Original Article

Int J Clin Prev Dent 2017;13(4):165-170ㆍhttps://doi.org/10.15236/ijcpd.2017.13.4.165
ISSN (Print) 1738-8546ㆍISSN (Online) 2287-6197

Desensitization Effects by Night Time Using of a
Dentifrice Containing Calcium Glycerophosphate
before Bedtime
Ha-Na Song1, Ji-Hyeon Park2, Ja-Won Cho3
1

Department of Dentistry, Daejeon Hankook Hospital, Daejeon, 2Department of Dental Hygiene, Gangneung Yeongdong
University, Gangneung, 3Department of Preventive Dentistry, College of Dentistry, Dankook University, Cheonan, Korea

Objective: The aim of this clinical study was to determine the desensitization effect of the calcium glycerophosphate-containing dentifrice at bed time.
Methods: Patients with symptoms of mild to severe dentin hypersensitivity between 20 and 40 years of age were allocated
into two groups; the experimental group and the control group. Each group had used the dentifrice containing or excluding
calcium glycerophosphate for 3 weeks. Symptoms of all participants were measured at baseline, after 3 days, 5 days, 1 week,
2 weeks and 3 weeks by the air blow method and the electric pulp tester (EPT).
Results: Symptoms of dentin hypersensitivity measured by the air blow method decreased in the experimental group (from
6.03 at baseline to 5.85 at 3 days, 5.36 at 5 days, 5.09 at 1 week, and 4.75 at 2 weeks) and there was a significant difference
in the reduction effect after 5 days (p＜0.05). With the EPT method, there was a statistically significant difference in the hypersensitivity reduction effect in the experimental group after 1 week (from 18.80 at baseline to 18.80 at 3 days, 19.17 at 5
days, 21.33 at 1 week, and 22.30 at 2 weeks, p＜0.05).
Conclusion: The use of a dentifrice containing calcium glycerophosphate at bedtime produced significant reductions in hypersensitivity and rapid effects in relieving hyperesthesia, compared with the control group.
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Introduction

ing the tooth surface. Also, it might have important functions
in the removal of dental plaque and polishing with the contained
agents for prevention of dental diseases, and malodor and other
effects [1,2]. Bernier and Muhler [3] reported that a dentifrice
is able to clean and lubricate the tooth surface at the same time;
therefore, the dentin can be easily damaged in case the degree
of abrasion is high.
A dentifrice was used for treating tooth sensitivity by decreasing dentin hypersensitivity. Dentin hypersensitivity is
dental pain which is sharp in character and of short duration,
arising from exposed dentin surfaces on tooth cervical area in

The dentifrice was used as an adjuvant for effectively clean-
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response to stimuli typically thermal, mechanical, or chemical
[4]. The treatments of dentin hypersensitivity are tubular occlusion and blockage of nerve activity for chemically induction of
desensitization [5].
Based on these two methods, treatment and therapeutic ingredients for hyperesthesia were developed. Uchida et al. [6]
reported that strontium chloride (SrCl2) was the first ingredient
used to treat dentin hypersensitivity and the suppression effect
was 75.5% for the application contained in the dentifrice. Lee
et al. [7] also reported that a dentifrice containing nano-carbonate apatite showed an occlusion rate of 78% for the dentinal
tubule. Recently, various ingredients have been developed and
used to alleviate dentin hypersensitivity, and glycerophosphate
is considered a promising treatment ingredient. Bowen [8] reported that Calcium glycerophosphate has a cariostatic effect,
and Brook et al. [9] reported that Calcium and Phosphate concentrations in dental plaque and on plaque weight were significantly increased in case of consuming milk-cereal tablet
containing 1% calcium glycerophosphate.
Therefore, this clinical study aimed to determine the desensitization effect by use of a dentifrice containing Calcium
Glycerophosphate at bedtime in comparison with the control
group.

