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Abstract: Background: Gastroesophageal reflux disease (GERD) is a chronic condition that
causes an abrupt decrease in salivary pH in the oral cavity, which can lead to demineral-
ization, erosion, hypersensitivity, functional impairment, and possibly fracture of dental
elements. The aim of this clinical study is to compare two types of treatment in patients
with dental erosion diagnosed with gastroesophageal reflux. Methods: Thirty patients
were enrolled in this randomized clinical trial. Each patient underwent clinical evaluation
and esophageal pH measurement, in order to diagnose GERD. After an initial examina-
tion and assessment by an experienced dentist, the Trial group (15 patients) was assigned
to home treatment with a zinc hydroxyapatite-based toothpaste and a hydroxyapatite-
based paste, while the Control group (15 patients) was assigned to home treatment with
zinc hydroxyapatite-based toothpaste only. The following indices were measured: Basic
Erosive Wear Examination Index (BEWE); Schiff Air Index (SAI); Plaque Index (PI); and
Bleeding Score (BS). Each index was assessed at T0 during the first visit, one month (T1),
three months (T2), six months (T3), nine months (T4), and 12 months (T5). The Kolmogorov–
Smirnov test was used to analyze the normality of the data, while Friedman’s test followed
by Dunn’s post hoc test were used to compare the two groups (significance threshold:
p < 0.05). Results: The results showed no statistically significant change in the BEWE
and SAI indexes (p > 0.05). However, an improvement in dentin sensitivity and BS was
observed. Plaque control also improved. Conclusions: The results of this study indicate
that the additional hydroxyapatite paste did not significantly improve the outcomes of the
study in respect to hydroxyapatite toothpaste alone. However, there was an improvement
in the oral health of GERD patients using hydroxyapatite-based remineralizing treatment
in terms of oral and periodontal indices calculated.
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1. Introduction
Dental enamel consists of 96–97% inorganic material, mainly calcium phosphate

organized into hydroxyapatite crystals, and 2–3% organic material. The prisms in the
enamel provide high mechanical strength. However, once the tooth has erupted into the
oral cavity, the enamel is no longer able to repair itself [1].

Oral pH is normally between 6.5 and 7.5, but a drop to 5.5 causes an increase in
the solubility of hydroxyapatite, leading to tooth erosion. The latter is defined as the
irreversible loss of dental hard tissue without the involvement of microorganisms [2].

The cause of erosion is usually the presence of acidic agents in the oral cavity, and the
solubility constant of hydroxyapatite varies according to the specific properties of each
acid. In fact, dental erosion can be caused by both intrinsic and extrinsic substances [3,4].
Extrinsic causes include acidic foods (e.g.: citrus fruits, wine, salad dressing), carbonated
drinks, acidic drugs, sugary snacks, frequency of sugar intake, and environmental exposure
to acidic substances [5,6]

On the other hand, anorexia nervosa, bulimia, and gastrointestinal disorders such as
gastroesophageal reflux disease (GERD), which cause frequent regurgitation, are intrinsic
causes because highly acidic gastric substances are forced into the oral cavity [7,8].

GERD is a chronic disease [9] that can present with symptoms such as abdominal
pain, regurgitation, dysphagia, cough, hoarseness, and chest pain. Extra-esophageal
manifestations are common but often go undiagnosed. The essential test to diagnose
gastroesophageal reflux is esophageal pH measurement. The probe records the esophageal
pH over a period of 24–48 h. At the end of the monitoring, the data are analyzed to
determine the number, duration, and percentage of times the pH is below 4, the threshold
for acid reflux [9–12].

Untreated GERD can lead to hypersensitivity due to tooth erosion, functional impair-
ment, and possibly tooth fracture [13]. In addition, side effects on soft tissues were reported,
such as gingival and palatal erythema, glossitis, gingival ulcer, and erythema of the floor
of the mouth; additionally, the occurrence of gingivitis appears to be very high, affecting
almost 67% of cases [14].

To address the problem of tooth demineralization, different molecules have been
introduced over time: from fluoride [15–18] to casein [19–21] to apatite hydroxides [22,23].
These compounds have shown encouraging results both on demineralized areas [24,25] and
on initial caries [26,27] or teeth with mineralization defects [28,29]. Considering the results
of previous reports, hydroxyapatite has shown a remineralizing activity and enhanced the
reduction of hypersensitivity, which is the first step in remineralization [17,23].

Therefore, the aim of this study is to compare the effectiveness of two remineralizing
treatments in patients with GERD and dental erosion by evaluating dental and periodontal
parameters. In the Trial group, participants used both a hydroxyapatite-based toothpaste
and a hydroxyapatite-based paste as part of their home oral care routine, whereas in the
Control group only the toothpaste was used. This design aimed to assess the potential
additional benefits provided by the paste when used in combination with the toothpaste in
terms of a reduction in dental sensitivity and erosion.

The null hypothesis is that there are no differences between the two treatments at the
end of the study.
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2. Materials and Methods
2.1. Trial Designs

This study was a randomized clinical trial with a 1:1 allocation ratio. Approval from
the Unit Internal Review Board was obtained (ID: 2022-0126). The protocol was registered
on the clinicaltrials.gov platform (NCT number: NCT05371717)

2.2. Participants

The study was conducted at the Dental Hygiene Unit, Dentistry Section, Department
of Clinical, Surgical, Diagnostic and Pediatrics Sciences, University of Pavia (Pavia, Italy),
and included patients with GERD treated at the Gastroenterology Unit of the ICS Maugeri
of Pavia, who were referred to the Dental Hygiene Unit to start a treatment pathway. The
eligibility criteria are listed in Table 1.

Table 1. Inclusion and exclusion criteria of the study.

Inclusion Criteria

• Patients with dental erosion
• Patients with diagnosed gastroesophageal reflux
• No proton pump inhibitor medication prior to

PH examination

Exclusion Criteria

• Absence of dental erosion
• Patients with psychiatric or neurological problems
• Patients under 18 years of age
• Patients with systemic diseases
• Pregnant or lactating patients
• Patients with poor compliance

2.3. Interventions and Outcomes

At the first visit (T0), patients underwent a thorough medical history and periodontal
assessment by an experienced clinician. The clinician was calibrated after conducting an
evaluation of 5 patients, who were not included in the study but underwent the collection
of the same indices as those in this report. The evaluations were performed twice in
an interval of 14 days. Patients were given information on correct home oral hygiene
maneuvers according to their individual level of oral hygiene, dental element morphology
and position, age, and manual dexterity.

