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Abstract: Objective: This clinical study aimed to evaluate effectiveness of a commercially available toothpaste containing
potassium nitrate, sodium monoflurophosphate, and nano-hydroxyapatite as well as antioxidants phloretin, ferulic acid
and silymarin in reducing dental hypersensitivity in adults. Materials and methods: The clinical trial enrolled patients with
a history of dentin hypersensitivity. A test toothpaste was introduced into the daily routine, which included initial instruc-
tion on usage. Patients completed a five-question visual analog scale (VAS) at the inception/baseline, after two days and
after two weeks of using the toothpaste to determine their level of tooth sensitivity at baseline with the use of the
toothpaste over time. Results: Patients that had significant sensitivity at baseline had a range of 52% to 76 % improvement
after 48 hours and a range of 70% to 84% improvement after two weeks. Conclusion: A toothpaste containing potassium
nitrate, sodium monoflurophosphate, and nano-hydroxyapatite plus antioxidants phloretin, ferulic acid and silymarin
applied daily significantly decreased tooth pain of dentin hypersensitivity within a two-day and two-week time period.
Clinical Significance: Based on the clinical study results, a daily application of a toothpaste containing potassium nitrate,
sodium monofluorophosphate, and nano-hydroxyapatite plus antioxidants phloretin, ferulic acid and silymarin can signifi-

cantly and quickly reduce tooth pain of dentin hypersensitivity.
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INTRODUCTION

Dentin hypersensitivity (DH) is defined as a short, sharp
pain caused by cold and heat, air, touch, or chemical or os-
motic stimuli, e.g., sweets. It is distinguished from dental
pain caused by a cracked or split tooth, untreated caries, or
other oral defect or disease. It affects as many as 85 percent
of the population [1].

There are three major theories regarding the mechanisms
of dentin hypersensitivity. The direct innervation theory pro-
poses that nerve endings extend through the pulp and dentin
up to the dentino-enamel junction [2]. The odontoblast re-
ceptor theory suggests that odontoblasts are receptors, relay-
ing a signal to a nerve terminal [3]. Neither the direct inner-
vation theory nor the odontoblast receptor theory is currently
favored.

Most scientists and practitioners accept the hydrody-
namic theory as the mechanism behind DH. First proposed
by Brénnstrom, the theory holds that dentin hypersensitivity
is the result of movement of fluid within the dentinal tubules,
which are open to the dentin surface and patent to the pulp.
[4,5].
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Treatments for DH are classified by their administration
as in-office or at-home remedies. In-office treatments in-
clude those that use a setting reaction, such as glass ionomer
cement or composites, or those that do not use a setting reac-
tion, such as varnishes and oxalates. At-home remedies in-
clude tooth powders and pastes, mouthwashes and chewing
gums.3 Often, a dental professional’s first recommendation
for treatment is an at-home desensitizing toothpaste because
it is simple to use, inexpensive and readily available.

DH treatments, including at-home and in-office, are also
classified by their mechanism of action, either disturbing the
transmission of nerve impulses or occluding the dentinal
tubules [6].

Potassium is the primary agent for at-home desensitizing
toothpastes that disturb the transmission of nerve endings.
Potassium salts, including potassium nitrate, potassium chlo-
ride or potassium citrate act by diffusion along the dentinal
tubules to depolarize the nerve cells so they become unre-
sponsive to excitatory stimuli. The effect of the potassium
nitrate is cumulative and it may take several weeks for pa-
tients to feel any pain reduction [7].

The second category of desensitizing toothpaste is based
on occluding the dentinal tubules to block the hydrodynamic
mechanism and pain stimulation. Depositing a thin coating,
or “artificial smear layer,” on the exposed dentin, can bring
about the occlusion. Also, remineralizing the exposed dentin
surface with deposits or precipitation of fine particles can
work to occlude the dentinal tubules [7].
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Since the mid-twentieth century, the principal agent for
re-mineralization has been fluoride. Fluoride has been added
to municipal water systems with great success. Manufactur-
ers have formulated toothpastes with sodium monofluoro-
phosphate or stannous fluoride. Although fluoride com-
pounds are primarily used for preventing or treating dental
caries, their remineralization properties have placed them in
the forefront of treating DH as well.

In recent years, researchers have investigated the effec-
tiveness of hydroxyapatite for remineralizing tooth enamel
as a remedy for dental caries. A 2009 study concluded that
nano-hydroxyapatite had the potential to remineralize initial
enamel lesions. A concentration of 10% nano-hydroxyapatite
may be optimal for remineralization of early enamel caries
[8]. An in vitro study in 2011 concluded that toothpastes
containing nano-hydroxyapatite revealed higher remineraliz-
ing effects when compared to amine fluoride toothpastes [9].
Li et al. affirmed that nano-hydroxyapatite, with particles of
20 nm, shares characteristics with the natural building blocks
of enamel so that it may be used as an effective repair mate-
rial and anti-caries agent [10].

