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ABSTRACT

Background: The purpose of this randomized single-blind clinical trial was to assess the
aesthetic improvement and changes in area of white spot lesions (WSL) restored with resin
infiltration.

Materials & Methods: A total of 20 patients with WSL that formed during orthodontic
treatment on maxillary anterior teeth were selected from the Oregon Health & Science
University orthodontic clinic. Among teeth with a WSL, one tooth per patient was randomly
assigned to the control group (n=20) and the remaining teeth assigned to the treatment group
(n=46). Teeth in the treatment group were restored using a resin infiltration technique (ICON®
Etch; DMG America, Englewood, NJ). Photographic images of the teeth were made at the start
of the treatment appointment (T1), at the end of the appointment (T2), and 8 weeks later (T3).
Orthodontists evaluated the photographs for WSL changes T1 to T2 and T1 to T3 using a visual
analog scale (VAS; 0 = no change; 100 = complete disappearance). WSL area was also measured
at Veach time point using morphometric software. VAS and area measurement data were analyzed
using ANOVA.

Results: The mean VAS ratings for teeth treated with resin infiltration showed highly
significant improvement relative to control teeth at T2 (67.7 vs. 5.2; p<0.001) and T3 (65.9 vs.
9.2; p<0.001). The mean percent reduction in area for WSL treated with resin infiltration was
61.8% at T2 and 60.9% at T3, highly significant reductions compared to control teeth (-3.3%;
p<0.001).

Conclusions: Resin infiltration significantly improves the clinical appearance and reduces the

size of the WSL.



Clinical Implications: Resin infiltration is an effective and minimally invasive treatment for

WSL.
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INTRODUCTION

Enamel white spot lesions (WSL), an outcome of enamel demineralization, are common
sequela of poor oral hygiene. The presence of fixed orthodontic appliances makes oral hygiene
more difficult increasing susceptibility to WSL formation. 12 Reported prevalence of WSL in
orthodontic patients ranges from 4.9%3 to 97% 4, with a recent study showing 72.9% of patients
developing a new WSL during treatment. 5 Subsurface enamel porosities associated WSL are
caused by a cyclical imbalance between demineralization and remineralization resulting from an
acidic environment created by cariogenic bacteria. ¢ With time, remineralization at the outer
surface of the lesion decreases access of ions to deeper portions of the lesion resulting in an
arrest of the remineralization process. 278 The lesion’s opaque white appearance is due to
scattering of light at the subsurface demineralized enamel. 69 WSL may naturally regress due to
salivary remineralization and toothbrush abrasion, however complete regression does not occur
for most lesions. 1011 Regression following orthodontic appliance removal predominantly occurs
in the first three months and lesions present after this time are likely to remain. 12

Treatment options for WSL range from topical remineralization therapy to restoring the
lesions. Improvements from remineralization therapy using casein phosphopeptide amorphous
calcium phosphate (CPP-ACP), 13 low concentration fluoride, 14 or a combination , 15 are small
and often clinically insignificant. 16 Bleaching results in limited aesthetic improvement and has
been associated with tooth sensitivity and a reduction in microhardness of enamel. 1719 [
general, complete remineralization of WSL typically does not occur using topical applications of
various products. 20

Other treatment options for WSL include microabrasion and restoration. While

microabrasion can remove WSL, the technique has the potential to remove large amounts of
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enamel. 1621 Traditional composite restorations, veneers, and crowns require removal of enamel
beyond the demineralized zone and into dentin. 22 Because orthodontic WSL predominantly
affect a young patient population, the long-term prognosis of the restored teeth is a significant
concern. Considering the invasiveness of microabrasion or traditional restorations compared to
the relatively small amount of demineralized enamel in WSL, a less invasive restorative
technique would be more ideal.

Resin infiltration is a minimally-invasive restorative treatment option involving
penetration of a resin into the body of the WSL with minimal removal of enamel. 23 With this
method, the outer layer of sound remineralized enamel is removed with an acid etchant exposing
the demineralized lesion body, and the lesion is subsequently filled with a low viscosity resin. 23
In vitro studies have shown significant masking of white spot lesions using resin infiltration
techniques. 2426 Initial in vivo case reports have been promising, showing immediate significant
improvement of WSL. 2728 Although resin infiltration has been used for restoration of
interproximal incipient caries, there are currently no randomized clinical trials evaluating resin
infiltration of WSL.

The purpose of this randomized single-blind clinical trial was to assess the aesthetic
improvement and changes in area of WSL restored with resin infiltration. Patients that developed
WSL during orthodontic treatment were treated with a commercially available resin infiltration
system. Photographic images were made of WSL before (T1), immediately after treatment (T2)
and eight weeks later (T3). The photographic images were rated by orthodontists for changes in
WSL appearance and were used to measure changes in WSL area. Our hypothesis was that WSL
restored with resin infiltration would have improved appearance and reduced area compared to

untreated WSL.
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METHODS & MATERIALS
Sample

Approval for this study was obtained from the Oregon Health & Science University
(OHSU) Institutional Review Board. Power analysis, based on changes in WSL restored with

resin infiltration as reported in a previous study. 28 showed a minimum sample size of 20 patients

b

to show significance at a power of 80%. Patient allocation followed CONSORT guidelines (Fig.
1). 29 Twenty-three patients were selected from the OHSU orthodontic clinic, with three patients
subsequently lost to attrition, resulting in a final sample of 20.

