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Comparative Evaluation of Dentinal Tubule Occlusion Ability
of Three Commercially Available Desensitizing Dentifrices:
An in vitro Scanning Electron Microscope Study
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ABSTRACT

Introduction: Tooth sensitivity is a very common clinical pre-
sentation with a prevalence of 4 to 57 % and mostly occurs in
the age group of 30 to 40 years. The dentinal tubule exposure
is principally responsible for the clinical symptoms of dentin
hypersensitivity (DH). Hence, the aim of this study was to
evaluate and compare the dentinal tubule occluding ability of
three commercially available dentifrices (strontium chloride,
potassium nitrate, and sodium monofluorophosphate) using
scanning electron microscopy (SEM).

Materials and methods: Freshly extracted 50 molars were
collected and stored in 10% formalin. All experiments were con-
ducted within 2 months of extraction. The teeth were sectioned
mesiodistally and ultrasonicated and were randomly divided
(10 each) into five groups:
* Group |: Specimens immersed in artificial saliva for 1 week.
*  Group II: Specimens brushed with distilled water only.
e Group lll: Specimens brushed with strontium chloride-
containing toothpaste.
e Group IV: Specimens brushed with potassium nitrate-
containing toothpaste.
*  Group V: Specimens brushed with sodium monofluorophos-
phate-containing toothpaste.
Each SEM photomicrograph was critically analyzed for
exposed and occluded dentinal tubules after application of the
various agents.

Results: Statistically significant difference was found out among
the five groups (p<0.001). It was seen that the mean percentage
of occluded dentinal tubules of groups I, Il, IIl, IV, and V was
35.47, 23.32, 75.90, 85.27, and 90.21% respectively.

Conclusion: The present in vitro SEM study results revealed
that all the experimental agents were effective in occluding
dentinal tubules as compared with the control group. The per-
centage of occluded tubules was found to be highest for sodium
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INTRODUCTION

Tooth sensitivity is a very common clinical presentation
which can cause considerable concern for patients. This
condition is frequently encountered by dentists, endodon-
tists, periodontists, hygienists, and dental therapists. This
condition generally involves the facial surfaces of teeth
near the cervical aspect and is very common in premolars
and canines.! It is a condition often termed as “enigma
being frequently encountered but poorly understood”
with a prevalence of 4 to 57% and mostly occurs in the
age group of 30 to 40 years.?

The human teeth comprise enamel, dentin, cementum,
and pulp. Dentin is the main supporting structure of the
tooth and consists of an organic component containing
collagen fibers in a matrix of collagenous proteins and
an inorganic component containing hydroxyapatite crys-
tals. Within dentin, dentinal tubules are present, which
extend from the external surface to the pulp.® There are
approximately 30,000 to 40,000 tubules per square milli-
meter, which can transmit pain to the pulp if the dentin
is exposed. The diameter and density of the tubules are
greatest near the pulp. Tapering from the inner to the
outermost surface, they have a diameter of 2.5 um near the
pulp, 1.2 ym in the midportion of the dentin, and 0.9 um
at the dentinoenamel junction.* Each tubule contains a
Tomes fiber (cytoplastic cell process) and an odontoblast
that communicates with the pulp. Within the dentinal
tubules, there are two types of nerve fibers, myelinated
(A fibers) and unmyelinated (C fibers). The A fibers are
responsible for the sensation of DH.”
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Dentin hypersensitivity has been defined as “A short,
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.”®

A modification of this definition was suggested by
the Canadian Advisory Board on DH in 2003, which
suggested that “disease” should be substituted for
“pathology.””

The etiology of DH can stem from multiple sources,
such as abfraction, abrasion, erosion, traumatic oral
hygiene, and periodontal disease. Other factors include
patient’s deleterious habits, poor oral hygiene, chewing
tobacco, excessive occlusal force, premature occlusal
contact, and gastroesophageal reflux.® Cold and air
stimulation are known to be the commonest stimuli while
dietary acid is also shown to have a significant potential
in evoking DH.’ The resulting dentinal tubule exposure is
principally responsible for the clinical symptoms of DH.

