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ABSTRACT
Objectives: This randomized controlled in vitro 4-arm trial study aimed to study the remineralization potential of Recaldent™
and assess the effects of prophylaxis cleaning and MI Varnish® on enhancing this remineralization potential.
Material and Methods: Sixty human teeth were randomly assigned into equal samples (A/B). Sample A was prophylactically
cleaned, randomly divided into equal samples (1/2). Sample A1 received treatment with MI Varnish® and Recaldent™ for
30 days. Sample A2 was treated similarly but without MI Varnish®. Sample B did not receive prophylaxis cleaning and was
divided into equal samples (1/2). Sample B1 was treated as A1 and sample B2 as A2. The teeth were examined for mineral
composition at baseline, after the interventions (T1), and after prophylaxis cleaning (T2). Study outcomes were mineral
content (% weight of carbon [C], phosphorus [P], calcium [Ca], oxygen [O], chlorine [Cl], sodium [Na] and silicon [Si]) and
calcium-phosphorus ratio (Ca/P).
Results: All groups had similar mineral composition at baseline. At T1, sample B2 exhibited least P, Ca and Ca/P content.
Samples A1 and B1 showed higher content of P and Ca, compared to B2 (A1 only exhibited higher Ca/P). Sample A2
exhibited lowest Cl and Na content. At T2, sample A1 exhibited lowest C, P, O and Si content (highest Ca/P). Sample A2
showed least Ca/P, and highest Na content.
Conclusions: Teeth treated by Recaldent™ proceeded by prophylaxis cleaning or MI Varnish® showed remineralization,
especially when receiving both interventions. This superior effect persisted even after a second cleaning. Further trials are
necessary to provide conclusive evidence in humans.
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INTRODUCTION
Dental caries is the most common dental disease
and highly prevalent chronic diseases worldwide
[1]. Dental caries affects people of all age groups,
and individuals remain susceptible to this disease
throughout their lifetime [1].
Caries formation is a dynamic process, resulting
from an imbalance between demineralization and
remineralization of enamel and dentin [2], whereby
the minerals dissolve, leading to the destruction
of the enamel and degradation of the mechanical
properties of the dentin [3]. Dental caries is usually
not self-limiting, and without proper care, caries can
progress until the tooth is destroyed, leading to pain,
discomfort and more severe oral diseases [4]. In
addition, dental caries considerably affects the quality
of life, and along with its treatment, pose a substantial
economic burden on societies, thus considered as
a significant global public health problem [5,6],
requiring cost-effective measures. In the last decade,
a paradigm shift emerged in international dentistry
clinical practice, and the current focus is to move
away from operative intervention towards preventive
caries management, i.e. biological approach [7], and
the prevention by controlling the demineralization/
remineralization activity [8,9]. Specifically, dental
research has shown the importance of calcium and
phosphate ions in the remineralization process [10],
and casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) has gained increasing
importance in this regards [11,12].
CPP is a milk-derived protein able to bind calcium
and phosphate ions, and stabilize them as ACP [13].
CPP-ACP adheres intraorally to plaque pellicle,
hydroxyapatite as well as soft tissues, and was shown
to buffer the free calcium and phosphate ion activities,
maintain a state of super-saturation with respect to
tooth enamel, prevent enamel demineralization, and
promote remineralization [14]. A series of studies
and systematic reviews [15,16] have reported an
anti-caries effect of CPP-ACP. CCP-ACP with 0.2%
sodium fluoride (Recaldent™ GC Corporation; Tokyo,
Japan) is delivered in many forms including tooth
mousse, toothpastes, mouth rinses, chewing gums,
sports drinks, as well as in dental varnishes [11,17].
The remineralization effect of Tooth Mousse
Recaldent™ (GC America Inc; Illinois, USA) can
be modulated. For instance, CPP-ACP agents have
higher remineralizing potential when applied with
fluoridated agents [18,19].
To date, there is no evidence about the synergistic
remineralization potential of Recaldent™ and other
http://www.ejomr.org/JOMR/archives/2020/1/e4/v11n1e4ht.htm
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interventions of interest, namely, dental prophylaxis
cleaning. The latter is a procedure performed to
thoroughly clean the teeth. This study aims to
study the remineralization potential of CPP-ACP
(Recaldent™; Melbourne, Australia) by quantifying
the changes in the tooth’s mineral content using
scanning
electron
microscopy-energy-dispersive
X-ray (SEM/EDX) and assess the effects of
prophylaxis cleaning and application of MI Varnish®
(GC Corporation; Tokyo, Japan) on enhancing the
remineralization potential of this agent.
MATERIAL AND METHODS
The study design and protocol were reviewed and
approved by the Institutional Review Board (approval
number: CUMEB/D166/42019).
Materials
•

