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Abstract
Background: When dental plaque is not regularly removed, bacteria break down sugars in the diet forming acids as by-products. Lactic acid
is the main acid involved in caries. As acids accumulate minerals are lost from the surface layer of the tooth. The imbalance in
demineralization/remineralization favours the loss of calcium and phosphate from the teeth. Saliva contains the most important
microelements for the remineralization and maturation of dental tissue and plays a crucial role in maintaining the oral environment.
Fluoride is the agent par excellence in preventing and detaining cavities. However, remineralization may be hampered by limited levels of
calcium and phosphate, and new products have been developed to ensure a constant supply. Two of the most used products are
amorphous calcium phosphate stabilized with casein phosphopeptide (CPP-ACP) and tricalcium phosphate modi�ed by fumaric acid
(fTCP).

Methods: We conducted a controlled, randomized clinical trial of the effect on the saliva of the application of two varnishes − MI Varnish
(CPP-ACP with sodium �uoride 5%) and Clinpro White Varnish (fTCP with sodium �uoride 5%) – applied every three months in children with
a high risk of caries, for 12 months. We included 58 children aged 4-12 years, assigned to control (placebo), Clinpro and MI groups.
Baseline and three-monthly saliva samples were taken. We assessed changes in pH, lactic acid concentrations and trace elements in
saliva.

Results: At 12 months, all groups showed a nonsigni�cant increase in pH levels and a reduction in lactic acid, which was greatest in the
placebo group. There was a signi�cant reduction in 24Mg, 31P and 66Zn levels in the placebo group (p≤0.05), but not in the other elements
studied: 23Na, 27Al, 39K, 44Ca, 52Cr, 55Mn, 57Fe, 59Co, 63Cu, 75As, 111Cd, 137Ba, 208Pb and 19F.

Conclusions: Neither pH, lactic acid concentrations or most salivary trace elements were useful in de�ning patients at high risk of caries or
in monitoring the effect of MI Varnish and Clinpro White Varnish after three-monthly application for 12 months.

Trial registration: ISRCTN13681286. Registered 26 May 2020 - Retrospectively registered, http://www.isrctn.com/ISRCTN13681286

Background
According to the 2015 Global Burden of Disease, untreated caries in permanent teeth were the most prevalent condition worldwide,
affecting 2.4 billion people, and untreated caries in deciduous teeth were the tenth most prevalent condition, affecting 621 million children
worldwide (1).

Tooth decay is a multifactorial, sugar-dependent disease, mediated by cariogenic bio�lm (2). When dental plaque is not regularly removed,
bacteria metabolize dietary saccharides (3) leading to an imbalance in demineralization/remineralization dynamics that favors the loss of
calcium ions and phosphate from the teeth (4).

Lactic acid, the predominant end product of sugar metabolism, is the main acid involved in caries formation. As acids accumulate in the
�uid phase of the bio�lm, the pH falls, and the surface layer of the tooth is partially demineralized. Once sugars are removed from the
mouth by salivary dilution and swallowing, bio�lm acids can be neutralized by the buffering action of saliva (2). Saliva, the main vehicle in
enamel remineralization, contains the most important microelements for the remineralization and maturation of dental tissue (calcium,
sodium, magnesium, zinc, �uoride) (5), proteins and glycoproteins, and plays a crucial role in maintaining the oral environment, preserving
a neutral pH that enables remineralization (2).

Fluoride is the agent par excellence in preventing and detaining cavities (6). Fluoride varnishes were developed to prolong the contact time
between �uoride and tooth enamel (7). Systematic reviews, meta-analyses and clinical guidelines worldwide recommend �uoride varnishes
as caries inhibitors and repairers of initial caries lesions in temporary and permanent teeth (8) (9) (10). As remineralization may be
hampered by the limited bioavailability of calcium and phosphate, new products have been developed to ensure their constant supplyment
(11). Two of the most used products are amorphous calcium phosphate stabilized with casein phosphopeptide (CPP-ACP) and tricalcium
phosphate modi�ed by fumaric acid (fTCP) (12),(13).

CPP-ACP forms aggregates that prevent calcium phosphate precipitation, demineralization and promotes remineralization (14). CPP-ACP
has been shown to have anti-anticariogenic activity in in vitro experiments, in animals and in situ in humans (15),(16),(17). MI Varnish (GC
Tooth Mousse; GC Corporation, Tokyo, Japan) also contains sodium �uoride 5%.

Functionalized TCP acts as a low-dose calcium and phosphate delivery system (18) and has been shown to remineralize in vitro (16).
Clinpro White Varnish (3M ESPE, Saint Paul, MN, USA) is an fTCP varnish that also contains 5% sodium �uoride.
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Saliva has been widely studied as a possible indicator of susceptibility to caries, including searching for salivary physiology parameters,
antioxidant levels, proteins, microelements and trace elements that may indicate the risk of caries (5). However, no controlled, randomized
clinical trials have monitored the effectiveness of calcium phosphate varnishes in children at high risk of cavities according to their
in�uence on pH, lactic acid concentration and salivary trace elements (15),(19),(20).