The following indices were then evaluated:

• The Basic Erosive Wear Examination Index (BEWE) presents criteria for evaluation
based on 4 scores (0 to 3) assigned according to the amount of hard tissue lost and the
ability to visually identify it [30];

• The Schiff Air Index (SAI) quantifies the pain of dental hypersensitivity in response to
the evaporative stimulus (no pain, response to stimulation, response to stimulation
and removal, accentuated pain response) by assigning a score ranging from 0 to 3 [31];

• The Plaque Index (PI) is recorded during the clinical periodontal examination at
4 sites for each tooth element present, using circumferential probing with a manual
periodontal probe [32];

• The Bleeding Score (BS) is based on the amount of bleeding after periodontal probing;
the index ranges from no bleeding to profuse and copious bleeding [33].

After the evaluation of the indices, the patients underwent a professional oral hygiene
session performed by the operator; the instruments used consisted of a piezoelectric
instrument (Multipiezo, Mectron S.p.a, Carasco, Italy) and Gracey curettes (Hu-Friedy,
Chicago, IL, USA).

Patients were randomized into two groups:
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• in the Trial group, a zinc hydroxyapatite-based toothpaste (Biorepair Plus Total Pro-
tection, Biorepair®, Coswell S.p.A., Funo di Argelato, Italy) treatment was applied
with a toothbrush (manual or electric) to the buccal and lingual surfaces of the dental
elements twice daily for the duration of the study. In addition, a hydroxyapatite-based
paste was applied (Biorepair Plus Enamel Repair Intensive Treatment, Biorepair®

Coswell, S.p.A., Funo di Argelato, Italy). After the oral hygiene procedures, the treat-
ment was applied to the inner surface of a bite guard, which was then placed in the
patient’s mouth. The patients were instructed to close their teeth naturally, allowing
the product to act for 10 min. The treatment was repeated for 7 days per month for the
entire length of the study.

• Zinc hydroxyapatite-based toothpaste (Biorepair Plus Total Protection) was applied in
the Control group as indicated for the Trial group. No additional paste or treatment
was applied.

The compositions of the two tested products are shown in Table 2.

Table 2. Chemical composition of toothpastes used.

Zinc hydroxyapatite-based toothpaste
(Biorepair Plus Total Protection)

Aqua, Zinc Hydroxyapatite (microRepair®) 20%,
Glycerin, Hydrated Silica, Sorbitol, Silica, Aroma,

Cellulose Gum, Sodium Myristoyl Sarcosinate, Sodium
Methyl Cocoyl Taurate, Citric Acid, Tetrapotassium
Pyrophosphate, Zinc PCA 13%, Sodium Saccharin,
Phenoxyethanol, Benzyl Alcohol, Sodium Benzoate

Zinc-hydroxyapatite-based paste
(Biorepair Plus Enamel Repair Intensive Treatment)

Aqua, Zinc Hydroxyapatite (microRepair®), Hydrated
Silica, Silica, Sodium Myristoyl Sarcosinate, Sodium
Methyl Cocoyl Taurate, Sodium Bicarbonate, Aroma,
Sodium Saccharin, Phenoxyethanol, Benzyl Alcohol,

Sodium Benzoate, Citric Acid, Menthol

The same procedures were performed at each session, i.e., after one month (T1), after
3 months (T2), after 6 months (T3), after 9 months (T4) and after 12 months (T5) from
baseline. Patient adherence to the home protocol was assessed by asking at each visit
whether they were continuing with the application of the products tested.

2.4. Sample Size

The sample size was calculated considering the Schiff Air Index as the primary out-
come. The study by Pepelassi et al. [34] was used for the calculation, considering data on
the Schiff Air Index at the end of the treatment between the two study groups, and con-
sidering a higher efficacy of the paste plus toothpaste versus toothpaste alone in reducing
dental sensitivity, with an expected mean of 0.41, an expected mean difference of 0.56, and
a standard deviation of 0.55. Setting an alpha error = 0.05 and power = 80%, 15 patients per
group were required, with a total of 30 patients for this study.

2.5. Randomization and Blinding

A block randomization table was used for patient allocation. A random sequence
was generated by the data analyst, considering a permuted block of 30 participants in
total. One operator (A.P.), who had not been involved in the previous procedures, enrolled
and administered the professional verbal procedures and recorded the results. Using
pre-prepared, sequentially numbered, opaque, sealed envelopes (SNOSEs), an assistant
allocated participants to their respective groups. The data analyst was unaware of the
allocation and results. The home oral hygiene products were concealed.
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2.6. Statistical Analysis

Data were statistically analyzed with R software (R version 3.1.3 R Development Core
Team, R Foundation for Statistical Computing, Vienna, Austria), calculating descriptive
statistics for each variable, including: mean, standard deviation, median, minimum and
maximum values, measured for each group. The normality of the distributions was assessed
using the Kolmogorov–Smirnov tests. For the demographic data, the Mann–Whitney test
was performed. For intragroup comparisons, Friedman’s test was then applied, followed by
Dunn’s post hoc test for multiple comparisons. For inter-group comparisons, the Kruskal–
Wallis test and Dunn tests were applied. For all tests, significance was set at p < 0.05. For
all tests, significance was set at p < 0.05.

3. Results
3.1. Participants Flow and Baseline Data

Recruitment continued until a total of 30 patients were enrolled. Once enrolled,
patients who agreed to participate in the study were divided into two groups and they all
ended the study. The flowchart of the study is shown in Figure 1. Regarding demographic
data, the mean age of participants was 52.0 ± 6.7 in the Trial group and 50.1 ± 13.6 in
the Control group, with no significant difference according to the Mann–Whitney test
(p = 0.7048). Regarding gender distribution, there were 21 females (70%) and 9 males
(30%) in total (p = 0.0041*). In the Trial group, 6 (20%) males and 9 (30%) females were
enrolled, while in the Control group 3 (10%) males and 12 (40%) females were enrolled. The
comparison between the Control and Trial group was not significant for males (p = 0.427)
and females (p = 0.427).
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To denote both within- and between-group comparisons at the same time, a letter-
based comparison was adopted, meaning that groups that share at least one identical
significant letter are not considered significantly different [35].

3.2. BEWE

As shown in Table 3, there was no significant within-group change (p > 0.05) between
the Control and Experimental groups. Furthermore, even within each group, there is no
evidence of any significant change between time T0 and time T5 (p > 0.05).

Table 3. BEWE index. *: means with same letters are not significantly different (p > 0.05).

Mean SD Min Mdn Max Significance *

Control

T0 1.33 0.49 1.00 1.00 2.00 A

T1 1.27 0.46 1.00 1.00 2.00 A

T2 1.20 0.41 1.00 1.00 2.00 A

T3 1.13 0.35 1.00 1.00 2.00 A

T4 1.13 0.35 1.00 1.00 2.00 A

T5 1.13 0.35 1.00 1.00 2.00 A

Trial

T0 1.40 0.51 1.00 1.00 2.00 A

T1 1.33 0.49 1.00 1.00 2.00 A

T2 1.13 0.35 1.00 1.00 2.00 A

T3 1.00 0.00 1.00 1.00 1.00 A

T4 1.00 0.00 1.00 1.00 1.00 A

T5 1.00 0.00 1.00 1.00 1.00 A

3.3. Schiff Air Index

Regarding the SAI (Table 4), there were not statistically significant within-group
differences in the Control and Test groups (p > 0.05). The only significant between-group
differences were Control T3 vs Trial T0 (p = 0.005), Control T4 vs Trial T0 (p = 0.01), and
Control T5 vs Trial T0 (p = 0.01).

