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Abstract

Background/Objectives: Dentin hypersensitivity (DH) is associated with gingival recession
and dentin exposure. Biomimetic hydroxyapatite (HAp) reduces DH by occluding dentinal
tubules, with conventional toothpaste formulations showing benefits. High-density HAp
mouthwashes may enhance bioavailability, but comparative evidence is scarce. This trial
assessed the immediate desensitizing efficacy of a conventional HAp toothpaste and a
high-density HAp mouthwash after professional oral hygiene. Methods: One hundred
participants were randomized 1:1 to Biorepair® (Coswell S.p.A., Funo, BO, Italy) Total
Protection Toothpaste (Control) or Biorepair® (Coswell S.p.A., Funo, BO, Italy) High-
Density Mouthwash (Test). Assessments were performed at baseline (T0), post-debridement
(T1), and after product use (T2). The primary endpoint was patient-level Schiff Air Index
(SAI). Secondary endpoints included tooth-level SAI, Visual Analog Scale (VAS) scores, and
gingival recession (GR). The trial was registered at ClinicalTrials.gov (NCT07057141) and
followed CONSORT 2025 guidelines. Friedman and Dunn’s tests and regression models
were applied. Results: Both groups showed significant reductions in hypersensitivity.
Patient-level mean SAI decreased from 1.47 to 0.66 in the Control and from 1.48 to 0.45 in
the Test group, while VAS declined from 3.66 to 1.57 (Control) and from 4.15 to 1.37 (Test).
Post hoc analyses showed significant intragroup reductions between T0/T1 and T2 in both
groups, with no significant differences between groups at any timepoint. GR remained
stable across the study. Regression analyses identified follow-up time and GR as significant
predictors, whereas treatment allocation was not, indicating that the acute advantage of the
mouthwash at T2 did not persist once longitudinal trends were considered. Conclusions:
Both HAp formulations effectively reduced dentin hypersensitivity 30 s after application.
The high-density mouthwash exhibited slightly lower mean values at T2, although these
differences were not statistically significant.

Keywords: dentinal tubules; dentin hypersensitivity; desensitizing agents; gingival re-
cession; high-density formulation; hydroxyapatite; mouthwash; randomized controlled
trial; toothpaste
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1. Introduction

Dentin hypersensitivity (DH) is a common clinical condition characterized by a short,
sharp pain arising from exposed dentin in response to thermal, tactile, osmotic, or evap-
orative stimuli, which cannot be attributed to any other form of dental pathology [1]. Its
prevalence in the adult population has been reported to range between 10% and 30%, with
higher incidence among patients presenting with gingival recession, non-carious cervical
lesions, and periodontal disease [2]. The exposure of dentinal tubules due to loss of enamel
or cementum is the primary etiological factor, with the hydrodynamic theory being the
most widely accepted explanation of the underlying mechanism [3]. According to this
theory, external stimuli cause fluid movement within dentinal tubules, activating pulpal
mechanoreceptors and eliciting pain [4,5].

Over the years, numerous therapeutic strategies have been proposed to manage
DH, including in-office and at-home treatments [6-9]. Among the latter, toothpastes and
mouthrinses containing active agents such as potassium salts, fluoride, arginine, and
biomimetic hydroxyapatite (HAp) have gained widespread popularity [10-20]. HAp-
based products, in particular, have attracted considerable attention because of their
biomimetic composition, which closely resembles the mineral phase of human enamel
and dentin [21,22]. Their ability to occlude exposed dentinal tubules and promote reminer-
alization suggests a promising role in reducing hypersensitivity.

In recent years, the term “biomimetic hydroxyapatite” has been increasingly used in
dental literature, although not always with scientific accuracy. In dentistry, biomimetic
should be reserved for hydroxyapatite (HAp) formulations specifically engineered to repro-
duce the key physicochemical, crystallographic, and nanostructural characteristics of bio-
logical enamel and dentin. True biomimetic HAp consists of nano-sized crystals (<100 nm)
with low crystallinity and carbonate substitution, parameters that replicate the ultra-
structure and chemical composition of native dental apatite and mimic the physiological
processes that govern enamel remineralization [14,21,23-25]. Owing to this structural
similarity, biomimetic HAp exhibits high bioaffinity for dental tissues: it can integrate into
the acquired pellicle, form a mineralized surface layer, and achieve deep, stable occlusion
of exposed dentinal tubules, resulting in measurable reductions in dentinal hypersensitiv-
ity [26-31].

This definition highlights a crucial distinction: not all hydroxyapatites included in
toothpastes can be considered biomimetic. Standard formulations generally contain micro-
sized or highly crystalline HAp particles, which primarily exert a mechanical tubule-
plugging effect without replicating the interfacial and molecular interactions typical of
enamel-like remineralization [32-36]. In contrast, biomimetic nano-HAp interacts with
enamel and dentin at a deeper level, promoting the formation of a stable, enamel-like
mineral phase, with superior intratubular sealing and longer-lasting clinical effects.

Products containing microRepair® (Coswell S.p.A., Funo, BO, Italy) represent an exam-
ple of scientifically valid biomimetic hydroxyapatite technology. These formulations rely on
microcrystalline zinc-substituted hydroxyapatite (Zn-HAp), an engineered HAp in which
ionic substitutions enhance bioactivity, affinity for dentin proteins, and integration with the
existing mineral matrix, thereby more closely reproducing the behavior of physiological
hydroxyapatite [14,23]. Its mechanism of action is immediate and physical: following
professional debridement, Zn-HAp selectively adheres to clean exposed dentin and rapidly
occludes dentinal tubules, reducing fluid flow according to the hydrodynamic theory of
pain [3,4,14].