The objective of this study was to carry out a controlled, randomized clinical trial to study the effects of the coating with MI Varnish and
Clinpro White Varnish, applied quarterly to children at high risk of cavities, on the evolution of pH, lactic acid concentrations and salivary
trace elements for 12 months.

The null hypothesis was that the application of the two varnishes applied quarterly for 12 months does not change either pH, lactic acid
concentrations or levels of trace metals in the saliva of children at high risk of caries.

Materials And Methods

Trial Design
We conducted a controlled randomized trial with a parallel group design between June 2017 and December 2018. The study was double
blinded for patients and the statistical analysis. Dental professionals could not be blinded as the commercial presentation and
characteristics of the two varnishes were distinguishable. The study was approved by the Ethics Research Committee and the Research
Biosecurity Committee of the University of Murcia, Spain (CIS: 1499/2017; CBE 50/2017).

Participants
Inclusion criteria were: children aged 4–12 years attending the Integrated Child Dentistry Clinic of the University of Murcia for checkups or
dental treatment who presented a high or extreme risk of caries according to the CAMBRA protocol (21).

Exclusion criteria were:1) children who had received �uoride varnish or other permanent surface treatment containing �uoride in the
previous 6 months; 2) children �tted with orthodontic apparatus 3) children living in an area with �uoridated drinking water; 4) children with
moderate or severe �uorosis or other morphological or anatomical abnormalities of dental development 5) children with systemic diseases
causing physical limitations; 6) children with allergy or proven/suspected sensitivity to milk proteins.

Before the study, an informative lea�et was provided to all parents/guardians, who were shown the expected bene�ts and risks of the study,
after which written informed consent was obtained. A questionnaire was administered in parents containing questions on demographic
factors, dietary habits, history of disease, �uoride therapy, and use of medication and vitamin supplements (Suplementary �le 1).

The study was carried out at the University of Murcia Dental Clinic, Hospital General Universitario Morales Meseguer, Murcia.

The sample size (n = 19 patients/group) was calculated using the evolution data of the triplaque index® and the existing loss index of
children treated by our clinic. An alpha risk of 0.05 and a beta risk of 0.20 (power 0.8) in a bilateral contrast was accepted to detect a
minimum difference of 0.13 between two groups, assuming that there were 3 groups, and a standard deviation of 0.09. A loss to follow up
of 45% was estimated. The monitoring of the patient was 12 months.

Patients were randomly assigned using randomization table.

Clinical evaluation and interventions (Interventions, compliance measure, and clinical visual evaluation time points)

Patient selection
The history and examination were carried out by an experienced pediatric dentist, who underwent three training sessions on written and
visual instructions, standardization and calibration with participants in vivo. Caries lesions were recorded using a mirror and a WHO probe
according to International Caries Detection and Assessment System criteria (ICDAS II) (22).

Patients meeting the inclusion criteria were randomly assigned to one of the three experimental groups. Verbal and written oral hygiene
instructions and dietary advice were given to participants and their responsible adults to facilitate and strengthen preventive measures
(Supplementary �le 2). Each participant received a �uoridated toothpaste with 1450 ppm of �uoride (Lacer Junior, Lacer SA, Barcelona,
Spain) and a manual toothbrush (Lacer Junior, Lacer SA, Barcelona, Spain) which was changed every 3 months. Instructions were given to
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avoid other sources of �uoride during the study period (environmental products, supplements, professional or other dental products). At
each check-up we veri�ed that study hygiene guidelines and the use of the study toothpaste were being complied with.

There were �ve check-ups: baseline and 3, 6, 9 and 12 months. Fluoride and the prevalence of caries were recorded at baseline and 12
months.

Saliva samples
At the beginning of each check-up, 3.5 ml of unstimulated saliva was collected for 5 minutes in a sterile polyethylene tube. Children had not
ingested water or food for 1 hour before the examination. Saliva samples were stored at − 20oC until measurement.

The schedule at which appointments were made was restricted to 15:00 to 18:00 hours for maximum avoidance of circadian �uctuations
in the variables studied (23). Saliva collection was always performed in the waiting room to avoid the effect of anxiety on the amount and
composition of saliva.

Experimental groups, application of varnishes.

Patients were assigned randomly to the control group (placebo), the Clinpro White Varnish® group, and the MI Varnish® group. The
composition of the study materials is shown in Table 1.

Table 1
Product composition according to material safety data sheets (MSDS)

Product Manufacturer Composition

MI
Varnish

GC, Leuven,
Belgium

30–50% polyvinyl acetate, 10–30% hydrogenated MSDS rosin, 20–30% ethanol, 5% sodium �uoride,
1–5% CPP-ACP, 1–5% silicon dioxide

Clinpro
White
Varnish

3 M ESPE, Saint
Paul, MN, EE.
UU

30–75% pentaerythritol glycerol ester of colophony resin, 10–15% n-hexane, 1–15% ethyl alcohol, 5%
sodium �uoride, 1–5% �avour enhancer, 1–5% thickener, 1–5% food grade �avour, < 5% fTCP.

