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ORIGINAL ARTICLE

Methods used for prevention of white spot lesion development during
orthodontic treatment with ﬁxed appliances
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Abstract
Objectives: The aim of this study was to survey methods that Dutch orthodontists use to prevent development or progression
of enamel decalciﬁcations during orthodontic treatment. Materials and methods: A pre-tested questionnaire was sent by
post to all orthodontists in the Netherlands with a private practice (n = 189). Results: The response rate was 81%. At the start
of orthodontic treatment a basic practice protocol for prevention of enamel demineralization was used by 93% of the
orthodontists. This included oral hygiene instructions (92%) and the advice for additional use of a ﬂuoride mouth rinse (64%).
Other preventive measures were rarely prescribed. About 85% of those who prescribed a ﬂuoride mouth rinse advised to rinse
once a day, directly after evening tooth brushing. Conclusions: The results suggest that the commonly used practice of
ﬂuoride mouth rinsing directly after evening tooth brushing by orthodontic patients during ﬁxed appliance treatment ignores
actual evidence of preventive advices. This study recommends mouth rinsing at another moment than after evening tooth
brushing, thus increasing the frequency of ﬂuoride intakes, which might enhance the effectiveness in preventing WSL
development or progression during orthodontic treatment.
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Introduction
Orthodontic treatment with ﬁxed appliances is
associated with an increased risk of enamel demineralization, mainly seen as white spot lesions (WSL,
Figure 1). The incidence of new enamel lesions in
orthodontic patients treated with ﬁxed appliances and
using ﬂuoride toothpaste has been reported to be 13–
75% [1,2]. Other studies reported a prevalence of
50% [3–9]. Enamel demineralization during orthodontic treatment appears most frequently on the
cervical and middle third of the buccal surfaces of
maxillary lateral incisors, the mandibular canines and
ﬁrst premolars [2,10,11]. WSL are not only a problem
during orthodontic treatment, but also afterwards.
After all, permanent enamel damage will be visible,
which can lead to an esthetic problem or even to
further caries progression [10–13].

It is generally accepted that placement of ﬁxed
orthodontic appliances (e.g. brackets, bands and
wires) creates retention areas for dental plaque,
because of their irregular surfaces [14–16]. Mutans
streptococci play an important role in the development
of demineralization and dental caries [11]. Amongst
others, factors associated with higher risk of WSLs are
younger age at start of treatment, longer treatment
duration, percentage of treatment time in elastomeric
chain, number of missed appointments, number of
poor hygiene citations in the patient chart, poor
compliance, male gender and fair or poor oral hygiene
at the screening examination [17].
There are no speciﬁc clinical guidelines available
for caries preventive measures during orthodontic
treatment. Patient education and ﬂuoride administration, e.g. sodium ﬂuoride containing mouth rinses,
are generally accepted methods to prevent the
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Prevention of white spot lesion development

Figure 1. White spot lesions after 14 months of orthodontic treatment with ﬁxed appliances.

