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ABSTRACT

Aim: This clinical study aimed to evaluate the efficacy of a toothpaste containing a proprietary REFIX technology (Regenerador + Sensitive
DentalClean, Rabbit Corp) against dentin hypersensitivity.

Materials and methods: Fifty-three volunteers who fulfilled the inclusion criteria and signed the consent form were included. They were examined
for dentin hypersensitivity. The participants received a 1-second blast of air, and the tooth sensitivity, from 0 to 10, was immediately evaluated
using a visual analog scale (VAS).Then, the participants brushed their teeth with the multifunctional toothpaste, and dentin hypersensitivity was
tested a second time using the same scale. The participants continued to use the toothpaste three times a day for 1 week, after which dentin
hypersensitivity was recorded for the third time. Data were statistically analyzed using analysis of variance (ANOVA) and Tukey’s test (a = 0.05).
Results: The mean patient age was 40 years, and 70% of the 53 subjects were female. There was a significant reduction in dentin hypersensitivity
immediately after using the toothpaste and after 1 week. The baseline mean patient-reported pain score was severe (6.5 + 2.4). Inmediately
after the first use of the toothpaste, the mean reported pain significantly decreased to mild pain (2.5 + 2.5) (p < 0.05). After 1 week of consistent
use of the toothpaste, the pain score reduced significantly (0.7 + 1.2) (p < 0.05), and most participants reported no pain, demonstrating the
effectiveness of the REFIX technology against dentin hypersensitivity.

Conclusion: This clinical trial shows that the use of the phosphate-based desensitizing toothpaste containing REFIX technology significantly
reduces dentin hypersensitivity after 1 week of consistent use.

Clinical significance: The absence of pain, a desired clinical condition in patients with dentin hypersensitivity, was reached with the use of
desensitizing toothpaste containing REFIX technology after 1 week of use. Such condition positively impacts quality of life, providing a healthier
daily routine for patients.
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INTRODUCTION

Dentin hypersensitivity is a clinical condition characterized by acute,
transitory, well-localized pain derived from dentinal exposure,
which is caused by chemical, volatile, thermal, tactile, or osmotic
stimuli, and is not related to other dental defects or pathologies.'> It
affects most of the world population, causing pain and discomfort,
in some way reducing the quality of life.* The prevalence of dentin
hypersensitivity is 3-57% in the general adult population.®”
Considering the cases of patients with periodontal problems
alone, this prevalence increases up to 98%.% Despite the variations
in prevalence, dentin hypersensitivity occurs more frequently in
adults, mostly between 20 years and 40 years of age, peaking at
the end of the third decade of life.? Changes in eating habits and
stress-related disorders, among other conditions, contribute to the
exposure of the dentinal tubules, leading to pain.'

Fluoride is effective for protecting dental structures, not only
reducing enamel dissolution and improving remineralization,
but also treating dentin hypersensitivity by occlusion of the
exposed dentin tubules."""> The main mode of action of fluorine
is topical, especially delivered by toothpastes." Fluoride
dentifrices are universally accessible and are affordable oral care
products. Toothpastes containing active ingredients against
dentin hypersensitivity are the first choice in oral care.® However,
toothbrushing with desensitizing products can be difficult most
of the time because of persistent or regularly recurrent acute
pain (as most results are observed after 4 weeks), leading to
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the accumulation of dental plaque in the sensitive areas.” This
fact favors the increased risk of caries, gingivitis, and ultimately
alveolar bone loss.” These clinical characteristics are considered the
main signs of the periodontal disease.' Faced with this problem,
researchers and oral care companies are seeking to maintain
and improve the clinical effectiveness of fluoride-containing
toothpastes by developing new products with promising claims
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of blocking the neural activity in pulp nerves such as potassium.'
However, there are several criticisms of the true effectiveness of
potassium for treating dentin hypersensitivity,'> as studies proving
its effectiveness are based on controversial animal models.'68

Dentin hypersensitivity appears to be treated more effectively
and consistently when the exposed dentin tubules are occluded,
reducing dentin permeability.” For this purpose, biomimetic agents
are added to toothpaste formulations and are known as fluoride
boosters.’ These agents act as calcium and fluoride carriers inside
the dental enamel, being more effective as remineralizing agents, as
these boosters favor an increase in the size of hydroxyapatite crystals,
becoming less soluble and porous.?' In dentin, boosters may improve
the precipitation of an obliterating mineral layer onto the dentinal
tubule openings and/or within the tubules, preventing intratubular
fluid movement,?? and relieving the dentin sensitivity caused by this
fluid movement.?™ There is no agreement on the effectiveness of
the over-the-counter products recommended for use in this clinical
condition. In this manner, comparative studies have demonstrated
that desensitizing toothpastes have varied impacts on the blockage
of dentinal fluid movement, which seems to be reflected in the
effectiveness of these products for treating dentin hypersensitivity.2*