CPP-ACP: protein casein-phosphopeptide with amorphous calcium phosphate; fTCP: functionalized tricalcium phosphate.

After obtaining saliva samples and before application of the varnishes, the teeth were dried with dry compressed air and isolated with
cotton rolls and saliva ejector. Then, 0.25 ml of varnish was applied to the surface of the teeth and allowed to dry for 30 seconds. In the
placebo group, distilled water was applied with a brush identical to that used to apply the varnishes. Patients were instructed not to rinse
their mouths, not to eat or drink for an hour and not to brush until 4–6 hours after application, in accordance with the manufacturers'
instructions. The procedure was repeated every three months for one year (Fig. 1 [see Supplementary �le 3]).

During the 12-month study period, patients received conventional dental treatment (extractions, seals, pulp treatments, etc.). To avoid
uncontrolled sources of �uoride, the materials used were always �uoride-free.

Outcome Measures

Caries index
ICDAS II scores (range 0–6) (22), which were transformed into the components of the dmf-s/DMF-S indexes, were assigned to each caries
lesion, to calculate the caries experience.

pH and Latic acid
Saliva samples were thawed and shaken for 10 seconds at 20 °C (ClassicVortex Mixer, Velp Scienti�ca, Italy) and 15 µL of the saliva
sample was poured onto a pH test strip (range 4.0–9.0; Code. 1.16996.0001; Re�ectoquant™ Merck, Darmstadt, Germany) which was
introduced in a RQ�ex®10 re�ectometer (Merck Millipore, Darmstadt, Germany) to provide the pH value.

30 µL of the saliva sample was poured onto a lactic acid test strip (range 1.0–60.0 mg/L; Code. 1.16127.0001; Re�ectoquant™ Merck,
Darmstadt, Germany) which was introduced in a RQ�ex® 10 re�ectometer (Merck Millipore, Darmstadt, Germany) to provide the lactic acid
value.

Fluoride
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Fluoride concentrations were measured using an ion-speci�c �uoride electrode (Orion 9609 BNWP, Thermo Fisher Scienti�c Inc. Waltham,
USA) coupled to an ion analyzer (Orion EA-940 Thermo Fisher Scienti�c Inc. Waltham, USA). Before each reading, samples were shaken
with a vibrator (Classic Vortex Mixer, Velp Scienti�ca, Italy) to homogenize the sample. The electrode was calibrated beforehand with
standard solutions from 0.125 to 2.0 ppm F, mixing 1 mL of each standard solution with 1 mL of TISAB II (1.0 M pH acetate buffer 5.0;
1.0 M NaCl and 4% CDTA). Once calibrated, the samples were read, for which we mixed 1 mL of each saliva sample with 1 mL of TISAB II
(Hanna Instruments, Woonsocket, Rhode Island, USA). The results in mV were converted into �uoride concentrations (ppm) using the
standard calibration curves measured immediately before the analysis.

Trace elements
We analyzed 2 ml of the homogenized sample using mass spectrometry with inductively coupled argon plasma (ICP-MS Agilent 7900;
Agilent Technologies Inc.; CA; USA). Ultrapure water (18.2 M Ω) from a water puri�cation system (Milli-Q® Reference A+, Merck Millipore)
was used to prepare the standard reagents and solutions: 100 µL of the saliva sample was diluted up to 1 mL with a 2% HNO3 Suprapur
solution in ultrapure water. The samples were introduced in a self- sampling spectrometer by the impulse of a peristaltic pump, and were
atomized, ionized and the ions generated detected and quanti�ed subsequently by mass spectrometry. The isotopes selected for each
element studied were: 23Na, 24Mg, 27Al, 31P, 39K,44Ca, 52Cr, 55Mn, 57Fe, 59Co, 63Cu, 66Zn, 75As, 111Cd, 137Ba and 208Pb.

Statistical analysis
Values are expressed as mean ± standard deviation. The Kokmogorov-Smirnov test was used to determine sample normality and the
Levene test for equality of variance.

Pearson’s chi-square test was used to determine between-group differences in sex and a one-way ANOVA test for differences in age. To
determine within-group differences in age by sex we used the Mann-Whitney test. To detect between-group differences in DMFS and dmfs
values a Kruskal-Wallis test was performed and within the same group between the T0 and T4 a Wilcoxon test was performed.

Differences in concentrations of trace elements, pH and lactic acid between baseline and 3, 6, 9 and 12 months were determined by simple
variance analysis of repeated measures. When there were differences between the times, two-by-two comparisons were made using the
Holm–Sidak test.

A paired t-test was used to analyze the within-group evolution of �uoride concentrations between baseline and 12 months when there was
normality and a Wilcoxon test when there was no normality. One-way ANOVA was used to detect between-group differences in the same
period. A value of p < 0.05 was considered signi�cant. The analysis was made using the SigmaStat 3.5 statistical software package (Systat
Software Inc., Point Richmond, CA, USA).

