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Assessment of 8-Hydroxy 2-Deoxyguanosine as 

salivary biomarker for periodontitis patients with or 

without diabetes mellitus  
 

 

ABSTRACT 

Aim: The aim of this study is to assess the levels of 8-hydroxy-2 deoxyguanosine as a salivary biomarker 

for periodontitis with or without diabetes mellitus. 

Study design: Cross-sectional study 

Materials and methods: 30 patients were included in the study and were categorised into three groups: 

periodontal health (Group a), patients with periodontitis without diabetes mellitus (Group b) and patients 

with periodontitis only (Group c). Unstimulated salivary samples were taken. The OHdG concentration 

was evaluated using Sandwich-enzyme linked immunosorbent assay by commercially available human 

OHdG 96 well ELISA kit. The data were statistically analysed by One-Way -ANOVA. The Newman-Keuls 

multiple comparison test was used to test the significance at the levels of p<0.05. 

Results: Salivary OHdG concentration in periodontal health, periodontitis with diabetes mellitus (P+DM), 

Periodontitis only (P) were analysed.  Salivary OHdG concentration was found to be significantly higher 

(p<0.05) in periodontitis with diabetes mellitus (38±2.82 ng/L) when compared with periodontitis only 

(20.5±2.12 ng/L) and also when compared with healthy controls (11.5±2.12 ng/L). 

Conclusion: Diabetic patients with periodontitis have increased 8 hydroxy 2 deoxyguanosine than non-

diabetic counterparts. Thus salivary 8 hydroxy 2 deoxyguanosine is an effective non-invasive biomarker 

to assess periodontitis among patients.  
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1. INTRODUCTION 

 
Periodontal disease (PD) is a chronic inflammatory disorder that affects 10–15% of the world population 
and is considered the greatest cause of tooth loss, causing damage to all the structures that support the 
teeth: periodontal ligament, root cement, alveolar bone, and gingival tissues [1–4]. Its clinical 
classification is based on the presence or absence of signs of inflammation, periodontal pocket depth, 
gingival attachment loss, and bone loss [5–7]. 
 
As it progresses, neutrophils at the inflammatory site increase and, associated with macrophages, 
produce cytokines such as tumour necrosis factor alpha (TNF-α), interleukin-1 (IL-1), and 
prostaglandins[8]. During this inflammatory process, fibroblasts are stimulated by interleukin-1 and 
extracellular matrix metalloproteinases (MMPs) are secreted, particularly collagenase produced by 
polymorphonuclear neutrophils[9]. 
 
MMPs cause collagen degradation and TNF-α is responsible for increased osteoclast activity, leading to 
bone resorption. In addition, T-lymphocytes secrete the receptor activator of nuclear factor κB ligand 
(RANKL), which, in turn, is involved in osteoclast activity, ending in bone loss. Polymorphonuclear 
lymphocytes (PMNLs) are believed to produce active reactive oxygen species (ROS) and therefore to 
lead to greater production of these species[10]. 
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Periodontal disease progression depends on immune response and the host's susceptibility. Numerous 
studies have pointed out that both oxidative stress and the total antioxidant capacity of the individual play 
an important role in the pathogenesis of periodontal diseases [11]. It has been shown that reduced 
antioxidant concentrations in the gingival crevicular fluid (GCF) help to increase the damage to the gums 
and surrounding structures caused by the action of the neutrophils. In the same way, several recent 
studies have shown that chronic periodontal disease is associated with hyperreactive neutrophils that 
have increased the production of reactive oxygen species as a response to stimulation of the Fc-gamma 
receptor. 
 
Oxidative stress is defined as the state in which the balance between prooxidants and antioxidants in the 
organism is disturbed [12–14]. This imbalance is caused by an excess of reactive oxygen species, free 
radicals, and other reactive molecular species and/or by a deficiency in the antioxidant mechanisms 
arising from direct or indirect damage to the tissues. 
 
One of the most important markers of oxidative stress is 8-hydroxy-2′-deoxyguanosine (8-OHdG), which 
is formed through oxidation of guanine from damaged DNA. Numerous studies have observed higher 8-
OHdG levels in the saliva of subjects with periodontal disease than in that of healthy subjects, showing 
that this marker is correlated with increased ROS production during periodontal inflammation[15,16]. In 
the same way, its levels fall when periodontitis patients receive successful anti-inflammatory treatment. 
Almerich-Silla et al showed a high correlation between the presence of periodontal bacteria and the levels 
of 8-OHdg in saliva, which they found to be far higher than those of other oxidative stress markers. 
 
