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A b s t r ac t
Aim: The aim of this study was to evaluate if Pro-Argin mouthwash is as efficient as Pro-Argin paste at occluding dentinal tubules and reducing
dentin hypersensitivity (DH).
Materials and methods: The study used 90 dentin disks that were free of enamel and pulp horns. They were divided into three groups of 30 disks
each at random: group I: saline-immersed dentin disks, group II: paste-immersed dentin disks, and group III: mouthwash-immersed dentin disks.
On the 1st, 15th, and 30th days, specimens from three groups underwent scanning electron microscopic analysis.
Results: The lower the occlusion score, the fewer the open dentinal tubules and the better the tubule occlusion. The mean intergroup occlusion
scores for the paste and mouthwash groups on days 1, 15, and 30 showed significantly higher dentinal tubule occlusion than the saline group
at p < 0.001. The intragroup comparison of mean dentinal tubule occlusion scores on days 1, 15, and 30 using the repeated measures analysis
of variance (ANOVA) test revealed no significant differences between time intervals in each study group.
Conclusion: The study found that using Pro-Argin mouthwash to occlude dentinal tubules can be a viable option for reducing hypersensitivity.
Clinical significance: When translated into clinical practice, this finding can be especially beneficial to patients recovering from periodontal
surgery, where brushing with a paste is not recommended in the first postoperative week.
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Introduction

1,2,4

Dentin hypersensitivity is characterized by short sharp pain arising
from exposed dentin in response to stimuli typically thermal,
evaporative, tactile, osmotic, or chemical and which cannot be
ascribed to any other form of dental defect or pathology.1 The
term root sensitivity was coined by the World Workshop of the
European Federation of Periodontology in 2002 to indicate a distinct
type of DH due to gingival recession that occurred as a sequel of
periodontal disease or as a part of periodontal treatment.2 The
prevalence of dentinal sensitivity varies between 4 and 57% in the
general population and is between 60 and 98% in patients with
periodontitis, especially after periodontal surgery. 3
One of the objectives of the treatment of DH is pain
reduction by occlusion of permeable dentin tubules or by nerve
desensitization.4–6 This can be achieved by using several physical
and chemical agents like fluoride-containing compounds/solutions,
potassium or strontium chloride, oxalates, resin-based bonding
agents, amorphous calcium phosphates, and lasers. A recent
addition to these lines of desensitizing agents is arginine.
There have been many studies where toothpastes have been
compared with saline as the control or multiple toothpastes have
been compared that use different technologies to occlude the
dentinal tubules. Taking into account the positive results obtained
with arginine-containing toothpaste and mouthwash in reducing
DH, it was decided to carry out this present study.
In 2002, Kleinberg et al. developed the Pro-Argin technology that
comprises 8% arginine with calcium carbonate and bicarbonate.7 The
principle behind this composition is that at physiological pH the

amino acid arginine is positively charged, bicarbonate is a pH buffer,
and calcium is released from calcium carbonate. This composition aids
in keeping the alkaline pH of saliva and hence helps in the occlusion
of dentinal tubules through the establishment of a glycoprotein
on the surface.7 Several clinical studies have also reported that
arginine-containing mouthrinse containing 0.8% arginine, polyvinyl
methyl ether/maleic acid (PVM/MA) copolymer, pyrophosphates,
and 0.05% sodium ﬂuoride in an alcohol-free base mouthrinse was
effective compared to control mouthrinses in reducing DH.8,9
Another area where desensitizing mouthwashes are found to
be useful is postsurgical sites. The incidence of DH after periodontal
surgery has been found to be maximum at 1 week post-surgery.10
During this period, since there is a restriction on the use of oral
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Pro-Argin for Dentin Hypersensitivity
hygiene aids, mouthwash containing desensitizing agents will be
more advisable than toothpaste. Considering the positive results
obtained with arginine-containing toothpaste and mouthwash in
reducing DH it was decided to carry out this present study with an
aim to compare the clinical efficacy of two different formulations
of arginine-containing formulations (paste and mouthwash) of the
same desensitizing agent in occluding dentinal tubules over a period
of 1 month and to evaluate if Pro-Argin mouthwash is as efficient
as Pro-Argin paste at occluding dentinal tubules and reducing DH.
Studies have been carried out that evaluated the efficacy of the
mouthwash and paste individually, but there are very few studies
that have evaluated their efficacy by comparing them together.
Thereby, the present study was undertaken to compare the efficacy
of the mouthwash and paste with the same formulations.