For these reasons, the designation “biomimetic hydroxyapatite toothpaste” is scien-
tifically justified for engineered Zn-HAp-based products such as microRepair® (Coswell
S.p.A., Funo, BO, Italy) yet should not be applied to formulations that merely include
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generic hydroxyapatite without biomimetic design. This conceptual clarity is essential for
accurately interpreting mechanisms of action and anticipating clinical outcomes among
different hydroxyapatite-based products [10,21,23].

Several clinical trials have demonstrated the efficacy of HAp-containing toothpastes in
alleviating DH, reporting encouraging improvements in subjective pain scores and objective
sensitivity indices [10,11,37-39]. More recently, mouthrinse formulations containing HAp
have been introduced as alternatives or adjuncts to toothpaste [40,41]. High-density HAp
mouthwashes are of particular interest: these formulations contain elevated concentrations
of zinc-HAp microcrystals suspended in a more viscous vehicle, designed to increase
retention on the tooth surface and enhance immediate tubule occlusion. However, while
toothpastes have been extensively investigated, few well-designed randomized clinical
trials have evaluated the immediate desensitizing effect of high-density HAp mouthwashes
in comparison with biomimetic HAp toothpastes [11,37,42]. Additionally, the immediate
impact of professional oral hygiene procedures—such as scaling and biofilm removal—on
gingival recession and sensitivity perception remains underexplored, despite evidence that
these procedures can transiently modify gingival margin position and hypersensitivity
outcomes [43]. Another potentially influential but understudied factor is the severity of
gingival recession, which may affect DH indices such as the Schiff Air Index (SAI) and
Visual Analog Scale (VAS) [44,45].

In light of these gaps, the present randomized controlled clinical trial aimed to verify
whether the desensitizing activity of biomimetic HAp—already documented in the medium
and long term by previous studies [8,39]—could also manifest in the very short term,
namely 30 s application. To this end, we evaluated and compared the immediate effects
of a biomimetic HAp toothpaste (Control group) and a biomimetic high-density HAp
mouthwash (Test group) on dentin hypersensitivity immediately after a standardized
session of professional oral hygiene.

The primary null hypothesis was that no significant difference exists between the two
interventions in terms of patient-level change in SAI across baseline (T0), post-hygiene
(T1), and post-treatment (T2). Secondary null hypotheses were that no differences would
be observed between groups at the tooth-level SAI and for VAS at both patient and tooth
levels, and that the severity of GR would not significantly influence hypersensitivity scores.

2. Materials and Methods
2.1. Trial Design

This was a prospective, single-center, randomized controlled clinical trial with a 1:1
allocation ratio, conducted between June 2024 and July 2025, approved by the Unit Internal
Review Board (approval number: 2024-0703; approval date: 3 July 2024) and registered on
ClinicalTrials.gov (NCT07057141). The research adhered to the ethical standards outlined
in the Declaration of Helsinki for studies involving human participants and complied with
the CONSORT 2025 checklist criteria [46] (see Supplementary Table S1). All individuals
provided written informed consent prior to their inclusion in the study. Both the treatment
procedures and the evaluation of outcomes were performed at the same clinical facility.
Figure 1 presents the CONSORT 2025 [46] flowchart summarizing participant enrollment,
allocation, follow-up, and analysis.
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[ Enrolment ] Assessed for eligibility (n = 100)

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)
Declined to participate (n = 0)
Other reasons (n = 0)

Randomised (n = 100)

|
Allocation l

Allocated to Biorepair® Total Protection Allocated to Biorepair® High-Density
ToothpasFe (n =50) ) ! Mouthwash (n = 50)
Received allocated intervention (n = 50) Received allocated intervention (n = 50)
Did not receive allocated intervention (n = 0) Did not receive allocated intervention (n = 0)
Follow-Up
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
Lost to follow-up for primary outcome (n = 0) Lost to follow-up for primary outcome (n = 0)

Analysis
1 J

Analysed for primary outcome (n = 50) Analysed for primary outcome (n = 50)

Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Figure 1. CONSORT 2025 flow diagram.

2.2. Study Setting

This clinical investigation was carried out at the Dental Hygiene Unit, Section of
Dentistry, Department of Clinical, Surgical, Diagnostic and Pediatric Sciences, University
of Pavia, 27100 Pavia, Italy.

2.3. Inclusion and Exclusion Criteria

Participants eligible for the study were men and women aged between 18 and 70 years,
in good general health (ASA I or II), who provided written informed consent. These criteria
were defined based on methodological recommendations for dentin hypersensitivity trials,
with the aim of minimizing systemic or pharmacological influences on pain perception and
ensuring diagnostic consistency [47]. Inclusion required the presence of gingival recession
(GR), clinically diagnosed by visible root exposure and confirmed by periodontal probing
as a distance between the gingival margin and the cementoenamel junction > 1 mm [48].
Moreover, participants needed to present dentin hypersensitivity, confirmed by a positive
response to evaporative stimulus using the Schiff Air Index (SAI) and self-reported pain on
the Visual Analog Scale (VAS) [49].

Exclusion criteria included individuals younger than 18 years of age, those with current
or recent (<4 weeks) use of desensitizing toothpastes or mouthrinses [11], and pregnant or
breastfeeding women, in order to avoid ethical concerns and hormonal-related changes
that could affect dentin hypersensitivity outcomes [50]. Additional exclusion criteria
were known allergy to product components; chronic use (>3 months) of medications that
may alter pain perception, such as long-term analgesics, antidepressants, anticonvulsants,
or anti-inflammatory drugs [51]; the presence of untreated carious lesions or structural
fractures of enamel and/or dentin in teeth affected by hypersensitivity, as these conditions
could act as confounding factors [52]; and the presence of uncontrolled systemic diseases,
including poorly controlled diabetes mellitus, active autoimmune or immune-mediated
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disorders, or ongoing malignant diseases, which may interfere with oral health, pain
perception, or study safety [53].