During chronic inflammation, not only do reactive oxygen species increase in the affected tissues but a 
reduction in antioxidant levels is also observed. Antioxidants can be defined as substances which, at low 
concentrations with respect to the oxidisable substrate, significantly reduce or inhibit oxidation of that 
substrate[17,18]. They combat oxidative damage through direct elimination of ROS and repair of the 
damage caused by these detrimental agents. Antioxidants also act by downregulating some redox-
sensitive proinflammatory gene transcription factors and, simultaneously, regulating inflammatory gene 
transcription factors. 
 
Antioxidants are classified according to their mode of action. The preventive antioxidants include 
superoxide dismutase (SOD) enzymes, catalase (CAT), glutathione peroxidase (GPx), glutathione 
reductase (GR), and DNA repair enzymes.  
 
Saliva has an important role as a tool for diagnosing and predicting periodontal diseases. Saliva is 
considered as an accessible tool which contains components derived from the oral mucus surfaces, 
gingival crevices, and tooth surfaces. It contains microorganisms that colonise the mouth, and other 
exogenous substances, and can therefore provide a picture of the host's relation to the environment.  
Our team has extensive knowledge and research experience  that has translate into high quality 
publications.[19–31],[32–36] [37] [38].The aim of this study is to assess the levels of 8-hydroxy-2 
deoxyguanosine as a salivary biomarker for periodontitis with or without diabetes mellitus. 
 
2. MATERIALS AND METHODS 
 
Patients aged 30 to 60 years visiting the department of Periodontics, Saveetha dental college and 
hospitals, Chennai from December 2020 to February 2021 were evaluated. Thirty patients (15 males, 15 
females) were included in the study. They were categorised into three groups: periodontal health (Group 
a), patients with periodontitis without diabetes mellitus (Group b) and patients with periodontitis only 
(Group c). 
The inclusion criteria for the Periodontitis patients include moderate to severe periodontitis not >2 teeth 
missing in each quadrant; greater than or equal to 30% of periodontal sites with periodontal pocket depth 
greater than or equal to 4 mm; greater than or equal to 20% of periodontal sites with interproximal clinical 
attachment loss >2 mm; greater than or equal to 30% of sites showing bleeding on probing; and 
radiographic evidence of bone loss visible in posterior vertical bitewing films.  
Exclusion criteria for periodontitis group were individuals who had undergone periodontal treatment in the 
last 6 months; history of medications (antibiotics or anti-inflammatory drugs) in the last 6 months; smoking 
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or use of tobacco in any form; history of alcoholism; betel nut users; history of known systemic diseases 
that would alter the healing response of the oral tissues; acute periodontal conditions, such as periodontal 
abscess and acute necrotizing gingivitis; and detection of any obvious oral mucosal lesion.  
2.1 Saliva collection  
Participants were instructed to refrain from certain practices such as eating, drinking, and practicing oral 
hygiene procedures 12 hours before saliva collection. Whole unstimulated saliva was collected from all 
patients and the collected samples were immediately transported to the laboratory, where it was 
centrifuged at 5,000 rpm for 10 minutes and the clear supernatants were stored in aliquots at -70°C. The 
assay was performed within 3 months of collection. 
2.2 Salivary OHdG analysis in saliva 
Salivary OHdG levels were measured in duplicate using a commercially available 8-Hydroxy-
desoxyguanosine (8-OHdG) ELISA Kit procured from Abbkine Scientific Co., Ltd, China as per the 
manufacturer protocols. This assay is used to quantitatively analyse the OHdG levels using sandwich 
enzyme immunoassay technique. The samples were diluted with calibrator diluent provided with a ratio of 
1:4 and the assay was performed according to the instructions. Standards were included and all results 
were read as the value of optical density set to 450 nm.  The intra and inter assay coefficient variance 

(CV) was found to  be ＜11% and <9% . 

2.3 Statistical Analysis 
The triplicate analysis results of the experiments were expressed as mean ± standard deviation and the 
data were analyzed statistically by one-way analysis of variance (ANOVA) and significant differences 
between the mean values were measured using Newman-Keuls multiple comparison test using Graph 
Pad Prism version 5. The results with the p < 0.05 level were considered to be statistically significant.  
 

