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Can white spot lesions be treated effectively?

Mehmet Akina; Faruk Ayhan Basciftcib

ABSTRACT
Objective: To compare the effects of sodium fluoride mouth rinse, casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP), and the microabrasion technique in treating white spot
lesions.
Materials and Methods: The study population consisted of 80 patients (46 females, 34 males; 966
affected teeth) who had developed multiple decalcified enamel lesions after fixed orthodontic
therapy. The study population was divided into four groups of 20 patients each. The control group
(group I) participants were to just brush their teeth, the fluoride group (group II) participants were
instructed to use 20 ml of neutral 0.025% sodium fluoride rinse, the participants in the CPP-ACP
group (group III) were instructed to use tooth mousse twice a day in addition to fluoride toothpaste
for 6 months, and the participants in the microabrasion group (group IV) were to undergo treatment
by the microabrasion technique, which is a commonly used mixture of 18% hydrochloric acid. Data
were analyzed with the generalized linear mixed model and Tukey HSD at the P , .05 level.
Results: The area of the white spot lesions decreased significantly in all groups. Inter group
differences in the treatment success rates were significant. The highest success rate was observed
for group IV (97%). The success rate of group III (58%) was significantly higher than that of groups
II (48%) and I (45%).
Conclusions: The use of CPP-ACP can be more beneficial than fluoride rinse for postorthodontic
remineralization. Microabrasion is an effective treatment for cosmetic improvement of long-
standing white spot lesions. (Angle Orthod. 2012;82:770–775.)
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INTRODUCTION

White spot lesions affect many orthodontic patients
who show poor compliance with intratreatment oral
hygiene and preventive advice.1,2 The presence of
fixed orthodontic appliances further affects oral hy-
giene and makes the cleaning of teeth more difficult;
hence, accumulation of plaque around brackets and
bands increases, which causes enamel demineraliza-
tion.3 In addition, factors such as appliance design,
improper use of cement lute, salivary flow and
composition, enamel susceptibility, and, of course,

dietary practices greatly influence the development of
white spot lesions.4 Estimates of the overall prevalence
of white spot lesions arising during fixed appliance
therapy range was widely from 2% to 96%.5

Restorative treatment is the conventional approach
for treating white spot lesions; however, this technique
has the disadvantage of being invasive.6 If salivary or
plaque calcium, phosphate ions, and fluoride ions are
present in adequate amounts, they can also promote
the remineralization of previously demineralized enam-
el. Therefore, fluoride application can be used to
promote remineralization after debonding.7 The use of
casein phosphopeptide-amorphous calcium phos-
phate (CPP-ACP) has been reported to induce
remineralization because of its ability to stabilize
calcium and phosphate in an amorphous state,
preventing the accumulation of calcium phosphate to
a critical amount that leads to precipitation.8,9 The
potential of CPP-ACP in promoting remineralization
was demonstrated in animal caries models in 1995, but
it was used for the first time in treating white spot
lesions in 2009.10 The use of the microabrasion
technique was also advocated for the removal of
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b Professor, Department of Orthodontics, Faculty of Dentistry,
University of Selçuk, Konya, Turkey.
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postorthodontic demineralized white spot lesions.11

Microabrasion has long been widely used for the
removal of superficial noncarious enamel defects.11,12

Recently, this conservative technique was advocated
for the removal of white spot lesions as well.13

A review of the literature showed that there were no
comparative studies on the different methods for
treating white spot lesions. The purpose of this in vivo
study was to determine the effectiveness of fluoride
mouth rinse, CPP-ACP crème, and the microabrasion
technique in reducing white spot lesions. The null
hypothesis to be tested was that there is no statistically
significant difference between the treatment and
control groups.

MATERIALS AND METHODS

Potential study participants were selected by ana-
lyzing a database of patients with postorthodontic
demineralized lesions who had undergone treatment
at the Orthodontic Department of Dentistry, Faculty of
Selçuk University, Konya, Turkey. Ethical approval for
this study was obtained from the Selçuk University
Meram Medicine Faculty Research Ethics Committee,
and informed written consent was obtained from all the
study participants.