Recently, a proprietary technology, REFIX, has been developed.
This technology was added to a fluoride-containing toothpaste
and other oral care products in association with tetrasodium
pyrophosphate and silica. According to the manufacturer, this
association favors the formation of a fluoridated apatite and the
deposition of silicate, which is also incorporated deep into the
hydroxyapatite and onto the open dentinal tubules. These ionic
changes ultimately reduce hydroxyapatite solubility, decrease
dentinal fluid movement, and improve its mechanical properties,
and thus are effective for protecting against dentin hypersensitivity.
The purpose of the present study was to evaluate clinically the
efficacy of a toothpaste containing this new proprietary technology
for reducing dentin hypersensitivity. The research hypothesis was
that the use of this toothpaste would reduce the pain reported by
patients with dentin hypersensitivity.

MATERIALS AND METHODS

Experimental Design

The present study is a one-week, single-center, single-group,
open clinical treatment trial. The experimental unit was patients
with dentin hypersensitivity. The intervention proposed was
toothbrushing performed by the patient using the toothpaste
with REFIX technology for 1 week. The response variable was
the evaluation of pain provided by scores according to the visual
analog scale (VAS). The factors in analysis were based on evaluation
times: (1) baseline: before treatment; (2) immediately after the first
use; and (3) after 1 week of consistent use (three times a day). This
experimental design for testing a desensitizing product was based
on previous studies.?#?

Patient Selection

For the present clinical study, 62 patients from private dental
practices in Sdo Paulo, Sdo José dos Campos, Londrina, and Bauru
(Brazil) presenting dentin hypersensitivity were evaluated for
eligibility (Flowchart 1). To be included in the study, subjects had
to be between 18 years and 70 years old; be in good health, with no
history of allergies to dentifrice ingredients (mainly preservatives
and flavorings); present at least one tooth with dentin exposure
caused by dental abrasion, erosion, abfraction, or gingival recession;
and report tooth hypersensitivity after air blasting stimulus with a
minimum score 2 at the baseline examination.?® Patient flowchart
of this clinical trial is presented in Flowchart 1.

Patients with orthodontic appliances, with moderate or
advanced active periodontal disease, with tumors of the soft or
hard oral tissues, and pregnant women were excluded from this
clinical study. Patients who used analgesics or any other medication
that could interfere or potentially mask pain sensation (such
as antihistamines, sedatives, anticonvulsants, antidepressants,
anti-inflammatory drugs, tranquillizers, or daily analgesics) and
patients who routinely used desensitizing toothpaste or any other
desensitizing agent were also excluded. In addition, we excluded
from the study subjects reporting hypersensitivity in teeth
exhibiting enamel cracks or defects, cavitated caries, fractures,
mobility, extensive or defective restorations, prosthetic crown or
veneer, or pulp involvement. Patients with neuromuscular disorders
and other disorders impeditive to perform toothbrushing and
patients who are mentally unstable were also excluded. Of the 62
patients selected initially, eight were excluded due to severe active
periodontal disease and one was excluded due to age (<18 years
old); 53 were included in the study.

Clinical Procedures

The selected patients received information on the etiology of dentin
hypersensitivity (identifying predisposing factors such as acid diet,
excessive toothbrushing, occlusal trauma, gingival recession) and
all instructions for proper oral hygiene to reduce gingiva trauma
and to increase plaque control efficiency, as well as dietary advice

Flowchart 1: Patients were preselected by their dentists regarding
inclusion and exclusion criteria. Only patients known for dentin
hypersensitivity were recruited for the clinical trial

Assesed for eligibility (n = 62)
Screening according to inclusion
and exclusion criteria

Excluded

Not meeting inclusion criteria—less
than 18 years (n= 1)

Excluded due to severe active

Included (n = 53) periodontal disease (n = 8)