•
•

Recaldent™. Commercial GC MI Paste Plus®
(GC America Inc; Illinois, USA) was used. This
formulation contains 20% glycerol; 10% CPPACP; 5% D-glucitol; 2% sodium carboxyl methyl
cellulose (CMC-Na); 2% propylene glycol; 2%
titanium dioxide; 0.2% sodium fluoride, among
other components [20].
MI Varnish®. Commercial GC MI Varnish® was
used, containing between 25 - 50% ethanol, and
2.5 - 5% sodium fluoride [21].
Artificial saliva (Pickering Laboratories, Inc.;
Mountain View, California, USA) was formulated
according to published literature in medical and
dental research, and has a similar composition to
commercially available products used to treat dry
mouth and other conditions. This ready-to-use
solution contains sodium carboxymethyl cellulose
to increase its viscosity and make it behave like
the human saliva. This formulation has a pH of
6.8 and can be stored at room temperature [22].

Samples
A power analysis was conducted using G*Power
Software, version 3.1.9.2 (Heinrich-Heine-Universität,
Düsseldorf, Germany). Considering the repeated
measures design of the trial, and accounting for an
effect size of 0.2 (small effect size), a 5% level of
significance and an 80% power, the required sample
size was around 60 teeth.
The sample consisted of sixty human teeth (molar:
n = 35; pre-molar: n = 25) extracted for orthodontic
and periodontal reasons with signed patient
agreement. The teeth were visually assessed for
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the presence of caries using the International Caries
Detection and Assessment System II (ICDAS II)
[23]. ICDAS II is a universal 7-point ordinal scale
that detects early lesions, as well as changes in the
longitudinal follow-up. Teeth having ICDAS score
from 0 to score 3 were included, as follows:
• Score 0 - no evidence of visible caries;
• Score 1 - first visual change in enamel;
• Score 2 - distinct visual change in enamel;
• Score 3 - localized enamel breakdown with no
visible dentin or underlying shadow.
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The teeth were rinsed with water and stored in a 0.1%
thymol solution at a pH of 7, for 1 hour to avoid any
contamination with bacteria. Afterward, the teeth
were rinsed with water and examined for mineral
composition. The occlusal surface of the teeth was
targeted.
Procedures
The teeth were randomly assigned into 2 equal
sample: sample A and B. (Figure 1).

Molar and premolar of ICDAS ≤ 3
(n = 60)

Baseline

Rinsed with water → Soaked 0.1% thymol solution at pH-7 for 1 hour → Rinsed with water → Stored in saline
solution → Examined under the microscope for mineral composition

Randomization
Sample B
(n = 30)

Sample
(n = 30)

Prophylaxis cleaning (AIR-N-Go®) for 20 seconds
Randomization
Randomization

T1

T2

Sample A1
(n = 15)

Sample A2
(n = 15)

Sample B1
(n = 15)

Sample B2
(n = 15)

