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ABSTRACT

Objective: To assess the caries progression and the need for reintervention on occlusal ICDAS 4 lesions after
different treatments. Material and Methods: The sample consisted of records of children treated in a public setting
who had at least an occlusal ICDAS 4 lesion in primary and/or permanent molars. The radiographic images of
ICDAS 4 lesions at the first and last appointments were classified as absence of radiolucency, radiolucent image
at the enamel-dentin junction, at the outer half or inner of the dentin. The need for retreatment after different
treatments (non-invasive - topical fluoride applications, oral hygiene instructions and dietary guidance, micro-
invasive - resin-based sealant, or invasive - restoration) was assessed by reviewing clinical and radiographic
records. The need for retreatment was defined as any complication requiring mending (e.g., caries progression,
total loss of sealant, or restoration failure). The Poisson regression model was used to investigate the association
between individual and tooth-related variables and the outcome. Results: Among the 111 lesions in 81 patients,
most (73.0%) lesions were in primary molars. Most lesions (52.3%) did not exhibit radiolucency, whereas 29.7%
had radiolucency at the outer half of the dentin. The mean follow-up was 18.8 = 6.5 months. After follow-up,
82.9% of the lesions did not require retreatment. The prevalence of ICDAS 4 lesions that did not need retreatment
was higher among lesions with radiolucency at dentin (p=0.01). Conclusion: Most occlusal ICDAS 4 lesions did
not require reintervention, especially those exhibiting radiolucency in the outer half of the dentin.

KEYWORDS

Dental caries; Clinical decision-making; Dental radiography.

RESUMO

Objetivo: Avaliar a progressdo de cérie e a necessidade de reintervencdo em lesdes oclusais ICDAS 4 apds
diferentes tratamentos. Material e Métodos: A amostra consistiu de prontudrios de criangas atendidas em ambiente
publico que apresentavam pelo menos uma lesdo oclusal ICDAS 4 em molares deciduos e/ou permanentes.
As imagens radiograficas de lesdes ICDAS 4 na primeira e ultima consultas foram classificadas como auséncia
de radiolucidez, imagem radioliicida na juncdo esmalte-dentina, em metade externa ou interna da dentina. A
necessidade de retratamento apds diferentes tratamentos (ndo invasivo — aplicacoes tépicas de fldor, orientagdes
de higiene e dieta, micro-invasivo — selante resinoso ou invasivo — restauracédo) foi avaliada por meio da revisdao
dos registros clinicos e radiograficos. A necessidade de retratamento foi definida como qualquer complicacdo
que requer intervencio (por exemplo, progressdo da lesdo, perda total do selante ou falha na restauragéo).
O modelo de regressdo de Poisson foi utilizado para investigar a associacdo entre as varidveis individuais e
dentérias e o desfecho. Resultados: Entre as 111 lesdes em 81 pacientes, a maioria (73,0%) das lesGes eram
em molares deciduos. A maioria das lesoes (52,3%) ndo exibiu radiolucidez, enquanto que 29,7% apresentaram
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radiolucidez em metade externa de dentina. O tempo de acompanhamento médio foi de 18,8 = 6,5 meses. Apds
o acompanhamento, 82,9% das lesdGes ndo necessitaram de retratamento. A prevaléncia de lesdes ICDAS 4 que
ndo necessitaram de retratamento foi maior entre as lesdes com radiolucidez em dentina (p=0,01). Conclusao: A
maioria das lesdes oclusais ICDAS 4 nio requerem reintervencéo, especialmente aquelas que exibem radiolucidez

em metade externa da dentina.

PALAVRAS-CHAVE

Carie dentdria; Tomada de decisdo clinica; Radiografia dentéria.

INTRODUCTION

Despite the decline in the caries prevalence [1],
occlusal surfaces are the sites most likely to have
caries experience in children and adolescents [2,3].
In addition, it has been shown that underlying
dentin shadows lesions present a higher risk of
progression to dentin cavitation compared to
sound surfaces or even initial carious lesions,
mainly in occlusal surfaces of both primary and
permanent teeth [2,3].

According to the International Caries
Detection and Assessment System (ICDAS) [4],
these lesions are defined as shadows of discolored
dentin visible through the enamel surface, which
may or may not show signs of localized enamel
breakdown (loss of continuity of the surface that
is not showing the dentin), and are classified as
ICDAS 4 lesions. The shadow appearance is often
seen more easily when the tooth is wet, and the
darkened area shows an intrinsic shadow that
may appear as grey, blue or brown in color [4].

