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Caries prevention during orthodontic treatment:
In-vivo assessment of high-fluoride varnish to
prevent white spot lesions
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Introduction:Our objective was to evaluate the efficacy of a fluoridated varnish in preventing white spot lesions in
patients with fixed appliances. A laser-induced fluorescence device was used to determine any correlations
between the degree of demineralization and the length of the observation period, the arch sector, the frequency
of varnish application, and the specific tooth site. Methods: A split-mouth study design was used for 24
orthodontic patients, allocated randomly to 2 subgroups with differing frequencies of Duraphat varnish (Colgate-
Palmolive, New York, NY) application. Repeated measures of the degree of demineralization were taken on the
vestibular surfaces of 12 teeth (6 varnished and 6 unvarnished controls). Measurements were taken at 4 sites
using a DIAGNOdent Pen 2190 laser (KaVo, Biberach an der Riss, Germany) and then subjected to statistical
analysis. Results: Generalized linear model and coefficient model analysis showed differences in the degrees
of demineralization between treated and untreated teeth, but this was not statistically significant in terms of time
point, frequency of application, or specific tooth site. However, when we analyzed the position of the teeth, the var-
nished anterior teeth showed a statistically significant reduction in demineralization compared with their unvar-
nished counterparts. Conclusions: Periodic application of fluoride varnish can offer some protection against
white spots, but not to a statistically significant degree if the patients have excellent oral hygiene. (Am J Orthod
Dentofacial Orthop 2016;149:238-43)
Enamel demineralization in the form of white spot
lesions is a serious complication of orthodontic
treatment.1 White spot lesions are essentially

areas of porous surface enamel induced by carious
demineralization and are milky-white opaque spots on
the smooth surface of the tooth.2 White spots are
more prevalent in patients with fixed appliances than
in those without brackets. Although they rarely progress
to caries, they are unsightly and can cause esthetic issues
even years after treatment.3
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The prevalence of white spots in orthodontic treat-
ment has been reported to be 38% after 6 months and
46% after 12 months, compared with 11% in the control
group.4 The increased risk of developing white spot le-
sions during orthodontic treatment is due to an overac-
cumulation of plaque around the brackets5; this is
partially attributable to patients' inability or failure to
maintain adequate oral hygiene.6

Patients, parents, orthodontists, and general dentists
all have similar perceptions of white spots and believe
that patients are mainly to blame for their onset.7 White
spots can be reduced or prevented by improving oral
hygiene, lowering dietary carbohydrate intake, and
applying topical fluoride. The safety of fluoride use has
been amply demonstrated, and various means of topical
application have been proposed, including gels, mouth-
washes, and varnishes, but many strategies require high
patient compliance to be efficacious.8

One method of topical fluoride application that does
not rely heavily on patient compliance is fluoride var-
nish, which is particularly appealing for noncompliant
patients and those who are not self-reliant. Studies
analyzing the efficacy of 1 brand, Duraphat (Colgate-
Palmolive, New York, NY), on the tooth surfaces adjacent
to labial brackets have shown that it can lower the risk of
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Fig. Dividing the tooth surface to evaluate enamel
demineralization, as proposed by Banks and Rich-
mond.20 The blue circle is the mark on the distal gingival
portion of the Damon bracket. G, Gingival; M, mesial; O,
occlusal; D, distal.

Table I. Total number of measurements and average
demineralization readings over the observation period
for treated and untreated teeth

Time point Observations (n) Average SD
T0 (pretreatment)
Treated teeth 576 2.11 0.93
Untreated teeth 576 2.19 0.97

T1 (3 mo)
Treated teeth 312 2.48 0.97
Untreated teeth 312 2.80 1.30

T2 (6 mo)
Treated teeth 576 2.83 1.92
Untreated teeth 576 2.92 1.70

T3 (9 mo)
Treated teeth 312 2.79 1.20
Untreated teeth 312 3.19 1.76

T4 (12 mo)
Treated teeth 576 3.33 1.97
Untreated teeth 576 3.91 2.12
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decalcification at these sites by 48% to 50%.9-11

However, much of the research to date has been
conducted on extracted teeth or over limited periods
in vivo, generally ranging from 1 to 3 months.

