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Objective: To identify whether dentifrice containing two ingredients of potassium nitrate and aluminum lactate has mitigating effect on dentin hypersensitivity.
Methods: The study dentifrice contained potassium nitrate and aluminum lactate, and standard dentifrice was a usual dentifrice with dental type silica as the main ingredient containing sodium monofluorophosphate. The degree of dentin hypersensitivity was measured at the base, after 3 days, 1 week, 2 weeks, 4 weeks, 4 weeks+3 days, and 6 weeks. The results
were compared.
Results: There was a significant difference (p＜0.01) in the electrodermal stimulation test between the experimental group
and the control group using the 6-week treatment, and after the 4-week application of the corrective agent (p＜0.05). There
was no significant difference between the two groups (p＜0.05) and 4 weeks (p＜0.01) in the case of wind stimulation test,
and 3 days (p＜0.01) in the additional experiment using standard detergent after 4 weeks At 2 weeks (p＜0.05), significant
teeth appeared. in cold stimulation test, there was a significant difference at 2 weeks (p＜0.05) and 4 weeks (p＜0.01), and 2
weeks respectively (p＜0.05).
Conclusion: It was found that the use of dentifrice containing potassium nitrate and aluminum lactate was effective in reducing the dentin hypersensitivity.
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The composite tissues of teeth includes enamel, dentin, cement and dental pulp. The anatomical crown of enamel is the
calcified tissue enclosing the outer surface. The dentin is the tissue forming the teeth the most, and its nerve fiber has sensitive
perception, which make a person feel pain if the dentin is exposed to the inside of oral cavity. Such pain is explained as a
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complicated symptom with which a patient complains of pain
as the labiocervical part is exposed due to improper toothbrushing, involution of the gum, thermal, mechanical or chemical provocations.
The forms of such pain come from stimulations that expand
or contract the dentinal fluid, such as temperature change, physical pressure, compressed air, etc. [1,2]. According to the fluid
dynamics presented by Brännström and Aström [3], it is reported that the temperature, mechanical and chemical provocations delivered to the dental pulp are rapidly moved, relaying
the stimulations too the dental pulp to cause hypersensitivity.
Yoshiyama et al. [4] reported that the dentin that shows hypersensitive symptoms has 8 times more dentinal fluid and its unit
diameter is twice larger than other tissues.
The current methods employed at dental consultation office
for mitigating dentin hypersensitivity is specialist treatment
and use of toothpaste for relieving hypersensitivity. The use of
dentifrice containing drugs for alleviation of dentin hypersensitivity is easy to use and inexpensive, which makes it available for many patients [5]. With this reason, the use of dentifrice
containing ingredients to alleviate hypersensitivity is generalized at home, considering time and economic situations.
Dentifrice is an auxiliary material used in toothbrushing
process to brush the surface of teeth, and it belongs to quasi-drugs. It is often called toothpaste, but the dentifrice is not
a drug but quasi-drug that is in the same category as hairdye or
depilatory. In the USA, dentifrice is called toothpaste or dentifrice, and in Japan, it is called ‘Chimaje’. However, some medicinal dentifrices in the market containing ingredients that are able
to have pharmacological action may be named dental drug belonging to drug.
The purpose of dentifrice is physical cleaning that removes
acquired film attached on the teeth surface and dental plaque
effectively, but recently, the range of use of dentifrice is increasingly expanded including dental caries by fluorine compounds,
prevention of gingivitis, mitigation of hypersensitivity and inhibition of oral germs [6-11].
Recently, dentifrice containing certain active ingredients are
developed and used, and especially, as dentifrice for alleviation
of hypersensitivity is developed, and potassium nitrate receives
attention as dentifrice that mitigates hypersensitivity [6,7], Kim
[8] stated that potassium nitrate (KNO3) affects the nerve existing in the dental pulp to sensitize it. According to Tarbet et al.
[9] and Nagata et al. [10], the use of dentifrice containing 5%
potassium nitrate (KNO3) every day will increase the threshold
of hypersensitivity, which will have distinctive reduction of hypersensitivity if a patient uses it constantly.
It has been reported that among the ingredients of dentifrice
for mitigating hypersensitivity on the market, potassium nitrate
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(KNO3) and tricalcium had effect of obstructing dental tubule
[11]. In addition, dentifrice containing potassium phosphate
monobasic, potassium phosphate dibasic, tricalcium phosphate, etc. has hypersensitivity-relieving effects. Among them,
the hypersensitivity-mitigating mechanism of potassium nitrate (KNO3) has been reported to be caused by depolarization
of potassium ion that induces chemical nerve desensitization effect [12], but most dentifrices on the market do not contain aluminum lactate (C9H15AIO9). As studies report that using oral
cleaning agent containing 2.18% of aluminum lactate
(C9H15AIO9) at home every day has effect on hypersensitivity
[13-15], the current study attempts to identify the effect of dentifrice containing potassium nitrate (KNO3:101.10) and aluminum lactate (C9H15AIO9:294.19) on the mitigation of
hypersensitivity.

