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ABSTRACT

Introduction: Enamel subsurface lesions or white spot lesions (WSLs) are commonly found in ortho-
dontic patients with a prevalence of 5% to 97%. Aim: This systematic review aimed to evaluate the
efficacy of casein phosphopeptide amorphous calcium phosphate (CPP-ACP) and casein phospho-
peptide amorphous calcium phosphate fluoride (CPP-ACPF) for prevention and remineralization of
WSLs in orthodontic patients in human randomized controlled clinical trials (RCTs). Methods: Relevant
articles were retrieved by searching the Web of Science, Scopus, PubMed, and Cochrane Library
databases up to November 2018 with no language or date restriction. The collected data included
examination method, groups included in each study with number of patients in each group, study
design, follow-up period and summary of important findings of each study. The risk of bias of each
study was assessed according to the guidelines of the Cochrane Collaboration’s tool. Results: Of 213
articles retrieved, 13 RCTs were included in this systematic review (none of them were included in
the meta-analysis). Three articles showed superior efficacy of CPP-ACP for remineralization of WSLs
while four studies reported the superior clinical efficacy of CPP-ACPF for this purpose. Conclusion:
Both CPP-ACP and CPP-ACPF can decrease the prevalence and increase the remineralization of WSLs
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1. INTRODUCTION

Enamel subsurface lesions or
white spot lesions (WSLs) are com-
monly found in orthodontic patients
with a prevalence of 5% to 97% (1, 2).
WSLs can progress and cause fur-
ther demineralization of enamel (3),
which is common during and after
orthodontic treatment (4). Even in pa-
tients with low prevalence of caries,
around 61% of WSLs may progress
during orthodontic treatment de-
spite a comprehensive preventive
program (5). The newly introduced
bioactive agents derived from milk
products can increase enamel and
dentin remineralization by releasing
active ions under cariogenic condi-
tions. Casein phosphopeptide amor-
phous calcium phosphate (CPP-ACP)
is a nano-complex of milk protein
(casein phosphopeptide) and amor-
phous calcium phosphate (6). The
CPP-ACP complexes are available in
gel, cream or mousse forms and may
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also be incorporated into chewing
gums (7). Tooth Mousse Plus (MI
Paste Plus) is a commercial product
containing casein phosphopeptide
amorphous calcium phosphate fluo-
ride (CPP-ACPF). It is assumed to pro-
vide greater therapeutic effects com-
pared to Tooth Mousse (MI Paste),
which contains CPP-ACP alone (8).
Evidence shows that application of
CPP-ACP may prevent demineraliza-
tion, enhance remineralization or do
both (9, 10). In addition, fluoride ions
are believed to be highly effective for
prevention of dental caries via sev-
eral mechanisms (11).

2. AIM

This systematic review aimed to
evaluate the efficacy of CPP-ACP and
CPP-ACPF for prevention and remin-
eralization of WSLs in orthodontic
patients in human randomized clin-
ical trials (RCTs).
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3. METHODS

Search methodology

This systematic review was performed based on the
PRISMA guidelines(12). The study question was: How ef-
fective are the products containing CPP-ACP and CPP-
ACPF compared to placebo and other treatments? Table
1 shows the selective criteria according to PICOS process.

Component Description

Participants included during and after fixed or-
thodontic treatment

Products containing CPP-ACP or CPP-ACPF

Use of CPP-ACP vs. control (toothbrushing or
fluoridated toothpaste), placebo, or other prod-
ucts (+ fluoridated toothpaste)

Use of CPP-ACPF vs. control (toothbrushing or
fluoridated toothpaste), placebo, or other prod-
ucts (+ fluoridated toothpaste)

Changes in development of new WSLs and im-
provement of the appearance of the existing
WSLs

Human randomized controlled clinical trials

Population

Intervention

Comparison

Outcome

Study design

Table 1. PICOS process. Abbreviations: CPP-ACP: Casein phosphopeptide
amorphous calcium phosphate; CPP-ACPF: Casein phosphopeptide
amorphous calcium phosphate fluoride; WSL: White spot lesion

Relevant articles were retrieved by searching four da-
tabases namely the Web of Science, Scopus, PubMed,
and Cochrane Library up to November 2018 with no lan-
guage or date restriction. The search terms were: (ortho-
dontic*) and (“Tooth Mousse” or “MI Paste” or “CPP-ACP”
or “Tooth Mousse Plus” or “MI Paste Plus” or “CPP-ACPF”)
and (white spot lesion* or WSL* or “demineralization” or
“remineralization” or “remineralizing”).

Study selection

One author (MS) electronically searched the titles and
abstracts of all identified studies and evaluated them. An-
other author (MMI) re-assessed the previous search and
evaluation. In case of presence of ambiguity regarding
the titles or abstracts, full-texts of the articles were re-
trieved and reviewed. We selected the studies that met
our criteria.

