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Background: This clinical trial investigated the effectiveness of two remineralizing creams on
regression of white spot lesions (WSLs) after orthodontic therapy.
Materials and Methods: The study included patients with WSLs on their upper anterior teeth
who recently completed orthodontic treatment at the Department of Orthodontics of Mashhad
Dental School and two private offices.The participants were randomly assigned into three groups
by treatment: (1) a 12‑week regimen of a cream containing casein phosphopeptide‑amorphous
calcium phosphate and fluoride (MI Paste Plus); (2) a 12‑week regimen of a cream containing
hydroxyapatite and fluoride (Remin Pro); and (3) usual home care (control). Thirty‑nine patients
participated and three withdrew. The main outcomes including area, mineral content, and color of
WSLs were measured at enrolment and 4, 8, and 12 weeks later, respectively. Blinding was applied
for outcome assessment only.The data were analyzed by analysis of variance and repeated measures
analysis at the statistical significance of P < 0.05.
Results: Over a 3‑month period, the application of both MI Paste Plus and Remin Pro caused
significantly greater reduction in area and significantly higher increase in mineral content of WSLs
compared to the control group (P < 0.05). The appearance of WSLs improved significantly in
both experimental groups (P < 0.05), but not in the control group. No side effect was observed
throughout the experiment.
Conclusion: The application of either MI Paste Plus or Remin Pro was effective in reducing the area,
increasing the mineral content and improving the appearance of demineralized enamel, indicating
that these products could be recommended for managing postorthodontic WSLs.
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INTRODUCTION
White spot lesions (WSLs) are defined as clinically
opaque, white areas caused by the loss of minerals
below the outermost enamel layer.[1] The prevalence
of WSLs has been reported from 5% to 97% in
orthodontically treated participants,[1] and the labial
Access this article online

surfaces of maxillary incisors are most commonly
affected.[2] The presence of fixed orthodontic
appliances increases the accumulation of food and
This is an open access article distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which
allows others to remix, tweak, and build upon the work non‑commercially,
as long as the author is credited and the new creations are licensed under
the identical terms.
For reprints contact: reprints@medknow.com

Website: www.drj.ir
www.drjjournal.net
www.ncbi.nlm.nih.gov/pmc/journals/1480

How to cite this article: Heravi F, Ahrari F, Tanbakuchi B.
Effectiveness of MI Paste Plus and Remin Pro on remineralization and
color improvement of postorthodontic white spot lesions. Dent Res J
2018;15:95-103.

© 2018 Dental Research Journal | Published by Wolters Kluwer - Medknow

95

Heravi, et al.: Effect of MI Paste Plus and Remin Pro on regression of WSLs

bacterial plaque and promotes successive changes
in the mineral and optical properties of subsurface
enamel, leading to creation of demineralized areas,
which are the precursors to caries formation.[3‑5]
In
recent
years,
calcium
phosphate‑based
remineralization products have shown promising
results for noninvasive management of early
caries lesions.[6‑9] It has been demonstrated
that the application of products containing
casein
phosphopeptide‑amorphous
calcium
phosphate (CPP‑ACP) could lead to a suppression of
demineralization and enhancement of remineralization
or most likely, a combination of both could occur.[10,11]
Previous studies indicated reduced demineralization
around orthodontic brackets in vitro,[12,13] and visual
regression of WSLs following topical application of
agents containing CPP–ACP complexes in vivo.[2,14] It
is believed that the combined application of CPP‑ACP
with fluoride provides a synergistic effect on enamel
remineralization.[15‑19] Tooth Mousse Plus (MI Paste
Plus; GC Corporation, Tokyo, Japan) is a commercial
product that combines CPP‑ACP and 900 ppm
fluoride (CPP‑ACPF), assuming to provide more
therapeutic effects than Tooth Mousse (MI Paste),
which contains CPP‑ACP alone.
Recently, a remineralizing water‑based cream
containing hydroxyapatite, fluoride and xylitol
(Remin Pro, VOCO GmbH, Cuxhaven, Germany) has
been introduced. It has been claimed that hydroxyapatite
fills eroded enamel, fluoride seals dentinal tubules and
xylitol acts as an antibacterial agent. This product has
been assumed to be suitable for management of dentinal
hypersensitivity, prevention of enamel demineralization
and promoting remineralization of enamel subsurface
lesions.[20] To the authors’ knowledge, no clinical trial
investigated the efficacy of Remin Pro in regression of
postorthodontic WSLs.