Results
Of the 80 patients initially reviewed, only 58 met the inclusion criteria (Fig. 2 [see Supplementary �le 4]). After randomization, 18 were
assigned to the control group, 19 to the Clinpro group and 21 to the MI group. Of these, 25 children were lost throughout the study. Of the
33 patients who �nally completed the study, 12 were in the placebo group, 10 in the Clinpro group and 11 in the MI group.

There were 16 females and 17 males with a mean age of 7.09 ± 2.55 [4–12 years]. The baseline characteristics of sex, age, age by sex and
dmfs of the three groups were similar (Table 2). DMFS was signi�cantly higher in the Clinpro group (p = 0.039).
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Table 2
Baseline patient characteristics (mean ± SD).

Characteristic Control group Clinpro group MI group P value

Demographic

Age – years 6,91 ± 2,59 7.6 ± 2.36 6.81 ± 2,63 P = 0,766

One Way ANOVA

Sex – Age

Female

Male

8 (6,12 ± 2,36)

4 (8,50 ± 3,51)

P = 0,214

Mann-Whitney test

4 (6,25 ± 1,26)

6 (8,50 ± 2,59)

P = 0,171

Mann-Whitney test

4 (6,00 ± 2,16)

7 (7,29 ± 2,93)

P = 0,527

Mann-Whitney test

(P = 0,283)

(χ2 test)

Clinical

dmfs (BASELINE) 18,33 ± 10,07 32,34 ± 19,93 23,66 ± 18,51 P = 0,353 (K-W)

DMFS (BASELINE) 0,57 ± 1,32 3,70 ± 3,38 1,36 ± 2,25 P = 0,039 (K-W)

The DMFS index counts the total number of decayed (D), missing (M) and �lled (F) tooth surfaces of permanent dentition. The dmfs index
counts the total number of decayed (d), missing (m) and �lled (f) tooth surfaces of primary dentition.

Ph
Baseline pH was similar in all groups (placebo 7.69 ± 0.27; Clinpro 7.68 ± 0.29; MI 7.62 ± 0.32. At 12 months, all groups showed slight non-
signi�cant increases in pH (Table 3 [see Supplementary �le 5]).

Lactic Acid
All groups showed a similar concentration of lactic acid in time 0. Lactic acid concentrations decreased throughout the study and the
decrease was higher among the control group than among the two varnices groups. However, the decrease among the former was
statistically non-signi�cant. (Table 3 [Supplementary �le 5]).

Trace Elements
There was a signi�cant reduction in 24Mg concentrations in the placebo group between baseline, 3 and 6 months versus 9 months, and 3
months versus 12 months; 31P in the placebo group between baseline versus 3, 6, 9 and 12 months; and 66Zn between baseline versus 9
and 12 months in the placebo group (Table 4 [see Supplementary �le 6]). Concentrations of the other trace elements studied appear in table
3 [see Supplementary �le 5].

Discussion
The null hypothesis was partially proven, since the application of the varnishes did not change either the pH, the concentration of lactic
acid or most trace metals studied.

The age of the children included ranged from 4 to 12 years, a population in which caries prevention is common (21). The varnishes used
contained 5% sodium �uoride, equivalent to 22,600 ppm or 1.19 M of �uoride, and calcium phosphate in two chemical forms: CPP-ACP and
fTCP. In vitro studies have demonstrated their preventive and remineralizing capacity as they generate supersaturated calcium and
phosphate solutions in bio�lm and saliva (16),(24),(25).

In vulnerable populations, such as infants and children, saliva is the perfect diagnostic medium due to its non-invasive collection, and easy
handling and storage (26). A wide range of saliva biomolecules are related to the physiological state and provide useful data on oral and
systemic diseases. We selected pH, lactic acid and some trace elements in total unstimulated saliva as biomarkers of the predisposition to
caries and the ability of varnishes to modify the risk (2),(10),27. Reports (27) have found differences in saliva composition depending on
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whether there is caries or not, but found no difference between stimulated and unstimulated saliva in children, or according to sex or the
dental status.

The baseline pH value was between 7.6 and 7.7, although the patients were at high or extreme risk of cavities, and the value did not change
signi�cantly throughout the study in any group. Although some reports (28) (29) have recorded lower pH values and observed signi�cant
differences in pH in unstimulated saliva in children without versus children with early childhood caries (7.20 vs. 6.07) (30), other studies
recorded a wider range than ours in salivary pH values in children with active caries (6.20–7.90) and found no correlation between pH and
caries activity (30),(31). Therefore, the static measurement of salivary pH is of little use in assessing the risk of caries (32) because, within
20–40 minutes, saliva neutralizes pH variations caused by sugary foods and the activity of microorganisms (2),(33), while it is the
acidi�cation of the pH of the bio�lm in the area of the lesion that determines the generation of tooth decay and correlated with a high risk
of caries (2),(16),(33),(34).

