
According to Dadamio et al. [1], every fourth 
person has a problem with persistent breath odor. 
In most cases, the origin of this condition is hid-
den in the oral cavity, or to be more precise, on 
the surface of the tongue, which is a reservoir of 
halitogenic bacteria. Zürcher et al. [2] define hal-
itosis as an increased and unpleasant, offensive 
breath, regardless of the reason. Just as in the case 
of the prevention or treatment of caries or peri-
odontal disease, the basis for any action in regard 
to halitosis is elimination of bacteria responsible 
for all three problems. Mechanical dispatching of 

bacteria, by means of brushing teeth, flossing and 
tongue hygiene, never allows for a complete elim-
ination of the pathogenic microorganisms  [3–5]. 
Hence, chemical compounds of antimicrobial ac-
tivity are used as an adjunctive measure. In  the 
case of halitosis, these molecules can also bind to 
the volatile sulphur compounds released as a  re-
sult of bacterial metabolism, including hydrogen 
sulphide, thioles (formerly called mercaptanes), 
dimethyl sulphide [6, 7], and other chemical com-
pounds responsible for foul breath. An example 
of such molecule of a  multi-directional activity 
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Abstract
Halitosis, being an intensive and unpleasant smell from the mouth, constitutes a serious problem for the person 
suffering from it. In  most cases, the cause is originally related to the oral environment and the occurrence of 
specific bacteria on the tongue. The  mechanical elimination of micro-organisms, consisting of tooth brushing, 
tongue cleaning and dental floss usage, should be supported by chemical compounds with antimicrobial activity. 
Even though modern knowledge of halitosis’ etiology and diagnosis has widened, the search for the most effective 
preventive and therapeutic procedures persists.
In this paper, the authors explain the antibacterial mechanism of stannous fluoride stabilized with sodium hexam-
etaphosphate. Attention was drawn to the high effectiveness of stannous fluoride in malodor reduction, resulting 
in effective bactericidal activity, disrupting the ability of bacterial metabolism, inhibiting biofilm formation and 
neutralizing chemical compounds. The  properties of multidirectional divalent tin make toothpastes containing 
a formula of stannous fluoride stabilized with sodium hexametaphosphate a good alternative to the products cur-
rently used in the fight against this pathology (Dent. Med. Probl. 2016, 53, 2, 278–281).
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is stannous fluoride (SnF2). The  dyad stannous 
ions, when reacting with salivary anions, such as 
PO4

3– and CO3
2–, form barely soluble salts. These 

salts precipitate on the surface of exposed dentin, 
decreasing its hypersensitivity by forming kind of 
protective layer, securing it from the effects of ir-
ritating factors of both chemical and mechani-
cal nature [8, 9]. A similar protective layer forms 
on the enamel surface while brushing teeth with 
the use of a toothpaste containing stannous fluo-
ride, as the anions, bound by tin, form insoluble 
salts, serving as an inorganic matrix. The ability 
to chelate stannous ions using organic ligands has 
equipped the stannous-organic complexes with 
ease of penetrating into the bacteria responsible 
for periodontal disease and halitosis. Once inside, 
they block bacterial metabolism, for example at 
the level of biochemical red-ox systems.

The Mechanisms of the 
Antibacterial Activity 
of Sn2+ Ions Employed 
in Halitosis Treatment

Stannous ions act as a  bactericidal, but al-
so inhibit the formation of bacterial biofilm [10]. 
Both mechanisms can suppress halitosis symp-
toms. The  earliest research on the antibacteri-
al activity of stannous ions and their use in den-
tistry comes from the 1970s. Initially the stud-
ies, led in vivo  [11] and in vitro  [12], compared 
the stannous fluoride to previously-used sodi-
um fluoride. The researchers described the much 
higher antibacterial activity of stannous fluoride. 
The  preponderance of SnF2 as compared to so-
dium fluoride in relation to the decrease of gin-
gival index (GI) has also been reported by Nie-
dermann [13] in his literature review. Initially the 
studies focused on a  bacterial strain of Strepto-
coccus mutans, due to the expected anti-carious 
effect. Gradually they were extended to include 
the effectiveness of stannous ions in the preven-
tion and treatment of periodontal diseases and 
halitosis. The  new formula introduced to tooth-
pastes, combining stannous fluoride with sodium 
hexametaphosphate, has initiated new research 
on the efficiency of this combination. The stud-
ies conducted have proven [14]: 1. the high anti-
bacterial activity, leading to the death of 90–99% 
of salivary bacteria 16 hours after exposure; 2. the 
inhibition of the biofilm forming rate as well as 
decreased acid production in glycolytic processes, 
as compared to the standard toothpaste, based on 
sodium fluoride (as assessed after 15 and 45 min-
utes); 3. the high rate of tin infiltration into the 

bacterial cells and the long-lasting maintenance 
of an increased concentration of soluble stan-
nous ions, exceeding the minimal level to inhib-
it bacterial metabolic activity even 12  hours af-
ter  exposure.

