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Incidence of white spot lesions among patients treated with clear aligners

and traditional braces

Peter H. Buschanga; David Chastainb; Cameron L. Keylorb; Doug Crosbyc; Katie C. Juliend

ABSTRACT
Objectives: To compare the incidence of white spot lesions (WSLs) among patients treated with
aligners and those treated with traditional braces.
Materials and Methods: A group of 244 aligner patients (30.4 6 14 years) was compared to a
group of 206 patients (29.2 6 11.5 years) treated with traditional fixed braces. Consecutive cases
in the late mixed or permanent dentitions who had high-quality pre- and posttreatment digital
photographs available were included in the study. Each set of photographs was independently
evaluated by two investigators to determine pretreatment oral hygiene (OH), fluorosis, and WSLs,
as well as changes in OH and WSLs during treatment.
Results: Approximately 1.2% of the aligner patients developed WSLs, compared to 26% of the
traditionally treated patients. The numbers of WSLs that developed were also significantly (P ,

.001) less among the aligner patients. The aligner patients developed three new WSLs, while the
traditionally treated patients developed 174 WSLs. The incidence of WSLs was greater for the
maxillary than for the mandibular teeth, and it was greater for the canines than for the incisors. For
the patients treated with traditional braces, fair or poor pretreatment OH, worsening of OH during
treatment, preexisting WSLs, and longer treatment duration significantly (P , .05) increased the
risk of developing WSLs during treatment.
Conclusions: Patients treated with aligners have less risk of developing WSLs than do patients
treated with traditional braces, which could be partially due to shorter treatment duration, or better
pretreatment OH. (Angle Orthod. 2019;89:359–364.)
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INTRODUCTION

Approximately 23% of patients treated in university

settings1 and 26% of patients treated in private practice

settings2 develop white spot lesions (WSLs) during

treatment that are visible on intraoral photographs.

Some WSLs improve after treatment,3 and others can

be improved with treatment.4,5 However, WSLs often

leave permanent scars that can only be repaired by

restoring the teeth. Treatment time in excess of 36

months, poor pretreatment hygiene, hygiene changes

during treatment, and preexisting WSLs have all been

shown to increase the risk of developing WSLs.1,2,6

Orthodontic treatment increases the risk of develop-

ing WSLs because fixed orthodontic appliances

promote bacterial plaque accumulation and limit the

patients’ ability to clean their teeth. Following ortho-

dontic bracket placement, oral bacterial counts in-

crease; the more appliances that a patient has in his/

her mouth, the greater the increase in bacterial

counts.6 Since orthodontic treatment increases plaque

buildup/adhesion and reduces the patient’s ability to

perform oral hygiene (OH), it is reasonable to ask

whether ‘‘removable’’ braces would reduce WSL

formation. More specifically, should patients treated

with aligners be expected to exhibit fewer WSLs than

patients treated with traditional braces?
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Cross-sectional analyses7 have shown that aligner
treatment results in better periodontal health than does
fixed orthodontic treatment. Treatment duration is also
shorter with aligners, which could limit the development
of WSLs.8 The only study9 that evaluated WSLs among
orthodontic patients treated with aligners reported an
incidence of 2.9%, but the sample size for this study
was small and there was no comparison group. Severe
decalcification, decay, and even loss of teeth can occur
as a consequence of poor OH during clear aligner
therapy,10 but the true incidence of WSL among aligner
patients remains unknown. To date, there have been
no comparisons of patients treated with aligners and
traditional braces.

The purpose of the present cohort study was to
compare large samples of patients treated with either
aligners or traditional braces. Large samples are
necessary for accurate estimates of incidence and risk.

MATERIALS AND METHODS

The study was based on cases treated in one private
practice and at the Department of Orthodontics, Texas
A&M University College of Dentistry. The study was
approved by the institution’s ethical review committee.
There were 244 aligner patients (30.4 6 14 years) and
206 patients (29.2 6 11.5 years) treated with traditional
fixed appliances. Patients were chosen consecutively,
starting with the most recently completed cases. All of
the patients received hygiene instructions at the
beginning of treatment; patients with poor OH during

treatment received additional instructions, as did the

parents of younger patients. Approximately 85% of the

aligner cases and 48% of the traditional cases came

from the private practice. Only patients for whom high-
quality pre- and posttreatment digital photographs were

available and who were in the late mixed or permanent

dentitions were included in the study. No malocclu-

sions were excluded, provided that the gingival thirds

of the anterior teeth were visible on the photographs.