There are few studies of lactic acid concentrations in children’s total saliva. Fidalgo et al. 2013 (35) and Pereira et al. 2019 (27) detected a
higher concentration of lactate and other organic acids (acetate and n-butyrate) in the saliva of children with caries. We found higher
baseline lactic acid values than did other studies (27), probably because our patients were at are high and extreme risk of caries, lactic acid
concentrations were not signi�cantly reduced in any group throughout the study.

The role of trace elements present in saliva on caries remains unclear (36). Of the trace elements measured in our study, Ca, P, F, Mg, Zn and
Cu are, in some way, related to tooth mineralization. However, their saliva concentrations do not always re�ect the degree of tooth
demineralization/remineralization, caries or its risk (29),(37). It might be thought that concentrations of Ca and P, the main components of
tooth hydroxyapatite, would be increased in saliva during tooth demineralization of the tooth, although some reports have found an inverse
relationship between caries and salivary calcium (31),(38),(39) and phosphate (38) levels, while other studies found no relationship (39).

The application of calcium phosphate varnishes should re�ect an increase in the concentrations of these two ions in children's saliva, as
has been observed in vitro. Cochrane et al. 2014 (40) and Shen P et al. 2011 (19), determined in vitro release of calcium, phosphate and
�uoride ions in �ve varnishes (MI Varnish Clinpro White Varnish, Emanel Pro, Bi�uorid 5, and Duraphat) and found a greater cumulative
release of the ions by MI Varnish. The calcium concentrations observed in our study did not increase signi�cantly after varnish application
because saliva was collected 3 months after each application and there is no cumulative in vivo effect of in vitro studies, since the varnish
remains in situ only for up to 24 hours as it is eliminated by chewing, salivary �ow, rubbing by the cheeks and tongue and oral hygiene (41).
Phosphorus was signi�cantly reduced at 12 months in the control group but not in the varnish groups.

Baseline �uoride levels in all groups were around 0.05 ppm and there was a non-signi�cant increase, which was higher in the MI group than
in the other groups, reaching 0.0920 ± 0.0402 ppm. Initial concentrations were similar to those described by Sekhri et al. 2018 (36) in caries-
free groups and higher than those described by Dehailan et al. 2017 (42) and Rechman et al. 2018 (43). As one of the exclusion criteria was
consumption of �uoridated running water, the higher levels of baseline salivary �uoride of study children might be due to consumption of
external sources of �uoride, such as bottled waters. In fact, a study that analyzed the �uoride content of 20 bottled water brands marketed
in the area of origin of the study children found �uoride concentrations between 0.05 ppm and 0.95 ppm (44). Increases in salivary �uoride
seem to predict increases in �uoride content of dental plaque �uid, implying that both would be good indicators of intraoral levels of
�uoride (45).

There is no consensus on the signi�cance of Cu, Zn and Mg levels in relation to caries. Brookes et al. 2003 (46) suggested Cu2+ might have
a direct protective effect on enamel dissolution, although other studies (32),(37),(47),(48),(49) suggest a high Cu level is observed in
patients with caries and comes from destroyed hydroxyapatite crystals. We found high salivary Cu levels in our sample with a basal dmfs
between 18.33 ± 10.07 and 32.34 ± 19.93 and the levels did not fall in any group throughout the study. We also found high zinc levels.
Elevated Cu and Zn values could re�ect the action of saliva's antioxidant systems, as both ions act as co-enzymes of superoxide dismutase
(49). Sejdini et al. 2017(50) suggested Mg promotes caries resistance, so children with low Mg concentrations would have a high caries
index. This might explain the low levels of Mg recorded in our children, which are similar to those recorded by Rajesh et al. 2015 (51). While
the application of varnishes kept Mg levels stable during the follow-up, there was a fall in levels in the control group.

Saliva is the main remineralizing agent and generally protects the teeth. Knowledge of its composition may help detect de�ciencies in
patients at high risk of caries and thus provide individualized treatments that reverse the risk (47). The parameters studied in our work did
not serve to de�ne a risk situation or monitor the treatment with �uoride varnishes and calcium phosphate. Continuous salivary �ow and
the in�uence of the diet, hormonal status, hydration status and anxiety levels have on salivary composition, and the short half-life of
varnishes in the oral environment may have been in�uencing factors. It is estimated that the half-life of CPP in plaque is 124.8 minutes and
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that casein is hydrolyzed by salivary bacteria in a similar time (11). Therefore, varnishes must release their ions in a relatively short time
and the initial high ion load is diluted over time.

Although there is no difference in the composition of some elements between plaque and saliva (sodium, ammonium, potassium,
magnesium and chlorine), the metabolic activity of bacterial plaque can vary the inorganic composition between it and saliva (50). It may
be useful to measure the composition of bacterial plaque and not the composition of saliva to determine the risk of caries and their
monitoring.

Controlled, randomized clinical trials often have a problem due to patient losses throughout the study. Likewise, children at high or extreme
risk of caries often miss appointments due to socioeconomic or other factors.