Various theories have been put forth to explain the
mechanism of DH which includes odontoblastic trans-
duction theory, neural theory, and hydrodynamic theory.
The most widely accepted theory for DH is hydrody-
namic theory given by Gysi'® and later explained by

Brannstrom!

according which the exposure of dentinal
tubules allows movement of intradentinal fluid leading
to stimulation of A-3 fibers causing hypersensitivity.
Hence, occlusion of the tubules is supposed to block the
hydrodynamic mechanism and reduce dentin sensitivity.

Dentin hypersensitivity can be treated by different
ways; first, by reducing the dentinal tubules hypoconduc-
tion by occluding them; second, by reducing the nerve
fibers excitability and/or by a combination of these two
approaches.'?

Potassium nitrate, potassium bicarbonate, and potas-
sium chloride are active agents that can reduce nerve
excitability, while the combination treatment, such as
the use of bipotassium oxalate, which has an obstructive
mechanism, also has a direct action on pain receptors.
Also protein-denaturing substances, such as formalde-
hyde, glutaraldehyde, zinc chloride, zinc iodide, phenols,
concentrated alcoholic solutions, and strong or weak
acids, act directly on the nerves and cause precipitation
of dentinal fluid proteins that can occlude the dentinal
tubules.®

Various treatment modalities are available to treat
hypersensitivity which includes at-home and in-office
treatment. At home, various toothpastes consist of a
variety of dentifrices containing different constituents
in which stannous fluoride, strontium chloride, and
potassium oxalate!* are the most widely used dentifrices
for delivering over-the-counter desensitizing agents.
Desensitizing toothpastes should utilize both or at least

one of these two mechanisms of action to relieve DH.
This causes occlusion of dentinal tubules which decreases
both dentin permeability and fluid movement, thereby
reducing hypersensitivity.'>
The desired goal for treatment of DH is attainment of
immediate and lasting relief from discomfort. Grossman
stated that the therapy for DH should be nonirritant to
the pulp, relatively painless on application, easily carried
out, rapid in action, effective for a long period, without
staining effects, and should be consistently effective.1®
ASEM is a type of electron microscope that produces
images of a sample by scanning it with a focused beam of
electrons. The electrons interact with atoms in the sample,
producing various signals that can be detected and that
contain information about the sample’s surface topog-
raphy and composition. The electron beam is generally
scanned in a raster scan pattern, and the beam’s position
is combined with the detected signal to produce an image.
The SEM can achieve resolution better than 1 nm.
Specimens can be observed in high vacuum, in low
vacuum, in wet conditions (in environmental SEM), and
at a wide range of cryogenic or elevated temperatures.'”
The aim of this SEM study was to evaluate and
compare the dentinal tubule occluding ability of three
commercially available dentifrices (strontium chloride,
potassium nitrate, and sodium monofluorophosphate)
by using SEM.

MATERIALS AND METHODS

The present in vitro study was conducted in the Depart-
ment of Periodontology and Implantology, D.]J. College of
Dental College and Research, Modinagar, Uttar Pradesh,
in collaboration with the Birbal Sahani Institute of
Paleobotany, Lucknow, Uttar Pradesh. Freshly extracted
50 molars were collected from the Department of Oral
and Maxillofacial Surgery, D.J. College of Dental Sciences
and Research, Modinagar and stored in 10% formalin. All
experiments were conducted within 2 months of extrac-
tion. Impacted 3rd molar and periodontally compromised
molar teeth were included in the study. All carious,
restored, fractured, root canal-treated teeth, teeth with
developmental anomalies, and teeth that demonstrated
the presence of any wasting diseases were excluded from
the study.

Preparation of the Dentin Specimen

Extracted molar teeth were scaled with ultrasonic scaler
and thoroughly cleaned with normal saline and stored
in 10% formalin at room temperature for no longer than
2 months prior to their use. The teeth were sectioned
mesiodistally using a double-sided diamond disk. One
block was obtained from each flat cervical dentin surface
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Fig. 1: Mesiodistal section (palatal) Fig. 2: Mesiodistal section (facial)

Fig. 3: Mesiodistal longitudinal section Fig. 4: Transverse section (coronal)

Fig. 5: Transverse section (cervical) Fig. 6: Flat cervical dentin block

measuring 5 x 5 x 3mm (L x B x H) by transverse section- Reémoval of Smear Layer

ing of the tooth as shown in Figures 1 to 9. The specimens  Samples were ultrasonicated in an ultrasonic cleaner
were ultrasonicated in distilled water for 12 minutes to  with distilled water for 12 minutes for the removal of
remove residual smear layer and to open dentinal tubules. ~ smear layer and expose the dentinal tubules to simulate
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Fig. 7: Dentin block length

mmJinch

Fig. 9: Dentin block height

hypersensitive dentin. Subsequently, the sections were
copiously rinsed with distilled water for a period of
30 seconds.