Table 4. SAI scores. *: means with same letters are not significantly different (p > 0.05).

Mean SD Min Mdn Max Significance *

Control

T0 1.07 0,80 0.00 1.00 3.00 A,B

T1 0.93 0.70 0.00 1.00 2.00 A,B

T2 0.67 0.72 0.00 1.00 2.00 A,B

T3 0.40 0.63 0.00 0.00 2.00 B

T4 0.47 0.64 0.00 0.00 2.00 B

T5 0.47 0.64 0.00 0.00 2.00 B

Trial

T0 1.53 0.92 0.00 2.00 3.00 A

T1 1.20 1.01 0.00 1.00 3.00 A,B

T2 1.00 0.85 0.00 1.00 3.00 A,B

T3 0.93 0.88 0.00 1.00 3.00 A,B

T4 0.93 0.88 0.00 1.00 3.00 A,B

T5 0.93 0.92 0.00 1.00 3.00 A,B
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3.4. Bleeding Score

Regarding the BS index (Table 5), no significant within-group difference was observed
in the Control group, while in the Trial the only significant comparisons found were Trial T0
vs Trial T4 (p = 0.042) and Trial T0 vs Trial T5 (p = 0.042). Between-group comparisons were
not significant (p > 0.05). In both cases, there was a reduction in gingival bleeding levels.

Table 5. Bleeding Score values. *: means with same letters are not significantly different (p > 0.05).

Mean SD Min Mdn Max Significance *

Control

T0 0.45 0.20 0.15 0.50 1.00 A,B

T1 0.42 0.16 0.12 0.50 0.67 A,B

T2 0.34 0.18 0.10 0.35 0.67 A,B

T3 0.35 0.20 0.10 0.30 0.67 A,B

T4 0.31 0.18 0.10 0.30 0.67 A,B

T5 0.31 0.18 0.10 0.30 0.67 A,B

Trial

T0 0.46 0.20 0.22 0.50 1.00 A

T1 0.36 0.20 0.11 0.32 0.93 A,B

T2 0.35 0.21 0.10 0.30 0.95 A,B

T3 0.34 0.21 0.10 0.30 0.90 A,B

T4 0.31 0.21 0.08 0.30 0.90 B

T5 0.33 0.21 0.08 0.30 0.90 B

3.5. Plaque Index

In terms of PI (Table 6), the within-group analysis revealed the following significant
differences in the Control group: T0 vs T3 (p = 0.014); T0 vs T4 (p = 0.004); and T0 vs T5
(p = 0.005). No significant within-group differences were found in the Trial group (p > 0.05)
and no between-group differences were found (p > 0.05).

Table 6. Plaque Index. *: means with same letters are not significantly different (p > 0.05).

Mean SD Min Mdn Max Significance *

Control

T0 0.65 0.19 0.30 0.62 1.00 A

T1 0.59 0.20 0.35 0.50 1.00 A,B

T2 0.53 0.20 0.30 0.50 1.00 A,B

T3 0.41 0.12 0.17 0.45 0.56 B

T4 0.39 0.12 0.17 0.40 0.56 B

T5 0.39 0.13 0.17 0.45 0.56 B

Trial

T0 0.57 0.22 0.25 0.50 1.00 A,B

T1 0.45 0.22 0.20 0.50 1.00 A,B

T2 0.52 0.22 0.20 0.50 1.00 A,B

T3 0.49 0.19 0.20 0.50 1.00 A,B

T4 0.47 0.19 0.20 0.50 1.00 A,B

T5 0.47 0.20 0.20 0.50 1.00 A,B
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3.6. Ph-Metry

The data concerning the pH-metry of patients with GERD are presented in Table 7. At
baseline, there was no significant difference between the two groups (p > 0.1)

Table 7. pH-metry scores among the groups. *: means with same letters are not significantly different
(p > 0.05).

Mean SD Min Mdn Max Significance *

Control 0.16 0.40 0.00 0.00 1.00 A

Trial 0.33 0.51 0.00 0.00 1.00 A

4. Discussion
Acid reflux is a condition in which the acids in the stomach are continually regurgitated

into the esophagus and then into the mouth. GERD affects an average of 10–20% of the
world’s population [36]. GERD was first associated with dental erosion in 1937 by Bargen
and Austin [37]. Due to the decrease in pH caused by acid reflux (pH< 5.5), dental erosion,
i.e., initial damage to the enamel prisms and loss of tooth substance, can occur if the ideal
pH of the oral cavity is not restored [38]. The palatal side of the upper incisors is the first
to be affected by the acid attack of gastroesophageal reflux; if the situation persists, the
occlusal surfaces of the teeth in both arches will be eroded [39]. Additionally, the occlusal
and buccal surfaces of the lower arches are the last to be affected by tooth erosion due to the
natural shield provided by the tongue [39]. When the oral pH approaches neutrality, saliva
promotes remineralization, allowing the reabsorption of minerals lost from the enamel.

There are many articles in the literature that discuss products studied to remineralize
eroded surfaces. This is a topic that stimulates research interest and requires further
clinical studies. In fact, among the articles available in the literature, most are in vitro
studies, while a few clinical studies are available. Moreover, clinical studies that explore
the remineralization of dental surfaces in patients affected by GERD are missing. Therefore,
the objective of our clinical study was to test a treatment consisting of a toothpaste based
on zinc-hydroxyapatite, along with a paste with the same composition, compared to a
treatment consisting only of a toothpaste containing zinc-hydroxyapatite.

Among the different ways of promoting remineralization, one of the most impor-
tant and most studied is fluoride. It facilitates remineralization by promoting the for-
mation of fluorapatite, a crystalline structure that is more resistant to acid attack than
hydroxyapatite [40,41].