Chart data collected included the patient’s age at

procurement of initial records, gender, age at start of

treatment, banding age, and debanding age.

Initial and final intraoral photographs were retrieved

from the Dolphin Imaging System, placed side by side

on a computer monitor, enlarged, and evaluated in a

darkened room (Figure 1). Photographs have com-

monly been used to evaluate the incidence and
prevalence of WSLs.1,6,11 OH was evaluated on both

pre- and posttreatment photographs. Because the final

photographs were taken immediately after debanding

and composite removal, different criteria were applied

for the pre- and posttreatment photographic evalua-

tions (Table 1). Fluorosis of the anterior teeth was

evaluated on the initial photographs only, as a result of

composite removal and subsequent enamel desicca-
tion on the posttreatment photographs. Fluorosis,

which has been shown to decrease the risk of

developing WSLs,1 was deemed significant if it

appeared on more than one tooth and extended

beyond the incisal edges.

Figure 1. Examples of pre- and posttreatment photographs of two patients in the traditional braces group and two patients in the aligner group.

Table 1. Criteria Used for Evaluating Pre- and Posttreatment Oral Hygiene Status (Adapted from Julien et al.1)

Oral Hygiene Pretreatment Posttreatment

Good No visible plaque, no gingivitis No visible plaque, no hypertrophy, gingival bleeding only due to

composite removal

Fair Some visible plaque, isolated areas of gingivitis Some visible plaque, isolated gingivitis or hypertrophy, gingival

bleeding only due to composite removal

Poor Thick and/or generalized plaque, with gingivitis Multiple areas of visible plaque and/or generalized hypertrophy,

gingivitis, and gingival bleeding
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Each tooth was evaluated for WSLs by two
calibrated investigators who had to agree on the
assessments. The two investigators evaluated each
case independently. If the side-by-side comparison
showed the same white spot on both the pre- and
posttreatment photographs, it was considered to be
developmental and was not counted as a WSL. White
spots noted on the pretreatment photograph that
worsened (enlarged or became more severe) over
time were recorded as a WSL. New WSLs were also
counted.

Chronological age, which was normally distributed
based on the skewness and kurtosis statistics, was
described with means and standard deviations; group
differences were evaluated using an independent
sample t-test. Treatment duration was categorized as
either less than 2 years or greater than 2 years. Group
differences in the number of WSLs, fluorosis, pretreat-
ment hygiene, changes in OH, preexisting WSLs, and
treatment duration were evaluated using the chi-
square test. The risk ratio was calculated based on
the absolute risks (ARs) of the groups being compared
(eg, AR females/AR males).

RESULTS

There were no statistically significant between-group
differences in pretreatment age (P¼ .306) or gender (P
¼ .856). Females comprised approximately 64% of the
aligner group and 63% of the traditional group.
Treatment duration was significantly longer (0.9 years)
in the traditional group than in the aligner group (Table
2). There also was a statistically significant (P ¼ .001)
between-group difference in pretreatment fluorosis,
with 2.0% and 8.7% of the aligner and traditional group

patients presenting with fluorosis, respectively. Ap-
proximately 9.0% of the aligner group and 10.1% of the
traditional group had pretreatment WSLs, a difference
that was not statistically significant (P ¼ 0.395).

There was a statistically significant (P ¼ .005)
between-group difference in pretreatment OH (Figure
2). Slightly greater proportions of patients in the
traditional group present with poor (5.7%) and good
(6.6%) OH; fewer traditional patients presented with
fair (12.3%) OH. There also was a significant between-
group difference in OH changes during treatment, with
the aligner group having 3.3% more patients who
improved and 9.4% fewer patients who worsened.
There was no relation between changes of OH during
treatment and treatment duration (P ¼ .778).

The incidence of WSLs was slightly higher for the
maxillary canines (7.3%) than for the maxillary laterals
(6%) and was lowest for the maxillary central incisors
(2.9%). In the mandible, the canines had the highest
incidence of WSLs (7.1%), followed by the lateral
incisors (2.6%) and the central incisors (2.2%) (Figure
3). Patients in both groups developed more WSLs on
the maxillary than on the mandibular teeth (Table 3).
Aligner patients developed WSLs on 0.8% and 0.4% of
their maxillary and mandibular teeth, respectively,
whereas the traditional group developed lesions on
18.9% of their maxillary and on 15.3% of their
mandibular teeth.

