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Evaluation Of Various Desensitizing Agents In
Reducing Dentin Hypersensitivity Using
Scanning Electron Microscope: A Comparative
In Vitro Study.

Abstract

Background

Dentine hypersensitivity is a common complaint among patients. The acute, non-spontaneous,
short or long lasting nature of pain requires a therapeutic mode which would bring about a
significant immediate and lasting relief from dentine hypersensitivity. This study compares the
efficacy of Diode Laser and desensitizing toothpastes containing Calcium Sodium
Phosphosilicate, Pro-Argin and Hydroxyapatite in occluding dentinal tubules using Scanning
electron microscopy.

Method

A total of 25 dentin blocks were obtained from the roots of the single rooted teeth within one
month of their extraction and randomly divided into five groups comprising of four test groups and
one control group. The dentin blocks were treated with their respective agents and immersed in
synthetic saliva for a period of 7 days. The dentin blocks were evaluated using SEM by previously
trained examiners.

Results

All groups showed an increase in the percentage of tubular occlusion at 0, 24, 72, 120and 168
hours. However Calcium Sodium Phosphosilicate showed a significantly greater (p<0.0001)
percentage of tubular occlusion as compared to the other groups after seven days.

Conclusion

All the experimental agents were effective in occluding dentinal tubules as compared to the
control group. The percentage (%) of occluded tubules was found to be highest for Calcium
Sodium Phosphosilicate as compared to the other groups over a period of 7 days. However

further long term studies more studies are required to come to a conclusion.
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Argin, Hydroxyapatite and Novamin
respectively in occluding the dentinal
tubules over a period of 7 days using
Scanning electron microscopy.

Material And Method

Actotal of 25 dentin blocks were obtained
from the roots of the single rooted teeth
and stored in saline. All experiments

Introduction

Over the years pain and discomfort have
been the major causes for which patients
have sought unscheduled or emergency
dental visits. With the evolution of
dentistry, these causes have largely been
eliminated. As a consequence of the new
age lifestyle in the 21st century, new
afflictions have arisen.

Dentinal hypersensitivity is a frequent
problem, most commonly, affecting the
facial surface of premolars and canines™.
It afflicts perhaps 15% of the adult
population throughout and possibly upto
57% in some regions”. The international
workshop held at Newark, NJ, USA in
November 1994 defined dentinal
hypersensitivity as™: “Ashort, sharp pain
arising from exposed dentinal in response
to stimuli, typically thermal, evaporative,
tactile, osmotic or chemical and which
cannot be ascribed to any other dental
defect or pathology”. The Canadian

Advisory Board in the year 2003
suggested a modification of the present

definition™ in which they substituted

‘disease’ for ‘pathology’.

Various theories have been put forth to
explain the actual mechanism of dentinal
hypersensitivity. The hydrodynamic
theory given by Brannstrom in the year
1964 is the most accepted theory.”

The desired goal for treatment of dentin
hypersensitivity is attainment of
immediate and lasting relief from
discomfort. This can be accomplished
either by a passive mechanism such as
precipitation of salivary calcium
phosphate inside the dentinal tubules and
the adsorption of plasma protein or by an
active mechanism which uses
desensitizing agent alone or as an adjunct
to another dental procedure®.

The present in vitro study was conducted
to evaluate the efficacy of diode laser and
desensitizing pastes containing Pro-

were conducted within 1 month of
extraction.

Inclusion Criteria

1. Periodontally compromised single
rooted anterior teeth within one
month of their extraction.
Caries free root surface.
Roots without any wasting disease
(Abrasion, Erosion, Abfraction)

Fractured roots, endodontically treated
teeth and prosthodontically restored teeth
were excluded.

Preparation Of The Samples

The diseased root surfaces of all teeth
were firstly scaled with an ultrasonic
scaler. Samples were taken from the root
by marking four parallel grooves with a
tapered diamond bur in a micromotor
hand-piece under copious saline
irrigation. The grooves were positioned
horizontally at CEJ and at 3 mm, 6mm
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groups:
Group A -
Phosphosilicate
Group B- Pro-Argin

Group C- Diode Laser (940nm)

Group D- Hydroxyapatite

Group E- Control.