In addition to fluoride, calcium and phosphate, in combination or alone, play a crucial
role in the remineralization process. Their presence in saliva and in therapeutic formulations
(such as amorphous calcium phosphate toothpastes) is crucial for the remineralization
of damaged enamel [42]. Another option is the use of casein calcium phosphopeptide-
amorphous calcium phosphate (CPP-ACP), which is a protein complex derived from casein
that acts as a calcium and phosphate reservoir in response to a drop in pH, stabilizing
amorphous calcium phosphate by facilitating its availability on the tooth surface, thus
promoting the remineralization process [43]. Several in vitro studies [44,45] have compared
the efficacy of fluoride with other compounds, such as calcium glycerophosphate (CaGP)
and Casein Phosphopeptide—Amorphous Calcium Fluoride (CPP-ACFP). In both cases,
the best clinical outcomes were observed with fluoride-based products, as assessed through
microscopy and surface composition analysis. The remineralization of dental surfaces,
even when erosion is extended to the dentin, was more effective with fluoride, either alone
or in combination with other components, such as amine fluoride.
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Remineralization of dental tissues using biomimetic hydroxyapatite (HAp) is one of
the latest innovations in preventive and restorative dentistry [22,25]. Biomimetic hydrox-
yapatite works by releasing calcium and phosphate ions that integrate into the matrix of
demineralized enamel, facilitating remineralization at both the surface and sub-surface
levels. This process occurs through the nucleation of hydroxyapatite crystals, which are
deposited on the enamel lesion, forming a new mineral layer that mimics the natural
structure [46]. In addition, HAp can penetrate and seal microfractures in enamel and
dentin, facilitating remineralization and restoring the crystalline structure of damaged
enamel, thereby contributing to the reduction of tooth sensitivity [47,48].

In this study, the null hypothesis was partially rejected as differences were found be-
tween the two groups even if the clinical outcomes were very similar. In fact, patients treated
with zinc-hydroxyapatite-based toothpaste in combination with zinc-hydroxyapatite-based
paste presented a noticeable decrease in sensitivity, analyzed by the SAI, within the first
3 months, while case patients treated with the toothpaste alone experienced a decrease
within 6 months. No significant between-group difference was found for the BEWE index,
even though a clinical reduction within groups was observed. Statistically significant
differences were observed in the Trial group for the BS in the comparisons T0 vs T4 and
T0 vs T5, while no significant difference was found in the Control group as well as no
significant inter-group comparisons. The PI, on the other hand, showed a significant
improvement only in the Control group for the comparisons T0 vs T3, T0 vs T4, and T0
vs T5, with no significant intragroup comparisons in the Trial group and no significant
inter-group comparisons.

However, it should be noted that, in the specific type of patients recruited for the
study, the efficacy of the treatment could be lower due to the constant presence of the
acidic environment of the oral cavity, which prevents the restoration of a suitable pH for
remineralization [2]. Therefore, additional treatments may be required. It is also important
to differentiate the pH to which teeth are exposed when assessing the effectiveness of
hydroxyapatite-based treatments. [49].

In this study, where the oral cavity pH often reached values less than or equal to 4,
there was neither an improvement nor a worsening in the BEWE index, indicating that
there was no clinically detectable remineralization or further demineralization.

Additionally, this report also evaluated gingival inflammation. A clinical decrease was
observed in the BS and PI, which improved in both the Trial and the Control group.

Concerning the use of HAp, Kani and co-workers [47] evaluated the efficacy of a
biomimetic hydroxyapatite toothpaste in subjects with tooth sensitivity. The results showed
a significant reduction in sensitivity after four weeks of use, which was attributed to HAp’s
ability to occlude exposed dentinal tubules. The study conducted by Kani et al. agrees
with this study, as both the Trial Group and the Control group showed a reduction in
SAI, although this was not statistically significant. This improvement could be due to the
deposition of HAp inside dentinal tubules, leading to their obliteration and, consequently,
an improvement in sensitivity.

Scribante et al. [50] investigated the efficacy of two remineralizing toothpastes: one
based on zinc carbonate hydroxyapatite and the other containing magnesium strontium
carbonate hydroxyapatite conjugated with chitosan. This six-month study considered
various parameters (DIAGNOdent Pen Index, BEWE Index, Plaque Index, Bleeding Score,
Schiff Air Index, and International Caries Detection and Assessment System—ICDAS).
The results showed a reduction in the DIAGNOdent Pen score in the Trial group after
one month, along with a decrease in the Plaque Index, while the other indices remained
unchanged. This suggests that zinc-hydroxyapatite promotes greater remineralization in
the short term.
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In accordance with these results, this study showed a statistically significant reduction
in PI in the Control group at T5 compared to T0. In the Trial group, there was also a
clinically appreciable reduction in PI. In addition to PI, both BS and SAI showed significant
improvement in the Trial group. These findings indicate that HAp- zinc products, such as
the toothpaste and the paste, have contributed to an improvement in mineralization, even
if the analyzed time period was quite short.

Conversely, a study by Jung et al. [51] aimed at testing whether HAp-containing
formulations could reduce dental erosion and abrasion yielded unfavorable results. Two
HAp-based pastes with fluoride, two without fluoride, and a mouthwash were tested.
Only the fluoride and stannous-based mouthwash prevented dental surface erosion, while
none of the HAp-containing products were effective in protecting against it. Furthermore,
tooth brushing led to increased tissue loss in all cases except for the fluoride/stannous
mouthwash group.

In this study, the amount of hard tissue loss was not assessed; therefore, a direct
comparison with the abovementioned in vitro study was not possible. However, it can be
hypothesized that HAp enabled remineralization and occlusion of the dentinal tubules
due to the fact that an improvement in SAI was noted. Further studies should consider a
comparison between the HAp molecule and fluoride-containing products to confirm or
disprove the results here obtained.

Due to the lack of clinical studies assessing the remineralizing potential of these
products in patients with GERD, conditions associated with demineralization, such as
molar incisor hypomineralization (MIH) and white spot lesions (WSLs), were analyzed.

Both Orilisi G. and Esparza-Villalpando [52,53] analyzed the effectiveness of different
types of toothpaste (hydroxyapatite with fluoride ions, sodium monofluorophosphate with
arginine, sodium fluoride with enzymes, and casein phosphopeptide-amorphous calcium
phosphate) on teeth affected by white spot lesions (WSLs), which are the early on-set stages
of non-cavitated carious lesions characterized by a chalky-white appearance due to hydrox-
yapatite dissolution [54]. Various parameters, such as surface micromorphology analyzed
by scanning electron microscopy (SEM), chemical/elemental composition (RMS and EDS),
Vickers microhardness (VMH), and fluorescence units (FUs), were evaluated, showing an
improvement in all cases. This study thus confirms the efficacy of hydroxyapatite, even
when combined with fluoride ions; however, it does not demonstrate its superiority over
other molecules, but rather its non-inferiority.

The studies mentioned in this discussion consider various molecules that promote
the remineralization of enamel and dentin erosion-affected elements, while indicating the
non-inferiority of HAp compared to other molecules. As observed in the clinical study
conducted on patients with GERD, a partial remineralization of dental structures occurred,
highlighting the remineralizing potential of HAp in various clinical conditions. These
studies encourage further clinical research to test and compare different molecules, such as
fluoride-hydroxyapatite or CPP-ACFP, in patients with GERD. Since these are all clinical
studies conducted on patients, patients’ compliance with the study protocol should be
taken into consideration.