Nevertheless, a totally in-vivo study with a longer
follow-up of 6 months by Demito et al12 showed a
similar and significant reduction (50%) in white spots,
but the varnish could not eliminate this risk completely.
The authors concluded that the varnish should be reap-
plied every 12 weeks.

The purpose our study was to evaluate in vivo the ef-
ficacy of Duraphat in preventing white spot onset over a
longer period, 12 months, in patients with fixed appli-
ances (maxillary and mandibular braces) with the aid of
laser fluorescence. In particular, we aimed to determine
whether the degree of demineralization varies by (1) the
length of treatment (T0-T4, 12 months), (2) the location
of the tooth (anterior, medial, and posterior) at 4 time
points (3, 6, 9, and 12 months), (3) the frequency of Du-
raphat application (3 or 6 months), and (4) the specific
tooth site (gingival, occlusal, mesial, and distal).
MATERIAL AND METHODS

Twenty-four consecutive patients, all scheduled
for fixed orthodontic treatment at a private dental
clinic, were selected for this study. The sample
American Journal of Orthodontics and Dentofacial Orthoped
consisted of 10 boys and 14 girls with a mean age of
14 years 1 month. The inclusion criteria were as fol-
lows: complete permanent dentition up to the first
molars, no vestibular caries or fillings, no hypocalcified
teeth, no dental fluorosis, and no endocrine disorders
(eg, diabetes).

A split-mouth study was conducted, applying the
varnish to quadrants 1 and 3, with quadrants 2 and 4
as the untreated controls. Opposing quadrants were
chosen to eliminate any bias resulting from handedness,
which can affect the uniformity of brushing accuracy.
The 6 varnished and the 6 control teeth were the central
incisors, the canines, and the second premolars: ie, teeth
from each of the maxillary and mandibular anterior,
medial, and posterior sectors.

The patients were randomly assigned to 2 subgroups
according to the frequency of Duraphat application:
group 1, comprising 13 patients (5 boys, 8 girls), in
whom Duraphat was applied every 3 months; and group
2, comprising 11 patients (5 boys, 6 girls), in whom Du-
raphat was applied every 6 months. Four to 7 days before
bonding, both groups were given a professional scale
and polish and attended a hygiene motivation session.
All patients received a hygiene kit that contained a
medium-bristle toothbrush (G-U-M; Sunstar Americas,
Chicago, Ill).

Before the trial all patients had a dental examination
with caries control, periodontal evaluation, and plaque
index. An oral hygiene session with motivation by the
dental hygienist was conducted 7 days before the appli-
ances were placed.

Before bonding, the 24 subjects' teeth were cleaned
with a pumice stone and a brush mounted on a low-
velocity contra-angle handpiece, and the enamel
ics February 2016 � Vol 149 � Issue 2



Table II. Number of measurements and average
demineralization values for treated and untreated
teeth across the 3 dental sectors

Sector Observations (n) Average SD
Anterior
Treated teeth 784 2.28 1.28
Untreated teeth 784 2.76 1.80

Middle
Treated teeth 784 2.90 1.64
Untreated teeth 784 3.08 1.67

Posterior
Treated teeth 784 3.00 1.76
Untreated teeth 784 3.17 1.73

Table III. Number of measurements and average
demineralization values for treated and untreated
teeth by application frequency

Application frequency Observations (n) Average SD
3 months
Treated teeth 1560 2.67 1.39
Untreated teeth 1560 2.94 1.65

6 months
Treated teeth 792 2.83 1.96
Untreated teeth 792 3.12 1.91

Table IV. Correspondence between degree of demin-
eralization, length of treatment, and treatment

Chi-square df P (1c2)
Reference value 138.63 1 0.0000
Length of treatment 90.51 4 0.0000
Treated teeth 0.18 1 0.6710
Treated teeth/length of treatment 3.49 4 0.4792

Table V. Correspondence between degree of deminer-
alization, treatment, and length of treatment in the
anterior sector

Chi-square df P (1c2)
Reference value 80.71 1 0.0000
Length of treatment 12.83 1 0.0003
Treated teeth 0.22 1 0.6420
Treated teeth/length of treatment 0.007* 1 0.7978

*P\0.01.
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mineralization of all sample and control teeth was
measured with a DIAGNOdent Pen 2190 (KaVo, Biberach
an der Riss, Germany).