following orthodontic therapy. The results of a recent
systematic review suggest that there is a tendency
toward a benefit for the use of Tooth Mousse
(MI Paste) over brushing with a fluoride toothpaste
for regression of WSLs in orthodontic patients but the
quality of evidence is limited.[24] Therefore, this study
was conducted to assess the efficacy of MI Paste Plus
and Remin Pro on area, mineral content and color of
postorthodontic WSLs.

MATERIALS AND METHODS
The study protocol was reviewed and approved
by the ethics committee of Mashhad University of
Medical Science (910368). This was a parallel‑group,
randomized, controlled trial with a 1:1:1 allocation
ratio. At the beginning of the study, the investigators
asked the faculty colleagues and two orthodontists
in private offices to refer patients who recently
finished orthodontic therapy and had WSLs on their
upper anterior teeth, to the principal investigator. All
referred patients were consecutively assessed by the
principal investigator to confirm their accordance
with the inclusion criteria of the study and those
who did not meet the criteria were excluded. Eligible
patients were recruited if they met the following
criteria:
1. Completion of fixed appliance therapy within the
past 2 weeks
2. Presence of at least two WSLs on the labial
surfaces of six maxillary anterior teeth that
were not present before orthodontic therapy
(as confirmed in pretreatment photographs)
3. Age range between 13 and 23 years.

The quantitative caries detection could be
accomplished by fluorescent methods.[21] Recently, a
new fluorescent camera (VistaCam iX; Dürr Dental,
Bietigheim‑Bissingen, Germany) was introduced for
caries detection.[22] It has been demonstrated that this
fluorescent camera provides reliable results similar to
that of DIAGNOdent.[22] In addition, this device has
an interchangeable head which enables the clinician
to take intraoral images.[23]

The complete removal of residual composite was
assessed clinically. The exclusion criteria were as
follows:
1. Unwillingness to be randomly assigned to 1 of the
3 treatment groups
2. Presence of abnormal oral, medical, or mental
condition (including any milk‑related allergies
or any medical condition involving kidneys or
salivary glands)
3. Presence of dentin caries or enamel hypoplasia on
maxillary anterior teeth
4. Presence of periodontal pockets around maxillary
anterior teeth.

There are few studies regarding the effect of calcium
phosphate‑ and hydroxyapatite‑based agents on
remineralization and optical appearance of WSLs

The objectives of the study were explained
clearly and informed consent document was
obtained from the patients or their parents (if the
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patient was under 18 years old) before the study
commencement.

accomplished by an operator who was not involved in
the baseline and follow‑up assessments.

Interventions

Outcomes

The participants were randomly assigned to one of
the three groups and received different treatment
regimens. The randomization was performed by a
computer‑generated table of random numbers using
NCSS software (NCSS, Kaysville, UT, USA). The
details of the allocated groups were recorded on
cards contained in sequentially numbered, opaque,
sealed envelopes. These cards were prepared by an
independent person who was not involved in the
study protocol. Once the participant underwent the
baseline assessments by the principal investigator
and his/her accordance with the inclusion
criteria was confirmed, the allocation assignment
was revealed by opening the envelope by this
independent person.
An alginate impression was taken from the upper arch
of the patients in groups 1 and 2 (experimental groups).
Then, vacuum formed retainers were made for the
patients in the experimental groups using 1‑mm clear
sheets.
The participants in group 1 were instructed to apply
a remineralizing cream containing CPP‑ACPF (MI
Paste Plus; GC Corporation, Tokyo, Japan). The
cream was inserted within the clear retainer over each
of the upper anterior teeth at an approximate height
of one‑fourth of the central incisor. The patients
were asked to use the clear retainer containing MI
Paste Plus for 30 min after brushing and not to
eat or drink within 1 h later. This procedure was
repeated nightly for 12 weeks. A telephone call was
made every week to reinforce the patients for using
the cream.
The patients in group 2 were instructed to apply
a cream containing fluoridated hydroxyapatite
(Remin Pro, VOCO GmbH, Cuxhaven, Germany)
under the same conditions as described in group 1.
The participants in group 3 underwent no treatment
intervention and served as the control group.
All groups received usual home care advice and
2 pockets of fluoridated toothpaste (Crest Cavity
Protection, 1100 ppm F as NaF). The participants were
instructed to brush twice daily using a soft‑texture
toothbrush and not to use any supplementary
fluoridated products. The supply of remineralizing
creams and oral hygiene recommendations were