Based on the analyzed studies, we can conclude that HAp is a highly effective molecule
in the remineralization of dental elements affected by erosion, regardless of its cause,
whether due to GERD, WSL, MIH, or erosion induced in in vitro studies. However, its
superiority over other molecules cannot be established, as fluoride, CPP-ACFP, sodium
monofluorophosphate with arginine, and sodium fluoride with enzymes have also demon-
strated significant results in the mineralization of dental structures.

Furthermore, this study suggests that HAp, in a toothpaste formulation combined
with paste, does not show statistically superior effects compared to the use of toothpaste
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alone in terms of dental sensitivity and erosion. This finding may be explained by the
substance reaching its maximum effectiveness at a concentration achievable with toothpaste
alone or by the inability to remineralize severely demineralized structures solely through
chemical compounds, without the intervention of a restoration to fully reconstruct the
dental anatomy. Further studies could consider using the additional paste as an adjunct to
the daily home application of toothpaste and not only for 10 days a month.

Among the limitations of the study, the health status of patients with GERD during the
study was not investigated and therefore it is not known whether there was a worsening
of the clinical condition of the patients. Additionally, the potential different compliance
among patients was not investigated.

In the future, other instruments, such as DIAGNOdent or intraoral scanners, could
be used to evaluate the amount of enamel condition before and during remineralizing
treatments. Finally, it would be useful to also evaluate the patient’s perspective by testing
satisfaction after the treatment and their perception of oral health-related quality of life.

5. Conclusions
The results of the study show that there were statistically significant improvements

in the Control group regarding PI. There was a statistically significant reduction in BS
in the Trial group and a reduction in SAI, although it was not significant. However, at
the end of the therapy, no statistically significant differences were observed between the
Trial and Control groups. Therefore, the additional hydroxyapatite-based paste did not
improve the clinical performances of the hydroxyapatite-based toothpaste administered in
both the study groups. In both cases, there was no worsening of the erosion conditions,
indicating that HAp acted as a protective factor, preventing dental tissues from further
demineralization in patients with GERD and exerting a proactive action in the whole
oral cavity. Gastroenterologists could play a key role in initiating oral health prevention
procedures by recommending remineralizing products to their patients.

Author Contributions: Conceptualization, A.B., A.S. (Andrea Scribante) and F.B.; methodology,
G.G.M. and A.S. (Andrea Scribante); software, A.B., M.P.; validation, A.B., A.S. (Annalisa Schiepatti),
A.P. and F.B.; formal analysis, A.S. (Andrea Scribante); investigation, A.P. and G.G.M.; resources,
M.V., C.A. and V.G.; data curation, A.S. (Andrea Scribante); writing—original draft preparation, V.G.
and M.P.; writing—review and editing, A.S. (Andrea Scribante), A.P. and A.B.; visualization, C.C.;
supervision, A.S. (Annalisa Schiepatti), A.B. and F.B.; project administration, A.S. (Andrea Scribante),
A.B. and F.B.; funding acquisition, A.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This study received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Internal Review Board of the Unit of Orthodontics
and Pediatric Dentistry, Section of Dentistry, University of Pavia, Pavia, Italy (registration number:
2022-0126, approval date: 2022-01-26) and registered on Clinicaltrials.gov (NCT05371717).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon reasonable request to the corresponding authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Baroudi, K.; Hassan, N.A. The effect of light-activation sources on tooth bleaching. Niger. Med. J. 2014, 55, 363–368. [CrossRef]

[PubMed] [PubMed Central]
2. Loke, C.; Lee, J.; Sander, S.; Mei, L.; Farella, M. Factors affecting intra-oral pH—A review. J. Oral. Rehabil. 2016, 43, 778–785.

[CrossRef] [PubMed]

https://doi.org/10.4103/0300-1652.140316
https://www.ncbi.nlm.nih.gov/pubmed/25298598
https://pmc.ncbi.nlm.nih.gov/articles/PMC4178330
https://doi.org/10.1111/joor.12429
https://www.ncbi.nlm.nih.gov/pubmed/27573678


J. Clin. Med. 2025, 14, 3525 12 of 14

3. Ganss, C.; Lussi, A.; Schlueter, N. The histological features and physical properties of eroded dental hard tissues. Monogr. Oral
Sci. 2014, 25, 99–107. [CrossRef] [PubMed]

4. Kanzow, P.; Wegehaupt, F.J.; Attin, T.; Wiegand, A. Etiology and pathogenesis of dental erosion. Quintessence Int. 2016, 47, 275–278.
[CrossRef] [PubMed]

5. Chikte, U.M.; Naidoo, S.; Kolze, T.J.; Grobler, S.R. Patterns of tooth surface loss among winemakers. SADJ 2005, 60, 370–374.
[PubMed]

6. Lussi, A.; Jaeggi, T.; Zero, D. The role of diet in the aetiology of dental erosion. Caries Res. 2004, 38 (Suppl. S1), 34–44. [CrossRef]
[PubMed]

7. Otsu, M.; Hamura, A.; Ishikawa, Y.; Karibe, H.; Ichijyo, T.; Yoshinaga, Y. Factors affecting the dental erosion severity of patients
with eating disorders. Biopsychosoc. Med. 2014, 8, 25. [CrossRef] [PubMed] [PubMed Central]

8. Monda, M.; Costacurta, M.; Maffei, L.; Docimo, R. Oral manifestations of eating disorders in adolescent patients. A review. Eur. J.
Paediatr. Dent. 2021, 22, 155–158. [CrossRef] [PubMed]

9. Pereira Rde, S. Regression of gastresophageal reflux disease symptoms using dietary supplementation with melatonin, vitamins
and aminoacids: Comparison with omeprazole. J. Pineal Res. 2006, 41, 195–200. [CrossRef] [PubMed]

10. Katz, P.O.; Gerson, L.B.; Vela, M.F. Guidelines for the diagnosis and management of gastresophageal reflux disease. Am. J.
Gastroenterol. 2013, 108, 308–328. [CrossRef] [PubMed]

11. Bredenoord, A.J.; Weusten, B.L.; Curvers, W.L.; Timmer, R.; Smout, A.J. Determinants of perception of heartburn and regurgitation.
Gut 2006, 55, 313–318. [CrossRef] [PubMed] [PubMed Central]

12. Zerbib, F.; des Varannes, S.B.; Roman, S.; Pouderoux, P.; Artigue, F.; Chaput, U.; Mion, F.; Caillol, F.; Verin, E.; Bommelaer, G.; et al.
Normal values and day-to-day variability of 24-h ambulatory esophageal impedance-pH monitoring in a Belgian-French cohort
of healthy subjects. Aliment. Pharmacol. Ther. 2005, 22, 1011–1021. [CrossRef] [PubMed]

13. Wilder-Smith, C.H.; Wilder-Smith, P.; Kawakami-Wong, H.; Voronets, J.; Osann, K.; Lussi, A. Quantification of dental erosions in
patients with GERD using optical coherence tomography before and after double-blind, randomized treatment with esomeprazole
or placebo. Am. J. Gastroenterol. 2009, 104, 2788–2795. [CrossRef] [PubMed] [PubMed Central]

14. Vinesh, E.; Masthan, K.; Kumar, M.S.; Jeyapriya, S.M.; Babu, A.; Thinakaran, M. A Clinicopathologic Study of Oral Changes in
Gastroesophageal Reflux Disease, Gastritis, and Ulcerative Colitis. J. Contemp. Dent. Pract. 2016, 17, 943–947.