The determination and application of the eligibility criteria followed a standardized
three-step screening procedure. First, each participant’s electronic medical records were
reviewed to verify general health status, ASA classification, chronic medication use, preg-
nancy or breastfeeding status, and the presence of systemic conditions relevant to exclusion.
Second, a structured medical and dental questionnaire was administered to identify re-
cent use of desensitizing products, allergies, pain-modulating medications, and lifestyle
factors potentially influencing dentin hypersensitivity. Finally, a direct clinical examina-
tion was performed by a calibrated operator to confirm gingival recession, visible root
exposure, and dentin hypersensitivity using SAI and VAS testing. This multi-layered ap-
proach ensured consistent, reproducible, and clinically reliable application of the inclusion
and exclusion criteria.

2.4. Interventions and Outcomes

After signing the informed consent document (baseline, T0), the following clinical
parameters were recorded by an instructed operator: GR (distance between gingival margin
and cementoenamel junction, expressed in millimeters), measured with a periodontal probe
(UNC probe 15; Hu-Friedy, Chicago, IL, USA) [48]; SAI (hypersensitivity assessment in
response to a one-second air blast delivered from a dental syringe at approximately 1 cm
from the gingival margin, scored on a scale of 0-3), evaluated on both the buccal and
lingual/palatal surfaces of the affected teeth [49]; and VAS (self-reported pain intensity on a
10 cm horizontal line ranging from 0 = no pain to 10 = worst possible pain) [53]. At the tooth
level, GR and SAI were measured for each individual tooth showing gingival recession and
dentin hypersensitivity, while VAS scores were collected for each tooth immediately after
the air stimulus. At the patient level, mean values of GR, SAI, and VAS were calculated by
averaging the results obtained from all examined teeth of each patient.

Immediately after these baseline assessments, patients underwent professional
supragingival oral hygiene treatment, performed using a piezoelectric instrument (Multi-
piezo, Mectron S.p.a., Carasco, Italy) and Gracey curettes (Hu-Friedy, Chicago, IL, USA),
followed by decontamination with glycine powder (Mectron S.p.a., Carasco, Italy).

After completion of the professional hygiene session (T1), GR, SAI, and VAS were
reassessed at both the tooth and patient levels, since professional debridement may induce
immediate variations in gingival margin position due to the removal of inflamed tissues and
biofilm, as well as transient changes in dentin hypersensitivity perception. This additional
recording ensured standardized baseline conditions before treatment allocation. In this
way, it was possible to evaluate the difference in sensitivity after product application,
considering the sensitivity measurement taken after professional oral hygiene as a negative
control and thus assessing the changes observed following the application of the two
products [54]. Subsequently, patients were randomly assigned to one of the two study
groups. The Control group applied Biorepair® Total Protection toothpaste (Coswell S.p.A.,
Funo, BO, Italy) on hypersensitive areas for 30 s, while the Test group rinsed with Biorepair®
High-Density mouthwash (Coswell S.p.A., Funo, BO, Italy) for 30 s. Table 1 shows the
compositions of the two products used.

After the intervention (T2), clinical parameters were recorded again at both the tooth
and patient levels in order to assess the effect of the treatments on dentin hypersensitivity.

The primary objective was to evaluate the change in dentin hypersensitivity—
quantified by SAI patient level—across T0, T1, and T2 between the two groups. Secondary
objectives were the same comparison for SAI at the tooth level and for VAS at both the
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patient and tooth levels, as well as to investigate whether the severity of gingival recession
influenced SAI and VAS scores.

Table 1. Composition of the tested products.

Product

Manufacturer Composition

Biorepair® Total Protection

Toothpaste

Aqua; Zinc Hydroxyapatite
(microRepair® — Coswell S.p.A.,
Funo, BO, Italy); Glycerin; Sorbitol;
Hydrated Silica; Silica; Aroma;
Cellulose Gum; Tetrapotassium
Pyrophosphate; Sodium Myristoyl
Sarcosinate; Sodium Methyl Cocoyl
Taurate; Sodium Saccharin; Citric
Acid; Phenoxyethanol; Benzyl
Alcohol; Sodium Benzoate

Coswell S.p.A., Funo, BO, Italy

Aqua; Sorbitol; Glycerin; Xylitol;
Cellulose Gum; Zinc PCA; Zinc
Hydroxyapatite (microRepair® —
Coswell S.p.A., Funo, BO, Italy);
Aroma; Sodium Lauryl Sulfate; Silica;
Ricinus Communis Seed Oil;
Ammonium

Biorepair® High-Density Mouthwash Coswell S.p.A., Funo, BO, Italy Acryloyldimethyltaurate/ VP

Copolymer; Mentha Arvensis Leaf
Oil; PEG-40 Hydrogenated Castor
Oil; Sodium Myristoyl Sarcosinate;
Sodium Methyl Cocoyl Taurate;
Sodium Saccharin; Tromethamine;
Sodium Benzoate; Benzyl Alcohol;
Phenoxyethanol; Limonene

2.5. Sample Size

The determination of the required number of participants was performed considering
two independent parallel groups and a continuous primary outcome, with a significance
threshold set at & = 0.05 and a statistical power of 95%.

The sample size was estimated using the following formula:

i Z(zl_%)P(l_P)

Sample size = — gz (1)
where Z is the standard normal variate corresponding to 1.96 at 5% type 1 error, p is the
expected proportion of the population expressed as a decimal and based on previous
studies, and finally d is the confidence level determined by the researcher and expressed as
a decimal, too.