Data extraction

Two authors (MS and MMI) extracted the data from
each study. The extracted data included the examination
method, groups included in each study with number of
patients in each group, study design, follow-up period
and the summary of important findings of each study. In
case of presence of a disagreement between the two au-
thors, it was resolved by discussion.

Quality assessment

The risk of bias of each study was assessed according to
the guidelines of the Cochrane Collaboration’s tool (13) by
one author (MS).

Statistical analysis

No meta-analysis was carried out due to the heteroge-
neity between the studies.

4. RESULTS

Selection and exclusion of studies

Atotal of 213 studies were retrieved. After excluding the
duplicates and irrelevant studies, the full texts of 43 arti-
cles were reviewed for eligibility (Figure 1). Of the articles
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Figure 2: Cochrane risk of bias of the studies included in this systematic
review: (A) graph and (B) summary
with available full texts, 30 studies were excluded with
reasons: two studies were review articles, one study was
commentary article, one study had an ex-vivo design, four
studies were in vivo but no clinical trial, and twenty-two
studies had an in vitro design. Finally, 13 RCTs were in-
cluded in this systematic review (none of them were in-
cluded in the meta-analysis).

Quality assessment

The most obvious risk of bias in RCTs was blinding of
participants and personnel (performance bias) followed
by random sequence generation, other bias, and alloca-
tion concealment (Figure 2). These biases can be due to
different outcomes, treatment procedures and examina-
tion methods of RCTs in this systematic review. We did
not observe the risk of attrition bias, detection bias, and
reporting bias in studies. The overall risk of all types of
bias in RCTs was generally low to unclear.
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. Examination Groups (n) Study design ) .
First author, year Country methods Follow-up period
Clinical examination; quantitative Placebo (22) Double-blind,
Bailey, 2009 (23) Australia light-induced fluorescence; dig- ' parallel-group, randomized con- 3 months
. CPP-ACP (23) .
ital photographs trolled trial
Clinical examination; quantitative Control (27), Double-blind prospective, ran-
Beerens, 2010(21)  Netherlands light-induced fluorescence CPP-ACPF (27) domized controlled trial 3 months
Clinical examination; quantitative Control (25), Single-blind, randomized con-
Brochner, 2011 (9) Denmark light-induced fluorescence; CPP-ACP (25) trolled trial One month
digital photographs
Clinical examination; digital pho- Placebo (26), Double-blind, prospective, ran-
Robertson, 2011 (18) USA tographs CPP-ACPF (26) domized controlled trial 3 months
Control (20),
. Clinical examination; fluoride rinse (20), Parallel-group, prospective ran-
Akin, 2012 (14) Turkey digital photographs CPP-ACP (20), mi- domized controlled trial 6 months
cro-abrasion (20)
Control (41), Parallel-group, single-blind,
Huang, 2013 (1) USA Digital photographs CPP-ACPF (34), active-controlled, randomized 6 months
fluoride varnish (40) trial
. . Single-blind, prospective, ran-
. Scanning electron microscopy Control (10), .
Baroni, 2014 (15) Italy (SEM) CPP-ACPF (10) domlze(:r(i:glntrolled 6 months
Groisman, 2015 (19)  Brazil  Chmicdl e"a"t‘(;';f_';':;‘s digital pho- — cpp_pcpF (12) Randomized controlled trial 12 months
.. N Control (15), . . .
Singh, 2016 (16) India Clinical "X"d";'n"ta“e"n"' DIAGNO- 4 oride varnish (15), S'"g'""b"t"r‘:'llz’d“tdr‘i’:l"zed gon- 6 months
P CPP-ACP (15)
Karabekiroglu, 2017 Turke Clinical examination; DIAGNO- Control (12), Single blinded-randomized con- 36 months
(17) ¥ dent pen CPP-ACP (12) trolled trial
Clinical examination; quantitative Control (27) Double-blinded, prospective,
Beerens, 2018 (22)  Netherlands light-induced flugrescence CPP-ACPF (27) placebo-cor_ltrolled_randomlzed 3 months
clinical trial
Quantitative light-induced fluo- Control (12), Sinale-blind . varallel-arou
Heravi, 2018 (8) Iran rescence CPP-ACFP (12), ge-vinc. p group, 3 months
. randomized, controlled trial
Remin Pro (12)
Clinical examination; quantitative A . . .
Rechmann, 2018 (20) USA light-induced fluorescence; dig- Fluoride rinse (18), Single-blind, prospective, ran- 12 months

ital photographs

CPP-ACPF (19) domized controlled trial

Table 2. Characteristics of RCTs included in this systematic review (n=13) Abbreviations: CPP-ACP: Casein phosphopeptide amorphous calcium
phosphate; CPP-ACFP: Casein phosphopeptide amorphous calcium phosphate fluoride