The DIAGNOdent Pen 2190 contains a diode
laser with a wavelength of 655 nm and power less
than 1 mW. It can detect small alterations in the
tooth substance, invisible to the naked eye, up to a
depth of 2 mm. According to the literature, the DIAGNO-
dent has great specificity and accuracy, similar to visual-
tactile examinations and radiography (identifying
70%-80% of lesions), compared with histology testing,
if it is used on clean teeth (without tartar buildup)
and without fluoridated substances.13-19 The
DIAGNOdent Pen 2190 measures the fluorescence
emitted by the tooth in response to irradiation of a
certain wavelength; a reading between 0 and 13
indicates healthy enamel, between 14 and 20 suggests
initial demineralization, between 21 and 29 means
considerable demineralization, and greater than 30
indicates dental caries.

The laser was calibrated for each patient according to
the manufacturer's guidelines, and readings were taken
at 4 labial sites on the enamel (gingival, occlusal, mesial,
and distal) as suggested by Banks and Richmond20 (Fig).
Initial values (T0) were recorded in the patients' dental
records.
February 2016 � Vol 149 � Issue 2 American
After the initial readings, medical-grade steel
brackets, self-ligating Damon Q (Ormco, Orange, Calif),
were bonded to the teeth with a light-cured composite.
The dental arcades were then isolated, and the vestib-
ular surfaces were dried and treated. Duraphat (5% so-
dium fluoride) was applied to the vestibular enamel
around the brackets of the maxillary right central
incisor, canine, and second premolar and the mandib-
ular left central incisor, canine, and second premolar
using a microbrush. After about 5 minutes of hardening
time, the patient was instructed on how to perform oral
hygiene procedures and asked to refrain from eating or
drinking for 4 hours, as the manufacturer recommends.
All patients received a hygiene kit containing a manual
orthodontic toothbrush, which was replaced every
3 months.

In follow-up visits, mineralization of the enamel was
measured as follows: the vestibular surfaces of all teeth
were cleaned using a brush mounted on a low-velocity
contra-angle handpiece, and the residual varnish was
removed with an air polishing system (TPC Advanced
Technology, City of Industry, Calif) to prevent its being
read as a false positive. The fluorescence emitted at
the 4 sites, each 1 mm from the bracket, was measured
on all sample and control teeth using the DIAGNOdent
Pen 2190, and then the Duraphat varnish was reapplied,
as per the manufacturer's instructions, on the teeth in
the first and third quadrants. Measurements were taken,
and fluoride varnish was reapplied at 3, 6, 9, and
12 months after appliance fitting (T1, T2, T3, and T4,
respectively) in group 1, and at 6 and 12 months after
bonding (T2 and T4, respectively) in group 2. All patients
were given a new hygiene kit (including a toothbrush)
Journal of Orthodontics and Dentofacial Orthopedics



Table VI. Correspondence between degree of demin-
eralization, treatment, and length of treatment in
the medial sector

Chi-square df P (1c2)
Reference value 110.91 1 0.0000
Length of treatment 32.11 4 0.0000
Treated teeth 0.45 1 0.5042
Treated teeth/length of treatment 0.61 4 0.9624

Table VII. Correspondence between degree of demin-
eralization, treatment, and length of treatment in the
posterior sector

Chi-square df P (1c2)
Reference value 118.15 1 0.0000
Length of treatment 24.75 4 0.0001
Treated teeth 0.05 1 0.8268
Treated teeth/length of treatment 1.98 4 0.7386

Table VIII. Correspondence between degree of demin-
eralization and treatment application frequency

Chi-square df P (1c2)
Reference value 35.40 1 0.0000
Application frequency/length
of treatment

43.57 4 0.0000

Treated teeth 0.04 1 0.8397
Treated teeth/application
frequency/length of treatment

7.58 4 0.1083

Table IX. Correspondence between degree of demin-
eralization, treatment, and sampling site

Chi-square df P (1c2)
Reference value 288.68 1 0.0000
Sampling site 5.87 3 0.1181
Treated teeth 1.41 1 0.2346
Sampling site: treated teeth 3.47 3 0.3246
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every 3 months, and a professional scale and polish every
6 months.