Ethical Considerations

—> Treated (n = 53)
The clinical protocol was approved by The Research Ethics
Committee of Universidade Norte do Parana, Brazil (protocol -
3.440.120/2019, approved clinical trial protocol RBR-36dr7t). This — Lost to give up (n = 0)
clinical trial was conducted according to Resolution 466/2012 of
the Brazilian National Health Council/Ministry of Health, and the Analyzed (n = 53)
Declaration of Helsinki (1964) and its later amendments. All subjects L,  VAS parameter at baseline,
received detailed information about the study and were instructed |mmegﬁactjegt:??rvv::l:ment,
to sign an written informed consent form before study enroliment.
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for dental erosion control and caries prevention. The participants
were then instructed to brush their teeth three times a day using
the dentifrice containing REFIX technology (Regenerador + Sensitive
DentalClean, Rabbit Corp, Londrina, PR, Brazil). Each patient received
a kit containing an extra-soft toothbrush, the dentifrice, and use
instructions. Subjects were instructed to use only their assigned
toothpaste, toothbrush, and to discontinue all other oral hygiene
practices. Subjects were instructed to brush their teeth three times
a day (morning, afternoon, and evening) for at least 90 s each time.

To evaluate the pain due to air blast hypersensitivity, a 1-second
application of air from a three-way syringe handpiece was directed
to the exposed dentin surface at a distance of approximately 1 cm.
The participants were instructed to point to the pain intensity on a
100-mm VAS, which ranges from no pain (score 0) to worst conceivable
pain (score 10).” The VAS pain score was recorded at baseline (before
treatment),immediately after use of the desensitizing toothpaste, and
after 1 week of consistent use. Immediately after the air stimulus, the
participants rated the intensity at which they considered their pain.
For participants who reported no or little pain relief after the 1-week
treatment, a high-fluoride concentration varnish was applied to the
sensitive tooth and the toothpaste containing the REFIX technology
was provided for continued use.

Statistical Analysis

The data were statistically analyzed using repeated-measures
analysis of variance (ANOVA) and Tukey’s post hoc test, with a
significance of 5%, using PAST, version 3.22.28

REesuLTs

The mean patient age was 40 years, and 70% of the 53 participants
were female. Patient dropouts were not observed in the present
study. Table 1 shows the mean pain level according to the evaluation
period; Figure 1 shows the distributional characteristics of the data.

Table 1: Mean score results (standard deviation) based on visual analog
scale pain score as a function of the evaluation time

Baseline Immediate After 1 week
6.5(2.4) A 25(2.5)8B 0.7(1.2)C

Means followed by distinct letters (A, B, and C) are significant (p < 0.05),
N=53

Group
Mean score

|I|

Baseline [llmmediate 11 Week

O =~ N w d OO N 0 © O

Fig. 1: Boxplot graphic of the recorded pain score by visual analog scale
comparing the evaluation periods (baseline—control,immediately after
use, and after 1 week). Significant differences were observed between
the three periods

A significant reduction in pain level was observed immediately
after the first brushing with the product (p < 0.05). The mean pain
level reduced by 62.5% after the first use (from 6.5 to 2.5) (Table 1).
After 7 days of consistent use, the patient-reported pain level also
significantly reduced to 0.7 (p < 0.05), representing a mean decrease
of 88.3% as compared to the baseline (Table 1).

Figure 2 shows a comparison between mean VAS scores as a
function of pain reliefimmediately and after 1 week of continuous
use of the REFIX-containing toothpaste: Immediately after the
application of the product, 30.2% of the participants reported
complete remission of the sensitivity (score 0), 45.3% reported a
decrease in sensitivity levels of >50%, and 24.5% reported little
or no pain relief. After 1-week use of the toothpaste, 30.2% of the
participants reported complete remission of the sensitivity (score 0),
30.2% reported maintained pain remission (no pain return), 34%
reported sensitivity reduction of >50%, and only 5.7% reported
little or no pain relief (Fig. 2).

Discussion

Clinicians have recommended the use of different professional and
home therapeutic agents for treating dentin hypersensitivity.> Most
studies that evaluated an “at-home” desensitizing therapy reported
a more effective result after 3 to 4 weeks of use.” Conversely, the
results of the present clinical trial demonstrated that the great
majority of participants reported pain relief after 1 week of use
(Figs 1 and 2). The effectiveness of the REFIX-containing toothpaste
was proved by the statistical analysis which demonstrated that
there was a significant difference (p < 0.05) in the mean scores of
pain relief considering the patient distribution when the different
evaluation times were compared (between baseline and the
immediate means; and comparing immediate and 1-week findings)
(Table 1).In this manner, the research hypothesis, which anticipated
that the use of this toothpaste would reduce the pain reported by
patients with dentin hypersensitivity, was accepted.