Studies on the Effectiveness 
of Stannous Ions (Sn2+) 
in Halitosis

Donovan-Brand  [15] has compared the effec-
tiveness of stannous ions in halitosis treatment to 
triclosan and essential oils, finding stannous ions 
to be more effective. Parallel usage of toothpaste 
and mouthwash enriched with stannous ions has 
also led to significant plaque index reduction, while 
toothpaste alone did not exhibit such the activity. 
Feng et  al.  [16] have published a  meta-analy sis of 
four studies, comparing the effectiveness of tooth-
paste containing stannous fluoride (0.454% SnF2) 
to sodium fluoride based toothpaste (negative con-
trol), in regard to the decrease of the level of vola-
tile sulphur compounds (VSC). The inclusion crite-
ria included baseline VSC level above 100 ppb. Al-
together, the meta-analysis involved 100 patients.

All the studies were conducted according to 
the crossover design, with 2 therapeutic regimens 
applied in 3 or 4 cycles and at least 2 days of wash-
out period between them. The  patients brushed 
their teeth with the toothpastes assigned, using 
soft manual toothbrushes, supervised by the re-
searchers. During the study, the patients desisted 
flossing and tongue cleaning.

Every cycle included four halimeter measure-
ments: the first two measurements took place in 
the morning of the first day: before toothbrush-
ing and 3–4  hours after toothbrushing for two 
minutes. In  the evening of the same day, pa-
tients brushed their teeth again using the as-
signed toothpaste for 2 minutes, without supervi-
sion. The next two halimeter measurements were 
conducted on the following day: in the morning, 
before brushing (24 hours from the beginning of 
the cycle, “morning breath”) and after the third 
brushing (27–28  hours from the beginning). On 
the basis of the studies conducted, the authors 
reported that SnF2 is significantly more effec-
tive in VSC level reduction at all the timepoints 
(p  <  0.047). The  difference between groups in-
creased with every brushing (24.5% in the fourth 
measurement). Another study analyzed the effica-
cy of aminofluoride (AmF) with SnF2 in 7-day pe-
riods. The  patients were subjected to profession-
al cleaning. After the procedure, they rinsed only, 
without toothbrushing, for 7  days. Three differ-
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ent formulas were used: 1. chlorhexidine in an al-
cohol solution (CHX-Alc); 2. chlorhexidine + ce-
tylpyridinium + zinc lactate; 3. AmF/SnF2 (mouth 
rinse or toothpaste slurry). VSC levels were as-
sessed in the morning on days 0, 3 and 7. On the 
basis of this study, the authors described a signifi-
cant decrease of microorganisms level in the sali-
va and on the tongue surface as well as a decrease 
in VSC level in all the groups, despite the lack of 
toothbrushing. Blom et  al.  [17] performed a  sys-
tematic literature review, analyzing the efficiency 
of mouth rinses in malodor reduction. The  end-
points chosen by the authors included a  volatile 
sulphur compound assessment and organoleptic 
evaluation as well as tongue coat quantity. 12 pa-
pers, based on the clinical trials satisfying these 
criteria, were found. The  studies included were 
divided into short-term (below 3 weeks) and long 
term observations (3 weeks and more).

On the basis of the literature review, the au-
thors stated that nearly all of the active solutions 
exerted a positive effect on the reduction of oral 
malodor, both in short-term and in long-term ob-
servations. The  most studied compound, with 
the best quality of evidence, was chlorhexidine. 
The best efficiency profile in relation to halitosis 
was exhibited by the combination of cetylpyridin-
ium chloride and chlorhexidine. None of the stud-
ies has proven a positive effect on tongue coating.

