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Effect of fluoride dentifrices on white spot lesions during orthodontic

treatment:

A randomized trial

Chung H. Kaua; Jue Wangb; Anna Palombinic; Nadia Abou-Kheirb; Terpsithea Christoud

ABSTRACT
Objectives: To determine the effect of Clinpro 5000, Clinpro Tooth Crème, and MI-Paste Plus on
the formation of white spot lesions in patients undergoing orthodontic treatment.
Materials and Methods: Three prospective groups with 40 patients undergoing orthodontic
treatment in each group were evaluated (total recruitment ¼ 120 subjects). The selected product
was brushed on for 2 minutes twice daily for 4 months. Subjects were reviewed for 4 months on a
monthly basis. The Enamel Decalcification Index (EDI) was used to determine the number of white
spot lesions per surface at each visit.
Results: 100 subjects (35 using Clinpro 5000, 32 using Clinpro Tooth Crème, and 33 using MI
Paste Plus) completed the study. The data lend strong support for Clinpro 5000 providing superior
protection against enamel decalcification when compared to Clinpro Crème, and mixed support
when compared to MI Paste Plus.
Conclusions: The use of Clinpro 5000, Clinpro Crème, and MI paste Plus all have a reduction
effect on white spot lesions when compared to studies reported previously. Clinpro 5000 has a
marginally better effect than the two other test pastes. The results of this study can be used by
clinicians when deciding the effectiveness of using fluoride dentifrice products to prevent white spot
lesions in their orthodontic practice (ClinicalTrials.gov ID: NCT03440996). (Angle Orthod.
2019;89:365–371.)

KEY WORDS: Tooth demineralization; Fluorides; Toothpastes; Dental caries; Randomized
controlled trial; Enamel decalcification

INTRODUCTION

During orthodontic treatment, practitioners normally

face two common iatrogenic treatment side effects:
root resorption and enamel decalcification, with the
latter occurring at a much higher frequency. Progres-
sion to clinically detectable white spot lesions (WSLs)
may occur as early as one month after the placement
of orthodontic appliances.1 Although the processes that
lead to enamel demineralization are well understood,
methods to diminish or perhaps eliminate degradation
of enamel surfaces are being sought. Previous studies

have reported the effectiveness of different means of
fluorides on preventing WSLs in patients undergoing
orthodontic treatment.2–7

Two new anticavity toothpastes, Clinpro 5000 with
1.1% Sodium Fluoride and Clinpro Tooth Crème with
0.21% Sodium Fluoride (3M ESPE, St. Paul, Minn,
USA), are currently available and have been shown in
some initial case reports to be useful in the reduction of

WSLs. Both the Clinpro products are advanced
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formulas containing an innovative tricalcium phosphate
ingredient. During the manufacturing process, a
protective barrier is created around the calcium
allowing it to coexist with the fluoride ions. As the
toothpaste comes in contact with saliva during brush-
ing, the barrier breaks down and makes the calcium,
phosphate, and fluoride readily available to the tooth.
The tooth naturally absorbs these components, helping
to prevent the initiation and further progression of
demineralization and allowing remineralization to oc-
cur.

MI Paste Plus (GC America, Alsip, Ill, USA), which
contains casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP), has been shown to be useful
in the reduction of WSLs.8–10 It is reported that the
casein phosphopeptide stabilizes the amorphous
calcium phosphate in solution, maintaining high
concentration gradients of calcium and phosphate in
the white spot lesion, thus effecting high rates of
enamel remineralization.9 However, there are no
studies in the current literature in which these
products are tested together during orthodontic
treatment. Thus, the aim of the present study was to
determine and compare the preventive effect of
Clinpro 5000, Clinpro Tooth Crème, and MI Paste
Plus on the formation of WSLs for patients undergoing
orthodontic treatment.