In conclusion, the quarterly application of two calcium phosphate varnishes, MI Varnish and Clinpro White Varnish, for 12 months, did not
change pH, lactic acid concentrations or most trace metals in the saliva of children at high and extreme risk of caries, and therefore were
not useful in in detecting a high risk of cavities or monitoring their follow-up.

Declarations

Ethics approval and consent to participate
Ethics approval

The statement detailing Ethics approval is exposed in the manuscript´s 115-116 line numbers.

The approbation was obtained in 19/05/2017 by Ethics Research Committee and the Research Biosecurity Committee of the University of
Murcia (University of Murcia: Merced Campus, Calle San Cristo 1, 30001, Murcia, Spain; +34 (0)868 88 3614;
comision.etica.investigacion@um.es), ref: CIS: 1499/2017; CBE 50/2017.

Consent to participate

Written informed consent to participate in the study was obtained from participant´s parents or legal guardians and the statement to this
effect appears in the line numbers 128-129 of the manuscript.

Availability of data and materials
All data generated or analyzed during this study are available within the article and its supplementary materials or from the corresponding
author, APP, upon reasonable request.

Competing interests
The authors declare that they have no competing interests.

Funding
This study was �nanced solely by the University of Murcia.

Authors' contributions
A.P.P. established and validated quantitative pH and Lactic acid measurement methods and performed data acquisition, statistical analysis
and data interpretation. C.S.M., A.P.S. and A.J.O.R. contributed to quantitative data acquisition, analysis and interpretation. A.P.P. and
A.J.O.R. wrote the initial manuscript. Y.M.B. , C.S.M, and A.P.S. contributed to data interpretation and the �nal version of the manuscript.
A.P.P. conceptualized and realized the human study. A.J.O.R. and Y.M.B. conceptualized the project and supervised the works. All authors
reviewed the manuscript.

Acknowledgements



Page 9/11

Not applicable.

References
1. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. Global burden of untreated caries: A systematic review

and metaregression. J Dent Res. 2015;94(5):650–8.

2. Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-Gomez F, et al. Dental caries. Nat Rev Dis Prim. 2017;May 25(3):17030.

3. Meyer F, Enax J. Early Childhood Caries: Epidemiology, Aetiology, and Prevention. Int J Dent. 2018;May 22:2018:1415873.

4. Featherstone JD, Fontana M, Wolff M. Novel Anticaries and Remineralization Agents: Future Research Needs. J Dent Res.
2018;97(2):125–7.

5. Hegde MN, Attavar SH, Shetty N, Hegde ND, Hegde NN. Saliva as a biomarker for dental caries: A systematic review. Journal of
Conservative Dentistry. 2019;Vol. 22:2–6.

�. Kühnisch J, Ekstrand KR, Pretty I, Twetman S, Van Loveren C, Gizani S, et al. Best clinical practice guidance for management of early
caries lesions in children and young adults: An EAPD policy document. Evid Based Dent. 2016;17(2):35–7.

7. Gonzalez-Cabezas C, Fernández CE. Recent Advances in Remineralization Therapies for Caries Lesions. Adv Dent Res. 2018;29(1):55–
9.

�. Bonetti D, Clarkson JE. Fluoride Varnish for Caries Prevention: E�cacy and Implementation. Caries Res. 2016;50(1):45–9.

9. Maguire A. ADA clinical recommendations on topical �uoride for caries prevention. Evid Based Dent [Internet]. 2014;15(2):38–9.
Available from:
http://www.nature.com/ebd/journal/v15/n2/full/6401019a.html%5Cnhttp://www.nature.com/ebd/journal/v15/n2/pdf/6401019a.pdf.

10. Gao SS, Zhang S, Mei ML, Lo ECM, Chu CH. Caries remineralisation and arresting effect in children by professionally applied �uoride
treatment - a systematic review. BMC Oral Health. 2016;16:12.

11. Cochrane NJ, Cai F, Huq NL, Burrow MF, Reynolds EC. New Approaches to Enhanced Remineralization of Tooth Enamel. J Dent Res
[Internet]. 2010;89(11):1187–97. Available from: http://journals.sagepub.com/doi/10.1177/0022034510376046.

12. Shen P, Bagheri R, Walker GD, Yuan Y, Stanton DP, Reynolds C, et al. Effect of calcium phosphate addition to �uoride containing dental
varnishes on enamel demineralization. Aust Dent J. 2016;61(3):357–65.

13. Llena C, Leyda AM, Forner L. CPP-ACP and CPP-ACFP versus �uoride varnish in remineralisation of early caries lesions. A prospective
study. Eur J Paediatr Dent. 2015;16(3):181–6.

14. Reynolds EC, Cai F, Cochrane NJ, Shen P, Walker GD, Morgan MV, et al. Fluoride and casein phosphopeptide-amorphous calcium
phosphate. J Dent Res. 2008.

15. Philip N. State of the Art Enamel Remineralization Systems: The Next Frontier in Caries Management. Caries Res. 2019;53(3):284–95.