Sn2+ Ions in Oral  
Hygiene Products
Due to the in vitro and in vivo studies as well 

as the clinical confirmation of stannous fluoride 
efficiency, this compound has become a  com-
mon ingredient in oral hygiene products. This 
refers both to the everyday use, preventive prod-
ucts and to those dedicated to specific oral prob-
lems. Tin compounds can be found in tooth-
pastes and mouth rinses. The  toothpastes avail-
able on the market contain stabilized stannous 
fluoride or stannous fluoride in conjunction with 
sodium hexametaphosphate (HMP), which are 
meant especially to prevent and treat halitosis. 
There are also other toothpastes, containing the 
complex ingredient AmF/SnF2, that exhibit anti-
bacterial properties, inhibiting the metabolism of 
the anaerobic G(–) bacteria responsible for halito-
sis. Metal ions, such as Zn2+ and Sn2+, exhibiting 
an affinity to sulphur, form insoluble metal sul-
phides, neutralizing VSC and inactivating thiole-
dependent enzymes. The  addition of OMC com-
pounds (neutralizing oral malodor) prevents VSC 
release by inhibiting enzymatic reactions, convert-
ing amino acids into VSC.

Many papers, based on the comparative stud-
ies of different formulations, can be found in the 
literature. Some of these formulations were com-
mercially available oral hygiene products, oth-
ers were experimental formulas. For example, 
a mouth rinse containing chlorhexidine and ce-
tylpyridinium chloride was compared to a mouth 
rinse based on stannous fluoride [18]. The aim of 
another study was to assess the influence of com-
mercially available oral hygiene products (con-
taining NaF, SnF2 + HMP and triclosan with co-
polymer) on the microbial activity of oral bac-
teria  [19]. In  the first case, the authors achieved 
a significantly higher efficiency of chlorhexidine 
with cetylpyridinium chloride in oral malodor 
reduction, while in the second one a similar ob-
servation was made in regard to triclosan with 
copolymer. At this point we should mention the 
fact that long-term use of chlorhexidine not on-
ly leads to discolorations of the teeth and restora-
tions, but also to bacterial resistance. On the oth-
er hand, triclosan degradation can lead to diox-
in production and environment pollution. That 
is why this compound has been listed on the haz-
ardous chemicals list. The  counter-argument to 
the above-mentioned reports is recent, short-term 
in vivo research, led by Wigger-Alberti et al. [20], 
who have investigated the effect of mouth rins-
es with active ingredients (see below) on the de-
crease in OR and VSC. The authors have used fol-
lowing formulas: I  –  containing SnF2 with zinc 
lactate, II – containing chlorhexidine with cetyl-
pyridinium chloride, III –  containing chlorhex-
idine and IV –  containing water. No statistical-
ly significant differences were found between the 
efficiency of solutions I to III. Yet the SnF2-con-
taining formula was found to cause fewer side ef-
fects as compared to chlorhexidine. Given the 
comparable efficiency, this observation is in fa-
vor of mouth rinses containing SnF2.

Summary
The  literature review shows that regular use 

of a stannous fluoride toothpaste significantly in-
creases the efficiency of halitosis prevention and 
treatment, due to the long-lasting high tin bio-
availability. It  appears that the combination of 
stannous fluoride, sodium hexametaphosphate 
and stannous chloride exhibits a  higher efficien-
cy in halitosis treatment, as compared to other in-
gredients used in the form of toothpastes. This ef-
fect results from the bactericidal activity, the abil-
ity to disturb bacterial metabolism, the inhibition 
of biofilm formation and the chemical neutraliza-
tion of unpleasant-smelling compounds. 



Stannous Fluoride and Halitosis 281

References
 [1] Dadamio J., Laleman I., Quirynen M.: The role of toothpastes in oral malodor management. Monogr. Oral Sci. 2013, 

23, 45–60.
 [2] Zürcher A., Laine M.L., Filippi A.: Diagnosis, prevalence, and treatment of halitosis. Curr. Oral Health Rep. DOI 

10.1007/s40496-014-0036-5.
 [3] Van Der Sleen M.I., Slot D.E., Van Trijfel E., Winkel E.G., Var der Weijden G.A.: Effectiveness of mechani-

cal tongue cleaning on breath odour and tongue coating: a systematic review. Int. J. Dent. Hyg. 2010, 8, 258–268.
 [4] Seemann R., Kison A., Bizhang M., Zimmer S.: Effectiveness of mechanical tongue cleaning on oral levels of vol-

atile sulphur compounds. J. Am. Dent. Assoc. 2001, 132, 1263–1267.
 [5] Tomzetich J., Ng S.K.: Reduction of malodor by oral cleansing procedures. Oral Surg. Oral Med. Oral Pathol. 

