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Summary Objectives: The objective of this study was to evaluate the tubule occluding
ability of three commercial available dentifrices (Sensodyne, Emoform and Sorriso) by
Scanning Electron Microscopy.

Methods: Fifty cervical areas from buccal and lingual surfaces of sound third human
molars were used. Cervical enamel was wet abraded to expose flat dentin surfaces and
further polished with diamond pastes. Specimens were randomly divided into five
groups ðn ¼ 10Þ : G1—no brushing; G2—brushing without dentifrice; G3—brushing with
Sensodyne; G4—brushing with Emoform; G5—brushing with Sorriso. Brushed specimens
were treated for 4 min per day, for 7 days in a toothbrushing machine. Specimens were
prepared and observed under SEM for calculation of the percentage of occluded
tubules. In addition, slurries of toothpastes were analyzed by X-ray microanalysis. Data
were statistically analyzed by ANOVA and Tukey test ðp , 0:05Þ:

Results: Means of occluded tubules in descending order were: G5—98.83 ^ 3.31%
(a), G4—96.02 ^ 5.24% (a), G3—80.12 ^ 24.65% (a), G1—37.31 ^ 24.22% (b); G2—
22.92 ^ 15.19% (b). The three tested dentifrices produced increased dentinal
occlusion as compared to controls ðp , 0:05Þ but equivalent occlusion among each
other. Calcium from calcium-carbonate abrasive was identified in all dentifrices.

Conclusions: Results indicated that the use of all dentifrices occluded tubules more
than no brushing and brushing without dentifrices groups. Thus, the tested dentifrices
seem effective for desensitization by tubule occlusion.
q 2003 Elsevier Ltd. All rights reserved.

Introduction

Physiological and morphological studies have
demonstrated that dentine hypersensitivity in
cervical areas results from open dentinal tubules
at the surface.1–3 According to the hydrodynamic
mechanism, exposed dentin with patent tubules

allows the movement of tubule fluid leading to
dentine sensitivity.4 A viable treatment modality
consists of desensitization by tubule occlusion,
which decreases both dentine permeability and
fluid movement, thereby reducing dentine sensi-
tivity.1

Even though the hydrodynamic theory is the
currently accepted theory for transmission of
stimuli in dentine,5–8 other possible mechanisms
have been suggested, such as the transducer and
the modulation theories. Dentine hypersensitivity
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has been treated by a number of agents, which have
been claimed to reduce pain by occluding dentinal
tubules. However, other possible modes of action
for desensitizing agents have been proposed, such
as coagulating or precipitating constituents of
tubular fluids, or by stimulating the formation of
secondary dentine.9,10

Various chemical agents have been used for
dentinal tubules occlusion and for dentine hyper-
sensitivity treatment.1,11,12 Desensitizing tooth-
pastes contain some active agents, such as
fluorides, strontium salts and potassium. Moreover,
toothbrushing is generally performed with denti-
frices containing abrasives that can increase tubule
occlusion.5,13,14 This additional blockage may occur
by directly occluding the tubules with abrasive or
indirectly by the formation of a smear layer during
toothbrushing.6,15,16

Although dentifrice abrasives, such as calcium
carbonate, alumina, dicalcium phosphate, silica
and diatomaceous earth, have therapeutic poten-
tial for partially or completely obturating
tubules,14,15 other reports investigated the effect
of brushing on dentine abrasion with the use of non-
abrasive dentifrices.17,18 It is unclear whether the
active ingredient alone or in combination with
abrasive can occlude the dentin tubules. While
studies indicate that chemical agents exert a
significant clinical effect, other toothpaste ingre-
dients also seem to participate in tubules occlu-
sion.13,14,19

In vivo studies have shown considerable decrease
in hypersensitivity when teeth were brushed with
desensitizing dentifrices.15,16,20 However, the pro-
blem arises when attempts are made to determine
the mode of action of active agents incorporated
into these dentifrices. The aim of this study was to
evaluate the effects of desensitizing dentifrices on
dentinal tubule occlusion by scanning electron
microscopy (SEM). In addition, X-ray microanalysis
was used to identify slurry dentifrice components
that are related to hypersensitivity management.

Materials and methods

Specimens were obtained from twenty-five
extracted sound human third molars stored in 10%
formalin (pH 7.0) at room temperature for no longer
than two months prior to their use.