Rinsed with water →
Varnished with MI for 4
minutes → Soaked in
artificial saliva overnight
→ Brushed with Oral B →
Rinsed with water →
Soaked in artificial saliva
→ Treated with
Recaldent™ → Rinsed
with water →
Soaked in artificial saliva
(procedure repeated for
30 days) →
Prophylactically cleaned
→ Examined for mineral
composition

Rinsed with water →
Soaked in artificial saliva
overnight → Brushed with
Oral B → Rinsed with
water → Soaked in
artificial saliva → Treated
with Recaldent™ →
Rinsed with water →
Soaked in artificial saliva
(procedure repeated for
30 days) →
Prophylactically cleaned
→ Examined for mineral
composition

Rinsed with water →
Varnished with MI for 4
minutes → Soaked in
artificial saliva overnight
→ Brushed with Oral B →
Rinsed with water →
Soaked in artificial saliva
→ Treated with
Recaldent™ → Rinsed
with water → Soaked in
artificial saliva (procedure
repeated for 30 days) →
Prophylactically cleaned
→ Examined for mineral
composition

Rinsed with water →
Soaked in artificial saliva
overnight → Brushed with
Oral B → Rinsed with
water → Soaked in
artificial saliva → Treated
with Recaldent™ →
Rinsed with water →
Soaked in artificial saliva
(procedure repeated for
30 days) →
Prophylactically cleaned
→ Examined for mineral
composition

Prophylaxis cleaning (AIR-N-Go) for 20 seconds → Examined for mineral composition

