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Camouflage effects following resin infiltration of postorthodontic white-spot

lesions in vivo:

One-year follow-up

Amely Ecksteina; Hans-Joachim Helmsb; Michael Knöselc

ABSTRACT
Objective: To assess camouflage effects by concealment of postorthodontic white-spot lesions
(WSLs) to sound adjacent enamel (SAE) achieved over 12 months with resin infiltration (Icon,
DMG, Hamburg, Germany).
Methods: Twenty subjects (trial teeth nteeth 5 111) who had received resin infiltration treatment of
noncavitated postorthodontic WSLs were contacted for a 1-year follow-up assessment of CIE-
L*a*b* colors (T12). Color and lightness (CIE-L*a*b*) data for WSLs and SAE were compared to
baseline data assessed before infiltration (T0) and those assessed after 6 months (T6), using a
spectrophotometer. The target parameter was the difference between the summarized color and
lightness values (DEWSL/SAE). Intergroup (WSL, SAE) and intertime comparisons (T0 vs T6, T12)
were performed using paired t-tests at a significance level of a 5 5%.
Results: Nine subjects (trial teeth nteeth 5 49; male/female ratio 5/4; age range 13–19 years) were
available at T12. After the highly significant reduction of DEWSL/SAE discrepancies between T0 and
T6, analysis of 12-month records revealed color and lightness discrepancy of WSL vs SAE that
was significantly decreased compared with baseline, indicating an assimilation of WSL color to
SAE appearance after infiltration, while an additional reduction of discrepancies between T6 and
T12 was not significant.
Conclusion: As color and lightness characteristics of the Icon infiltrant as well as the esthetic
camouflage effects achieved by WSL infiltration were not altered significantly or clinically relevant
after 12 months, the method of resin infiltration can be recommended for an enduring esthetic
improvement of postorthodontic WSL. (Angle Orthod. 2015;85:374–380.)

KEY WORDS: White spot lesion; Resin infiltration; Icon; Durability of camouflage effect; CIE-
L*a*b*; in vivo

INTRODUCTION

Formation of white spot lesions (WSLs) and incipient
caries has been described as typical unwanted side-
effects of fixed orthodontic therapy. Risk factors

include insufficient oral hygiene,1,2 individual salivary
buffering capacity and saliva flow rate,3 presence or
absence of local fluoridation,4 and inattentive surplus
etching of enamel surfaces that are not covered by
bracket bases or sealants.5 Recent research found the
incidence for at least one WSL to be between 46% and
73% of patients treated with fixed appliances.6,7 As
orthodontic therapy includes the use of fixed buccal
appliances in most patients, the handling of WSLs is a
matter that concerns almost every orthodontist. It is
accepted as good clinical practice that cavitated
lesions require restoration, whereas noncavitated
lesions should be arrested and/or remineralized by
preventive therapy.8

Preventive WSL therapy basically consists of com-
binations of local fluoridation and tooth brushing
abrasion,9–11 with or without an esthetic concealment
by external bleaching12 or by resin infiltration in order to
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Department of Orthodontics, University of Göttingen, 37099
Göttingen, Germany
(e-mail: mknoesel@yahoo.de)

Accepted: June 2014. Submitted: May 2014.
Published Online: August 15, 2014
G 2015 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/050914-334.1374Angle Orthodontist, Vol 85, No 3, 2015



stop the progression of demineralization.13 Remineral-
ization and abrasion by unimpeded tooth brushing
after bracket removal create a pseudo-intact WSL
surface layer that is smoother and harder than fresh,
active WSLs.9–11,14–18 A side effect of this is a slight
optical abatement of WSLs within the first 12 months
after debracketing; however, this rarely occurs to an
extent that results in an esthetically acceptable
dentofacial appearance.17,19 Other than inhibiting lesion
progression, treatment with resin infiltrants has been
proven to have the positive side-effect of improving the
appearance of WSLs, an effect that is due to the
similar refractive index of infiltrated and sound adja-
cent enamel areas.13,20,21 A recent 6-month randomized
controlled trial on the durability of this effect found that
there was a significant and clinically relevant abate-
ment of color and lightness differences between
infiltrated WSLs and sound adjacent enamel; there
were no significant changes in untreated control WSLs
at the same time.19

There is still a lack of information on the long-term
behavior of camouflage effects by lesion infiltration in
vivo. However, this information is needed, as patients
who are eligible for this kind of treatment need a valid
estimate of the durability of potential masking effects.