Dentin specimen preparation

The teeth were mesio-distally sectioned using a
water-cooled diamond saw (KG Sorensen, Barueri,

SP, Brazil) to obtain fifty buccal and lingual
surfaces. Each surface was wet ground (1000- and
1200-grit aluminum oxide abrasive paper) on a
polishing machine to remove enamel and to expose
a flat underlying dentine surface in the cervical
area. One block was obtained from each flat
cervical dentine surface, measuring 5 £ 5 £ 3 mm.
The exposed dentine surfaces were polished with 6,
3, 0.5 and 0.25 mm diamond pastes and the speci-
mens were ultrasonicated in distilled water for
12 min to remove residual smear layer and to open
dentinal tubules, simulating hypersensitive cervical
regions (Fig. 1).

Experimental groups and treatments

Specimens were randomly divided into five groups,
each with ten specimens:

G1: Specimens were immersed in artificial
saliva21 for one week. The artificial saliva contained
(mmoles/l): Distilled water (700 ml), CaOH2

(1.56 mM), KCl (150.00 mM), HCl (36.00 mM),
H3PO4 (0.88 mM), buffer (99.7 mM), pH 7.2.

G2: Specimens were brushed with distilled
water, for 2 min twice per day for 7 days.

G3, G4 and G5: Specimens were brushed with
Sensodyne, Emoform and Sorriso, respectively, for
2 min twice per day for 7 days.

Compositions of dentifrices used in this study are
summarized in Table 1. Specimens from G3, G4
and G5 were brushed with the dentifrice slurries,
which were prepared by diluting 2 g of the dentif-
rice in 6 ml of distilled water. Nylon multi-tufted

Figure 1 Flat control dentine prepared with diamond
pastes that received no treatment. Note absence of
smear layer over surface and open dentinal tubules.
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toothbrushes (Oral B Soft, Oral B, Manaus, AM,
Brazil) were used, and brushing was performed
using a toothbrushing machine (Equilabor, Piraci-
caba, SP, Brazil), at constant loading (200 g) for
250 strokes/minute. After each brushing session,
specimens were washed with distilled water, kept
in artificial saliva and stored in a shaker machine
(TE 420-Tecnal, Piracicaba, SP, Brazil) at 37 ^ 1 8C.

SEM analysis

After the last brushing session, specimens were
stored in a shaker machine for 2 h, washed with
distilled water and sputter coated (MED 010-
Balzers, Balzers, Leichtenstein) with a thin gold
layer. Photomicrographs were taken (DSM 940-A-
ZEISS, Oberkochen, Germany) from each dentinal
surface examined, approximately 100 mm below
the cemento-enamel junction, at 1000 £ magnifi-
cation. Percentage of occluded tubules was
obtained by dividing the total number of occluded
tubules by the total number of tubules in each
photomicrography. This result was then multiplied
by 100, to obtain the percentage of occluded
tubules for each photography. Results were stat-
istically analyzed by one-way Analysis of Variance
(ANOVA) and Tukey test ðp , 0:05Þ:

X-Ray microanalysis

Slurries of all dentifrice were submitted to X-ray
microanalysis. A drop of slurry was dispensed on a
stub that was kept at 80 8C for 40 min, to complete
water evaporation. Dried slurries were coating with
a thin carbon layer (MED 010-Balzers, Balzers,
Leichtenstein) and examined by energy dispersed
X-ray detection system (Link ISIS-Oxford) con-
nected with a SEM.

Results

Table 2 displays the mean percentage of occluded
tubules in each group. The groups brushed with
dentifrices showed a significantly higher percentage

of occluded tubules than control groups (G1 and G2).
All tested dentifrices produced almost 100% of
occluded tubules, but there was no significant
difference among them. Specimens treated with
Sensodyne, Emoform and Sorriso presented the
following percentage of occluded tubules, respect-
ively: 80.1 ^ 24.7; 96.0 ^ 5.2 and 98.8 ^ 3.3. Sal-
iva immersion (G1) resulted in 37.3 ^ 24.2% of
dentinal tubule occlusion while specimens brushed
without dentifrice (G2) produced 22.9 ^ 15.2%
tubule occlusion. No significant difference was
noted between the control group and the group
that was brushed without dentifrice.

Figs. 2 and 3 show typical untreated dentin
surface. Both treatments resulted in reduction of
the tubule lumen diameters (arrow) and complete
obliteration of some tubule openings (arrowhead).
Specimens brushed without dentifrice produced no
alterations on percentage of occluded tubules,
when compared to specimens only stored in
artificial saliva. A rough dentin surface with tooth-
brush scratches was noted for dentifrice brushed
specimens (Figs. 4–6). Different modes of oblitera-
tion and deposits over dentine surface were
observed for groups brushed with dentifrices.
Sensodyne and Sorriso groups were characterized
by deposition of crystal-like and granular structures
on the dentin surface and in the lumen of the
tubules (Fig. 4 and 5). Dentin surfaces treated with
Emoform dentifrice exhibited occluded tubules by
deposition of a thin amorphous layer over the
dentin (Fig. 6).