MATERIALS AND METHODS

Study Design

The study was approved by the Western Institu-
tional Review Board (WIRB) (WIRB reference num-
ber: 20102132). The trial named ‘‘Comparison of
Clinproe 5000 1.1% Sodium Fluoride Anti-Cavity
Toothpaste, Clinproe Tooth Crème, and MI-Paste
Plus for the Prevention and Reduction of White Spot
Lesions in Orthodontic Treatment’’ was registered in
the Registry of Clinical Trials run by the United States
National Library of Medicine (ClinicalTrials.gov iden-
tifier: NCT03440996). The present study followed the
CONSORT (Consolidated Standards of Reporting
Trials) checklist to ensure transparent and standard-
ized reporting of the trial. Three prospective groups
(Clinpro 5000, Clinpro Tooth Crème, MI-Paste Plus)
with 40 randomly assigned participants who were
undertaking routine orthodontic treatment in each
group were evaluated (total recruitment ¼ 120
subjects) (Figure 1). Sample size calculation was
based on the results of a previous study by Robertson
et al. with similar groups of subjects.9 In their study,
the control group (0.67 6 0.44) showed a higher
mean Enamel Decalcification Index (EDI) score
compared to the MI paste group (0.30 6 0.30). With
a sample size of 30 to 35 per group, there was a

greater than 0.85 power with a 5% statistical
significant level to detect a difference of 1.0 unit
change in the decalcification index.

Inclusion criteria were: (1) patients 12 years and
older with permanent dentition, (2) patients did not use
extensive fluoride regimes, and (3) patients who
agreed to use a nonfluoridated toothpaste (such as
Tom’s of Maine) for a 1-week period prior to starting the
trial. Informed consent was obtained from the patient or
the parent/legal guardian if under the age of 18.
Patients were excluded when they had any medical or
dental condition that could impact study results, were
using any investigational drug, planned to relocate or
move within 6 months of enrollment, had or were
currently undergoing fluoride treatment for WSLs, had
IgE Casein allergy or known allergies to fluoride or
other components of the test materials, or were
pregnant women.

Clinical Procedures

The following test products were used: Clinpro 5000
1.1% Sodium Fluoride Anti-Cavity Toothpaste with Tri-
Calcium Phosphate that contains 5000 ppm fluoride
and an innovative tricalcium phosphate ingredient (3M
ESPE); Clinpro Tooth Crème 0.21% Sodium Fluoride
Anti-Cavity Paste with Tri-Calcium Phosphate, which
contains 950 ppm fluoride ion (like regular toothpaste)
and a functionalized tricalcium phosphate ingredient
(fTCP); and GC America MI Paste Plus, a reference
and a positive control that contains 0.2% sodium
fluoride. Subjects were randomly assigned to use a
given product by drawing individual slips of paper from
an envelope on which 40 of each study product (ie,
Clinpro 5000, Clinpro Tooth Crème, or MI-Paste Plus)
were written.

The selected product was brushed on for 2 minutes
twice daily for 4 months. After brushing on the product,
patients were instructed not to rinse their mouths with
water. Rather, they were requested to expectorate so
they didn’t clear out the actives from the product.
Patients were instructed not to eat or drink for 30
minutes following the treatment. Subjects were exam-
ined every 4 weeks when they came for their
appointment. Case Report Forms (CRF) were de-
signed to record data pertinent to each subject. In
addition to this form, the patient also filled a brushing
diary visit by visit. At each visit, three intraoral photos
were taken (frontal and buccal views) to determine the
presence of the WSLs (Figure 2) in each study group.
The Serious Adverse Event/Serious Adverse Drug
Reaction Form was used to record serious adverse
events.

The EDI was recorded following Banks and Rich-
mond’s method.11 The facial surfaces of these teeth
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were divided into four areas: gingival, mesial, distal,

and occlusal. Each area was scored 0 (no decalcifica-

tion), 1 (decalcification covering ,50% of the area), or

2 (decalcification covering .50% of the area) at each

time period. A baseline measurement of decalcification

was taken after consenting to study participation

(referred to as time 0). The resulting dataset followed

a deeply nested hierarchy: facial surface areas within a

tooth, teeth within arches, arches within patients,

across four time periods. Analysis was done at the

tooth level, aggregating the EDI scores from all four

areas, creating an EDI for each tooth ranging

potentially from 0 to 8.