15. Zhang, B.; Zhao, M.; Duan, S.; Tian, J.; Lei, L.; Huang, R. An economic evaluation of pit and fissure sealants and fluoride varnishes
in preventing dental caries: A systematic review. J. Clin. Pediatr. Dent. 2023, 47, 4–11. [CrossRef] [PubMed]

16. Buldur, B.; Taskaya, B. Clinical effectiveness and parental acceptance of silver diamine fluoride in preschool children: A
non-randomized trial. J. Clin. Pediatr. Dent. 2024, 48, 78–88. [CrossRef] [PubMed]

17. Butera, A.; Gallo, S.; Pascadopoli, M.; Montasser, M.A.; Abd El Latief, M.H.; Modica, G.G.; Scribante, A. Home Oral Care with
Biomimetic Hydroxyapatite vs. Conventional Fluoridated Toothpaste for the Remineralization and Desensitizing of White Spot
Lesions: Randomized Clinical Trial. Int. J. Environ. Res. Public Health 2022, 19, 8676. [CrossRef] [PubMed] [PubMed Central]

18. Akbeyaz Sivet, E.; Yilmazkasapoglu Turkay, E.; Akbeyaz, I.H.; Kargul, B. Knowledge, attitudes, and practice of general
pediatricians and pediatric subspecialists towards oral health in children: A survey in Turkey. J. Clin. Pediatr. Dent. 2024, 48,
139–148. [CrossRef] [PubMed]

19. Shuja, M.E.; Jeelani, W.; Ahmed, M.; Khalid, A. Management of orthodontically induced white spot lesions: A survey of the
orthodontic practitioners of Pakistan. J. Pak. Med. Assoc. 2024, 74, 922–929. [CrossRef] [PubMed]

20. Al-Qahtani, A.S.; Almutairi, B.; Al-Hamdan, R.S.; Alzahrani, K.M. Remineralizing pretreatment using casein phosphopeptide-
amorphous calcium phosphate fluoride, self-assembling peptide, and nanohydroxyapatite gel activation via invisible infrared
light on the dentin microhardness and micro shear bond strength to the composite restoration. Photodiagnosis Photodyn. Ther.
2024, 47, 104210. [CrossRef] [PubMed]

21. Gokce, A.N.P.; Kelesoglu, E.; Sagır, K.; Kargul, B. Remineralization potential of a novel varnish: An in vitro comparative
evaluation. J. Clin. Pediatr. Dent. 2024, 48, 173–180. [CrossRef]

22. Patel, M.K.; Milano, M.; Messer, R.L. Acceptance and awareness of southeastern and western private practice pediatric dentists of
fluoride-free toothpastes: A survey study. J. Clin. Pediatr. Dent. 2023, 47, 73–80. [CrossRef] [PubMed]

23. Scribante, A.; Pascadopoli, M.; Bergomi, P.; Licari, A.; Marseglia, G.L.; Bizzi, F.M.; Butera, A. Evaluation of two different
remineralising toothpastes in children with drug-controlled asthma and allergic rhinitis: A randomised clinical trial. Eur. J.
Paediatr. Dent. 2024, 25, 137–142. [CrossRef] [PubMed]

24. Tonguc-Altin, K.; Selvi-Kuvvetli, S.; Topcuoglu, N.; Kulekci, G. Antibacterial effects of dentifrices against Streptococcus mutans in
children: A comparative in vitro study. J. Clin. Pediatr. Dent. 2024, 48, 72–81. [CrossRef] [PubMed]

25. Butera, A.; Maiorani, C.; Gallo, S.; Pascadopoli, M.; Quintini, M.; Lelli, M.; Tarterini, F.; Foltran, I.; Scribante, A. Biomimetic Action
of Zinc Hydroxyapatite on Remineralization of Enamel and Dentin: A Review. Biomimetics. 2023, 8, 71. [CrossRef]

26. Nam, O.H.; Park, T.Y.; Jeong, S.R.; Shin, J.; Jih, M.K. Antimicrobial effect of two fluoride-releasing adhesive tapes on Streptococcus
mutansbiofilm. J. Clin. Pediatr. Dent. 2024, 48, 132–138. [CrossRef] [PubMed]

https://doi.org/10.1159/000359939
https://www.ncbi.nlm.nih.gov/pubmed/24993260
https://doi.org/10.3290/j.qi.a35625
https://www.ncbi.nlm.nih.gov/pubmed/27022647
https://www.ncbi.nlm.nih.gov/pubmed/16320527
https://doi.org/10.1159/000074360
https://www.ncbi.nlm.nih.gov/pubmed/14685022
https://doi.org/10.1186/1751-0759-8-25
https://www.ncbi.nlm.nih.gov/pubmed/25904974
https://pmc.ncbi.nlm.nih.gov/articles/PMC4406023
https://doi.org/10.23804/ejpd.2021.22.02.13
https://www.ncbi.nlm.nih.gov/pubmed/34238008
https://doi.org/10.1111/j.1600-079X.2006.00359.x
https://www.ncbi.nlm.nih.gov/pubmed/16948779
https://doi.org/10.1038/ajg.2012.444
https://www.ncbi.nlm.nih.gov/pubmed/23419381
https://doi.org/10.1136/gut.2005.074690
https://www.ncbi.nlm.nih.gov/pubmed/16120760
https://pmc.ncbi.nlm.nih.gov/articles/PMC1856084
https://doi.org/10.1111/j.1365-2036.2005.02677.x
https://www.ncbi.nlm.nih.gov/pubmed/16268977
https://doi.org/10.1038/ajg.2009.441
https://www.ncbi.nlm.nih.gov/pubmed/19654570
https://pmc.ncbi.nlm.nih.gov/articles/PMC4167766
https://doi.org/10.22514/jocpd.2023.048
https://www.ncbi.nlm.nih.gov/pubmed/37732430
https://doi.org/10.22514/jocpd.2024.128
https://www.ncbi.nlm.nih.gov/pubmed/39543884
https://doi.org/10.3390/ijerph19148676
https://www.ncbi.nlm.nih.gov/pubmed/35886524
https://pmc.ncbi.nlm.nih.gov/articles/PMC9317292
https://doi.org/10.22514/jocpd.2024.087
https://www.ncbi.nlm.nih.gov/pubmed/39087224
https://doi.org/10.47391/JPMA.10086
https://www.ncbi.nlm.nih.gov/pubmed/38783441
https://doi.org/10.1016/j.pdpdt.2024.104210
https://www.ncbi.nlm.nih.gov/pubmed/38729233
https://doi.org/10.22514/jocpd.2024.137
https://doi.org/10.22514/jocpd.2023.055
https://www.ncbi.nlm.nih.gov/pubmed/37732439
https://doi.org/10.23804/ejpd.2024.2130
https://www.ncbi.nlm.nih.gov/pubmed/38357755
https://doi.org/10.22514/jocpd.2024.035
https://www.ncbi.nlm.nih.gov/pubmed/38548635
https://doi.org/10.3390/biomimetics8010071
https://doi.org/10.22514/jocpd.2024.086
https://www.ncbi.nlm.nih.gov/pubmed/39087223