Initial screening for inclusion was based on WSL observed in intraoral photographs
obtained immediately after removal of braces. Additional inclusion criteria included: white spots
visible on at least two maxillary anterior teeth, absence of any pre-existing (before orthodontic
treatment) white spots, patient age range from 12-30 years, no previous treatment of WSL, at
least 3 months time elapsed since removal of appliances, International Caries Detection and
Assessment Score (ICDAS) 30 code of 2-3 (enamel opacity with smooth enamel surface or some
enamel roughness, respectively), and absence of caries. At a clinical examination, the presence
of WSL was confirmed using the ICDAS and the presence of staining was recorded. Other
information collected from the patient’s chart included: gender, age, time in braces, and time
elapsed since braces removal. For the 20 patients who completed the study, a total of 66 teeth
met the inclusion criteria. Among the qualified teeth, each patient had one randomly selected to
serve as a control (no treatment; n=20) and the remainder were assigned to the treatment group
(n=46). Due to reports of variable treatment responses, 2728 allocation of teeth was biased toward
the treatment group to maximize the number of teeth treated.

Resin Infiltration
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Resin infiltration protocol was slightly modified from manufacturer’s (ICON®; DMG
America, Englewood, NJ) instructions. Patients wore protective glasses and a dry field isolation
system (NOLA™, Great Lakes Orthodontics, Tonawanda, NY) was placed. Teeth in both groups
were cleaned with a rubber cup and plain pumice (Miltex, York, PA), rinsed for 30 seconds, air
dried for 30 seconds, and photographs were made (T1).

WSL on teeth in the treatment group were abraded with a fine grit polishing disc (EP
system; Brasseler, Savannah, GA). A 15% hydrochloric acid gel (ICON® Etch; DMG America)
was placed on the WSL for 2 minutes. The etching gel was rinsed for 30 seconds and then air
dried for 30 seconds. The etch, rinse, and dry steps were repeated, after which the lesions were
desiccated using ethanol (ICON® Dry; DMG America) and air dried for 30 seconds. The resin
infiltrant ICON® Infiltrant; DMG America) was applied to the surface and allowed to penetrate
the lesion for 3 minutes. Excess material was wiped away from the surface using a cotton roll,
and then light curing (1600 mW/cm?) was applied for 40 seconds. The resin infiltrant was re-
applied for 1 minute, excess was removed and the material was again light cured for 40 seconds.
Excess resin in the proximal spaces was removed using dental floss. The facial surface was
polished using a polishing cup (Enhance®, Dentsply, York, PA). The teeth were evaluated by
recording ICDAS and the presence of staining and any restoration irregularity. Photographic
images were again made (T2).

Patients were given standard oral hygiene supplies (toothpaste, toothbrush, and dental
floss) and instructions for homecare. After 8 weeks the patients returned, their anterior teeth were
again isolated, cleaned with pumice, rinsed, air dried, evaluated and photographed (T3).

Photography and Orthodontist Evaluation of WSL
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Standardized photographic images of each tooth were made at the three time points using
a digital camera (Nikon D60, Nikon, Tokyo, Japan) with a macro lens (Macro Rokkor-X
100mm; Minolta, Tokyo, Japan) and a point-source flash (Maxwell 303H, Maxwell
Technologies, San Diego, CA) positioned at a fixed focal distance from the subject. Tooth
surfaces were dried immediately before the images were made to exclude the influence of
moisture on WSL appearance. The photographic images of the teeth were cropped and placed
into a series of PowerPoint™ slides. For each tooth, images were shown side by side to compare
T1 to T2, or T1 to T3, with the image pairs being randomly ordered among the control and
experimental teeth and time points. Raters (5 orthodontic faculty members) were calibrated
through a series of 6 slides and then asked to rate aesthetic changes of the WSL for each tooth by
marking a 100 mm visual analog scale (VAS), with a mark at 0 indicating no improvement and a
mark at 100 representing complete disappearance of the WSL. Due to the large number of
comparisons (152), raters were given one of two sequenced versions of the slides to avoid
systematic bias associated with rater fatigue; each sequence included 20 repeat image pairs to
assess intra-rater reliability.
WSL Area Calculation

Image file names were encoded to ensure the investigator was blinded. WSL area was
measured using an image analysis program (ImageJ, NIH, Bethesda, MD). Facial surfaces of the
teeth and WSL were traced from each of the three time points. A photographic image of a ruler
made at the fixed focal distance was used for calibration. The area (mmz) of each tooth and
corresponding WSL was used to calculate the percent change in WSL area at T2 and T3 by
comparing T1 to T2 and T1 to T3. Measurements of 20 WSL were repeated to evaluate method

€ITOr.
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Statistical Analysis

Orthodontists® VAS ratings were averaged for each tooth and time point, and analyzed
using Repeated Measures ANOVA. Percent area change in WSL was also analyzed using
Repeated Measures ANOVA. The factors of age, gender, time elapsed since appliance removal,
treatment duration, tooth type, and WSL initial severity were analyzed using Repeated
Measures ANOVA for effect on VAS and percent area change for treatment teeth. Inter-rater
reliability for VAS method was calculated using Pearson correlation coefficients for the 5 raters,
31 Pearson correlation coefficients were also used to measure intra-rater reliability for VAS and
area calculation methods. 31 Method error for area measurements was calculated using the