The patients were evaluated at the start of the
treatment (T1) and intervals of 4 (T2), 8 (T3)
and 12 (T4) weeks later. The main outcome was
any difference in the area, mineral content, and
color of WSLs. All measurements were taken in
a light‑controlled environment by an experienced
operator who had been trained to do the measurements
before the study commencement and was blinded to
the group assignment.
For patient assessment, the anterior maxillary teeth
were cleaned with pumice slurry and a rubber
prophy cup, and then a lip retractor was inserted to
hold the soft tissue away. A series of three intraoral
photographs were then taken (one photograph from
the labial surfaces of central and lateral incisors and
two photographs from the labial surfaces of the right
and left canines) using VistaCam iX (Dürr Dental,
Bietigheim‑Bissingen, Germany). The photographs
were taken as the patient’s head was positioned
horizontally and the lens of the device was 8 cm
away from the labial surfaces of the teeth. To
calculate the area of WSLs, the intraoral photographs
were transported to a microstructure image processing
software (MIP4Student software; Nahamin Pardazan
Asia Co, Iran).[25,26] Each photograph was calibrated
by inserting the mesiodistal width of the imaged
tooth into the software. The borders of WSLs were
specified manually, and their areas were calculated by
the software. Nine sets of photographs were selected,
and the areas of WSLs were measured again 1 week
later to determine intraexaminer reliability.
To measure the mineral content of WSLs, the labial
surfaces of the selected teeth were assessed by
VistaCam iX using a special head for taking fluorescent
images according to the manufacturer’s instructions.
The protective cover of the head was in contact
with the labial surfaces of the teeth during imaging.
This disposable protective cover was recommended
by the manufacturer to avoid cross‑contamination.
The image of each surface was recorded by special
software (DBSWIN Imaging Software; Durr Dental).
This software creates images of 720 × 576 pixels.
The fluorescent images are quantified from
green (approximately 510 nm wavelength) to
red (approximately 680 nm wavelength) and a
numerical value from 0 to 3 is assigned to each image
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corresponding to the lesion severity. According to the
manufacturer, the values in the range of 0–1.0 indicate
healthy tooth enamel, whereas those in the range of
1.0–1.5 are representative for early‑stage enamel
caries. For each WSL, the highest value in the range
of 1.0–1.5 was recorded, corresponding to the lowest
amount of mineral content.
The
Vita
Easyshade
spectrophotometer
(Vita Zahnfabrik, Bad Säckingen, Germany) was
employed for color assessment of WSLs. The device
was calibrated before each appointment using a white
table supplied by the manufacturer. Tooth color was
measured by holding the probe tip at a right angle to
the surface and the values were reported according
to the CIELAB (Commission Internationale de
l’Eclairage L* a* and b*) color space system. In
this system, the “L” axis represents the degree of
lightness, whereas the “a” and “b” values indicate
positions on red/green (+a = red, −a = green)
and yellow/blue (+b = yellow, −b = blue) axis,
respectively. For each tooth, the color assessment
was performed at the central area of WSL and also
on healthy tooth structure. To minimize measurement
errors, the assessments were repeated three times, and
the mean values of three consecutive measurements
were recorded for each area. The color assessment
was repeated in the same conditions at the follow‑up
appointments. The color difference between WSL
and sound tooth surface was calculated using the
following formula:
∆E ( Lab)=

(a2 − a1 ) 2 + (b2 − b1 ) 2 + ( L2 − L1 ) 2

The outcome assessor was kept blinded to the
treatment groups. However, blinding of either patient
or supplier was not possible because the participants
used commercial products.