Materials and Methods
1. Materials
1) Study population
From 20 to 40 years of age a total of 60 volunteers were finally
confirmed as the study subjects after obtaining informed
consent. All participants were recruited according to the inclusion and exclusion criteria. They had more than 20 remaining teeth without dental caries in the crown, cervical part or resins and they were not taking any medicine that can cause dental
hypersensitivity or they did not have any systemic diseases. The
subject’s gender and age distribution are described in Table 1.
2) Test dentifrice
The following experimental dentifrice was formulated with

Male (n)
Female (n)
Total (n)

2. Methods
1) Ethics statement
The protocol of the study was reviewed and approved by the
Institutional Review Board (IRB) of Dankook University
(approval number: DKU2017-06-011).
2) Subject allocation
This study was completed over a period of 3 weeks, and it
included a parallel group design and random allocation, double
blind allocation as a controlled clinical trial. Once the subject
voluntarily signed the written informed consent, he/she was
registered and evaluated based on the inclusion/exclusion
criteria. After a 1 week run-in period, each of the 60 subjects
were randomly allocated to the experimental and control
groups.
3) Dentifrice usage
(1) From baseline to 2 weeks, all subjects were advised to use
the control dentifrice by using the rolling method 3 times (after
breakfast, after lunch, after dinner) a day, for 3 minutes.
Additionally, subjects in the experimental group were advised
to use the experimental dentifrice by using the rolling method
once before bedtime and subjects in the control group were to
advised to use the control dentifrice.
(2) In the third week, all subjects were advised to use the control dentifrice by using the rolling method 4 times (after breakfast, after lunch, after dinner, before bedtime) a day, for 3
minutes.
4) Observational examination method (during each visit)
(1) The first visit (visit 1) was scheduled within 1 week after
screening and allocation. Beforehand, all subjects underwent
an oral examination, investigation of their usual eating habits,
and education on the toothbrushing method. After rolling out
the dentifrice, the subjects were trained to use the dentifrice they

Table 2. Main ingredient combinations in the experimental dentifrice

Table 1. Participants’ characteristics
Gender

calcium glycerophosphate, dipotassium glycyrrhizinate (antiphlogistic), cetylpyridinium chloride (disinfectant), and dental
type silica (abradant), and the control dentifrice contained only
dental type silica excluding the main ingredient (Table 2).

Age group (yr)
20s

30s

Total

14
17
31

16
13
29

30
30
60
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Experimental dentifrice

Control dentifrice

Material

Content (%)

Dental-type silica
Calcium glycerophosphate
Dipotassium glycyrrhizinate
Cetylpyridinium chloride
Dental-type silica

15.00
0.13
0.01
0.05
15.00
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had just received.
(2) Additional visits were scheduled after 3 days, 5 days, 1
week, 2 weeks, and 3 weeks from baseline (visit 1). Adverse
events were identified in all subjects, and they underwent an oral
examination.

test, paired t-test, and Wilcoxon signed rank test.

Results
1. Result of examination for hyperesthesia

5) Oral examination
(1) Air blow test: Air blow test was performed by blowing
air for 3 seconds by use of the air syringe on the dental unit chair
with 5 mm distance from the tip of the syringe to the tooth surface, and it was rated as 0 points for no discomfort and 9 points
when feeling the most sensitive. These points were recorded on
a visual analogue scale chart.
(2) Electric pulp test (EPT): Electric pulp test was used by
slowly increasing the low dosage of the galvanic current at the
hypersensitive portion of the tooth surface and allowing the patient to raise his/her hand when he/she experienced the electric
sensitivity at the point of the micro-ampere as the threshold for
dentinal hypersensitivity. The point was recorded on the chart
in order to identify the point for electric micro-current for experiencing the hypersensitivity.

1) Changes in hyperesthesia scores according to the treatment
groups
The changes in scores measured by the air blow test and the
electric pulp test are described in Table 3. Air blow scores in the
experimental group changed from 6.03 at baseline to 4.75 at 2
weeks. After 5 days there was a statistically significant difference; as a result, the quick reduction effect on dental hypersensitivity was confirmed.

6) Statistical analysis
The evaluation data were recorded on a data chart and analysed by using SPSS ver. 21.0 (IBM SPSS Inc., Armonk, NY,
IL, USA). The difference between and within the 2 treatment
groups was tested using the 2-sample t-test, Mann-Whitney

Discussion

2) Dentin hypersensitivity reduction rate
Reduction rate of dentin hypersensitivity measured by the air
blow test increased from 93.3% at 1 week to 96.7% at 2 weeks
and reduction rate of dentin hypersensitivity measured by the
electric pulp test also increased from 80.0% at 1 week to 90.0%
at 2 weeks (Table 4).