Materials and Methods
1. Subject
From June 2016 to March 2017, students who are enrolled
in Dankook University and general public will be invited to participate in the program by explaining the purpose of the research
and agreeing to participate voluntarily age between 20 and 35
years old. Sixty adult men and women who were brushing more
than 2 times regularly and those who had dentin hypersensitivity and average dentin hypersensitivity index of 5.5 or
more were selected. The study was designed for 4 weeks with
comparative paralellism, randomization process, doubleblind
trial, and controlled trial. If the applicant who voluntarily signs
the research agreement is registered, the applicant is judged by
the visit evaluation to meet the selection/exclusion criterion.
The selected subject is given a run-in period of one week. The
subjects were randomly assigned to one of the experimental
group and the control group. The distribution of the subjects by
sex and age was as follows (Table 1).

2. Dentifrice experimental
The experimental detergent was composed of aluminum lactate (C9H15AIO9: 294.19), potassium nitrate (KNO3: 101.10),

Table 1. General characteristics of study subjects
Gender
Total (n)
Male (n)
Female (n)

Age group (yr)
Total

20s

30s

60
21
39

32
12
20

28
9
19
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Table 2. Dentifrice ingredient
Experimental dentifrice (T dentifrice)
Ingredient
Dental type silica
Potassium Nitrate, KNO3:101.10
Aluminum Lactate, C9H15AIO9:294.19
Sodium Monofluorophosphate

Control dentifrice (P dentifrice)
Content (%)

Ingredient

Content (%)

18.00
5.00
2.18
0.76

Dental type silica
Sodium Monofluorophosphate

18.00
0.76

T dentifrice: experimental dentifrice, P dentifrice: control dentifrice.

sodium monofluorophosphate, dental type silica, Table 2 shows
the main components of the pretreatment of control group and
sodium monofluorophosphate and dental type silica as main
components (Table 2).

3. IRB Approval
Dankook University Clinical Trials Committee (Approval
No. DKU 2016-07-027), and the purpose of the study before
the start of the study was provided to the subjects after the explanation and consent was obtained.

4. Methods
The brushing using the rotation method is performed for 3
minutes three times a day by using the corresponding detergent
base, after 3 weeks, 1 week, 2 weeks, 4 weeks, 4 weeks+3 days,
6 weeks after, dentin hypersensitivity test index for cold stimulation, dentin hypersensitivity test index for electric dimension stimulation were measured and compared. The experimental values of the dentin hypersensitivity test for the cold
stimulation and the wind stimulation test were almost the same
values in the experimental group and the control group.