Study Design

The study was an experimental prospective clinical
controlled trial with four parallel groups. Participants
who developed postorthodontic demineralized white
spot lesions following fixed appliance therapy were
offered the opportunity to enroll into the study and to
join one of the groups (control group, fluoride rinsing
group, CPP-ACP crème group, and microabrasion
group). Initial photographic records of the participants
who had enrolled in the study were obtained. The
records were grouped according to the date of
debonding. Inclusion criteria are listed in Table 1.

The power analysis was established by G*Power
version 3.0.10 (Franz Faul Universitat, Kiel, Germany)
software. Based on the 1:1 ratio between groups, a
sample size of 20 participants per group would give
more than 80% power to detect significant differences
with a 0.40 effect size and at the a 5 .05 significance
level.

A total of 145 participants and their families provided
consent for participation in our study. However, only 80
of the 145 participants actually attended their appoint-
ments. Twenty participants from every group partici-
pated and attended their appointments and thus
helped complete the study. Appointments were given
to all the participants except for those in the micro-
abrasion group at 1-month intervals for checkup and
administration of new agent.

Mouth Rinse Treatment

The fluoride rinse, neutral 0.025% sodium fluoride
(Colgate Plax, Colgate-Palmolive, Herstal, Belgium),
was given to each patient with instructions to use a
measured quantity (20 ml accurately dispensed from
the bottle dosimeter) for 30 seconds twice daily, after
breakfast and before bedtime. The mouth rinse had an
effective sodium-fluoride content of 100 ppm, as
recommended by various authorities.14,15 Rinsing was
done immediately after brushing with toothpaste
containing fluoride. Eating and drinking were prohibited
for 30 minutes after rinsing. The second set of records
was obtained after a 6-month period, during which the
participants were asked to follow the same mouth-
rinsing regimen.

CPP-ACP Treatment

Participants applied the topical crème CPP-ACP (GC
Tooth Mousse, Asia Pty. Ltd, Japan) to the tooth
surfaces by using a clean finger twice a day, after
brushing their teeth. A minimum of a pea-sized amount
of crème was considered necessary for each dental
arch. For areas that are difficult to reach (between the
teeth), patients were advised to use an interproximal
tooth-cleaning brush. The CPP-ACP crème was left
undisturbed on the teeth by asking the participants to
ensure that they kept their mouths open at least for
3 minutes after applying the crème. Eating and drinking
were prohibited for 30 minutes after application.

Microabrasion Treatment

Appointments were scheduled for participants of the
microabrasion group. Each patient underwent the
procedure described by Welbury and Carter11 and
Croll and Cavanaugh,12 which was performed by the
same operator. Eighteen percent hydrochloric acid
was mixed with fine pumice powder to obtain a slurry
form. The affected teeth were cleaned slowly with
pumice and water by using a rubber cup in a contra-
angle handpiece. A rubber dam was used to isolate

Table 1. Inclusion Criteria

1- All patients had undergone fixed appliance therapy for the

maxillary and mandibular at the department 12 months

before this study and had postorthodontic demineralized

noncavitated lesions involving maxillary or mandibular teeth

2- Nonsmoking habits

3- No previous history of bleaching treatment

4- Absence of plaque accumulation and gingival inflammation

5- Absence of dental caries, prosthetic restorations, intrinsic and

extrinsic discolorations, and morphologic/anatomical devi-

ations in the teeth

6- Patients without health problems were included in this study

7- Treatment of patients in the treatment groups was started

after the patients had undergone debonding
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these teeth from the rest so as to eliminate the
chemical effects of microabrasion. This mixture was
applied to the buccal surface of each tooth to be
treated. The slurry was agitated into the tooth surface
for 30 seconds and then washed off with an air-water
spray. The cycle of microabrasion procedure and
washing was repeated three to four times on each
affected tooth. The patients underwent four or five
sessions of the microabrasion therapy at an interval of
2 weeks, as necessary.

