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Main Points
There was a moderate to strong positive relationship between the two systems, and the reliability ranged from moderate to excellent, depending
on the examiner.
For both scoring systems, the agreement concerning sound surfaces and the most severe lesions was high, whereas uncertainties occurred for
the less severe white spot lesions (WSLs).
It was practical to score WSLs in a standardized way from photographs.

ABSTRACT

Objective: To compare the reliability of two scoring systems for detecting white spot lesions (WSLs) from clinical photographs
captured during debonding of fixed orthodontic appliances.

Methods: Digital images of 58 healthy adolescents (34 females and 24 males) were examined, depicting 384 buccal surfaces of
maxillary incisors, canines, and first premolars. Three trained examiners (E1, E2 and E3) independently evaluated the fully anonymized
photos in a randomized order using the Gorelick index (Gl) and the modified International Caries Detection and Assessment System
(ICDAS 1I). A 1-2-week interval separated the scorings. Spearman’s rank correlation coefficient, Fisher’s z-test, and the interclass
correlation coefficient (ICC) were applied to compare the scoring methods and express examiner agreement.

Results: The two scoring systems showed a moderate to strong positive relationship, but inter-examiner variations were significant
(p<0.05). We found moderate to good reliability (ICC 0.60 to 0.84) with the ICDAS Il system and good to excellent values with the Gl
(ICC 0.72 to 0.94), depending on the examiner. The agreement concerning the sound surfaces and the most severe WSLs was perfect,
whereas the scoring of the milder lesion stages appeared more uncertain.

Conclusion: A moderate to strong positive relationship was demonstrated between the two methods when scoring the presence and
severity of WSLs from digital images. Significant inter-examiner variations affected reliability.
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INTRODUCTION

White spot lesions (WSLs), which are also known as enamel
demineralization, are a common and unwanted side effect of
treatment with fixed orthodontic appliances.? The build-up
of a dental biofilm (plaque) adjacent to the devices affects
oral hygiene and increases the risk of enamel mineral loss.?
The prevalence of WSLs after orthodontic treatment varies
from 2% to 96%, depending on the method and criteria for
lesion detection and patients’ compliance with recommended
preventive measures.* The detection and scoring of WSLs rely
on clinical visual methods and/or adjunctive technologies
such as laser fluorescence, quantitative light-induced
fluorescence, and impedance spectroscopy.”® Because clinical
scoring is inexpensive, visual inspection of clean, dry tooth
surfaces remains the standard care in early lesion detection.”'°
However, multicenter studies and unforeseen events, like the
coronavirus disease-2019 pandemic, may impede access to
clinical inspection by calibrated examiners. Thus, scoring WSLs
from clinical digital photographs has emerged as a practical
and timesaving option."""> Common scoring systems in
orthodontic care are Gorelick index (Gl)® and the International
Caries Detection and Assessment System (ICDAS 11)."° To the
best of our knowledge, there is a lack of information on the
utility of the abovementioned methods when scored from
digital images. Therefore, the aim of the present study was
to compare the reliability of the Gorelick and ICDAS Il indices
in scoring WSLs with the aid of clinical digital photographs
captured immediately after removal of the fixed orthodontic
appliances.

METHODS

Study Design

This retrospective study reevaluated clinical photos from
participants in two earlier studies.®'?The pooled study group
consisted of 58 healthy adolescents (34 females and 24
males) and included 384 buccal surfaces of maxillary incisors,
canines, and first premolars. All patients received treatment
with fixed orthodontic appliances at the School of Dentistry,
National and Kapodistrian University of Athens. The patients
were consecutively enrolled, and the inclusion criterion
was at least two buccal WSLs at the time of debonding. The
exclusion criteria were severe chronic diseases and regular use
of xenogenic drugs. The patients and their parents provided
written informed consent for the study, and the protocol
was approved by the Ethics Committee of the Dental School,
National and Kapodistrian University of Athens (approval no.:
409, date: 24.10.2016).