Statistical analysis

The six upper anterior teeth of each patient were
evaluated by one investigator and the area, mineral
content and color of WSLs were measured in teeth
presenting demineralization. The mean values of
variables were then calculated for each participant
and considered in the statistical analysis. Therefore,
the units for statistical analysis in this study were
patients (n = 12).
The normal distribution of the data was confirmed
by the Kolmogrov–Smirnov test. Between‑group
differences in age and number of teeth
presenting WSLs were assessed by analysis of
98

variance (ANOVA) and the difference in sex of the
participants among the groups was analyzed by the
Chi‑square test. A repeated measures analysis was run
to determine any significant differences in the area,
mineral content and color change variables between
the different evaluation times in each group. The
change between T1 and T4 values for each variable
was calculated, and between‑group differences
in area, mineral content and color of WSLs were
analyzed by ANOVA followed by post hoc Tukey test
for pairwise comparisons. The statistical calculation
was performed using SPSS software (SPSS 16.0,
Chicago, IL, USA) and the level of significance was
determined at P < 0.05.

RESULTS
Thirty‑nine patients were randomized in a 1:1:1
ratio to either of MI Paste Plus, Remin‑Pro or
control groups. Three participants withdrew the
trial, therefore, a total of 36 participants (20 girls,
16 boys; mean age, 16 ± 3 years) underwent the
interventions and had complete records for statistical
analysis [Figure 1]. Patient recruitment started in
November 2012 and ended in January 2014. At
baseline, information regarding age, sex, and number
of teeth affected by WSLs was collected. The three
groups were well matched in all characteristics at
enrollment [Table 1].
Using the 9 sets of repeated measurements, the
correlation coefficient for detecting the area of WSLs
was 0.94, indicating excellent reliability.

Comparison of area, mineral content, and color
of white spot lesions between the different
evaluation times in each group

The repeated measures analysis revealed that the area
of WSLs decreased significantly between T1 and T2
in all the study groups (P < 0.05) [Figure 2]. However,
between T2‑T3 and T3‑T4 time points, a significant
reduction in the area of WSLs occurred in MI Paste
Plus and Remin Pro groups (P < 0.05), whereas the
control group revealed no significant improvement in
this aspect (P > 0.05) [Figure 2].
A significant increase in the mineral content
of WSLs occurred between T1‑T2, T2‑T3 and
T3‑T4 time points in the two experimental
groups (P < 0.05) [Figure 3]. The control group
experienced a slight but significant increase in
mineral content of WSLs between T1‑T2 and
T3‑T4 time points (P = 0.001 and P = 0.014,
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Table 1: Comparison of baseline characteristics in
the study groups

Assessed for eligibility
(n = 44)

Enrollment
Randomization

Excluded (n = 5)
Not meeting inclusion
criteria (n = 4)
Refused to participate
(n = 1)

Allocation
Allocated to MI Paste
Plus (n = 13)
Withdrew (n = 1)
Received allocation
intervention (n = 12)

Allocated to Remin
Pro (n = 13)
Withdrew (n = 1)
Received allocation
intervention (n = 12)

Allocated to usual home
care (n = 13)
Withdrew (n = 1)
Received allocation
intervention (n = 12)

Lost to follow up (n = 0)
Discontinued intervention
(n = 0)

Lost to follow up (n = 0)
Discontinued intervention
(n = 0)

Analysis
Analyzed (n = 12)
Excluded from analysis
(n = 0)

Analyzed (n = 12)
Excluded from analysis
(n = 0)

Remin
Pro

Control

P

7 (59)
5 (41)
12 (100)
16.2±2.4
4.08±1.5

7 (59)
5 (41)
12 (100)
16.5±2.4
4.58±1.6

6 (50)
6 (50)
12 (100)
16.4±2.8
4.33±1.3

0.894

0.923
0.692

The quantitative variables have been shown by mean±SD and qualitative
variables by n (%). WSLs: White spot lesions; SD: Standard deviation

Follow up
Lost to follow up (n = 0)
Discontinued intervention
(n = 0)

Sex
Females
Males
Total
Age
Number of teeth
affected by WSLs

MI Paste
Plus

Analyzed (n = 12)
Excluded from analysis
(n = 0)

Figure 1: CONSORT flow diagram showing patient flow during
the trial.

respectively), but the increase between T2‑T3 was
not statistically significant (P > 0.05) [Figure 3]. It
should be noted that the mineral content of WSLs
in MI Paste Plus and Remin Pro groups increased
approximately 16% and 22%, respectively, between
the baseline and final measurements. This increase
was 5% in the control group.
The repeated measures analysis exhibited that the
two experimental groups experienced significant
reduction in the color difference between sound
and demineralized parts of enamel throughout the
experiment (P < 0.05), whereas the improvement
in the control group was not statistically
significant (P > 0.05) [Figure 4].

