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ABSTRACT

The most widely used method for treatment of dentin hypersensitivity is daily brushing with
desensitizing dentifrices, particularly those containing active ingredients capable of obliterating the
dentinal tubules, such as arginine. The present study sought to assess the action of a desensitizing
dentifrice on dentin in vitro. Twenty dentin samples were obtained from 10 sound, freshly extracted
third molars. The dentin specimens were distributed across four groups: group 1, one application of
the dentifrice only, using a finger and rubbing for 1 minute; group 2, two daily applications of the
dentifrice, by brushing, for 2 days; group 3, two daily applications of the dentiftice, by brushing,
for 3 days; and group 4, no treatment. Samples were analyzed by scanning electron microscopy.
There was no obliteration of dentinal tubules in the specimens from group 1. In group 2, partial
or complete obliteration of dentinal tubules was observed in all specimens. In group 3, complete
obliteration of tubules was observed in all specimens. We conclude that twice-daily application of
the tested dentifrice by brushing, for 2 days or longer, led to obliteration of dentinal tubules. This
effect may contribute to a reduction in dentin hypersensitivity.
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Efetividade de um dentifricio dessensibilizante na obliteracéo dos
tdbulos dentinarios: estudo in vitro

RESUMO

O método mais empregado no tratamento da hipersensibilidade dentindria ¢ a escovagao
diaria com dentiftricios dessensibilizantes, principalmente aqueles que contém elementos ativos com
capacidade de obliterar os tibulos dentindrios, como a arginina. O objetivo deste trabalho foi avaliar a
aco, invitro, de um dentifricio dessensibilizante sobre a dentina. Obtiveram-se 20 amostras de dentina
apartir de 10 terceiros molares higidos recém-extraidos. As amostras de dentina foram distribuidas em
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quatro grupos: grupo 1, uma tnica aplicagdo do dentifricio dessensibilizante por fricgdo com o dedo,
durante um minuto; grupo 2, duas escovagdes didrias com o dentifricio dessensibilizante, durante dois
dias; grupo 3, duas escovagdes diarias com o dentifricio dessensibilizante, durante trés dias; grupo 4,
sem tratamento. As amostras foram analisadas em microscopio eletronico de varredura. Nao houve
obliteragdo dos tubulos dentinarios em nenhuma das amostras do grupo 1. No grupo 2, observou-se
obliteracdo parcial ou total dos tibulos dentindrios em todas as amostras. No grupo 3, houve obliteragido
dos tiibulos em todas as amostras de dentina. Conclui-se que o dentifricio dessensibilizante levou a
obliteragao tubular quando utilizado a partir de dois dias, com duas escovagdes didrias, podendo esta
acdo contribuir para a redugdo da hipersensibilidade dentindria.

Palavras-chave: Hipersensibilidade Dentinaria, Dentifricios Dessensibilizantes,
Sensibilidade Dentaria.

INTRODUCTION

In recent decades, oral conditions such as dentin hypersensitivity have increasingly
become an object of discussion in dental research (1,2). Dentin hypersensitivity is defined
as a short, sharp pain arising from exposed dentin in response to typically thermal,
evaporative, tactile, osmotic or chemical stimuli and which cannot be ascribed to any
other form of dental defect or pathology (2,3). Pain does not occur spontaneously and
does not persist after removal of the stimulus (3-5).

Studies have reported a wide range of prevalence for dentin hypersensitivity, from
3% to 73% (6,7). This variation is attributable to differences in the methods used for
diagnosis and in study design (1,7).

Several theories have been proposed in attempts to explain dentin hypersensitivity
(1,2,8,9). In current dental practice, the hydrodynamic theory is widely accepted as an
explanation of the mechanism of pain in dentin hypersensitivity (2,3,8). Not all exposed
dentin is sensitive (10). Exposed dentin is coated by the smear layer, and the dentinal
tubules are occluded by calcium phosphate deposits derived from saliva (10). Sensitivity
occurs when the smear layer that coats the dentinal tubules is removed, exposing them
to the oral environment (10,11).

Hypersensitivity lesions are most prevalent in the buccal cervical areas of the teeth
(4,12). Loss of crown enamel occurs due to wear of the tooth surface through events of
a physical (abrasion) or chemical (erosion) nature (13-16). Some authors suggest that
a process known as abfraction may occur in the buccal cervical area of the tooth (2).
Tooth wear is usually not due to the action of a single physical or chemical agent, but
rather due to an interaction between two or more etiological agents acting in synergy
(13,15-17). The gingival recession, which causes exposure of the root surface, appears
to be multifactorial, with traumatic tooth brushing being particularly associated with this
condition (4,12,16,18,19).