5. Observation test method (by visit)
The visiting time of the subjects was adjusted so that they
could visit at the same time of day.
1) Visit 1 (screening visit, week-1)
Screening test was performed as follows.
① Before participating in the experiment, describe the experiment and get written consent.
② Assign research ID numbers to research subjects in order.
③ Investigate the subject’s information, medical history,
medicines and health functional foods.
④ Distribute the amount of standard detergent to be used for
two weeks.
2) Visit 2 (baseline visit, week-0)
The visit was conducted at intervals of one week or more from

visit 1, and the following items were carried out.
① Assign a random assignment number.
② Perform dentin hypersensitivity test.
③ Investigate the usual eating patterns and teach the brushing method by the rotation method.
④ Distribute the appropriate amount of exterminating
agent (experimental group: experimental determinant,
comparative control: standard determinant) to the subjects of the study.
⑤ Brushing is done by training for 1 minute with the detergent given to the sensitive area of the sensed area.
⑥ Immediately after brushing, the dentin hypersensitivity
test should be performed on the affected area of teeth.
3) Visit 3 (1st experiment visit, day-3)
This visit was made three days after visit 2, and the following
items were carried out.
① Check for abnormal reaction.
② The dentin hypersensitive hypersensitivity test is performed on the hypersensitive hypothalamus determined
by the test.
4) Visit 4 (2nd experiment visit, week-2)
This visit was made two weeks after visit 2, and the following
items were carried out.
① Check for abnormal reaction.
② Perform dentin hypersensitivity test.
③ Dispense the amount of 2-week use of cuticle (experimental group: experimental determinant, comparative
control: standard detergent).
5) Visit 5 (3nd experiment visit, week-4)
This visit took place four weeks after visit 2, and carried out
the following items.
① Check for abnormal reaction.
② Perform dentin hypersensitivity test.
③ Distribute the amount of standard detergent for 2 weeks.
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Table 3. Dentin hypersensitivity test for electrical dimension stimulation (EPT)
Group

Base

TB

D3

W2

W4

W4D3

W6

T
P
p-value

24.2±12.8
23.8±10.5
0.895

25.8±10.9
24.1±1.1
0.567

27.3±12.3**
24.2±11.2
0.312

30.7±12.6**
27.3±10.7*
0.264

40.0±9.9**
32.2±8.9**
0.002

38.5±10.3**
31.9±9.4**
0.013

34.5±11.4**
29.0±9.0**
0.043

Values are presented as mean±standard deviation. p-value by 2-sample t-test. T: experimental group, P: control group, TB: after toothbrushing, D3:
after 3 days, W2: after 2 weeks, W4: after 4 weeks, W4D3: after 4 weeks and 3 days, W6: after 6 weeks. *p＜0.05 by paired t-test between base
and after, **p＜0.01 by paired t-test between base and after.
Table 4. Dentin hypersensitivity test for air blow test
Group

Base

TB

D3

W2

W4

W4D3

W6

T
P
p-value

7.38±1.20
7.43±1.24
0.883

7.08±1.46
7.21±1.66
0.736

6.75±1.90**
7.11±1.85
0.460

5.76±1.39**
6.57±1.59**
0.041

4.36±1.43**
6.00±1.56**
＜0.001

4.48±1.48**
5.97±1.46**
＜0.001

4.96±1.63**
6.10±1.37**
0.005

Values are presented as mean±standard deviation. p-value by 2-sample t-test. T: experimental group, P: control group, TB: after toothbrushing, D3:
after 3 days, W2: after 2 weeks, W4: after 4 weeks, W4D3: after 4 weeks and 3 days, W6: after 6 weeks. **p＜0.01 by paired t-test between base
and after.
Table 5. Dentin hypersensitivity test for cold test (ice test)
Group

Base

TB

D3

W2

W4

W4D3

W6

T
P
p-value

7.66±1.32
7.69±1.31
0.938

7.41±1.13
7.55±1.41
0.673

7.22±1.30**
7.61±1.48
0.282

5.98±0.84**
6.55±1.27**
0.045

4.68±1.41**
6.27±1.19**
＜0.001

4.75±1.44**
6.11±1.20**
＜0.001

5.35±1.33**
6.03±1.21**
0.044

Values are presented as mean±standard deviation. p value by 2-sample t-test. T: experimental group, P: control group, TB: after toothbrushing, D3:
after 3 days, W2: after 2 weeks, W4: after 4 weeks, W4D3: after 4 weeks and 3 days, W6: after 6 weeks. **p＜0.01 by paired t-test between base
and after.

6. Statistical analysis
Two-sample t-test and Mann-Whitney test were used to compare the groups, and paired t-test and Wilcoxon signed rank test
were used for comparison.