Clinical Procedures

After debonding, the remaining composite material on the
buccal tooth surfaces was thoroughly removed with a slow
rotating carbide bur, followed by polishing with a rubber cup
and pumice paste. After drying with compressed air, three
digital photographs (frontal, right, and left lateral) of each

patient were obtained with a digital single-lens reflex camera
(Nikon D7100 body with a Nikon AF-S VR Micro-NIKKOR 105
mm f/2.8G IF-ED lens) equipped with a polarized filter and a
dual flash. One single investigator took all photographs to
standardize the quality. The camera was angled around 20°
perpendicular to the buccal tooth surfaces to minimize flash
reflection. The photographs were then anonymized and
provided with a specific research code. Three trained examiners
(E1, E2 and E3) independently evaluated the photos in a
randomized order using a high-definition screen in a darkened
room. The first session included the assessment with the GI
(Score 1= no visible white spot or surface demineralization;
Score 2=WSL covered less than one-third of the tooth surface,
no surface disruption; Score 3= WSL covered more than one-
third of the surface, with roughened surface; and Score 4=
visible cavitation).” After 1-2 weeks, the same three examiners
reassessed the photos in a blinded manner with the merged
ICDAS Il index;”'" Score Oa= no visible signs of demineralization
(ICDAS 0); Score 1a= enamel caries when viewed dry or wet
(ICDAS 1 and 2); Score 2a= localized enamel breakdown or
underlying dark shadow (ICDAS 3 and 4); Score 3a= dentin
caries with visible cavity (ICDAS 5). Figure 1 depicts ICDAS I
score 1a lesions, while Figure 2 showcases examples of ICDAS
Il score 2a lesions. The three examiners undertook a consensus-
based training program with both methods before the original
studies.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS Inc, version 26.0,
Chicago, IL, USA). We assumed that the four categories of the

Figure 1. Representative image of the ICDAS Il score 1a lesions
ICDAS I, International Caries Detection and Assessment System

Figure 2. Representative image of the ICDAS Il score 2a lesions

ICDAS II, International Caries Detection and Assessment System
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scoring systems would correspond to each other. The normality
of the distribution was checked before the parametric tests
were applied. Spearman’s rank correlation coefficients for
the two scoring methods were calculated, and the obtained
coefficients were compared using Fisher’s z-test. The difference
between the paired proportions of sound surfaces vs. surfaces
with WSL was tested for each examiner using the McNemar test.
The distribution of scores within the classification systems was
compared using chi-squared tests. The interclass correlation
coefficient (ICC) was used to assess examiner agreements.
P-values <0.05 were considered statistically significant.

RESULTS

This study included a total of 384 buccal sites from 58 patients.
The meanage was 15 years, ranged from 13.1to 17.1 years.Table
1A-C shows the cross-tabulation of the two scoring methods
by the three examiners. The Spearman correlation coefficients
for E1, E2, and E3 were 0.53, 0.80, and 0.61, respectively. This

Table 1A-C. Cross-tabulation of the WSL scores registered by the
three examiners (Table 1A for examiner E1, 1B for E2 and 1C for E3)
with the modified ICDAS Il index and the Gl

Table 1A.
ICDAS I 1 2 3 4 Total
Oa 57 25 5 0 87 22.7%
1a 30 187 33 0 250 65.1%
2a 3 14 26 1 44 11.5%
3a 1 0 0 2 3 0.8%
Total 91 226 64 3 384 100.0%
237% | 58.9% | 16.7% | 0.8% 100.0%
Gl
ICDAS I 1 2 3 4 Total
Oa 50 0 0 0 50 13.0%
1a 0 274 46 0 320 83.3%
2a 0 0 8 3 11 2.9%
3a 0 0 0 3 3 0.8%
Total 50 274 54 6 384 100.0%
13.0% | 71.4% | 14.1% | 1.6% 100.0%
Gl
ICDASII 1 2 3 4 Total
Oa 61 17 0 0 78 20.3%
1a 33 202 34 0 269 70.1%
2a 1 17 17 1 36 9.4%
3a 0 0 0 1 1 0.3%
Total 95 236 51 2 384 100%
247% | 61.5% | 13.3% | 0.5% 100.0%

WSL, white spot lesion, ICDAS II, International Caries Detection and
Assessment System, Gl, Gorelick index

coefficient was significantly higher (p<0.05) for E2 than for E1
and E3. When dichotomized to sound surfaces vs. surfaces with
WSL, only examiner E3 demonstrated a significant difference
between the proportions obtained from the two methods
(Table 2). Examiner E2 scored significantly higher WSL levels
(p<0.05) with the modified ICDAS Il system than the other two
examiners, but no such differences were found with the GI. The
ICCvalues are presented in Table 3. The values ranged from 0.60
to 0.84 with the ICDAS Il system, indicating moderate to good
reliability. The corresponding figures for the Gl varied between
0.72 and 0.94, which suggested good to excellent reliability.