Collection and Storage of Teeth

After the selection of teeth, they were cleaned by irrigat-

ing with saline to get rid of blood and saliva, then the

teeth were washed with distilled water and stored in

10% formalin at room temperature.
The specimens were randomly divided (10 each) into

five groups:

e Group I: Specimens were immersed in artificial saliva
for 1 week.

¢ Group II: Specimens were brushed with distilled water
only.

e Group III: Specimens were brushed with strontium
chloride-containing toothpaste.

¢ Group IV: Specimens were brushed with potassium
nitrate-containing toothpaste.

e Group V: Specimens were brushed with sodium
monofluorophosphate-containing toothpaste.

mm/inch

Fig. 8: Dentin block breadth

Fig. 10: Specimen after gold palladium coating

Each specimen from group I was immersed in artificial
saliva for 1 week. Group II specimen were brushed with
distilled water for 2 minutes twice daily for 7 days, and
groups III, IV, and V were brushed with the dentifrice
slurries, which were prepared by diluting 2 gm of the
dentifrice in 6 mL of distilled water.

Preparation of Specimens for SEM Study

The SEM analysis was done at Birbal Sahani Institute of
Palaeobotany, Lucknow, Uttar Pradesh. Treated speci-
mens were mounted on aluminum stubs with a double-
sided adhesive tape. Mounted samples were then placed
in the sputter coater for gold-palladium coating, which
was done on each sample as shown in Figure 10.
Thereafter, the specimens were examined under SEM
at magnification of 1000x and a representative photo-
micrograph of the each specimen was randomly taken.

Scanning Electron Microscopy Analysis

Each SEM photomicrograph was critically analyzed for
exposed and occluded dentinal tubules after application
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of strontium chloride-containing toothpaste, potassium
nitrate-containing toothpaste, and sodium monofluoro-
phosphate-containing toothpaste, immersed in artificial
saliva and with distilled water only.

The total number of tubules and the number of
occluded tubules were counted in each photomicrograph
of all of the specimens and statistical calculations were
made to obtain the result.

The surface was scanned at a magnification of 1000x.
Each photomicrograph was counted and analyzed to
assess the percentage of tubular occlusion. The percentage
of occluded tubules was calculated using the following
equation?t:

Number of occluded tubules

%OCT = x100
Totalnumber of tubules

This percentage represents the occlusion exhibited by
the different treatments used.

Statistical Analysis

The values were represented in number (n), percentage
(%), mean (u), and standard deviation (o). The statistical
tests used were analysis of variance (ANOVA) and Tukey
honestly significant difference (HSD) test. A p-value <0.05
was considered statistically significant. Statistical Package
for Social Sciences version 20 was used for analysis.

RESULTS

In the present study, we compared the dentinal tubule
occluding ability of three commercially available denti-
frices using SEM.

It was seen that the mean percentage of occluded
dentinal tubules of groups I, II, III, IV, and V was 35.47,
23.32,75.90, 85.27, and 90.21% respectively.

Statistically significant difference was found among
the five groups (p <0.001) (Table 1).

Intergroup comparison of the occluded dentinal
tubules on the dentin surface after brushing with and
without dentifrices was done using Tukey HSD post hoc
multiple comparison shown in Table 2.