The agents for groups A, B and D were
applied using an applicator brush for a
period of 2 minutes twice daily. The
dentin blocks in group C were irradiated
with diode laser (940nm) with the
following parameters:; 0.5 W in PW (T on
100ms and T off 100ms) and fluence of
62.2 J/cm2 in no contact mode. Each site
received 3 applications of 1 min each”
(Fig 2). The samples were stored in
artificial salivaat 3710; CatapH of 7 fora
period of seven days under a continuous
stirring (100rpm). The composition of
the artificial saliva was similar to the
human saliva and was prepared using the
following reagents: 1.09mmol/LCaCl2,
0.68mmol/LKH2PO4, 30mmol/L KCI,
2.6umol/L NaF and 50mmol/L HEPES.
The HEPES was used to buffer the pH of
the saliva at 7.0, this was checked using
the pH meter®

Each segment was treated with their
respective agents every day for the next
seven days. The synthetic saliva was
replenished every 6 hours to minimize
change in ion concentration, simulating
conditions in the oral environment',

The samples were dehydrated in a graded

Calcium Sodium

| series of ethanol (10%, 20%, 30%, 40%,

Fig 3 : SEM At 5000x For Calcium Sodium Phosphosilicate
At 0,24,72,120 & 168 Hours

and 9mm away from the CEJ (Figl).
With the help of a diamond disc the six
blocks were obtained firstly by
transversely sectioning the root from the
grooves and secondly by dividing the
sample longitudinally into two from the
middle (Fig 1). The labial and lingual
surface of each specimen was used for the
study™. Dentine segments were polished
using a 500 grit abrasive paper to
compose a flat dentin and smear layer.
The smear layer was then removed by
‘active burnishing’ for three minutes with
citric acid at pH-1. The cotton pellets
were changed every 30 seconds to ensure

consistent solution application®.

Subsequently the sections were
copiously rinsed with deionized water for
a period of 30 seconds and air dried. The
sections were randomly divided into five

50%, 60%, 70%, 80%, 90%) for 1 hour
each and 100% ethanol for a period of 1
hour. After the chemical treatment all the
samples were dried under the lamp for
approximately 30 minutes. The flat
pulpal surface of samples was mounted
on the aluminium stubs with a double
sided adhesive tape with the outer surface
(buccal/lingual) facing the beam of the
SEM (Leo -430). Gold palladium coating
was done on each mounted specimenina
Polaron — SC7640 Sputter Coater
machine. The coated samples were
examined at a magnification of 5000X by
SEM at regular intervals of 0, 24, 72, 120
and 168 hours™. The photomicrographs
were analysed by three blind, trained
examiners to assess the percentage (%) of
tubular occlusion. The percentage of
occluded tubules was calculated by using
the following equation®

%O0CT =
number of occluded tubules x 100

Total number of tubules

This percentage represents the occlusion
exhibited by the different treatments used
and also showed the occlusion relative to
the maximum number of open tubules
obtained after citric acid.

Results

The results of the present study are
summarized inpercent change from 0 to
168 hours. The z test has been used as a
test of significance. The results were
statistically significant (p=0.01) for
percentage of tubular occlusion after72
and 168 hours for all the test groups. The
z test has been used as a test of
significance.

The percentage of occluded tubules
increased significantly (p=0.01) from 0
hours to 24, 72, 120 and 168 hours in all
the groups (Table 1). A significant
(p<0.0001) difference was observed
between group E and all the groups- A, B,
CandDat0,24,72,120and 168 hours.

The dentin blocks in Group A were
subjected to treatment with CSPS. The
results of the scanning electron
microscopic study revealed that it was
able to occlude 62.5%, 72%, 80.9%,
86.2% and 90.4% of the dentinal tubules
at 0, 24, 72, 120 and 168 hours after
immersion in artificial saliva (Fig 3).
There was a statistically significant
increase in the percentage of tubular
occlusion (p=0.01) from 0 to 24, 72, 120
and 168 hours. (Table.1).

The dentin blocks in Group B were
subjected to treatment with PA. The
results of the scanning electron
microscopic study revealed that it was
able to occlude 53.5%, 65.6%, 66.6%,
73.9% and 77.2% of the dentinal tubules
at 0, 24, 72, 120 and 168 hours after
immersion in artificial saliva. (Fig 4)
There was a statistically significant
increase in the percentage of tubular
occlusion (p=0.01) from O to 24, 72, 120
and 16 hours. (Table 1).

