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Abstract
Objective To assess the effectiveness of atraumatic restorative treatment (ART) performed 4 years ago in babies suffering from
early childhood caries (ECC), and to compare the clinical performance of ART atraumatic restorations performed with two
different high-viscosity glass ionomer cements (GIC).
Materials and methods This was a longitudinal follow-up of a randomized, double-blind, split-mouth-type clinical trial. The initial
sample was composed of 100 deciduousmolars with occlusal lesions in 25 childrenwith ages between 18 and 36months who received
ARTwith two different GICs: KetacMolar Easymix® (3MESPE) andVitroMolar® (DFL). The clinical assessments were performed
by a trained, blind examiner gauged by the parameters assessed in 1, 2, and 4 years (ART and USPHS criteria).
Results For the analysis of the clinical performance of ARTs between the different GICs, the chi-square andMann–Whitney tests
were applied (p < 0.05). In the 4 years of evaluation, the sample was composed by 76 ARTs and 19 children, with 94.7% of the
treatments having inactivated the cavity process. The total success percentage of the ARTs was 94%, 87.5%, and 82.9%, in 1, 2,
and 4 years of follow-up, respectively. Moreover, among the GICs studied, this difference was not statistically significant
(p > 0.05) (ClinicalTrials.gov NCT03756025).
Conclusion ART was effective in handling ECC, with an excellent clinical performance of ART restorations, for both GICs,
during the 4 years of follow-up.
Clinical relevance ART, with both GIC studied, is an alternative therapy for ECC.
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Introduction

Dental cavity is one of the most prevalent diseases in child-
hood, and for this reason it is considered a major public health

problem [1, 2]. Despite the efforts to control the disease at the
global level, the percentage of untreated cavities is still high,
and the reparation of its sequels generates significant econom-
ic impact [3, 4]. Cavity development results from the interac-
tion of a series of factors that incur in the loss of mineral
structures of the dental element. The cavity process is dynamic
and fluid in nature, characterized by an imbalance between
etiological and protective factors, the main pathological deter-
minants being bacteria and the consumption of fermentable
carbohydrates (sugars), while protective factors include sali-
vary flow and exposure to fluorides [5]. Thus, a caries reduc-
tion in adolescents of 8 to 37% by water fluoridation has been
observed [6], and around 25% by topical fluoride therapies
when compared with no treatment with fluoride [7]. Despite
the access to fluoridated water and the use of homemade or
professional fluorides, tooth decay remains a challenge.
Sheiham and James [8] point to sugar as the primary and
necessary factor for the development of caries, emphasizing
the cumulative effect of sugar consumption throughout life.
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For small children, contact with sugary foods should be de-
layed as long as possible, preferably past 2 years of age, and
limited to a maximum of 10% of daily caloric intake being
composed of free sugar [9].

When caries affect children under 6 years of age, it is called
early childhood caries (ECC), and is considered severe child-
hood caries (SCC) when it occurs in children less than 3 years
of age [10]. In those young children, caries disease manifests
aggressively, leading to the complete destruction of dental
crowns in a short period of time, which can develop into situ-
ations so severe that it will negatively affect the growth and
development of affected babies. Due to its crippling features,
ECC has the potential to adversely impact a child’s quality of
life; for example, severe caries lesions cause discomfort, pain,
infection, and abscesses that hinder adequate food consumption
and consequently causemalnutrition, which, in turn, can lead to
retardation of physical growth and cognitive behavior. In addi-
tion, esthetic discomfort can cause relationship and self-esteem
psychological problems [11].

Some researchers sought to expand the basic microbiolog-
ical model of early-onset cavities, including social factors, as
well as demographic and behavioral factors such as ethnicity,
income, family status, level of maternal education, brushing
habits and oral hygiene knowledge, and parents’ beliefs
[12–14]. Some clinical trials have demonstrated the effective-
ness of health promotion programs and education on ECC
reduction through early intervention with pregnant women
and mothers of newborns, providing information on how to
deal with food intake, breastfeeding, and oral hygiene com-
patible with good oral health for children [15–18]. In this
sense, any dental treatment that is based only on curative
and punctual interventions, while disregarding the multifacto-
rial nature of dental caries and periodontal disease, will fail in
achieving positive child health. Therefore, the use of a com-
prehensive approach that can control the disease, rehabilitate
through restorative procedure, and also promote good patient
health is paramount.