In vitro studies [5,6] evaluating the
relationship between the clinical and histological
features of ICDAS 4 lesions have demonstrated
a substantial involvement of dentin during
histological analysis. On the other hand, in
clinical studies [7,8], most ICDAS 4 lesions on the
occlusal surfaces of permanent molars exhibited
no radiolucency or radiolucency restricted to the
enamel-dentin junction. Whereas the clinical-
radiographic studies included large sample sizes,
laboratory studies included a reduced number of
ICDAS 4 lesions. Furthermore, extracted teeth
may comprise a biased sample because they
are possibly not representative of the ICDAS 4
lesions usually found in clinical practice. These
findings highlight the necessity of radiographic
examination to help in the decision-making
process since it is the method of choice to
assess caries depth [9]. Different treatments
can be indicated according to the radiographic

expression of such lesions. Primary teeth have
thinner enamel and lower mineral content [10]
than permanent teeth, and therefore, they have
faster progression of the carious lesions [11].
However, no study has evaluated the radiographic
pattern of ICDAS 4 lesions in primary molars.

The International Caries Classification and
Management System (ICCMS) [12] integrates
ICDAS scores with wider patient-level information
for caries management, with non-cavitated
carious lesions classified as initial stage decay
and localized enamel breakdown and underlying
dentin shadow lesions categorized as moderate
stage decay. Although ICCMS was not yet
validated for treatment purposes, this system
recommends that active initial lesions should be
managed with non-invasive or micro-invasive
treatments, while micro-invasive or invasive
treatments are suggested for active moderate
lesions [12]. Nevertheless, it is known that the
presence of mineral loss in dentin by itself does
not indicate the need for operative treatment [5],
and ICDAS 4 lesions with radiolucency up to
the outer half of the dentin could also receive
non-invasive approach [13,14]. To the best of
our knowledge, no previous study has evaluated
the impact of different approaches for treating
ICDAS 4 lesions.

Therefore, this retrospective university-
based study aimed to assess the caries progression
and the need for reintervention on occlusal ICDAS
4 lesions of primary and permanent molars after
different treatments.

MATERIAL AND METHODS

Ethical aspects

The local Research Ethics Committee
approved the research protocol. The personal
information of the patients was kept confidential.
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This observational study conformed to the
STROBE statement [15].

Study design, characteristics, and partici-
pants

This university-based retrospective study
was conducted at Children and Youth Dental
Clinic, School of Dentistry, Federal University
of Rio Grande do Sul (UFRGS), Porto Alegre,
Brazil. We retrospectively reviewed the clinical
records (census) of all patients (aged 5-12 years)
treated between 2015 and 2019 by fourth- and
fifth-year undergraduate dental students under
the supervision of experienced pediatric dental
professors. Before providing dental treatment,
the students were taught and trained to detect
carious lesions based on the ICDAS. This activity
consisted of conventional theoretical classes,
practical activities with image projection and
hands-on with extracted teeth. The bitewing
radiographs were performed by trained students
using film holders. Film processing was performed
under standardized conditions and using fresh
solutions. Clinical records of patients with at
least an ICDAS 4 lesion on the occlusal surface of
permanent or primary teeth were included in this
study. Clinical records of patients with missing
data on bitewing radiographic examination and
those with obstructed radiographic visualization
due to buccal/lingual/palatal restorations or
orthodontic bands were excluded. Moreover,
patients should have at least a second clinical
and radiographic examination after treatment.

Different approaches could have been
proposed to treat ICDAS 4 lesions according to
the individual caries-risk and complementary
radiographic evaluation: non-invasive (topical
fluoride applications, oral hygiene instructions
and dietary guidance), micro-invasive (resin-
based sealant) or invasive (restorative treatment).
Invasive treatment could be indicated for treating
ICDAS 4 lesions exhibiting radiolucency at the
outer or inner half of the dentin. Micro-invasive or
non-invasive approaches could be recommended
for lesions without radiolucency at the dentin,
with radiolucent image at the enamel-dentin
junction or at the outer half of the dentin. Dental
treatment decisions were always supervised and
authorized by the professors of the pediatric clinic.

Among the 1,464 clinical records, 242
patients had the presence of an ICDAS 4 lesion
on the occlusal surface registered on their clinical
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records. Twenty-six records were excluded due to
the lack of radiographic examination. Additionally,
135 records were excluded because they did not
present clinical and/or radiographic examinations
after treatment. Therefore, 81 clinical records of
children were included in the study.