Study characteristics

Thirteen relevant studies were found published from
2009 to 2018. Five studies (8, 14-17) were reported from
Asia, four studies (1, 18-20) from America, three (9, 21,
22) from Europe, and one study (23) from Australia
(Table 2). Examination methods used in this study in-
cluded clinical examination, quantitative light-induced
fluorescence, digital photography, scanning electron mi-
croscopy (SEM), and DIAGNOdent pen; each study used
one or more of them. There were five studies (9, 14, 16,
17, 23) that had one test group with a product containing
CPP-ACP; eight studies (1, 8, 15, 18-22) had one test
group with a product containing CPP-ACPF. Totally, the
CPP-ACP group included 80 and the CPP-ACPF group in-
cluded 182 participants. Both groups were compared with
one or more other groups such as placebo, control (+ flu-
oridated toothpaste), fluoride varnish, fluoride rinse, mi-
cro-abrasion, and Remin Pro. All studies were RCTs with/
without blinding. The follow-up period ranged from 3 to
36 months.

In addition, Table 3 shows the summary of the findings
of each study.

Effect of products containing CPP-ACP on WSLs

Of four studies having a CPP-ACP group, one study com-
pared this group with a placebo group (23), while three
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studies compared this group with controls (9, 14, 17), and
one study (4) compared this group with fluoride rinse
or micro-abrasion group. Among these studies, three
studies (9, 14, 23) showed superior efficacy of CPP-ACP for
remineralization of WSLs, while one study (17) did not re-
port a superior effect compared to other groups.

Effect of products containing CPP-ACPF on WSLs

Of nine studies with a CPP-ACPF group, seven studies
compared this group with controls (1, 8, 15, 16, 21, 22),
one study (18) compared this group with a placebo group,
two studies (1, 16) compared this group with fluoride var-
nish group, one study (20) compared this group with fluo-
ride rinse group, one study (8) compared this group with
Remin Pro group, and one study (19) made no comparison
with any other group. Among these studies, four studies
(8, 15, 18, 19) reported superior clinical advantage of CPP-
ACPF for prevention and remineralization of WSLs, while
the remaining five studies (1, 16, 20-22) did not report
remineralization of WSLs compared to other groups.

5. DISCUSSION

This study evaluated the efficacy of products containing
CPP-ACP and CPP-ACPF for remineralization of WSLs in
orthodontic patients by reviewing RCTs. CPP-ACP stabi-
lizes calcium and phosphate ions on the tooth surface in
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First author, year

Summary of findings

Bailey, 2009 (23)

WSLs had a significantly greater chance of regression at 12 weeks following twice a day application of a reminer-
alizing cream containing CPP-ACP compared with a placebo cream (P<0.05).

Beerens, 2010 (21)

There was no clinical advantage for use of CPP-ACPF compared to a fluoride-free control paste over a 12-week period.

Brochner, 2011 (9)

Topical treatment with CPP-ACP significantly decreased the change in fluorescence values (AF) and area of the lesions
after 4 weeks (P<0.05), but the improvement was not superior compared to daily use of fluoride toothpaste (control).

Robertson, 2011 (18)

CPP-ACPF prevented the development and decreased the number of WSLs, but the placebo had no preventive action.

Akin, 2012 (14)

CPP-ACP increased the remineralization of demineralized enamel more than fluoride rinse and control groups (P<0.05), but not
the micro-abrasion group.

Huang, 2013 (1)

CPP-ACPF did not appear to be more effective than normal home or fluoride varnish care for improving the appearance of WSLs
over an 8-week period.

Baroni, 2014 (15)

CPP-ACPF had positive /n vivo effects on enamel surfaces. Significant changes in surface roughness occurred after a 3-week
period of application of CPP-ACPF compared to control.

Groisman, 2015 (19)

Commercially available CPP-ACPF paste was successful in enamel remineralization of WSLs during a 12-month follow-up of or-
thodontic patients, even when used for only for 4 weeks.

Singh, 2016 (16)

The use of fluoride varnish and CPP-ACPF cream had no superior efficacy compared to daily use of fluoride toothpaste alone
(control) in reducing the severity of WSLs.

Karabekiroglu, 2017
(17)

Daily use of CPP-ACP did not appear to be more effective than 1,450 ppm fluoridated toothpaste (control) for improving the ap-
pearance of WSLs after 36 months.

Beerens, 2018 (22)

Additional use of CPP-ACPF in patients with subsurface enamel lesions after fixed orthodontic treatment did not improve these
lesions during one year after debonding.