The dentin blocks in Group C were
subjected to treatment with DL. The
results of the scanning electron
microscopic study revealed that it was
able to occlude 54.8%, 57.1%, 60.9%,
64.3% and 72.4%of the dentinal tubules
at 0, 24, 72, 120 and 168 hours after
immersion in artificial saliva (Fig 5).
There was a statistically significant
increase in the percentage of tubular
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Table-1: Comparative Evaluation Of The Percentage Of Tubular Occlusion Among All The Groups And Follow-ups.
Groups

Time
OHr 24Hr T2Hr 120 Hr 168 Hr
Total Tubules 16 25 21 29 21
Closed Tubules 10 18 17 25 19
Y%occluded Tubules 720 86.2
Total Tubules 28 32 23
Closed Tubules 15 21 17
Y%occluded Tubules 739
Total Tubules 31 21 28
Closed Tubules 17 12 18

Tubules

Fig 4 : SEM At 5000x For Pro-argin At 0,24,72,120 & 168
Hours

Fig 5 : SEM At 5000x For Diode Laser At 0,24,72,120 & 168
Hours

Fig 6 : SEM At 5000x For Hydroxyapatite At 0,24,72,120 &
168 Hours

Fig 7 : SEM At 5000x For Control At 0,24,72,120 & 168
Hours

occlusion (p=0.01) from 0 to 24, 72, 120
and 16 hours. (Table 1).

The dentin blocks in Group D were
subjected to treatment with HA. The
results of the scanning electron
microscopic study revealed that it was
able to occlude 62.5%, 72%, 80.9%,
86.2% and 90.4% of the dentinal tubules
at 0, 24, 72, 120 and 168 hours after
immersion in artificial saliva (Fig 6).
There was a statistically significant
increase in the percentage of tubular
occlusion (p=0.01) from 0 to 24, 72, 120
and 168 hours. (Table.1)

The dentin blocks in Group E were not
subjected to any active form of treatment
(Control). The results of the scanning
electron microscopic study revealed that
the percentage of tubular occlusion was
25.8%, 29%, 31.1%, 37.5% and 37.7% at
0, 24, 72, 120 and 168 hours after
immersion in artificial saliva. (Fig 7)

Y%occluded Tubules 548

64.3

Total Tubules 21

17

Closed Tubules 14

13

Y%0ccluded Tubules

76.4

Total Tubules 31 31

45 40

Closed Tubules 8 9

14 15

Y%occluded Tubules 25.81

2901

3111 3751

[1] p<<0.0001 (Significant from all the groups, Z-test)

Discussion

Dentine hypersensitivity (DH) is a
painful response of the tooth to different
stimuli such as brushing, low pH
beverages, occlusal overload, dental
caries and thermal changes™. DH is
characterized by a rapid onset of sharp
burst of pain, lasting for seconds or
minutes. The desired goal for treatment
of dentin hypersensitivity is attainment of
immediate as well as lasting relief from
discomfort. This is achieved by
application of a desensitizing agent used
alone or as an adjunct to another dental
procedure. Till date no such treatment has
been discovered and there is no ‘gold
standard’ by which one can assess the
efficacy of the agent used™”.

Since dentinal hypersensitivity can recur
over time even in the same individual one
must be able to decisively diagnose and
recognize the predisposing factors to
formulate a treatment plan for effectively
managing dentinal hypersensitivity. The
goal of the present study was to find out
the most efficacious agent amongst
Diode Laser (DL), Calcium Sodium
Phosphosilicate (CSPS), Pro-Argin (PA)
and Hydroxyapatite (HA) in occluding
dentinal tubules.

A statistically significant increase in the
percentage of tubular occlusion (p=0.01)
from 0 to 24, 72, 120 and 168 hours was
seen in the dentinal blocks treated with
CSPS (Tablel). Similar results were
observed by Burwell et al (2010)*?, who
demonstrated that CSPS has the ability to
rapidly occlude the dentinal tubules and
releases calcium continuously to

[2] p=0.01 (Significant between the groups, Z-test)

maintain the occlusion of the dentinal
tubules.Furthermore, Earl et al (2011)™?
revealed that CSPS when applied on the
dentin surface transforms from an
amorphous material to a crystalline
hydroxyapatite like material which helps
in occluding the dentinal tubules. The
findings of our study are in agreement
with the above mentioned study. Another
in vitro study by Wang et al (2010)"? also
revealed that CSPS containing
desensitizing paste was highly effective
in occluding the dentinal tubules. Gilliam
etal (2002)" and Forsback et al (2004)""
also revealed that dentifrice containing
CSPS was superior in its action as
compared to other agents.

