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Stannous Fluoride Dentifrice with Sodium 
Hexametaphosphate: Review of Laboratory, Clinical and 
Practice-Based Data

By Cynthia Sensabaugh, RDH, 
BS; Mary Elizabeth Sagel, BS, MA

Abstract
Dentifrice was originally 
used to promote oral hy-

giene by cleaningteeth. How-
ever, with advances in product 
formulation, it has become a 
valuable vehicle for the deliv-
ery of agents offering health 
and cosmetic benefits. Stannous 
fluoride, introduced in 1955 in 
dentifrice, is one of the longest 
established of such agents. The 
well-known anti-caries efficacy 
of stannous fluoride is based on 
its impact on the tooth surfaces 
and on its antibacterial activity. 
More recently, the demand for 
tooth whitening products has 
increased and sodium hexam-
etaphosphate has been shown to 
be helpful in whitening surface 
stains and in controlling cal-
culus. A dentifrice formulation 
which combines the benefits of 
stannous fluoride with those of 
sodium hexametaphosphate is 
now available. A review of the 
evidence shows that in addition 
to effective anti-caries action, 
this formulation is effective in 
fighting plaque, gingivitis, and 
gingival bleeding while inhibit-
ing calculus and extrinsic stain.

A practice-based evaluation in-
cluding data from over 1,200 
dental professionals and 1,000 
patients demonstrates the prod-
uct’s benefits and excellent 
acceptability. Collectively, the 
research shows this stannous 
fluoride/sodium hexametaphos-
phate dentifrice provides mul-
tiple benefits to meet the oral 
health and cosmetic needs of 
patients.

Key Words: stannous fluoride, 
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sitivity, calculus

Introduction
Patients today represent one of 
the most heterogeneous groups 
in history in terms of age, health 
status, oral hygiene habits and 
other factors.

While certain oral health condi-
tions are more prevalent among 
specific patient groups, such as 
periodontal disease among dia-
betic patients,1 many oral health 
conditions affect the broad pop-
ulation. According to U.S. sur-
veys, virtually all adult patients 
have had dental caries, more 
than half experience gingivitis, 
and roughly one in three suffer 
from dental sensitivity.2-4 Fortu-
nately, home care products are 
available to help prevent and 
treat many common oral health 
conditions in conjunction  with 

routine professional care.

Dentifrice is one important ex-
ample. Many years ago, the ben-
efits of dentifrice were limited to 
cleaning and the prevention of 
tooth decay. It was common for 
professionals to tell patients to 
“use any dentifrice with fluoride 
and the ADA Seal.” However, 
formulators today can design 
dentifrices to provide numerous 
other benefits, both for health 
and cosmetic purposes.

In 2005, a stannous fluoride sodi-
um hexametaphosphate (SFSH) 
formula* was introduced offer-
ing protection against a broad 
range of health and cosmetic 
conditions commonly experi-
enced by patients.5 The present 
report reviews the laboratory, 
clinical and practice-based as-
sessments evaluating the effica-
cy of this dentifrice formulation.

Stabilized stannous fluoride/
sodium hexametaphosphate 
formulation
The SFSH formula combines the 
therapeutic benefits of 0.454% 
stabilized stannous fluoride with 
the calculus and stain-control 
characteristics of sodium hex-
ametaphosphate in a low-water 
formulation dentifrice. Stannous 
fluoride, which unlike sodium 
fluoride can be used in combi-
nation with calcium-based abra-
sives, has been incorporated in 
dentifrices since the 1950s to 
provide protection against car-
ies, pathogenic bacteria, gingi-
vitis, hypersensitivity, and the 
development of plaque. There 
is considerable evidence for its 
efficacy as a therapeutic agent 
with a wide spectrum of ben-
eficial properties.6-12 However, 
its clinical usage was limited 
because of astringent taste and 
in some patients its use resulted 
in extrinsic staining of the teeth. 
Stannous fluoride was also 
somewhat unstable in aqueous 
solution. The latter problem was 

resolved with the introduction of 
stabilized stannous fluoride in 
the 1990s which rendered more 
available stannous fluoride and 
resulted in a renewed interest 
in the wide range of benefits 
offered by stannous fluoride in 
dentifrices.6

Sodium hexametaphosphate 
was first introduced in a denti-
frice in 2000.13 It is a chemical 
whitening agent in the same 
class as pyrophosphate, which 
has long been used to inhibit cal-
culus, but the molecule is about 
10 times longer than that of py-
rophosphate. Sodium hexamet-
aphosphate therefore provides 
better coverage and retention 
on the tooth surface, thus in-
creasing its ability to inhibit both 
calculus and stain formation on 
the enamel surface.14 Stability 
of the dentifrice can be an issue 
with the inclusion of polyphos-
phates if ingredients are not 
properly balanced. Like other 
polyphosphates, sodium hexam-
etaphosphate does not usually 
show good long-term stability 
in aqueous dentifrices. However 
the novel single-phase SFSH for-
mula, which uses a low-water 
system in a silica-based formu-
lation, significantly reduces the 
hydrolysis of sodium hexamet-
aphosphate and helps to main-
tain effective levels of whitening 
activity.5

The resulting dentifrice has im-
proved esthetic qualities over 
the original stannous fluoride 
formulation, and delivers a 
broad range of therapeutic and 
cosmetic benefits (Figure 1). 
The remainder of this paper 
provides a summary review of 
research on stannous fluoride, 
sodium hexametaphosphate 
and, especially, the unique SFSH 
formulation.

Antibacterial and Anti-inflam-
matory Action
Most of the oral health benefits 

of stannous fluoride result from 
its antibacterial efficacy, particu-
larly against bacteria associated 
with dental caries, periodontal 
disease, and oral malodor. Labo-
ratory and clinical studies have 
shown that stannous fluoride, 
unlike other fluorides, inhibits 

bacterial growth by a variety of 
mechanisms, including interfer-
ence with metabolic pathways, 
thus reducing bacterial acid for-
mation, and inhibition of bacte-
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its clinical usage was limited be-
cause of astringent taste and in some 
patients its use resulted in extrinsic 
staining of the teeth. Stannous fluo-
ride was also somewhat unstable in 
aqueous solution. The latter prob-
lem was resolved with the introduc-
tion of stabilized stannous fluoride 
in the 1990s which rendered more 
available stannous fluoride and re-
sulted in a renewed interest in the 
wide range of benefits offered by 
stannous fluoride in dentifrices.6 

Sodium hexametaphosphate was 
first introduced in a dentifrice in 
2000.13 It is a chemical whitening 
agent in the same class as pyrophos-
phate, which has long been used to 
inhibit calculus, but the molecule is 
about 10 times longer than that of 
pyrophosphate. Sodium hexameta-
phosphate therefore provides better 
coverage and retention on the tooth 
surface, thus increasing its ability 
to inhibit both calculus and stain 
formation on the enamel surface.14 
Stability of the dentifrice can be 
an issue with the inclusion of poly-
phosphates if ingredients are not 
properly balanced. Like other poly-
phosphates, sodium hexametaphos-
phate does not usually show good 
long-term stability in aqueous den-
tifrices. However the novel single-
phase SFSH formula, which uses a 

low-water system in a silica-based 
formulation, significantly reduces 
the hydrolysis of sodium hexameta-
phosphate and helps to maintain ef-
fective levels of whitening activity.5 

The resulting dentifrice has im-
proved esthetic qualities over the 
original stannous fluoride formula-
tion, and delivers a broad range of 
therapeutic and cosmetic benefits 
(Figure 1). The remainder of this pa-
per provides a summary review of re-
search on stannous fluoride, sodium 
hexametaphosphate and, especially, 
the unique SFSH formulation.

Antibacterial and Anti-
inflammatory Action 

Most of the oral health benefits 
of stannous fluoride result from its 
antibacterial efficacy, particularly 
against bacteria associated with den-
tal caries, periodontal disease, and 
oral malodor. Laboratory and clini-
cal studies have shown that stannous 
fluoride, unlike other fluorides, in-
hibits bacterial growth by a variety of 
mechanisms, including interference 
with metabolic pathways, thus re-
ducing bacterial acid formation, and 
inhibition of bacterial cohesion and 
adhesion.15-17 The Plaque Glycolysis 
and Regrowth Model (PGRM) is an 

in situ method that allows evalua-
tion of a formulation’s biological ac-
tivity, based on its effects on plaque 
metabolism. Using a PGRM, White 
et al. found a statistically significant 
reduction in acidogenicity associat-
ed with the use of stannous fluoride 
dentifrice versus a standard sodium 
fluoride control dentifrice.18,19 Us-
ing the same methodology, Liang 
et al. found that a stannous fluoride 
dentifrice, as compared to a control 
placebo, greatly reduced the amount 
of plaque acid and also inhibited 
plaque regrowth.20  

Comparable results have been 
obtained in studies of the antibac-
terial action of this SFSH formula. 
Ramji et al. carried out a series of in 
vitro and in vivo studies of this new 
formulation.21 In a Live/Dead as-
say21 they found that the new SFSH 
dentifrice had killed over 90% of 
the salivary bacteria 16 hours after 
a single exposure, thus showing 
strong and lasting antibacterial ac-
tivity (Figure 2). 