The reasons for this effectiveness are based on its formulation
and mode of action. The toothpaste with the REFIX technology is an

100%

5.7
90% 24.5
80% 34.0
70%
60%
50% 45.3
30.2
40%
30%
20%
30.2 30.2
10%
0,
Wi Immediate After 1 week

E Complete remission of sensitivity [ Maintained pain remission
E Reduction in 50% or more OLittle or no pain reduction

Fig. 2: Patient distribution (in percentage) according to pain relief as
a function of the evaluation time (immediately after use and after 1
week of continuous use of the REFIX-containing toothpaste). Data are
presented as mean percentage
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acidic toothpaste, containing silica, 1450 ppm fluoride (as sodium
fluoride), and tetrasodium pyrophosphate. Based on manufacturer’s
technical profile, it comprises a multifunctional phosphate-based
oral care product in an acidified phosphate/fluoride stable complex,
in the presence of saliva in the oral cavity. In this manner, new
minerals containing calcium/phosphate/fluorine are generated,?
which tends to superficially remineralize not only the dental
tissues, but also the subsuperficial layers, thus reducing the dentin
hypersensitivity. It can be speculated that crystal-like deposits are
formed within the tubule lumen.

Itis true that remineralization of dental enamelis a slow process,
so it does not seem possible to completely occurimmediately after
only one application. Conversely, the multifunctional phosphate-
based acidic toothpaste containing REFIX technology comprises
a stabilized phosphate/fluoride complex. When in contact with
the oral environment, this complex interacts with the dental
structures. Tetrasodium pyrophosphate maintains ionic calcium
becauseit penetrates the demineralized tissues and/or precipitates
in the form of loosely bound calcium fluoride.° Silicates have
been used in toothpaste formulations, allowing the formation of
calcium silicate, augmenting the natural mineralization processes
of saliva via hydroxyapatite nucleation and mineral formation.>'
The study of substituting phosphate ions (PO,) with silicate ions
(Si0,) in hydroxyapatite structures is recent.* In an in vitro study,*
it was evaluated the remineralizing effects of calcium silicate
deposition on the properties of acid-eroded dental surfaces. The
authors demonstrated that calcium silicate was able to provide a
protective effect by inducing the formation of hydroxyapatite after
its deposition onto the eroded surfaces.>

It could be speculated that this acidic toothpaste could
negatively jeopardize the remineralization process in a previously
demineralized dentin, or the use of an acidic toothpaste could
increase dentin hypersensitivity due to additional erosive action.
However, the remineralizing and anticaries effectiveness of acidified
dentifrices are well documented in the literature,?! although its
effect on dentin sensitivity is poorly discussed. Besides, even with
the vast literature on the effect of fluoride-containing toothpastes,
the exact mechanism of fluoride compounds associated with other
ingredients in sealing the tubules remains unclear and could be
related to the pH condition. Despite the lack of information, the
mechanism by which acidic toothpaste decalcifies the dentin has
been reported.>*3 The acidic pH favors the increase in the ionized
calcium concentration that exceeds the solubility product constant
for calcium fluoride, after which the calcium ions precipitate on
and inside the tubules. It has also been proven that fluoride-
containing oral care products that are slightly acidic present no
erosive potential.>® A previous study®” pointed out that, depending
on the pH, different ionized stages of H;PO, deprotonation can
be observed. It has also been highlighted that 100% of H,PO,~ is
available to interact with calcium ions at pH 4.5, which is similar to
that of the REFIX-containing toothpaste, leading to a wide variety
of calcium phosphate phases.

Based on previous studies, phosphates and pyrophosphates
appear to mediate the formation of less soluble mineral
deposits.3®740 In this manner, it can be speculated that the acidic
property of the fluoride-containing REFIX-based toothpaste can
etch the intertubular and peritubular dentin, releasing ionized
calcium ions into the tubular fluid, which can react with the active
ingredients of the toothpaste. In this manner, the increased enamel
solubility at low pH leads to an increase in calcium concentrations
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and thus facilitates the precipitation of calcium fluoride.3*
Phosphate-mediated calcium fluoride and calcium silicate crystals
can be formed and then deposited in the dentinal tubules. Thus,
these deposited crystals can reduce the functional area of the
dentinal tubules by partially occluding the tubule orifices, reducing
the fluid flow, and consequently, dentin hypersensitivity. The
clinical effectiveness of these materials may partially depend on
the dissolution resistance or solubility of those globules.*!