1�. Reynolds EC. Casein Phosphopeptide-Amorphous Calcium Phosphate: The Scienti�c Evidence. Adv Dent Res. 2009;21(1):25–9.

17. Karlinsey RL, Pfarrer AM. Fluoride Plus Functionalized β-TCP. Adv Dent Res. 2012;24(2):48–52.

1�. Tao S, Zhu Y, Yuan H, Tao S, Cheng Y, Li J, et al. E�cacy of �uorides and CPP-ACP vs �uorides monotherapy on early caries lesions: A
systematic review and meta-analysis. PLoS One. 2018;Apr 30;13(4):e0196660.

19. Shen P, Manton DJ, Cochrane NJ, Walker GD, Yuan Y, Reynolds C, et al. Effect of added calcium phosphate on enamel remineralization
by �uoride in a randomized controlled in situ trial. J Dent. 2011;39(7):518–25.

20. Rechmann P, Kinsel R, Featherstone JDB. Integrating Caries Management by Risk Assessment (CAMBRA) and Prevention Strategies
Into the Contemporary Dental Practice. Compend Contin Educ Dent. 2018;39(4):226–33. quiz 234.

21. Pitts NB. How the detection, assessment, diagnosis and monitoring of caries integrate with personalized caries management. Monogr
Oral Sci. 2009;21:1–14.

22. Dawes C. Circadian rhythms in the �ow rate and composition of unstimulated and stimulated human submandibular saliva. J Physiol.
1975;244(2):535–48.

23. Wierichs RJ, Stausberg S, Lausch J, Meyer-Lueckel H, Esteves-Oliveira M. Caries-Preventive Effect of NaF, NaF plus TCP, NaF plus CPP-
ACP, and SDF Varnishes on Sound Dentin and Arti�cial Dentin Caries in vitro. Caries Res. 2018;52(3):199–211.

24. Mohd Said SNB, Ekambaram M, Yiu CKY. Effect of different �uoride varnishes on remineralization of arti�cial enamel carious lesions.
Int J Paediatr Dent. 2017;27(3):163–73.

25. Pappa E, Kousvelari E, Vastardis H. Saliva in the “Omics” era: A promising tool in paediatrics. Vol. 25, Oral Diseases. 2019. p. 16–25.



Page 10/11

2�. Pereira JL, Duarte D, Carneiro TJ, Ferreira S, Cunha B, Soares D, et al. Saliva NMR metabolomics: Analytical issues in pediatric oral
health research. Oral Dis. 2019;25(6):1545–54.

27. Pyati SA, Naveen Kumar R, Kumar V, Praveen Kumar NH, Parveen Reddy KM. Salivary �ow rate, pH, buffering capacity, total protein,
oxidative stress and antioxidant capacity in children with and without dental caries. J Clin Pediatr Dent. 2018;42(6):445–9.

2�. Watanabe K, Tanaka T, Shigemi T, Saeki K, Fujita Y, Morikawa K, et al. Al and Fe levels in mixed saliva of children related to elution
behavior from teeth and restorations. J Trace Elem Med Biol. 2011;25(3):143–8.

29. Prabhakar A, Reshma D, Raju O. Evaluation of Flow Rate, pH, Buffering Capacity, Calcium, Total Protein and Total Antioxidant Levels of
Saliva in Caries Free and Caries Active Children—An In Vivo Study. Int J Clin Pediatr Dent. 2(1):9–12.

30. Tulunoglu Ö, Demirtas S, Tulunoglu I. Total antioxidant levels of saliva in children related to caries, age, and gender. Int J Paediatr Dent.
2006;16(3):186–91.

31. Gao X, Jiang S, Koh D, Hsu CYS. Salivary biomarkers for dental caries. Vol. 70, Periodontology 2000. 2016. p. 128–41.

32. Cury JA, De Oliveira BH, Dos Santos APP, Tenuta LMA. Are �uoride releasing dental materials clinically effective on caries control? Dent
Mater. 2016;32(3):323–33.

33. Zhou J, Jiang N, Wang Z, Li L, Zhang J, Ma R, et al. In�uences of pH and iron concentration on the salivary microbiome in individual
humans with and without caries. Appl Environ Microbiol. 2017;83(4).

34. Fidalgo TKS, Freitas-Fernandes LB, Angeli R, Muniz AMS, Gonsalves E, Santos R, et al. Salivary metabolite signatures of children with
and without dental caries lesions. Metabolomics. 2013;9(3):657–66.

35. Sekhri P, Sandhu M, Sachdev V, Chopra R. Estimation of trace elements in mixed saliva of caries free and caries active children. J Clin
Pediatr Dent. 2018;42(2):135–9.

3�. Watanabe K, Tanaka T, Shigemi T, Hayashida Y, Maki K. Mn and Cu concentrations in mixed saliva of elementary school children in
relation to sex, age, and dental caries. J Trace Elem Med Biol. 2009;23(2):93–9.