Figure 1. Flow chart of the laboratory process during this study.
http://www.ejomr.org/JOMR/archives/2020/1/e4/v11n1e4ht.htm
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Sample A teeth (n = 30; molar: n = 15; pre-molar:
n = 15) received prophylaxis cleaning for 20 seconds,
using AIR-N-GO® (Acteon; Bordeaux, France)
combining water, air and pearl powder (natural
calcium-carbonate-based, diameter: 55 µm), at 1 mm
distance from the surface.
The cleaned 30 teeth were then randomly assigned
into 2 equal samples: sample 1 and 2.
Sample A1 teeth (n = 15; molar: n = 8; pre-molar:
n = 7) were rinsed with water, had MI Varnish®
applied according to manufacturer instructions for 4
minutes using a micro-brush on the surface to ensure
homogenization. The teeth were then soaked with
artificial saliva overnight. In the morning, the teeth
were brushed with Oral-B® brush (Oral B Laboratory;
Kildare, Ireland) and rinsed with water, and soaked
again in artificial saliva until night. Next, sample A1
teeth were rinsed with water and treated with Tooth
Mousse Recaldent™ (CPP-ACP) for 4 minutes. The
teeth were then gently brushed with a micro-brush on
the surface, and then soaked again in artificial saliva.
Sample A1 teeth underwent the same procedures
for 30 days. After that, the teeth were examined for
mineral composition (T1). This was followed by a
prophylaxis cleaning and examination for mineral
composition for all groups (T2).
Sample A2 teeth (n = 15; molar: n = 7; pre-molar:
n = 8) underwent the same series of interventions
as sample A1 teeth, but without being treated by MI
Varnish®.
Sample B teeth (n = 30; molar: n = 19; pre-molar:
n = 11) served as controls, thus were not initially
cleaned prophylactically.
These teeth were equally assigned to 2 samples:
sample 1 and 2.
Sample B1 teeth (n = 15; molar: n = 11; pre-molar:
n = 4) received the same intervention as sample A1
teeth; and sample B2 teeth (n = 15; molar: n = 8;
pre-molar: n = 7) received the same treatment as
sample A2 teeth. All of sample B teeth were also
examined for mineral composition.
The mineral composition of products used for all
procedures was also analysed.
Analysis of chemical composition
The specimens were evaluated for mineral content
(% weight) and calcium-phosphorus ratio (Ca/P) at
baseline, T1 and T2 using SEM/EDX.
Study outcomes were the content of carbon (C),
phosphorus (P), Ca, oxygen (O), chlorine (Cl),
sodium (Na) and silicon (Si) in addition to Ca/P. The
latter was calculated by dividing the % weight of Ca
by that of P.
http://www.ejomr.org/JOMR/archives/2020/1/e4/v11n1e4ht.htm
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Scanning electron microscopy with SEM/EDX is the
best known and most widely-used surface analytical
technique. SEM/EDX detects elements as light as
Boron, and its detection limits range between 100%
and 0.1 % weight. Besides elemental composition,
this system allows digital image acquisition for highquality secondary and backscattered electron images.
Accordingly, high resolution images of surface
topography (from 2 to 50 nm), with excellent depth
of field (range 0.5 to 3 µm), are produced using a
highly-focused scanning (primary) electron beam.
The analysed area ranges from 10 x 10 mm to 1 x 1
µm, and the size of the accommodated sample is up to
200 mm diameter and 80 mm depth. For the analysis,
the primary electrons enter a surface with an energy
of 0.5 to 30 kV and engender numerous low energy
secondary electrons. The intensity of the latter is
mostly governed by the sample’s surface topography.
Consequently, an image of the sample surface is
constructed by measuring secondary electron intensity
as a function of the position of the scanning primary
electron beam. The primary electron beam can be
focused to a very small spot (< 10 nm) allowing a
high spatial resolution. Using a primary electron beam
with energy of < 1 kV, high sensitivity to topographic
features on the outermost surface (< 5 nm) is
achieved. Along with low energy secondary electrons,
primary
electron
bombardment
backscattered
electrons generate X-rays. The intensity of
backscattered electrons can be correlated to the atomic
number of the element within the sampling volume,
allowing qualitative elemental information to be
obtained; the analysis of characteristic X-rays emitted
from the sample provides additional quantitative
elemental information. SEM, complemented by X-ray
analysis, is a relatively inexpensive, rapid, and nondestructive approach to surface analysis; and is often
used to survey surface analytical problems before
proceeding to more surface-sensitive and specialized
techniques such as SIMS, RBS.
In this study the samples were carefully placed on
a sample holder, using sterile tweezers in order to
prevent any external contamination, and fixed by a
double-faced conductive tape on one side, while the
other side was freely facing the electron beam of the
SEM. Sputter Coater 108 Auto (Cressington Scientific
Instruments, Inc., Watford, UK) was used to metalize
the surface of the samples with gold. A high vacuum
SEM, model AIS2100 (Seron Technologies Inc.;
Gyeonggi-do, Korea) with an acceleration voltage
of 20 kV and a working distance of 25 mm, coupled
to an EDAX Apollo X detector (AMETEK; Berwyn,
Pennsylvania, USA) at a take-off angle of 23 degrees
were used for all EDX measurements.
J Oral Maxillofac Res 2020 (Jan-Mar) | vol. 11 | No 1 | e4 | p.4
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Statistical analysis
The normality of the data was checked using
Kolmogorov-Smirnov test. In each group, the values
for these outcome variables were compared using
Wilcoxon Signed Ranks test. Change in mineral
content between the 4 groups of comparison was
assessed using Kruskal Wallis Test, and that between
two groups using Mann Whitney U test. P < 0.05 was
considered significant with a Bonferroni correction
where multiple comparisons were conducted. The
Statistical Package for Social Sciences (IBM SPSS),
version 21 was used for statistical analysis. Parametric
data were expressed as mean and standard deviation
(M [SD]).
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At T1, the teeth that did not undergo initial
prophylaxis cleaning and were not varnished with
MI (B2) exhibited the least content in P, Ca and
Ca/P. Initially applying MI Varnish® with or without
prophylaxis cleaning (A1 and B1, respectively)
resulted in enhanced content of P and Ca, compared
with the fourth group (B2); yet, A1 group only
exhibited a higher Ca/P. On the other hand, the teeth
undergoing initial prophylaxis cleaning without being
varnished by MI (A2) exhibited the lowest content of
Cl and Na as shown in Table 2.
At T1, prophylaxis cleaning without MI Varnish®
enhanced the mineralization effect of Recaldent™
on all studied minerals, whereby the sample A2 teeth
exhibited at T1 a significantly higher concentration
Table 1. Baseline mineral content of the 60 extracted teeth,
% weight