J. Clin. Med. 2025, 14, 3525 13 of 14

27. Vishwanathaiah, S.; Maganur, P.C.; Syed, A.A.; Kakti, A.; Hussain Jaafari, A.H.; Albar, D.H.; Renugalakshmi, A.; Jeevanandan, G.;
Khurshid, Z.; Ali Baeshen, H.; et al. Effectiveness of silver diamine fluoride (SDF) in arresting coronal dental caries in children
and adolescents: A systematic review. J. Clin. Pediatr. Dent. 2024, 48, 27–40. [CrossRef] [PubMed]

28. Jiménez, A.D.P.; Mora, V.S.A.; Dávila, M.; Montesinos-Guevara, C. Dental caries prevention in pediatric patients with molar
incisor hypomineralization: A scoping review. J. Clin. Pediatr. Dent. 2023, 47, 9–15. [CrossRef] [PubMed]

29. Butera, A.; Maiorani, C.; Morandini, A.; Simonini, M.; Morittu, S.; Barbieri, S.; Bruni, A.; Sinesi, A.; Ricci, M.; Trombini, J.; et al.
Assessment of Genetical, Pre, Peri and Post Natal Risk Factors of Deciduous Molar Hypomineralization (DMH), Hypomineralized
Second Primary Molar (HSPM) and Molar Incisor Hypomineralization (MIH): A Narrative Review. Children 2021, 8, 432.
[CrossRef]

30. Bartlett, D.; Ganss, C.; Lussi, A. Basic Erosive Wear Examination (BEWE): A new scoring system for scientific and clinical needs.
Clin. Oral Investig. 2008, 12 (Suppl. S1), S65–S68. [CrossRef] [PubMed] [PubMed Central]

31. Arshad, S.; Zaidi, S.J.A.; Farooqui, W.A. Comparative efficacy of BioMin-F, Colgate Sensitive Pro-relief and Sensodyne Rapid
Action in relieving dentin hypersensitivity: A randomized controlled trial. BMC Oral. Health. 2021, 21, 498. [CrossRef]

32. O’leary, T.J. The plaque control record. J. Periodontol. 1972, 43, 38–42. [CrossRef]
33. Mombelli, A.; van Oosten, M.A.; Schurch, E., Jr.; Land, N.P. The microbiota associated with successful or failing osseointegrated

titanium implants. Oral Microbiol. Immunol. 1987, 2, 145–151. [CrossRef] [PubMed]
34. Pepelassi, E.; Rahiotis, C.; Peponi, E.; Kakaboura, A.; Vrotsos, I. Effectiveness of an in-office arginine-calcium carbonate paste

on dentine hypersensitivity in periodontitis patients: A double-blind, randomized controlled trial. J. Clin. Periodontol. 2015, 42,
37–45. [CrossRef] [PubMed]

35. Piepho, H.P. An Algorithm for a Letter-Based Representation of All-Pairwise Comparisons. J. Comput. Graph. Stat. 2004, 13,
456–466. [CrossRef]

36. Gyawali, C.P.; Yadlapati, R.; Fass, R.; Katzka, D.; Pandolfino, J.; Savarino, E.; Sifrim, D.; Spechler, S.; Zerbib, F.; Fox, M.R.; et al.
Updates to the modern diagnosis of GERD: Lyon consensus 2.0. Gut 2024, 73, 361–371. [CrossRef] [PubMed] [PubMed Central]

37. Schroeder, P.L.; Filler, S.J.; Ramirez, B.; Lazarchik, D.A.; Vaezi, M.F.; Richter, J.E. Dental erosion and acid reflux disease. Ann.
Intern. Med. 1995, 122, 809–815. [CrossRef] [PubMed]

38. Chakraborty, A.; Anjankar, A.P. Association of Gastresophageal Reflux Disease with Dental Erosion. Cureus 2022, 14, e30381.
[CrossRef] [PubMed] [PubMed Central]

39. Picos, A.; Chisnoiu, A.; Dumitrasc, D.L. Dental erosion in patients with gastresophageal reflux disease. Adv. Clin. Exp. Med. 2013,
22, 303–307. [PubMed]

40. Chen, H.; Hill, R.; Baysan, A. The effect of different concentrations of fluoride in toothpastes with or without bioactive glass on
artificial root caries. J. Dent. 2023, 133, 104499. [CrossRef] [PubMed]

41. Buzalaf, M.A.; Hannas, A.R.; Kato, M.T. Saliva and dental erosion. J. Appl. Oral. Sci. 2012, 20, 493–502. [CrossRef] [PubMed]
[PubMed Central]

42. Cochrane, N.J.; Saranathan, S.; Cai, F.; Cross, K.J.; Reynolds, E.C. Enamel subsurface lesion remineralisation with casein
phosphopeptide stabilised solutions of calcium, phosphate and fluoride. Caries Res. 2008, 42, 88–97. [CrossRef] [PubMed]

43. Reynolds, E.C. Casein phosphopeptide-amorphous calcium phosphate: The scientific evidence. Adv. Dent. Res. 2009, 21, 25–29.
[CrossRef] [PubMed]

44. Turkay, E.Y.; Kargul, B.; Aydinoglu, A.K.; Yoruc, A.B.H. Evaluation of different remineralization agents in the treatment of natural
caries-affected dentin in permanent teeth. Biomed. Mater. Eng. 2023, 34, 133–142. [CrossRef] [PubMed]

45. Memarpour, M.; Jafari, S.; Rafiee, A.; Alizadeh, M.; Vossoughi, M. Protective effect of various toothpastes and mouthwashes
against erosive and abrasive challenge on eroded dentin: An in vitro study. Sci. Rep. 2024, 14, 9387. [CrossRef] [PubMed]
[PubMed Central]

46. Uskokovic, V.; Tang, S. A review on biomimetic hydroxyapatite nanoparticles for remineralization of dental tissues. J. Biomed.
Mater. Res. Part. B Appl. Biomater. 2019, 107, 1469–1483.