In a second study, using PGRM, 
the SFSH dentifrice produced sta-
tistically significant reductions in 
plaque acid production and plaque 
regrowth at 15 and 45 minutes after 
brushing versus a standard sodium 
fluoride control dentifrice.21 Other 
research demonstrated the pres-
ence of soluble tin, which serves 
as a marker for the active stannous 
fluoride, at levels above the mini-
mum concentration required for 
the inhibition of salivary bacterial 
activity.21 

Another related value of stan-
nous fluoride is its effect on in-
flammatory markers, independent 
of its action on bacteria. In vivo, 
antibacterial activity also helps re-
duce inflammation since the inflam-
matory response should diminish 
with reduced levels of pathogenic 
bacteria. A study was conducted 
with 16 healthy subjects to measure 
inhibition of several host and bac-
terial pro-inflammatory enzymes 
by stannous fluoride.22 Following a 
one-week period of using a standard 
sodium fluoride paste and manu-

Figure 1. Benefits of stannous fluoride and sodium 
hexametaphosphate

Stannous fluoride

•	 	Antibacterial	activity	against	species	
associated with plaque, gingivitis, 
cavities and malodor 

•	 	Reduces	plaque
•	 	Reduces	gingival	inflammation	and	

bleeding
•	 	Protects	against	hypersensitivity	
•	 	Remineralizes	enamel	and	protects	

against	demineralization

Sodium 
hexametaphosphate

•	 	Inhibits	calculus	formation
•	 	Protects	against	new	stain	formation	
•	 	Removes	extrinsic	stain	

Figure 1. Benefits of stannous fluoride and sodium hexametaphos-
phate

Figure 2. Bactericidal activity assessment 16 hours after exposure. Left; 
water control. Right; stannous fluoride/sodium hexametaphosphate 
dentifrice. Green-stained cells are live microbial cells; red-stained cells 
are dead cells (from Ramji et al21).
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rial cohesion and adhesion.15-17 
The Plaque Glycolysis and Re-
growth Model (PGRM) is an in 
situ method that allows evalu-
ation of a formulation’s biologi-
cal activity, based on its effects 
on plaque metabolism. Using 
a PGRM, White et al. found a 
statistically significant reduc-
tion in acidogenicity associated 
with the use of stannous fluo-
ride dentifrice versus a standard 
sodium fluoride control denti-
frice.18,19 Using the same meth-
odology, Liang et al. found that 
a stannous fluoride dentifrice, as 
compared to a control placebo, 
greatly reduced the amount of 
plaque acid and also inhibited 
plaque regrowth.20

Comparable results have been 
obtained in studies of the anti-
bacterial action of this SFSH for-
mula. Ramji et al. carried out a 
series of in vitro and in vivo stud-
ies of this new formulation.21 In 
a Live/Dead assay21 they found 
that the new SFSH dentifrice had 
killed over 90% of the salivary 
bacteria 16 hours after a single 
exposure, thus showing strong 
and lasting antibacterial activity 
(Figure 2).

In a second study, using PGRM, 
the SFSH dentifrice produced 
statistically significant reduc-
tions in plaque acid production 
and plaque regrowth at 15 and 
45 minutes after brushing ver-
sus a standard sodium fluoride 
control dentifrice.21 Other re-
search demonstrated the pres-
ence of soluble tin, which serves 
as a marker for the active stan-
nous fluoride, at levels above 
the minimum concentration re-
quired for the inhibition of sali-
vary bacterial activity.21

Another related value of stan-
nous fluoride is its effect on 
inflammatory markers, inde-
pendent of its action on bacte-
ria. In vivo, antibacterial activity 
also helps reduce inflammation 
since the inflammatory response 
should diminish with reduced 
levels of pathogenic bacteria. 
A study was conducted with 16 
healthy subjects to measure 
inhibition of several host and 
bacterial pro-inflammatory en-
zymes by stannous fluoride.22 
Following a one-week period of 
using a standard sodium fluo-
ride paste and manu al brush, 
a baseline supragingival plaque 

sample was collected from sub-
jects. Subjects then rinsed with 
a slurry of stannous fluoride/
sodium hexametaphosphate 
dentifrice; plaque samples were 
taken immediately post-rinsing 
and 12 hours later. An analy-
sis of the samples showed that 
stannous fluoride inhibited sev-
eral pro-inflammatory enzymes, 
including mammalian matrix 
metalloproteinase subtypes and 
bacterial gingipain. These en-
zymes can break down proteins 
(e.g., collagen) and are involved 
in processes such as pocket for-
mation. At the 12-hour analysis, 
enough stannous fluoride was 
retained to inhibit about 40% of 
most enzymes measured.

These studies demonstrate the 
sustained antibacterial and an-
ti-inflammatory effects of this 
SFSH dentifrice, supporting its 
antiplaque and antigingivitis ef-
ficacy.

Anti-plaque and Anti-gingivi-
tis Efficacy
Many studies have investigated 
the effects of stannous fluoride 
on gingivitis and plaque. These 
evaluations have involved a 
wide range of trial durations, 
subject populations and modes 
of application (Table 1).23-34 The 
majority of these trials report 
significant reductions in plaque 
and gingivitis, supporting the 
agent’s ability to improve gin-
gival health when used twice 
daily.

In addition, long-term research 
has been conducted to evaluate 
stannous fluoride among special 
populations.35 A 2-year study in-
vestigated the periodontitis pre-
vention efficacy of a dual-phase 
stabilized 0.454% SFSH denti-
frice compared to a positive con-
trol (sodium fluoride/triclosan 
dentifrice) in a population of 
over 330 subjects with medica-
tion-induced xerostomia. The 
study also evaluated the prod-
uct’s ability to remineralize root 
caries lesions. Results showed 
that twice daily use of stannous 
fluoride/sodium hexametaphos-
phate dentifrice demonstrated 
comparable benefits to the 
positive control, which was a 
sodium fluoride/triclosan den-
tifrice, in reducing periodontal 
pocket depth, attachment loss 
and bleeding on probing as well 
as remineralizing root caries.35

Recent studies have evaluated 
the antigingivitis efficacy of 
SFSH dentifrice.24,30-32 One such 
six-month trial found statistical-
ly significant reductions of 22% 
in gingivitis, 57% less bleeding 
and 7% less plaque relative to 
a negative control.24 In a second 
6-month trial with 128 subjects, 
Mallatt et al. found a 17% re-
duction in gingivitis (p ≤ 0.001), 
a 41% reduction in gingival 
bleeding (p ≤ 0.001) and an 8% 
reduction in plaque (p ≤ 0.001) 
with the SFSH dentifrice versus 
a negative control dentifrice.30 
The SFSH dentifrice also dem-
onstrated significant reductions 
in gingivitis (26%) and gingival 
bleeding (27%) relative to a tri-
closan/copolymer control.31 In a 
follow-up to this study, Archila et 
al. chose subjects who had used 
the triclosan/copolymer den-
tifrice twice a day but who had 
proved unresponsive to it, and 
still had high bleeding scores at 
the end of the six-month study 
period.32 After three months use 
of the stannous fluoride/sodium 
hexametaphosphate dentifrice 
both gingivitis and bleeding had 
decreased significantly, by 54% 
and 55% respectively. These re-
sults showed that, even for those 
who have persistent problems 
with gingival disease, the SFSH 
dentifrice can offer significant 
health benefits when compared 
to other dentifrices.

In a three-phase study involv-
ing use of digital plaque imaging 
analysis (Figure 3), White et al. 
investigated the longer term ef-
ficacy of the SFSH formula in the 
control of plaque.36 In Phase 1, 
subjects brushed twice daily us-
ing a standard sodium fluoride 
dentifrice; in Phase 2 brushing 
frequency was reduced to once a 
day using the same dentifrice; in 
Phase 3 the daily brushing regi-
men was continued using the 
antimicrobial stannous fluoride/
sodium hexametaphosphate 
dentifrice. Morning plaque cov-
erage was 13% during Phase 1, 
increased to 18% in Phase 2, but 
decreased significantly in Phase 
3 showing a 17% reduction as 
compared with the sodium fluo-
ride dentifrice control. This sup-
ports the sustained antibacterial 
effects reported by Ramji et al.21 

Results of multiple, independ-
ent clinical trials using the SFSH 

dentifrice mirror those investi-
gating earlier stannous fluoride 
dentifrices; the recent formu-
lation also shows benefits in 
the control of gingival disease 
where it is significantly more ef-
ficacious than sodium fluoride 
based dentifrices.