RESULTS
At baseline, the 4 compared groups exhibited similar
mineral composition of C, P, Ca, and O, as well
as Ca/P (P > 0.05 for all tested variables). Table 1
showed the average value of the different components
in the 60 teeth.

Mineral content

Mean

Standard deviation

Carbon (C)

29.17

9.65

Phosphorous (P)

12.62

3.55

Calcium (Ca)

18.47

5.77

Oxygen (O)

38.94

2.21

Table 2. Effect of different treatments on the mineralization effect of Recaldent™ at T1 (n = 60)
Minerals content

A1

A2

B1

B2

Calcium (Ca)
Phosphorous (P)
Calcium-to-phosphorous ratio (Ca/P)
Oxygen (O)
Carbone (C)
Calcium (Ca)
Phosphorous (P)
Calcium-to-phosphorous ratio (Ca/P)
Oxygen (O)
Carbone (C)
Calcium (Ca)
Phosphorous (P)
Calcium-to-phosphorous ratio (Ca/P)
Oxygen (O)
Carbone (C)
Calcium (Ca)
Phosphorous (P)
Calcium-to-phosphorous ratio (Ca/P)
Oxygen (O)
Carbone (C)

T0
Mean (SD)
19.09 (5.57)
13.01 (3.41)
1.45 (0.07)
38.89 (2.34)
28.18 (9.38)
18.05 (5.85)
12.40 (3.64)
1.44 (0.06)
39.13 (2.22)
29.59 (10.08)
18.31 (6.08)
16.01 (1.56)
1.45 (0.07)
38.74 (2.19)
29.85 (9.83)
18.47 (6.12)
12.62 (3.76)
1.44 (0.07)
39.02 (2.33)
29.06 (10.22)

T1
Mean (SD)
31.3 (13.69)
16.2 (2.78)
1.85 (0.47)
35.17 (13.44)
16.23 (3.47)
24.93 (1.55)
15.71 (0.79)
1.58 (0.03)
39.99 (4.44)
18.07 (5.93)
28.48 (8.34)
12.48 (3.71)
1.76 (0.42)
36.03 (8.17)
18.03 (2.46)
21.83 (1.66)
14.53 (0.49)
1.5 (0.06)
43.97 (1.83)
18.1 (2.49)

P-value between
T0 and T1
0.001
0.47
0.003
0.279
0.3
0.001
0.001
0.002
0.002
0.004
0.001
0.15
0.001
0.19
0.001
0.17
0.649
0.124
0.001
0.647