4. RESULTS AND DISCUSSION 

Salivary OHdG concentration in periodontal health, periodontitis with diabetes mellitus (P+DM), 
Periodontitis only (P) were analysed.  Salivary OHdG concentration was found to be significantly higher 
(p<0.05) in periodontitis with diabetes mellitus (38±2.82 ng/L) when compared with periodontitis only 
(20.5±2.12 ng/L) and also when compared with healthy controls (11.5±2.12 ng/L) (Figure 1 and Table 1). 
From the above results it can be seen that OHdG was significantly higher in periodontal patients and 
patients with diabetes mellitus. 
 
Periodontitis is an irreversible inflammatory disease that affects the tissues supporting the teeth. Once 
initiated, it progresses with the loss of collagen fibres and of attachment to the surface of the cement, 
apical migration of the pocket epithelium, and resorption of the alveolar bone. If not treated at an early 
stage, the disease advances to progressive destruction of the bone, leading to movement of the teeth and 
their subsequent loss[39]. 
 
Inflammatory and immune reactions to the bacterial plaque perform the leading roles in the pathogenesis 
of periodontitis. Most of the tissue destruction is considered to be the result of impairment of the 
inflammatory and immune response to this microbial plaque, causing the liberation of neutrophils, reactive 
oxygen species, and enzymes. 
 
A large number of distinct types of bacteria with different pathogenicity increase periodontal inflammation. 
ROS are related to PMN action in the destruction of periodontal pathogens. This rise of ROS levels by 
PMNs would lead to tissue degeneration and a worse status of periodontal disease. Salivary stress 
parameters of 8-OHdG are correlated with periodontal disease and Porphyromonas gingivalis and its 
genotypes fimA II and Ib, Treponema denticola, Aggregatibacter actinomycetemcomitans, and Tannerella 
forsythia[40,41]. 
 
Numerous studies have pointed out that both oxidative stress and the individual's total antioxidant 
capacity are disturbed in subjects with periodontal disease, showing the existence of a direct association 
between the rise in reactive oxygen species and the fall in total antioxidant capacity in the pathogenesis 
of periodontal disease. [42,43] The imbalance between oxidants and antioxidants have been related with 
the destruction of the periodontium during inflammatory periodontal 
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The use of some antioxidants (lycopene and vitamin E) as periodontal treatment has the potential to 
improve periodontal clinical parameters; nevertheless, the role of antioxidant/oxidative stress parameters 
needs further investigations [44]. 
 
Miricescu et al. studied the relations between the antioxidant defense system of saliva and the levels of 
reactive oxygen species (ROS) in patients with chronic periodontitis and in subjects free of periodontal 
disease.They observed significantly higher ROS values in the chronic periodontitis group than in the 
control group and significantly lower levels of certain antioxidants such as uric acid, TAC, and Gpx. 
 
8-Hydroxy-2′-deoxyguanosine (8-OHdG) is formed through oxidation of guanine from damaged DNA, 
causing severe damage to periodontal tissues. Higher salivary 8-OHdG reflect increased oxygen radical 
activity during periodontal inflammation. The present review has shown that although 8-OHdG is present 
both in subjects with no periodontal disease and in those with this illness, its levels are significantly higher 
in the saliva of the periodontal disease patients Takane et al., Sawamoto et al., Sezer et al., Komatsu et 
al., Almerich-Silla et al., and Zamora-Perez et al. all found the 8-OHdG levels in subjects with periodontal 
disease to be high, and very high compared to those in healthy controls. 
The limitations of the present study include restricted geographical limit and the variation of results which 
may be caused due to the sample selection, diabetic status, salivary collection and transport etc. 
 

 

 
Fig. 1. represents the salivary OHdG concentration in periodontal health, periodontitis with 

diabetes mellitus (P+DM), Periodontitis only (P). The concentration of OHdG was measured by 

ELISA method. Each bar represents the mean ± SD of 3 observations. The significance was 

considered at the levels of p<0.05. a-compared with periodontal health (P); ab-compared with P 

and P+DM 
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Table 1 represents the OHdG level in healthy patients, Periodontally compromised patients and 

patient with periodontitis and diabetes. The p value was <0.05 suggesting that there is significant 

difference in the level of OHdG among the different groups  

 

Group Periodontal health 
(Group A)  

P+Diabetes 
mellitus  
(Group B) 

Periodontitis (P) 
(Group C) 

p value  

8-OHdG(ng/L) 11.5± 2.12 38± 2.82 
 

20.5± 2.12 
 

0.0035 

 

 

 

 

3. CONCLUSION  

 

It can be concluded that diabetic patients have more periodontal tissue destruction and increased 8 

hydroxy 2 deoxyguanosine than non-diabetic counterparts. Thus 8 hydroxy 2 deoxyguanosine is an 

effective salivary biomarker to assess periodontitis among patients. 