It is true that superficial tubule occlusion alone could be easily
dissolved by daily toothbrushing and toothbrushing after consuming
acidic foods and beverages, leading to short-term desensitizing
effects. The dissolution of the deposits could be more due to the
direct effect of the acidic food and beverages rather than only the
toothbrush effect. Conversely, the results of the present clinical
trial demonstrate that REFIX technology is effective for reducing
dentin hypersensitivity after an initial application, with a 62.5%
decrease in the baseline pain level. The effectiveness of the REFIX-
containing toothpaste against dentin hypersensitivity continued
after for up to 1 week of use, with a mean decrease of 88.3%. The
reasons that explain the ability of the REFIX-containing toothpaste
to provide pain relief are in accordance with the literature, in which
faster and less soluble, long-lasting deposits of calcium fluoride
crystals occluding the tubules are observed with a toothpaste with
a remarkably lower pH. In this case, due to the high concentration
of acids, which favors an increased availability of calcium through
dental tissue dissolution, calcium fluoride crystals tend to form
quickly, that is, in <20 seconds.> The presence of abrasives in the
toothpaste may also have played a role in occluding the dentinal
tubules. This helps to explain the results of the present study, in
which the reported pain in one out of three participants decreased
from severe to painless immediately after use of the toothpaste.

In addition to the reduced dentin hypersensitivity reported
here, the toothpaste with REFIX technology has also demonstrated
protective effects on enamel regarding caries and erosion.*
The effectiveness of 1450 ppm fluoride-containing toothpastes
containing different active remineralization agents after cariogenic
challenge with pH cycling was investigated.*? The authors
found out that the enamel subsurface was more effectively
remineralized, among other effective commercial products,
when the REFIX-containing toothpaste was used. Oversaturated
phosphate concentrations in the formulation of the toothpaste
seem to contribute to the increased calcium and phosphate on the
demineralized enamel surface, thus increasing the resistance to the
demineralizing process in the presence of fluoride ions.

The fact that this 1-week study was performed to evaluate
the effectiveness of the desensitizing toothpaste containing
REFIX technology deserves explanation. Oral health problems,
most notably dentin sensitivity, which invariably lead to painful
sensitivity at different levels, can affect an individual’s well-being,
leading the patients to live with constant discomfort, culminating
in physical and emotional pain. In this manner, the desirable impact
on clinical outcomes would be the fast relief in the pain, which
was proven as previously described. The favorable outcomes of
the toothpaste to provide relief from dentin sensitivity can be
also attributed to the adherence of the subjects to the proposed
treatment plan. Moreover, it is important to highlight that one
of the given recommendations was to discontinue all other oral
hygiene practices. Although it was not calculated, the compliance
rate in short-term therapy is usually found to be high (between
70% and 80%),** having a major effect on the treatment outcomes
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and positive clinical consequences obtained with the use of the
toothpaste tested.

Considering the limitations of the present clinical trial, the lack of
anegative control for comparative reasons seems to have affected the
interpretation of the results. For ethical reasons, a negative control
was not included. In addition, experimental designs for testing
desensitizing products in a single-group, open clinical treatment trial
have been previously reported.?*2° The other limitations include the
subjectivity of VAS for recognizing pain and the patients’ knowledge
as participants of the clinical trial. Compliance bias was not influenced
by the participants’ responses, as they had no personal relation with
the investigator, and no incentives were offered to the participants.
The short duration of the clinical trial could be another point of
contention. It is true that the lack of a longer duration of follow-up
for confirming the efficacy of this desensitizing product could be
considered a limitation of this study. Conversely, the analysis of
the rapid relief of pain arising from exposed dentin in response to
different stimuli following the use of this pain-relieving product
warrants evaluation. This could be attributed to the inclusion criterion
"report pain of minimum score 2 at the baseline examination of
the tooth hypersensitivity after air blasting stimulus” to verify the
efficacy of the treatment. This can introduce bias to the results, as
the chance of completely stopping the pain after one application of
the toothpaste is higher. Conversely, considering that this is the first
clinical trial to examine the effectiveness of this desensitizing product
and the first description of a treatment with REFIX technology-
containing toothpaste, no direct comparisons can be made between
the present and/or previous results.

CONCLUSION

This clinical trial demonstrates that toothbrushing associated
with the desensitizing toothpaste containing REFIX technology
significantly reduces dentin hypersensitivity immediately after the
first use, with a reduction after 1 week of consistent use. Further
comparative studies may be required to confirm the effectiveness
and the mechanism of the toothpaste tested.
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