Statistical Analysis

Three-way analysis of variance (ANOVA) (StatView;

SAS Institute, Cary, NC) was used to analyze the EDI

scores of the maxillary and mandibular arches from the

right first premolar to the left first premolar at 0.05 level

of significance. Fisher-protected least significant differ-

ence intervals were used to compare mean EDI

scores.

Two operators scored the photographs independent-

ly. Their scores were compared by using the t-test; no

statistically significant difference (P � .05) was found

between the operators. Results of each product were

analyzed individually and among themselves.

Figure 1. Flow diagram of participants’ progress during the study.
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RESULTS

A total of 120 subjects were recruited into the study.

However, only 100 subjects were successfully recalled

over the four study periods (Figure 1). No severe

adverse effect was found in the present study.

Each patient had the facial surfaces of up to 20 teeth

(10 per arch) evaluated for enamel decalcification. The

maximum EDI in the data was 6. Table 1 displays

distribution statistics for EDI scores of the three groups

across the four time periods, and at study consent (T0).

Figure 3 shows the distribution of the EDI score data

at Time 4 by treatment. Multilevel mixed-effects

Poisson regression was used to model the data. Table

1 highlights that the baseline EDI scores were different

across the three groups of interest, with Clinpro 5000

showing a lower initial average EDI score than the

other two groups. The regression method used allowed

control for the fact that the baseline EDI states were

different across the three treatment groups. All models

included lagged EDI scores (EDI scores from the

previous time period) as an independent control

variable to adjust for such differences and properly
model incremental changes in EDI. Lowess curves
presented in Figure 4 show smoothed fit lines for the
three treatment groups.

Five models were used to develop the analysis. The
first four models made use of all four one-period lagged
time spans (time 0 to time 1, time 1 to time 2, time 2 to
time 3, and time 3 to time 4), providing an analysis set
of 7540 total tooth observations. The results are
presented in Table 2.

Model 1 served as a baseline model, controlling for
one-period lagged EDI, arch, and tooth type. The upper
arch exhibited higher enamel decalcification, as did the
premolars when compared to the central incisor. Model
2 introduced time, which was also positively associated
with higher EDI. Model 3 brought in the treatment
variables, Clinpro Crème and MI Paste, in comparison

Figure 2. Representative clinical photographs: (A) before orthodontic

treatment, (B) during orthodontic treatment, and (C) after orthodontic

treatment in a patient exhibiting severe enamel demineralization.

Table 1. Total Number of Teeth in Each Group and the EDI Scores

EDI 0,

%

EDI 1,

%

EDI 2,

%

EDI 3,

%

EDI 4,

%

EDI 5,

%

EDI 6,

%

Clinpro 5000 (N: 643 teeth over 35 patients)

T0 100.0 0.0 0.0 0.0 0.0 0.0 0.0

T1 99.8 0.2 0.0 0.0 0.0 0.0 0.0

T2 95.2 3.0 1.1 0.8 0.0 0.0 0.0

T3 87.7 6.5 3.4 1.7 0.3 0.0 0.3

T4 86.8 7.2 3.7 1.7 0.3 0.0 0.3

Clinpro Crème (N: 604 teeth over 32 patients)

T0 97.7 2.0 0.3 0.0 0.0 0.0 0.0

T1 91.9 6.0 1.2 0.2 0.8 0.0 0.0

T2 87.4 9.1 2.3 0.3 0.7 0.0 0.2

T3 79.1 14.9 3.8 0.8 1.2 0.0 0.2

T4 74.7 18.4 4.5 1.2 1.2 0.0 0.2

MI Paste (N: 638 teeth over 33 patients)

T0 99.8 0.0 0.2 0.0 0.0 0.0 0.0

T1 94.5 4.9 0.6 0.0 0.0 0.0 0.0

T2 88.7 8.2 1.9 0.6 0.6 0.0 0.0

T3 83.4 11.0 3.4 1.6 0.6 0.0 0.0

T4 79.6 13.9 3.4 2.2 0.6 0.2 0.0

Figure 3. Percentage distribution histograms of EDI scores at Time

4.
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to the omitted treatment group, Clinpro 5000. The

results provided support that treatment effects did

exist, above and beyond the other variables controlled

for. Relative to Clinpro 5000, Clinpro Crème exhibited

higher levels of enamel decalcification (significant at

the 95% level) whereas MI Paste showed marginal

significance (at the 90% level) in having higher EDI
than Clinpro 5000.