Overall, significantly (P , .001) fewer aligner than
traditional patients developed WSLs. Only 1.2% of the
aligner patients developed WSLs, compared to 25.7%
of the traditionally treated patients. The total number of
WSLs that developed also were significantly (P , .001)
less among the aligner patients than the traditional
patients. The three aligner patients who developed
WSLs each developed only one WSL; two patients
developed WSLs in the maxilla and one patient
developed a WSL in the mandible. In contrast, the 52
affected traditional patients each developed between
one and 12 WSLs (Figure 4); 86 and 88 new WSLs
developed in the maxilla and mandible, respectively.
Approximately 3.2% and 29.2% of the aligner and
traditional patients, respectively, developed WSLs at
the university setting, with a statistically significant

Table 2. Pretreatment Ages (Years) and Treatment Durations

(Years) of the Aligner and Traditional Groupsa

Aligner

Group

Traditional

Group Difference

Mean SD Mean SD Probability

Pretreatment age 29.2 11.5 30.4 14.4 .306

Treatment duration 1.5 0.9 2.5 1.3 ,.001

a SD indicates standard deviation.

Figure 2. Group differences in (A) the percentages of patients with poor, fair, or good pretreatment OH and (B) changes in OH during treatment.
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between-group difference (P ¼ .001). At the private
practice setting, significantly (P , .001) fewer aligner
than traditional patients developed WSLs (0.9% vs
22%).

Traditional Group Risk Factors

As a result of the low incidence of WSLs in the
aligner group, only the traditional group was evaluated
for risk factors. The sex distribution and pretreatment
fluorosis were similar in the patients who did and did
not develop WSLs. Pretreatment OH and changes in
OH during treatment were significant (P , .001) risk
factors (Table 4). Patients with poor and fair pretreat-
ment OH were 6.5 and 3.4 times more likely,
respectively, to develop WSLs than were patients with
good OH. Patients whose OH worsened during
treatment were 3.9 times more likely to develop lesions
than were patients who maintained their OH; patients
who improved their OH had no risk of developing
WSLs during treatment. Patients with preexisting
WSLs were also significantly (P , .001) more likely
(8.5 times) to develop WSLs during treatment. Finally,
patients who were in treatment for more than 2 years
were 1.6 times more likely to develop WSLs than were
patients treated for less than 2 years.

DISCUSSION

There is a substantial risk of developing WSLs
among patients treated with traditional orthodontic
braces. In the present study, the incidence of visible
WSLs during treatment was approximately 26%,
indicating that one of every four patients treated with
traditional braces is at risk. This compares closely to

incidences, ranging from 23% to 28%, reported in

several large-scale studies1,2,10 using similar assess-

ment methods. Others6,11,12 who used direct visualiza-

tion or a combination of direct visualization and

photographs to assess WSLs have reported higher

incidences, ranging from 36% to 58%, but they had the

ability to dry the teeth. The highest reported prevalence

of WSLs after orthodontics (97%) was measured using

quantitative light-induced fluorescence (QLF).13

Braces might be expected to increase the risk of

developing WSLs as a result of increases in salivary

bacterial counts,14,15 greater plaque accumulation,16

and difficulties cleaning teeth.

Figure 3. Percentage distributions of WSLs on the central incisors,

lateral incisors, and canines (for traditionally treated subjects only).

Table 3. Percent of Patients Who Developed White Spot Lesions

(WSLs) on the Maxillary and Mandibular Teeth

Aligner

Group

Traditional

Group

ProbabilityYes No Yes No

Maxillary WSL 0.8 99.2 18.9 81.1 ,.001

Mandibular WSL 0.4 99.6 15.3 84.7 ,.001

Total WSL 1.2 99.8 25.7 74.3 ,.001

Figure 4. Percent of traditionally treated patients who developed one,

two, three, four, or more WSLs.