Results
1. Results of dentin hypersensitivity test for
electrical dimension stimulation (EPT)
The results of electrical dimension stimulation test were
changed from 24.2 (base) to 27.3 (after 3 days), 30.7 (after 2
weeks) and 40.0 (after 4 weeks) respectively. There was a significant difference from 3 days to 4 weeks after the experiment
(p<0.01) (Table 3).

2. Results of dentin hypersensitivity test for air
blow test
The results of the air blow test were changed from 7.38 (base)
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to 6.75 (after 3 days), 5.76 (after 2 weeks), and 4.36 (after 4
weeks). There was a significant difference from 3 days to 4
weeks after the experiment (p<0.01) (Table 4).

3. Results of dentin hypersensitivity test for cold
test (ice test)
The results of the cold stimulation test were 7.66 (base), 7.22
(after 3 days), 5.98 (after 2 weeks), and 4.68 (after 4 weeks).
The difference was significant from 3 days to 4 weeks after the
experiment appear (p<0.01) (Table 5).

Discussion
The dentin is a composite tissue of teeth with enamel and dental pulp, and the nerve fiber of dentin is sensitive to stimulation,
which make a person feel pain when it is exposed. The causes
of the exposure of dentin includes improper toothbrushing, exposure of labiocervical dentin by traumatic occlusion, and exposure of root dentin to gingival recession due to periodontal
diseases [2].
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It was reported that the surface of dentin with hypersensitive
symptom had dental tubule with expanded diameter and large
number compared to a normal tooth [15-20], and attempting to
control pain of the expanded dentinal tubule by lowering the
penetration of dentin to reduce the movement of dentinal fluid
can be effective in treating hypersensitivity [15].
The dentin hypersensitivity is one of symptoms that can be
easily observed in dental domain [16], rather than a disease. The
use of toothpaste containing ingredients to relieve hypersensitivity is good for economic feasibility and accessibility
[17], and Song et al. [18] reported that instructing an easy, economic and effective method at home is desirable and as good
as specialist’s treatment. In addition, Kim et al. [21] reported
that if toothbrushing takes place with a toothbrush without dentifrice, the dentinal tubule would be exposed due to removal of
smear layer, but in case of toothbrushing with dentifrice, the ingredients included in the dentifrice penetrated in the dentinal
tubule with creation of smear layer, causing the dentinal tubule
to be occluded.
When looking at various studies on ingredients with effects
on hypersensitivity, potassium nitrate (KNO3) is contained in
the dentifrice and used, the effect of reducing hypersensitivity
was found [22-24]. Arrais et al. [25] reported that the occlusion
type of dentinal tubule might be different but all of strontium
chloride, potassium nitrate, and sodium monofluorophosphate
were effective in reducing hypersensitivity. Hong et al. [26]
stated that using dentifrice containing KF (potassium fluoride),
CPC (cetylpyridinium chloride) and potassium nitrate (KNO3)
as the main ingredients reduced hypersensitivity and periodontal diseases in oral cavity.
The abrasive ingredients contained in the dentifrice may continue the hypersensitivity symptoms due to physical irritation
caused by toothbrushing, but it creates smear layer to indirectly
occlude the exposed dentinal tubule. Silica which is the ingredient contained in dentifrice is found to have no effect on hypersensitivity in terms of abrasion [27], Addy et al. [28] reported
that dentifrice works with silica contained in it to have great effect of occluding dentinal tubule.
It is also thought that the current study supports the result of
previous study that when the dentifrice containing potassium
nitrate (KNO3) was used with minute Silica as abradant rather
than using it alone, the dentinal tubule would be occluded by
Silica. In this experiment, also, the result of the experiment using the dentifrice containing potassium nitrate (KNO3) and aluminum lactate (C9H15AIO9) showed hypersensitivity- reducing
effect after 3 days to 4 weeks in all of electric pulp test, wind
provocation test and cold provocation test (p<0.01). This result
can be considered to be supported by a variety of study results
that potassium nitrate (KNO3) and aluminum lactate