Dahlberg formula. 32

RESULTS
Clinical Examination

A stippled surface texture was observed at T2 and T3 on most teeth restored with resin
infiltration. No other irregularities in resin infiltration restorations were observed. ICDAS and
staining data were not included in the final analysis due to low number of teeth having ICDAS
score of 3 (n=4) and presence of staining (n=>5). All teeth in the treatment group with ICDAS 3 at
T1 were ICDAS 2 at T2 and 13. All teeth in the treatment group that had staining at T1 no
longer had staining at T2 and T3.
Orthodontist Evaluation of WSL

Teeth that received treatment (Fig. 2-4) had significantly higher VAS ratings (Fig. 5) than
control teeth. At T2 the mean VAS rating for teeth that received treatment was 67.7 compared to

5.2 for control teeth (P<0.001; Fig. 5) and at T3 the mean VAS rating for teeth that received
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treatment was 65.9 compared to 9.2 for control teeth (P<0.001; Fig. 5). Within treatment and
control groups there was no significant difference in VAS ratings when comparing changes at T2
to those found at T3.

The factors of age, gender, tooth type, time in appliances, time elapsed since appliance
removal, and initial severity did not have a significant effect on VAS ratings in treatment teeth
(Table 1). Pearson correlation coefficients were high for intra-rater reliability, ranging from
1=0.97 to r=0.99 for the 5 raters. Pearson correlation coefficient for inter-rater reliability was also
strong (1=0.97) among the 5 raters. Standard deviations for the VAS ratings were relatively high
at T2 (SD=22.3) and T3 (SD=26.6) for teeth treated with resin infiltration (Figs. 5, 6).

WSL Area Calculation

Treatment teeth had a highly significant greater percent reduction of POWSL area than
control teeth (Fig. 7). At T2 the mean percent reduction for teeth receiving treatment was 61.8%
compared to -3.3% for control teeth (P<0.001; Fig. 7). Similarly, at T3 the mean percent
reduction for teeth receiving treatment was 60.9% compared to 1.0% for control teeth (P<0.001:
Fig. 7). There was no significant difference in percent reduction when comparing changes found
at T2 to those at T3 within treatment and control groups. Standard deviations were relatively
high at T2 (SD=23.9%) and T3 (SD=24.2%)) for teeth treated with resin infiltration. Method error
for area measurement was 0.47 mm?” relative to initial WSL areas that ranged from 1.1 mm® to
42.9 mm®. The factors of age, gender, tooth type, time in appliances, time elapsed since
appliance removal, and initial severity did not have a significant effect on WSL percent

reduction in treatment teeth (Table 1).

DISCUSSION
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While resin infiltration was proposed as a restorative treatment for WSL nearly 40 years
ago, 33 advances in technique and materials have resulted in a more effective approach that has
been proposed as a treatment for WSL caused by demineralization. 23 Results of this study show
that resin infiltration of WSL can predictably significantly improve the aesthetics of most teeth.
Reduction in WSL VAS ratings and area measurements indicated a high level of WSL
amelioration in treatment teeth compared to no change in control teeth. These results are similar
to those found in a case series by Kim and associates where 17 out of 18 orthodontic WSL
treated with resin infiltration were completely or partial masked. 28

The resin infiltration method employed in our study used minor modifications to the
manufacturer’s instructions. We chose to use the NOLA™ isolation system because use of a
rubber dam, as suggested by the manufacturer in order to prevent moisture contamination and
protect the gingiva from the hydrochloric acid etchant, would have interfered with access to
WSL near the gingival margins. We also abraded all WSL prior to etching to enhance
effectiveness of the etchant. The variation in outcomes for teeth treated with resin infiltration
may have been due to variations in lesion anatomy, with thickness of the superficial
remineralized layer being the biggest factor. 25 The remineralized layer thickness has been found
to vary considerably, with the majority of lesions having a surface layer thickness between 20
and 60um. 34351t is possible that teeth in the treatment group that had better outcomes had more
complete removal of this remineralized layer, while those with little WSL improvement had
insufficient removal.

The WSL evaluation method was designed to give a subjective (VAS rating) and an
objective (area measurement) means for measuring outcomes. Despite the availability of

technology-based methods for WSL evaluation (e.g., quantitative light fluorescence), results of
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visual evaluation of photographs have been found to most closely match patients’ perceptions of
esthetic concerns. 36 The main disadvantages of orthodontists’ rating WSL are bias and lack of
validity, 3¢ however raters were blinded, reducing bias, and inclusion criteria were designed to
increase validity by eliminating patients with WSL that had been treated or were present before
orthodontic treatment. The investigator measuring WSL area was also blinded reducing any
potential for bias. Reliability of the assessment methods employed were demonstrated by the
relatively low method error (0.47mm?) for the area measurements and by strong intra-rater (mean
r=0.98) and inter-rater (r=0.97) reliability for the VAS ratings.