All measurements from the DIAGNOdent were re-
corded on an Excel spreadsheet (Microsoft, Redmond,
Wash), and the significance of any differences was eval-
uated by the chi-square test at a significance level of
P\0.01. A general linear model was used because the
measurements had a non-Gaussian distribution. Coeffi-
cient plots were also generated to illustrate the signifi-
cance of each value with respect to the reference
(intercept).

During the study, every 6 months, all patients at-
tended ab oral hygiene session and evaluation with the
plaque index.

RESULTS

The total number of measurements taken was 4704:
3120 in group 1 (Duraphat applications every 3 months)
and 1584 in group 2 (Duraphat applications every
6 months). Table I shows the numbers of measure-
ments and the mean values for the degrees of mineral-
ization from T1 through T4 in treated and untreated
teeth; Table II shows the mean readings from the 3 sec-
tors (anterior, medial, and posterior) in treated and un-
treated teeth; and Table III shows the average readings
in sites treated or not every 3 months and every
6 months.

Table IV shows a greater tendency toward demineral-
ization in the untreated vs the treated teeth, although
both linear and coefficient analyses showed that the dif-
ference was not significant at any of the 4 measurement
times (3, 6, 9, and 12 months).
American Journal of Orthodontics and Dentofacial Orthoped
When verifying whether the functional position
of the tooth at the observation period can influence
demineralization, the differences between treated and
untreated teeth appeared not to be statistically signifi-
cant, except for the anterior teeth. Specifically, at
9 months, the treated incisors showed significantly less
demineralization than the unvarnished anterior teeth
(Tables V-VII).

For the teeth treated at 6 and 12 months, there was
no statistically significant difference when the product
was applied 2 times or 4 times a year (Table VIII).

At the 12-month time point, there were no statisti-
cally significant differences in the demineralization be-
tween treated and untreated teeth at any of the 4 test
sites (gingival, occlusal, mesial, and distal) according
to the length of treatment, although our findings indi-
cated that the gingival portion was slightly more suscep-
tible to demineralization (Table IX).

DISCUSSION

The white spot lesions surrounding orthodontic
brackets are a significant clinical problem during and
after orthodontic treatment, influencing the esthetic
appearance of the teeth.

Once white spots have appeared, conservative mea-
sures may be necessary. However, a recent systematic re-
view of the literature showed little scientific evidence
of the efficacy of enamel remineralization strategies
applied after orthodontic treatment.21 Remineralization
strategies involving gels, dentifrices, and mouthwashes,
for example, rely on patient compliance, and their suc-
cess may also be jeopardized by low fluoride concentra-
tion in the products themselves.22 Although combining
ics February 2016 � Vol 149 � Issue 2
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casein with fluoride in these products to increase the ab-
sorption of the fluoride does appear to increase reminer-
alization to a certain extent, this strategy cannot
eliminate white spot lesions completely.23 Hence, a pre-
ventative, rather than a reparative, strategy seems to be
the desirable option, something that orthodontists
should bear in mind before treatment.

Factors that influence the choice of the preventative
strategy include patient safety, efficacy, ease of use, and
patient acceptance. Among the various means of topical
application, fluoride varnishes are simple to use and do
not depend on patient cooperation.