 

CONSENT 
 
It is not applicable 

 

COMPETING INTERESTS DISCLAIMER: 
 
Authors have declared that no competing interests exist. The products used for this research 
are commonly and predominantly use products in our area of research and country. There is 
absolutely no conflict of interest between the authors and producers of the products because we 
do not intend to use these products as an avenue for any litigation but for the advancement of 
knowledge. Also, the research was not funded by the producing company rather it was funded 
by personal efforts of the authors. 
 
 

 

 

 

REFERENCES: 

 

1.  Muniz FWMG, Muniz FWM, Nogueira SB, Mendes FLV, Rösing CK, Moreira MMS, et al. The impact 
of antioxidant agents complimentary to periodontal therapy on oxidative stress and periodontal 
outcomes: A systematic review [Internet]. Vol. 60, Archives of Oral Biology. 2015. p. 1203–14. 
Available from: http://dx.doi.org/10.1016/j.archoralbio.2015.05.007 

2.  Silva JC da, da Silva JC, Muniz FWM, Oballe HJR, Andrades M, Rösing CK, et al. The effect of 
periodontal therapy on oxidative stress biomarkers: A systematic review [Internet]. Vol. 45, Journal of 
Clinical Periodontology. 2018. p. 1222–37. Available from: http://dx.doi.org/10.1111/jcpe.12993 

http://paperpile.com/b/yMSSPb/HHOP
http://paperpile.com/b/yMSSPb/HHOP
http://paperpile.com/b/yMSSPb/HHOP
http://paperpile.com/b/yMSSPb/HHOP
http://paperpile.com/b/yMSSPb/HHOP
http://paperpile.com/b/yMSSPb/mJkQ
http://paperpile.com/b/yMSSPb/mJkQ
http://paperpile.com/b/yMSSPb/mJkQ
http://paperpile.com/b/yMSSPb/mJkQ


 

6 

3.  Muniz FW, Silva B, Goulart C, Silveira T, Martins T. The effect of adjuvant bisphosphonates on 
nonsurgical periodontal treatment: systematic review with meta-analyses [Internet]. Authorea. 
Available from: http://dx.doi.org/10.22541/au.158740061.11545790 

4.  Mendes L, Azevedo NF, Felino A, Pinto MG. Relationship between invasion of theperiodontiumby 
periodontal pathogens and periodontal disease: a systematic review [Internet]. Vol. 6, Virulence. 
2015. p. 208–15. Available from: http://dx.doi.org/10.4161/21505594.2014.984566 

5.  Tomofuji T, Ekuni D, Morita M. Effects of Periodontal Therapy on Circulating Oxidative Stress 
[Internet]. Studies on Periodontal Disease. 2014. p. 147–56. Available from: 
http://dx.doi.org/10.1007/978-1-4614-9557-4_10 

6.  Halawany HS. Is Psychological Stress a Possible Risk Factor for Periodontal Disease? A Systematic 
Review [Internet]. Vol. 18, Journal of Psychiatry. 2015. Available from: 
http://dx.doi.org/10.4172/psychiatry.1000217 

7.  Greabu M, Calenic B. Salivary Biomarkers of Oxidative Stress Associated with Periodontal Diseases 
[Internet]. Studies on Periodontal Disease. 2014. p. 329–43. Available from: 
http://dx.doi.org/10.1007/978-1-4614-9557-4_20 

8.  Komatsu T, Lee M-C-I. Oxidative Stress and Periodontal Disease in Down Syndrome [Internet]. 
Studies on Periodontal Disease. 2014. p. 211–23. Available from: http://dx.doi.org/10.1007/978-1-
4614-9557-4_15 

9.  Suleria HAR, Goyal MR, Butt MS. Phytochemicals from Medicinal Plants: Scope, Applications, and 
Potential Health Claims. CRC Press; 2019. 30 p. 