In view of its remineralization properties, nano-
hydroxyapatite, like fluoride, has great promise for treating
DH as well as dental caries. Browning et al. showed that a
paste containing nano-hydroxyapatite crystal can effectively
reduce the duration of tooth sensitivity for patients who use a
tooth whitener without a desensitizing agent [11].

The aim of the present clinical study was to investigate
the effectiveness of a commercially available toothpaste con-
taining nano-hydroxyapatite along with potassium nitrate
and sodium monoflurophosphate in reducing dental hyper-
sensitivity in adults. The toothpaste also contains antioxi-
dants phloretin, ferulic acid and silymarin.

METHODS AND MATERIALS

Sixty adult patients with dentin hypersensitivity were en-
rolled in a clinical trial to measure the effect of a toothpaste
containing potassium nitrate, sodium monofluorophosphate,
and nano-hydroxyapatite. Patients signed an informa-
tion/informed consent document before admission as a sub-
ject into the trial. A fully executed copy of the consent
document was provided to the patient and the original con-
sent kept by the investigator. The study was performed in
compliance with guidelines established by the World Medi-
cal Association Declaration of Helsinki Ethical Principles for
Medical Research Involving Human Subjects.

Patients that demonstrated dentinal hypersensitivity were
recruited from the private dental practice sector of twenty
practices of general dentistry. Exclusion criteria included
sensitivity due to (i) decay, (ii) infections of the tooth nerve,
(iii) cracked teeth, (iv) fractured fillings or crowns, or (v)
recent crown or filling sensitivity. The study participants
were adults ranging in age from 18 to 75 years. Of the 60
subjects, 47 were female, 13 were male. Patients were in
good health. Each participant was given the test toothpaste to
use at home and was instructed to first apply the toothpaste
to the sensitive area on the teeth using toothbrush, finger or
cotton swab. Next patients were to brush all other areas of
the mouth with the toothpaste as with their normal oral hy-
giene routine. Finally, they were to brush the sensitive area.
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Patients were instructed to use the toothpaste at least once a
day and to discontinue any other toothpaste during the trial.

The patients completed a baseline visual analog scale
(VAS) survey in the respective dental office. Fig. (1). They
were given copies of the survey to complete at home after
two days of using the toothpaste and again after two weeks
of daily usage. The surveys were mailed back to the investi-
gator using self-addressed, postage-paid envelopes.

Baseline

Directions: Please mark to indicate your level of pain from sensi-
tive teeth. Please place a vertical line on the scale that best repre-
sents your current state. Thank you for your participation.

EXAMPLE
no mild I moderate severe
pain pain pain pain
1. Degree of pain.
no mild moderate severe
pain pain pain pain
2. Duration of pain.
no temporary quick lingering always
pain there
3. Intensity of pain.
no dim dull sharp stabbing
pain
4. Tolerability of pain.
no tolerable uncomfortable unnerving  unbearable
pain
5.Description of pain.
no twinge ache throbbing  shooting
pain

Fig. (1). Visual analog scale.

The survey contained five questions, rated on a 10-point
scale, asking (i) degree of pain, (ii) duration of pain, (iii)
intensity of pain, (iv) tolerability of pain, and (v) description
of pain.

Statistical analysis was conducted using SPSS v.18
(SPSS Inc., Chicago, IL). The collected data were subjected
to repeated measures multivariate analysis of variance (MA-
NOVA, P<.05) to determine significant improvement in pain
relief among the patients over time. Time was used as the
within-subject factor and gender as the between-subject fac-
tor. Post-hoc statistical comparisons were made at 95% con-
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fidence interval of the mean, adjusting for multiple compari-
sons (Sidak’s adjustment). Further, the number of patients
that improved by at least 10% over time was calculated.
Also, the number of patients that scored five or higher on the
survey at baseline and improved at least 10% over time was
calculated. The score of 5 or higher at baseline was consid-
ered to be moderate to severe hypersensitivity.

RESULTS

From the 60 patients enrolled in the study, all completed
the five-point questionnaire at baseline, 59 at the two-day
point and 50 at the two-week time point. There were no ad-
verse events reported by the patients or denoted clinically by
the dentists. Table 1 displays the patient demographics in-
cluded in the study with the majority of the patients (53.3%)
reporting hypersensitivity due to tooth root exposure.