The variable Schiff Air Index at patient level was chosen as the primary outcome. A
mean of 2.72 was expected, and a difference between the means of 0.23, with a standard
deviation of 0.32 [55]. Therefore, 50 patients per group were required for this clinical study.

2.6. Randomization and Blinding

Participants were randomly allocated to the Control or Test group with a 1:1 allocation
ratio. The randomization sequence was generated using R software (version 4.5.1, R Foun-
dation for Statistical Computing, Vienna, Austria) through a computer-based algorithm
to ensure equal probability of assignment. Allocation was performed by an independent
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operator not involved in data collection, and the assigned intervention was communicated
to the clinical examiner immediately before treatment.

2.7. Statistical Methods

Descriptive statistics were calculated for all clinical variables at both the tooth level
and the patient level. Specifically, for gingival recession (GR), Schiff Air Index (SAI), and
Visual Analog Scale (VAS), the following values were reported: mean, standard deviation
(SD), minimum, median, and maximum.

For inferential analysis, the Friedman test was applied to evaluate differences across
timepoints (T0, T1, T2) within each group. When statistically significant results were
detected, pairwise comparisons were performed using Dunn’s post hoc test to identify
specific differences between time frames. A letter-based grouping method was used to
facilitate the interpretation of statistically significant differences across comparisons [56].

In addition, linear regression models were performed to explore potential associations
between gingival recession, hypersensitivity indices (SAI and VAS), treatment groups,
and time in order to assess whether the severity of gingival recession or other covariates
influenced dentin hypersensitivity outcomes.

All analyses were conducted using R software (version 4.5.1, R Foundation for Statisti-
cal Computing, Vienna, Austria). A significance threshold of p < 0.05 was applied.

3. Results
3.1. Participants and Recruitment

A total of 100 patients were assessed for eligibility, all of whom met the inclusion
criteria and consented to participate. Consequently, 100 participants were randomized in a
1:1 ratio into two groups: 50 were allocated to the Biorepair® Total Protection Toothpaste
(Control group) and 50 to the Biorepair® High-Density Mouthwash group (Test group). All
participants received the allocated intervention, with no losses to follow-up or discontinua-
tions throughout the study period. Recruitment was conducted at the Dental Hygiene Unit,
Section of Dentistry, University of Pavia, Italy, between June 2024 and July 2025. Therefore,
all 100 patients were included in the final analysis, ensuring full adherence to the study
protocol. Importantly, no adverse events or harms related to the use of either the toothpaste
or the mouthwash were reported during the study period.

3.2. Baseline Characteristics

Table 2 summarizes the baseline demographic characteristics of the study partici-
pants and the distribution of examined teeth in both groups. The overall mean age was
51.3 £ 16.0 years (range 22-70), with males slightly older on average (54.1 & 15.7) compared
to females (48.4 £ 16.1). The gender distribution was balanced, with 51% males and 49%
females. When stratified by treatment allocation, the Control and Test groups showed
nearly identical demographic profiles, with mean ages of 51.6 & 16.1 and 51.0 £ 15.9 years,
respectively, and a comparable gender distribution (52% males in the Control group and
50% males in the Test group). None of the participants were current smokers, and no
systemic conditions or medications known to affect periodontal health were reported,
thereby minimizing potential confounding factors.

Regarding tooth position, the percentages are calculated out of a total of 80 teeth in
each group. Each participant contributed between 1 and 3 teeth to the analysis in both
groups, reflecting the variability in the number of eligible recession sites per patient. In the
Control group, 46.3% of teeth were maxillary (n = 37) and 53.8% mandibular (n = 43), with
a relatively even distribution across the four quadrants, ranging from 17.5% in quadrant 2
to 31.3% in quadrant 4. In the Test group, 41.3% of teeth were maxillary (n = 33) and 58.8%
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mandibular (n = 47). The quadrant distribution showed a slightly higher proportion of
teeth in quadrant 4 (37.5%) compared with the other quadrants, which ranged from 20.0%
to 21.3%.

Table 2. Baseline demographic and clinical characteristics of the study population.

Variable Value
Age (years)
Overall (mean =+ SD, range) 51.3 £ 16.0 (22-70)
Male (mean =+ SD, range) 54.1 + 15.7 (22-70)
Female (mean =+ SD, range) 48.4 + 16.1 (22-70)
Control group 51.6 &+ 16.1 (22-70)
Test group 51.0 4+ 15.9 (22-70)
Gender distribution (n (%))
Male—Overall 51 (51)
Female—Overall 49 (49)
Male—Control group 26 (52)
Female—Control group 24 (48)
Male—Test group 25 (50)
Female—Test group 25 (50)
Teeth position (n (%))—Control group
Maxillary 37 (46.3)
Mandibular 43 (53.8)
Quadrant 1 23 (28.8)
Quadrant 2 14 (17.5)
Quadrant 3 18 (22.5)
Quadrant 4 25 (31.3)
Teeth position (n (%))—Test group
Maxillary 33 (41.3)
Mandibular 47 (58.8)
Quadrant 1 17 (21.3)
Quadrant 2 16 (20.0)
Quadrant 3 17 (21.3)
Quadrant 4 30 (37.5)

Abbreviations: SD, standard deviation.

3.3. Outcomes
3.3.1. Gingival Recession (GR)

At both the tooth level and the patient level, mean GR values remained stable across
all study timepoints (T0, T1, T2) in both groups. In the Control group, mean GR was
consistently 2.95 mm at the tooth level (95% CI: 2.39-3.51) and 3.04 mm at the patient level
(95% CI: 2.46-3.62), with no detectable changes immediately after professional oral hygiene
or after product application. Similarly, in the Test group, mean GR values were stable at
2.65 mm (95% CI: 2.15-3.15) at the tooth level and 2.80 mm (95% CI: 2.29-3.31) at the patient
level throughout the entire observation period. Median values and ranges also confirmed
the absence of variation between baseline, post-hygiene, and post-treatment assessments.