Intergroup difference P-value: calcium 0.001; phosphorous 0.002; calcium-to-phosphorous ratio 0.01; oxygen 0.061; carbone 0.0406.
A1 = sample underwent prophylaxis cleaning, followed by application of MI Varnished, and treatment with Recaldent™.
A2 = sample underwent prophylaxis cleaning, followed by treatment with Recaldent™.
B1 = sample underwent application of MI Varnished, followed by treatment with Recaldent™.
B2 = sample underwent only treatment with Recaldent™.
Kruskal-Wallis test was used for change in mineral content between the 4 groups (A1, A2, B1, B2) of comparison.
Mann Whitney U test was used for between 2 groups (A1 and A2; A1 and B1; A1 and B2; A2 and B1; A2 and B2; B1 and B2).
Bonferroni correction was applied where multiple comparisons were conducted (A1 with A2 and A1 with B2 and A2 with B2).
SD = standard deviation.
http://www.ejomr.org/JOMR/archives/2020/1/e4/v11n1e4ht.htm
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in P, Ca, Ca/P and O. Applying MI Varnish® only
(B1) resulted in increasing C, Ca and Ca/P. Applying
both interventions (prophylaxis cleaning and MI
Varnish® [A1]) resulted in increasing Ca content and
Ca/P only. Nevertheless, increasing Ca/P was most
accentuated in this group of teeth. The absence of
these interventions (B2) did not affect the mineral
composition of the teeth, except for an increase in O
content, as shown in Table 2 and Figure 2.
Following the second cleaning procedure, i.e. at T2,
teeth receiving prophylaxis cleaning with MI Varnish®
(A1) exhibited the lowest C, P, O and Si content,
yet the highest Ca/P. In contrast, teeth undergoing
prophylaxis cleaning without MI Varnish® (A2)
showed the least Ca/P, and the highest Na content, as
detailed in Table 3.
DISCUSSION
This in vitro study evaluated the remineralization
potential of CPP-ACP (Recaldent™) using SEM/
EDX and assessed the impact of prophylaxis cleaning
and application of MI Varnish® on enhancing the
remineralization potential of this agent. The study
assessed as well the impact of a second prophylaxis
cleaning on the remineralization potential of
Recaldent™. The latter procedure was done in order
to explore whether the remineralization effectiveness
will be reduced.
Among the 60 teeth that were studied, the ones
receiving treatment by Tooth Mousse Recaldent™

Zeitouny et al.

proceeded by either prophylaxis cleaning or
MI Varnish® showed remineralization; the most
remineralization effect was seen in those receiving
both interventions, and this superior effect persisted
even after a second cleaning.
The results of our study are consistent with the
proposed remineralization mechanism of CPP-ACP
after a short duration use, e.g. 1 month [24] and are
in accordance with the available literature on the
effects of Tooth Mousse Recaldent™ in inhibiting
demineralization and enhancing remineralization or
possibly both [16].
In the oral environment, CPP-ACP binds to biofilms,
plaque, bacteria, hydroxyapatite, and soft tissue,
buffers the free Ca and phosphate ion activities and
increases the degree of saturation by Ca and P with
respect to hydroxyapatite. Thus CPP-ACP localizes
bioavailable ions and subsequently ACP on the tooth
surface [15].
Only, a very limited number of studies had evaluated
factors modifying the remineralization potential of
CPP-ACP quantitatively, especially the Ca and P
content, and Ca/P of enamel [18,19]. In our study,
applying Tooth Mousse Recaldent™ in conjunction
with prophylaxis cleaning (A2) or MI Varnish® alone
(B1), or simultaneously with both interventions (A1)
resulted in a continuously increased mineral content
values (Ca/P), even after a second prophylaxis
cleaning. Yet, this was most accentuated in the latter
group (A1), i.e. the group receiving prophylaxis
cleaning and MI Varnish®. This provides evidence on
the superiority of combining these interventions over

Table 3. Effect of additional cleaning on the mineral content of teeth at T2 (n = 45)
Minerals content

A1

A2

B2

Mean (SD)

Mean (SD)

Mean (SD)

P-value

Calcium (Ca)

38.05 (13.22)

24.31 (0.88)

25.7 (2.24)

0.024

Phosphorous (P)

14.86 (0.15)

15.88 (1.24)a

15.63 (0.78)a

0.006

Calcium-to-phosphorous ratio (Ca/P)

2.55 (0.86)

1.53 (0.06)

1.64 (0.07)

< 0.001

Oxygen (O)

33.07 (8.93)a,b

40.85 (3.15)a

36.67 (2.78)b

0.003

Carbone (C)

11.89 (3.98)

15.9 (4.65)

a

20.2 (1.55)

< 0.001

Chlorine (Cl)

0.46 (0.04)

0.46 (0.22)

0.42 (0.26)