Two proposed treatment mechanisms are currently available for dentin
hypersensitivity: physical occlusion of the dentin tubules, which accounts for the majority
of treatment modalities, or chemical blockade of pulp tissue nerve transmission, using
potassium-based compounds to depolarize neural synapses (4,5,10,20-25).
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Physical occlusion of the dentinal tubules can be accomplished with a series of
agents that deposit obliterating material directly onto the tubules (5,21,25). Dentifrices
containing strontium-based and, more recently, arginine-based active ingredients are
seemingly capable of inducing tubular obliteration (1,5,21,26,27).

Arginine has been added as an active ingredient to established dentifrice
formulations. Using this method, a dentifrice containing 8% arginine, calcium carbonate,
and 1450 ppm fluoride was developed (1). This dentifrice formulation has proven activity
on the dentin, producing tubular obliteration and reducing sensitivity (5,21,26,27). The
mechanism of action of arginine-based desensitizing dentifrices has been attributed to
the formation of an arginine, calcium carbonate, and phosphate plug directly atop the
tubules, occluding and obliterating them (5).

The present study assessed the in vitro effects on dentin of a desensitizing dentifrice
containing 8% arginine, calcium carbonate, and 1450 ppm fluoride, after several different
protocols of application.

METHODOLOGY
Tooth selection

Ten sound, freshly extracted third molars were selected. After extraction, the teeth
were immediately stored in 3% glutaraldehyde, for 14 days, until the time of use. The
selected teeth were free of restorations, caries, or enamel defects.

The patients who donated their teeth for this study were aged 22 to 35 years and all
provided written informed consent for the use of their teeth. The present study was approved
by the Research Ethics Committee (CEP-ULBRA) with judgment number 30173.

Collection and preparation of dentin specimens

The root portion of each selected tooth was placed within a segment of PVC tubing
(diameter 2 cm, height 2.5 cm) and embedded in self-curing acrylic resin so as to leave
the cementoenamel junction exposed. The crown enamel on the buccal and palatal/lingual
surfaces of each tooth was worn down using a high-speed diamond bur (model 1811.4138,
KG Sorensen, Cotia-SP, Brazil) under constant cooling. A double-sided flexible diamond
disc (KG Sorensen, Cotia-SP, Brazil) was then used to separate the buccal and palatal/
lingual portions of each tooth from the remaining dental structure. Thus, two specimens
were obtained from each tooth, for a total of 20 specimens. The area of exposed dentin
in each specimen was approximately 4x5 mm.

All specimens underwent application of 6% citric acid with a microbrush (KG
Sorensen, Brazil), for 1 minute, in an attempt to remove the smear layer and expose the
dentinal tubules. After application, the specimens were rinsed with water to remove any
remaining acid, and submerged in an ultrasonic bath with distilled water for 30 min.
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Treatment of dentin specimens

The desensitizing dentifrice tested in this study contains 8% arginine, calcium
carbonate, and 1450 ppm fluoride (Colgate® Sensitive Pro-Alivio™, Colgate-Palmolive
Co., Brazil).

The 20 dentin specimens were randomly divided across four groups according to
the type of treatment. All treatments were performed by the same investigator. Each group
comprised five dentin specimens: group 1, one application of the dentifrice only, using
a finger and rubbing for 1 minute, as per manufacturer instructions; group 2, two daily
applications of the dentifrice, by brushing, for 2 days; group 3, two daily applications of
the dentifrice, by brushing, for 3 days; and group 4, no treatment (control group).

Specimens in groups 2 and 3 were brushed with a soft-bristled toothbrush (Medfio,
Curitiba, Parana, Brazil), twice daily, for 1 minute each, with a 12-interval between
brushings.

Specimens from groups 1, 2, and 3 were stored in individual containers with 5 mL
artificial saliva, which was obtained from a compounding pharmacy. Before placing in
artificial saliva, each sample was rinsed with water to remove any excess dentifrice. These
containers were stored at 37°C throughout the 3-day experiment period, in an attempt to
simulate the oral environment.

Specimen preparation for scanning electron microscopy

Samples were dehydrated in graded ethanol baths (50, 70, and 95%, 10 min in each
concentration) followed by two 10-min baths in 100% ethanol, and were then stored in a
desiccator at 37°C for 24 hours to complete dehydration. Finally, they were attached to
stubs and metal-coated for scanning electron microscopy (SEM) analysis.

Scanning electron microscopy analysis

The specimens were imaged with a Philips XL 20 scanning electron microscope
(Philips, The Netherlands), at 2,000x, 5,000x, and 10,000x magnification.

RESULTS

Complete exposure of the dentinal tubules as a result of acid conditioning is clearly
visible in control group (Figure 1).