The aim of this study was to extend available
knowledge on the longevity of achieved color and
lightness assimilation between WSLs and sound
adjacent enamel (SAE) areas after resin infiltration in
vivo by reassessing previously infiltrated WSLs after
12 months and compared the findings to baseline and
6-month records.19

We tested the null hypothesis that there would be no
significantly different CIE-Lab DE-values between
WSL and SAE areas of assessments after 12 months
(T12) compared with those at baseline and after
6 months (T6).

SUBJECTS AND METHODS

This study is a follow-up of patients treated with
WSL infiltration during a single-center, split-mouth

controlled simple-randomized trial. Full ethical approv-
al was obtained from the University of Göttingen Ethics
Committee, and all patients and their guardians gave
informed consent before the start of the trial. In those
patients, postorthodontic WSLs in the treatment
quadrants were infiltrated according to the producer’s
instruction sheet (Icon, DMG, Hamburg, Germany).
Conditioning of WSL and SAE surfaces was by 15%
HCL gel (Icon-Etch, DNG) and subsequent application
of the drying solution (Icon-Dry, DMG), and has been
iterated in cases of engrained lesions and those with
hardened surface layers. Numbers of additional
etching intervals have been determined by visual
assessment after each of the etch/dry intervals to
achieve individual, customized intensities of WSL
surface conditioning (Table 1).19

As part of the agreement made with the patients
before starting the trial, the original control quadrants
were also infiltrated after the first 6 months. Therefore,
CIE-Lab values after 12 months (T12) were compared
with baseline assessments (T0) and 6-month results
(T6).

Original inclusion criteria for subject recruitment
included multibracket induced WSLs and completed
debracketing; exclusion criteria were cavitated lesions
as well as filled, restored, and deciduous teeth. During
the trial, participants were given the same type of
toothbrushes (Oral-B Classic Care, Procter & Gamble,
Cincinnati, Ohio) and dentifrices (elmex, GABA,
Lörrach, Germany) for oral hygiene home care.

Subjects

Of 20 contacted subjects (10 boys, 11 girls; mean
age 15.5 years; n 5 231 teeth; 114 control/117
treatment teeth) who received resin infiltration treat-
ment of nteeth 5 111 nonrestored, noncavitated
(postorthodontic) WSLs after multibracket treatment
at the Department of Orthodontics, University of
Göttingen (Germany), nine subjects (trial teeth nteeth

5 49; male/female ratio 5/4; age range, 13–19 years;
mean age, 5.89 years; response rate, 45%) were

Table 1. Time Points and Intensity of Etching and Infiltration Treatment

Subject No.

Subject’s Primarily

Assigned Number19

Infiltrated

Teeth (n)

Total Etching

Duration (Min)

Time Elapsed Following

Debracketing (Mo)

1 6 6 6 9

2 8 6 6 12

3 12 6 8 9

4 13 6 6 3

5 14 4 7 1

6 15 6 7 1

7 17 6 8 4

8 19 5 8 2

9 20 4 8 1

Total: 49 Mean (SD): 7.1 (0.93) Mean (SD): 4.67 (4.2)
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available for a 12-month follow-up (T12). Table I gives
specific details on the subjects’ treatment and the time
lapse between debracketing and infiltration.

Method

Extent and longevity of assimilation of WSLs and
SAE have been assessed by comparing CIE (L*a*b*)
enamel color and lightness data recorded before
infiltration (baseline, T0), directly after infiltration
(T1a), and after 6 months (T6);19 those assessments
were compared with WSL and SAE records taken after
12 months (T12). The experimental setup was identical
to that at previous assessment times. The same
intraoral spectrophotometer (ShadePilot, Degudent,
Hanau-Wolfgang, Germany) was used by the same
operator as before at the Department of Orthodontics,
University of Göttingen. In order to achieve the highest
possible level of standardization during this in vivo trial,
measurements were performed with the patient’s lips
closed to exclude the distortive variation of ambient
light. We used the system-immanent target caption to
retrieve the exact locations of infiltrated WSLs and
previously used SAE control areas. As a positive side-
effect, variation in the patient’s head position during
CIE-(L*a*b*) assessments was compensated for and
did not negatively affect the measurements.22