M at e r ia l s

and

Methods

Study Population
Ninety dentin disks were used in this single-centered in vitro study.
These dentin disks were prepared from extracted teeth of patients
visiting the Vydehi Institute of Dental Sciences and Research
Centre. Teeth included in the study for dentin disk preparation were
single/multirooted permanent human teeth extracted due to hopeless
periodontal prognosis, teeth with intact root surfaces, and relatively
flat root surfaces. Those excluded were teeth with caries or subgingival
restorations or root canal-treated teeth. After extraction, teeth were
washed and stored in saline. Because this study was conducted on
extracted teeth, no ethical approval was obtained. However, prior to
the extraction of the hopeless teeth, all patients who underwent the
extraction signed a written informed consent form.

Sample Size
The sample size has been estimated using the G*Power software
v. 3.1.9.2. Considering the effect size to be measured (f) at 50%, the
power of the study at 80%, and the margin of the error at 5%, the
sample size needed in each group was 30. Since there were three
groups, the total sample size was 90.

Study Protocol
The teeth were sectioned with a diamond disk (Dumont diamond
disk) perpendicular to the long axis of the tooth, with a thickness
of approximately 1.0 ± 0.1 mm from the middle portion of coronal
dentin (Fig. 1). Enamel and pulp horns were removed from the

disk surface. A polishing paper was used to create a smooth and
regular surface on the dentin disks. The polishing abrasive was then
removed from the polished samples by sonicating them in distilled
water for 10 minutes. The samples were then washed with saline.
All the tooth samples were washed and stored in saline. Following
that etching of dentin disks was accomplished with 37% phosphoric
acid for 30 seconds to expose the dentinal tubules. After etching
samples were rinsed with distilled water, stored in distilled water
in a jar, and then sonicated finally for 5 minutes. For subsequent
uncoated scanning electron microscopy (SEM) investigation,
phosphate-buffered saline (pH = 7) was used to store the etched
and sonicated samples.
This was an in vitro study and the randomization into three
groups was done using a simple random sampling technique. The
30 dentin disks were divided into three groups. Dentin disks in
group I were immersed in saline, group II in Pro-Argin-containing
toothpaste [Colgate® Sensitive Pro-Relief™ Toothpaste with
Pro-Argin™ Technology, Colgate-Palmolive (India) Limited, Colgate
Research Centre, Main Street, Hiranandani Gardens, Powai, Mumbai
400 076], and group III in Pro-Argin-containing mouthwash
[Colgate* Sensitive Pro-Relief™ Mouthwash, Colgate-Palmolive
(India) Limited, Colgate Research Centre, Main Street, Hiranandani
Gardens, Powai, Mumbai 400 076] (Fig. 2). Ten samples each from
groups I, II, and III were chosen for testing efficacy for 1 day, another
10 samples from each group were assessed for 15 days, and another
30 samples, 10 samples from each group, were assessed for 30 days
by keeping it undisturbed at room temperature. The samples are
collected and carefully rinsed using distilled water and made sure
that any remaining product from the surfaces had been removed.
Ten specimens from all the groups were then undergone a coating
process composed of a layer of gold/palladium with a mini sputter
coater to aid conductivity for subsequent SEM analysis on the 1st,
15th, and 30th days. The scanning electron microscope set at an
operating voltage of 5 kV in Shadow 2 image mode was used to
evaluate and examine samples. The scanning electron microscope
was adjusted to a magnification of 2000× and SEM micrographs
were captured for evaluation (Figs 3 to 5). Figures 3A to C show
SEM micrographs of dentin disks immersed in saline on days 1,
15, and 30, respectively. Figures 4A to C show SEM micrographs of
dentin disks immersed in Pro-Argin-containing paste on days 1,
15, and 30, and Figures 5A to C that of SEM micrographs of dentin
disks immersed in Pro-Argin-containing mouthwash on days 1, 15,
and 30, respectively.