formation of WSL [18]. The aim of this study was
2-fold: (a) to gain insight into the preventive measures
applied as a standard procedure in orthodontic practices in the Netherlands and (b) to relate these measures to available evidence-based information.
Materials and methods
Participants
The study group consisted of all registered orthodontists in the Netherlands, listed in the Dutch orthodontic specialist register. Inclusion criteria were:
working in an orthodontic private practice in the
Netherlands, known phone number, mail- and postal
address. If one of these data was missing, the participant was excluded.
Survey
The questionnaire had three parts. The ﬁrst part
comprised items on personal and practice background
characteristics. In the second part the presence of a
basic practice protocol for prevention of WSLs was
surveyed, as well as the concentration and frequency
of a ﬂuoride mouth rinse, if recommended, to
prevent WSL at the start of and during orthodontic
treatment. The last part contained items on the
orthodontists’ individual opinion and perception of
the expected patient compliance and motivation to
follow preventive measures instructions. In addition,
if prescribed, participants were asked to send in an
(anonymous) example of their prescription for
ﬂuoride mouth rinse, together with the completed
questionnaire.
The questionnaire was pilot tested on three faculty
orthodontists and was subsequently modiﬁed.
Procedure
The questionnaire, accompanied by a cover letter,
explaining the purpose and the study design, was sent
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by post to all 189 orthodontists in the Netherlands,
who fulﬁlled the inclusion criteria. A pre-paid reply
envelope was enclosed that was conﬁdentially coded
in order to have the option to send a reminder to the
non-responders. One month later, non-responders
received a reminder by e-mail with an attached questionnaire. They could respond by e-mail or by post.
A second reminder was mailed to the nonresponders 1 month after the ﬁrst reminder. A nonresponse survey was planned if the response rate
would be less than 75%. This would consist of a
phone call with structured questions asking for the
reason for not responding.
The returned questionnaires were numbered,
processed anonymously and stored in a separate
ﬁle and could not be traced to the reply envelope.
In case a prescription was included with the completed questionnaire, the respondents’ data were
removed and the same number was linked to
the prescription and respondent. If the orthodontist responded by e-mail, data was processed the
same way.
Statistical analysis
The data was processed for statistical analysis using
SAS software, version 9 (SAS Institute Inc., Cary,
NC). The information was described in percentages.
All tests for the relationship between the items in the
questionnaire were based on the Chi-square test.
Participants were clustered into two groups concerning their institute of orthodontic education, i.e. Dutch
university, or abroad.
Furthermore, for both groups, year of orthodontic
graduation was clustered into another three groups,
i.e. 1971–1984; 1985–1993; and 1994–2007, respectively. Differences between the year and university of graduation and the questions about the
prescription of ﬂuoride mouth rinse were tested
with a Chi-square test. The signiﬁcance level was
set at p < 0.05.
Results
Participants
Eventually, after two reminders, the questionnaire
was returned by 154 (81%) of the 189 included
orthodontists. A non-response survey was not performed. A ﬂuoride prescription was added by
102 (66%) respondents.
On average, orthodontists had almost 20 years of
practice experience (range year of graduation from
1971–2007). Eighty-one per cent of the orthodontists had received their orthodontic education in
the Netherlands and 19% abroad. A small majority
(58%) work in solo private practice, 23% in group
practice and 19% had another working setting.
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insufﬁcient or poor oral hygiene. On the question ‘will
the oral hygiene improve after a repeated oral hygiene
instruction’, 42% of the orthodontists think that
the oral hygiene will improve, whereas 58% of the
orthodontists think that there will be little or no
improvement.
When asked ‘how often do your patients use the
prescribed mouth rinse, according to your advice?’,
53% indicated that they thought that patients actually
used it according to the prescription and almost 33%
said that the advice was followed only occasionally.
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Practice protocol
On the question ‘Do you use a basic caries preventive
protocol in your practice, comprising preventive
advices on oral hygiene and prevention of enamel
demineralization, before or during treatment with
ﬁxed appliances?’, 93% of the respondents answered
‘yes’, 4% only used a practice protocol when WSL
appeared and 3% did not have practice protocol.
In the basic practice protocol (Table I), oral
hygiene instruction (92%) and prescription of ﬂuoride
mouth rinse (64%) were mostly used. Other preventive measures (e.g. ﬂuoride tablets, high ﬂuoride
toothpaste, chlorhexidine varnish) were rarely prescribed. No difference between year of graduation
and prescribing a ﬂuoride mouth rinse was found
(Chi Square Test, p = 0.1). Between orthodontists
who had their education abroad or at a Dutch university no statistical difference was found in prescribing ﬂuoride rinse as a standard procedure (p = 0.91) in
the frequency (p = 0.13) and the concentration of the
ﬂuoride mouth rinse (p = 0.68). Sixty-four per cent of
the orthodontists prescribed ﬂuoride mouth rinsing as
a routine procedure, 15% only prescribed when
WSLs were clinically visible, 9% never prescribed a
ﬂuoride mouth rinse and 9% prescribed for other
reasons.
Table II shows the different concentrations of ﬂuoride mouth rinse prescribed. The concentrations of
ﬂuoride mouth rinse on the prescriptions were all in
accordance with the answers in the questionnaire.
Most orthodontists (90%) that prescribed ﬂuoride
mouth rinse advised to rinse once a day, whereas
7% advised to rinse twice a day. Mostly, it was
recommended to rinse directly after evening tooth
brushing, some (5%) advised to rinse in between.
Those who advised to rinse twice a day also advised
to rinse after tooth brushing.

Discussion
The aims of this study were gaining insight into WSL
preventive measures applied in orthodontic practices
and to relate these measures to internationally
accepted evidence-based recommendations.
The majority of respondents used a basic practice
protocol for prevention of WSL at the start of treatment. Before commencing orthodontic treatment
patients should have adequate oral hygiene, otherwise
individual oral hygiene instruction will be given until
this level has been reached.
Sixty-four per cent prescribed a ﬂuoride mouth
rinse, but just over half of them thought that patients
used the mouth rinse actually as prescribed. This is
well in accordance with results from previous studies
showing that only half of the patients used ﬂuoride
mouth rinse as prescribed [18,19]. It is remarkable
that no further preventive actions were mentioned,
although it was recognized that patients did not follow
preventive advices. In addition, a recent survey
reported that over 60% of orthodontists in the Netherlands think that patients’ oral hygiene deteriorates
during orthodontic treatment [20]. Referral to a dental hygienist for oral hygiene instruction, combined
with a recurrent motivational interviewing technique
[21], might increase patients’ oral health awareness
and could eventually lead to a reduction of WSLs.
Almost all orthodontists who advised to rinse with
sodium ﬂuoride prescribed their patient to do so only
at night after brushing. There is some evidence that