(C9H15AIO9:294.19) are effective in relieving hypersensitivity [29-31].
In control group, it was investigated that some effects on the
mitigation of hypersensitivity were found. It is thought to be the
effect of education on proper toothbrushing, and the efficacy
was thought to be caused by sodium monofluorophosphate
[32,33] and dental tubular occlusion effect of silica [10].
In this study, the subjects used the study dentifrice for 4 weeks
and then additionally used standard dentifrice for 2 weeks.
From all of electric pulp test, wind provocation test and cold
provocation test, the results were significant at 3 days (p<0.01)
and 2 weeks (p<0.05), inferring that the hypersensitivity-mitigating effect continues even in use of standard dentifrice for 2 weeks after using the study dentifrice for 4 weeks.
This result showed that, as in the study which demonstrated
the toothpaste containing strontium chloride (SrCl2) and potassium nitrate (KNO3) was effective in occlusion of dentinal tubule [15], the efficacy could continue because of occlusion of
dentinal tubule. Regarding the limits of this study, the samples
were students in their 20s in Dankook University and ordinary
people in their 30s, which not enough to identify the dentin mitigating effect of dentifrice containing potassium nitrate (KNO3)
and aluminum lactate (C9H15AIO9) and represent all people.
In the future study, therefore, an extensive range of samples
by life cycle stage should be selected to evaluate the findings
for each age group. Also, unlike potassium nitrate of which efficacy has been proved in a number of studies, aluminum lactate
should be investigated in various studies.

Conclusion
An experimental detergent formulation containing potassium nitrate (KNO3: 101.10), aluminum lactate (C9H15AIO9:
294.19), a control sheath containing dental type silica, sodium
monofluorophosphate, base, 3 days, 1 week, 2 weeks, 4 weeks,
4 weeks+3 days, 6 weeks after dental plaque sensitization response index, dentin hypersensitivity test for cold stimulation,
dentin hypersensitivity test for electrical stimulation were
measured. The following conclusions were obtained.
1. The experimental values of the cold stimulation and the
wind stimulation were almost the same in the experimental
group and the control group.
2. The results of electrical dimension stimulation test were
changed from 24.2 (base) to 27.3 (after 3 days), 30.7 (after 2
weeks) and 40.0 (after 4 weeks) respectively. There was a significant difference from 3 days to 4 weeks after the experiment
(p<0.01).
3. The results of the air blow test were changed from 7.38
(base) to 6.75 (after 3 days), 5.76 (after 2 weeks), and 4.36 (after
www.ijcpd.org
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4 weeks). There was a significant difference from 3 days to 4
weeks after the experiment (p<0.01).
4. The results of the cold stimulation test were 7.66 (base),
7.22 (after 3 days), 5.98 (after 2 weeks), and 4.68 (after 4 weeks).
The difference was significant from 3 days to 4 weeks after the
experiment appear (p<0.05).
5. There was a significant difference (p<0.01) in the electrical
dimension stimulation test between the experimental group and
the control group using the 6-week treatment, and after the
4-week application of the corrective agent (p<0.05). There was
no significant difference between the two groups (p<0.05) and
4 weeks (p<0.01) in the case of wind stimulation test, and 3 days
(p<0.01) in the additional experiment using standard detergent
after 4 weeks. At 2 weeks (p<0.05), significant teeth appeared.
in cold stimulation test, there was a significant difference at 2
weeks (p<0.05) and 4 weeks (p<0.01), and 2 weeks respectively
(p<0.05).
6. In the experiment using the standard detergent for 2 weeks
after the application of the experimental detergent for 4 weeks,
the electrical dental stimulation test was 34.5, the wind stimulation test 4.96 and the cold stimulation test 5.35 (p<0.01).
These results suggest that the use of combination detergents
containing potassium nitrate (KNO3: 101.10) and aluminum
lactate (C9H15AIO9: 294.19) can provide effective and rapid
dentinal hypersensitivity reduction. In the control group, some
degree of hypersensitivity was observed, but this was thought
to be due to proper brushing practice and sodium fluoride
phosphate.
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