Image Acquisition

The participants were examined while they were
seated on a dental chair; the examinations were
conducted when the participants had dry tooth
surfaces after undergoing debonding procedure. All
premolars, canines, and incisors of each participant
were examined for the presence of white spot lesions.
All the determined lesions were recorded, and pre-
orthodontic treatment photographs were examined to
ensure that no lesions were visible before the
orthodontic treatment. In addition to photographic
records of the debonding, standardized intraoral
images were taken perpendicular to the affected
surface of every tooth of each patient by using a
digital camera (Nikon D80, Nikon Corporation, Tokyo,
Japan). The images were taken after debonding and
after 6 months of treatment for every group, except the
microabrasion group; in this group, follow-up photo-
graphic records were taken after the patients’ final
microabrasion treatment. To avoid the potential side
effect of light reflections, stable illumination with ring-
flash and cross-polarizing filters was used.

Image-processing software (AutoCAD-2011, Auto-
desk Inc, San Rafael, Calif) was used to quantify the
size (in mm2) of the visible areas of the demineralized
lesions and the size of the affected tooth’s vestibular
surface (Figure 1). After determination of both of these
values, the area affected by demineralization was
expressed as a percentage of the total tooth surface.

The images were reanalyzed after a month to
determine the reproducibility of the method. Thus,
the extent of white spot lesion formation was deter-
mined. The severity of the lesion was scored from 1 to
3, similar to the system used by Curzon and Spector16

and listed in Table 2.
We determined the extent of lesion formation again

after the patients had completed their respective
treatment regimens. The success rate of treatment
for each tooth was determined by comparing the
extent of white spot lesion formation before and after
treatment by using the following formula:

Extent of White Spot Lesion(EWSL)

~
Area of the lesion

Area of the vestibular surface of the tooth
|100

Success Rate (SR)~
EWSL(T0){EWSL(T1)

EWSL(T0)
|100

Statistical Analysis

All statistics were performed with SPSS version 17.0
(SPSS Inc, Chicago, Ill). The normality test of Shapiro-
Wilks and the Levene’s variance homogeneity test
were applied to the data. The data were found normally
distributed, and there was homogeneity of variance
among the groups. Descriptive statistics were calcu-
lated for each of the groups tested. A paired-sample t-
test was used to determine the differences in the mean
changes within each treatment group. Statistical
differences were checked by generalized linear mixed
model (GLMM) for general groups, and after classifi-
cation, if differences were found between the groups,
the Tukey HSD multiple comparison test was used.
Significance for all statistical tests was predetermined
at P , .05.

RESULTS

Descriptive statistics and comparison of the per-
centages of white spot lesions in the treatment and
control groups are listed in Table 3. The mean degree
of white spot lesion decreased during the follow-up
period. According to the results of the paired-samples
t-test, statistically significant differences were found

Figure 1. A white spot lesion outlined on the labial surface of

affected tooth from a sample using the image analysis program.

Table 2. The Lesion Was Scored for Each Third of the Vestibular

Surface of Each Tooth as Followsa

Class I An opacity covering up to one-third of the surface area

Class II An opacity covering from one-third to two-thirds of the

surface area

Class III An opacity covering from two-thirds to the full surface

area

a Curzon and Spector classifications were used because white

spot lesions that had cavitation had not been included the study.
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between the pretreatment and posttreatment extent of
white spot lesions. The difference was statistically
significant at P , .001 for all groups.

The descriptive statistics for success rates of the
different treatments are listed in Table 4. The results of
GLMM showed that differences between the four
groups were significant (P , .001). Thus, our null
hypothesis for this study was rejected. The Tukey HSD
test showed that the success rate of group IV was the
highest (P , .001). The next highest success rate was
for group III (P , .05), which was higher than that of
group II and group I. We found no significant
differences between the success rates of treatment
in groups I and II (P . .05).

