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Introduction
Dentine hypersensitivity (DH) is a transient 
and sharp dental pain condition resulting 
immediately on stimulation of exposed 
dentin and resolving on stimulus removal.[1] 
The worldwide prevalence of DH ranges 
between 4% and 52%.[2] This wide 
variability among papers is probably due to 
differences in the study populations and the 
methodology employed.[3] In regard to the 
pain pathogenic mechanism, several theories 
have been proposed. By far the most widely 
accepted theory is the hydronymic theory 
proposed by Brannstrom et al.[4,5] According 
to this theory, DH is caused by shifts in 
the fluid located inside the open dentin 
tubules. This movement would trigger pulp 
nerve fibers type  Aα and C, causing pain 
symptoms to the patient. Regardless of the 
etiology of dentin exposure, one feature 
that appears to be in common is open 
dentinal tubules which provide a direct link 
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Abstract
Background: Over many years, numerous products have been suggested for the relief of dentin 
hypersensitivity  (DH). Calcium sodium phosphosilicate is one desensitizing agent that has 
remineralizing potential. Available in toothpaste and mouthwash delivery vehicle, this study 
was carried out to compare the effectiveness on dentinal hypersensitivity  (using the Airblast test 
and Cold test) and on tooth remineralization  (using DIAGNOdent pen) in a 4‑week period. 
Materials and Methods: Out of the 45  patients screened, 28  patients who fulfilled the inclusion 
criteria and who willingly signed the consent form were selected and were randomly allocated 
into two groups  –  toothpaste and mouthwash. The tooth numbers and specific site of dentinal 
hypersensitivity for every patient were noted and the air blast test, cold test, and DIAGNOdent 
scores were recorded at baseline visit. The patients were instructed about the use of the product 
and were asked to come on the 30th  day for re‑evaluation. Results: Within‑group comparison 
showed a significant reduction  (P  <  0.05) in the air blast score  (toothpaste  –  68.53% and mouth 
rinse – 48.52%), cold test score (toothpaste – 56.38% and mouth rinse – 38.87%), and DIAGNOdent 
score  (toothpaste  –  20.35% and mouth rinse  –  9.49%). In‑between group comparison showed no 
statistically significant difference  (P  >  0.05). Conclusion: Desensitizing mouthwash is as effective 
as toothpaste in reducing DH with a fair remineralization potential comparable with that of the 
toothpaste.
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between the external environment and the 
tooth pulp. Over many years, numerous 
products have been suggested for the relief 
of DH, working on treatment mechanisms 
to reduce the stimulus‑induced fluid flow 
in the dentinal tubules and consequent 
nociceptor activation in the pulp/dentin 
border area.[6] In fact, various agents with 
remineralization potential are recommended 
in the long‑lasting treatment of DH. 
Toothpaste is the most common vehicle for 
desensitizing agents. The current knowledge 
supports the use of dentifrices with arginine, 
strontium acetate, stannous fluoride, and 
calcium sodium phosphosilicate for the 
treatment of DH;[6] however, other active 
agents are still a subject of debate such 
as casein derivatives,[7,8] oxalates,[9] or 
potassium nitrate.[10,11] Few of these agents 
have also been evaluated as a mouthwash 
with favorable results, although the 
evidence supporting its efficacy is low and 
nonconclusive.
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The choice of the desensitizing agent delivery vehicle 
should be in accordance with the Grossman criteria for 
an ideal desensitizing agent, i.e.  with long‑term effects, 
nonirritant to pulp, painless, and easy to apply and should 
not stain the tooth. This study was thus undertaken to 
scientifically validate the prescription of a desensitizing 
mouthwash over a desensitizing toothpaste and also to 
evaluate and compare the remineralizing potential of the 
two products using DIAGNOdent pen.

Materials and Methods
Study design

This study is a parallel, double‑blinded, randomized 
clinical trial  (the examiner and statistician were blinded) 
conducted in SDM College of Dental Sciences and 
Hospital  (SDMCDSH), Dharwad. The ethical approval to 
carry out this study was obtained from the Institutional 
Review Board  –  SDMCDSH. Informed consent was taken 
from all the eligible subjects who agreed to participate 
in this study. The study was conducted over a period of 
2 months from July to August 2017.