Dentinal Hypersensitivity
Reports indicate that dentinal 
hypersensitivity affects more 
than 40 million people in the 
U.S. annually,37 or up to 30% of 
adults at some time during their 
lifetime.38 Hypersensitivity is 
characterized by a short, sharp 
pain arising from exposed den-
tin in response to a stimulus that 
cannot be ascribed to any other 
form of dental defect or pathol-
ogy;39 it arises from exposure of 
the dentinal tubuli to the stimu-
lus. Unlike potassium nitrate, 
which alleviates sensitivity by 
acting on the nerve synapse, 
stannous fluoride reacts with 
enamel or dentin surfaces to 
produce solid complexes or in-
soluble precipitates which whol-
ly or partially occlude the tubuli, 
as has been shown by means of 
scanning electron microscopy 
(Figure 4).40

This action is thought to pro-
duce the clinical efficacy of stan-
nous fluoride in the prevention 
and control of dentinal hyper-
sensitivity.41-44 Schiff and his col-
laborators carried out two stud-
ies to assess the efficacy of the 
SFSH formula in reducing hy-
persensitivity on a sample popu-
lation of 77.45,46 The first used an 
eight-week randomized trial to 
compare the effects on dentinal 
sensitivity of twice-daily brush-
ing with the stannous fluoride/
sodium hexametaphosphate 
dentifrice and with a sodium 
fluoride-based, negative control 
dentifrice.45 Outcomes were as-
sessed at 4 and 8 weeks with 
tests of tactile sensitivity (Yeaple 
Probe Index) and thermal sen-
sitivity (Schiff Air Index). On all 
assessments, the SFSH dentifrice 
produced a significant decrease 
in sensitivity (p ≤ 0.0001) as com-
pared to the control dentifrice. 
In the second study which used 
essentially the same procedures, 
results were similar, with the 
stannous fluoride/sodium hex-
ametaphosphate group (n=45) 
producing significant reduc-
tion in sensitivity compared to 
the control (n=45) (Figure 5).46 

At 8 weeks, the SFSH showed 
improvements of 71% and 44% 
versus the negative control for 
tactile and thermal measure-
ments, respectively.

These studies support that the 
SFSH dentifrice shares the anti-
sensitivity characteristics of pre-
vious stannous fluoride formu-
lations.

Anti-caries Effects
The anticaries effects of stan-
nous fluoride have been recog-
nized for over 50 years and in 
the 1960s, the stannous fluoride-
containing dentifrice, Crest® 
with Fluoristan™, received a 
Seal of Acceptance by the ADA’s 
Council on Dental Therapeu-
tics. Fluoride, in various forms, 
is well-recognized for its abil-
ity to foster remineralization of 
partially demineralized tooth 
enamel using the calcium and 
phosphate present in saliva. In 
addition to these remineraliza-
tion effects, stannous fluoride 
has been shown to react with 
enamel to form a tin fluoro-
phosphate complex which coats 
and protects the surface of the 
enamel.48,49 The antibacterial ac-
tivity of stannous fluoride, which 
was discussed above, provides 
further protection by suppres-
sion of bacteria, particularly 
Streptococci mutans, which are 
one of the primary pathogens 
associated with dental caries.50,51 
The anti-caries benefits of stan-
nous fluoride are therefore due 
both to physical chemistry and 
its bacteriological effects.

Before the introduction of this 
SFSH dentifrice, a large num-
ber of clinical trials had been 
carried out that demonstrated 
the efficacy of stannous fluoride 
in the control of dental caries.52 
More recently, Stookey et al. car-
ried out a large-scale clinical 
trial with 955 subjects compar-
ing the anticaries efficacy of a 
dual-phase early prototype SFSH 
dentifrice with a positive control 
standard sodium fluoride denti-
frice, and also a high-dose (2800 
ppm F) and a low-dose (500 ppm 
F) sodium fluoride formula-
tion.53 Visual-tactile examination 
was supplemented with a radio-
graphic examination at baseline, 
after 12 months and at the end of 
the trial at 24 months. Both ex-
aminers found that there was 
significantly less caries in the 
SFSH (17% and 25%) and high 
dose (2800 ppm) sodium fluo-
ride groups (13% and 23%) than 
in the positive control group 
treated with 1100 ppm fluoride. 
In an in situ study of minerali-
zation-demineralization, Wefel 
et al. reported that a dual-phase 
stannous fluoride/sodium hex-
ametaphosphate dentifrice pro-
duced anticaries activity which 
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al brush, a baseline supragingival 
plaque sample was collected from 
subjects. Subjects then rinsed with 
a slurry of stannous fluoride/sodi-
um hexametaphosphate dentifrice; 
plaque samples were taken immedi-
ately post-rinsing and 12 hours later. 
An analysis of the samples showed 
that stannous fluoride inhibited sev-
eral pro-inflammatory enzymes, 
including mammalian matrix met-

alloproteinase subtypes and bacte-
rial gingipain. These enzymes can 
break down proteins (e.g., collagen) 
and are involved in processes such 
as pocket formation. At the 12-hour 
analysis, enough stannous fluoride 
was retained to inhibit about 40% 
of most enzymes measured. 

These studies demonstrate the 
sustained antibacterial and anti-
inflammatory effects of this SFSH 

dentifrice, supporting its antiplaque 
and antigingivitis efficacy.

Anti-plaque and Anti-
gingivitis Efficacy

Many studies have investigated 
the effects of stannous fluoride on 
gingivitis and plaque. These evalua-
tions have involved a wide range of 
trial durations, subject populations 
and modes of application (Table 
1).23-34 The majority of these tri-
als report significant reductions in 
plaque and gingivitis, supporting 
the agent’s ability to improve gingi-
val health when used twice daily.  

In addition, long-term research 
has been conducted to evaluate stan-
nous fluoride among special popula-
tions.35 A 2-year study investigated 
the periodontitis prevention efficacy 
of a dual-phase stabilized 0.454% 
SFSH dentifrice compared to a posi-
tive control (sodium fluoride/triclo-
san dentifrice) in a population of 

Figure 2. Bactericidal activity assessment 16 hours after 
exposure. Left; water control. Right; stannous fluoride/sodium 
hexametaphosphate dentifrice. Green-stained cells are live 
microbial cells; red-stained cells are dead cells (from Ramji et al21).

Table	1.	Long-term	clinical	trials	examining	the	effect	of	stabilized	stannous	
fluoride on reduction of plaque, gingivitis and gingival bleeding.
Reference No. of Subjects % 

SnF2

Mode of 
Delivery

Treatment 
Frequency

Length 
of Trial

Plaque 
Reduction

% Reduction 
Gingivitis : Bleeding

Archila et al.31 186 adults 0.45 Dentifrice Twice daily 6 months ND 25.8%**  :  27.4%**

Archila et al.32 38 adults resistant 
to NaF treatment 

0.45 Dentifrice Twice daily 12 weeks ND 54%**  :  55%**

Boyd et al.28 23 adolescent 
orthodontic

0.4 Brush-on 
gel

Twice daily 18 
months

50% ** 55%**  :  50%**

Beiswanger et al.9 140 adults 0.45 Dentifrice Twice daily 6 months 3% ns 19%*  :  31% ns

Ciancio et al.27 28 adults 0.1 Mouth 
rinse

Twice daily 3 weeks 28% ** ND

Chitke et al.26 26 handicapped 
children  

0.2 Spray Twice daily 3 weeks 48% * 52%*  :  ND

Mallatt et al.30 128 adults 0.45 Dentifrice Twice daily 6 months 8%** 17%**  :  41%**

Mankodi et al.23 104 adults 0.45 Dentifrice Twice daily 6 months 20%** 21%**  :  ND

Mankodi et al.24 130 adults 0.45 Dentifrice Twice daily 6 months 7% ** 22%**  :  57%**

Perlich	et	al.29 154 adults 0.45 Dentifrice Twice daily 6 months 3% ns 21%*  :  33%*

Tinanoff et al.25 31 adults, partial 
denture

0.4 Brush-on Twice daily 6 months 55% *1 48%*  :  69%*

Williams et al.10 112 adults 0.45 Dentifrice Twice daily 6 months 23% ** 22%**  :  ND

All reductions are versus control except for Archila32 and Chitke26 which were relative to baseline values.
1Significant difference for abutment teeth. 
* p ≤ 0.05          ** p ≤ 0.01          ND-no data          ns-non significant

Table 1. Long-term clinical trials examining the effect of stabilized stannous fluoride on reduction of plaque, 
gingivitis and gingival bleeding.

Figure 4. Left: Scanning electron microscopy images showing open tu-
buli after treatment with a sodium fluoride toothpaste (left) and closed 
tubuli after treatment with a SFSH dentifrice (right). From Baig and 
He.5

Figure 3. Plaque imaging system
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was as good as that of positive 
controls and concluded that the 
addition of sodium hexamet-
aphosphate does not interfere 
with the normal activity of stan-
nous fluoride.54

A series of in vitro studies evalu-
ating the anticaries potential 
of the SFSH formulation have 
been reported in one publica-
tion by Pfarrer and colleagues.55 
In a study of fluoride uptake 
into demineralized enamel, it 
exhibited uptake comparable 
to a clinically proven stannous 
fluoride and silica dentifrice.55 In 
a second lesion progression pH-
cycling experiment the stannous 
fluoride/sodium hexametaphos-
phate dentifrice provided almost 
complete protection against le-
sion initiation and progression; it 
was comparable to conventional 
clinically proven dentifrices.55

These studies indicate that this 
SFSH dentifrice is as effective as 
clinically proven fluoride denti-
frices both in its mode of action 
and in its clinical effects.