Comparison of T1–T4 differences in area, mineral
content and color of white spot lesions between
the study groups
Figure 2: A line chart indicating the area of white spot
lesions (mm2) at different evaluation times in the study groups.
Significant reductions were found between T1–T2 in all
groups (P < 0.05), and between T2–T3, and T3–T4 in both MI
Paste Plus and Remin Pro groups (P < 0.001).

Figure 3: A line chart indicating the mineral content of white
spot lesions at different evaluation times in the study groups.
Significant increase in mineral content of the teeth were found
between T1–T2, T2–T3 and T3–T4 for the experimental
groups (P < 0.05) and between T1–T2 and T3–T4 in the control
group (P < 0.05).

Tables 2 and 3 present the mean values and standard
deviations regarding the area and mineral content of
WSLs at different evaluation times, and the changes in
these variables between baseline (T1) and end of the
experiment (T4) for the three groups. Table 4 indicates
descriptive results regarding the color difference
between sound tooth surfaces and WSLs at different
treatment stages and the change in this variable
between T1 and T4 time points for the study groups.
ANOVA revealed statistically significant differences
for T1‑T4 improvement in area (P < 0.001), mineral
content (P < 0.001), and color (P = 0.009) of WSLs
between the study groups. All groups showed
reduction in area of WSLs throughout the experiment,
but the degree of reduction was significantly greater
in Remin Pro and MI Paste Plus groups, as compared
to the control group [P < 0.05; Table 2]. Pairwise
comparison by Tukey test also revealed that both
experimental groups exhibited significantly greater
increase in mineral content of WSLs as compared to
the control group [P < 0.05; Table 3]. Comparison of
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Table 2: The mean and standard deviation regarding the area of white spot lesions (mm2) at follow up
appointments and the difference between T1 and T4 values in the study groups
Group
MI Paste Plus
Remin Pro
Control
P

T1 (mean±SD)

T2 (mean±SD)

T3 (mean±SD)

T4 (mean±SD)

T1‑T4 difference (mean*±SD)

9.60±0.55
9.87±1.99
8.98±0.89

7.84±0.84
8.41±2.37
8.72±0.83

5.45±0.84
6.36±2.60
8.44±0.93

6.26±1.02
5.93±1.16
0.61±0.58

3.34a±1.08
3.94a±2.22
8.37b±1.02

<0.001**

*Tukey pairwise comparison test; the groups indicated with different letters have statistically significant differences at P<0.05; whereas those with the same letter
are statistically comparable, **Statistically significant difference at P<0.05. SD: Standard deviation

Table 3: The mean and standard deviation regarding the mineral content of white spot lesions at follow up
appointments and the difference between T1 and T4 values in the study groups
Group
MI Paste Plus
Remin Pro
Control
P

T1 (mean±SD)

T2 (mean±SD)

T3 (mean±SD)

1.29±0.04
1.20±0.08
1.18±0.03

1.21±0.05
1.12±0.14
1.16±0.03

1.14±0.07
1.03±0.12
1.14±0.04

T4 (mean±SD)

1.09±0.06
0.94±0.13
1.12±±0.04
<0.001**

T1‑T4 difference (mean*±SD)
0.20a±0.07
0.26a±0.09
0.06b±0.02

*Tukey pairwise comparison test; the groups indicated with different letters have statistically significant differences at P<0.05; whereas those with the same letter
are statistically comparable, **Statistically significant difference at P<0.05. SD: Standard deviation