Fig. 1: Dentin disks
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Figs 2A to C: (A) Dentin disks immersed in saline; (B) Dentin disks immersed in Pro-Argin-containing paste; (C) Dentin disks immersed in
Pro-Argin-containing mouthwash

Figs 3A to C: SEM micrographs of dentin disks immersed in saline on (A) day 1, (B) day 15, and (C) day 30

Figs 4A to C: SEM micrographs of dentin disks immersed in Pro-Argin-containing paste on (A) day 1, (B) day 15, and (C) day 30

Figs 5A to C: SEM micrographs of dentin disks immersed in Pro-Argin-containing mouthwash on (A) day 1, (B) day 15, and (C) day 30

All the examiners who did the SEM visual assessment were
blinded. To minimize or eliminate the errors associated with
subjectivity, in each sample the treated dentin surface was captured
for four representative images. The level of tubule occlusion was
assessed and scored from the images independently by two

well-trained blinded reviewers. The level of tubule occlusion was
then scored on the pictures independently by two skilled blinded
reviewers (NK and PB) using the tubule occlusion categorization
scoring system (on a categorical scale of 1–5)11: (1) Occluded (all
tubules are occluded); (2) Mostly occluded (50–100% of tubules are
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Discussion

occluded); (3) Partially occluded (25–50% of tubules are occluded);
(4) Mostly unoccluded (25% of tubules are occluded); and (5)
Unoccluded (0%, no tubule occlusion). The mean tubule occlusion
score assigned by the two blinded reviewers (NK and PB) was used
for analysis.

Dentinal hypersensitivity is not thought to be lethal, but it
might affect the patient’s quality of life by causing physical and
psychological issues.11 For a tooth to become sensitive, two
processes must occur: lesion localization, in which the dentin is
exposed, and lesion initiation, in which the dentin tubule system
is opened and patent to the pulp.11
The dentin may be exposed as a result of one of the following
processes: anatomical features in the cementum–enamel junction
region, removal of the enamel covering the crown of the tooth, and
denudation of the root surface due to cementum and overlying
periodontal tissues loss. This denudation can be caused by gingival
recession, which worsens with increasing age, or by periodontal
disease.12 The hydrodynamic theory proposed by Brannstrom is
the most widely accepted theory.13,14 This theory holds that fluid
movements within the open dentin tubules are what initiates DH.
The patient would feel pain sensations as a result of this motion
activating pulp nerve fiber types A and C.15
Dentinal tubule occlusion, which blocks the hydrodynamic
mechanism, and neural transmission blockage to the pulp are the
present two treatment approaches for DH. Both these methods are
proved to be effective in reducing or eliminating hypersensitivity
but a marked difference was noted in the duration of relief from
pain. The necessity for materials that decrease hypersensitivity
of dentin by chemical reaction with the tooth surface incited the
evolution of inventory technologies like Pro-Argin technologies. At
physiological pH, calcium carbonate and arginine merge and bind
to the dentin surface which is negatively charged to form a coating
rich in calcium that plugs and seals the dentin tubules.12

Statistical Analysis
The expression of dentinal tubule occlusion scores for each
group was expressed as mean and standard deviation (SD). The
mean dentinal tubule occlusion scores on days 1, 15, and 30 were
compared using a one-way ANOVA test followed by Tukey’s post
hoc analysis. Repeated measures of the ANOVA test were used to
compare the mean dentinal tubule occlusion scores between varied
time intervals in each study group. The statistical significance was
set at p-value < 0.001.

R e s u lts
A decrease in occlusion score indicated a lower number of open
dentinal tubules and better tubule occlusion in the three studied
groups.
Table 1 compares the mean dentinal tubule occlusion scores
of the groups on days 1, 15, and 30 using the repeated measures
ANOVA test. The test results indicated no significant differences
in mean dentinal tubule occlusion scores between different time
intervals in each study group. The intergroup comparison of mean
dentinal tubule occlusion scores on days 1, 15, and 30 is shown in
Table 2. The mean occlusion scores for the paste and mouthwash
groups on days 1, 15, and 30 showed significantly higher dentinal
tubule occlusion than the saline group at p < 0.001.

Table 1: Intragroup comparison of mean dentinal tubule occlusion scores between different time intervals using repeated measures of ANOVA test
Groups

Time

N

Mean

SD

Minimum

Maximum

p-value

Saline

Day 1
Day 15
Day 30
Day 1
Day 15
Day 30
Day 1
Day 15

10
10
10
10
10
10
10
10

4.80
5.00
5.00
2.40
3.40
3.50
2.10
2.00

0.42
0.00
0.00
1.43
0.70
0.71
0.57
0.00

4
5
5
1
3
3
1
2

5
5
5
5
5
5
3
2

0.14 NS

Day 30

10

2.00

0.00

2

2

Paste

Mouthwash

0.08 NS

0.17 NS

NS, Not significant (p-value > 0.05)