Statistical Analysis

Means and 95% confidence intervals were calculat-
ed for lightness color parameters L*, a*, and b*
separately for WSL and sound enamel. The target

parameter was the difference between the summa-
rized color and lightness values (DE of WSL vs. SAE).
The WSL and SAE color and lightness charac-
teristics (CIE-L*a*b*) were each summarized by
DE-values for both an intragroup/intertime area com-
parison at different time points and an intergroup area
comparison:

DE(Par 1{Par 2)~

LPar 1{LPar 2ð Þ2z aPar 1{aPar 2ð Þ2z bPar 1{bPar 2ð Þ2
h i1=2

All intergroup (WSL and sound enamel) and intertime
comparisons (T0 vs T6 and T12) were performed
using paired t-tests, and the significance level was set
at a 5 5%. Statistical analyses were performed with
Statistica 10 (StatSoft, Tulsa, Okla).

Method Error Assessment

The accuracy of the spectrophotometer in recording
CIE-L*a*b* values has been determined by 10-time
repeated pretrial assessments by two assessors.
Variance in measurements and the results of intra-
and interoperator method error have been published19

and ranged from 0.16 units (L* value, upper incisor) to
0.82 units (a* value, upper incisor), corroborating
previous assessments of the accuracy of the same
type of spectrophotometer.23 Furthermore, the CIE-a*/
b* color value correlations at T0, T6, and T12 were
computed for all trial participants who stayed in the
study until T12 for testing the veridicality of assessed
color values. 24 At T0, a*/b* correlations were r 5 0.283

Table 2. Descriptive Statistics: CIE-L*-, a*, and b* Values of infiltrated WSLs, SAE Values, and WSL/SAE Differences at Distinct Time Pointsa,b

Time Points Compared

Area

L*a*b*

Value Mean 6 SD (Time 1)

Mean 6 SD

(Time 2) Difference P CI, 95%Time 1 Time 2

T0 T6 WSL L 72.55 6 3.448 70.88 6 3.488 1.6764 .0075 [0.468; 2.884]

T0 T12 WSL L 72.55 6 3.448 70.37 6 3.162 2.1852 ,.001 [0.988; 3.382]

T0 T6 SAE L 72.8 6 2.915 72.74 6 2.343 0.0541 .85 [20.511; 0.620]

T0 T12 SAE L 72.8 6 2.915 72.50 6 2.206 0.2995 .42 [20.433; 1.032]

T0 T6 WSL-SAE Diff L 20.245 6 2.729 21.867 6 3.336 1.6222 .0025 [0.596; 2.647]

T0 T12 WSL-SAE Diff L 20.245 6 2.729 22.130 6 2.942 1.8856 ,.001 [0.968; 2.802]

T0 T6 WSL a 6.544 6 2.207 7.563 6 2.465 21.019 ,.001 [21.501; 20.5384]

T0 T12 WSL a 6.544 6 2.207 7.995 6 2.668 21.451 ,.001 [22.204; 20.698]

T0 T6 SAE a 5.394 6 1.520 5.280 6 1.657 0.1141 .35 [20.128; 0.356]

T0 T12 SAE a 5.394 6 1.520 5.383 6 1.605 0.0116 .95 [20.327; 0.351]

T0 T6 WSL-SAE Diff a 1.149 6 2.112 2.283 6 2.195 21.1337 ,.001 [21.565; 20.701]

T0 T12 WSL-SAE Diff a 1.149 6 2.112 2.612 6 2.301 21.4631 ,.001 [22.034; 20.891]

T0 T6 WSL b 16.242 6 5.313 20.481 6 4.682 24.2385 ,.001 [25.939; 22.537]

T0 T12 WSL b 16.242 6 5.313 21.877 6 3.466 25.6349 ,.001 [27.513; 23.756]

T0 T6 SAE b 20.721 6 3.572 22.555 6 3.396 21.8341 ,.001 [22.389; 21.278]

T0 T12 SAE b 20.721 6 3.572 22.710 6 3.373 21.9896 ,.001 [22.687; 21.292]

T0 T6 WSL-SAE Diff b 24.478 6 6.929 22.074 6 5.123 22.4043 .001 [23.813; 20.994]

T0 T12 WSL-SAE Diff b 24.478 6 6.929 20.833 6 3.458 23.6452 ,.001 [25.441; 21.848]

a Data are dependent, that is, each value has been compared with its baseline value.
b WSL indicates white-spot lesion; SAE, sound adjacent enamel; SD, standard deviation; CI, confidence interval; diff, difference.
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(P 5 .049) for WSL and r 5 0.504 (P , .001) for SAE.
At T6, the correlation structure was nearly identical
with r 5 0.289 (P 5 .044) and r 5 .64 (P , .001) for
SAE. At T12, a*/b* correlations were r5 0.13 (P 5

.385) for WSL and r 5 0.638 (P , .0001) for SAE.