Table 1 Toothpastes used in the study.

Toothpaste Manufacturer Active Ingredients

Sensodyne Stafford-Miller, Ind. Ltda., Rio de Janeiro, RJ, Brasil Strontium chloride 10%, titanium dioxide, calcium carbonate
Emoform Byk Quı́mica e, Pharmaceutics Ltda., Diadema,

SP, Brazil
Potassium nitrate, calcium carbonate, magnesium
carbonate, sodium chloride, sodium sulfate, potassium
sulfate, sodium bicarbonate, sodium lauryl sulfate

Sorriso Kolynos do Brazil Ltd., São Bernardo do Campo,
SP, Brazil

Sodium monofluoro-phosphate (1500 ppm Fluoride), calcium
carbonate, sodium lauryl sulfate, sodium silicate

Table 2 Average numbers of occluded tubules per 100
dentinal tubules on the dentin surface after brushing with
dentifrices and without dentifrice.

Mean (%) ^ SD

Sorriso 98.8 ^ 3.3a
Emoform 96.0 ^ 5.2a
Sensodyne 80.1 ^ 24.7a
Control 37.3 ^ 24.2b
Brushed without dentifrice 22.9 ^ 15.2b

Mean ^ SD ðn ¼ 10Þ: Groups identified by different letters are
significantly different ðp , 0:05Þ:
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Some elements, including phosphorus (P), silicon
(Si), chlorine (Cl), sodium (Na) and magnesium (Mg),
were detected, but the most predominant element
was calcium (Ca) (Fig. 7A–C). Fig. 8 shows dentine
treated with Sorriso, which presented similar crysta-
lline deposits detected in all dentifrice-dried slur-
ries. Crystalline deposits were investigated (Fig. 9
and 10) and X-ray analysis indicated that crystals

contain calcium (Fig. 11). Emoform slurry examin-
ation revealed Mg-containing particles approxi-
mately 4 mm in diameter (Figs. 12 and 13).

Discussion

In order to confirm that this study was performed in
superficial dentin, simulating dentin hypersensitiv-
ity (Fig. 1), the tubule density of specimens was

Figure 2 Control dentine kept in artificial saliva without
brushing after seven days storage. Arrows indicate
tubules with reduction of tubule lumen diameters and
arrowheads show occluded tubules.

Figure 3 Dentine brushed with artificial saliva but
without dentifrice. Arrows indicate tubules with
reduction of lumen diameters and arrowheads show
occluded tubules.

Figure 4 Dentine brushed with Sensodyne. Deposition
of crystals-like and granular structures can be noted on
treated dentin surface.

Figure 5 Dentine brushed with Sorriso. Deposition of
granular structures can be noted on treated dentin
surface.
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compared to previously reported values.22 – 25

Studies showed that superficial dentin has from
17,000 to 20,000 tubules/mm2. The dentinal sur-
faces investigated in the present study showed
similar tubule density, confirming that this study
was performed in superficial dentin. For hypersen-
sitive areas, approximately 75% of dentin tubules
are opened, when inspected under SEM. Non-
sensitive cervical dentin show only 24% of opened
tubules.3

Specimens brushed with dentifrice exhibited
higher percentage of tubule occlusion than G1 and

Figure 6 Dentine brushed with Emoform. A precipi-
tation layer of precipitates can be noted on treated
dentin surface.

Figure 7 Surface scan of dentifrice slurry. Elements
identified by energy dispersive X-ray spectroscopy micro-
analysis of Sensodyne (A), Sorriso (B) and Emoform (C)
slurries.

Figure 8 Crystal deposited in the tubule lumen of
dentin surface with Sorriso dentifrice.

Figure 9 Crystal like-structures commonly observed in
slurry dentifrices.
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G2 control groups. Specimens immersed in artificial
saliva (G1) or brushed without dentifrice (G2) were
not significantly different. For these specimens,
dentinal tubule occlusion can only be attributed to
calcium phosphate precipitation on the dentin
surface, because artificial saliva is supersaturated
with respect to hydroxyapatite.21 Despite a
reduction in the tubule lumen and complete
occlusion of some tubules (Figs. 2 and 3), specimens
from control groups still had most of the tubular
orifices opened.