10.  Buczko P, Knaś M, Grycz M, Szarmach I, Zalewska A. Orthodontic treatment modifies the oxidant–
antioxidant balance in saliva of clinically healthy subjects [Internet]. Vol. 62, Advances in Medical 
Sciences. 2017. p. 129–35. Available from: http://dx.doi.org/10.1016/j.advms.2016.11.004 

11.  Fejfer K, Buczko P, Niczyporuk M, Ładny JR, Hady HR, Knaś M, et al. Oxidative Modification of 
Biomolecules in the Nonstimulated and Stimulated Saliva of Patients with Morbid Obesity Treated 
with Bariatric Surgery [Internet]. Vol. 2017, BioMed Research International. 2017. p. 1–8. Available 
from: http://dx.doi.org/10.1155/2017/4923769 

12.  Henry LG, McKenzie RME, Robles A, Fletcher HM. Oxidative stress resistance inPorphyromonas 
gingivalis [Internet]. Vol. 7, Future Microbiology. 2012. p. 497–512. Available from: 
http://dx.doi.org/10.2217/fmb.12.17 

13.  McKenzie RME, Aruni W, Johnson NA, Robles A, Dou Y, Henry L, et al. Metabolome variations in 
thePorphyromonas gingivalis vimAmutant during hydrogen peroxide-induced oxidative stress 
[Internet]. Vol. 30, Molecular Oral Microbiology. 2015. p. 111–27. Available from: 
http://dx.doi.org/10.1111/omi.12075 

14.  McKenzie RME, Henry LG, Boutrin M-C, Ximinies A, Fletcher HM. Role of the Porphyromonas 
gingivalis iron-binding protein PG1777 in oxidative stress resistance [Internet]. Vol. 162, 
Microbiology. 2016. p. 256–67. Available from: http://dx.doi.org/10.1099/mic.0.000213 

15.  McKenzie RME, Johnson NA, Aruni W, Dou Y, Masinde G, Fletcher HM. Differential response of 
Porphyromonas gingivalis to varying levels and duration of hydrogen peroxide-induced oxidative 
stress [Internet]. Vol. 158, Microbiology. 2012. p. 2465–79. Available from: 
http://dx.doi.org/10.1099/mic.0.056416-0 

16.  Robles AG, Reid K, Roy F, Fletcher HM. Porphyromonas gingivalis mutY is involved in the repair of 
oxidative stress-induced DNA mispairing [Internet]. Vol. 26, Molecular Oral Microbiology. 2011. p. 
175–86. Available from: http://dx.doi.org/10.1111/j.2041-1014.2011.00605.x 

http://paperpile.com/b/yMSSPb/KsxN
http://paperpile.com/b/yMSSPb/KsxN
http://paperpile.com/b/yMSSPb/KsxN
http://paperpile.com/b/yMSSPb/KsxN
http://paperpile.com/b/yMSSPb/Epvm
http://paperpile.com/b/yMSSPb/Epvm
http://paperpile.com/b/yMSSPb/Epvm
http://paperpile.com/b/yMSSPb/Epvm
http://paperpile.com/b/yMSSPb/mXHb
http://paperpile.com/b/yMSSPb/mXHb
http://paperpile.com/b/yMSSPb/mXHb
http://paperpile.com/b/yMSSPb/mXHb
http://paperpile.com/b/yMSSPb/ZKEf
http://paperpile.com/b/yMSSPb/ZKEf
http://paperpile.com/b/yMSSPb/ZKEf
http://paperpile.com/b/yMSSPb/ZKEf
http://paperpile.com/b/yMSSPb/IRkH
http://paperpile.com/b/yMSSPb/IRkH
http://paperpile.com/b/yMSSPb/IRkH
http://paperpile.com/b/yMSSPb/IRkH
http://paperpile.com/b/yMSSPb/5qU8
http://paperpile.com/b/yMSSPb/5qU8
http://paperpile.com/b/yMSSPb/5qU8
http://paperpile.com/b/yMSSPb/PJZZ
http://paperpile.com/b/yMSSPb/PJZZ
http://paperpile.com/b/yMSSPb/xj8U
http://paperpile.com/b/yMSSPb/xj8U
http://paperpile.com/b/yMSSPb/xj8U
http://paperpile.com/b/yMSSPb/xj8U
http://paperpile.com/b/yMSSPb/idgt
http://paperpile.com/b/yMSSPb/idgt
http://paperpile.com/b/yMSSPb/idgt
http://paperpile.com/b/yMSSPb/idgt
http://paperpile.com/b/yMSSPb/idgt
http://paperpile.com/b/yMSSPb/hMb9
http://paperpile.com/b/yMSSPb/hMb9
http://paperpile.com/b/yMSSPb/hMb9
http://paperpile.com/b/yMSSPb/hMb9
http://paperpile.com/b/yMSSPb/GHjS
http://paperpile.com/b/yMSSPb/GHjS
http://paperpile.com/b/yMSSPb/GHjS
http://paperpile.com/b/yMSSPb/GHjS
http://paperpile.com/b/yMSSPb/GHjS
http://paperpile.com/b/yMSSPb/OZJP
http://paperpile.com/b/yMSSPb/OZJP
http://paperpile.com/b/yMSSPb/OZJP
http://paperpile.com/b/yMSSPb/OZJP
http://paperpile.com/b/yMSSPb/EtW7
http://paperpile.com/b/yMSSPb/EtW7
http://paperpile.com/b/yMSSPb/EtW7
http://paperpile.com/b/yMSSPb/EtW7
http://paperpile.com/b/yMSSPb/EtW7
http://paperpile.com/b/yMSSPb/YLn2
http://paperpile.com/b/yMSSPb/YLn2
http://paperpile.com/b/yMSSPb/YLn2
http://paperpile.com/b/yMSSPb/YLn2