Graph 1 shows the mean of occluded dentinal tubules
on the dentin surface after brushing with dentifrices and

Table 1: Mean of occluded dentinal tubules on the dentin surface
after brushing with dentifrices and without dentifrices

Groups  Number Mean (SD) f-value p-value
| 10 23.20 (4.638) 134.269 0*

1] 10 16.00 (5.164)

1l 10 58.60 (9.383)

\Y, 10 66.00 (5.735)

\Y 10 70.00 (8.273)

Total 50 46.76 (23.757)

*Highly significant, f-value-ANOVA

Table 2: Intergroup comparison of the occluded dentinal tubules
on the dentin surface after brushing with dentifrices and without
dentifrices using Tukey HSD post hoc multiple comparisons

Dependent Mean
variable: () (@)] difference Standard
occluded tubules group group (I-J) error Sig.
Tukey HSD 1 2 7.200 3.083 0.153
3 -35.400* 3.083 0
4 -42.800* 3.083 0
5 -46.800* 3.083 0
2 1 -7.200 3.083 0.153
3 -42.600* 3.083 0
4 -50.000* 3.083 0
5 -54.000* 3.083 0
3 1 35.400* 3.083 0
2 42.600* 3.083 0
4 -7.400 3.083 0.134
5 -11.400* 3.083 0.005
4 1 42.800* 3.083 0
2 50.000* 3.083 0
3 7.400 3.083 0.134
5 -4.000 3.083 0.694
5 1 46.800* 3.083 0
2 54.000* 3.083 0
3 11.400* 3.083 0.005
4 4.000 3.083 0.694

*The mean difference is significant at the 0.05 level

without dentifrices, and there was significant result in
groups III, IV, and V, and most significant in group V.

Graph 2 shows the mean of total and occluded den-
tinal tubules on the dentin surface after brushing with
dentifrices and without dentifrices, and there was sig-
nificant difference of result in groups III, IV, and V, and
most significant in group V.

DISCUSSION

Dentin hypersensitivity is a painful response of the tooth
to different stimuli, such as brushing, low pH beverages,
occlusal overload, dental caries, and thermal changes.18
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Graph 1: Mean of occluded dentinal tubules on the dentin surface
after brushing with dentifrices and without dentifrices
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Group |
| B Total tubules

Group Il Group Il

B Occluded tubules |

Group IV Group V

Graph 2: Mean of total and occluded dentinal tubules on the dentin
surface after brushing with dentifrices and without dentifrices

Fig. 12: Brushed with distilled water only

The DH is characterized by a rapid onset of sharp burst
of pain, lasting for seconds or minutes. The desired goal
for treatment of DH 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 treat-
ment has been discovered and there is no “gold standard”
by which one can assess the efficacy of the agent used.'’

In the present in vitro study, the dentin blocks were
divided into five groups: group I (artificial saliva); group II
(distilled water only); group III (strontium chloride); group
IV (potassium nitrate); and group V (sodium monofluoro-
phosphate) and were evaluated using SEM to determine
the amount of dentinal tubular occlusion (Figs 11 to 15).

Each specimen from group I was immersed in artificial
saliva for 1 week. Group Il specimens were brushed with
distilled water for 2 minutes twice daily for 7 days, and
groups III, IV, and V were brushed with the dentifrice
slurries.

The SEM analysis was done and the results were: all
the experimental agents, strontium chloride (Sensodyne

Fig. 13: Brushed with strontium chloride-containing toothpaste

original), potassium nitrate (Emoform), and sodium
monofluorophosphate (Colgate maximum cavity pro-
tection) were effective in occluding dentinal tubules as
compared with the control group. The percentage of
occluded tubules was found to be highest for sodium
monofluorophosphate as compared with the other groups
over a period of 7 days. The occlusion of the tubules by
potassium nitrate and strontium chloride showed com-
parable results over a period of 7 days.

Results were similar to those of Pusso-Carrasco,
Hernandez in which they were effective in occluding
dentinal tubules as compared with the control group and
on contrary with the results of Blitzer.

CONCLUSION

The present in vitro SEM study results revealed that all
the experimental agents, strontium chloride (Sensodyne
original), potassium nitrate (Emoform), and sodium
monofluorophosphate (Colgate maximum cavity pro-
tection) were effective in occluding dentinal tubules as
compared with the control group. The percentage of
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Fig. 14: Brushed with potassium nitrate-containing
toothpaste

occluded tubules was found to be highest for sodium
monofluorophosphate as compared with the other groups
over a period of 7 days. The occlusion of the tubules by
potassium nitrate and strontium chloride showed com-
parable results over a period of 7 days. However, further
long-term clinical and in vitro studies are required to
establish the role of these agents in reducing DH.
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