In this study, three toothpastes with the same
abrasive component were selected to analyze

the occluding effect of desensitizing dentifrices.
Studies have shown that abrasives can present
different abrasion properties and produce tubular
occlusion with varied degrees of success.26,27 Thus,
three commercial available dentifrices were ana-
lyzed: Sensodyne, Emoform and Sorriso, all of
which contain calcium carbonate as the abrasive
agent and strontium chloride, potassium nitrate
and sodium monofluoro-phosphate as active ingre-
dients, respectively.

Figure 10 Elemental dot-map showing distribution of
calcium in crystal like-structures in Fig. 9.

Figure 11 Crystal structures at higher magnification.

Figure 12 Particle observed in Emoform slurry. Note
that it is larger than the surrounding particles.

Figure 13 Elemental dot-map showing the presence of
magnesium within the particle in Emoform slurry shown in
Fig. 12.
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Although manufacturers only mentioned the
presence of calcium carbonate as abrasive agents,
X-ray analyses detected silicon in all dentifrice
slurries (Figs. 7). The Sorriso dentifrice label lists
the presence of sodium silicate in its composition;
however, this component is not an abrasive. Tubule
occluding particles have been reported to be silica
in specimens brushed with silica-containing denti-
frices.14 Therefore, if dentifrices contain silica,
occluding effects can also be attributed to its
presence. Calcium was identified in all dentifrice
slurries (Fig. 7). Particles containing cluster of
crystals were often noted in slurries under SEM
examination (Fig. 9 and 11) and X-ray analysis
showed that particles contained calcium (Fig. 10).
Dentine specimens that were brushed with denti-
frices showed crystal particles occluding tubules
and deposited on the dentine surface (Figs. 4, 5 and
8), similar to the crystals found in dentifrice slurries
(Fig. 9). Thus, calcium carbonate abrasive probably
contributed to the superficial occlusion of dentinal
tubules. Nevertheless, the presence of calcium on
the dentin surface could not be easily confirmed
because of the background noise produced by
mineral content of the underlying dentine.

Large particles were observed in the Emoform
slurry (Fig. 12) and energy dispersed X-ray
microanalysis revealed that magnesium was a
component of the particle (Fig. 13). Around the
particles containing magnesium, smaller particles
containing abrasive components were noted.
Sodium and phosphorus were detected in Senso-
dyne and Sorriso slurries; however, X-ray micro-
analysis was not able to identify important
elements from active ingredients like fluoride,
strontium and potassium. Sorriso dentifrice pre-
sents several sources of sodium, and the pre-
sence of phosphorus could be related to sodium
monofluoro-phosphate active component contain-
ing 1500 ppm of fluoride. In the Sensodyne slurry,
the presence of chloride indicates its active
ingredient strontium chloride. Although there is
no evidence of tubule occlusion by strontium in
this study, this active ingredient may act on the
interruption of neural transmission.28 Fluoride
blocks dentinal tubules through precipitation,29

while potassium is a chemical agent that provides
a physiological mechanism for desensitizing
action.30 The mechanical desensitization by
tubule occlusion with the active ingredients was
not confirmed, because active ingredients were
not the main components deposited over dentine
surface and in the dentin tubules.

Even though no significant difference in the
percentage of occluded tubules was detected
among the three tested dentifrices, each appeared

to promote different modes of tubule obliteration.
Sensodyne and Sorriso promoted the occlusion of
tubules by depositing granular and crystal-like
structures within lumen of the tubules (Fig. 8).
The high level of calcium in these structures, and
their morphological characteristics, suggest that
they consist of calcium carbonate. Emoform exhib-
ited the same ability to occlude tubules; however,
its use resulted in a deposition of a thin amorphous
layer. The slurry observed under SEM exhibited a
greater number of particles (Fig. 12) than Senso-
dyne and Sorriso slurries. Therefore, the compo-
sition of this layer may comprise the intense
precipitation of carbonates particles such as cal-
cium and magnesium carbonate. However, the
abrasivity of the dentifrice may create a thin
smear layer that also occludes the tubules.

Dentifrice active ingredients seem to result in
few surface deposits. In contrast, the abrasive
system of dentifrices formed granular and crystal
deposits or a thin layer over dentin surface that
partially or completely occluded tubules. SEM and
X-ray analysis provide evidence that the tested
dentifrices may produce their desensitizing
responses by tubule occlusion. However, further
research is necessary to verify if the abrasive
particles alone have the potential of blocking the
hydrodynamic mechanism, which produces dentin
hypersensitivity. Confirmation of SEM results
using quantitative methods such as changes in
hydraulic conductance of dentine should be
done.31,32
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