 

7 

17.  Dou Y, Osbourne D, McKenzie R, Fletcher HM. Involvement of extracytoplasmic function sigma 
factors in virulence regulation in Porphyromonas gingivalis W83 [Internet]. Vol. 312, FEMS 
Microbiology Letters. 2010. p. 24–32. Available from: http://dx.doi.org/10.1111/j.1574-
6968.2010.02093.x 

18.  Vanterpool E, Wilson Aruni A, Roy F, Fletcher HM. regT can modulate gingipain activity and 
response to oxidative stress in Porphyromonas gingivalis [Internet]. Vol. 156, Microbiology. 2010. p. 
3065–72. Available from: http://dx.doi.org/10.1099/mic.0.038315-0 

19.  Ramesh A, Varghese S, Jayakumar ND, Malaiappan S. Comparative estimation of sulfiredoxin levels 
between chronic periodontitis and healthy patients - A case-control study. J Periodontol. 2018 
Oct;89(10):1241–8. 

20.  Paramasivam A, Priyadharsini JV, Raghunandhakumar S, Elumalai P. A novel COVID-19 and its 
effects on cardiovascular disease. Hypertens Res. 2020 Jul;43(7):729–30. 

21.  S G, T G, K V, Faleh A A, Sukumaran A, P N S. Development of 3D scaffolds using 
nanochitosan/silk-fibroin/hyaluronic acid biomaterials for tissue engineering applications. Int J Biol 
Macromol. 2018 Dec;120(Pt A):876–85. 

22.  Del Fabbro M, Karanxha L, Panda S, Bucchi C, Nadathur Doraiswamy J, Sankari M, et al. 
Autologous platelet concentrates for treating periodontal infrabony defects. Cochrane Database Syst 
Rev. 2018 Nov 26;11:CD011423. 

23.  Paramasivam A, Vijayashree Priyadharsini J. MitomiRs: new emerging microRNAs in mitochondrial 
dysfunction and cardiovascular disease. Hypertens Res. 2020 Aug;43(8):851–3. 

24.  Jayaseelan VP, Arumugam P. Dissecting the theranostic potential of exosomes in autoimmune 
disorders. Cell Mol Immunol. 2019 Dec;16(12):935–6. 

25.  Vellappally S, Al Kheraif AA, Divakar DD, Basavarajappa S, Anil S, Fouad H. Tooth implant 
prosthesis using ultra low power and low cost crystalline carbon bio-tooth sensor with hybridized data 
acquisition algorithm. Comput Commun. 2019 Dec 15;148:176–84. 

26.  Vellappally S, Al Kheraif AA, Anil S, Assery MK, Kumar KA, Divakar DD. Analyzing Relationship 
between Patient and Doctor in Public Dental Health using Particle Memetic Multivariable Logistic 
Regression Analysis Approach (MLRA2). J Med Syst. 2018 Aug 29;42(10):183. 

27.  Varghese SS, Ramesh A, Veeraiyan DN. Blended Module-Based Teaching in Biostatistics and 
Research Methodology: A Retrospective Study with Postgraduate Dental Students. J Dent Educ. 
2019 Apr;83(4):445–50. 