RESULTS

Development and comparisons of segregated CIE-
L*a*b* values of infiltrated WSL and SAE areas at the
distinct time points are shown in Table 2. Analysis of
the nine available subjects (trial teeth nteeth 5 49; nsites

5 96) at T12 revealed a decrease in summarized color
and lightness WSL/SAE discrepancy by DE (WSL/
SAE) after 12 months (T12, 5.546 units) compared
with the baseline data (T0, 8.149), and to the 6-month
follow up assessments (T6, 6.33 units), indicating an
assimilation of WSL color to SAE appearance after
infiltration that is even slightly increased after
12 months (Tables 3 and 4; Figures 1 and 2). The
reduction of the DEWSL/SAE discrepancy between T6
and T12, however, was not significant.

The null hypothesis was rejected: Highly significant
color differences that were achieved by infiltration and
persisted for 6 months (T0 and T6 assessments, [19])
persisted after 12 months as confirmed by analysis of
T0-T12 assessments (P , .0001) (Table 3).

DISCUSSION

The Icon resin infiltrant’s capability in concealing
postorthodontic caries lesions has recently been the
subject of short-term studies, case reports, and in vitro
research,20,21,25–27 and those studies indicate a clinically
relevant optical harmonization of infiltrated WSL with

adjacent enamel. A recent 6-month randomized
controlled trial on the longevity of this effect reported
a stability of the infiltrants and achieved esthetic
assimilation of color and lightness differences between
infiltrated WSL and SAE, but no significant changes in
untreated control WSL at the same time.19 The current
follow-up assessment of the lesions infiltrated in the
previous randomized controlled trial was conducted as
there are currently no other long-term data on the color
stability of the resin infiltrant in vivo available. Also,
against the background of the known potential risks of
excessive surplus etching during orthodontic bonding,5

there is currently no information on the long-term
integrity and potential color changes of the SAEs
available, which are likewise etched with the HCl-gel
as the adjacent WSL.

It has been shown that the surface hardness and
smoothness, as well as dimensions and depths, of WSL
are decisive factors for success or failure in concealing
postorthodontic lesions. In general, lesions of smaller
dimensions with surface structures that are less
smoothed and remineralized after bracket removal
require fewer etching intervals and allow for a deeper
penetration of the infiltrant, yielding treatment results
that are esthetically more appealing.19 In the subjects
available for this follow-up, infiltration was carried out at
a mean time of 4.7 months after debonding. In order to
remove the hard pseudo-intact surface layer of the
lesions, etching intervals of up to 8 minutes were
necessary, each at 1- or 2-minute intervals. Previous
investigations have reported a penetration depth of
approximately 30 mm per 2-minute etching interval.28

The subjects that were available for this follow-up had a
total mean etching duration of 7.1 minutes.

Table 3. Intergroup Comparison of Summarized Mean Color Differences (DE Between WSL and SAE) Between Different Assessments (T0,

T6, T12)a,b

Time Points Compared

Parameter Mean 6 SD (Time 1) Mean 6 SD (Time 2) Difference P CI 95%Time 1 Time 2

T0 T6 DEWSL/SAE 8.15 6 3.74 6.33 6 3.81 1.81 ,.001 [0.844; 2.786]

T0 T12 DEWSL/SAE 8.15 6 3.74 5.55 6 2.61 2.60 ,.001 [1.449; 3.757]

T6 T12 DEWSL/SAE 6.33 6 3.81 5.55 6 2.61 0.79 .08 [20.095; 1.671]

a There was a decrease in summarized color and lightness differences between WSL and SAE as well as WSL/SAE differences by DEWSL/SAE

at the distinct time points T6 and T12. P values indicate significance to previous assessments.
b WSL indicates white-spot lesion; SAE, sound adjacent enamel; SD, standard deviation; CI, confidence interval.

