
Microbial Etiology of gingivitis - a plaque induced inflammation of the gingiva. Progressive 
periodontal diseases are a significant burden to oral health worldwide.1 In addition to tooth loss, chronic 
periodontal diseases are increasingly suggested as significant factors in development and/or progression of a 
variety of systemic conditions including cardiovascular disease, rheumatoid arthritis, Alzheimer’s disease and 
pre-term births.2-5 Periodontal disease initially presents as gingivitis, a plaque induced 
inflammation of the marginal and attached gingiva.6 The clinical symptoms of 
gingivitis include redness, edema, and bleeding at the gingival margin. 
Demonstration that periodontal diseases are of microbial origin was 
proven by landmark experimental gingivitis (EG) studies in the 
1960s, which demonstrated that the suspension of oral hygiene 
resulted in rapid dental plaque formation.7-9 Left undisturbed, 
maturation of the dental plaque over time inevitably produced 
gingival inflammation, albeit with variable onset and progression.  
The microbial composition of dental plaque during the development 
of gingivitis was associated with proliferation of Gram negative 
bacteria when assayed by culturing techniques.10-12 Pathogens 
associated with gingivitis display unique metabolic activities 
(production of hydrogen sulfides and short chain carboxylic acids13 and 
express lipopolysaccharides (LPS’s) or endotoxins in their cell walls.14-15 
The LPS from Gram negative bacteria, and the lipoteichoic acid produced 
by some Gram positive pathogens can be considered to be a major factor in the 
pathogenesis of progressive periodontal diseases.16    

Gingivitis is a risk factor for a more advanced form of periodontal disease, periodontitis.  
Gingivitis precedes the development of progressive periodontal disease. The clinical symptoms of gingivitis 
include redness, edema, and bleeding at the gingival margin. Gingival bleeding, an objective measure of 
inflammation has been positively correlated to histologic changes in the gingiva, which include a greater 
percentage of cell-rich collagen-poor connective tissue consistent with an inflammatory infiltrate, as compared 
to non-bleeding sites.17 The clinical significance of gingival bleeding should not be underestimated, as 
chronic inflammation of the gingiva and periodontium has been shown to be a significant risk factor for both 
periodontal attachment loss and recession.  Sites with persistent gingival bleeding over multiple periodic 
examinations have been shown to have higher odds for progressive attachment loss compared to non-
bleeding sites.18 Over a 26-year observation period in a population of well-maintained, well-educated men 
who practiced regular oral hygiene, sites that bled consistently throughout the course of the study had 
approximately 70% more attachment loss than sites that were consistently noninflamed, yielding an odds ratio 
of 3.22 for inflamed sites (bleeding) converting to attachment loss.18 These persistent bleeding sites can exist 
even if patients are considered generally healthy.  In addition, the absence of persistent gingival bleeding on 
probing has also been shown to have a high negative predictive value of 98.1% for disease progression, as 
measured by ≥2 mm attachment loss, in a periodontal maintenance population over a 2.5-year observation 
period.19 The established relationship between persistent gingival bleeding and attachment loss is the 
mechanistic basis for gingival inflammation as a risk factor for tooth mortality. Importantly, teeth surrounded 
by persistent inflamed gingival tissue (presence of bleeding) had a 46-fold higher risk of being lost over a 
26-year observation period, compared to teeth surrounded by inflammation-free gingival tissues (absence of 
bleeding).20

Diabetics have a higher risk for developing periodontal diseases (includes both gingivitis and 
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periodontitis). Longitudinal human clinical studies support a two-way relationship between diabetes and 
periodontitis, with more severe periodontal tissue destruction observed in diabetic populations.21,22 The risk 
of periodontitis has been reported to be 3-fold higher in diabetic patients compared to healthy controls.23 A 
second publication reported that diabetics are 2.3-fold more likely to have moderate periodontitis and 4.8-
fold more likely to have severe periodontitis compared to age controlled non-diabetics.24 More recently, it has 
been reported that patients with diabetes have an increased risk of the progression of periodontal disease by 
86%, with Relative Risk = 1.86, 95% CL 1.3 – 2.8.25 Importantly, the rate of periodontal destruction in diabetics is 
directly correlated to lack of glycemic control as measured by HbA1c levels.26 Poorly controlled diabetics with 
HbA1c levels higher than 7.0 are at increased risk for periodontal destruction.