Model 4 introduced interaction terms of treatment by
time. Significance is displayed for the base effects as
well as the interaction terms with combined results,
suggesting that Clinpro 5000 was associated with
lower EDI relative to the other treatments, though the
magnitude of the effect fell off with the progression of
time as indicated by the negative interaction terms.
This finding was somewhat in tandem with the Lowess
curves illustrated in Figure 4 Appendix, with Clinpro
5000 exhibiting a steep departure from the other two
treatments earlier on. The last model showed the
change in EDI between the beginning of treatment
(time 0) and the end of treatment (time 4) (Figure 4B).
Thus, Model 5 used a quarter of the observations as
the first models rather than aggregate four short time
periods. Model 5 used the data once across the span
of the study, from start state to end state. The results
were slightly different than in the previous models; arch
differences were no longer significant, canine teeth
also exhibited lower levels of EDI than the central
incisor (Figure 4B and C), and MI Paste was no longer
even significant at the 90% level. Additional models
were created changing the omitted treatment group to
test for differences between MI Paste and Clinpro
Crème; no significant differences were found. Alto-
gether, the results strongly supported that Clinpro 5000
provided superior protection against enamel decalcifi-
cation when compared to Clinpro Tooth Crème, and
mixed support when compared to MI Paste.

DISCUSSION

Previous studies reported a similar beneficial effect
from either supplemental fluoride or CPP-ACP.2,4,12 A
previous study using synchrotron radiation micro
computed tomography to access the densities of
bovine enamel WSL suggested Clinpro 5000, which
contains 1.1% NaF, delivered remineralization benefits
at the surface of the WSLs better than the 0.21%
Clinpro Tooth Crème.13 Since penetration of fluoride
into enamel is limited and decreases exponentially with
enamel depth, it might be possible that the functional-
ized TCP present in the Clinpro dentifrices helps
extend the depth of fluoride penetration, and therefore
lesion remineralization.14 Notably, several in vitro
studies have demonstrated the beneficial effect of
fTCP on WSLs prevention and remineralization.15–17 In
an in vitro study, the same products used in the current
study (5000 ppm sodium fluoride; GC MI paste plus
and Clinpro tooth crème) were compared and evalu-
ated under a scanning Electron Microscope for
calculation of the percentage of occluded tubules.
Similar to this study, they concluded that sodium

Figure 4. (A) Lowess curves of mean EDI scores across time by

treatment group. (B) Lowess curves of mean EDI scores across time

by arch. (C) Lowess curves of mean EDI scores across time by tooth

type.
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fluoride showed the greatest remineralization and
dentinal tubule occlusion property when compared
with GC MI paste plus and Clinpro tooth crème.16

Similar results were found in an in vitro study where
CPP-ACP, casein phosphopeptide-amorphous calci-
um phosphate fluoride (CPP-ACPF) and tricalcium
phosphate fluoride (TCP-F) were compared. They
found that remineralization efficacy was TCP-F .

CPP-ACPF . CPP-ACP.17 Also, results indicated that
combining fluoride with TCP could provide more
anticaries benefits compared to using fluoride alone.18

In the present study, when analyzing the results, the
comparison of the facial surface areas within a tooth
showed that, even though the EDI percentage
increased from time points T0–T4, the final result at
T4 had overall the lowest percentage for Clinpro 5000
followed by the MI Paste Plus and Clinpro Tooth
Crème. Also, the baseline (EDI 0) was maintained
highest for Clinpro 5000. The results were further
analyzed in different hierarchies across the four time
points; comparing the teeth within the arches, it
showed that the maxilla seemed to be more affected
than the mandible. This result can be explained by the
fact that the maxilla has more tooth surface than the
mandible. The comparison of arches within patients,
however, showed an interesting result in the order of
the most to the least affected teeth. There was no
consistent explanation for the specific order.