Pro-Argin showed a statistically
significant increase in the percentage of
tubular occlusion (p=0.01) from 0 to 24,
72, 120 and 16 hours (Tablel). These
findings are in accordance with Irene
Petrou et al(2009)*” & Ahu Uraz et al
(2013)™, who noticed that the paste
containing PA was highly effective in
occluding the dentinal tubules by
forming a plug and showed that it also
penetrated into the dentinal tubules.

In dentin blocks treated with DL a
statistically significant increase in the
percentage of tubular occlusion (p=0.01)
from O to 24, 72, 120 and 16 hours was
reported (Tablel). This finding is in
accordance with Romeo et al (2012)"
who stated that the DL acts by provoking
amelting effect with the crystallization of
the dentin inorganic matter and the
coagulation of the fluid present within the
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dentinal tubules. However, in contrast
Kimura et al (2000)"” & Goharkhay et al
(2007)%, stated that the DL does not
affect the surface of enamel or dentin
morphologically and mediates only an
analgesic effect. This difference in the
result of our study can be accredited to the
usage of a high power output DL which
acts by melting the dentin thereby

[23]

causing a tubular occlusion™.

HA showed a statistically significant
increase in the percentage of tubular
occlusion (p=0.01) from 0 to 24, 72, 120
and 16 hours (Tablel). Studies carried
out by Ishikawa et al (1994)%"and Suge et
al (1995)" revealed that HA was able to
occlude the dentinal tubules when
viewed under SEM. Furthermore,
Akatsura et al(2012)*” revealed that the
HAP particles were successfully
deposited onto the dentin and solidified
into the dentinal tubules. The results of
our study coincide with the above
mentioned study when evaluated sing
SEM however in our study HA was
applied utilizing an applicator brush.

The increase in the number of occluded
tubules in Control group was because of
the passive mechanism of tubular
occlusion such as precipitation of
calcium phosphate inside the tubules,
adsorption of plasma proteins and saliva
constituents as stated by Thereza et al
(2004).

Till date only a few studies have been
conducted to compare the efficacy of the
agents that were used in our study. The
present in vitro study revealed Group A
showed statistically significant (p=0.01)
amount of dentinal tubular occlusion as
compared to Groups B, C, D and E over
the entire duration of the study. (Table 1)
However contrary to our results,
Salvatore et al (2010)*" found that the
occlusion of dentinal tubules by CSPS
and PA did not have any statistically
significant difference in their efficacy.
This variation in the result can be
explained with the difference in the
parameters and methodology used in the
respective studies.

There was no statistically significant
difference between the Groups B, C and
D at 0, 24,72 and 168 hours when
analysed using SEM though Groups B &
D showed a statistically significant
difference at 120 hours (p=0.01) as
compared to Group C (Table 1). The

difference in the results can be attributed
to difference in the mechanism of action
of the agents and also due to the variation
inthe application.

Recently, studies have been performed to
evaluate the efficacy of combining two or
more desensitizing agents with that of the
agent alone. An in vitro SEM study by
Saeed et al(2013)*? revealed that the
effectiveness of combining
hydoxyapatite and laser was superior to
the other treatment modalities in sealing
the dentinal tubules following a single
application. As we did not use
combination therapy we were not able to
correlate this result to that of our study.

Conclusion:

Severity of dentinal hypersensitivity can
be episodic. Hence establishing a
concrete diagnosis becomes imperative
in the attempts to identify and isolate an
effective therapeutic agent for the
elimination of Dentinal Hypersensitivity.
In the current study all the experimental
agents demonstrated an efficacy in
occluding dentinal tubules as compared
to the control group. The percentage (%)
of occluded tubules was found to be
highest for Calcium Sodium
Phosphosilicate as compared to the other
groups over a period of 7 days. However
further long term studies are needed to
critically warrant the usage of these
agents.
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