28.  Venkatesan J, Singh SK, Anil S, Kim S-K, Shim MS. Preparation, Characterization and Biological 
Applications of Biosynthesized Silver Nanoparticles with Chitosan-Fucoidan Coating. Molecules 
[Internet]. 2018 Jun 12;23(6). Available from: http://dx.doi.org/10.3390/molecules23061429 

29.  Alsubait SA, Al Ajlan R, Mitwalli H, Aburaisi N, Mahmood A, Muthurangan M, et al. Cytotoxicity of 
Different Concentrations of Three Root Canal Sealers on Human Mesenchymal Stem Cells. 
Biomolecules [Internet]. 2018 Aug 1;8(3). Available from: http://dx.doi.org/10.3390/biom8030068 

30.  Venkatesan J, Rekha PD, Anil S, Bhatnagar I, Sudha PN, Dechsakulwatana C, et al. Hydroxyapatite 
from Cuttlefish Bone: Isolation, Characterizations, and Applications. Biotechnol Bioprocess Eng. 
2018 Aug 1;23(4):383–93. 

31.  Vellappally S, Al Kheraif AA, Anil S, Wahba AA. IoT medical tooth mounted sensor for monitoring 
teeth and food level using bacterial optimization along with adaptive deep learning neural network. 
Measurement. 2019 Mar 1;135:672–7. 

http://paperpile.com/b/yMSSPb/zig6
http://paperpile.com/b/yMSSPb/zig6
http://paperpile.com/b/yMSSPb/zig6
http://paperpile.com/b/yMSSPb/zig6
http://paperpile.com/b/yMSSPb/B52y
http://paperpile.com/b/yMSSPb/B52y
http://paperpile.com/b/yMSSPb/B52y
http://paperpile.com/b/yMSSPb/B52y
http://paperpile.com/b/yMSSPb/DuSDr
http://paperpile.com/b/yMSSPb/DuSDr
http://paperpile.com/b/yMSSPb/DuSDr
http://paperpile.com/b/yMSSPb/9BxPp
http://paperpile.com/b/yMSSPb/9BxPp
http://paperpile.com/b/yMSSPb/W3PKu
http://paperpile.com/b/yMSSPb/W3PKu
http://paperpile.com/b/yMSSPb/W3PKu
http://paperpile.com/b/yMSSPb/du1qQ
http://paperpile.com/b/yMSSPb/du1qQ
http://paperpile.com/b/yMSSPb/du1qQ
http://paperpile.com/b/yMSSPb/6SA2g
http://paperpile.com/b/yMSSPb/6SA2g
http://paperpile.com/b/yMSSPb/HxsE1
http://paperpile.com/b/yMSSPb/HxsE1
http://paperpile.com/b/yMSSPb/4cifu
http://paperpile.com/b/yMSSPb/4cifu
http://paperpile.com/b/yMSSPb/4cifu
http://paperpile.com/b/yMSSPb/P7XeG
http://paperpile.com/b/yMSSPb/P7XeG
http://paperpile.com/b/yMSSPb/P7XeG
http://paperpile.com/b/yMSSPb/mtmIR
http://paperpile.com/b/yMSSPb/mtmIR
http://paperpile.com/b/yMSSPb/mtmIR
http://paperpile.com/b/yMSSPb/007Tn
http://paperpile.com/b/yMSSPb/007Tn
http://paperpile.com/b/yMSSPb/007Tn
http://paperpile.com/b/yMSSPb/007Tn
http://paperpile.com/b/yMSSPb/TOAZ5
http://paperpile.com/b/yMSSPb/TOAZ5
http://paperpile.com/b/yMSSPb/TOAZ5
http://paperpile.com/b/yMSSPb/TOAZ5
http://paperpile.com/b/yMSSPb/4uHHW
http://paperpile.com/b/yMSSPb/4uHHW
http://paperpile.com/b/yMSSPb/4uHHW
http://paperpile.com/b/yMSSPb/2Wvf2
http://paperpile.com/b/yMSSPb/2Wvf2
http://paperpile.com/b/yMSSPb/2Wvf2


 

8 

32.  PradeepKumar AR, Shemesh H, Nivedhitha MS, Hashir MMJ, Arockiam S, Uma Maheswari TN, et 
al. Diagnosis of Vertical Root Fractures by Cone-beam Computed Tomography in Root-filled Teeth 
with Confirmation by Direct Visualization: A Systematic Review and Meta-Analysis. J Endod. 2021 
Aug;47(8):1198–214. 