Compliance of the patient
Sixty-three per cent of the orthodontists answered
that their patients with ﬁxed appliances often have

Table I. Frequencies (percentage of orthodontists) for WSL prevention measures that were part of the prevention protocol at the start of
orthodontic treatment with ﬁxed appliance.
Protocol at the start of the treatment

Always (%)

Usually (%)

Sometimes (%)

Never (%)

Oral hygiene instruction

92

6

1

1

Fluoride mouth rinse

64

11

19

6

5

4

29

62

Fluoride application (gel)
High ﬂuoride concentration toothpaste (>1500 ppm)

5

2

22

71

Fluoride tablets

2

1

12

85

Chlorhexidine mouth wash

1

4

70

25

Chlorhexidine varnish application

0

2

36

62

Other

0

0

0

0

Prevention of white spot lesion development
Table II. Frequencies (percentage of orthodontists) who
prescribed a speciﬁc concentration of sodium ﬂuoride mouth rinse.
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Concentration sodium ﬂuoride
mouth rinse

Orthodontists (%)

0.025%

17

0.05%

65

0.1%

9

Other

9

regular rinsing with a ﬂuoride mouth rinse is effective
in reducing the severity of white spots during orthodontic treatment. Geiger et al. [19] showed that
additional use of ﬂuoride mouth rinse resulted in a
25% reduction in the incidence of teeth affected by
WSL. When combining mouth rinsing with other
ﬂuoride therapies such as toothpaste, it is prudent
to spread the ﬂuoride intake over different times of the
day to maximize the overall efﬁcacy [17]. Newbrun
[22] found that a higher concentration and frequency
of ﬂuoride use showed a greater caries reduction
effect.
A change of the orthodontists’ advice, to rinsing at a
time other than directly after tooth brushing, would
lead to more ﬂuoride intake and thus a possible
decrease in the prevalence of WSL. Rinsing directly
after coming home from school, e.g., will lead to
additional ﬂuoride exposure, without any increase
of healthcare costs. Moreover, patients might accept
rinsing more than additional tooth brushing. Eventually, this might even lead to a reduction of oral
healthcare costs, as it might decrease development
or progression frequencies of WSL.
Respondents prescribed or applied hardly any other
preventive measures than ﬂuoride mouth rinse during
orthodontic treatment with ﬁxed appliances. The
different modes of application of topical ﬂuoride,
i.e. toothpaste, mouth rinses, gels and varnishes,
have been tested in different patients treated with
non-removable orthodontic appliances. No consensus exists about which method or combination of
methods is most effective in prevention of WSL
during orthodontic treatment. The caries protective
effect of high concentration (36 000 ppm) ﬂuoride
varnishes has been widely acknowledged during
orthodontic treatment [5,23]. However, only 9% of
the orthodontists in the present study applied it regularly (Table II). There is no obvious reason why
most orthodontists did not do so. It may be possible
that the orthodontists were not aware of the preventive
potential of ﬂuoride varnish.
A completely different approach to avoid buccal
WSL after treatment could be the use of lingual ﬁxed
appliances. Eventually, WSL around brackets will not
be visible using the lingual bracket technique. It was
found that the frequency of WSL that developed or
progressed on buccal surfaces was 4.8-times higher
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than on lingual surfaces [24]. This may be explained
by differences in surface morphology, plaque retention, salivary ﬂow and mechanical cleaning of surfaces
by the tongue. This is a promising result and needs
further attention.
This study showed that orthodontists did yet not
implement available evidence to prevent enamel
demineralization during ﬁxed appliance treatment
in their clinical practice. This is consistent with ﬁndings of an earlier study [20]. It is well known that
transfer and implementation of results from research
into daily practice is difﬁcult [25,26]. Several explanations exist, e.g. personal and practice characteristics, issues like the health insurance package, but also
patients’ preferences and expectations play an important role. It needs further investigation to detect
possible barriers in this ﬁeld.
Although ﬂuoride products during orthodontic
treatment are widely prescribed, there is little evidence
which method or combination of methods to deliver
ﬂuoride is most effective [27–29]. Further research is
needed into different modes of delivery. Furthermore
we recommend to develop clinical practice guidelines,
comprising all scientiﬁc and clinical evidence, for the
prevention of enamel demineralization at the start of
(and during) orthodontic treatment.
Conclusion
The commonly used practice of ﬂuoride mouth rinsing directly after tooth brushing by orthodontic
patients during ﬁxed appliance ignores actual preventive advice. We recommend mouth rinsing at
another moment than after tooth brushing, thus
increasing the frequency of ﬂuoride intake, which
might enhance the effectiveness in preventing WSL
development or progression during orthodontic
treatment.
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