Anticalculus Effects
Dental calculus results from 
the mineralization of bacterial 
plaque formed on the surfaces of 
teeth. Agents that inhibit crystal 
growth, particularly condensed 
phosphates, have been found 
to be very useful in the preven-
tion of calculus development. In 
this class of phosphates, sodium 
hexametaphosphate has been 
shown to be particularly effec-
tive. In vitro studies by White 
et al. have shown significant 
reductions in hydroxyapatite 
crystal growth and mineraliza-
tion of plaque in the presence 
of sodium hexametaphosphate 
either in aqueous solution or in 
a dentifrice.56 The effects were 
significantly greater than for a 
conventional anti-tartar denti-
frice containing pyrophosphate. 
This finding has been supported 
by four 6-month clinical trials in 
which sodium hexametaphos-
phate produced significant re-
ductions in calculus formation 
– when combined with sodium 
fluoride or stannous fluoride – 
as compared to a regular sodium 
fluoride dentifrice or a triclosan/
copolymer dentifrice.57-60 A total 
of 866 subjects participated in 
the four 6-month clinical trials. 
Efficacy was assessed using a 
standard clinical method (Volpe-
Manhold Index) that measures 
supragingival calculus coverage 
on the lingual surfaces of the 6 
anterior teeth. In the 2 studies 
evaluating SFSH formulations, 
calculus reductions of 55% and 
56% were seen versus the re-
spective controls at 6 months.59,60

Whitening Effects
There is an increasing demand 
for tooth whitening products 

and also for oral care products 
that sustain whitening effects. 
Peroxide is a successful bleach-
ing agent when delivered via 
whitening strips or in tray-based 
systems, but it is not particularly 
effective in dentifrices because 
of the brief contact time with 
the tooth surface.61 Pyrophos-
phates, on the other hand, help 
maintain whitening and control 
staining because they have a 
strong affinity for the minerals 
in teeth. Sodium hexametaphos-
phate has been shown to have 
important effects on the chemi-
cal mechanisms of chromogen 
adsorption and desorption.62-63 It 
appears that the polymer chains 
interact with pellicle films to lift 
stain material out of the pellicle 
and to prevent the adsorption 
of new chromogens. Gerlach 
et al. reported a 29% reduction 
in composite stain relative to 
a negative control following 6 
weeks use of a sodium fluoride 
dentifrice containing 7% sodi-
um hexametaphosphate.64 Clini-
cal studies providing evidence 
for the efficacy of sodium hex-
ametaphosphate in the control 
of extrinsic staining have been 
reviewed by Baig et al.65

A number of recent clinical trials 
have assessed the extrinsic stain 
removal efficacy of the SFSH 
dentifrice. In their 6-month 
study of anti-calculus effects, 
Schiff et al.59 also assessed ex-
trinsic stain, using the Lobene 
Stain Index on the facial surfac-
es of the 12 anterior teeth; at nei-
ther 3 nor 6 months did subjects 
in the SFSH group show signs of 
developing any such stain. Four 
recent clinical trials, which were 
summarized in two publica-
tions, have used similar meth-
odologies to compare the ex-
trinsic stain removal efficacy of 
the SFSH dentifrice with that of a 
positive control whitening denti-
frice.66,67 All 4 were randomized, 
double-blind studies in which 
efficacy was measured using a 
modified Lobene Stain Index. 
Two studies assessed whitening 
at baseline and 2 weeks;67 the 
other 2 studies measured stain 
at baseline, 3 and 6 weeks.66 
In all cases, there was highly 
significant stain removal in the 
experimental groups and also 
in the positive control groups. 
There were no significant differ-
ences in the effects of the SFSH 
and positive control dentifrices.

In reviewing these data, it ap-
pears that combining sodium 
hexametaphosphate with stan-
nous fluoride in the SFSH for-
mulation removes and inhibits 
extrinsic stain formation and 
that the SFSH dentifrice is as ef-
fective as positive control whit-
ening dentifrices.

Practice-Based Evaluation
The efficacy and safety of den-
tifrice with stannous fluoride 
or a combination of stannous 
fluoride and sodium hexam-
etaphosphate is supported by 
an extensive body of evidence. 
However, its success ultimately 
depends on its acceptability to 
users when used at home by 
consumers as part of their own 
personal oral hygiene routine. 
In order to assess the accept-
ability of the SFSH dentifrice, 
a practice-based assessment 
was undertaken involving den-
tal professionals and their pa-
tients.68 Dentists and hygienists 
across the USA participated in 
the study, and samples of the 
SFSH formulation were offered 
to participating professionals 
to provide a supply to a small 
group of their patients for 3-4 
months use, until their next 
visit. Patients’ oral health was 
assessed at the beginning and 
end of the trial by the dental pro-
fessional using a questionnaire 
(not clinical indices). Conditions 
assessed included gingivitis, 
gingival bleeding, inflamma-
tion, calculus, extrinsic staining 
and sensitivity. Professionals 
submitted a survey report and 
patients completed a question-
naire at the end of the study.

In total, 1267 completed sur-
veys were returned by dentists 
and dental hygienists. Approxi-
mately 75% of the evaluations 
were based on 3-4 months use 
and the remainder of subjects 
had used the product for up to 
6 months. Responses analyzed 
were those in which dentists or 
hygienists provided both pre- 
and post-trial oral health as-
sessments and gave answers to 
questions. Sixty-eight percent of 
all these responses reported im-
provement in their patients’ oral 
health, including improvements 
in gingival bleeding and inflam-
mation and reduction in cal-
culus formation. Reductions in 
sensitivity were reported by 61% 
of professionals and in staining 
by 57%. Eighty percent report-

ed they would recommend the 
SFSH dentifrice; this rose to 91% 
among those professionals who 
observed improvements.

A total of 1078 questionnaires 
were returned by patients. Of 
these, 88% reported positive as-
sessments of the SFSH dentifrice 
(Excellent/Very Good/Good) 
and two-thirds of all patients 
stated that they intended to con-
tinue to use the product; this 
percentage rose to 77% when 
patients reported noticeable im-
provements in their oral health. 
In terms of rating specific effects, 
roughly 9 out of 10 patients rated 
the product positively for “keep-
ing mouth healthy”, “clean-
ing teeth thoroughly”, being a 
“comprehensive toothpaste”, 
“making gums healthier” and 
“freshening breath” (Figure 6). 
Eighty-three percent rated it 
positively for reducing surface 
stains and 77% for reducing gin-
gival bleeding.

It is important to differentiate 
practice-based evaluations from 
randomized, controlled clinical 
studies. For example, clinical 
trials typically involve calibrated 
examiners who use standard-
ized indices to assess the status 
of a specific disease or condi-
tion. Often the examiner and 
subject are blind to treatment. In 
this practice-based assessment, 
practicing professionals and 
their patients assessed oral con-
ditions using a questionnaire. 
Calibration was not done across 
offices and the product identity 
was known. This type of evalua-
tion is similar to the assess ments 
practicing professionals do on a 
routine basis. They recommend 
a home care product, and then 
use their experience and clini-
cal judgment to determine the 
effect it has on the patient’s 
oral health. This large, practice 
based assessment with the SFSH 
dentifrice complements find-
ings of the controlled clinical 
trials. The major outcome is that 
it provides evidence of excellent 
professional acceptance and an 
equal level of acceptance among 
patients, expressed as an inten-
tion to continue using the SFSH 
dentifrice.

Conclusions
Extensive laboratory and clini-
cal research add to the body of 
research supporting the value 
of stannous fluoride as a multi-
benefit dentifrice ingredient. 
Stannous fluoride reduces bac-
terial growth, bacterial activity, 
and inflammatory markers as 
well as protects against plaque, 
gingivitis and gingival bleed-
ing, hypersensitivity and caries. 
Research also suggests the ef-
fectiveness of sodium hexam-
etaphosphate in the control of 
calculus and extrinsic staining. 
Seventeen published clinical 
and laboratory papers demon-
strate the efficacy of these den-
tifrice ingredients when they are 
combined in a dentifrice formu-
lation, which is therefore able to 
deliver a wide combination of 
health and cosmetic benefits.21, 

24, 30-32, 35, 36, 45- 47, 53-55, 59, 60, 66, 67 Re-
sults from a large practice-based 
assessment involving over 1,200 
dental professionals and over 
1,000 patients further support 
the product is widely acceptable 
and beneficial for improving 
oral health.68

The authors thank Jane Mitchell 
(MWS Ltd., Staffordshire, UK) 
for assistance developing the 
manuscript.
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sensitivity (p ≤ 0.0001) as compared 
to the control dentifrice. In the sec-
ond study which used essentially 
the same procedures, results were 
similar, with the stannous fluoride/
sodium hexametaphosphate group 
(n=45) producing significant reduc-
tion in sensitivity compared to the 
control (n=45) (Figure 5).46 At 8 
weeks, the SFSH showed improve-
ments of 71% and 44% versus the 
negative control for tactile and ther-
mal measurements, respectively.