Oral 2025, 5, 100

90f19

Inferential analysis with the Friedman test confirmed these descriptive findings. No statis-
tically significant differences were detected in GR values across timepoints within either
group. At the tooth level, the Friedman statistic was 6.639 with an approximate p-value
of 0.249, while at the patient level, the Friedman statistic was 3.378 with an approximate
p-value of 0.642. Therefore, Dunn’s post hoc test was not performed. These results are
illustrated in Table 3, which reports descriptive statistics and intra- and intergroup compar-
isons of GR values at both tooth level and patient level across all timepoints (T0-T2) in the
Control and Test groups.

Table 3. Descriptive statistics and intragroup/intergroup comparisons of GR tooth-level and patient-
level values across all timepoints (T0-T2) in the Control and Test groups. Superscript letters indicate
the results of multiple comparisons: lowercase letters denote intragroup differences across timepoints
(TO-T2), while uppercase letters denote intergroup differences (Control vs. Test) at each corresponding
timepoint. Means sharing at least one identical letter are not significantly different (p > 0.05).

Tooth Level
Group Time Mean £+ SD Min Median Max
Control TO 295 + 1.57 34 1.00 3.00 10.00
(1 = 50) T1 295 + 1.572A 1.00 3.00 10.00
T2 295 + 1.572A 1.00 3.00 10.00
Test TO 2.65 + 1.412A 1.00 2.00 9.00
(1 = 50) T1 2.65 + 1.41 34 1.00 2.00 9.00
T2 2.65 + 1.412A 1.00 2.00 9.00

Patient Level
Group Time Mean + SD Min Median Max
Control TO 3.04 £ 1.622A 1.00 3.00 10.00
(1 = 50) T1 3.04 +£1.622A 1.00 3.00 10.00
T2 3.04 +£1.622A 1.00 3.00 10.00
Test TO 2.80 +1.432A 1.00 2.75 9.00
(1 = 50) T1 2.80 £ 1.43 34 1.00 2.75 9.00
T2 2.80 + 1.432A 1.00 2.75 9.00

Abbreviations: Min, minimum; Max, maximum; SD, standard deviation; TO, baseline (before professional oral
hygiene); T1, immediately after professional oral hygiene; T2, immediately after product application (toothpaste
or mouthwash).

3.3.2. Schiff Air Index (SAI)

Analysis of SAI values revealed a progressive and significant intragroup reduction
over time in both study arms, as detailed in Table 4. At both the tooth level and the
patient level, the Control and Test groups showed a similar pattern: SAI values at T2 were
significantly lower than at TO and T1, whereas no significant differences were detected
between T0 and T1. This intragroup trend is reflected in Table 4 by the change in lowercase
superscript letters (from a at T0O-T1 to b at T2).

At the tooth level, the Control group showed a decrease in mean SAI from 1.42 (95%
CI: 1.18-1.66) at baseline to 1.20 (95% CI: 0.92-1.48) after professional oral hygiene and to
0.58 (95% CI: 0.34-0.82) at T2. The same pattern was observed at the patient level (1.47 —
1.26 — 0.66). The Test group exhibited an analogous reduction, with tooth-level values
decreasing from 1.42 (95% CI: 1.17-1.67) to 1.28 (95% CI: 1.01-1.55) and then to 0.42 (95%
CI: 0.17-0.67), and patient-level values from 1.48 — 1.31 — 0.45.
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Table 4. Descriptive statistics and intragroup/intergroup comparisons of SAI tooth-level and patient-
level values across all timepoints (T0-T2) in the Control and Test groups. Superscript letters indicate
the results of multiple comparisons: lowercase letters denote intragroup differences across timepoints
(TO-T2), while uppercase letters denote intergroup differences (Control vs. Test) at each corresponding
timepoint. Means sharing at least one identical letter are not significantly different (p > 0.05).

Tooth Level
Group Time Mean + SD Min Median Max
Control TO 1.42 + 0.67 24 1.00 1.00 3.00
(1 = 50) T1 1.20 4 0.76 24 0.00 1.00 3.00
T2 0.58 + 0.65 bB 0.00 0.00 2.00
Test TO 1.42 + 0.69 24 1.00 1.00 3.00
(1 = 50) T1 128 £0.75% 0.00 1.00 3.00
T2 0.42 + 0.69 bB 0.00 0.00 3.00

Patient Level
Group Time Mean + SD Min Median Max
Control TO 1.47 + 0.68 24 1.00 1.00 3.00
(1 = 50) T1 1.26 4 0.76 24 0.00 1.00 3.00
T2 0.66 + 0.79 bB 0.00 0.50 3.00
Test TO 1.48 £+ 0.70 24 1.00 1.00 3.00
(1 = 50) T1 1.31 £+ 0.74 2A 0.00 1.00 3.00
T2 0.45 + 0.66 bB 0.00 0.00 3.00

Abbreviations: Min, minimum; Max, maximum; SD, standard deviation; TO, baseline (before professional oral
hygiene); T1, immediately after professional oral hygiene; T2, immediately after product application (toothpaste
or mouthwash).

Inferential analyses confirmed these patterns. The Friedman test showed significant
changes over time (tooth-level x% =165.5, p < 0.0001; patient-level x2 =108.6, p < 0.0001),
and post hoc Dunn’s tests indicated that the significant pairwise differences occurred
between T0 and T2 and between T1 and T2 in both groups, with no significant differences
between T0 and T1.