1976, 42, 172–181.
 [6] Quirynen M., Zhao H., van Steenberghe D.: Review of the treatment strategies for oral malodour. Clin. Oral 

Invest. 2002, 6, 1–10.
 [7] Nakano Y., Yoshimura M., Koga T.: Methyl mercaptan production by periodontal bacteria. Int. Dent. J. 2002, 

52 (Suppl 3), 217–220.
 [8] Parkinson C.R,. Jeffery P., Milleman J.L., Milleman K.R., Mason S.: Confirmation of efficacy in providing 

relief from the pain of dentin hypersensitivity of an anhydrous dentifrice containing 0.454% with or without stan-
nous fluoride in an 8-week randomized clinical trial. Am. J. Dent. 2015, 28,190–196.

 [9] O’Toole S., Mistry M., Mutahar M., Moazzez R., Bartlett D.: Sequence of stannous and sodium fluoride so-
lutions to prevent enamel erosion. J. Dent. 2015, 43, 1498–1503.

[10] Haraszthy  V.I.,  Zambon  J.J.,  Sreenivasan  P.K.: The  antimicrobial efficacy of commercial dentifrices. Gen. 
Dent. 2010, 58, 50–55.

[11] Andres C.F., Shaffer J.C., Windeler A.S.: Comparison of the antibacterial properties of stannous fluoride and 
sodium fluoride mouthwashes. J. Dent. Res. 1974, 53, 457–460.

[12] Tinanoff N., Klock B., Camosci D.A., Manwell M.A.: Microbiologic effects of SnF2 and NaF mouthrinses in 
subjects with high caries activity: results after one year. J. Dent. Res. 1983, 62, 907–911.

[13] Niederman R.: Stannous fluoride toothpastes reduce the gingival index more than sodium fluoride toothpastes. 
Evid. Based Dent. 2007, 8, 74–75.

[14] Ramji N., Baig A., He T., Lawless M.A., Saletta L., Suszcynsky-Meister E., Coggan J.: Sustained antibacte-
rial actions of a new stabilized stannous fluoride dentifrice containing sodium hexametaphosphate. Compendium, 
2005, 26, (Suppl. 1), 19–28.

[15] Donovan-Brand R.: A comparison of the breath and antimicrobial efficacies of various antimicrobial systems 
present in commercial dental products. J. Dent. Res. 2003, 82 (Sp Is), 27.

[16] Feng X., Chen X., Cheng R., Sun L., Zhang Y., He T.: Breath malodor reduction with use of a stannous-con-
taining sodium fluoride dentifrice: A meta-analysis of four randomized and controlled clinical trials. Am. J. Dent. 
2010, 23 Sp Is B, 27B–31B.

[17] Blom T., Slot D.E., Quirynen M., Van der Weijden G.A.: The effect of mouthrinses on oral malodor: a system-
atic review. Int. J. Dent. Hyg. 2012, 10, 209–222.

[18] Raangs G.C., Winkel E.G., van Winkelhoff A.J.: In vitro antimicrobial effects of two antihalitosis mouth rins-
es on oral pathogens and human tongue microbiota. Int. J. Dent. Hyg. 2013, 11, 203–207.

[19] Haraszthy V.I., Zambon J.J., Sreenivasan P.K.: Evaluation of the antimicrobial activity of dentifrices on human 
oral bacteria. J. Clin. Dent. 2010, 21, 96–100.

[20] Wigger-Alberti W., Gysen K., Axmann E.M., Wilhelm K.P.: Efficacy of a new mouthrinse formulation on 
the reduction of oral malodour in vivo. A randomized, double-blind, placebo-controlled, 3 week clinical study. 
J. Breath Res. 2010, 4, 017102.

Address for correspondence:
Agnieszka Mielczarek
Department of Conservative Dentistry
Medical University of Warsaw
Miodowa 18
00-246 Warsaw
Poland
E-mail: agnieszka.mielczarek@wum.edu.pl

Conflict of Interest: None declared

Received: 11.01.2016
Revised: 23.01.2016
Accepted: 5.03.2016