Data collection

Two researchers collected the following
individual and clinical characteristics from
clinical records: age, sex (boys or girls), dentition
(primary or permanent), tooth type (first or
second molars), arch (upper or lower), caries
experience (decayed, missing, and filled teeth,
dmft), treatment (non-invasive, micro-invasive,
or invasive), visible biofilm at site (follow-up);
clinical examination at the last appointment, and
the total number of appointments.

One examiner was trained by a senior
researcher to evaluate the radiographic images of
ICDAS 4 lesions at the first appointment and after
treatment. The following criteria were used: (0)
absence of radiolucency, (1) radiolucent image
at the enamel-dentin junction, (2) radiolucent
image at the outer half of the dentin, and
(3) radiolucent image at the inner half of the
dentin [7]. Diagnostic reproducibility was
determined by assessing 10% of the radiographs
at two different moments (2-week interval). The
Kappa coefficient for radiographic reproducibility
evaluation was 0.91.

Outcome

We assessed clinically or radiographically
determined need for retreatment. The need for
retreatment was defined as any complication
requiring mending (e.g., lesion progression, total
loss of resin-based sealant, or restoration failure
— repair, replacement, endodontic treatment
or extraction) considering different treatment
options. Clinical progression was considered when
ICDAS 4 lesions at baseline progressed to ICDAS
5 or 6 carious lesions in the last appointment.
Radiographic progression was defined when the
radiographic evaluation changed to a higher score
after the treatment.

Statistical analyses

Data analyses were performed using SPSS
software (SPSS Inc., Chicago, IL, USA). Descriptive
analysis provided a distribution summary based
on the independent variables. The Poisson
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Regression was used to investigate the association
between independent variables and the outcome.
Dependency of the variables for the same patient
was considered (one patient could contribute to
more than one tooth/lesion for the analysis). Thus,
the regression models were conducted by means of
Generalized estimating equations (GEE) on SPSS
program, and took into account the patients as
the unit of analysis and the tooth as the within-
subject variable. For statistical purposes, we
dichotomized the variables “treatment” (without
mechanical locking [non-invasive treatment]
or with mechanical locking [micro-invasive
and invasive treatments]) and “radiographic
image” (without radiolucent image at the dentin
[absence of radiolucency] or with radiolucent
image at dentin [radiolucent zone restricted to
the enamel-dentin junction, with radiolucent
image at the outer or the inner half of the dentin
dentin]). The prevalence ratios (PRs) and their
95% confidence intervals (CIs) were obtained. A
backward stepwise procedure was used to select
covariates in the fitting model. Only variables with
p-values <0.20 were included in the final model.
The significance level was set at 5%.

RESULTS

The mean age of the children was 7.7 = 2.0
years, and the mean dmftwas 7.1 + 3.2. In total,
81 patients (45 girls and 36 boys) with 111
underlying dentin shadow lesions (59 in girls
and 52 in boys) were included in the analysis.
The mean of ICDAS 4 lesions per child was
1.4 = 0.6. The mean time between the first and
last appointment was 18.8 + 6.5 months.

The characteristics of the ICDAS 4 lesions
according to the independent variables are
presented in Table I. ICDAS 4 lesions were
more common in primary teeth (73.0%) than
in permanent teeth. Most lesions were located
in the second molars (51.4%) and in the lower
arch (56.8%). Furthermore, most lesions (52.3%)
did not exhibit radiolucency; however, 29.7%
exhibited radiolucency at the outer half of the
dentin. Non-invasive treatment was scheduled
in 62.2% of cases while 22.5% of the lesions
received micro-invasive treatment. Invasive
treatment was performed in 15.3% of cases.
Moreover, visible biofilm was present in 58.6%
of the lesions after follow-up.

Table II summarizes the relationship between
radiographic aspects and clinical decision-
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making. Most underlying dentin shadow lesions
that exhibited no radiolucency or radiolucency
restricted to the enamel-dentin junction received
non-invasive treatment, irrespective of the
dentition (primary or permanent). The majority
of the lesions with radiolucency at the outer half
of the dentin in permanent molars (6/8) were
restored, while an even distribution of micro-
invasive and invasive approaches were observed
in primary molars (micro-invasive 10/25,
invasive 9/25). All lesions located at the inner
half of the dentin received invasive treatment.