Crucially, no intergroup differences were detected at any timepoint, as indicated in
Table 4 by identical uppercase superscript letters between the Control and Test groups (A
at TO and T1; B at T2). Thus, although both interventions led to significant improvements
over time, their effects were comparable at all evaluated timepoints.

3.3.3. Visual Analog Scale (VAS)

VAS values demonstrated a clear and progressive reduction in dentinal hypersensitiv-
ity over time within each study group, as detailed in Table 5. At both the tooth level and
the patient level, the Control and Test groups showed significant intragroup improvements,
with VAS scores at T2 being significantly lower than those recorded at TO and T1. No
significant differences were observed between T0 and T1 in either group, as reflected by
the identical lowercase superscript letters (a at both timepoints).

At the tooth level, the Control group showed a decrease in mean VAS from 3.78 (95%
CI: 2.954.61) at baseline to 3.24 (95% CI: 2.37—4.11) after professional oral hygiene, reach-
ing 1.50 (95% CI: 0.87-2.13) at T2. Similarly, patient-level values declined from 3.66 (95%
CI: 2.95-4.37) to 3.16 (95% CI: 2.37-3.95) and then to 1.57 (95% CI: 0.93-2.21).
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Table 5. Descriptive statistics and intragroup /intergroup comparisons of VAS tooth-level and patient-
level values across all timepoints (T0-T2) in the Control and Test groups. Superscript letters indicate
the results of multiple comparisons: lowercase letters denote intragroup differences across timepoints
(TO-T2), while uppercase letters denote intergroup differences (Control vs. Test) at each corresponding
timepoint. Means sharing at least one identical letter are not significantly different (p > 0.05).

Tooth Level
Group Time Mean + SD Min Median Max
Control TO 3.78 +2.2723A 1.00 3.00 10.00
(1 = 50) T1 3.24 24034 0.00 3.00 10.00
T2 1.50 + 1.73 bB 0.00 1.00 6.00
Test TO 410 + 1.952A 1.00 4.00 10.00
(1 = 50) T1 3.83 +2.3734 0.00 3.00 10.00
T2 1.35 + 2.01 PB 0.00 0.50 8.00

Patient Level
Group Time Mean + SD Min Median Max
Control TO 3.66 + 1.972A 1.00 3.00 8.00
(1 = 50) T1 3.16 £ 2.15 34 0.00 3.00 8.00
T2 157 + 1.76 PB 0.00 1.00 6.00
Test TO 415+ 1.922A 1.00 4.00 10.00
(1 = 50) T1 3.71 +22723A 0.00 3.25 10.00
T2 1.37 + 1.83 B 0.00 1.00 7.50

Abbreviations: Min, minimum; Max, maximum; SD, standard deviation; TO, baseline (before professional oral
hygiene); T1, immediately after professional oral hygiene; T2, immediately after product application (toothpaste
or mouthwash).

The Test group exhibited the same pattern of improvement, with tooth-level VAS
values decreasing from 4.10 (95% CI: 3.38—4.82) at baseline to 3.83 (95% CI: 3.08—4.58) after
hygiene and to 1.35 (95% CI: 0.61-2.09) at T2. Patient-level scores similarly fell from 4.15
(95% CI: 3.46-4.84) to 3.71 (95% CI: 2.97-4.45) and then to 1.37 (95% CI: 0.71-2.03).

Inferential statistics supported these descriptive findings. The Friedman test showed
highly significant reductions across timepoints (tooth-level x> = 168.1, p < 0.0001; patient-
level x2 = 105.8, p < 0.0001). Post hoc Dunn’s analyses confirmed significant intragroup
reductions between T0 and T2 and between T1 and T2 in both groups, with no significant
differences between T0 and T1.

Importantly, no intergroup differences were observed at any timepoint, as indicated
in Table 5 by the identical uppercase superscript letters (A at T0O-T1 and B at T2 for both
groups). Thus, although both groups showed substantial and comparable reductions in
dentinal hypersensitivity over time, neither treatment demonstrated superiority over the
other at any evaluation point.

3.3.4. Regression Analysis

Linear regression models were applied to evaluate predictors of dentin hypersensi-
tivity. Gingival recession (GR) emerged as a significant factor for both outcomes. For
SAI, greater recession was associated with higher hypersensitivity scores ( = 0.105,
SE =0.024, t = 4.32, p < 0.001). Similarly, GR showed a positive association with VAS
(B =0.244, SE = 0.073, t = 3.36, p = 0.001), indicating that increased recession corresponded
to greater self-reported pain. Follow-up time was also identified as a significant predictor.
SAI values decreased progressively across timepoints ( = -0.467, SE = 0.041, t = -11.33,
p < 0.001), reflecting clinical improvement. VAS scores showed a similar pattern (3 = -0.146,
SE =0.014, t = -10.35, p < 0.001), confirming reduction in pain perception over the course
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of the study. In contrast, treatment group allocation (toothpaste vs. mouthwash) did not
significantly influence outcomes. For SAI the estimate was 3 = -0.042 (SE = 0.074, t = -0.57,
p = 0.571), while for VAS it was 3 = 0.254 (SE = 0.219, t = 1.16, p = 0.247). These findings
indicate that the improvements observed over time were independent of the assigned
intervention. These outcomes are detailed in Table 6, which reports the significant linear
regression models for clinical outcomes.

Table 6. Significant linear regression models for clinical outcomes.

Outcome
(Dependent)

Predictor
(Independent)

Estimate () Standard Error #-Value p-Value Interpretation

SAI

No difference in SAI

Group —-0.0417 0.0735 -0.57 0.571 between Test and

Control groups.

GR 0.1046 0.0242 4.32 <0.001

Each additional mm of
gingival recession
increases SAI by
~0.10 units, indicating
greater
hypersensitivity.