Sodium (Na)

0.88 (0.09)

1.05 (0.22)

Silicon (Si)

0.32 (0.09)a,b

a,b

a

a

a

1.12 (0.48)a,c

b

a

0.407

0.87 (0.23)

0.033

0.49 (0.15)b,c

< 0.001

Corrected P-value at < 0.016 indicate significant differences.
Corrected P-value at < 0.016 indicate significant differences.
c
Corrected P-value at < 0.016 indicate significant differences.
A1 = sample underwent prophylaxis cleaning, followed by application of MI Varnished, and treatment with Recaldent™.
A2 = sample underwent prophylaxis cleaning, followed by treatment with Recaldent™.
B2 = sample underwent only treatment with Recaldent™.
Kruskal-Wallis test was used for change in mineral content between the 3 groups (A1, A2, B2) of comparison.
Mann Whitney U test was used for between 2 groups (A1 and A2; A1 and B2; A2 and B2).
Bonferroni correction was applied where multiple comparisons were conducted (A1 with A2 and A1 with B2 and A2 with B2).
SD = standard deviation.
a

b
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Group A1

Group A2

Group B1

Group B2

Figure 2. Scanning electron microscopy photomicrographs of enamel surface with its energy dispersive X-ray in the four groups.

the use of either intervention alone in enhancing the
remineralizing effect of CPP-ACP. This superior effect
is potentially attributed to the use of MI Varnish® in
addition to Tooth Mousse Recaldent™ which helps
drive beneficial ions into the tooth, enhances enamel
acid resistance, and boosts the salivary fluoride
level [25,26], but also to the prophylaxis cleaning
consisting of a complete removal of plaque, salivary
pellicle, materia alba and extrinsic stains found on
the teeth, thus allowing a direct contact and better
adhesion between CPP-ACP and the teeth [27].
It is worthy to note that the Si found in the studied
teeth at T2 relates to the application of MI Varnish®
and Tooth Mousse Recaldent™ products which
contain this mineral.
Although the present study could not completely
simulate the complex oral environment, its results still
demonstrated the remineralization effectiveness of the
http://www.ejomr.org/JOMR/archives/2020/1/e4/v11n1e4ht.htm

CPP-ACP in an in vitro environment, and the role of
prophylaxis cleaning and MI Varnish® in enhancing
this remineralization effect. Further shortcomings of
the present study are the small sample size, which
potentially limits our ability to detect statistical
significance. Also, although the evaluation of
remineralizing effect was done by using SEM/
EDX which is considered the gold standard for the
evaluation of mineral loss or gain in experimentally
induced initial caries lesions [28], we acknowledge
its inherent limitations in elemental analysis [29], e.g.
its inability to distinguish between ionic and nonionic
species, and its influence by inter-element interference
(peak overlap), causing serious problems in the
elemental analysis, especially for elements with low
atomic number (C, Cl, P, Na and Si). Moreover, we
are limited by our ability to generalize our results, as
the exact composition of enamel varies between teeth,
J Oral Maxillofac Res 2020 (Jan-Mar) | vol. 11 | No 1 | e4 | p.7
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and between different individuals [30], especially
that our sample was not chosen at random nor
representative of the target population. Finally, our
greatest limitation lies in the mineral content of
products used, i.e. MI Varnish®, AIR-N-Go®, Tooth
Mousse Recaldent™, which could have affected our
results and increased the mineral content of assessed
teeth especially after the second prophylactic cleaning.
CONCLUSIONS
Within the limitations of the study, it can be
concluded that prophylaxis cleaning and MI Varnish®
enhance the remineralization effect of casein

Zeitouny et al.

phosphopeptide-amorphous calcium phosphate in
teeth showing no evidence of visible caries and those
characterized by the first clinically non-cavitated
visual changes in enamel. Further clinical trials are
necessary to provide conclusive evidence on the
findings of this study in humans.
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