Heravi, 2018 (8)

(1) Application of CPP-ACPF caused a significant decrease in the area of WSLs, which was significantly greater than that of the
control group (P<0.05). (Il) The mineral content of WSLs was enhanced in all groups throughout the experiment, but the degree
of enhancement was significantly greater in CPP-ACPF than the control group. (lll) A significantly greater improvement in the
appearance of WSLs occurred following the use of CPP-ACPF as compared to patients receiving the usual home care (P<0.05).

Rechmann, 2018 (20)

(1) Daily application of CPP-ACPF resulted in no statistically significant difference in the sum of enamel decalcification index and
international caries detection and assessment system scores. (ll) Daily application of CPP-ACPF did not appear to significantly

decrease the incidence of WSLs during fixed orthodontic treatment.

Table 3. Summary of the findings of each study included in this systematic review (n=13). Abbreviations: CPP-ACP: Casein phosphopeptide amorphous
calcium phosphate; CPP-ACPF: Casein phosphopeptide amorphous calcium phosphate fluoride, WSL: White spot lesion.

a bioavailable form and it can promote remineralization
of subsurface enamel lesions in situ, even in presence of
fluoride (24, 25). One RCT showed the significant effect of
a remineralizing cream containing CPP-ACP plus fluori-
dated toothpaste compared with a placebo cream plus flu-
oridated toothpaste after 3 months on regression of WSLs
(23). Also, daily topical use of CPP-ACP plus fluoridated
toothpaste significantly decreased changes in fluores-
cence values (AF) and area of the lesions after one month
but it was not superior to daily use of fluoridated tooth-
paste (control) in another RCT (9). Another study showed
that the effect of CPP-ACP plus fluoridated toothpaste was
significantly greater than that of fluoride rinse and con-
trol (brushing alone), but not the micro-abrasion group
after six months (14). Daily use of CPP-ACP plus fluori-
dated toothpaste was not more effective than 1,450 ppm
fluoridated toothpaste applied twice a day (control group)
after 36 months for improving the appearance of WSLs;
1,450 ppm fluoridated toothpaste was found to be effec-
tive for decreasing only the lesion severity and activity
during this time period in a RCT (17). In addition, the ma-
jority of in vitro, animal, and in situ studies have demon-
strated that CPP-ACP can promote the remineralization of
subsurface enamel lesions (7, 26-32).

The combination of CPP-ACP and fluoride can have a
synergistic effect on enamel remineralization due to the
formation of stabilized ACPF (25). Beerens et al. (33) re-
ported that CPP-ACPF has the same potential as CPP-ACP
plus the additional benefits of supplemental fluoride.
Four human RCTs (8, 15, 18, 19) reported significant effect
of CPP-ACPF on remineralization of WSLs (1, 16, 20-22).

202

In other RCTs, although there was no significant differ-
ence between CPP-ACPF group and other groups, it had
a generally positive effect on remineralization of WSLs.
Controversy in the results of studies can be due to dif-
ferent outcome measures of WSLs. Two studies (29, 34)
reported that the fluoride content of MI Paste Plus has a
synergistic effect with CPP-ACP, and increases its remin-
eralizing potential. Heravi et al. (8) reported that the min-
eral content of WSLs was slightly greater in Remin Pro
than MI Paste Plus (16% and 22% increase compared to
baseline, respectively); this difference can be due to the
more efficient delivery of calcium and phosphate ions by
hydroxyapatite. One possible limitation affecting the re-
sults of in vivo studies is preservation of CPP-ACPF in MI
Paste Plus, which can explain the positive results found
in vitro and in situ (22). Some researchers believe that
concentrated fluoride products should not be used for
treatment of demineralized enamel immediately after re-
moval of appliances, since they cause fluoride precipita-
tion on the enamel surface of the tooth with less effect
on subsurface lesions, and therefore, the appearance of
the demineralized enamel would not improve (1, 35). It
should be noted that none of the RCTs made a comparison
between CPP-ACP and CPP-ACPF that can be used for fu-
ture research.

This systematic review had several limitations: (I) There
was no standard protocol or system for using CPP-ACP
and CPP-ACPF. (II) The visual impact of decalcification
(scoring of the enamel decalcification index and interna-
tional caries detection and assessment) can be different
for each observer. (III) Lack of blinding of patients and
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the supplier because commercial products were used in
some studies. (IV) Some studies had a small sample size.
(V) Heterogeneity of the outcomes of RCTs; therefore, we
could not perform a meta-analysis on the outcomes.

6. CONCLUSION

Review of the findings of human RCTs revealed that
both CPP-ACP and CPP-ACPF can have a positive impact
on enhancing remineralization or decreasing the preva-
lence of WSLs during/after orthodontic treatment. This
effect was significant in a number of studies compared
to other groups. But due to the small number of homo-
geneous studies, future studies are required to select the
same outcomes and groups to draw a more accurate con-
clusion regarding the efficacy of CPP-ACP and CPP-ACPF
for remineralization of WSLs caused by orthodontic treat-
ment.
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