Dentinal tubule obliteration was not achieved in any of the specimens in group 1
(Figure 2). In group 2, partial or complete obliteration of the dentinal tubules was observed,
with surface relief in areas of intertubular dentin (Figures 3 and 4).
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FIGURE 1 — Exposure of dentinal tubules after application of 6% citric acid for 1 minute (SEM - 2,000x).
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FIGURE 3 — Partial or complete obliteration of dentinal tubules and intertubular dentin with surface relief
- 2,000x).
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Specimens in group 3 exhibited greater obliteration of dentinal tubules and a
smoother dentin surface as compared with group 2. Most specimens in group 3 were
completely obliterated; only a few were partially obliterated. Deposition of obliterating
material within the tubules was visible on SEM analysis (Figures 5, 6, and 7).
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FIGURE 6 — Obliterated and occluded dentinal tubules (SEM - 5,000x).
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FIGURE 7 — Occlusion of tubules by direct deposition of obliterating material (SEM, 10,000x).

DISCUSSION

Dentin hypersensitivity is a condition that affects patient quality of life. Most
individuals who seek treatment do so in search of relief for their pain (3). Preferably,
reversible procedures should be attempted before irreversible modalities (1,3,6,20). These
less-invasive treatment options include the use of desensitizing dentifrices (5,20,21,23-
25).

Daily use of desensitizing dentifrices should be recommended as the first-line
treatment of choice for dentin hypersensitivity, as it is a noninvasive, cost-effective, and
readily available method (3,5,12,21). Furthermore, tooth brushing is a globally accepted
dental hygiene method that is part of the daily routine of many patients, and thus requires
no changes in habits (3,12).

Topical application of desensitizing dentifrices for reduction of dentin
hypersensitivity has been assessed elsewhere (26), but further research is still required.
In the present study, a single application of desensitizing dentifrice was not able to
obliterate the dentinal tubules in any of the tested specimens. Nevertheless, a previous
in vitro study reported that a single application of desensitizing dentifrice for one minute
was able to induce obliteration of the dentinal tubules (21). Further research should assess
whether the reduction of dentin hypersensitivity observed after a single application of
desensitizing dentifrice is attributable to the formation of a mechanical barrier atop the
dentin rather than by a true effect on the dentinal tubules. In the present study, group 1
specimens, which were rinsed after a single application of dentifrice and then stored in
artificial saliva for 3 days, were no different control group specimens, which were not
treated with dentifrice.
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In groups 2 and 3, the desensitizing dentifrice successfully obliterated the dentinal
tubules by deposition of obliterating material within the tubules. Effective treatment of
dentin hypersensitivity with desensitizing dentifrices, with sustained effect, requires that
patients brush their teeth with the dentifrice at least twice daily (3,26). The mechanism
of action of this dentifrice is believed to involve the formation of an arginine, calcium
carbonate, and phosphate plug directly onto the exposed dentinal tubules, thus occluding
them over the course of the treatment (5).

The longer the use of desensitizing dentifrice, the greater the benefit obtained
in terms of obliteration of dentinal tubules and, consequently, reduction of dentin
hypersensitivity (1,26). In the present study, effects were observed with as little as 2
days of twice-daily use.

An interesting finding observed in group 2 was a “surface relief” effect on the dentin,
which suggests deposition of material not only within the tubules, but also in areas of
intertubular dentin. The “smoother” surface observed in group 3 might be explained by an
abrasive effect of the dentifrice, as specimens in this group were exposed to an additional
day of brushing. Further studies are required to elucidate these findings.

Wang et al. (24) assessed the efficacy of an arginine-containing dentifrice in occluding
the dentinal tubules by performing an acid challenge after application of the dentifrice. After
immersion in acid for 5 minutes, the dentinal tubules remained occluded by the dentifrice,
but less so than before the acid challenge. Olley et al. (27) assessed tubular occlusion after
an acid challenge in dentin samples treated with desensitizing dentifrices. The specimens
were brushed twice daily with two different dentifrices, one having arginine as its active
ingredient and the other containing strontium instead. Acid challenge was performed after
brushing. The authors found that, after 3 and 4 dias of twice-daily brushing followed by acid
challenge, the strontium-based dentifrice was significantly superior to the arginine-based
dentifrice in terms of dentinal occlusion. Further studies are required to assess the long-term
effect of these dentifrices and ascertain whether the obliterating layer of material deposited
atop the dentinal tubules resists the dietary acid challenge.

In the present in vitro study, the use of desensitizing dentifrice led to partial or
complete occlusion of the dentinal tubules after 2 days of twice-daily brushing. Taking
into account that desensitizing dentifrices could be used as a first-line treatment for dentin
hypersensitivity, the patterns of dentinal tubule occlusion after 2 days of application were
satisfactory.

CONCLUSIONS

In conclusion, taking into account the limitations of an in vitro study, a single
application of desensitizing dentistry by rubbing with the fingertip for 1 minute was
not sufficient to obliterate dentinal tubules. Conversely, twice-daily brushing with the
dentifrice produced obliteration of the dentinal tubules within 2 days. Further studies
are required to assess the long-term effectiveness of the dentifrice used in this study
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and analyze whether the obliterating material formed after 2 days of brushing with the
dentifrice is able to resist the acid challenge of a potentially erosive diet.
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