Within this perspective, an unconventional method for car-
ies treatment called atraumatic restorative treatment (ART)
was developed in the mid-1980s and presented to the mem-
bers of the World Health Organization (WHO) in 1994. The
ART program has three bases: education for health; efforts
toward caries and gingivitis diseases prevention; and
atraumatic restorative technique, based on minimal interven-
tion (MI) principles. ART with MI consists of the removal of
the cavity tissue through excavation of infected dentine only
with manual sharp instruments, under relative isolation, with-
out the use of anesthesia, and, after cavity cleaning, filling
with a fluoride-releasing adhesive material called glass
ionomer cement (GIC) [19, 20].

Clinical trials have evaluated the performance of ART in
deciduous teeth, showing quite acceptable survival rates,
ranging between 65 and 96.7% for restoration of a surface.

However, the ART of one or more surfaces has presented
lower success rates (31–76.1%), even using GIC with better
properties [21–25].When comparing ARTwith restorations of
amalgam in deciduous teeth, statistically significant differ-
ences have not been found among the groups after 12 and
24 months [26].

Considering the severity and high prevalence of ECC, as
well as the importance of early intervention and approach, the
Atraumatic Restorative Treatment program, because of its ad-
vantages, consists of an important treatment alternative.
However, only a few studies assess ART in babies affected
by ECC. For this practice to be accepted as safe, scientific
evidence must be built through longitudinal studies to evalu-
ate ART performance, and to this end, the present study is
justified. Therefore, the aim of this research was to evaluate
the effectiveness of atraumatic restorative treatment per-
formed in babies suffering from ECC after a 4-year period
and compare the clinical performance of atraumatic restora-
tions performed with two different glass ionomer cements.
Our hypothesis is that there is no difference in the clinical
performance of ARTs performed with the different GICs.

Materials and methods

The study is characterized by longitudinal follow-up of a ran-
domized, double-blind, split-mouth-type clinical trial performed
in babies affected by early childhood caries. The subjects were
children of both sexes, aged between 18 and 36 months, with at
least one deciduous molar in each of the different dental quad-
rants, presenting active cavitated lesions of shallow or medium
depth, involving only the occlusal surface. The initial conve-
nience sample consisted of 100 deciduous molars of 25 children
attending Bebê Clínica of the School of Dentistry of the Federal
University of Rio Grande do Sul-FO/UFRGS, Porto Alegre-RS,
Brazil, this number being based on similar studies published in
the literature [27–29]. The power of the sample was calculated
using the PEPI program, version 4 (Computer Programs for
Epidemiologists), for a significance level of 5%. Considering
that the average success percentage in 2 years of ARTon primary
teeth facings was 88%, and the worst result found was 67% [30],
the power obtained was of 70.1%.

All children in the study were enrolled in the oral health
promotion program for babies, in whichmothers accompanied
by their children individually received information and guid-
ance on food intake, breastfeeding, and oral hygiene. In addi-
tion to the guidance that was reinforced at each visit, children
received topical application of fluoride by brushing with acid-
ulated phosphate fluoride gel in four applications with inter-
vals of 1 week, considering that all had active cavities [31].