The current definition states that “Dentin hypersensitivity is
characterized by short, sharp pain arising from the exposed dentin in response to stimuli, typically thermal, evaporative, tactile,

Table 3. Mean AB and EPT scores according to the treatment groups
Value

Group

Baseline

After 3 days

After 5 days

After 1 week

After 2 weeks

After 3 weeks

AB

P (n=30)
R (n=30)
p-valuea
P (n=30)
R (n=30)
p-valuea

6.03±1.08
6.04±1.39
0.975
18.80±4.63
19.00±9.76
0.920

5.85±1.17
6.02±1.42
0.607
18.80±5.89
19.07±8.40
0.887

5.36*±1.27
5.81±1.08
0.148
19.17±3.18
19.17±9.30
1.000

5.09*±1.03
5.73±1.18
0.030
21.33±7.59
19.27±8.48
0.324

4.75*±1.13
5.72±1.13
0.001
22.30*±5.10
18.33±9.55
0.049

5.10*±1.27
5.72±1.29
0.064
21.13*±4.58
18.57±8.83
0.163

EPT

Values are presented as mean±standard deviation. AB: air blow test, EPT: electric pulp test, P: experimental group, R: control group. *p＜0.05 by
a
the paired t-test between baseline and afterwards. p-value: p-value by the 2-sample t-test.
Table 4. Dentin hypersensitivity reduction rate (%)
Dentin hypersensitivity reduction rate (%)
Test
Air blow test
Electric pulp test

Group

2nd visit
(after 3 days)

3rd visit
(after 5 days)

4th visit
(after 1 week)

5th visit
(after 2 weeks)

6th visit
(after 3 weeks)

P
R
P
R

53.3
46.7
33.3
30.0

80.0
50.0
63.3
50.0

93.3
53.3
80.0
50.0

96.7
50.0
90.0
33.3

80.0
50.0
80.0
33.3

P: experimental group, R: control group.
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osmotic, or chemical, and which cannot be ascribed to any other
form of dental defect or disease” [10].
Brännström [11] proposed the “hydrodynamic theory” as a
mechanism to explain the transmission of pain-producing stimuli through the dentin. For the hydrodynamic mechanism to induce pain, dentin tubules should be open at the dentin surface
and patent at the pulp. Scanning electron microscopy and dye
penetration studies of exfoliated teeth, with clinically characterized “sensitive” and “non-sensitive” areas of exposed dentin,
have shown that tubules are greater in number (eight times),
larger in diameter (two times), and are open in “sensitive” teeth,
whereas tubules are fewer in number, smaller in diameter, and
are usually blocked in their “non-sensitive” counterparts.
The treatments of dentin hypersensitivity are divided into
mechanical occlusion of dental tubules by active desensitizing
ingredients or chemical treatment for reducing the sensitivity
to stimuli. For easy application of these two principles, a dentifrice is chosen for economical and practical reasons [12].
In order to treat dentin hypersensitivity, various kinds of
products for hyperesthesia have been introduced, and their effects have been studied. Louis and Grossman [13] listed the requirements for an ideal dentine desensitizing agent as: rapidly
acting with long-term effects, non-irritant to pulp, painless and
easy to apply, and should not stain the tooth.
Under these conditions, an easy way for treating dentin hypersensitivity is to use a mouthwash and a dentifrice containing
active ingredients for home-use or professional-use. Among
these methods, the use of a dentifrice is the simplest, cheapest,
and sustainable method [14].
In the oral cavity, the amount of saliva secretion decreases
during sleep and during the same time the bacteria in the oral
cavity proliferate rapidly. Therefore, toothbrushing before bedtime is an effective and essential oral health care method because sleep time is the optimal time to allow the oral cavity to
maintain the efficacious ingredients of a dentifrice for the period of time when the oral cavity is not involved in activities such
as food intake.
Therefore, this clinical study aimed to determine the desensitization effect by use of a dentifrice containing calcium glycerophosphate at bedtime in comparison with the control group.
Results of the air blow test showed a score of 6.03 at baseline
to scores of 5.85 at 3 days, 5.36 at 5 days, 5.09 at 1 week, and
4.75 at 2 weeks. There was a statistically significant difference
after 5 days. Many studies have shown that a dentifrice containing potassium phosphate is superior in its occlusion effect on
the dentinal tubule as shown by scanning microscopy, and based
on the results of clinical trials it is also stated that the relaxing
effect on hyperesthesia is excellent [15,16]. A concentration of
0.13% of calcium glycerophosphate in a dentifrice was proved
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to be effective at increasing the calcium and phosphoric acid
concentrations, and its safety was verified [17-19]. Therefore,
the Korea manufacturing standard for a dentifrice allowed a calcium glycerophosphate concentration of up to 0.13%. Lee et al.
[20] reported that hyperesthesia measured by the air blow test
decreased in the experimental group (from 6.20 at baseline to
5.53 at 1 week, 4.73 at 2 weeks, and 4.23 at 4 weeks) and a statistically significant efficacy was presented from week 1 by using a dentifrice containing calcium glycerophosphate 3 times
a day. However our results showed that only one application before bedtime also had effect of reduction of hyperesthesia (from
6.03 at baseline to 5.09 at 1 week). Therefore, it is conceivable
that a sufficient effect of reducing dentin hypersensitivity is obtained by using a dentifrice containing calcium glycerophosphate only before bedtime.
Also, the score on EPT changed from 18.80 at baseline to
18.80 at 3days, 19.17 at 5 days, 21.33 at 1 week, and 22.30 at
2 weeks. There was a statistically significant difference in the
effect on reduction of hyperesthesia after 1 week (p<0.05). Kim
et al. [21] reported that there was a statistically higher effect of
9% hydroxyapatite-containing toothpaste on dentin hypersensitivity after 4 weeks. Lee et al. [20] also reported that it increased in the experimental group (from 10.8 to 15.0 at week
1, 17.3 at week 2, and 21.3 at week 4), the comparison group
(from 11.8 to 14.1 at week 1, 16.0 at week 2, and 17.0 at week
4), and there were significant hyperesthesia decrements after
1 weeks as measured by the EPT test (p<0.05). In the results of
various studies it was found that a dentifrice containing calcium
glycerophosphate might have a more effective and rapid effect
in relieving hyperesthesia, compared with the previous dentifrice.
After considering all these results, we reached a conclusion
that calcium glycerophosphate has an effect on prevention of
dentin hypersensitivity and usage once before bedtime is a more
effective and rapid method in relieving hyperesthesia. In the future, it is necessary to identify to the main function of a dentifrice
such as reduction of the dental caries rate, bad breath, or prevention of periodontal disease.