It was noted that 82.9% (n=92) of the
lesions did not require retreatment. Of 58 ICDAS
4 lesions that exhibited no radiolucency at
baseline, three lesions had progressed clinically
(ICDAS score 5) and 15 lesions had progressed
radiographically, with only two lesions located
in permanent molars. All lesions that progressed
clinically also had radiographic progression.
In addition, one lesion in the primary molar
restricted to the enamel-dentin junction at
baseline showed clinical progression (ICDAS
score 5). Three sealants performed in permanent
molars were lost. In two cases, the sealant was
placed over lesions exhibiting radiolucency
restricted to the enamel-dentin junction and
the other was performed over lesion with
radiolucency at the outer half of the dentin.
Thus, rates of need for reintervention and caries
progression were 16.7% (5/30) and 6.7% (2/30)

Table | - The characteristics of the ICDAS 4 lesions according to the
independent variables (n=111)

Dentition Primary 81 (73.0)
Permanent 30 (27.0)
Tooth type First molar 54 (48.6)
Second molar 57 (51.4)
Arch Upper 48 (43.2)
Lower 63 (56.8)
Radiographic image ~ Absent 58 (52.3)
Enamel-dentin junction 17 (15.3)
Quter % dentin 33 (29.7)
Inner % dentin 3(2.7)
Treatment Non-invasive 69 (62.2)
Micro-invasive 25 (22.5)
Invasive 17 (15.3)
Visible biofilm at site Absent 46 (41.4)
(follow-up)
Present 65 (58.6)
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Table 11 - Relationship between radiographic aspect and clinical decision-making.

Absent 37 4 0
Enamel-dentin junction 8 5 0
Outer % dentin 6 10 9
Inner % dentin 0 0 2

8 13 0 13
1 0 0

0 0 0 0
0 0 0 0

Absent 15 2 0
Enamel-dentin junction 2 2 0
Outer % dentin 1 6
Inner % dentin 0 1 -

for permanent molars, respectively, while both
rates were 15.3% (14/81) for primary molars.

Table III shows the unadjusted and adjusted
PRs of the individual and tooth-related factors
associated with the need for retreatment. In
the unadjusted analysis, the presence of visible
biofilm at site (follow-up) and radiographic
image were associated with the outcome. The
final adjusted model demonstrated that the
prevalence of ICDAS 4 lesions that did not
need retreatment was higher among lesions
that exhibited radiolucency at dentin (PR: 0.12
95%CI: 0.02;0.59; p=0.01).

DISCUSSION

This is the first study to investigate the clinical
and radiographic behavior of occlusal ICDAS 4
lesions after different therapies and factors
associated with the need for retreatment. Of the
111 lesions included in our study, 81 were in
primary molars and 30 were in permanent molars,
which was expected since most permanent molars
included in this study had recently erupted. The
majority of the ICDAS 4 lesions exhibited no
radiolucency (52.3%) whereas 29.7% presented
radiolucency at the outer half of the dentin.

Previous studies [7,8] reported that most
ICDAS 4 lesions in permanent molars exhibited
no radiolucency or radiolucent zone restricted
to the enamel-dentin junction. The frequency of
lesions exhibiting radiolucency at the outer half
of the dentin ranged from 0.7% [8] to 12.6% [7].
Furthermore, no association was found between

o O o o
© O o N
o - N O
o = N N

enamel breakdown and radiographic features [7].
Since data were collected from clinical records,
we could not differentiate shadow lesions with
or without localized enamel breakdown. In our
study, the higher frequency of ICDAS 4 lesions
exhibiting radiolucency at the outer half of the
dentin may be related to a higher number of
primary molars in the sample as they have lower
mineral content [10] and higher rate of caries
progression than permanent molars [11].

We can note that the majority of the lesions
(82.9%) did not need retreatment. The dentition
was not associated with the outcome probably
because very few events occurred in permanent
molars. However, the prevalence of ICDAS 4
lesions that did not need retreatment was higher
among lesions with radiolucency at dentin (PR:
0.12 95%CI: 0.02;0.59; p=0.01). The unadjusted
analysis demonstrated that the presence of visible
biofilm was associated to a higher prevalence
of ICDAS 4 lesions that need for retreatment
(PR 3.15 95%CI 1.02;10.22). However, this
association was not significant in the adjusted
analysis.

Most ICDAS 4 lesions that did not exhibit
radiolucency or radiolucency restricted to the
enamel-dentin junction received non-invasive
treatment, irrespective of the dentition. However,
these lesions were more likely to progress than
locked mechanically lesions. It is known that
biofilm control itself is an effective way to arrest
carious lesions [16]. Non-invasive therapies might
avoid or postpone invasive treatments, which
could help retain teeth longer at lower costs [17].