The clinical trial was performed through the experimental
split-mouth model, in which the 25 selected children had their
teeth (deciduous molar in each of the different dental
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quadrants) distributed randomly through a random number
table, receiving ART restorations of a face with one of the
two high-viscosity conventional glass ionomer cements stud-
ied: Vitro Molar® (DFL, Rio de Janeiro, Brazil) and Ketac
Molar Easymix® (3 M ESPE, St. Paul, MN, USA). The
atraumatic restorations were performed in the dental office
by a single operator trained in the ART Technique [20], who
received the restorative material already prepared by a trained
auxiliary, ensuring blinding of the study. The restorative pro-
cedure performed in relative isolation and without the use of
anesthesia consisted of removal of the carious tissue using
hand instrument excavators and dentin spoons, with subse-
quent conditioning of the cavity with a polyacrylic acid solu-
tion at 11.5% (DFL) applied with a microbrush for 10 s.
Immediately after, the cavity was washed and dried with cot-
ton balls. In this step, according to the randomization, the
respective GIC was inserted and subsequent digital compres-
sion was performed for 30 s. After occlusal adjustment, the
ARTs were protected with finish gloss Alfa Bond® (DFL).

Clinical assessments were carried out in three stages: after
1, 2, and 4 years. For this, the oral health status of the children
was assessed by the presence of visible plaque and caries
activity, and the quality of ART restorations by the ART cri-
terion (Table 1) [20]. In the exams at 4 years, an additional
assessment was done by means of the modified United States
Public Health Service (USPHS) criteria (Table 2) [32] and the
Visible Plaque Index (VPI) and Gingival Bleeding Index
(GBI) [33]. Each evaluation was performed by a different
blind examiner for the type of GIC used in ARTand calibrated
with the respective intra-examiner correlation coefficients:
1 year (ART criterion: kappa = 0.81), 2 years (ART criterion:
kappa = 0.83), and 4 years (ARTcriterion: kappa = 0.86; mod-
ified USPHS criteria: kappa average = 0.73; VPI: kappa =
0.79; caries activity: kappa = 1.0).

For the analysis of the general clinical performance of
ART, through the success rate among the different GICs, the

chi-square test was applied. In addition, the Mann–Whitney
test was used to compare each individual clinical criterion
between the materials (retention and anatomical shape, integ-
rity and marginal discoloration, color of material, surface
roughness, and secondary caries), with all tests at the level
of significance of 5% (p < 0.05). The visible plaque index
(VPI) and gingival bleeding index (GBI) as well as caries
activity were expressed through frequency distribution.

Database construction and analysis and interpretation of
results were obtained by using the Statistical Package for the
Social Sciences (SPSS), version 19.0.

The initial research project, as well as the longitudinal eval-
uation, were submitted to and approved by the Research
Ethics Committee of the School of Dentistry/UFRGS, record-
ed respectively by processes # 160/04 - Minutes No. 11/04
and No. 13027 - Minutes No. 03/08. All parents or guardians
of the children signed a consent form. The trial was registered
at ClinicalTrial.gov (NCT03756025).

Results

The initial study consisted of 25 children and 100 ART resto-
rations, and at the 1-year evaluation there were no losses in the
sample. However, at the 2-year evaluation, it changed to 20
children and 80 ARTs, totaling a loss percentage of 20% of
subjects and restorations. At the last evaluation, at 4 years, this
number remained almost the same, closing with a sample of
19 children and 76 atraumatic restorations, with a mean age of
6.2 years at that stage, harmoniously shared between the
sexes: female (52.6%) and male (47.4%).

The oral health status of children during the study period is
shown in Table 3. It is observed that the caries activity was
controlled within 4 years, ending with 94.7% of children with-
out disease activity. Regarding the presence of visible plaque,
the percentages varied; however, low VPI and GBI (< 20%)
prevailed in the 4 years of evaluation.

Regarding the clinical performance of ART restorations, as
shown in Table 4, there is a percentage of overall success of
94%, 87.5%, and 82.9% in 1, 2, and 4 years of follow-up,
respectively. Moreover, among the GICs studied, this differ-
ence was not statistically significant (p > 0.05).

In Fig. 1, statistically significant difference is not observed
over the 4 years when comparing the losses of atraumatic
restorations using two different GICs through the log-rank test
(p = 0.223).