37. Singh S, Sharma A, Sood PB, Sood A, Zaidi I, Sinha A. Saliva as a prediction tool for dental caries: An in vivo study. J Oral Biol
Craniofacial Res. 2015;5(2):59–64.

3�. Tayab T, Rai K, Kumari AV. Evaluating the physicochemical properties and inorganic elements of saliva in caries-free and caries-active
children. An in vivo study. Eur J Paediatr Dent. 2012;13(2):107–12.

39. Cochrane NJ, Shen P, Yuan Y, Reynolds EC. Ion release from calcium and �uoride containing dental varnishes. Aust Dent J.
2014;59(1):100–5.

40. Downey D, Dennison J, Eckert GJ, Flannagan SE, Neiva GF, Yaman P, et al. Fluoride levels in unstimulated whole saliva following
clinical application of different 5% NaF varnishes. Caries Res. 2018;52(6):431–8.

41. Al Dehailan L, Lippert F, González-Cabezas C, Eckert GJ, Martinez-Mier EA. Fluoride concentration in saliva and bio�lm �uid following
the application of three �uoride varnishes. J Dent. 2017;60:87–93.

42. Rechmann P, Bekmezian S, Rechmann BMT, Chaffee BW, Featherstone JDB. MI varnish and MI paste plus in a caries prevention and
remineralization study: A randomized controlled trial. Clin Oral Investig. 2018;22Jul(6):2229–39.

43. Gallego Reyes SM, Martínez Beneyto Y, Serna-Muñoz C, Pérez-Silva A, Aparicio Cury J, Ortiz Ruiz AJ. Concentración de �úor y metales
pesados en aguas embotelladas: medidas barrera frente a caries dental y �uorosis. Rev Esp Salud Publica. 2019;93.

44. Vogel GL. Oral �uoride reservoirs and the prevention of dental caries. Monogr Oral Sci. 2011;22:146–57.

45. Brookes SJ, Shore RC, Robinson C, Wood SR, Kirkham J. Copper ions inhibit the demineralisation of human enamel. Arch Oral Biol.
2003;48(1):25–30.

4�. Hegde MN, Hegde ND, Ashok A, Shetty S. Biochemical indicators of dental caries in Saliva: An in vivo study. Caries Res.
2014;48(2):170–3.

47. Dame ZT, Aziat F, Mandal R, Krishnamurthy R, Bouatra S, Borzouie S, et al. The human saliva metabolome. Metabolomics.
2015;11(6):1864–83.

4�. Pathak MU, Shetty V, Kalra D. Trace Elements and Oral Health: A Systematic Review. J Adv Oral Res. 2016;7(2):12–20.

49. Sejdini M, Meqa K, Berisha N, Çitaku E, Aliu N, Krasniqi S, et al. The Effect of Ca and Mg Concentrations and Quantity and Their
Correlation with Caries Intensity in School-Age Children. Int J Dent. 2018;2018.

50. Rajesh K, Zareena, Hegde S, Arun Kumar MS. Assessment of salivary calcium, phosphate, magnesium, pH, and �ow rate in healthy
subjects, periodontitis, and dental caries. Contemp Clin Dent. 2015;6(4):461–5.

51. Additional material.



Page 11/11

52. File name. Supplementary �le 1.

53. Title of data. Clinical History.

54. Description of data. A questionnaire was administered in parents containing questions on demographic factors, dietary habits, history
of disease, �uoride therapy, and use of medication and vitamin supplements.

55. File name. Supplementary �le 2.

5�. Title of data. Instructions given to participants.

57. Description of data. oral hygiene instructions and dietary advice were given to participants and their responsible adults to facilitate
and strengthen preventive measures.

5�. File name. Supplementary �le 3.

59. Title of. data: Fig. 1.

�0. Description of data. Clinical Trial Design.

�1. File name. Supplementary �le 4.

�2. Title of. data: Fig. 2.

�3. Description of data. Flow diagram of the progress through the phases of the study. CONTROL(Placebo), CLINPRO (Clinpro White
Varnish) and MI (MI Varnish).

�4. File name. Supplementary �le 5.

�5. Title of data. Table 3.

��. Description of data. Trace elements with no signi�cant changes.

�7. File name. Supplementary �le 6.

��. Title of data. Table 4.

�9. Description of data. Trace elements with signi�cant changes.

70. Supplementary. �le 7: CONSORT checklist.

71. Declarations.

72. Declarations

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementary�le7.doc

Supplementary�le6.docx

Supplementary�le5.docx

Supplementary�le4.tiff

Supplementary�le3.tiff

Supplementary�le2.pdf

Supplementary�le1.docx

PozaCoverLetter.docx

https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile7.doc
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile6.docx
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile5.docx
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile4.tiff
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile3.tiff
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile2.pdf
https://assets.researchsquare.com/files/rs-33730/v1/Supplementaryfile1.docx
https://assets.researchsquare.com/files/rs-33730/v1/PozaCoverLetter.docx