Sample size estimation

The sample size was calculated using 
G power 3.1 .9.2 Software (Franz Faul, University Kiel, 
Germany) using data from a study conducted earlier.[12] 
The calculated sample size was 13 in each group. Keeping 
into account 20% regression rate, the sample size was 
extrapolated to 15 in each group  (n  =  30; NA  =  15 and 
NB = 15).

p = Significance level at 5%.

β = 0.2 (at 80% power).

Inclusion/exclusion criteria

Adult subjects  (age  >18  years) with a chief complaint of 
tooth sensitivity were invited in this study. The subjects 
were screened to rule out any periodontal destruction, 
carious lesion, and gingival recession that could have 
led to tooth sensitivity. Further, only the subjects who 
exhibited an air blast score  >1 and a DIAGNOdent pen 
score  >12  (showing early demineralization) were selected 
for this study. It was made sure that the subjects were not 
using any desensitizing agent before the participation in 
this study. Subjects with a history of any systemic illness 
such as diabetes, hypertension, or any form of medications 
such as anti‑inflammatory drugs, analgesics, or antibiotics 
were also excluded from this study. The subjects were 
enrolled in this study only after they willingly signed the 
informed consent form.

Methodology

All the subjects enrolled in this study underwent 
oral prophylaxis and were given the same brand 
toothpaste  (Colgate cavity protection) and a soft‑bristled 

toothbrush for the purpose of standardization. The subjects 
were asked to use the given toothpaste and toothbrush for 
a washout period of 7  days and return to the clinic for 
baseline evaluation of their dental health status.

Tactile, cold, and evaporative air stimuli are recommended 
as reliable tests for DH. Since DH may be different for 
different stimuli, it is recommended that at least two 
hydrodynamic stimuli should be used. The least severe 
stimulus should be applied first.[11] The interval between 
stimulus applications should be specified in the protocol and 
be of sufficient duration to minimize interactions between 
stimuli. In accordance with the aforementioned guideline, in 
the present study, the tests used to measure DH are air blast 
test and cold test. Air blast test was done 5 min before the 
cold test to minimize the interaction in between the stimuli. 
The site on the tooth surface from which the air blast test 
reading was measured was noted down. The same site was 
used to measure the subsequent cold test reading as well as 
the DIAGNOdent pen reading. In the follow‑up visit also, 
same tooth and same site were measured for the two DH 
tests and tooth demineralized status test.

At the baseline visit, the subjects were first evaluated for 
air blast test, then cold test, and then the DIAGNOdent pen 
test. For each subject, a minimum of two teeth were scored 
for the aforementioned tests. The scores were obtained 
from the facial, cervical one‑third of the tooth surface. 
The tooth number was noted for each subject to aid in the 
re‑evaluation of the same tooth at the follow‑up visit.

Air blast test

A blast of air was directed onto the cervical one‑third area 
of the tooth for 1–2 s using a standard dental unit syringe 
from a distance of 10  mm, while the adjacent teeth were 
isolated using cotton rolls.

Cold test

Dry ice  (used for chairside cold testing) sprayed on to 
a small cotton pellet was kept onto the tooth surface 
for 2–3 s.

The aforementioned stimuli tests were applied in the order 
stated above, with a minimum 5  min gap between the 
application of different stimuli. For all stimuli tests, subject 
response was recorded on the following scale:
•	 0 – No significant discomfort or awareness of stimulus
•	 1 – Discomfort but no severe pain
•	 2 – Severe pain during application of stimulus
•	 3 – Severe pain during and after application of stimulus.

For each individual, the cold test score and air blast test 
score was obtained by adding score for each tooth and then 
dividing by the total number of teeth examined.

DIAGNOdent pen test

The tooth surface was cleaned and dried. The tip of the 
Kavo DIAGNOdent pen was placed perpendicular to the 
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long axis of the tooth at the cervical area of each tooth 
examined for the DH tests before. The reading on the 
pen was noted for each tooth. Summing up all the teeth 
demineralized scores as recorded by the DIAGNOdent 
pen per tooth and dividing by the total number of teeth 
examined, provided the demineralized status of the affected 
teeth for that subject.

For carrying out research on desensitizing agents, the 
study protocol, clinical measurements, data collection, and 
documentation should be in accordance with the FDA and 
European guidelines for good clinical practice.[11] According 
to the guidelines, the subjects should be randomized to the 
treatment groups using a recognized randomization process. 
The method of minimization[11] or one of its variants is used 
to randomly allocate the subjects into the various groups 
while ensuring the desired balance among the treatment 
groups. Likewise, in this study also, randomization was 
done following the principle of minimization.