Table 4: The mean and standard deviation regarding the color difference (ΔE) between sound tooth
surface and white spot lesions at follow up appointments and the difference between T1 and T4 values in
the study groups
Group
MI Paste Plus
Remin Pro
Control
P

T1 (mean±SD)

T2 (mean±SD)

T3 (mean±SD)

T4 (mean±SD)

T1‑T4 difference (mean*±SD)

3.97±1.09
4.46±1.39
3.56±1.19

3.98±1.30
4.44±1.49
3.26±1.14

2.82±1.04
4.02±2.95
2.59±0.80

1.51±0.74
1.88±1.27
2.70±0.74

2.46a±1.24
2.58a±1.53
0.86b±1.44

0.009**

*Tukey pairwise comparison test; the groups indicated with different letters have statistically significant differences at P<0.05; whereas those with the same letter
are statistically comparable, **Statistically significant difference at P<0.05. SD: Standard deviation

No harm was observed over the period of the
experiment.

DISCUSSION

Figure 4: A line chart indicating the color difference (∆E)
between sound tooth surface and white spot lesions at different
evaluation times in the study groups. Significant reductions
in the color difference between sound and demineralized
enamel were found between T1–T2, T2–T3 and T3–T4 in
both experimental groups (P < 0.05) but not in the control
group (P > 0.05).

the alteration in values between baseline and end of
the experiment revealed that both experimental groups
experienced significantly greater reduction in the color
difference between sound and demineralized enamel,
as compared to the control group [P < 0.05; Table 4].
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This study investigated the effectiveness of two
remineralizing agents, MI Paste Plus and Remin
Pro, against usual home care for treatment of
postorthodontic WSLs. The study was contemplated
during a 12‑week period because in most cases, a
rapid reduction in the size of WSLs occurs during
the first 12 weeks following appliance removal.[27] It
has been demonstrated that fluorescent‑based systems
are suitable for visual detection of caries lesions.[28,29]
In this study, VistaCam iX was employed to capture
fluorescent images. A previous study indicated that
this fluorescent camera provides high reproducibility
and good performance for caries detection at various
stages of the disease process.[30] In addition, the
portability and fair cost of the device makes it easily
applied in the clinical situation. In contrast to some
previous studies[1,2,11] that scored areas of WSLs in
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photographs; the present investigation took advantage
from MIP4Student software for quantitative
assessment of demineralized areas of enamel.
Because of the esthetic problem of WSLs, the color
change was another variable that was measured in the
present investigation. Tooth color can be determined
by 2 means: visual and instrumental assessments. It is
believed that instrumental methods are more accurate
and more reproducible compared with human visual
shade assessments.[31] Therefore, in the present
study, a spectrophotometer was employed for color
assessment. Under clinical conditions, if the color
difference exceeds 3.3 units, it would be perceptible
by human eyes, indicating color mismatching.[32]
In the present study, a significant reduction in the
area of WSLs occurred in the MI Paste Plus (65%)
and Remin Pro (60%) groups during the course of
the study, whereas in the control group there was
no significant improvement in the area of WSLs
between T2‑T3 and T3‑T4 time points (7% reduction
over the study period). This outcome indicates that
MI Paste Plus and Remin Pro have remineralizing
effects on enamel caries and can effectively reduce
the extent of WSLs in a 3‑month treatment period.
It is believed that MI Paste Plus can maintain a
state of supersaturation of calcium and phosphate
over the enamel surface. In addition, the fluoride
content in MI Paste Plus has a synergistic effect
with CPP‑ACP, increasing its remineralizing
potential.[17,18] The Remin Pro product contains
fluoride as well as calcium and phosphate in the
form of hydroxyapatite, with the capability to fill
superficial enamel lesions. The little improvement
observed in the extent of WSLs in the control group
can be attributed to the natural remineralization
phenomenon that results in partial reversal of what
is an early caries lesion.[27]
In this study, the mineral content of MI Paste Plus
and Remin Pro groups increased approximately 16%
and 22%, respectively throughout the experiment.
In comparison, the increase in mineral content of
the control group was only 5%. When the alteration
in mineral content between baseline and end of the
experiment was compared between groups, it was
revealed that both MI paste Plus and Remin Pro
groups had significantly greater increase in mineral
content of WSLs than that of the control group,
indicating the remineralizing capability of these
products. The increase in mineral content of WSLs
was slightly greater in Remin Pro than MI paste Plus