Conclusion
In order to evaluate the efficacy in reducing hyperesthesia,
we used an experimental dentifrice with calcium glycerophosphate and a control dentifrice that only included an abradant.
A total of 60 subjects were randomly allocated into two groups,
30 in the experimental group and 30 in the control group. Each
group used the dentifrice for 3 weeks and the air blow test and
the electric pulp test were conducted at baseline, after 3 days,
5 days, 1 week, 2 weeks and 3 weeks.
1. Hyperesthesia measured by the air blow test in the ex-
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perimental group (control group) decreased from 6.03 (6.04)
at baseline to 5.85 (6.02) at 3 days, 5.36 (5.81) at 5 days, 5.09
(5.73) at 1 week, and 4.75 (5.72) at 2 weeks. We found that there
was a rapid effect on reduction of hyperesthesia based on a statistically significant difference after 5 days. Also at 3 weeks
which is the point after 1 week of interruption of the use of the
experimental dentifrice the score was 5.10 but it was found that
the reduction effect was maintained.
2. Hyperesthesia measured by the electric pulp test in the experimental group (control group) increased from 18.80 (19.00)
at baseline to 18.80 (19.07) at 3 days, 19.17 (19.17) at 5 days,
21.33 (19.27) at 1 week, and 22.30 (18.33) at 2 weeks. We could
determine that there was a rapid effect on reduction of hyperesthesia based on a statistically significant difference after 5
days. Also at 3 weeks, which is the point after 1 week of interruption of the use of the experimental dentifrice the score was
21.13 but it was found that the reduction effect was maintained.
3. Reduction rate of dentin hypersensitivity measured by air
blow test increased from 93.3% at 1 week to 96.7% at 2 weeks,
and reduction rate of dentine hypesensitivity measured by the
electric pulp test also increased from 80.0% at 1 week to 90.0%
at 2 weeks. Therefore, we could determine that the experimental
dentifrice had a high reduction effect on hyperesthesia.
Consequentially, we reached a conclusion that single use of
a dentifrice with calcium glycerophosphate before bedtime had
an effect on prevention of dentin hypersensitivity and it was a
more effective and rapid method in relieving hyperesthesia
compared with the previous dentifrice.
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