Table 4. Risk Factors of Patients in the Traditionally Treated Group

Who Did and Did Not Develop White Spot Lesions (WSLs; ‘‘Ref’’

indicates Reference or Comparison Group)

Developed WSL

Probability Risk RatioNo Yes

Sex

Female 74.6 25.4 .835 1.0

Male 73.7 26.3 Ref

Pretreatment fluorosis

Yes 74.5 25.5 .514 1.1

No 72.8 27.8 Ref

Pretreatment oral hygiene

Poor 42.9 57.1 ,.001 6.5

Fair 70.1 29.9 3.4

Good 91.2 8.8 Ref

Change of oral hygiene

Worsened 29.8 70.2 ,.001 3.9

Maintained 82.0 18.0 Ref

Improved 100.0 0.0 0.00

Preexiting WSL

Yes 15.9 84.1 ,.001 8.5

No 90.1 9.9 Ref

Treatment duration, y

,2 81.7 19.3 .037 Ref

�2 69.5 30.5 1.6
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The development of WSLs was closely linked to OH.
The traditionally treated patients in the present study
who had poor pretreatment OH were 6.5 times more
likely to develop WSLs than were those with good OH.
Patients whose OH worsened during treatment were
3.9 times more likely to develop WSLs than were those
who maintained or improved their OH. Julien et al.1

showed that poor pretreatment hygiene more than
doubled the risk, whereas worsening of OH during
treatment tripled the risk of developing WSL. The
association between poor OH and the risk of develop-
ing WSLs has been previously established.6,10

In contrast to patients treated with traditional braces,
those treated with removable aligners had a very low
incidence of WSLs. Only 1.2% of the aligner patients in
the present study developed WSLs. This is even lower
than the 2.85% incidence reported9 for a younger and
smaller sample treated with clear aligners and evalu-
ated with QLF. It remains unclear whether the low
incidences observed with aligners were due to
treatment or should be expected for untreated sub-
jects. Approximately 9%–10% of the patients in the
present study had pretreatment WSLs, which com-
pares well with the pretreatment prevalence previously
reported.1 WSLs form regardless of whether or not
individuals undergo orthodontic treatment.

While the present study was the first to compare the
incidence of WSLs among aligner and traditional
patients, a reduction in WSLs might have been
expected. The low incidence of WSLs in patients with
removable aligners can be attributed to the shorter
treatment durations8 and better hygiene. As a result of
the ability to remove the aligners, there are lower levels
of plaque and improved OH in aligner patients than in
patients treated with traditional braces.7

OH was better maintained in patients with removable
aligners than in those with traditionally bonded braces.
The present study showed that 94.3% of the aligner
patients were able to maintain or even improve their
OH during treatment, compared to 84.8% of the
traditional patients. This supports the notion that
teenagers treated with removable aligners have better
OH compliance and better scores on various measures
of OH than do patients in traditional braces.17 Aligners
allowed the patients to more effectively remove plaque
and comply with OH instructions.

There were differences in WSL formation within and
between jaws. The present study showed that WSLs
were more likely to develop on maxillary than on
mandibular teeth, as previously demonstrated.10,11 In
patients treated with traditional braces or aligners, the
number of WSLs was significantly greater in the
maxillary arch. The canines and maxillary lateral
incisors appear to be the teeth most susceptible to
WSLs. Gorelick et al.11 found the maxillary lateral

incisor to be the most frequently affected tooth. The
results of Ogaard18 and Mizrahi19 showed that the
maxillary laterals and mandibular canines were most
affected.

The present study was not without limitations. The
sensitivity of diagnosing WSLs could have been
increased using QLF or other more sensitive assess-
ment methods that can identify lesions before they
become visible. The fact that 85% of the aligner cases
and 48% of the fixed cases were drawn from the
private practice setting could have biased the results,
even though the OH instructions and management of
patients with poor OH were similar in both settings.
While the incidence of WSLs was slightly higher in the
school setting, the relative differences between treat-
ment modalities were similar, with very low incidences
of WSLs among aligner patients in both settings. Since
the incidence of WSLs among the traditional patients in
the present study was similar to rates previously
reported,1,2,10 the pretreatment differences in OH could
have been counteracted by the pretreatment differenc-
es in fluorosis. There also could have been group
differences in pretreatment complexity and treatment
results, which were not controlled for in the present
study. Finally, the longer treatment duration of the
traditional group could also explain some of the
differences, but aligner treatments are often shorter,8

and very few of the traditional patients were treated
beyond the 36 months shown to increase the risk of
developing WSLs.1 Randomized trials that control for
pretreatment complexity and treatment results are
needed to eliminate the pretreatment between-group
differences and to minimize differences in treatment
duration.

CONCLUSION

� Patients treated with aligners have less risk of
developing WSLs than do patients treated with
traditional braces.
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