Braz Dent Sci 2022 Apr/Jun;25 (2): e3125
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Table Il - Poisson regression analysis for need for retreatment of the ICDAS 4 lesions

Sex

Girls 45/9

Boys 36/10
Age =
dmft index -
Dentition
Primary 81/14
Permanent 30/mai
Tooth type
Second molar 57/11
First molar 54/8
Arch
Upper 63/10
Lower 48/9
Radiographic image

Without radiolucent image at dentin 75/18

With radiolucent image at dentin

36/1
Treatment
Without mechanical locking (non-invasive) 69/15
With mechanical locking (micro- and invasive)
42/4

Visible biofilm at site (follow-up)

Absent 46/4

Present 65/15
Follow-up -

*Statistically significant

However, non-invasive treatments greatly
depend on patient compliance. The scientific
literature shows that non-invasively compared
with micro-invasively treated occlusal carious
lesions require more invasive retreaments over
time [18]. In addition, non-invasive treatment
seems to be more efficacious in enamel than
dentinal lesions [18]. Our study included children
with a high caries-risk and a low socioeconomic
profile, representing the worst scenario for
disease control exclusively through non-invasive
approaches, mainly due to the difficulty of biofilm
control over time. Visible biofilm was present in
58.6% of the lesions after follow-up.

In contrast, micro-invasive or invasive
approaches were more frequently used for
lesions radiographically located at the dentin
(outer or inner half). Nonetheless, only three

1 0.59
1.26 (0.54;2.93)
1.02 (0.85;1.21) 0.87
1.00 (0.91;1.11) 0.94
1 0.94
0.96 (0.36;2.59)
1 0.41
0.69 (0.29;1.66)
1 0.35
0.69 (0.31;1.51)
1 0.03 1 0.01*
0.12 (0.02;0.78) 0.12 (0.02;0.59)
1 0.2 1 0.99
0.44 (0.13;1.53) 1.0 (0.36; 2.81)
1 0.04 1 0.06
8815 321
(1.02;10.22) (0.94;10.88)
1.01 (0.96;1.07) 0.62

lesions were restricted to the inner half of the
dentin. While resin-based sealants were placed
over lesions without tissue removal, restorations
were performed after selective carious tissue
removal. Both strategies promoted mechanical
locking of the ICDAS 4 lesions, avoiding clinical
and radiographic progression. Only three sealants
placed over the lesions in permanent molars were
lost. This may be related to technical sensitivity
to perform resin-based sealants, mainly when
sealing partially erupted permanent teeth.
However, there was no caries progression in none
of these cases. It has been shown that the arrest of
formerly sealed lesions might be maintained even
after partial or total sealant loss. Lost sealants
might therefore not always require resealing,
which would decrease the need for retreatment
after micro-invasive therapy [19].
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This reinforces that sealing may be a good
option for controlling noncavitated or minimally
cavitated carious lesions reaching until outer
half of the dentin. According to previous studies,
resin-based sealants are effective in arresting
occlusal dentinal carious lesions in primary [14]
and permanent [20] teeth.

Sealants were preferable to treat lesions
with radiolucency at the outer half of the
dentin in primary teeth, whereas restoration
was the most frequent treatment for lesions
in permanent molars. Performing minimally
invasive treatment as first-line therapy might
require fewer retreatments, but due to the
earlier ignition of the cycle of restorations, the
first therapeutic option (minimally invasive
treatment) is lost already, and more extended
or expensive interventions might be required
earlier. Patient age, tooth lifecycle, risk of painful
sensitivity, possibility of patient monitoring, and
recall intervals for check-ups are factors that
might guide clinical decision-making.

One limitation of this study is its retrospective
design, as the information was collected from
patients’ clinical records. However, dental
students who filled out the files, performed the
treatments, and followed up the patients were
taught and supervised daily by senior professors
of pediatric dentistry. Additionally, observational
studies could demonstrate clinical reality,
whereas uncontrolled settings may provide
external validity. The findings of our study should
be interpreted with caution since they cannot be
extrapolated to children with a low caries-risk.

CONCLUSION

After 18 months of follow-up, this
retrospective university-based study observed
low and moderate rates of caries progression
for permanent and primary molars with ICDAS
4 lesions, respectively, and similar rates of need
for reintervention. The majority of the occlusal
underlying dentin shadow lesions did not
need retreatment, especially those exhibiting
radiolucency at dentin. Randomized clinical trials
may define the best treatment option for ICDAS
4 lesions in both types of dentition.
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