Table 4. Intragroup/Intertime Comparisons of Mean Color Change (DE Between Different Time Points) Between WSLs and SAEa,b

Areas Compared Time Difference Mean 6 SD (Area 1) Mean 6 SD (Area 2) Difference P CI 95%

WSL SAE T0-T6 7.54 6 4.46 2.91 6 1.77 4.63 ,.001 [3.536; 5.718]

WSL SAE T0-T12 8.83 6 5.17 3.51 6 2.31 5.32 ,.001 [4.095; 6.552]

WSL SAE T6-T12 2.69 6 5.66 1.14 6 2.09 1.56 .01 [0.343; 2.775]

b Paired t-tests revealed highly significant differences for summarized color and lightness values of WSL and SAE areas (DEWSL; DESAE)

between baseline and after 6 months (T6) or 12 months (T12).
b WSL indicates white-spot lesion; SAE, sound adjacent enamel; SD, standard deviation; CI, confidence interval.
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Twelve-Month Changes of Segregated Color or
Lightness Values

At T12, the WSL’s lightness value L* was significantly
decreased by a mean of about 0.5 units compared with
the baseline, in contrast to the records taken at T6
(Table 1). The SAE areas did not change significantly at
the same time. That is, in terms of lightness, the
infiltrated WSLs approximate adjacent enamel areas
even more; however, it is doubtful that an improvement
of an average of 0.5 units on the lightness scale is more
than meets the eye.29 Also, no further significant
changes in the color (a*, b*) values of the also etched
and treated SAE areas were observed after 12 months,
other than the change of b* value in both areas that had
already been detected before the 6-month trial. Though
statistically significant, this change on the axis from blue
to yellow is also not considered clinically relevant as the
absolute mean changes in b* value are smaller than the
threshold value needed for detection by the naked
eye.29 Beyond that, the patients reported no important
adverse events or side-effects during the 12-month
period after infiltration.

Total Effect on Summarized Color and Lightness
Development After 12 Months

Despite a further reduction of 1.81 in the summa-
rized color and lightness discrepancy between WSL

and SAE areas after T6 (mean DEWSL/SAE discrepancy
was lowered from 6.3 units at T6 to 5.5 units at T12),
this decrease of the DEWSL/SAE discrepancy between
T6 and T12 was found to be neither statistically
significant nor clinically relevant.29 That is, WSL
camouflage effects achieved by resin infiltration were
found to be stable in color with no significant changes
over 12 months, and the null hypothesis of no
significant color and lightness changes of infiltrated
WSL after 12 months in vivo was rejected. Therefore,
on the basis of assessed color and lightness discrep-
ancies between WSL and SAE, the method of resin
infiltration can be recommended as an enduring
improvement of postorthodontic WSL. Future research
will be concerned with follow-up assessments of the
teeth investigated in this trial.

Beyond the ambit of postorthodontic WSL, the
technique of resin infiltration has been shown to be
have abilities not only for inhibiting the progression of
caries lesions and concealing WSL but also for
improving the appearance of dental fluorosis30,31 or
penetrating enamel affected by molar-incisor hypomin-
eralization.32 It may be expected that infiltration will be
an established treatment option for these indications in
a few years. However, despite the excellent short-term
reports provided, there is still a paucity of available
information on the long-term durability of those
camouflage effects in vivo.

Figure 1. Color difference between white-spot lesions (WSLs) and sound adjacent enamel (SAE) at various assessment time points.The t-tests

detected highly significant differences for summarized color and lightness values (DE CIE-L*a*b* b) of the WSL vs SAE areas between baseline

measurements and measures taken 6 months (T6) or 12 months (T12) after infiltration. A further reduction of DE values between T6 and T12 was

not found to be significant.
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CONCLUSIONS

N The optical appearance of WSL was improved by
lesion infiltration.

N The infiltrant material and the achieved concealment of
WSL with SAE were stable over a period of 12 months
in vivo; no statistically significant or clinically relevant
additional color or lightness alterations were noted
between 6 and 12 months after infiltration, allowing for
a valid estimate of the durability of esthetic effects.

N The patients reported no important adverse events or
side-effects during the 12-month period following
infiltration.
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