group, possibly due to the more efficient delivery of
calcium and phosphate ions by hydroxyapatite.
The
two
experimental
groups
(MI Paste Plus and Remin Pro) showed significant
improvement in the color of WSLs during the study,
whereas the controls experienced only a small
insignificant regression. This finding can be attributed
to the effectiveness of MI Paste Plus and Remin Pro
in remineralizing WSLs. When mineral is lost from
the enamel, it becomes more porous; so the light is
scattered and the result is the clinical appearance of
white spot lesions.[33] It is expected that remineralizing
treatments help to prevent light scattering by filling
the porous areas and in this way, improve the
appearance of the tooth surface. The lower amount of
mineral content in the control group, however, leads
to greater light scattering and consequently more color
difference between sound tooth surface and WSLs.
Some authors believe that concentrated fluoride agents
should not be used for the treatment of demineralized
enamel immediately after appliance removal because
they cause fluoride precipitation in surface‑softened
enamel with less effect on subsurface lesions,
and thus, the optical appearance of demineralized
enamel would not be improved.[1,34,35] The findings
of this study, however, indicate that the natural
improvement in mineral content and appearance of
WSLs is negligible following appliance removal,
whereas both remineralizing creams were effective in
enhancing mineral properties and reducing the color
difference between healthy and demineralized parts of
enamel. Therefore, it is suggested that the clinicians
recommend the patients with extensive WSLs to use
these remineralizing agents after appliance removal
to decrease complications and promote the esthetic
outcome of orthodontic therapy. Since the participants
of this study were recruited from several dental
centers and they were randomly assigned to the study
groups, the results may have good generalizability to
other groups of orthodontic patients.
The outcomes of this study agree with the results
of some clinical trials.[2,3,14,36] Robertson et al.[3]
found that the use of MI Paste Plus prevented the
development of new WSLs during orthodontic
treatment and reduced the number of WSLs already
present, whereas the placebo paste had no significant
effect on prevention and treatment of caries lesions.
Another clinical trial showed that a remineralizing
paste containing CPP‑ACP significantly enhanced
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regression of WSLs compared with a placebo
cream over a 12‑week period.[2] In contrast to the
results of this study, some randomized clinical trials
reported no beneficial effects of using products
containing
casein
phosphopeptide‑amorphous
calcium phosphate for the treatment of WSLs.
[1,11,37]
This difference may be related to the use of
fluoride‑free CPP‑ACP or to the shorter intervention
periods in those studies[1,12] compared to the 3‑month
application in the present investigation. Another
factor that could affect the results is the volume of
the remineralizing agent used and its close contact
with the demineralized tooth surface. In contrast
to some previous studies that recommended a
pea‑sized amount or 1 g of CPP‑ACP applied by a
finger or brush,[1,11] in this study, the patients were
instructed to use the remineralizing paste as much
as one‑fourth of the central incisor height within a
clear retainer. This retainer provided close proximity
between the cream and the demineralized tooth
surface for 30 min, which was longer than that
used in other investigations .[1,3,11] Further studies
with greater sample size and longer follow‑ups are
warranted to compare the effectiveness of MI Paste
Plus and Remin Pro with topical fluoride application
in regression of WSLs.

Paste Plus and Remin Pro groups than the control
group
3. A significantly greater improvement in the
appearance of WSLs occurred following the use
of MI Paste Plus and Remin Pro products as
compared to the patients receiving usual home
care.
4. The prescription of either MI Paste Plus or Remin
Pro can be recommended after orthodontic therapy
to increase mineral properties and enhance dental
esthetics in participants with extensive WSLs.

A limitation of the current study was the lack of
blinding for the patients and the supplier because
industrial products were used. However, the outcome
evaluator was kept blinded, so the risk of biases should
be considered low. Another limitation of the study was
its small sample size. This was related to the difficulty
in finding patients who met the inclusion criteria and
agreed to participate in the trial. However, it should
be noted that most patients in this investigation had
multiple teeth with WSLs; therefore, the number of
teeth examined was much higher than 12 (the number
of patients).
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