This relationship is bi-directional, with the presence of periodontitis increasing the risk for 
diabetes. The outcomes of multiple human clinical studies support this observation. Saito et al, reported in 
2004 that periodontitis is associated with an increased risk for diabetes (OR=2.6).27 Ide et al, reported in 2011 
that periodontitis is associated with increased risk for diabetes (HR=1.38).28 Another clinical study reported 
similar observations, that periodontitis is associated with increased risk for diabetes (RR=3.45).29 Additional 
clinical studies have shown a relationship between periodontal disease and glycemic control and glucose 
tolerance, which may be the mechanistic link through which periodontitis increases the risk of diabetes. One 
clinical study, supported that periodontal disease was associated with increased risk for poor glycemic control 
(Odds Ratio = 6.2).23 Another clinical study, supports that chronic periodontal infection predicts the progression 
of HbA1c in non-diabetic populations.30 Still another clinical study, supports that periodontitis is associated with 
increased risk for impaired glucose tolerance (Odds Ratio = 2.4).27

Periodontal therapy in the form of subgingival scaling and root planing improves glycemic 
control by lowering HbA1c. Scaling and root planing is the preferred dental procedure performed to 
reduce subgingival periodontal inflammation. HbA1c is a term describing glycated hemoglobin, which is 
directly correlated to both long term glycemic condition and to the risk of developing diabetes associated 
complications. Five separate meta-analyses published over the last 15 years consistently support this 
observation. Janket et al, 2005 found that scaling and root planing reduced HbA1c by 0.66%.31 Darre et al, 
2008 found that scaling and root planing reduced HbA1c by 0.46%.32 Teeuw et al, 2010 found that scaling 
and root planing reduced HbA1c by 0.40%.33 Engebretson et al, 2013 found that scaling and root planing 
reduced HbA1c by 0.36%.34 Teshome et al, 2017 found that scaling and root planing reduced HbA1c by 0.53%.35 
Collectively, this body of research proves that effective plaque control has a postive effect on glycemic control 
in diabetic populations. The research reported by Demmer et al in 2012, supports that chronic periodontal 
infection predicts the progression of HbA1c in non-diabetic populations, which supports a benefit for plaque 
control in both healthy and pre-diabetic populations which respect to lowering HbAIc levels.30 

SnF2 is an effective antimicrobial in plaque and gingivitis control. The management of gingivitis 
can be attained through repeated mechanical removal of microbial dental plaque from the teeth and/
or suppression of bacterial plaque biofilm growth and metabolism.  The mechanical control of plaque is 
accomplished with daily oral hygiene including thorough tooth brushing and flossing. The suppression of 
plaque growth and metabolism can be achieved through the application of topical antimicrobials added to 
toothpastes or mouthrinses. Antimicrobials with proven efficacy for the control of plaque associated gingivitis 
include chlorhexidine, cetypyridinium chloride, mixtures of essential oils, triclosan and stannous fluoride, 
among others.36,37 The use of stannous fluoride for the treatment and prevention of plaque and gingivitis 
began in the 1980’s with the application of topical gels, however today its use includes multiple commercial 
dentifrices sold and distributed around the world.38-40 Clinical studies have demonstrated significant efficacy of 
stannous fluoride for the reductions in the amount of supragingival plaque and plaque associated gingivitis – 
these having been the subject of systematic reviews of randomized clinical studies.41-43 A recent meta-analysis 
revealed that during Crest Pro Health (CPH) stannous fluoride dentifrice use 3 out of 4 participants using CPH 
transitioned to gingival health44 as defined by guidelines for the 2017 World Workshop of Periodontology.45  
The results of this meta-analyses representing 18 studies in 2,890 patients support that stannous fluoride 
dentifrices reduce gingival bleeding sites by 51% relative to sodium fluoride control dentifrices in studies of up 