Gender, age, time in braces, time elapsed since appliance removal, tooth type, and WSL
initial severity had no statistically significant affect on outcomes for WSL restored with resin
infiltration. The negative findings likely relate to the methods and in particular the selection
criteria used in this study. For example, initial severity was defined as the percent of the tooth
covered by WSL at T1 and did not take into account other anatomical factors such as lesion
depth, a variable that could potentially influence the results. 25 Furthermore, it is known that
enamel becomes less permeable with age 3738 and that WSL surface layer thickness may increase
with time elapsed since removal of appliances and subsequent improved oral hygiene. 3¢ Such
factors could account in part for the somewhat high standard deviations found in our results, and
present potential topics for future investigation. With broadened selection criteria, it may be
possible to determine if age and duration of the WSL impact the results of resin infiltration
restoration.

While WSL are often unaesthetic, previous studies have shown that they are stable long-
term and normally do not progress to caries. 24 In the current study, differences in assessments of

control teeth at all time points were negligible. With treated teeth, clinical examination at T2 and
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T3 showed no staining, open margins, ledges, or wear with the resin ihﬁltration restoration.
While the stippled surface texture seen on close examination of the restorations could be viewed
as a minor defect, we found that the texture could be easily removed at a later date with use of
more aggressive polishing discs (data not shown). Studies have found that with interproximal
incipient carious lesions, the defects can be predictably infiltrated, 23 caries progression rate is
reduced, 2> and placement of more invasive restorations can be delayed. 39 Although in the
present study the restored lesions were stable over the 8-week period, long-term outcomes of
WSL resin infiltration restorations are unknown.

Results of the current study are consistent with previous reports showing that because
resin infiltration is effective and relatively non-invasive, the approach holds advantages over
other options for WSL treatment. 233539 High concentration fluoride has been contraindicated as
this approach enhances remineralization of the superficial layer of the lesion, accelerating the
arrest of remineralization in the subsurface portion of the WSL, 4041 Although micro abrasion has
been shown to remove WSL, resulting in 83% to 97% reductions in area, the procedure
inherently removes up to 360 um of the demineralized enamel, 16172142 By comparison, the two
rounds of etching with HC! used in our protocol have been shown to remove approximately 80
pm of enamel. 34 It has been demonstrated in vitro that resin infiltration can exceed a depth of
400 um, making complete infiltration of deeper WSL possible. 43 Traditional composite
restorations, veneers, and crowns require removal of enamel, and matching natural tooth shade
and opacity can pose aesthetic challenges, especially in the anterior region. The resin used in this
study (ICON® Infiltrant; DMG America) is unfilled and has optical properties similar to that of
natural enamel, effectively transmitting the natural shade of the tooth, 44 Thus, based on current

evidence, resin infiltration may be the treatment of choice for WSL that fail to regress naturally.
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CONCLUSIONS

1. Resin infiltration significantly improves the clinical appearance and reduces the size of WSL.

2. The clinical appearance of WSL restored with resin infiltration is stable for at least 8 weeks.
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Figure Legends

Figure 1: CONSORT Flow Diagram

Figure 2: Example of an above average response to resin infiltration. T1 left image, T3 right
image, Mean VAS: 89, Percent reduction: 81%

Figure 3: Example of an average response to resin infiltration. T1 left image, T3 right image,
Mean VAS: 70, Percent reduction: 58%

Figure 4: Example of a below average response to resin infiltration. T1 left image, T3 right
image, Mean VAS: 19, Percent reduction: 23%

Figure 5: VAS results (means and standard deviations) by group and time: Treatment teeth
showed statistically higher VAS ratings than control teeth at T2 and T3 (both p<0.001).
Within control teeth group and within treatment teeth group there was no statistical
difference in VAS ratings between T2 and T3.

Figure 6: Mean VAS results T1 to T3 for each treated tooth, by patient. Note that with some
patients treatment results were relatively consistent among teeth, whereas with other
patients there was variability.

Figure 7: Percent change in area of WSL T1 to T2 (T2), and T1 to T3 (T3). Treatment teeth
showed a high percent reduction compared to control teeth at T2 and T3 (both p<0.001).
Comparisons within control and treatment teeth groups showed no differences between

T2 and T3 measurements.
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CONSORT 2012 Flow Diagram
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Table 1: Factors for VAS ratings and percent reduction in treatment teeth (T1-T2 only)

Factor N Mean SD Min | Max P Value P Value
(VAS) (%reduction)
Age (years) 20 16.6 1.8 14 21 0.1936 0.3913
Gender 20 NA NA NA NA 0.9055 0.4220
Time in Braces 20 32.5 8.4 21 48 0.6386 0.5918
(months)
Time elapsed 20 12.3 L IS 3 48 0.1769 0.2562
since removal
(months)
Tooth type 46 NA NA NA NA 0.1548 0.3055
Severity (% of 46 25.0 16.16 1.6 79.1 0.2815 0.7124
tooth w/ WSL at
T1)
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LITERATURE REVIEW

SPECIFIC AIMS

Enamel demineralization is a common iatrogenic effect associated with orthodontic fixed
appliance therapy (Goerlick 81, Ogaard 89, Ogaard 04). The esthetic goals of orthodontic
treatment are directly compromised by white spot lesions (WSL), this can be extremely
frustrating for both the clinician and the patient. It can be difficult if not impossible to
completely remineralize WSL(Ogaard08). Furthermore, in a small percentage of orthodontic
patients demineralization can progress to the point of frank cavitation requiring restoration
(Goerlick82), resulting in a negative change in long term prognosis of these teeth.