Table 1. Patient data included in this study according to gen-
der, age and dental sensitivity.
Sample Size (N) 60 patients 100.0%
Gender 47 females 78.3%
AGE 18 -25 7 patients 12.1%
AGE 26 - 35 7 patients 12.1%
AGE 36 - 45 11 patients 19.0%
AGE 46 - 55 11 patients 19.0%
AGE 56 - 65 10 patients 17.2%
AGE 66 - 75 11 patients 19.0%
AGE 75 - 82 1 patients 1.7%
SENSITIVE DUE TO TOOTH . o
EXPOSURE 32 patients 53.3%
SENSITIVE DUE TO TEETH 9 patients 15.0%
WHITENING
SENSTIVITY DUE TO . o
CHEMO/RADIATION 0 patients 0.0%
SENSITIVITY DUE TO OTHER 10 patients 16.7%
SENSITIVITY DUE TO 9 patients 15.0%
UNKNOWN

The repeated measures MANOVA revealed significant
differences in pain relief according to time (P<.001) as
shown in Tables 2 and 3. Overall there was a significant de-
crease in perception of pain at the two-day and the two-week
point as shown in Table 4.

The number of patients that improved by at least 10% ac-
cording to each question is shown in Table 5. Data from all
the questions suggest that a range of 42% to 65% of patients
experienced pain relief at the two-day point and 60% to 78%
of the patients at the two-week point.

The number of patients that scored five or higher on the
survey at baseline according to question is shown in Table 6.
For all questions, a range of 52% to 76% of patients experi-
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enced at least 10% of pain relief at the two-day point and
70% to 84% of the patients at the two-week point.

DISCUSSION

Potassium nitrate and sodium monofluorophosphate have
been included in the ingredients of commercially available
toothpaste as well as desensitizing toothpaste for decades.
Their efficacy in decreasing sensitivity has been well-
documented. In a review of hypersensitivity, Walsh stated
that fluoride works primarily via topical mechanisms, which
include (i) inhibition of demineralization at the crystal sur-
faces inside the tooth, (ii) enhancement of remineralization at
the crystal surfaces (giving an acid resistant surface to the
reformed crystals), and, at higher concentrations, (iii) inhibi-
tion of bacterial enzymes. Low levels of fluoride in saliva
and plaque help prevent and reverse caries by inhibiting
demineralization and enhancing remineralization [12].

Regarding potassium nitrate, according to Pashley, nu-
merous clinical studies have indicated that [KNO3] is mod-
erately effective in reducing clinical dentin hypersensitivity.
KNO3 desensitizes, not by occluding tubules, but by reduc-
ing the sensitivity of the mechanoreceptor nerves to the fluid
shifts produced by normally painful stimuli. In this case, the
stimuli would still cause hydrodynamic fluid shifts, but the
nerves would not fire because they would be inexcitable
[13]. Pointing to work by Nahri and Haegerstam [14] Pash-
ley also notes that there is experimental, scientific evidence
to support the clinical observations by Hodosh and by Tarbet
et al. [15-17] that KNO3 decreases dentin sensitivity.

As potassium nitrate works on the nerve receptors, so-
dium monofluorophosphate and nano-hydroxyapatite have a
different mechanism, i.e., occluding the dentinal tubules and
limiting the movement of the dentinal fluid. Although fluo-
ride compounds are well-known for remineralizing enamel,
nano-hydroxyapatite is a relative newcomer in the industry.

Hydroxyapatite, a compound of calcium and phosphate,
is a natural substance that makes up about 75 percent of the
weight of dentin. It has excellent biological properties in-
cluding non-toxic and non-inflammatory; and it has bio-
resorption properties under physiological conditions. Roveri
affirmed the possibility of enamel remineralization by form-
ing a surface apatite coating to cover the enamel structure.
[18].

Most of the experimentation on hydroxyapatite to date
has been with studies on remineralizing enamel and on a
lesser scale, dentin. Nano-hydroxyapatite crystals small
enough to mimic the size of natural dentinal hydroxyapatite
(20 nm) have been used to repair micrometer-sized tooth
surface defects in vitro. The nano-crystals have been used in
tooth pastes and mouth rinses to promote the repair of dem-
ineralized enamel or dentine surfaces [19]. Some prophylac-
tic products have been shown in vitro to fill micro defects at
the etched enamel surface in as little as a ten-minute applica-
tion onto enamel or dentine surfaces [18].