to 3 months duration.44

Stannous fluoride has both, bactericidal and bacteriostatic effect on plaque bacteria. Recently, it has been 
demonstrated that dentifrice SnF2 can penetrate into subgingival crevicular fluid during brushing and 
stannous is retained in subgingival plaque.46 This SnF2 has been shown to decrease biofilm virulence via 
attaching to lipopolysaccharide (LPS) and lipoteicoic acid (LTA) molecular patterns on bacterial surfaces 
interfering with pathogen stimulation of toll receptors47,48 the latter of which are associated with the 
initialization of the inflammatory processes involved in periodontal disease.49-54 Samples of plaque from 
subgingival areas in subjects brushing with stannous fluoride dentifrice have been shown to exhibit decreased 
virulence ex vivo.55,56 In addition, stannous fluoride formulations have been shown to reduce bacterial metabolic 
products including short chain fatty acids propionic and butyric acid which are derived from bacterial 
metabolism in deeper parts of plaque biofilms in anaerobic environments.57 Collectively, research demonstrates 
significant efficacy for stannous fluoride for the treatment and prevention of gingivitis and has established 
plaque control including quantity and toxicity as mechanisms for clinical efficacy. 

Role of SnF2 in plaque and gingivitis control in patients with diabetes. There are numerous studies 
showing that the prevalence, progression, severity, and extent of chronic oral diseases are significantly 
increased in diabetic patients. The main oral complications associated with diabetes, including infection of the 
gums, periodontal disease, tooth decay, dry mouth, bacterial infections and fungus, halitosis, and prolonged 
healing of wounds from dental treatments.  Diabetes often worsens oral health, particularly that of the gum 
tissues and bone, which, in turn, deteriorates blood sugar control as described earlier. Due to the risk of 
diabetic patients to progressive periodontal diseases, it is more important for these patients to develop and 
maintain good oral hygiene. The patient and dental professional must work together to stop this vicious 
cycle before it begins by being attentive to daily oral hygiene: brushing and flossing, getting regular oral 
health checkups, and properly treating periodontal disease early on. Oral hygiene in diabetic patients can be 
improved by increased education on the requirements for elevated oral hygiene and also by the selection and 
application of selective oral products applied to their personal hygiene. The causative factors for gingivitis in 
diabetic patients, toxic plaque can likely be ameliorated by improved hygiene including the selection and use 
of antimicrobial products with proven efficacy in the prevention of plaque and gingivitis. The use of stannous 
fluoride dentifrice as part of oral hygiene may represent a useful tool for diabetic patients in maintaining their 
oral health. 

References
1. Marcenes W, Kassebaum N J, Bernabe E, Flaxman, A Naghavi, M Lopez, A, Murra, CJ. Global burden of oral conditions in 

1990-2010. A systematic analysis. J Dent Res 2013; 92, 592-597. 
2. Manjunath BC, Praveen K, Chandrashekar BR, Rani RM, Bhalla A. Periodontal infections: a risk factor for various systemic 

diseases. Natl Med J India 2011; 24:214-9.
3. Cullinan MP, Seymour GJ. Periodontal disease and systemic illness: will the evidence ever be enough? Periodontol 2000 2013; 

62:271-86.
4. Otomo-Corgel J, Pucher JJ, Rethman MP, Reynolds MA. State of the science: chronic periodontitis and systemic health. J Evid 

Based Dent Pract 2012; 12(Suppl 3):20-8.
5. Moutsopoulos NM, Madianos PN. Low-grade inflammation in chronic infectious diseases: paradigm of periodontal infections. 