These studies support that the 
SFSH dentifrice shares the anti-
sensitivity characteristics of previ-
ous stannous fluoride formulations. 

Anti-caries Effects 

The anticaries effects of stannous 
fluoride have been recognized for 
over 50 years and in the 1960s, the 
stannous fluoride-containing denti-
frice, Crest® with Fluoristan™, re-
ceived a Seal of Acceptance by the 
ADA’s Council on Dental Thera-
peutics. Fluoride, in various forms, 
is well-recognized for its ability to 
foster remineralization of partially 
demineralized tooth enamel using 
the calcium and phosphate present 
in saliva. In addition to these remin-
eralization effects, stannous fluo-
ride has been shown to react with 
enamel to form a tin fluorophos-
phate complex which coats and pro-
tects the surface of the enamel.48,49 
The antibacterial activity of stan-

nous fluoride, which was discussed 
above, provides further protection 
by suppression of bacteria, particu-
larly Streptococci mutans, which 
are one of the primary pathogens 
associated with dental caries.50,51 
The anti-caries benefits of stannous 
fluoride are therefore due both to 
physical chemistry and its bacterio-
logical effects.

Before the introduction of this 
SFSH dentifrice, a large number 
of clinical trials had been carried 
out that demonstrated the efficacy 
of stannous fluoride in the control 
of dental caries.52 More recently, 
Stookey et al. carried out a large-
scale clinical trial with 955 subjects 
comparing the anticaries efficacy of 
a dual-phase early prototype SFSH 
dentifrice with a positive control 
standard sodium fluoride dentifrice, 
and also a high-dose (2800 ppm F) 
and a low-dose (500 ppm F) sodium 
fluoride formulation.53 Visual-tac-
tile examination was supplemented 
with a radiographic examination at 
baseline, after 12 months and at the 
end of the trial at 24 months. Both 
examiners found that there was sig-
nificantly less caries in the SFSH 
(17% and 25%) and high dose 
(2800 ppm) sodium fluoride groups 
(13% and 23%) than in the posi-
tive control group treated with 1100 
ppm fluoride. In an in situ study of 
mineralization-demineralization, 
Wefel et al. reported that a dual-
phase stannous fluoride/sodium 
hexa metaphosphate dentifrice pro-
duced anticaries activity which was 
as good as that of positive controls 
and concluded that the addition of 
sodium hexametaphosphate does 
not interfere with the normal activ-
ity of stannous fluoride.54

A series of in vitro studies evalu-
ating the anticaries potential of the 
SFSH formulation have been report-
ed in one publication by Pfarrer and 
colleagues.55 In a study of fluoride 
uptake into demineralized enamel, 
it exhibited uptake comparable to a 
clinically proven stannous fluoride 
and silica dentifrice.55 In a second 
lesion progression pH-cycling ex-

periment the stannous fluoride/so-
dium hexametaphosphate dentifrice 
provided almost complete protec-
tion against lesion initiation and 
progression; it was comparable to 
conventional clinically proven den-
tifrices.55

These studies indicate that this 
SFSH dentifrice is as effective as 
clinically proven fluoride dentifric-
es both in its mode of action and in 
its clinical effects. 

Anticalculus Effects

Dental calculus results from the 
mineralization of bacterial plaque 
formed on the surfaces of teeth. 
Agents that inhibit crystal growth, 
particularly condensed phosphates, 
have been found to be very useful 
in the prevention of calculus devel-
opment. In this class of phosphates, 
sodium hexametaphosphate has 
been shown to be particularly effec-
tive. In vitro studies by White et al. 
have shown significant reductions 
in hydroxyapatite crystal growth 
and mineralization of plaque in the 
presence of sodium hexametaphos-
phate either in aqueous solution or 
in a dentifrice.56 The effects were 
significantly greater than for a con-
ventional anti-tartar dentifrice con-
taining pyrophosphate. This finding 
has been supported by four 6-month 
clinical trials in which sodium hex-
ametaphosphate produced signifi-
cant reductions in calculus forma-
tion – when combined with sodium 
fluoride or stannous fluoride – as 
compared to a regular sodium fluo-
ride dentifrice or a triclosan/copo-
lymer dentifrice.57-60 A total of 866 
subjects participated in the four 
6-month clinical trials. Efficacy 
was assessed using a standard clini-
cal method (Volpe-Manhold Index) 
that measures supragingival calcu-
lus coverage on the lingual surfaces 
of the 6 anterior teeth. In the 2 stud-
ies evaluating SFSH formulations, 
calculus reductions of 55% and 
56% were seen versus the respec-
tive controls at 6 months.59,60 
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Figure 5 – Thermal sensitivity 
scores for the SFSH dentifrice and 
negative control (lower scores 
indicate less sensitivity) 46
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scores for the SFSH dentifrice and 
negative control (lower scores in-
dicate less sensitivity) 46

Figure 6 – Results from patient surveys; Percent of patients rating 
SFSH product “Excellent/Very Good/Good”. 
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ments practicing professionals do 
on a routine basis. They recommend 
a home care product, and then use 
their experience and clinical judg-
ment to determine the effect it has on 
the patient’s oral health. This large, 
practice based assessment with the 
SFSH dentifrice complements find-
ings of the controlled clinical trials. 
The major outcome is that it provides 
evidence of excellent professional 
acceptance and an equal level of ac-
ceptance among patients, expressed 
as an intention to continue using the 
SFSH dentifrice. 

Conclusions

Extensive laboratory and clinical 
research add to the body of research 
supporting the value of stannous 
fluoride as a multi-benefit denti-
frice ingredient. Stannous fluoride 
reduces bacterial growth, bacterial 
activity, and inflammatory markers 
as well as protects against plaque, 
gingivitis and gingival bleeding, hy-
persensitivity and caries. Research 
also suggests the effectiveness of 
sodium hexametaphosphate in the 
control of calculus and extrinsic 
staining. Seventeen published clini-
cal and laboratory papers demon-
strate the efficacy of these dentifrice 
ingredients when they are combined 
in a dentifrice formulation, which is 
therefore able to deliver a wide com-
bination of health and cosmetic ben-
efits.21, 24, 30-32, 35, 36, 45- 47, 53-55, 59, 60, 66, 67 
Results from a large practice-based 

assessment involving over 1,200 
dental professionals and over 1,000 
patients further support the product 
is widely acceptable and beneficial 
for improving oral health.68 
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Abstract
The appearance of the 
dentition is of concern to a 

large number of people seeking 
dental treatment and the color 
of the teeth is of particular cos-
metic importance. Discolored 
teeth are seen frequently in the 
dental office and present a ma-
jor challenge to dentists. The 
causes of tooth discoloration 
are varied and complex. Basi-
cally, there are two types of tooth 
discolorations: those caused 
by extrinsic factors and those 
caused by intrinsic congenital 
or systemic influence. The ma-
jority of tooth discolorations are 
extrinsic in nature and appear 
as brown integuments. Dental 
treatment of tooth discoloration 
involves identifying the etiology 
and implementing therapy. An 
overview of the extrinsic etiolo-
gies and the clinical appearance 
of tooth discoloration are dis-
cussed in this review.

Key-words: Discoloration, 
stains, etiology, whitening, chro-
mogenic product.

Introduction
Ever since the ancient times, 
mankind has been questing for 
beauty through the perfection 
of every detail. Ancient Romans, 
for example, used urine and 
goat milk in an attempt to whit-
en their teeth. There has been 
a recent increase in interest in 
the treatment of tooth staining 
and discoloration as shown by 
the large number of tooth whit-
ening agents appearing on the 
market.1

Teeth discolorations are asso-
ciated with many clinical and 
esthetical challenges. They can 
have an impact on a person’s 
self-image and self-confidence 
in today’s society, where most 
people place tooth color high. 
The correct diagnosis of the 
cause of discoloration is impor-
tant as it has a profound effect on 
treatment outcomes.

Normal enamel is colorless and 
translucent, and the color of the 
dentin is mainly responsible for 
the color of the tooth. The den-
tin influences more on the tooth 
color where it consists of thick 
layers and where the enamel 
layer is thin (cervical margins). 

A variety of colors can typically 
be seen in a tooth and from the 
gingival margin to the incisal 
edge of the tooth a gradation of 
the color occurs. Any changes 
of tooth structure is likely to 
cause an alteration in outward 
appearance of the tooth caused 
by changes of light transmit-
ting and reflecting properties2: 
Some discolorations are located 
on the outer surface of the tooth 
structure, others are caused by 
stain taken up by the enamel 
or dentin, and some occur dur-
ing tooth development and re-
sult in an alteration of the light 
transmitting properties of the 
tooth structures. Tooth discol-
orations are caused by multiple 
factors: medications, genetic 
defects, diseases, trauma, caries 
and normal aging processes are 
some examples. It is important 
to understand what staining is 
in order to be able to prevent it. 
There are two types of tooth dis-
coloration: extrinsic which af-
fects teeth from the outside and 
intrinsic which affects the teeth 
from the inside.