This clinical study had some limitations. One was
that the patients’ compliance could not be ideally
controlled. An attempt to overcome the compliance
barrier was made by giving the patients brushing
technique instructions, standardizing the time and
frequency for brushing, and using the brushing diary

as a control for their actual compliance with the
protocol. However, plaque accumulation and gingival
inflammation were still observed in a considerable
number of patients. A more serious limitation was the
duration of this study, which was designed to be 4
months based on some previous studies.9,19,20 It is
found that development of clinically visible WSLs in
orthodontic patients can occur within 4 weeks or
less.21,22 In addition, the prevalence of white spots in
orthodontic treatment was reported to reach 38% in 6
months, and increased slightly to 46% after 12
months.23 However, the longer the treatment is, the
more likely the WSLs will develop. Additionally,
patients’ oral hygiene may also worsen with treatment
time. Thus, the results of this study only showed the
effect of the three fluoride dentifrices in the early stage
of orthodontic treatment.

Therefore, in the future, it would be useful to conduct
a similar study over a longer experimental period to
evaluate more fully the preventive effect of fluoride
dentifrices during orthodontic treatment. It would also
be desirable to detect the long-term effect of using
different fluoride dentifrices in preventing WSLs,
especially after orthodontic treatment. Clinical studies
to explore the mechanisms underlying how these
different fluoride dentifrices function based on the
previous in vitro studies would also be meaningful.

CONCLUSIONS

� Overall, the results of this study can help clinicians to
decide the effectiveness of using fluoride dentifrice
products to prevent WSLs in their orthodontic
practice. The study found that the use of Clinpro
5000, Clinpro Crème, and MI Paste Plus could

Table 2. Statistical Analysis Results of Five Models

Model 1 Model 2 Model 3 Model 4 Model 5

Lagged EDI (1 time period) 0.454 (0.029) 0.234 (0.034) 0.234 (0.034) 0.209 (0.034)

Lagged EDI (4 time periods) 1.320 (0.367)

Maxilla 0.548 (0.194) 0.591 (0.207) 0.589 (0.207) 0.595 (0.208) 0.256 (0.188)

Incisor 2 0.136 (0.155) 0.149 (0.177) 0.148 (0.177) 0.150 (0.180) 0.127 (0.132)

Canine �0.191 (0.164) �0.217 (0.186) �0.217 (0.186) �0.219 (0.189) �0.298 (0.149)

Bicuspid 1 �0.558 (0.174) �0.634 (0.197) �0.634 (0.197) �0.643 (0.200) �0.692 (0.160)

Bicuspid 2 �1.255 (0.203) �1.423 (0.227) �1.423 (0.227) �1.445 (0.230) �1.242 (0.188)

Time 0.344 (0.031) 0.344 (0.031) 0.544 (0.065)

Clinpro Crème 1.892 (0.841) 2.730 (0.875) 1.495 (0.697)

MI Paste 1.505 (0.838) 2.113 (0.873) 1.006 (0.697)

Clinpro Crème X Time �0.274 (0.072)

MI Paste X Time �0.197 (0.074)

Constant �4.718 (0.412) �5.782 (0.446) �6.892 (0.698) �7.527 (0.727) �3.961 (0.579)

Patient R.E. Constant 1.044 (0.126) 1.089 (0.126) 1.053 (0.126) 1.059 (0.126) 0.842 (0.131)

Maxilla R.E. Constant �0.265 (0.168) �0.221 (0.168) �0.222 (0.168) �0.217 (0.168) �0.312 (0.190)

Tooth Number R.E. Constant �0.238 (0.119) �0.050 (0.101) �0.052 (0.101) �0.028 (0.099) �0.940 (0.238)

N 7540 7540 7540 7540 1885

Degrees of Freedom 6 7 9 11 8

Wald Chi-square 362.918 458.440 464.131 464.840 87.765

Prob . Chi-square 0.000 0.000 0.000 0.000 0.000
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prevent WSL formation during orthodontic treatment,
with Clinpro 5000 showing a marginally better effect
than the two other test pastes. This information could
lead to more appropriate therapeutic decisions.
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