Reported prevalence of WSL in orthodontic patients ranges considerably from 4.9% (Goerlick
82) to 97% (Boersma 05) depending on preventative measures, assessment methods, and
variability of criteria utilized by investigators (Benham 09). Despite advances in other areas of
orthodontics WSL’s continue to be prevalent among post-orthodontic patients. A recent study by
Richter ef al showed 72.9% of post-orthodontic patients developed a new WSL during treatment
while 2.3% had cavitated lesions. Richter asserted that “ this widespread problem is alarming
and warrants significant attention from both patients and providers”(Richter 11).

Considerable variation in effectiveness of preventative measures is evident in the literature.
Despite the general agreement that fluoride can improve remineralization of early WSL there is
little consensus on effectiveness, method of delivery, or dose (Benson 05). Benson concluded
that there is a definite need for more high quality trials concerning WSL prevention protocols.
The lack of effective prevention of WSL is multi-factorial and extremely complex involving
prevention protocols, clinical factors, clinician factors, patient factors and their respective

interactions.
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Patients have multiple options for post-orthodontic WSL (PO WSL) treatment after fixed
appliance removal ranging from reliance on natural remineralization to restoration.
Unfortunately, salivary remineralization is highly variable ranging from continued
demineralization resulting in cavitation (Mitchell 92)to complete regression of the
WSL(Ogaard89). For the majority of patients complete remineralization of WSL does not occur
(Dirks 66, Ogaard 89) Various remineralization products, primarily fluoride, casein
phosphopeptide amorphous calcium phosphate (CPP-ACP), and a combination CPP-ACP and
fluoride , have shown contradictory results in the remineralization treatment of PO WSL
(Reynolds 97,03,08, Pulido 08, Ogaard 01, Steckson-Blicks07, Andersson 07) Some recent
studies provide in vitro evidence that CPP-ACP with fluoride shows increased remineralization
compared to CPP-ACP or fluoride alone (Reynolds 08, Kumar 08, Cochrane 08).

Restorative options for treatment of WSL include acid micro-abrasion, composite restoration,
veneers, and full coverage crowns. Recently resin infiltration has been proposed as a treatment
for post-orthodontic WSL. Resin infiltration is a micro-invasive procedure involving penetration
of a resin composite into the body of the WSL with minimal removal of existing enamel
(Kielbasa 09). In vitro studies have shown masking of WSL using resin infiltration techniques
(Paris 09, Gray02, Torres11) Initial in vivo results have been promising, showing immediate and
in some cases dramatic improvement of post-orthodontic WSL (Neuhaus 10,Kim 11) The results
from a clinical trial by Kim ez a/ showed complete masking of post-orthodontic WSL in 61% of
patients while 33% had partial masking (Kim 11) Although resin infiltration has been utilized
for restoration of interproximal incipient caries for some time, there is a lack of research

regarding resin infiltration of post-orthodontic WSL .
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To my knowledge there have not been any in vivo clinical trials evaluating the efficacy of resin
infiltration. We propose a randomized clinical trial at the Oregon Health & and Science
University Department of Orthodontics evaluating the effectiveness of resin infiltration (Icon™
Resin Infiltration System) in the treatment of post-orthodontic WSL. A split mouth study design
will be used with each patient having one tooth with a WSL selected as a control (no treatment)
and the remaining teeth with WSL being treated with resin infiltration.

Specific Aim: Our objective is to compare outcomes between the treatment group and control
group.

This trial will provide evidence for the effectiveness of a promising treatment modality for post-
orthodontic WSL. This Will contribute to the development of evidence based best practices for

treatment of WSL in orthodontic patients.

WHITE SPOT LESIONS

White spot lesions are defined as subsurface enamel porosities caused by an imbalance between
demineralization and remineralization (Beerens 10) The opaque white appearance is due to
subsurface demineralization and subsequent optical changes within the body of the lesion (Chang
97, Benson 08) Light that would normally pass through intact enamel is scattered at the
demineralized area resulting in a white appearance (Benson 08) The surface of the WSL may be
chalky or have surface erosion that may be able to be detected tactilely (Chang 97) This
characteristic along with distribution pattern, shape, stability over time, and association with
fixed appliances facilitate discernment between developmental opacities and WSL (Chang 97)

As stated by Lovrov et al, despite improvements in materials and preventative efforts,
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orthodontic treatment continues to carry considerable risk of enamel demineralization (Lovrov
07).

WHITE SPOT LESION ETIOLOGY

Demineralization associated with orthodontic treatment is essentially a bacterial disease very
similar to interproximal smooth surface caries (Chang97) By bonding fixed appliances on the
facial surfaces of teeth we create a niche not unlike that found interproximally. This niche is
more difficult to mechanically clean, increases surface area (habitat), and provides an area where
carbohydrates can be retained. This provides a favorable environment for mutans streptococci
and lactobacilli, a group of species significantly associated with caries prevalence and caries
increment (Emilson 85, Bjarnason 93, Chang 97) Studies have shown an increase in
proliferation of the mutans streptococci and lactobacilli species in patients with fixed orthodontic
appliances (Lundstrom 87, Rosenbloom 91) These species are both acidogenic and aciduric
meaning they produce acid and thrive in an acidic environment, in addition they synthesize
extracellular glucans from sucrose which shield the bacteria from the buffering effect of saliva.
Without regular mechanical removal of the biofilm the tooth surface is exposed to an acidic
environment for an extended period of time and demineralization of enamel predominates
resulting in cavitation (Chang 97) At pH 5.5 remineralization and demineralization are in
equilibrium; below pH 5.5 saliva is undersaturated relative to enamel, net diffusion of calcium
and phosphate is from enamel to the oral environment resulting in demineralization(Mitchell 92,
Cross 04, Garcia Godoy 08) With removal of the cariogenic challenge, i.e. hygiene or appliance
removal, the surface of these lesions are preferentially remineralized in the presence of calcium

and phosphate in the pellicle and saliva(Garcia-Godoy 08) Unfortunately, surface
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remineralization can decrease or eliminate sufficient access for ions to remineralize the
subsurface lesion resulting in an arrested WSL(Garcia-Godoy08)