Table 5 shows the clinical performance of ARTs according
to each individual criterion (USPHS) between the GICs in the
4-year evaluation. It is observed that in all individual clinical
criteria the success percentage was considered high for both
GICs, with no statistically significant difference between them
(p > 0.05). The criteria that showed greater failure were ana-
tomical shape (n = 8), marginal integrity (n = 8), and retention

Table 1 ART evaluation criteria used to assess ART restorations

Code Criteria

0 Present, satisfactory

1 Present, slight deficiency at cavity margin of less than 0.5 mma

2 Present, deficiency at cavity margin of 0.5 mm or morea

3 Present, fracture in restoration

4 Present, fracture in tooth

5 Present, overextension of approximal margin of 0.5 mm or morea

6 Not present, most or all of restoration missing

7 Not present, other restorative treatment performed

8 Not present, tooth is not present

9 Unable to diagnose

C Dentine carious lesion presenta

a As assessed using the 0.5-mm ball end of a metal CPI probe
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(n = 6). Five of the ARTs have been replaced by other resto-
rations at other dental services, which rendered the evaluation
impossible.

Discussion

Longitudinal clinical trials are among the studies with a higher
degree of scientific evidence, on which clinical practices
should be based. However, they present, as a limiting factor,
the loss of follow-up with patients, which inmany cases might
compromise the validity of the results. In this study, in a 4-year
follow-up that began with 25 patients and 100 restorations, the
sample loss was considered low (20% and 24% of teeth in 2
and 4 years, respectively), compatible with other studies on
ART, but with more follow-up time (6 years) [34, 35]. Among
the six patients lost, the reason for the loss of five of them was
change in phone contact and address information and one who
had the follow-up done at a private dental care service, refus-
ing to return to the research.

The clinical criteria used for evaluation of restorative treat-
ments are of utmost importance in the validity of the results.
Traditionally, studies evaluating ART in the field used their
own criteria developed to assess ARTs, which includes tech-
nical particularities [20]. However, the need to compare the
quality of ARTwith traditional restorative treatments boosted
the modification of the evaluation criteria, and from then on,
the USPHS criteria by Ryge [32] became prevalent. However,
some studies on ART proposed to use both methods simulta-
neously in order to compare them, and the results suggest
similarity and comparability between ART and USPHS
criteria [36, 37] and other more recent ones, such as the FDI
criteria [38]. This justifies the use of the USPHS criteria in
addition to the ART criteria in the 4-year evaluation in the
present study. Thus, it is possible to carry out a more detailed
assessment through USPHS and compare these findings with
the study that used both criteria.

According to Tinanoff and Reisine [13], due to its high
prevalence, its impact on quality of life of young children,
and the potential risk factor for caries in the permanent

Table 2 Modified Ryge/USPHS clinical criteria

Clinical characteristics Alpha Bravo Charlie Delta

Retention The restoration was intact The restoration was partially lost The restoration was totally lost N/A

Color The restoration matches
in color and translucency
to adjacent tooth structure

The mismatch in color and
translucency is within the
acceptable range of tooth
color and translucency

The mismatch is outside the
acceptable range of color
and translucency

N/A

Marginal integrity Explorer does not catch or
has one-way catch when
drawn across the
restoration/tooth interface

Explorer falls into crevice
when drawn across the
restoration/tooth interface

Dentin or base is exposed
along the margin

Restoration is fractured,
mobile, or missing (in
part or in toto)

Anatomic form The general contour of the
restoration follows the
contour of the tooth

The general contour of the
restoration does not follow
the contour of the tooth

The restoration has an
overhang

N/A

Surface texture The surface of the
restoration has no
surface defects

The surface of the restoration
has minimal surface defects

The surface of the restoration
has severe surface defects

N/A

Marginal discoloration There is no discoloration
between the restoration
and tooth

There is discoloration on less
than half of the
circumferential margin

There is discoloration on
more than half the
circumferential margin

N/A

Recurrent caries There is no clinical diagnosis
of caries

Not applicable There is clinical diagnosis of
caries

N/A

N/A not applicable

Table 3 Health conditions of
children in relation to caries
activity, visible plaque, and
gingival bleeding during the study
period