DISCUSSION

This is the first study to compare the reliability of two scoring
systems for the presence of WSLs immediately after the
debonding of fixed orthodontic appliances. Instead of visual
clinical inspection, three digital high-resolution images were
evaluated in each patient to study the buccal surfaces of the
maxillary incisors, canines, and first premolars. The examiners
found scoring from photographs practical and time-saving
because the assessments could be performed outside regular
office hours and in a standardized mode. The scoring index
developed by Gorelick et al® was exclusively developed
for orthodontic patients, while the ICDAS Il index was an
assessment system for coronal caries,” which was later adapted
for orthodontic patients.' However, it should be noted that the
two systems might not be directly comparable; the practical
difference between these methods is that the former focuses
on lesion extension (surface area) and the latter on lesion
discrimination. However, the most advanced stages with both
systems clearly denote cavitation.

The main findings of this study indicated moderate to excellent
concordance between the two scoring systems, depending on
the examiner. Although the agreement concerning the sound

Table 2. Difference between the paired proportions of sound
surfaces vs. presence of WSL for the two scoring systems by examiner

Examiner Difference, % .95% Sl p-value
interval

E1 1.04 -3.04to0 5.12 0.71%

E2 0.00 -0.72t0 0.72 1.00%*

E3 4.43 0.81 to 8.05 0.02%**

Statistical significance: *p<0.05, **p<0.01, ***p<0.001
WSL, white spot lesion

Table 3. ICC for the two WSL scoring methods and by examiner (E1,
E2 and E3). ICC values between 0.5 and 0.75 indicate a moderate
reliability, between 0.75 and 0.90 a good reliability, and values

greater than 0.90 indicate an excellent reliability

E1vs.E2 E1vs.E3 E2 vs.E3
ICDAS I 0.60 0.84 0.74
Gl 0.74 0.94 0.72

ICC, interclass correlation coefficient, WSL, white spot lesion, ICDAS II,

International Caries Detection and Assessment System, Gl, Gorelick index
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surfaces and the most severe lesions was perfect, uncertainties
occurred for the lower scores with both indices. For example,
the prevalence of Gorelick score 2 varied between 59% and
71% among the examiners, and the values for ICDAS Il score
1a ranged from 65% to 83%. Over time, however, this might
not be a major problem because the prevalence of minor post-
WSLs (Gl Score 2) seems to drop by over 50% one year after
debonding due to natural remineralization and secondary
prevention.”'* However, inter-examiner variability may
influence the estimated prevalence of post-orthodontic WSLs
in clinical trials. In the present study population, the prevalence
would have ranged from 75% to 87%, with no major differences
between the scoring methods. This prevalence of WSLs was
indeed higher than expected in an “average” population of
orthodontic patients,’'™ but was explained by the inclusion
criteria, in which only patients with WSLs were enrolled.

The present study indicated that both scoring methods may be
useful in the clinic, but it was not possible to argue in favor of
one method over the other, due to a lack of formal validation.’s'”
Obviously, this was not within the scope of this project, as a
validation study necessitates clinical access to patients and
adherence to a predetermined standard. In clinical research,
the use of digital images offers several advantages, such as
the possibility of masking patients and enabling a random
order of examination and reassessment of previously collected
study groups. It also facilitates the performance of multicenter
studies, which are often necessary to recruit a sample size with
sufficient power. The impact of inter-examiner variability can
also be limited by involving multiple independent examiners.

Study Limitations

To minimize the photographic shortcomings, a standardized
exposure procedure was used, and the camera was equipped
with a polarizing filter and angled to avoid flash reflections
from the tooth surfaces, to mimic enamel demineralization.
The three examiners went through a consensus-based training
program before the evaluation sessions; however, it is possible
that further education and experience could have improved
the concordance. No dropouts of patients or images due
to technical errors were present because this study was a
reexamination of material from two previous trials. It is however
important to note that the sample size was relatively small, and
further research with a larger study population would provide
more robust evidence for the reliability of the two methods.
Another limitation of the study was the use of a slow rotating
carbide bur to remove the remaining composite material after
bracket removal, a procedure that undoubtedly affected the
enamel surface and potentially influenced the subsequent
scorings.

CONCLUSION

A moderate to strong positive relationship was found between
the two methods for scoring the presence and severity of WSL
development from clinical photographs, which were exposed
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immediately after debonding of fixed orthodontic appliances.
Significant inter-examiner variations were obtained; however,
the agreement-concerning the sound surfaces and the most
severe WSLs was high. Clinicians involved in practice-based
research might therefore undergo structured training to
visually classify WSLs using any of the two scoring systems to
improve the reliability and quality of the outcome measure.
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