Development of WSL is multifactorial and complex involving patient behavior, patient
physiology, preventative measures, clinician behavior, clinical factors, and many other factors.
WSL have been shown to be associated with treatment time, salivary flow bacterial load,
specific bacteria species, preventative measures, hygiene, and diet(Chang 97).

WHITE SPOT LESION PREVALENCE/INCIDENCE

There is tremendous variation in the literature regarding prevalence and incidence of WSL.
Reported prevalence ranges from 2% to 96%; this considerable range is due to study variation in
WSL assessment, presence of pre-existing lesions, prevention methods, and other
factors(Benham09) In 1982 a study compared a control group of 50 children with 121
orthodontic patients finding the percentage of WSL to be 25% and 49.6% respectively(Gorelick
82). Ogaard found the prevalence to be 88% at the time of fixed appliance removal(Ogaard 01).
A more recent finding reported a 25% prevalence of WSL post-orthodontics, however it must be
noted that the study included rigorous OHI and fluoride applications (Lovrov 07) Another
contemporary retrospective study looking at 350 orthodontically treated patients showed 72.9%
of patients developed at least one new WSL (Richter! 1)

Post-orthodontic WSL most commonly occur between the gingiva and the fixed appliance on the
facial surface of the tooth(Goerlick82) As with prevalence there is some variation reported
distribution of WSL. Goerlick reported 7% of both maxillary central and lateral incisors had
WSL(Goerlick82) while Ogaard showed 9.8% of maxillary central incisors to 25.5% of
maxillary lateral incisors were effected(Ogaard89) In contrast Lovrov reported that maxillary

central incisors developed WSL more frequently than maxillary laterals(Lovrov07) It is
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generally agreed that maxillary lateral incisors and canines along with mandibular canines and
premolars experience a relatively high WSL incidence compared to other teeth, excluding first
molars (Gorelick82,Mizrahi83,Artun86,0gaard 89)

WHITE SPOT LESION PREVENTION

It has been shown that best predictor for development of WSL is the presence of a visible
mutans streptococci plaque around fixed appliances(Ogaard01) Oral hygiene is made difficult
by the presence of fixed appliances predisposing the teeth to increased biofilm
accumulation(Chang97) The regular mechanical removal of this biofilm has been shown to
reduce WSL in orthodontic patients It is generally agreed upon that fluoride treatment is the most
effective agent in preventing WSL in orthodontic patients (Ogaard08, Lovrov07,Chang 97,
Benson 05) A reduction in development of WSL was shown in orthodontic patients rinsing daily
with acidulated fluoride or sodium fluoride (O’reilly87, Ogaard88) Fluoride varnish has also
been shown to be effective in preventing WSL(Chadwick05) Todd et al reported a 50%
reduction in WSL in patients with fluoride varnish compared to a control(Todd99)Some
evidence has also been given for the efficacy fluoride containing bonding material, however, that
evidence is weak and more studies are needed(Benson05) Patient compliance is a major factor

~ In prevention, one study reported that only 42% of patients complied with fluoride rinse
protocol; notably, the poor compliance group developed more WSL(Geiger92) A systematic
review on the subject concluded more well designed clinical trials are needed, recommending
daily 0.05% sodium fluoride rinse as the best practices for WSL prevention(Benson03) Another
study recommends risk assessment, regular OHI, dietary education, and daily fluoride
rinse(Chang97)

WHITE SPOT LESION TREATMENT
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A number of studies have followed the changes in WSL after the removal of fixed appliances.
The evidence suggests that demineralization ceases and WSL naturally regress to some extent
after appliances are removed(Artun86,0gaard89,Chang97, Ogaard01) Both remineralization and
tooth brush abrasion have been shown to contribute to the amelioration of PO WSL(Artun
86,0gaard94). The majority of regression in WSL is most probably due to natural and toothbrush
surface wear rather than remineralization (Artun86, Chang97) Despite this regression of WSL
after appliance removal many were present years after removal of fixed appliances, especially in
advanced WSL(Artun86,0gaard89) Al-Khateeb et al followed patients with PO WSL and found
that remineralization does contribute to WSL regression, most prominently in the first three
months, but that the rate of remineralization decreases with time(Al-Khateeb98)

