. Eur J Epidemiol. 2003;18(9):891-8.

17. Bawadi HA, Khader YS, Haroun TF, Al-Omari M, Tayyem RF. The association between periodontal disease, 
physical activity and healthy diet among adults in Jordan. J Periodontal Res. 2011;46(1):74-81.

18. Samnieng P, Ueno M, Zaitsu T, Shinada K, Wright FA, Kawaguchi Y. The relationship between seven health 
practices and oral health status in community-dwelling elderly Thai. Gerodontology. 2013;30(4):254-61.

19. Mendoza-Núñez VM, Hernández-Monjaraz B, Santiago-Osorio E, Betancourt-Rule JM, Ruiz-Ramos M. Tai 
Chi exercise increases SOD activity and total antioxidant status in saliva and is linked to an improvement 
of periodontal disease in the elderly. Oxid Med Cell Longev. 2014;2014:603853.

20. Sanders AE, Slade GD, Fitzsimmons TR, Bartold PM. Physical activity, inflammatory biomarkers in gingival 
crevicular fluid and periodontitis. J Clin Periodontol. 2009;36(5):388-95.

21. Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M, Langendam MW. SYRCLE’s risk 
of bias tool for animal studies. BMC Med Res Methodol. 2014;14:43.

22. Late Breaking Abstracts: - Diabetes Kongress 2017 - 52. Jahrestagung der DDG. Diabetologie und 
Stoffwechsel. 2017;12(3).

23. Antonova IN. Changes in the masticatory muscles, periodontal tissues, and the pharyngeal ring in Wistar 
rats in chronic psychophysical stress. Neurosci Behav Physiol. 2008;38(9):891-6.

24. Azuma T, Tomofuji T, Endo Y, Tamaki N, Ekuni D, Irie K, et al. Effects of exercise training on gingival oxidative 
stress in obese rats. Arch Oral Biol. 2011;56(8):768-74.

25. Al-Qareer AH, Afsah MR, Müller HP. A sheep cadaver model for demonstration and training periodontal 
surgical methods. Eur J Dent Educ. 2004;8(2):78-83.

26. Hugoson A, Ljungquist B, Breivik T. The relationship of some negative events and psychological fac-
tors to periodontal disease in an adult Swedish population 50 to 80 years of age. J Clin Periodontol. 
2002;29(3):247-53.

27. Iwasaki T, Hirose A, Azuma T, et al. Correlation between ultrasound-.

28. diagnosed non-alcoholic fatty liver and periodontal condition in a cross-sectional study in Japan. Scientific 
Reports. 2018;8:749628. Park HS, Nam HS, Seo HS, Hwang SJ. Change of periodontal inflammatory 
indicators through a 4-week weight control intervention including caloric restriction and exercise 
training in young Koreans: a pilot study. BMC Oral Health. 2015;15:109.

29. Puttaravuttiporn P, Wongsuwanlert M, Charoemratrote C, Lindauer SJ, Leethanakul C. Effect of incisal 
loading during orthodontic treatment in adults: A randomized control trial. Angle Orthod. 2018;88(1):35-44.

30. Brown C. Preventative dental care for dogs in research facilities. Lab Anim (NY). 2011;40(6):184-5.

31. Nakajima K, Hamada N, Takahashi Y, Sasaguri K, Tsukinoki K, Umemoto T, et al. Restraint stress enhances 
alveolar bone loss in an experimental rat model. J Periodontal Res. 2006;41(6):527-34.

32. Zhou Q, Leeman SE, Amar S. Signaling mechanisms in the restoration of impaired immune function 



Rev Bras Med Esporte – 2023; Vol. 29 – e2021_0333of 6Page 6

due to diet-induced obesity. Proceedings of the National Academy of Sciences of the United States of 
America. Immunol Inflamm. 2011;108(7):2867-72.

33. de Souza BC, Matte BF, Lopes AL, Teixeira BC, Lamers ML. Periodical Disease Impairs Muscle Recovery 
by Modulating the Recruitment of Leukocytes. Inflammation. 2020;43(1):382-91.

34. Bortolini BM, Rodrigues PHD, Brandao LUA, Luize DS, Bertolini GRF, Nassar CA, et al. Bone Tissue Behavior Of 
Rats With Experimental Periodontitis Subjected To Physical Exercise. Rev Bras Med Esporte. 2019;25(2):133-6.

35. Andrade EF, Orlando DR, Gomes JAS, Foureaux RC, Costa RC, Varaschin MS, et al. Exercise attenuates alveolar 
bone loss and anxiety-like behaviour in rats with periodontitis. J Clin Periodontol. 2017;44(11):1153-63.

36. Andrade EF, Silva VO, de Moura NO, Foureaux RC, Orlando DR, Moura RF, et al. Physical exercise improves 
glycemic and inflammatory profile and attenuates progression of periodontitis in diabetic rats (HFD/
STZ). Nutrients. 2018;10(11):1702.

37. Claudino M, Trombone AP, Cardoso CR, Ferreira Jr SB, Martins Jr WM, Assis GF, et al. The broad effects of 
the functional IL-10 promoter-592 polymorphism: modulation of IL-10, TIMP-3, and OPG expression and 
their association with periodontal disease outcome. J Leukoc Biol. 2008;84(6):1565-73.

38. Zhang Q, Chen B, Yan F, Guo J, Zhu X, Ma S, et al. Interleukin-10 inhibits bone resorption: a potential 
therapeutic strategy in periodontitis and other bone loss diseases. BioMed Res Int. 2014;2014:284836.

39. Tao GC, Zhang N, Shang ZZ, et al. Interpretation on examples of SYRCLE’ tool for interviewing risk of bias 
in animal experimentation. Chin J Evid Based Cardiovasc Med. 2019;11(3):292-300

40. Muluke M, Gold T, Kiefhaber K, Al-Sahli A, Celenti R, Jiang H, et al. Diet-Induced Obesity and Its Differential 
Impact on Periodontal Bone Loss. J Dent Res. 2016;95(2):223-9.

41. Hajizadeh Maleki B, Tartibian B, Mooren FC, FitzGerald LZ, Krüger K, Chehrazi M, et al. Low-to-moderate 
intensity aerobic exercise training modulates irritable bowel syndrome through antioxidative 
and inflammatory mechanisms in women: Results of a randomized controlled trial. Cytokine. 
2018;102:18-25.

42. Albuquerque CM, Cortinhas AJ, Morinha FJ, Leitão JC, Viegas CA, Bastos EM. Association of the IL-10 
polymorphisms and periodontitis: a meta-analysis. Mol Biol Rep. 2012;39(10):9319-29.

43. Sarjan HN, Yajurvedi HN. Duration dependent effect of chronic stress on primary and secondary lymphoid 
organs and their reversibility in rats. Immunobiology. 2019;224(1):133-41.


	OLE_LINK29
	OLE_LINK30
	OLE_LINK8
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK35
	OLE_LINK36
	OLE_LINK21
	OLE_LINK22
	OLE_LINK14
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK37
	OLE_LINK41
	OLE_LINK42
	OLE_LINK38
	OLE_LINK39