Time —0.4672 0.0412 -11.33 <0.001

SAI decreases over
time, suggesting
progressive clinical
improvement.

VAS

No difference in VAS

Group 0.2542 0.2191 1.16 0.247 between Test and

Control groups.

Each additional mm of
gingival recession

GR 0.2443 0.0727 3.36 0.001 increases VAS by

~0.24 points, reflecting
higher perceived pain.

VAS decreases over
time, confirming

Time —-0.1456 0.0141 -10.35 <0.001 symptomatic

improvement during
follow-up.

Abbreviations: GR, Gingival Recession; SAI, Schiff Air Index; VAS, Visual Analog Scale.

4. Discussion

The present randomized clinical trial investigated the immediate desensitizing efficacy
of two biomimetic HAp formulations—a conventional toothpaste (Control) and a high-
density mouthwash (Test)—following professional oral hygiene.

The primary null hypothesis, stating that no differences would exist between groups
in patient-level SAI across T0, T1, and T2, was not rejected. Both groups demonstrated
significant reductions in hypersensitivity over time, as shown by the significant intragroup
changes from T0/T1 to T2. However, post hoc analyses revealed no significant differences
between the two groups at any timepoint, including T2, as indicated by the identical
uppercase superscript letters in Table 4. Although the Test group showed slightly lower
mean values at T2, this difference was not statistically significant. Regression models
were consistent with these findings, as treatment allocation did not emerge as an inde-
pendent predictor of SAI once all timepoints and covariates were incorporated, indicating
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that improvements were driven primarily by time and gingival recession rather than by
differences between formulations.

The secondary null hypotheses, which stated that no differences would be observed
between groups for tooth-level SAI and VAS at both tooth and patient levels, were likewise
not rejected. Both tooth-level and patient-level hypersensitivity scores (SAI and VAS) de-
creased significantly over time in both groups, but no intergroup differences were detected
at any timepoint, confirming that the desensitizing effect was comparable between the two
formulations. GR values remained stable across all timepoints, confirming that neither
intervention modified the extent of root exposure during the single-session evaluation
period. This stability is consistent with the physiological and methodological constraints
of the present trial: all GR measurements were obtained minutes apart within a single
appointment using a UNC-15 probe with 1 mm precision. Under these conditions, sub-
millimetric shifts cannot be detected once measurements are rounded to whole millimeters.
This interpretation aligns with contemporary periodontal literature, which indicates that
detectable gingival margin changes occur over days to weeks during healing after scaling
and root planing, rather than immediately after supragingival debridement [2,48,54]. To
the best of our knowledge, no published studies have demonstrated within-appointment
GR changes following professional supragingival hygiene alone.

However, regression models identified GR as an independent predictor of both SAI
and VAS, with greater recession associated with higher hypersensitivity and pain per-
ception, consistent with the established etiological role of root exposure in DH [2,48,54].
Taken together, these findings indicate that although both formulations rapidly reduced
hypersensitivity, their effects did not differ significantly between groups. The small, non-
significant numerical advantage observed in the Test group at T2 does not represent a true
between-group separation and is not sustained when all timepoints and covariates are
modeled simultaneously.

In the acute setting, the rapid intragroup desensitizing effect observed in this trial is
biologically plausible and supported by mechanistic evidence. Both tested formulations
contain zinc-substituted biomimetic hydroxyapatite (HAp, microRepair®—Coswell S.p.A.,
Funo, BO, Italy), which exerts an immediate physical action on exposed dentin. Following
professional debridement, the dentin surface is clean, reactive, and highly permeable,
facilitating the adsorption of HAp microcrystals and the rapid formation of a mineral-
rich biomimetic layer that seals tubule entrances. This early occlusion reduces dentinal
fluid movement according to the hydrodynamic theory, producing fast improvements in
hypersensitivity scores. SEM and permeability studies have shown that HAp-containing
formulations can block tubules and repair superficial mineral loss after short contact
times [57], while clinical evidence confirms measurable reductions in hypersensitivity
immediately or shortly after application of biomimetic HAp products [58]. A recent review
further supports the capacity of zinc-HAp to integrate rapidly with both enamel and dentin
and promote early mineral deposition [14].

These mechanistic insights help explain the marked intragroup reductions observed
at T2. They do not, however, imply a significant difference between formulations, which
was not supported by the statistical findings of the present trial.

The present results are coherent with the available literature and extend it by (i) demon-
strating immediate, chairside reductions in hypersensitivity with both HAp formulations
and (ii) confirming the predictive role of GR for both SAI and VAS outcomes. Meta-analytic
evidence has shown that HAp-containing products consistently reduce dentin hypersen-
sitivity compared with placebo (mean relative reduction 39.5%, 95% CI 48.93-30.06) and
fluoride (23%, 95% CI 34.18-11.82), with a non-significant trend toward superiority over
other desensitizing agents [10]. These findings align with RCTs documenting clinically
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significant decreases in hypersensitivity with nano-HAp dentifrices compared to fluoride
or calcium sodium phosphosilicate [38,59]. The association between GR and DH is also
supported by clinical and epidemiological evidence, as teeth with exposed root surfaces
show higher sensitivity levels [2,48], and etiological models emphasize that gingival tissue
loss exposes patent dentinal tubules that exacerbate pain [54].

Randomized clinical trials further corroborate these patterns. Amaechi et al. [38]
demonstrated significant reductions across stimuli over 8 weeks with nano-HAp tooth-
pastes, comparable to CSPS controls. Polyakova et al. [11] reported measurable benefits
by 2 weeks and more robust effects by 4 weeks, while Vlasova et al. [55] observed pro-
gressive Schiff score decreases at 3, 7, and 14 days. Scribante et al. [18] further confirmed
the clinical effectiveness of HAp-based dentifrices in pediatric patients, demonstrating
significant remineralizing and desensitizing effects. These data collectively mirror the
improvements observed in the present trial and confirm the desensitizing efficacy of HAp
across formulations and time scales.