FLOURIDE

The use of fluoride to treat PO WSL is currently somewhat controversial. It is generally agreed
that fluoride can promote remineralization of enamel. There is, however, little consensus on
effectiveness, method of delivery, timing, or dose. One study showed no difference in WSL
regression between those treated with fluoride toothpaste (5 Oppm) and with non-fluoride
toothpaste suggesting this level of fluoride does not improve WSL.(Willmot04) Some studies
have reported high concentrations of fluoride remineralized the subsurface zone of incipient
carious lesions(Mellberg 85, Castellano84) Fluoride varnish has also been shown to improve
remineralization of incipient lesions(Trairatvorakul08, Hazelrigg03) Importantly, it was also
reported that mineralization of the outer enamel layer increased while demineralization
decreased in the inner enamel indicating preferential mineralization of the outer layer of enamel.
Some evidence suggests greater mineralization in the outer layer of enamel also occurs with

higher concentration fluoride rinses(Linton96,0gaard99) Willmot stated that high doses of
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fluoride completely arrest the carious process, and that arrest is undesirable for PO WSL. He
goes further, saying that these arrested WSL regress very little and frequently become stained
and unsightly(Willmot04) This statement parallels Ogaard et al assertion that concentrated
fluoride solutions arrest and prevent complete repair of WSL(Ogaard). In contrast to these
findings a recent study showed that an higher concentration fluoride (5000 ppm) showed greater
remineralization of incipient caries than a lower concentration fluoride (1500 ppm)(ten cate08)
However, the study did not show distribution of mineralization within the lesion. It may be that
higher concentrations of fluoride establish a larger gradient enabling a higher concentration of
fluoride at deeper areas of the lesion(Clarkson 81)

CPP-ACP

Casein phosphopeptide amorphous calcium phosphate (CPP-ACP) is another, more recently
developed, remineralizing agent. CPP is essentially a ligand which can ionically bind 25 calcium
ions, 15 phosphate ions, and 5 fluoride ions (Hicks04) Cross summarized the proposed
mechanism of CPP-ACP “they [CPP-ACP molecules] localize ACP at the tooth surface, where
ACP buffers the free calcium and phosphate ion activities, thereby helping to maintain a state of
supersaturation with respect to tooth enamel depressing demineralization and enhancing
remineralization. In effect the CPP-ACP complex behaves as delivery vehicle for calcium and
phosphate ions”(Cross04) Multiple studies have shown evidence of remineralization in incipient
caries treated with CPP-ACP based remineralization technologies
(Manton08,Iijima04,Reynolds03,Andersson07,Bailey09) Significant improvement of PO WSL
have also been reported in the literature showing more regression in CPP-ACP treated
lesions(Bailey09) Andersson compared 0.05% sodium fluoride, fluoridated toothpaste, and

CPP-ACP treatment regimens and concluded that although all groups showed lesion regression
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but the CPP-ACP had more aesthetically favorable outcomes(Andersson07) Contradictory
evidence in small number of studies has shown no differences in remineralization between CPP-
ACP and control groups(Pulido08,Beerens10) Additionally there is some question as to the ideal
concentration of calcium and phosphate; it may be that excessively high concentrations lead to
surface mineralization and WSL arrest by similar mechanisms proposed for high fluoride
concentrations(Garcia-Godoy08)

CPP-ACP + Fluoride

The combination of CPP-ACP with fluoride has been the focus of some recent research. As
previously stated the CPP molecule has the ability to ionically bond to fluoride in addition to
calcium and phosphate. Binding of fluoride results in minimal change in the structure of CPP
compared to when it is bound to calcium and phosphate ions only making it an effective
delivery vehicle for fluoride, calcium and phosphate ions(Cross04) Early data have supported
this theoretical synergy of fluoride and CPP-ACP. Reynolds et al showed a dentifrice containing
CPP-ACP with 1100 ppm fluoride was superior to other formulations in remineralization of
WSL. Interestingly CPP-ACP alone showed similar remineralization to 2800 ppm fluoride
alone. Another significant finding was that the }ﬂuoride only groups had predominantly surface
remineralization while CPP-ACP alone and in combination with fluoride showed “more
homogenous remineralization throughout the body of the lesion” Another study showed that
CPP-ACP applied as a topical after use of fluoride toothpaste resulted in greater remineralization
potential(Kumar07) In the trials by Pulido et al and Beerens et al they found no evidence of
increased remineralization from CPP-ACP alone or in combination with fluoride(Pulido08,

Beerens10)
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Although early studies on CPP-ACP are promising there is relatively little research on the topic
to date. In a systematic literature review of the subject one author concluded that “the quantity
and quality of clinical trial evidence are insufficient to make conclusions regarding the long-term
effectiveness of casein derivatives, specifically CPP-ACP.. .”(Azarpazhoo08)

Restoration

Traditional restorative options for WSL include composite fillings, composite veneers, ceramic
veneers, and full coverage crowns. While these options can provide an esthetic improvement
they require removal of sound tooth structure. Resin infiltration provides a minimally invasive
alternative to these traditional restorations. Resin infiltration is defined as the act or process of
infiltrating pores or cavities of subsurface enamel lesions using a resin mixture with high a
penetration coefficient(Kielbasa09). The technique was developed for the treatment of incipient
carious lesions and has been shown to be effective in the treatment of incipient lesions. More
recently resin infiltration has been proposed as a treatment for post-orthodontic WSL.