Ann NY Acad Sci  2006; 1088:251-64.
6. Page R. Gingivitis. J Clin Periodontol 1986; 13: 345-355.
7. Löe H, Theilade  E, Jensen SB. Experimental gingivitis in man. J Periodontol 1965; 36: 177-187. 
8. Theilade E, Wright WH, Jensen SB, Löe H. Experimental gingivitis in man. II. A longitudinal clinical and bacteriological 

investigation. J Perio Res 1966; 1: 1–13.
9. Löe H, Theilade E, Jensen SB, Schiott CR.  Experimental gingivitis in man. 3. Influence of antibiotics on gingival plaque 

development. J Perio Res 1967; 2: 282–289.  
10. Slots J, Moenbo D, Langebaek J, Frandsen A. Microbiota of gingivitis in man. Scand J Dent Res 1978, 86 (3): 174-181.
11. Savitt ED, Socransky SS. Distribution of certain subgingival microbial species in selected periodontal conditions. J Periodontal 

Res 1984, 19 (2): 111-123. 
12. Neuenschwander-Schüpbach A, Wetzel AC, Lopatin DE, Lang NP. Application of BANA during experimental gingivitis. 

Application of N-alpha-benzoyl-DL-arginine 2 naphtilamide (BANA) hydrolysis to identify periodontopathic environments 



during experimental gingivitis in man. Schweiz Monatsschr Zahnmed 1992;102(11):1315-20.
13. Niedermann R, Zhang J, Kashket S. Short chain carboxylic acid stimulated PMN mediated gingival inflammation.   Crit Rev 

Oral Biol Med 1997;8(3):269-290  
14. Rietschel ET, Kirikae T, Schade FU, Mamat U, Schmidt G, Loppnow H, Ulmer AJ,Zähringer U, Seydel U, Di Padova F, et al. 

Bacterial endotoxin: molecular relationships of structure to activity and function. FASEB J 1994 Feb;8(2):217-25.
15. Wilson M Biological activities of lipopolysaccharide and endotoxin.  In Shah HN, Mayrand D and Genco RJ (edts).  Biologicy of 

the species porphyromonos gingivali, pp 107-198, 1993.
16. Kinane review
17. Greenstein, G., Caton, J., & Polson, A. M. (1981). Histologic characteristics associated with bleeding after probing and visual 

signs of inflammation. Journal of Periodontology, 52, 420-425.
18. Schatzle, M., Löe, H., Burgin, W., Anerud, A., Boysen, H., & Lang, N. P. (2003). Clinical course of periodontics. I. Role of 

gingivitis. Journal of Clinical Periodontology, 30, 887-901. 
19. Lang, N. P, Adler, R., Joss, A., & Nyman, S. (1990). Absence of bleeding on probing: An indicator of periodontal stability. Journal 

of Clinical Periodontology, 17, 714-721.
20. Schatzle, M., Löe, H., Lang, N. P., Burgin, W., Anerud, A., & Boysen, H. (2004). The clinical course of chronic periodontitis. IV. 

Gingival inflammation as a risk factor in tooth mortality. Journal of Clinical Periodontology, 31, 1122-1127.
21. Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus: A two-way relationship. Ann Periodontol 1998; 3:51-61.
22. Preshaw PM, Alba AL, Jepsen S, Konstantinidis A, Makrilakis K, Taylor R. Periodontitis and diabetes: A two-way relationship. 

Diabetologia 2012; 55:21-31.
23. Taylor GW, Burt BA, Becker MP, Genco RJ, Schlossman M, Knowler WC, Pettitt DJ. Severe periodontitis and risk for poor 

glycemic control in patients with non-insulin-dependent diabetes mellitus. J Periodontol 1996; 67:1085-1093.
24. Lalla E, Lamster IB, Schmidt AM. Enhanced interaction of advanced glycation end products with their cellular receptor RAGE: 