Table 2: Intergroup comparison of mean dentinal tubule occlusion scores at different time intervals using ANOVA test followed by Tukey’s
post hoc test
Time

Groups

N

Mean

SD

p-valuea

Significant difference

p-valueb

Day 1

Saline (S)
Paste (P)
Mouthwash (M)
Saline (S)
Paste (P)
Mouthwash (M)
Saline (S)
Paste (P)

10
10
10
10
10
10
10
10

4.80
2.40
2.10
5.00
3.40
2.00
5.00
3.50

0.42
1.43
0.57
0.00
0.70
0.00
0.00
0.71

<0.001*

S vs P
S vs M
P vs M
S vs P
S vs M
P vs M
S vs P
S vs M

0.002*
<0.001*
0.86 NS
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

Mouthwash (M)

10

2.00

0.00

P vs M

<0.001*

Day 15

Day 30

<0.001*

<0.001*

NS, not significant (p-value > 0.05); *p < 0.001 = highly significant; ap-value derived by ANOVA test; bp-value derived by Tukey’s post hoc test
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This study was carried out with the aim of comparing the
efficacy of Pro-Argin-containing paste and mouthwash in occluding
dentinal tubules. Provided the mouthwash is more or equally
effective as compared to paste, it can be used as a solution to
one of the most common complaints observed in patients after
periodontal surgeries, DH.
Scanning electron microscopy analyses were used in the
present study to assess the efficacy of Pro-Argin-containing
paste and Pro-Argin-containing mouthwash with saline as the
control immediately after use, that is, day 1, followed by days
15 and 30 of continuous application. To minimize or eliminate the
errors associated with subjectivity, in each sample the treated
dentin surface was captured for four representative images.
The level of tubule occlusion was assessed and scored from the
images independently by two well-trained blinded reviewers.
Both test groups observed a significant amount of dentinal
tubule occlusion on day 1 when compared to the control group.
The occlusion capability of the paste gradually decreased over
time (but was not found to be statistically significant), whereas
dentinal tubule occlusion increased over a 1-month period for
the mouthwash group. This is consistent with a previous study
that found that immersing dentin disks in Pro-Argin-based
formulations resulted in statistically significant reductions
in the closure of open dentinal tubules when compared to
saline-immersed disks.16
As a consequence of both nonsurgical as well as surgical
treatment periodontal treatment there is a chance of gingival
recession of the soft tissues along with root exposure due to
periodontal pocket reduction. The root dentin thus exposed
may be devoid of cementum, can be affected by fluids in the
oral cavity, and may become susceptible to DH. This condition
may lead to a wrong impression on the patient due to the fact
that the teeth which were asymptomatic before periodontal
treatment may become symptomatic after treatment which can
lead to a misinterpretation of the favorable outcome obtained
after periodontal therapy.
When compared to toothpaste, mouthwashes act as better
vehicles for desensitizing agents as they allow better access to
all surfaces of the teeth in comparison to the limited accessibility
of a dentifrice, mainly in the interdental areas here by increasing
the effectiveness of desensitization therapy.17 Also the use of
mouthwash is more agreeable, especially in the postsurgical
phase after periodontal treatment, during which brushing using
toothpaste should be circumvented. Also, the discomfort induced
by hypersensitivity while using a toothbrush and paste might make
it difficult or impossible for the patient to maintain effective plaque
control. Thus, the use of mouthwash is advantageous for patients,
especially in maintaining proper oral hygiene which is a key element
influencing periodontal healing and thereby affecting the success
of periodontal treatment. One limitation of the current study is the
length of time the disks were immersed in the formulas, which may
not be applicable in real-life situations.

C o n c lu s i o n
Pro-Argin-containing mouthwash performed better in occluding
the dentinal tubules compared to toothpaste after 15 and 30 days of
continuous usage. When translated into clinical practice, this finding
can be especially beneficial to patients recovering from periodontal
surgery, where brushing with a paste is not recommended in the
first postoperative week.

Manufacturer’s Name and Address
Pro-Argin toothpaste: Colgate® Sensitive Pro-Relief™ Toothpaste
with Pro-Argin™ Technology, Colgate-Palmolive (India) Limited,
Colgate Research Centre,Main Street, Hiranandani Gardens, Powai,
Mumbai 400 076.
Pro-Argin Mouthwash: Colgate* Sensitive Pro-Relief ™
Mouthwash, Colgate-Palmolive (India) Limited0 Colgate Research
Centre, Main Street, Hiranandani Gardens, Powai, Mumbai 400 076.
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