Resin Infiltration

As early as 1975 the potential of infiltrating incipient lesions with low viscosity resin was
recognized; Davila et. al. concluded that “.. .plastification offers potential use in preventing,
arresting, and restoratively infiltrating incipient proximal lesions” (Davilal975). Further studies
demonstrated that in vitro artificial carious lesions could be partially penetrated by a number of
commercially available sealants and adhesives(GrayO2,Schmidlin04,Meyer-leuckelO8) This
treatment was also shown to reduce lesion progression compared to untreated groups when teeth
were exposed to a cariogenic environment en vitro.(Davila75,Robinson76,01,Donly92, Paris06.
More recently Martignon et. al. showed reduction in lesion progression in lesions infiltrated with

a commercially available resin in vitro(Martignon06) Resin infiltration was shown to be
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superficial (approximately 25pum) using commercially available adhesives and sealants and
etching with phosphoric acid, subsequently deeper portions of the lesions were not
infiltrated.(Paris07) The incomplete infiltration can be explained by the preferential
remineralization of surface layers of incipient carious lesions(Garcia-Godoy08)

More recent investigations have shown that a major factor contributing to the incomplete
infiltration is inadequate removal of the mineralized surface layer of incipient lesions. Sufficient
removal of this layer is necessary to allow the resin infiltrant access to the deeper portions of the
lesion(Gray02). Meyer-Leuckel et. al. showed surface depth can vary considerably ranging from
10 to 197um in natural enamel lesions. However the maj ority of lesions have a surface layer
thickness between 20 and 50um, with 29% having a surface layer thickness greater than
50pm(Meyer-L0708). In addition the remineralized surface layer of WSL has been shown to be
more resistant to phosphoric acid etching than adjacent sound enamel (Lee 95). Two studies
comparing etching of natural WSL showed an etching protocol using 15% HCI gel etchant to
remove the surface layer completely without causing cavitation while 37% phosphoric acid gel
was shown to result insufficient removal of the surface layer(Meyer-L07,08Paris07)
Subsequently, HCI etched lesions showed significantly greater resin penetration depth; within the
HCI group, those lesions with complete surface layer removal showed the greatest penetration
depth(Paris07). It should be noted that the surface layers were not completely removed in all
cases, most probably due to variation in surface layer depth(Meyer-L07)

Use of HCI etchant protocol coupled with improvements in the resin infiltrant material itself
have lead to overall greater resin penetration depths(Meyer-L 07,08) . Once sufficient access to
the body of the lesion has been established through etching, and the lesion is dried the infiltrant

can progress into the lesion via capillary action. The ability of resin infiltrants to penetrate into a
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porous solid is described by the Washburn equation. The penetration coefficient (PC) is a part
of this equation and is dependent on viscosity, surface tension, and contact angle(Meyer-1L08) A
comparison of a commercially available adhesive with experimental resin infiltrants with
variable PC’s provided evidence that a greater penetration coefficient is strongly correlated to
greater penetration speed and depth(Meyer_L08, Kielbassa09) The use of alcohol based agents
as an adjunct to desiccation with forced air has also been used to more completely remove water
in the porous structure increasing the capillary potential of the infiltrant. These advances in
methods and materials used for resin infiltration have made it possible to predictably infiltrate
incipient lesions. Data on early resin infiltration studies showed penetration depths in the range
of 25um, whereas more recent studies have reported penetration depths of 300um and
greater(Paris07). While more complete penetration of a lesion may improve resistance to lesion
progression it also can result in esthetic improvement of the lesion. Obturation of the voids in
demineralized enamel results in optical properties similar to that of natural enamel, in effect
masking the WSL(Paris09). Several preliminary studies showed resin infiltration to be effective
in the restoration of WSL (Grey02,Paris09,Kim11) In light of recent evidence and advances in
resin infiltration technology researchers have advocated for resin infiltration as a possible
alternative to traditional treatment modalities for WSL(Grey02,Kielbassa09,Paris09,Kim11)

In an extensive review Kielbassa recommended resin infiltration for “Improved esthetic outcome
when used as a masking resin on demineralized labial surfaces (white spot lesion, i.e., with
orthodontic patients)” (Kielbassa09) In a recent study the effectiveness of masking white spot
enamel lesions with the resin infiltration technique was investigated(Kim11) A total of 18 teeth
with PO WSL were treated en vivo with a commercially available resin infiltration system

(ICON®). Kim et al showed 11 teeth categorized as “completely masked”, 6 teeth as “partially
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masked”, and 1 tooth with no change(Kim 11). Despite the small sample size of this group these
results are encouraging with 94% of the teeth showing marked esthetic improvement using a
minimally invasive resin infiltration technique.

The majority of studies to date have focused on resin infiltration of incipient carious proximal
lesions. Specifically, the studies focused on the inhibition of lesion progression and not
necessarily the cosmetic effect of resin infiltration. Although there is very little research on resin
infiltration of PO WSL specifically these lesions are, in essence, incipient carious lesions
differing only in etiology, location, and progression. Accordingly, the current evidence on resin
infiltration of incipient proximal carious lesions is applicable to PO WSL. The two key
differences between PO WSL and incipient carious lesions are that PO WSL are located in the
esthetic zone and that they tend to regress naturally. Because PO WSL regress due to abrasion
and remineralization it is unknown how these processes will be augmented by restoration with
resin infiltration. For both patient and practitioner, the goal for resin infiltration of PO WSL is
primarily esthetic. To date very few studies have evaluated the esthetic outcomes for resin
infiltration, to my knowledge there have been no studies comparing remineralization with CPP-

ACP and fluoride with resin infiltration.
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