Extrinsic discoloration lies on 
the tooth surface or in the ac-
quired pellicle. The majority 
of tooth discolorations are ex-
trinsic in nature and appear as 
brown integuments. Extrinsic 
staining of a single tooth is unu-
sual. The distribution is usually 
generalized. The stains are usu-
ally found on surfaces with poor 
tooth brush accessibility. Smok-
ing, tea or coffee consumption 
and increasing age are pro-
moting factors and such dis-
colorations are frequently seen 
in connection with oral use of 
antibacterial plaque-inhibiting 
mouthrinses. Chemical altera-
tion of the acquired pellicle ap-
pears to be the major reason for 
these brown integuments.3

The causes of extrinsic staining 
can be divided into two catego-
ries; those compounds which 
are incorporated into the pellicle 
and produce a stain as a result 
of their basic color 2 and those 
which lead to staining caused by 
chemical interaction at the tooth 
surface.4

Direct staining has a multi-fac-
torial etiology with chromogens 
derived from dietary sources or 
substances habitually placed in 
the mouth. These organic chro-
mogens are taken up by the pel-
licle and the colour imparted is 
determined by the natural col-
our of the chromogen. The ori-
gin of the stain may be metallic 
or non-metallic.5 6

The aim of this review is to sys-
tematically search the literature 
for data concerning extrinsic 
tooth discoloration etiologies in 
order to establish the right treat-
ment plan.

1 - Tobacco
For ages, tobacco has been pop-
ular and its use is significantly 
increasing in spite of alarming 
health hazards.7

Tobacco smoking and chew-

ing (chewing of betel morsel: 
piper betel, Pan) are known to 
cause staining.8 Smoking leads 
to not only tobacco and nicotine 
stains on teeth (yellowed teeth) 
but it also leads to gum disease 
and oral cancer.9 There are all 
sorts of chemicals in cigarettes, 
including tobacco, nicotine and 
tar that could harm gum tissue 
cells, weakening it in the face of 
periodontal diseases and infec-
tions. This is true of cigarettes, 
pipes, chewing tobacco, water-
pipe and cigars to varying de-
grees, all will cause bad breath, 
crippled teeth and ugly brown-
ish-yellowish stains. Tobacco is 
rich with nicotine10,11 which is 
named after the tobacco plant 
Nicotiana tabacum.7 It is an in-
herently colorless substance that 
turns yellow when put in contact 
with oxygen. When cigarette 
smoke is inhaled, the insides of 
the mouth is coating not only 
with tar from the tobacco smoke 
but with nicotine. Nicotine pene-
trates the nooks and crannies of 
the teeth leading to teeth stains.
Tobacco smoke contains carbon 
monoxide, thiocyanate, herbi-
cide, fungicide and pesticide 
residues, tars, and many other 
substances which promote dis-
eases and impair the body’s de-
fense mechanism and functions. 
Toxic substances in the tobacco 
smoke affect virtually every vi-
able cell type.7

A quantitative synthesis of the 
limited human data from 117 
adults from Lebanon, Jordan, 
Kuwait, and India indicates that 
daily waterpipe use produces 
nicotine absorption of a magni-
tude similar to that of daily use 
of cigarettes. This equivalence 
with cigarette use of about 10 
cigarettes/day.10

Smoking cessation support in-
terventions with an added stain 
removal or tooth whitening ef-
fect may increase motivation to 
quit smoking. Oral health pro-
fessionals are well placed to pro-
vide smoking cessation advice 
and support to patients. A study 
evaluated the effect of a gum 
used in a smoking cessation 
program administered in a den-
tal setting, on extrinsic stain and 
tooth shade among smokers. At 
week 6, the gum-group experi-
enced a reduction in mean stain 
scores whilst the tablet-group 
experienced an increase. The 
change in mean tooth shade 
scores was statistically signifi-
cantly greater in the gum-group 
than in the tablet group at 2, 6 
and 12 weeks with greater light-
ening in the gum-group at each 
examination period.12

2 - Dark Drinks
From black coffee to red wine, 
food and beverages can cause 
the pearly whites to become el-
lows.The foods that are most 
likely to stain or discolor teeth 
are:
a - Black Coffee
Although melanoidins from cof-
fee possesses antioxidant capac-
ity,13 deposition of tannins found 
in tea, coffee, and other bever-
ages cause brown stains. The 
darker the coffee, the more it 
stains the teeth. Adding milk or 

cream will actually help. A study 
done by JZ Bazzi showed that 
toothbrushing resulted in a sig-
nificantly reduced color change 
only for cigarette smoke–stained 
specimens and not for coffee 
stained teeth, which means that 
coffee stains teeth more indel-
ibly than tobacco.14

According to Pirolo, the expo-
sure to coffee after bleaching 
causes less color changes than 
the exposure to a cola-based soft 
drink regardless of the time after 
bleaching.15

A study evaluated the colour sta-
bility of three laminate veneer 
materials with tea, coffee and 
cigarette. It was found that ciga-
rette smoke was the most stain-
ing agent.16

The aim of an in vitro study done 
by Mutlu-Sagesen et al was to 
compare the color stability of 
commercially available denture 
teeth materials.The filtered cof-
fee solution was found to be 
more chromogenic than the tea, 
and cola staining solutions.17

b - Tea
Tea, the commonly consumed 
beverage, is gaining increased 
attention in promoting overall 
health. In specific, green tea is 
considered a healthful bever-
age due to the biological activ-
ity of its polyphenols.18,19 There 
are three main varieties of tea 
- green, black, and oolong, all 
derived from the leaves of the 
C. sinensis plant. The difference 
between the various teas lies 
in their processing. Green tea 
is prepared from unfermented 
leaves, the oolong tea leaves are 
partially fermented and black 
tea is fully fermented.20

Lee R et al have shown that the 
addition of milk to tea signifi-
cantly reduces the tea’s ability 
to stain teeth. Casein was de-
termined to be the component 
of milk that is responsible for 
preventing tea-induced stain-
ing of teeth to a similar order of 
magnitude that can be obtained 
by vital bleaching treatments.21

Bovine teeth were immersed for 
one week in a solution of tea, 
coffee or red fruits respectively. 
Tests showed that diode laser 
was effective only at bleaching 
teeth stained with coffee mean-
while the KTP laser was efficient 
at bleaching teeth with coffee, 
tea and red fruits stain. This 
study suggests that a relation be-
tween the laser wavelength and 
the type of staining on the dental 
enamel and the efficacy of the 
whitening treatment exists.22

In a work done by Young N et 
al of the basic interactions be-
tween whitening agents and tea 
stain molecules, it was shown 
that the reaction rates between 
chromogens in the tea solution 
and hydrogen peroxide can be 
accelerated significantly using 
ferrous gluconate activator and 
blue light irradiation.23

As for all colored beverages, 

in order to minimize the stain-
ing effect of tea, it can be drunk 
through a straw.

c - Red Wine
Red wine is packed with poly-
phenols24 that help prevent 
periodontal diseases that dam-
age the gums and bone around 
teeth.25, 26, 18 Nevertheless red 
wine causes tooth staining. In 
addition, the alcohol content 
is very acidic and wears away 
tooth enamel.

A research aimed to investigate 
bleached enamel susceptibility 
to coffee and red-wine staining 
at different time periods after 
bleaching. No differences were 
observed between the exposure 
times of 30 and 150 min after 
bleaching for both beverages (p 
> 0.05). Although coffee did not 
stain the surface, red wine sig-
nificantly darkened previously 
bleached enamel.27

Attia et al have quantified the 
change in color of human and 
bovine teeth exposed to a coffee 
solution during a 16% carba-
mide peroxide (16% CP) home 
application bleaching treatment 
using photoreflectance analysis. 
When the teeth were exposed to 
a coffee solution during home 
bleaching treatment, the whit-
ening effect was observed to be 
less stable (P < 0.05).

Bovine and human enamel 
substrates behaved similarly in 
terms of staining and bleaching 
effects, although they presented 
inherent differences in color.28

A study has examined the sur-
face staining mechanism of a 
photopolymerized composite by 
coffee, oolong tea, and red wine. 
Dental composite was subject-
ed to an experimental 24-hour 
staining cycle: 17-hour immer-
sion in artificial saliva solution 
containing 0.3% mucin followed 
by 7-hour immersion in coffee, 
tea, or wine. Wine caused the 
most severe staining, followed 
by tea and coffee. Chlorhexidine 
increased the staining effect of 
tea and coffee when compared 
to the control specimens. Com-
mon drinks stained the dental 
composite, but each by a spe-
cific mechanism that depended 
on external conditions such as 
the presence of chlorhexidine.29 

Cortes et al have evaluated the 
influence of coffee and red wine 
staining on tooth color during 
and after bleaching. Blocks ob-
tained from human molars were 
divided into 11 groups in accord-
ance with the bleaching treat-
ment-peroxide carbamide 10%, 
15% or 20%- and in accordance 
with the stain therapy-coffee, 
wine or without staining (con-
trol). During bleaching, remin-
eralization of the enamel with 
artificial saliva and the subse-
quent bleaching were effective 
in preventing enamel staining. 
After the whitening procedures, 
both stain therapies-coffee 
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and wine-caused enamel color 
changes; however, the wine led 
to greater staining than did cof-
fee.30

d - Cola Drinks
Dark-colored colas not only 
stain teeth, but also erode tooth 
enamel and cause tooth decay,31, 

32, 33 although a new article found 
no significant differences in the 
frequency of the consumption 
of foods and beverages and the 
presence of dental erosion.34 

Other articles found greater 
enamel dissolution occurring 
in flavored and energy (sports) 
drinks than in cola drinks.35, 36 

The influence of coffee, tea, 
cola, and red wine staining on 
the color of teeth after home 
bleaching has been evaluated. 
A total of 45 samples were ob-
tained from 45 sound maxillary 
central incisors. The samples 
were immersed in four staining 
solutions (coffee, tea, cola, and 

red wine) or artificial saliva. Fol-
lowing 15 min and 6 h of immer-
sion on the first day and next day 
of all the staining solutions, the 
lowest ΔE values were observed 
with coffee staining versus arti-
ficial saliva (control group), for 
all time intervals evaluated after 
whitening. There were statisti-
cally significant differences be-
tween the red wine, cola, and tea 
solutions.37

A study assessed the influence of 

surface sealant on the color sta-
bility of composite resins.