The results of the GLMM indicated that differences
between the groups (P , .001) and between lesion
classes (P , .001) were significant, and there was
interaction between the groups and classes (P ,

.001). Participant groups and lesion classes were then
subjected to a post hoc test with the Tukey HSD
adjustment to evaluate the reduction of white spot
lesions during treatment. The descriptive statistics for
success rates of treatment in the participant groups
and lesion classes and their post hoc comparisons are
listed in Table 5. The results of the reduction of white
spot lesion, with standard deviations, are shown in
Figure 2.

DISCUSSION

This study was performed to determine which
treatment method is most successful in treating
postorthodontic demineralized white spot lesions.
The methods employed were fluoride mouth rinse,
topical application of CPP-ACP, and microabrasion.
The results of all the treatment groups were compared
with those of a control group.

Accumulation of plaque and cariogenic microorgan-
ism around orthodontic appliances has been reported
to increase significantly during orthodontic treatment.
Removal of fixed orthodontic appliances results in
substantial reduction of the levels of cariogenic
challenge and facilitates subsequent remineralization
of white spot lesions.17,18 The mineral content of dental
enamel is in equilibrium with its environment, and
saliva contains all the necessary elements for hy-
droxyapatite crystal growth. In the natural state,
demineralization and remineralization take place con-
tinuously15; this equilibrium is restored following the
completion of fixed orthodontic treatment. Good oral
hygiene with a standard fluoridated dentifrice, used
daily, is prescribed for the prevention of white spot
lesions.19 The additional use of sodium fluoride rinses
(twice daily) and CPP-ACP products can be effective
in remineralizing the demineralized enamel.20 Rey-
nolds21 reported that CPP-ACP, which is derived from
milk casein, was capable of being absorbed through
the enamel surface and could affect the demineraliza-
tion-remineralization processes.

The results of this study showed that the size
reduction of postorthodontic white spot lesions when
using a low-fluoride mouth rinse was not significantly
different from that in a control group. Fluoride mouth
rinse was effective only on mild lesions. Other studies
tried to determine the effect of fluoride mouth rinse on
all types of white spot lesions and did not classify the
lesions on the basis of their size. Willmot15 found no
significant difference, while studies by Linton22 and
Lagerweij et al.23 reported a therapeutic effect of low-
fluoride mouth rinse. This can be explained by the
mechanism by which fluoride takes effect. Small
lesions are relatively shallow, and fluoride can there-
fore easily support remineralization.14,24 Although CPP-
ACP generally supports the remineralization of white

Table 3. Descriptive Statistics and Statistical Comparison of Pretreatment and Posttreatment White Spot Lesion Percentage (%)a

Group

Pretreatment(T1) Posttreatment(T2)

Signn Mean SD n Mean SD

Control 20 0.46 0.07 20 0.26 0.05 ,.001

Fluoride 20 0.54 0.10 20 0.27 0.05 ,.001

CPP-ACP 20 0.46 0.09 20 0.22 0.07 ,.001

Microabrasion 20 0.52 0.07 20 0.02 0.02 ,.001

a P , .001.

Table 4. Descriptive Statistics and Statistical Comparison of Success Rate (%)

Group Age, Year n Mean SD Range Post Hoc Tukey*

Control 14.4 6 2.1 20 (208 teeth) 0.45 0.10 0.31–0.58 A

Fluoride 14.5 6 2.1 20 (282 teeth) 0.48 0.07 0.38–0.60 A

CPP-ACP 14.4 6 1.7 20 (212 teeth) 0.58 0.11 0.40–0.80 B

Microabrasion 14.6 6 2.0 20 (264 teeth) 0.97 0.02 0.88–1.00 C

* P , .05.
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spot lesions better than fluoride mouth rinse does, the
differences were not significant for moderate and
severe lesions. CPP-ACP was found to be more
effective in treating mild lesions than moderate and
severe lesions. This could confirm the previously
reported therapeutic effects of CPP-ACP products.9