Studies into the efficacy of nano-hydroxyapatite on den-
tin, to address DH, are beginning to accumulate. Shetty
found that both a 25 % concentration of hydroxyapatite in a
liquid slurry as well as a 100% concentration in a dry sol
version provided significant desensitization. However, the
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Table2. Repeated-measures MANOVA with time as within-subject factor and gender as between-subject factor (P < .05) for all
questions.
Source F Value* Hypothesis df Error df Significance
Time 10.512 10.000 168.000 P<.001
Time * Gender 0.660 10.000 18.000 P=.760

*F-values are based on Wilk’s Lambda statistics.

Table3. Repeated-measures MANOVA with time as within-subject factor and gender as between-subject factor (P <.05) according
to each question.
Source Question Type III Sum of Squares df Mean Square F Significance
Time Ql 163.729 2 81.864 54.474 P<.001
Q2 71.728 2 35.864 22.709 P<.001
Q3 133.560 2 66.780 32.884 P<.001
Q4 98.491 2 49.245 27.137 P<.001
Q5 74.357 2 37.178 8.634 P<.001
Time*Gender Ql 3.925 2 1.963 1.306 P=276
Q2 2.501 2 1.250 0.792 P=.456
Q3 1.244 2 0.622 0.306 P=.737
Q4 1.456 2 0.728 0.401 P=.671
Q5 8.462 2 4231 0.983 P=378
Error (Time) Ql 132.249 88 1.503
Q2 138.980 88 1.579
Q3 178.707 88 2.031
Q4 159.696 88 1.815
Q5 378.925 88 4.306
Table4. Post-hoc analysis of the data (mean + standard deviation) for every question according to time. Used Sidak’s adjustment
for multiple comparisons (P<.05).
Time Question 1 Question 2 Question 3 Question 4 Question 5
Degree of Pain Duration of Pain Intensity of Pain Tolerability of Pain Description of Pain
Baseline 5.7 (£1.8) 43 (£1.8) 5.9 (x1.7) 4.6 (£2.0) 5.6 (£2.6)
Day 2 3.6 (£2.2)° 3.3 (£2.1)° 4.5 (2.1) 3.2 (£2.3)° 4.9 (+2.8)
Week 2 2.5 (£1.9) 2.2 (£1.8) 3.0 (£2.1)" 2.1 (£1.8) 3.5 (£2.8)"
a. Indicates statistical difference between Baseline and Day 2
b. Indicates statistical difference between Baseline and Week 2
c. Indicates statistical difference between Day 2 and Week 2
Table 5. Number of patients that showed improvement (%) by at least 10% on the VAS according to question.
Question 1 Question 2 Question 3 Question 4 Question 5
Degree of Pain Duration of Pain Intensity of Pain Tolerability of Pain Description of Pain
Time Patients | Improvement(%)* | Patients | Improvement | Patients | Improvement | Patients | Improvement | Patients | Improvement
Baseline 60 - 60 - 60 - 60 - 60 -
Day2 | 39(65%) 50.3 (£26.3) 27(45%) | 51.6 (+28.6) | 32(53%) | 45.0 (£28.4) | 32(52%) | 52.5(£28.2) | 25(42%) | 49.9 (+30.3)
Week2 | 47(78%) 59.4 (+24.9) 41(68%) | 58.6 (£25.3) | 43(72%) | 58.8 (£25.3) | 44(73%) | 59.9 (+23.9) | 36(60%) | 60.1 (+27.4)

* Improvement (%) values are presented as Mean (+Standard Deviation)
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Table 6. Number of patients that answered >5 at Baseline and showed improvement (%) by at least 10% on the VAS according to
question.
Question 1 Question 2 Question 3 Question 4 Question 5
Degree of Pain Duration of Pain Intensity of Pain Tolerability of Pain Description of Pain
Time Patients | Improvement(%)* | Patients | Improvement | Patients | Improvement | Patients | Improvement | Patients | Improvement
Baseline 38 - 19 - - 29 - 30 -
Day2 | 29(76%) 51.1 (£24.9) 14(74%) | 43.0(£26.2) | 24(52%) | 46.4 (£26.0) | 19(66%) | 51.4 (£26.8) | 17(57%) | 49.1 (¥27.8)
Week2 | 32(84%) 57.9 (£24.3) 16(84%) | 50.6 (£19.6) | 34(74%) | 55.4 (¥25.6) | 24(83%) | 60.3 (+25.3) | 21(70%) | 62.2 (¥28.7)

*Improvement (%) values are presented as Mean (+Standard Deviation)

higher concentration probably enhanced better penetration of
the particles into the tubules. Most of the patients in the
study obtained relief with just one or two applications of
hydroxyapatite [20] Shetty also concluded that hydroxyapa-
tite has potential as an effective desensitizing agent, provid-
ing quick and sustained relief from symptoms when com-
pared to the other agents, although hypersensitivity symp-
toms were substantially reduced in all the treatment groups
[21].