47. Kani, T.; Kani, M.; Isozaki, A.; Shintani, H.; Ohashi, T. Effect of hydroxyapatite toothpaste on reduction of dentin hypersensitivity:
An 8-week clinical study. J. Clin. Periodontol. 2014, 41, 1057–1064.

48. Huang, S.; Gao, S.; Cheng, L.; Yu, H. Remineralization potential of nano-hydroxyapatite on initial enamel lesions: An in vitro
study. Caries Res. 2011, 45, 460–468. [CrossRef] [PubMed]

49. Lombardini, M.; Ceci, M.; Colombo, M.; Bianchi, S.; Poggio, C. Preventive effect of different toothpastes on enamel erosion: AFM
and SEM studies. Scanning. 2014, 36, 401–410. [CrossRef] [PubMed]

50. Scribante, A.; Cosola, S.; Pascadopoli, M.; Genovesi, A.; Battisti, R.A.; Butera, A. Clinical and Technological Evaluation of
the Remineralising Effect of Biomimetic Hydroxyapatite in a Population Aged 6 to 18 Years: A Randomized Clinical Trial.
Bioengineering 2025, 12, 152. [CrossRef] [PubMed] [PubMed Central]

51. Jung, K.; Kerzel, P.; Hara, A.T.; Luka, B.; Schlueter, N.; Ganss, C. Hydroxyapatite in Oral Care Products: In vitro Effects on
Erosion/Abrasion and Analysis of Formulation Components. Caries Res. 2024, 2024, 1–12. [CrossRef] [PubMed]

https://doi.org/10.22514/jocpd.2024.101
https://www.ncbi.nlm.nih.gov/pubmed/39275818
https://doi.org/10.22514/jocpd.2023.030
https://www.ncbi.nlm.nih.gov/pubmed/37408341
https://doi.org/10.3390/children8060432
https://doi.org/10.1007/s00784-007-0181-5
https://www.ncbi.nlm.nih.gov/pubmed/18228057
https://pmc.ncbi.nlm.nih.gov/articles/PMC2238785
https://doi.org/10.1186/s12903-021-01864-x
https://doi.org/10.1902/jop.1972.43.1.38
https://doi.org/10.1111/j.1399-302X.1987.tb00298.x
https://www.ncbi.nlm.nih.gov/pubmed/3507627
https://doi.org/10.1111/jcpe.12319
https://www.ncbi.nlm.nih.gov/pubmed/25269991
https://doi.org/10.1198/1061860043515
https://doi.org/10.1136/gutjnl-2023-330616
https://www.ncbi.nlm.nih.gov/pubmed/37734911
https://pmc.ncbi.nlm.nih.gov/articles/PMC10846564
https://doi.org/10.7326/0003-4819-122-11-199506010-00001
https://www.ncbi.nlm.nih.gov/pubmed/7741364
https://doi.org/10.7759/cureus.30381
https://www.ncbi.nlm.nih.gov/pubmed/36407174
https://pmc.ncbi.nlm.nih.gov/articles/PMC9667903
https://www.ncbi.nlm.nih.gov/pubmed/23828670
https://doi.org/10.1016/j.jdent.2023.104499
https://www.ncbi.nlm.nih.gov/pubmed/36965858
https://doi.org/10.1590/S1678-77572012000500001
https://www.ncbi.nlm.nih.gov/pubmed/23138733
https://pmc.ncbi.nlm.nih.gov/articles/PMC3881791
https://doi.org/10.1159/000113161
https://www.ncbi.nlm.nih.gov/pubmed/18204252
https://doi.org/10.1177/0895937409335619
https://www.ncbi.nlm.nih.gov/pubmed/19717407
https://doi.org/10.3233/BME-221396
https://www.ncbi.nlm.nih.gov/pubmed/36120758
https://doi.org/10.1038/s41598-024-59631-1
https://www.ncbi.nlm.nih.gov/pubmed/38653765
https://pmc.ncbi.nlm.nih.gov/articles/PMC11039751
https://doi.org/10.1159/000331207
https://www.ncbi.nlm.nih.gov/pubmed/21894006
https://doi.org/10.1002/sca.21132
https://www.ncbi.nlm.nih.gov/pubmed/24374971
https://doi.org/10.3390/bioengineering12020152
https://www.ncbi.nlm.nih.gov/pubmed/40001672
https://pmc.ncbi.nlm.nih.gov/articles/PMC11851723
https://doi.org/10.1159/000542178
https://www.ncbi.nlm.nih.gov/pubmed/39462496


J. Clin. Med. 2025, 14, 3525 14 of 14

52. Orilisi, G.; Vitiello, F.; Notarstefano, V.; Furlani, M.; Riberti, N.; Monterubbianesi, R.; Bellezze, T.; Campus, G.; Carrouel, F.; Orsini,
G.; et al. Multidisciplinary evaluation of the remineralization potential of three fluoride-based toothpastes on natural white spot
lesions. Clin. Oral. Investig. 2023, 27, 7451–7462. [CrossRef] [PubMed] [PubMed Central]

53. Esparza-Villalpando, V.; Fernandez-Hernandez, E.; Rosales-Berber, M.; Torre-Delgadillo, G.; Garrocho-Rangel, A.; Pozos-Guillén,
A. Clinical Efficacy of Two Topical Agents for the Remineralization of Enamel White Spot Lesions in Primary Teeth. Pediatr. Dent.
2021, 43, 95–101. [PubMed]

54. González-Cabezas, C.; Fernández, C.E. Recent Advances in Remineralization Therapies for Caries Lesions. Adv. Dent. Res. 2018,
29, 55–59. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00784-023-05334-2
https://www.ncbi.nlm.nih.gov/pubmed/37857734
https://pmc.ncbi.nlm.nih.gov/articles/PMC10713761
https://www.ncbi.nlm.nih.gov/pubmed/33892832
https://doi.org/10.1177/0022034517740124
https://www.ncbi.nlm.nih.gov/pubmed/29355426

	Introduction 
	Materials and Methods 
	Trial Designs 
	Participants 
	Interventions and Outcomes 
	Sample Size 
	Randomization and Blinding 
	Statistical Analysis 

	Results 
	Participants Flow and Baseline Data 
	BEWE 
	Schiff Air Index 
	Bleeding Score 
	Plaque Index 
	Ph-Metry 

	Discussion 
	Conclusions 
	References