Implications for the pathogenesis of accelerated periodontal disease in diabetes. Ann Periodontol 1998; 3:13-19.
25. Nascimento GG, Leite FRM, Vestergaard P, Scheutz F, Lopez R. Does diabetes increase the risk of periodontitis? A systematic 

review and meta-regression analysis of longitudinal prospective studies. Acta Diabetol 2018; 55(7):653-667. 
26. Lalla E, Chen B, Lal S, Kaplan S, Softness B, Greemberg E, Goland RS, Lamster IB. Diabetes-related parameters and 

periodontal conditions in children. J Periodontal Res 2007; 42:345-349.
27. Saito T, Shimazaki Y, Kiyohara Y, Kato I, Kubo M, Lida M, Koga T. The severity of periodontal disease is associated with the 

development of glucose intolerance in non-diabetics: The Hisayama study. J Dent Res 2004; 83:485-490.
28. Ide R, Hoshuyama T, Wilson D, Takahashi K, Higashi T. Periodontal disease and incident diabetes: A seven year study. J Dent 

Res 2011; 90:41-46.
29. Morita I, Inagaki K, Nakamura F, Noguchi T, Matsubara T, Yoshii S, Nakagaki H, Mizune K, Sheiham A, Sabbath W. Relationship 

between periodontal status and levels of glycated hemoglobin. J Dent Res 2012; 91:161-166.
30. Demmer RT, Desvarieaux M, Holtfreter B, Jacobs DR, Wallaschofski H, Nauck M, Volzke H, Kocher T. Periodontal status and 

A1C change: Longitudinal results from the study of health in Pomerania (SHIP). Diabetes Care 2012; 33:1037-1043.
31. Janket SJ, Wightman A, Baird AE, Van Dyke TE, Jones JA. Does periodontal treatment improve glycemic control in diabetic 

patients? A meta-analysis of intervention studies. J Dent Res 2005; 84(12):1154-1159.
32. Darre L, Vergenes JN, Gourdy P, Sixou M. Efficacy of periodontal treatment on glycaemic control in diabetic patients: A meta-

analysis of interventional studies. Diabetes and Metabolism 2008; 34(5): 497-506.
33. Teeuw WJ, Gerdes VE, Loos BG, Effect of periodontal treatment on glycemic control in diabetic patients: A systematic review 

and meta-analysis. Diabetes Care 2010; 33(2):421-427.
34. Engebretson S, Kocher T. Evidence that periodontal treatment improves diabetes outcomes: A systematic review and meta-

analysis. J Clin Periodontol 2013; 40(14):S153-S163.
35. Teshome A, Yitayeh A. The effect of periodontal therapy on glycemic control and fasting plasma glucose level in type 2 

diabetic patients: Systematic review and meta-analysis. BMC Oral Health 2017; 17(1):31.
36. Wu CD, Savitt ED. Evaluation of the safety and efficacy of over-the-counter oral hygiene products for the reduction and 

control of plaque and gingivitis. Periodontol 2000 2002; 28:91-105.  
37. Sanz M, Serrano J, Iniesta M, Santa Cruz I, Herrera D.  Antiplaque and antigingivitis toothpastes. Monogr Oral Sci 2013; 23:27-

44.
38. White DJ. A “return” to stannous fluoride dentifrices. J Clin Dent 1995; 6:29-36.
39. 39. Baig A, He T. A novel dentifrice technology for advanced oral health protection: A review of technical and clinical data. 

Compend Contin Educ Dent 2005; 26(9 Suppl 1): 4-11.
40. Myers CP, Pappas I, Makwana E, Begum-Gafur R, Utgikar N, Alsina MA, Fitzgerald M, Trivedi HM, Gaillard JF, Masters JG, 

Sullivan RJ. Solving the problem with stannous fluoride: Formulation, stabilization, and antimicrobial action. J Am Dent Assoc 
2019; 150: (4S):S5-S13. 



41. Gunsolley, J. C. (2006). A meta-analysis of six-month studies of antiplaque and antigingivitis agents. Journal of the American 
Dental Association, 137, 1649-1657.

42. Paraskevas, S., & Van der Weijden, G. A. (2006). A review of the effects of stannous fluoride on gingivitis. Journal of Clinical 
Periodontology, 33, 1-13.