On top of the effectiveness at remineralization, hy-
droxyapatite powder has also been shown to be an effective
abrasive cleansing agent for dental hygiene [20, 22].

Nano-hydroxyapatite is used in several toothpastes avail-
able in Europe and Australia, but apparently only rarely in
the U.S. This is surprising considering the number of studies
that have confirmed its efficacy in remineralizing enamel
and dentin. The results of this clinical study suggest that
nano-hydroxyapatite may well be a potent ingredient in
toothpaste for decreasing DH.

A limitation of the study was the inability to determine
which ingredient may have had an effect on the resulting
decrease in hypersensitivity. A good example is the role of
the antioxidants. It is important to note that antioxidants in
this product bear further research on their contributing role.
In simple terms, antioxidants are large, complex organic
molecules that “donate” electrons, neutralizing the reactivity
of unpaired electrons in free radicals or reactive oxygen spe-
cies (ROS). There are a number of possibilities for investiga-
tion concerning the activity of antioxidants in the reminerali-
zation process for both fluoride and nano-hydroxyapatite: the
anti-inflammatory inhibition of MMPs and the effect of anti-
oxidants on salivary pH.

Researchers have investigated the role of matrix metallo-
proteinases (MMPs) in dental caries and concluded that
MMPs contribute to carious decay through the destruction of
the dentin organic matrix following demineralization by bac-
terial acids [23-25]. Kato et al. found that gels delivering
MMP inhibitors chlorhexidine and the polyphenol epigallo-
catechin gallate (EGCG) were shown to prevent dental ero-
sion in situ. Both chlorhexidine and polyphenols are able to
interact with metal ions, which could bind calcium from hy-
droxyapatite, to deposit particles inside the tubules [26] Al-
though a number of studies have focused on the MMP in-
hibitors EGCG and chlorhexidine, various polyphenol anti-
oxidants, including flavonoids, have been shown to have
MMP inhibition properties [27]. Also, antioxidants are

thought to shield the dentition by decreasing the effects of
acid erosion, and by replenishing tissue inhibitors of metal-
loproteinases (TIMPs) in the dentin [28].

Another related possibility for continued research is the
effect of supplemental polyphenol antioxidants on the
chemical composition of saliva, in particular the pH levels.
Remineralization involves transporting calcium and phos-
phate to plug the dentinal tubules as well as forming a pro-
tective surface layer of salivary glycoprotein with calcium
and phosphate. This process is more favorable in alkaline
pH, so a slightly alkaline pH in saliva is helpful for tubule
occlusion [7]. Hurlbutt observes that as the pH drops from
bacterial acid by-products, the level of super saturation of the
calcium and phosphate also drops and the risk of deminerali-
zation increases. While there is no exact pH at which demin-
eralization begins, a general range of 5.5 to 5.0 is considered
critical for tooth mineral to dissolve [29].

The limitation of this study included not incorporating a
placebo control group. And while each subject was their own
control by demonstrating continued dentin hypersensitivity
even with prior use of desensitizing agents, there is a signifi-
cant possibility that a “placebo effect” could have biased
their perception of pain. The majority of subjects demon-
strated a significant improvement on all survey questions at
48 hours of using the test toothpaste and even more im-
provement at the close of the two-week study. Patients that
scored greater than 5 on the VAS (moderate to severe hyper-
sensitivity) also demonstrated significant improvement espe-
cially at two weeks. The increase in improvement is postu-
lated to be that more dentinal tubules are occluded with the
nano-hydroxyapatite particulates over time.

Further research is indicated to better differentiate the
role and mechanisms of the different ingredients. Future
clinical studies would benefit by using more subjects, by
isolating the ingredients, and by incorporating placebo and
control groups. In addition, the use of more than one method
for assessing pain, e.g., both a visual analog scale (VAS) and
a verbal reporting scale (VRS), would be helpful. Further,
using more than one stimulus e.g., a combination of thermal,
osmotic, chemical or electrical stimuli to assess hypersensi-
tivity could provide a richer basis for analysis [20].

These limitations notwithstanding, this clinical research
study affirms the efficacy of the well-known components
potassium nitrate and monofluorophosphate at alleviating
dentin hypersensitivity. More important, the outstanding
results of speed and effectiveness of the commercially avail-
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able toothpaste suggest the contributing activity of the newer
nano-hydroxyapatite and of the polyphenol antioxidants.
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