Red wine resulted in the highest 
level of discoloration. Intermedi-
ate values were found for orange 
juice, and the cola soft drink.38

e - Cranberry Juice
Some drinks that may be rela-
tively good for health may not 
be so good for teeth in terms of 
staining them. Cranberry juice, 
grape juice and other dark-
colored fruit juices are very 
good at staining teeth because 
they contain pigments--and lots 
of them--that can yellow teeth, 
probably the same way they 
stain composite resin.39

Cranberry Juice contains po-
tential anticaries agents (high-
molecular-weight polyphenols) 
that inhibit the production of or-
ganic acids and the formation of 
biofilms by cariogenic bacteria.

The polyphenols of cranberries 
interfere with various activities 
(including formation of bio-
film and adhesion) of Porphy-
romonas gingivalis, the main 
etiologic agent in chronic peri-
odontitis.40, 41

In order to avoid these stains, 
straws should be used and 
mouthwash followed by tooth 
brushing should be done.

f - Soy Sauce
Soy sauce is a condiment made 
from a fermented paste of boiled 
soybeans, roasted grain, brine, 
and Aspergillus oryzae or Asper-
gillus sojae molds.42

Iron-fortified foods can help 
prevent iron deficiency so can 
iron-fortified soy sauce due to 
the relatively high iron absorp-
tion from soy sauce.43, 44 But soy 
sauce sticks to teeth, and the 
deep-colored pigment can cause 
very bad stains. In a study done 
by Chan KC, the discoloration 
of enamel caused by food sub-
stances was found to be super-
ficial and ingressive for dentin 
and cementum. Discoloration 
of cementum exceeded that of 
dentin, and dentin stained more 
than enamel. Coffee and soy 
sauce stained the calcified den-
tal tissues more than the cola 
beverage and tea. The longer 
the staining time, the deeper 
was the discoloration.45

g - Balsamic Vinegar
Balsamic vinegar is made from 
grapes and generally consumed 
in the Mediterranean region.

Oxidized low-density lipoprotein 
(LDL) is believed to contribute to 
atherosclerosis. Studies results 
showed that balsamic vinegar 
contained abundant polyphe-
nols and inhibited LDL oxida-
tion.46, 47 Thus, balsamic vinegar 
reduces lipotoxicity, and it has 
an anti-diabetic effect.48

In spite of these health benefits, 
Balsamic vinegar is deeply pig-
mented causing teeth discolora-
tion.

h - Tomato Sauce
Lycopene is the pigment princi-
pally responsible for the charac-
teristic deep-red color of ripe to-
mato fruits and tomato products. 

Lycopene is a micronutrient 
with important health benefits, 
because it contains natural anti-
oxidant compounds like pheno-
lics hydroxytyrosol and appears 
to provide protection against a 
broad range of epithelial can-
cers.49, 50

But the tomato sauce is highly 
acidic and it attaches to the teeth 
and causes unsightly stains.

i - Blueberries
Berries are a rich source of a 
wide variety of non-nutritive, 
nutritive, and bioactive com-
pounds such as flavonoids, phe-
nolics, anthocyanins, phenolic 
acids, stilbenes, and tannins, 
as well as nutritive compounds 
such as sugars, essential oils, ca-
rotenoids, vitamins, and miner-
als. Bioactive compounds from 
berries have potent antioxidant, 
anticancer, antimutagenic, an-
timicrobial, anti-inflammatory, 
and antineurodegenerative 
properties, both in vitro and in 
vivo.51

Wild blueberries are rich in 
polyphenols and have several 
potential health benefits.52 For 
example Blueberry extracts may 
reverse the declines of cogni-
tive and behavioral function in 
the ageing process.53 Anthocya-
nin- and proanthocyanidin-rich 
botanical extracts, present in 
berries, may alleviate neuro-
degeneration in Parkinson׳s 
disease.54 Polyphenols found in 
the wild blueberries help in re-
ducing the expression of pro-in-
flammatory genes in vitro55 and 
current evidences are promis-
ing concerning the role of berry 
(poly) phenols to support cardio-
vascular health.56

Even if the deep berry blue color 
can cause deep staining, aren’t 
all the benefits cited above 
worth staining teeth?

3 - Betel leaf: India,Pakistan
The betel (Piper betle or Paan) 
is the leaf of a vine belonging 
to the Piperaceae family, which 
includes pepper and kava. Ex-
plored for their unique medici-
nal properties, the leaves of Pip-
er betel, an evergreen perennial 
vine, are a reservoir of phenolics 
with antimutagenic, antitumor 
and antioxidant activities.57 It is a 
compound of natural substances 
chewed for its psychostimulat-
ing effects. Studies showed that 
oral feeding of betel leaf extract 
(BLE) significantly inhibited the 
growth of human prostate.58, 59 
It is believed that chewing be-
tel quid could reduce stress, 
strengthen teeth and maintain 
oral hygiene.60

Approximately 200 million 
persons chew betel regularly 
throughout the western Pacific 
basin and south Asia. There is 
copious production of a blood-
red saliva that can stain oral 
structures. After years of chew-
ing, the teeth may become red-
brown to nearly black.61

4 - Liquorice
It is a uniquely tasting herb de-
rived from Glycyrrhiza glabra, 
and has been used in medicine 
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for thousands of years.62 Glycyr-
rhizin is 50 times sweeter than 
sucrose. It retains, when sapid, 
a singular liquorice flavour. The 
liquorice sweetness has a slow-
er onset than sugar and lingers. 
Unlike artificial sweeteners like 
aspartame, saccharine, and cy-
clamates, it contains no sulfur 
molecule.63

For the treatment of bronchial 
asthma, the root of liquorice 
(Glycyrrhiza glabra) has been 
used as a traditional medicine in 
the East and West. Licochalcone 
A is the predominant, character-
istic chalcone in liquorice root 
which might be involved in the 
pathogenesis of virus-exacerbat-
ed asthma.64

Liquorice is used as a flavorant 
in a variety of edibles, medi-
cine, and tobacco, and is often 
innocently consumed in vast 
amounts without any regard or 
only with vague concepts of side 
effects. When imbibed, liquo-
rice acts like hyperaldosteron-
ism which presents with typical 
symptoms including high blood 
pressure, low blood potassium, 
muscle pain and weakness.65

Liquorice may induce hyperten-
sion62 because excessive licorice 
consumption can precipitate 
a severe hypertensive event 
through activation of renal min-
eralocorticoid receptors.66

Besides the hypertension prob-
lem, liquorice can stain the 
tongue and teeth. Glycyrrhyzin 
by itself does not stain teeth, 
but when combined with dark 
food dyes, tobacco and/or cur-
ries, liquorice is associated 
with stains. Tooth staining from 
black liquorice is known, but the 
tooth staining derives mainly 
from added dyes to liquorice 
confections and from liquoric-
eflavoured tobacco. Liquorice 
sweets are generally health 
promoting, pleasurable to eat, 
and in moderation on their own 
rarely stain teeth. Accumulation 
of extracellular polysaccharides 
from microbial activity contrib-
utes to biofilm formation and 

bacterial plaques. This allows 
for a tacky gummy surface of 
muco-polysaccharides to stick 
to stagnant areas on teeth, and 
with adherent chromogenic 
bacteria, liquorice tobacco prod-
ucts discolour teeth and accel-
erate adjacent gingival break-
down. Quitting the tobacco habit 
with safe stain removal through 
scaling and polishing from teeth 
is feasible.67

Heavy tobacco dental staining 
can be noticed from pipe smok-
ing with Liquorice as an additive. 
It contributes to increased to-
bacco staining, especially when 
included in aromatic pipe tobac-
cos; the dental stain is directly 
proportional to the amount and 
frequency of the pipe smoking. 
Not only is the palatal and lin-
gual side of teeth prone to ac-
cumulating dark tobacco stain 
but also the mucosa undergoes 
specific changes. Gingival re-
cession, alveolar bone loss, and 
periodontal pockets result from 
the deleterious effect of the to-
bacco smoke.