Following the baseline examination for DH (using air blast 
test and cold test) and demineralized status of affected 
teeth  (using DIAGNOdent pen scoring), the selected 
subjects were randomly assigned to one of the two groups:
•	 Group A: Sensodent K‑Plus toothpaste
•	 Group B: Sensodent K‑Plus toothpaste mouthwash.

These assignments were done by a person other than the 
chief investigator. The subjects were balanced into the above 
two groups based on their baseline visit air blast scores 
(primary outcome variable). The same person also gave the 
instructions regarding the usage of their respective products.

Instructions to patients in Group A

The patients were asked to apply a small amount of the allotted 
toothpaste on the affected site of the tooth surface. After 
2  min  (as per the manufacturer’s instructions), the subjects 
were asked to brush their teeth normally using a pea‑sized 
amount of the same toothpaste on the soft‑bristled toothbrush 
using the modified bass technique. The patients were asked to 
practice this twice a day – in the morning after waking up and 
at night just before sleeping. At the baseline visit, the brushing 
technique was demonstrated to all the subjects.

Instructions to patients in Group B

The patients were asked to brush their teeth normally using 
a pea‑sized amount of the given Colgate cavity protection 
toothpaste on the soft‑bristled toothbrush using the modified 
Bass technique. After 30 min of brushing, the subjects were 
asked to take 10 mL of the allotted mouthwash and rinse 
their mouth thoroughly for 30 s  (as per manufacturer’s 
instructions). The patients were asked to practice this twice 
a day  –  in the morning after waking up and at night just 
before sleeping.

The subjects were recalled after 30  days usage of the 
assigned products and were evaluated by the same 
calibrated dental examiner for DH status  (using air blast 

test and cold test) and demineralized status of the affected 
teeth (using DIAGNOdent pen).

Statistical analysis

The data were entered into the computer  (MS‑Office 2007, 
Excel data sheet). The data were subjected to statistical 
analysis using the statistical package  (SPSS version  20.0). 
Statistical significance was recorded at P  <  0.05. 
Shapiro–Wilk test was performed to test normality of the 
data. Nonparametric tests were used (Wilcoxon Signed‑rank 
test and Mann–Whitney U‑test) for within group and 
in‑between group analysis.

Results
Out of the 45 subjects assessed for eligibility, thirty who 
fulfilled the inclusion criteria were randomly allocated to 
the two groups  –  15 in Group  A  (Toothpaste) and 15 in 
Group B (Mouthwash). Two subjects were lost in follow‑up in 
each group; thus, 13 in each group (total 26) were analyzed at 
the end of the study [Figure 1].

There was no statistically significant difference in mean 
age between the groups  (34 and 32.33 years, respectively). 
At baseline, no significant differences were detected among 
the two groups with respect to mean air blast score, cold 
test score, and DIAGNOdent Pen Score.

Figures  2‑4 shows the mean air blast test scores, mean cold 
test scores and mean DIAGNOdent Pen scores respectively in 
the two groups.

Wilcoxon Signed‑rank test shows a highly statistically significant 
difference (P < 0.01) after a 30‑day use of the allotted product 
in air blast test, cold test, and even the DIAGNOdent pen scores 
in Group A as well as in Group B [Table 1].

There was no statistically significant difference in between 
the two groups at baseline for air blast test, cold test, and 
DIAGNOdent pen scores. Mann–Whitney U‑test showed a 
statistically significant difference only in the 30th‑day cold 
test score [Table 2].

Discussion
Dentinal hypersensitivity is a significant clinical problem. 
The effectiveness of a variety of available treatment 
agents for DH will help the clinician decide the best 

Table 1: Wilcoxon signed‑rank test for air blast test, cold 
test, and DIAGNOdent pen test in Group A and Group B
Group Air Blast test Cold test DIAGNOdent Pen test
Group A

Z −3.194 −3.192 −3.191
P 0.001* 0.001* 0.001*

Group B
Z −3.190 −3.187 −3.062
P 0.001* 0.001* 0.002*

*Level of statistical significance set at p<0.05
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way to manage this oral pain condition of his/her 
patients. The desensitizing agent chosen in this study was 
calcium sodium phosphor silicate that is delivered in two 
vehicles  –  toothpaste and mouthwash. Calcium sodium 
phosphosilicate, originally developed as a regenerative 
bone material, has been shown to be effective at physically 
occluding dentinal tubules.[13,14] Clinical evaluations of 
calcium sodium phosphosilicate for the treatment of DH 
have recorded statistically significant and clinically positive 
results.[15,16] It has been shown that this innovative bioactive 
glass‑containing technology occludes dentinal tubules and 
resists acid challenge.