43. Trombelli, L., Farina, R., Silva, C. O., & Tatakis, D. N. (2018). Plaque-induced gingivitis: Case definition and diagnostic 
considerations. Journal of Periodontology, 89(Suppl 1), S46-S73.

44. Biesbrock A, He T, DiGennaro J, Zou Y, Ramsey D, Garcia-Godoy F. The effects of bioavailable gluconate chelated stannous 
fluoride dentifrice on gingival bleeding: Meta-analysis of eighteen randomized controlled trials. J Clin Periodontol. 
2019;46(12):1205-1216. 

45. Sälzer, S., Slot, D. E., Dörfer, C. E., & Van der Weijden, G. A. (2015). Comparison of triclosan and stannous fluoride dentifrices 
on parameters of gingival inflammation and plaque scores: A systemic review and meta-analyses. International Journal of 
Dental Hygiene, 13, 1-17.

46. Klukowska MA, Ramji N, Combs C, Milleman JL, Milleman KR, Ramsey DL, Rattanaudompol U, Haven C, McClenathan D, 
White DJ. Subgingival uptake and retention of stannous fluoride from dentifrice: Gingival crevicular fluid concentrations in 
sulci post-brushing. Am J Dent 2018 31:184-188.

47. Haught JC, Xie S, Circello B, Tansky CS, Khambe D, Sun Y, Lin Y, Sreekrishna K, Klukowska M, Huggins T, White DJ. 
Lipopolysaccharide and lipoteichoic acid binding by antimicrobials used in oral care formulations. Am J Dent 2016; 29:328-332.

48. Haught C, Xie S, Circello B, Tansky CS, Khambe D, Klukowska M, Huggins T, White DJ. Lipopolysaccharide and Lipoteichoic 
Acid Virulence Deactivation by Stannous Fluoride. J Clin Dent 2016; 27:84-89.

49. Hamada S, Takada, H, Ogawa T, Fujiwara T, and Mihara J Lipopolysaccharides of oral anaerobes associated with chronic 
inflammation: Chemical and immunomodulating properties. International Reviews of Immunology 1990; 6: 247-261.

50. Holt S C. and Bramanti TE Factors in virulence expression and their role in periodontal pathogenesis. Critical Reviews in Oral 
Biology & Medicine 1991; 2, 177-281.

51. Madianos P N, Bobetis Y A, and Kinane D F Generation of inflammatory stimuli: How bacteria set up inflammatory responses 
in the gingiva. Journal of Clinical Periodontology 2005; 32(Suppl) 6: 57-71.

52. Beutler B, Jiang Z, Georgel P, Crozat K, Croker, B, Rutschman S, Du X, and Hoebe K. Genetic analysis of host resistance: Toll-
like receptor signaling and immunity at large. Annual Review of Immunology 2006; 24: 353-389.

53. Hans M, and Hans VM Toll-like receptors and their dual role in periodontitis: A Review. Journal of Oral Science 2011; 53: 263-
271.

54. Takeda K, and Akira S. Toll-like receptors in innate immunity. International Immunology, 2005; 17:1-14.
55. Klukowska M, Haught JC, Xie S, Circello B, Tansky CS, Khambe D, Huggins T, White DJ. Clinical Effects of Stabilized Stannous 

Fluoride Dentifrice in Reducing Plaque Microbial Virulence I: Microbiological and Receptor Cell Findings. J Clin Dent 2017; 
28:16-26.

56. Xie S, Haught JC, Tansky CS, Klukowska M, Hu P, Ramsey DL, Circello B, Huggins TG, White DJ. Clinical effects of stannous 
fluoride dentifrice in reducing plaque microbial virulence III: Lipopolysaccharide and TLR2 reporter cell gene activation. Am J 
Dent 2018; 31:215-224.

57. Cannon M, Khambe D, Klukowska M, Ramsey DL, Miner M, Huggins T, White DJ. Clinical Effects of Stabilized Stannous 
Fluoride Dentifrice in Reducing Plaque Microbial Virulence II: Metabonomic Changes. J Clin Dent 2018; 29:1-12.

©2021 P&G