Clinical trials that compared the efficacy of fluori-
dated products containing a high fluoride concentration
(22,600 ppm of sodium fluoride) with placebo varnishes
containing no fluoride, involving the recruitment of over
2700 children, have provided evidence of their great ca-
pacity to inhibit caries formation in both permanent and
deciduous teeth. Despite some variations in the percent-
ages reported in these trials, they are between 38% and
46%.24 Other studies have demonstrated that although
such products offer good protection, they cannot
entirely prevent demineralization.25

Our assessment of the efficacy of Duraphat in pre-
venting white spots in orthodontic patients over
12 months showed that despite an overall lack of statis-
tical significance, teeth treated with this fluoride varnish
seem to have less demineralization than do untreated
teeth. Statistical significance was, however, reached in
the anterior teeth, thereby confirming reports by Divaris
et al26 that such a strategy is efficacious.

However, our findings differ from those of the ran-
domized clinical trial by Stecks�en-Blicks et al,25 who
found a statistically significant reduction, but not elim-
ination, of white spots in treated teeth compared with
untreated teeth when the varnish was applied every
6 weeks. We, on the other hand, found no statistically
significant difference between applications of fluoride
varnish at 3 and 6 months.

Our research does, however, confirm the observations
of Demito et al12 that gingival sites are the most suscep-
tible to demineralization, although not significantly so.
Despite a trend in our results showing that the fluoride
varnish in question offers substantial protection, this
failed to reach either statistical (except in the anterior
sector) or clinical significance because DIAGNOdent
readings remained below the caries threshold. The
main factor influencing our results may have been the
intensive hygiene monitoring that our patients received.
It may be, therefore, that the results would have differed
if noncompliant patients had been included, or if less
attention had been paid to oral hygiene. Furthermore,
we used a split-mouth approach; in theory, at least,
February 2016 � Vol 149 � Issue 2 American
fluoride ions released from the varnish could have
affected the control areas of the dentition.

Nevertheless, it is likely that the application of fluo-
ride in varnish form is a valuable aid in protecting
against enamel decalcification in situations without
careful hygiene monitoring (nonself-reliant patients,
those with a physical impediment to brushing, or those
without adequate oral hygiene education), as previously
reported by Arruda et al.27 To determine to what
extent topical fluoride varnishes can prevent caries for-
mation during orthodontic treatment in these patients,
however, more studies designed to reflect this particular
situation are required.
CONCLUSIONS

1. Periodic application of fluoride varnish tends to
protect against white spot onset, but not signifi-
cantly so in patients with excellent oral hygiene.

2. The protection offered by this fluoride varnish is sta-
tistically significant in both the maxillary and
mandibular anterior teeth (central incisors), but
not in the medial and posterior sectors.

3. No further protection is conferred by applying the
product every 3 months compared with every
6 months.

4. Fluoride varnishes, together with other prevention
strategies, may be a useful aid to protect the enamel
in noncompliant patients (those with a disability or
poor hygiene education).
REFERENCES

1. Ogaard B, Bishara S, Duschner H. Enamel effects during bonding-
debonding and treatment with fixed appliances. In: Graber TM,
Eliades T, Athanasiou AE, editors. Risk management in orthodon-
tics: expert’s guide to malpractice. Chicago: Quintessence; 2004.
p. 19-46.

2. Summitt JB, Robbins JW, Hilton TJ, Schwartz RS. Fundamentals of
operative dentistry: a contemporary approach. 3rd ed. Hanover
Park, Ill: Quintessence; 2006. p. 2-4.

3. Ogaard B. Prevalence of white spot lesions in 19-year-olds: a study
on untreated and orthodontically treated persons 5 years after
treatment. Am J Orthod Dentofacial Orthop 1989;96:423-7.

4. Tufekci E, Dixon JS, Gunsolley JC, Lindauer SJ. Prevalence of white
spot lesions during orthodontic treatment with fixed appliances.
Angle Orthod 2011;81:206-10.

5. Willmot D. White spot lesions after orthodontic treatment. Semin
Orthod 2008;14:209-19.

6. Rosenbloom RG, Tinanoff N. Salivary Streptococcus mutans levels
in patients before, during, and after orthodontic treatment. Am J
Orthod Dentofacial Orthop 1991;100:35-7.

7. Maxfield BJ, Hamdan AM, T€ufekçi E, Shroff B, Best AM,
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