Combined with chewing tobac-
co, liquorice additives enhance 
and prolong the flavour of the 
chewing tobacco experience, 
and consequently damage from 
longer contact time onto the 
gingiva, seeming to derive more 
from tobacco contents rather 
than just liquorice. Adjacent re-
cession, cervical dentinal stain-
ing, and thickening with hyper-
keratosis of mucosa are seen.74

Frequently liquorice is mixed 
with dark caramel and food 
colorings which leave a surface 
brownish/black tongue stain. 
This tongue stain is water solu-
ble and usually disappears after 
a few hours.74

Health care workers, including 
all in the dental team, discover-
ing new hypertension patients, 
or noting a history of taking diu-
retics, should always enquire 
about consumption or use of any 
liquorice containing product.67

Unduly stained teeth, a stained 

tongue or other oro-dental signs 
of intraoral chewing tobacco 
abuse combined with elevated 
blood pressures, should alert 
dentists to the possibility of mor-
bidity arising from liquorice tox-
icity or abuse.74

5 - Curry
Curry powder is commonly used 
spice in many countries of the 
world. This spice can stain teeth 
and, if inhaled, it could lead to 
health problems. Hypersensitivi-
ty pneumonitis (HP) is a group of 
immunologically mediated lung 
diseases caused by the inhala-
tion of environmental agents 
(organic dusts from vegetable or 
animal products), in susceptible 
individuals.68 S

Ando reported a case of a man 
who had worked in a factory 
that produced curry sauce for 
13 years and developed a non-
specific interstitial pneumonia 
(NSIP) with bronchiolar lesions
associated with curry powder 
and ground pepper.69

6 - Portobello Mushrooms
Mushrooms are valuable sourc-
es of vitamins such as retinol, 
thiamine, riboflavin, pyridoxine, 
and niacin. Portobello has the 
highest riboflavin and niacin 
contents.70 These items are won-
derful additions to the entree, 
but they are also known to stain 
and discolor teeth.

7 - Mouthwashes that contain 
Chlorhexidine or Cetylpyri-
dinium chloride:
a - Chlorhexidine:
Chlorhexidine anti-plaque 
mouthrinses (CHX) remained 
for a long time as the gold stand-
ard for mouthrinses but stain-
ing side effects can be seen with 
this formulation. The tongue is 
stained a dark blue-gray color 
but it is not permanent and will 
fade over time after CHX use is 
stopped. As for teeth, the stain 
would have to be polished off by 
the dentist or hygienist.

Caustic burns of the lips, mouth 
and tongue have been seen in 
patients who use mouthwashes 

containing alcohol and chlo-
rhexidine.71

A study showed that CHX 
mouthrinse was more effective 
in controlling plaque and gin-
givitis than chlorhexidine con-
taining toothpaste but caused 
greatest deposition of extrinsic 
stains. Supragingival calculus 
deposition was least in triclosan 
NaF+ group followed by CHX + 
triclosan + NaF + ZnCl(2) and 
CHX. More than half of the sub-
jects reported adverse events 
during the experimental phase.72

Thus,although chlorhexidine di-
gluconate (CHX) is currently the 
most effective mouthwash for 
reducing plaque and gingivitis, 
one of its side effects is extrinsic 
tooth staining. Interestingly, oxy-
genating agents may reduce this 
staining. A review done by Van 
Maanen-Schakel NW, searched 
the literature for data concern-
ing the inhibiting effect of an ox-
ygenating agent (OA) on CHX-
induced tooth staining. There 
was moderate evidence that a 
combination of CHX and an OA 
reduces tooth staining without 
interfering with plaque growth 
inhibition.73

Most of the search into stain for-
mation has been carried out on 
chlorhexidine, although there 
are other antiseptics which 
cause staining to a lesser extent 
and the mechanism proposed 
could be applicable to stain-
ing found with polyvalent met-
als. The characteristic staining 
of the tongue and teeth noted 
by Flotra74 is not peculiar to 
chlorhexidine, it has been re-
ported in other cationic antisep-
tics,75 an essential oil/phenolic 
mouthrinse76 and following 
prolonged use of delmopinol 
mouthrinses. There is great indi-
vidual variation in the degree of 
staining from person to person, 
this makes explanation more 
difficult as it may be caused by 
intrinsic factors, differences in 
extrinsic factors or both .Berk 
suggested that the protein and 
carbohydrate in the acquired 
pellicle could undergo a series 
of condensation and polymerisa-
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Each year, the number of 
reported cases of TMJ 
dysfunction patients in-

creases. Whether the cause is 
from stress, trauma to the jaw, 
post-dental procedures, or other 
factors, the number of TMJ suf-
ferers is growing.  TMJ dysfunc-
tion is defined as a term cover-
ing pain and dysfunction of the 
muscles of mastication and the 
temporomandibular joints.

The symptomatic picture of a 
TMJ patient does vary signifi-
cantly, but often includes: mus-
cle, joint, and facial pain, diffi-
culty with chewing, joint sounds, 
headaches and tinnitus. Recent 
studies show that more females 

than males suffer from TMJ 
symptoms, most of which, are in 
their childbearing years. 
The conventional methods 
used to treat TMJ dysfunction 
include: Botox to relax specific 
muscle groups (masseters), or-
thodontics (braces, retainers, 
mouth guards), and in some 
cases, surgery. 

There exist options in the field 
of physical therapy for patients 
looking for an alternative health 
approach. Specialized treatment 
using soft tissue release and 
joint mobilization, alone, has 
had a profound affect on the re-
lief of symptoms from a number 
of TMJ sufferers. Application of 
intra-oral technique to release 
the lateral pterygoid and myo-
fascial release to the anterior 

neck component are two exam-
ples of treatment goals. Both 
techniques help to relieve pres-
sure on the jaw caused by hyper-
toned muscle groups. 

There is a demand placed on 
oral surgeons and dentists, 
to address TMJ related com-
plaints, specifically after oral 
surgery, and dental procedures 
in which the jaw is open and 
overstretched (beyond normal 
range), for a long period of time. 
A patient may experience trau-
ma to the jaw due to an over-
stretch injury or invasive dental 
procedure that has indirectly 
impacted the jaw. The effects of 
manual, soft tissue work has 
had positive effects on majority 
of patients and serve for a non-
invasive treatment option.  This 
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further benefits the patient with 
help of pain management and 
restoration, optimal and func-
tional range of motion of the 
TMJ.

Current research shows a link 
between stress and the TMJ.  
Specific triggers such as alcohol 
intake and smoking, for exam-
ple, have an effect on sleep qual-
ity, and therefore, may promote 
bruxism at night. Bruxism, is 
a neurologic, sleep movement 
disorder characterized by grind-
ing or clenching of the teeth in 
our sleep.  This disorder is very 
damaging to the teeth and the 
jaw joints, and also causes fa-
tigue and pain to the facial mus-
cles. Lifestyle changes and sleep 
hygiene techniques are rein-
forced by the physical therapist, 

tion reactions leading to discol-
ourationof the acquired pellicle. 
Chlorhexidine may accelerate 
formation of the acquired pelli-
cle and also catalyze steps in the 
Maillard reaction.2

The results of a recent study 
demonstrated that regular 
use of CPH and chlorhexidine 
mouthrinses resulted in extrin-
sic stain accumulation after six 
weeks, with increased accu-
mulation after 12 weeks versus 
brushing alone.77

Polyvinylpyrrolidone (PVP) (a 
polymer used as a synthetic 
blood plasma substitute and in 
the cosmetic, drug, and food-
processing industries) was 
shown in vitro to reduce chlo-
rhexidine induced, dietary stain-
ing without affecting the uptake 
of the antiseptic to the test sub-
strate. A study in vivo aimed to 
determine whether PVP affected 
plaque and dietary staining by 
a low concentration chlorhex-
idine rinse. Tooth stain areas 
were comparable for placebo, 
0.03% and 0.06% chlorhexidine 
rinses, but significantly reduced 
with the PVP/chlorhexidine 
rinses compared to the 0.06% 
chlorhexidine rinse. Tooth stain 
intensity was significantly in-
creased with 0.06% chlorhex-
idine rinses compared to pla-
cebo and chlorhexidine/PVP 
rinses. PVP, at the concentra-
tions tested, reduced the stain 
propensity of a 0.06% chlorhex-
idine rinse but at the expense of 
some loss of plaque inhibition.78

Addy et al wanted to determine 
whether a co-polymer anti-
adhesive agent would prevent 
staining by a low concentra-
tion chlorhexidine solution. Ad-
ditionally, the possibility that 
an essential oil/phenolic rinse 
product may cause staining. 
Tooth and tongue staining was 
significantly increased with 
0.2% chlorhexidine compared 
to the essential oil/phenolic 
rinse which in turn was signifi-

to help maintain optimal TMJ 
functioning and help manage 
pain and discomfort. 

Treatment and management of 
TMJ is a joint effort between pa-
tients, the dental and profession-
als and can be effectively treated 
through specialized physical 
therapy modalities. 