Importantly, previous studies assessing HAp toothpaste typically report intergroup
separation after days or weeks of use [11,38]. The present trial differs in focusing on imme-
diate, within-session effects and demonstrates that such rapid improvements occur with
both formulations, but without significant differences between them. The liquid vehicle of
the mouthwash may facilitate HAp deposition and rapid tubule interaction [60-65], but
in this trial, it did not produce a statistically significant advantage over toothpaste in the
acute timeframe.

These results parallel broader findings from mouthrinse literature. Potassium-salt
rinses have demonstrated significant DH reductions over 2-8 weeks [41], and oxalate-
and nitrate-based rinses have shown measurable improvements in Schiff and VAS scores
compared with placebo or brushing alone [65,66]. Our findings—rapid improvement after
a single application of both formulations—are compatible with this rationale, suggesting
that contact with an active desensitizing agent immediately after scaling exerts a rapid
physical effect on exposed tubules.

Head-to-head comparisons with fluoride dentifrices further support this interpretation.
Butera et al. [67] reported that patients with white-spot lesions treated with HAp toothpaste
experienced greater reductions in SAI and VAS than those treated with 1450 ppm fluoride
at 30 and 90 days, with significant improvements already detectable by day 30. Naim
et al. [37] confirmed that HAp-based RCTs often require several weeks of use to reveal
between-group differences. In contrast, the present trial demonstrates that although a
brief 30 s exposure is sufficient to produce meaningful intragroup reductions, it does not
generate detectable intergroup differences in the acute phase.

Regression analyses further clarified the determinants of hypersensitivity reduction.
GR consistently emerged as a key predictor, with greater recession associated with higher
SAI and VAS scores, in line with previous evidence [2,48,54]. Assessment timepoint was
another significant factor, as both SAI and VAS progressively decreased throughout the
session, reflecting the combined effect of professional debridement and HAp application.
In contrast, treatment allocation did not significantly influence outcomes in the regression
models, indicating that overall improvements were driven by time and the extent of root
exposure rather than by differences between toothpaste and mouthwash formulations.

Limitations are the short follow-up restricted to acute effects, the single-session evalu-
ation period that does not allow the detection of potential delayed or cumulative adverse
effects, a single-center design limiting external validity, the absence of an active comparator
beyond HAp, and unmeasured covariates (e.g., diet, salivary flow, hygiene habits) that
may influence DH. Moreover, because the same clinician performed both the interventions
and all real-time assessments, evaluator blinding was not feasible, introducing a potential
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risk of examiner or performance bias. Although allocation concealment was ensured, nei-
ther operator blinding nor evaluator blinding could be implemented. Consequently, all
clinical outcomes were assessed by the same clinician who performed the interventions,
which may introduce additional examiner or performance bias. Furthermore, the eligibility
criteria were intentionally defined without minimum or maximum thresholds for GR,
SAI, or VAS in order to include a clinically representative spectrum of hypersensitivity
severity rather than restricting the sample to predefined intensity levels. The exclusion of
participants with untreated carious lesions, enamel or dentin fractures, or defective tooth
structures was aimed at preventing confounding conditions that could mimic hypersensi-
tivity or alter baseline pain perception, thus contributing to a more homogeneous sample
and reducing variability in pain responses. Additionally, all clinical measurements were
performed by the same trained operator to minimize inter-operator variability; however,
this methodological choice, together with the distinct application modalities of the two
products, further contributed to the impossibility of implementing operator and evaluator
blinding, representing a relevant limitation of the study design. GR management was
beyond the scope, though confirmed as an independent predictor. Finally, a further limi-
tation is the absence of a non-HAp control arm, which would have allowed comparison
not only between HAp formulations but also against standard hygiene products without
active biomimetic components.

Future research should extend follow-up to confirm the persistence of the immedi-
ate desensitizing effects observed, incorporate longer-term monitoring to assess potential
late-onset side effects, include multicenter trials, test HAp directly against fluoride and
potassium-based comparators, and employ mechanistic approaches such as imaging or bio-
chemical analyses to clarify tubule occlusion dynamics. Additionally, future studies should
evaluate whether combining Hap-based treatments with adjunctive products such as tooth-
paste and mouthrinse formulations provides synergistic or longer-lasting desensitizing
effects. Such investigations would consolidate the role of HAp in DH management and
help define treatment strategies tailored to patient-specific profiles, particularly gingival
recession severity.

5. Conclusions

This randomized clinical trial demonstrated a rapid and significant desensitizing effect
of biomimetic HAp formulations, with marked reductions in SAI and VAS already evident
30 s after product application (T2). Both the toothpaste and the high-density mouthwash
produced comparable and progressive improvements, and intragroup analyses confirmed
significant reductions from TO/T1 to T2 in both groups. Importantly, no significant dif-
ferences were observed between the two formulations at any timepoint, indicating that
the desensitizing effect was independent of the delivery vehicle. Regression models fur-
ther supported this finding, as treatment allocation was not identified as an independent
predictor of hypersensitivity. Gingival recession remained stable throughout the session,
confirming that neither protocol altered soft-tissue conditions in the short term. Clinically,
these findings support the use of both HAp-based toothpaste and HAp-based mouthwash
for immediate relief of dentin hypersensitivity. Since the two formulations demonstrated
similar performance, clinicians may base their choice on patient preference, ease of use, or
adjunctive indications rather than on differences in efficacy.
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