The remineralizing potential of the desensitizing agent 
dispensed in the toothpaste form  (Group  A) and as a 
mouthwash  (Group  B) was tested using the DIAGNOdent 
pen  –  a laser fluorescence‑based instrument introduced in 
1998. Once the tip of the DIAGNOdent pen is contacted 
to the tooth surface, the laser energy penetrates the tooth 
surface and is absorbed by the surrounding tooth material, 
and fluorescence within the infra‑red spectrum occurs. 
The emitted fluorescence is collected by the tip and is 
carried back to the photodiode detector, and the reading 
gets displayed as a nominal value of 0–99. The underlying 
principle is that the de‑mineralized tooth structure emits 

a stronger fluorescence and thus is expressed as a higher 
number readout by the device.[17] In this study, the inclusion 
criteria stated a DIAGNOdent pen test value  >12 as more 
than 12 signifies early de‑mineralization according to the 
manufacturer’s instructions.

There cannot be any direct comparisons of this study 
with the previous studies owing to different follow‑up 
periods and different evaluation methods. In a study done 
by Acharya et  al. using Sensodent K toothpaste, 48% 
reduction in visual analog scale scores over a 4‑week 
period was noted and it was also found to be statistically 
significant.[18] A meta‑analysis done on the effectiveness of 
desensitizing mouthwash concluded statistically significant 
reduction in sensitivity scores when DH was assessed by 
means of patients’ self‑reported pain experience.[2]

This double‑blinded randomized clinical trial showed that 
there is a statistically significant reduction in DH in both 
the test groups  (toothpaste and mouthwash) when used 
over a period of 30  days. Moreover, both the groups also 
showed a statistically significant remineralization potential 
over a period of 30 days. Future studies are recommended 
to evaluate the long‑term efficacy of these products with 
longer follow up periods and a larger sample size.

Assessed foe eligibility (n = 45)

Excluded (= 15) Not meeting the
 inclusion criteria

Randomized (n = 30)

(Washout Period – 7 Days)

Allocated to Group A 
(Sensodent K Plus 

Tooth paste) NA = 15

Allocated to Group B 
(Sensodent K Plus 

Mouth Wash) NB = 15 

After 30 Days (Final Follow Up)

Lost to follow up
 (n = 2)

Lost to follow up
 (n = 2)

Analyzed
 NA=13

Analyzed
 NA=13

Figure 1: Consort flow diagram showing the distribution of the study subjects through each stage of the trial
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Conclusion
In this study, no statistically significant difference was 
noted in the desensitizing and remineralizing potential 
of calcium sodium phosphor‑silicate when delivered in 
toothpaste or on mouthwash form. Thus, the choice of 
which drug delivery vehicle should be prescribed to our 
patients will depend upon what is easier to use for the 
patient so that better patient compliance can be attained.
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Figure 2: The mean air blast test scores at baseline visit in Group A and in 
Group B was 2.47 and 2.39 respectively. After 30 days use of the allotted 
product, the airblast test scores in Group A and Group B was 0.78 and 
1.23 respectively
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Figure 3: The mean cold test scores at baseline visit in Group A and in 
Group B was 2.76 and 2.58, respectively. After 30 days use of the allotted 
product, the cold test scores in Group A and Group B were 1.27 and 1.58, 
respectively
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Figure 4: The mean DIAGNOdent Pen test scores at baseline visit in Group A 
and in Group B were 30.49 and 26.66, respectively. After 30 days use of 
the allotted product, DIAGNOdent pen test scores in Group A and Group B 
were 24.49 and 24.1, respectively

Table 2: Mann‑Whitney U‑test for air blast test, cold test, and DIAGNOdent test at baseline visit and 30th‑day visit in 
between Group A and Group B

Air Blast test 
baseline

Air Blast test 
30th day

Cold test 
baseline

Cold test 
30th day

DIAGNOdent Pen 
test score baseline

DIAGNOdent Pen 
test score 30th day

Mann‑Whitney U 77.500 47.000 70.000 38.500 60.000 71.000
P 0.724 0.057 0.479 0.016* 0.223 0.511
*Level of statistical significance set at P < 0.05
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