33.  R H, Ramani P, Tilakaratne WM, Sukumaran G, Ramasubramanian A, Krishnan RP. Critical 
appraisal of different triggering pathways for the pathobiology of pemphigus vulgaris-A review. Oral 
Dis [Internet]. 2021 Jun 21; Available from: http://dx.doi.org/10.1111/odi.13937 

34.  Ezhilarasan D, Lakshmi T, Subha M, Deepak Nallasamy V, Raghunandhakumar S. The ambiguous 
role of sirtuins in head and neck squamous cell carcinoma. Oral Dis [Internet]. 2021 Feb 11; 
Available from: http://dx.doi.org/10.1111/odi.13798 

35.  Sarode SC, Gondivkar S, Sarode GS, Gadbail A, Yuwanati M. Hybrid oral potentially malignant 
disorder: A neglected fact in oral submucous fibrosis. Oral Oncol. 2021 Jun 16;105390. 

36.  Kavarthapu A, Gurumoorthy K. Linking chronic periodontitis and oral cancer: A review. Oral Oncol. 
2021 Jun 14;105375. 

37.  Vellappally S, Abdullah Al-Kheraif A, Anil S, Basavarajappa S, Hassanein AS. Maintaining patient 
oral health by using a xeno-genetic spiking neural network. J Ambient Intell Humaniz Comput 
[Internet]. 2018 Dec 14; Available from: https://doi.org/10.1007/s12652-018-1166-8 

38.  Aldhuwayhi S, Mallineni SK, Sakhamuri S, Thakare AA, Mallineni S, Sajja R, et al. Covid-19 
Knowledge and Perceptions Among Dental Specialists: A Cross-Sectional Online Questionnaire 
Survey. Risk Manag Healthc Policy. 2021 Jul 7;14:2851–61. 

39.  Gürsoy UK, Könönen E. Use of Saliva in Diagnosis of Periodontitis: Cumulative Use of Bacterial and 
Host-Derived Biomarkers. Frontiers Media SA; 2017. 

40.  Armstrong D, Stratton RD. Oxidative Stress and Antioxidant Protection: The Science of Free Radical 
Biology and Disease. John Wiley & Sons; 2016. 600 p. 

41.  Dumitrescu AL, Davison GW. Role of Oxidative Stress in Oral Diseases. Frontiers Media SA; 2019. 

42.  Sies H. Oxidative Stress: Eustress and Distress. Academic Press; 2019. 876 p. 

43.  Evans MD, Cooke MS. Oxidative Damage to Nucleic Acids. Springer Science & Business Media; 
2009. 228 p. 

44.  Beutler E. Red Cell Metabolism: A Manual of Biochemical Methods. 1975. 160 p. 

 

http://paperpile.com/b/yMSSPb/auuqA
http://paperpile.com/b/yMSSPb/auuqA
http://paperpile.com/b/yMSSPb/auuqA
http://paperpile.com/b/yMSSPb/auuqA
http://paperpile.com/b/yMSSPb/THkZs
http://paperpile.com/b/yMSSPb/THkZs
http://paperpile.com/b/yMSSPb/THkZs
http://paperpile.com/b/yMSSPb/THkZs
http://paperpile.com/b/yMSSPb/Dp9dd
http://paperpile.com/b/yMSSPb/Dp9dd
http://paperpile.com/b/yMSSPb/Dp9dd
http://paperpile.com/b/yMSSPb/Dp9dd
http://paperpile.com/b/yMSSPb/hx3rE
http://paperpile.com/b/yMSSPb/hx3rE
http://paperpile.com/b/yMSSPb/1RyKQ
http://paperpile.com/b/yMSSPb/1RyKQ
http://paperpile.com/b/yMSSPb/sAdPN
http://paperpile.com/b/yMSSPb/sAdPN
http://paperpile.com/b/yMSSPb/sAdPN
http://paperpile.com/b/yMSSPb/sAdPN
http://paperpile.com/b/yMSSPb/KY942
http://paperpile.com/b/yMSSPb/KY942
http://paperpile.com/b/yMSSPb/KY942
http://paperpile.com/b/yMSSPb/xQ8b
http://paperpile.com/b/yMSSPb/xQ8b
http://paperpile.com/b/yMSSPb/lVAj
http://paperpile.com/b/yMSSPb/lVAj
http://paperpile.com/b/yMSSPb/Nsy3
http://paperpile.com/b/yMSSPb/GFjC
http://paperpile.com/b/yMSSPb/aSjA
http://paperpile.com/b/yMSSPb/aSjA
http://paperpile.com/b/yMSSPb/OIk5