The use of a slurry of hydrochloric acid and pumice
in the microabrasion technique yielded dramatic
cosmetic results.13 Microabrasion is an effective
therapy for improving postorthodontic demineralized
lesions.13 Initially, every clinician is wary of removing
too much enamel material. The erosive and abrasive
potential of the microabrasion procedure depends on
several parameters, such as the acid used, its
concentration and pH, abrasive medium, time of
instrumentation, force applied, and revolutions per
minute (rpm). Waggoner et al.25 reported an average
removal of 12 mm of enamel material after the initial
application and an average of 26 mm of enamel loss
after each successive application when using 18%
hydrochloric acid-pumice mixture. Murphy et al.13

showed 83% success in the reduction of white spot

lesions by microabrasion. In our study, we achieved
success rates of 99% for mild and moderate lesions
and 94% for severe lesions. In the present study, the
microabrasion method was applied a maximum of 5
times on each tooth. After treatment, a small affected
area remained due to cavitation. We observed
cavitation in some teeth during the procedure. Enamel
from the more affected surface was more easily
removed than from the other surface.

Computer-assisted image analysis of photographic
records is increasingly used in the evaluation of white
spot lesion treatments.13,26 This digital system has
many advantages: records are permanent and they
can be examined later and reexamined multiple times,
photographs can be digitized and classified indepen-
dently by many examiners, and the severity of the
lesion can be measured by measuring the colors’
degree.26

A distinct disadvantage of fixed orthodontic therapy
is the formation of decalcification, or white spot
lesions, adjacent to brackets and the lack of oral
hygiene during the course of the treatment. Although
the present study showed a reduction in the area of the
white spot lesions, it might also be interesting to
investigate changes in the other characteristics of the
lesions. A limitation of this study was that only the
surface areas of the lesions were determined. Ideally,
a future study should examine the surface areas of the
white spot lesions along with their depth and softness.

Our findings provide some solutions regarding the
ideal method for treating white spot lesions. Consider-
ing the limitations of our in vivo study, it can be inferred
that microabrasion would be more beneficial than the
other methods for treating patients with white spot
lesions. Although CPP-ACP had side effects, it is
better than fluoride mouth rinse, which also induces
remineralization of white spot lesions. The use of
topical fluoride would be ideal in poorly compliant
patients who have not yet developed enamel le-
sions.4,7,15,20 The microabrasion method can minimize

Figure 2. Histogram showing the success rates and standard

deviations of groups and classes.

Table 5. Descriptive Statistics and Statistical Comparison of Success Rate of Groups With Classes (%)

Group Age, Years n (Affected Teeth) Mean SD Range Post Hoc Tukey*

Control 14.4 6 2.1 Class I 65 0.39 0.04 0.31–0.49 A

Class II 115 0.46 0.07 0.35–0.54 AB

Class III 28 0.46 0.06 0.37–0.58 AB

Fluoride 14.5 6 2.1 Class I 55 0.49 0.07 0.39–0.59 B

Class II 114 0.48 0.08 0.38–0.60 B

Class III 113 0.47 0.06 0.38–0.59 B

CPP-APP 14.4 6 1.7 Class I 49 0.71 0.07 0.60–0.80 C

Class II 120 0.58 0.07 0.40–0.71 BC

Class III 43 0.55 0.07 0.44–0.67 BC

Microabrasion 14.6 6 2.0 Class I 40 0.99 0.01 0.95–1.00 D

Class II 164 0.99 0.01 0.95–1.00 D

Class III 60 0.94 0.05 0.86–1.00 D

* P , .05.
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esthetic damage and prevent the need for future
restorative intervention. However, further investigation
of the clinical effectiveness of the microabrasion
technique, CPP-ACP, fluoride mouth rinse, and other
topical agents in white spot lesion treatment would be
required to confirm these findings.

CONCLUSIONS

Considering the limitations of any in vivo study, the
following clinical conclusions can be drawn.

N The size of a white spot lesion can reduce over time;
CPP-ACP and fluoride agents support increased
remineralization of the demineralized enamel.

N Microabrasion is the best method for the cosmetic
treatment of these postorthodontic demineralized
white spot lesions.
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