Caries activity n (%) Visible plaque n (%) VPI n (%) GBI n (%)

n Present Absent Present Absent > 20% < 20% > 20% < 20%

1 year 25 4 (16) 21 (84) 14 (56) 11 (44) – – – –

2 years 20 8 (40) 12 (60) 5 (25) 15 (75) – – – –

4 years 19 1 (5.3) 18 (94.7) 17 (89.5) 2 (10.5) 1 (5.3) 18 (94.7) 1 (5.3) 18 (94.7)

VPI visible plaque index, GBI gingival bleeding index
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dentition, early childhood caries is undoubtedly one of the
most serious health conditions among children. A necessary
first step in preventing dental caries in preschool children is to
understand and assess the child’s caries risk factors. Previous
experience of caries and white spot lesions should automati-
cally be classified as high caries risk. In addition, frequency of
sugar consumption, hypoplasia, and enamel defects, socioeco-
nomic, psychosocial, and ethnic factors have also been rele-
vant in determining the risk of caries. Based on this knowl-
edge of specific risk factors for each individual, different strat-
egies for prevention and treatment should be implemented,
including parent-supervised fluoride therapy by daily tooth
brushing with fluoride toothpaste, and professional topical
fluoride application with varnish or fluoride gel. Guidance
and intensive counseling with parents should also be
highlighted, considering that motivating the change of specific
habits and behaviors can reduce the occurrence of caries in
children [13]. Based on these principles and on atraumatic
restorative treatment, the Bebê Clínica program of the
School of Dentistry/UFRGS has been supporting ECC man-
agement [31].

The oral health status of children involved in the study was
assessed based on the caries activity, visible plaque, VPI, and
GBI. From the point of view of caries disease management,
the ART program has proven to be effective, because after
4 years of evaluation, 94.7% of children had inactive caries,
featuring control of the carious process. There is evidence in
the literature indicating that good oral hygiene reduces plaque
and prevents gingivitis; thus, manual brushing with fluoridat-
ed toothpaste remains the most widely used and effective
method for the prevention of caries and gingivitis [39, 40].
For this reason, in order to infer the quality of oral hygiene
of the children, the presence of visible plaque was evaluated,
and these results showed a considerable number of variables
over the three assessments. This can be partly explained by the
fact that the evaluation of the visible plaque presents some
limitations, in that it does not determine the amount and extent
of plaque buildup, and therefore, regardless of whether the
child has plaque buildup on one or all dental surfaces, it will
be considered the same way.

In an attempt to minimize this bias in the 4-year assess-
ment, VPI and GBI, which represent the percentage of

Fig. 1 Kaplan–Meyer survival
curve of ARTs over the 4-year
follow-up study

Table 4 Clinical performance of ART restorations with different GICs measured in 1, 2, and 4 years according to ART criteria

1 year(a) 2 years(a) 4 years(a)

Vitro molar
n (%)

Ketac
molar n (%)

Total n = 100
n (%)

Vitro
molar n (%)

Ketac
molar n (%)

Total n = 80
n (%)

Vitro
molar n (%)

Ketac
molar n (%)

Total
n = 76 n (%)

Success 48 (96) 46 (92) 94 (94) 36 (90) 34 (85) 70 (87.5) 33 (86.8) 30 (78.9) 63 (82.9) p > 0.05 (b)

Failure 2 (4) 4 (8) 6 (6) 4 (10) 6 (15) 10 (12.5) 5 (13.2) 8 (21.1) 13 (17.1) p > 0.05 (b)

a ART criterion: success (codes 0, 1, and 7), failure (codes 2, 3, 4, and 8), and prevented (codes 5 and 6)
b Chi-square test, level of significance p<0.05
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affected surfaces, have been included, allowing for the results
to be better analyzed. Although 89.5% of children have visible
plaque, the VPI and GBI data lead us to a small extent of
plaque buildup, as 94.7% of children had rates lower than
20%, and only one child had VPI and GBI greater than 20%
(the same child who had caries activity), which denotes the
lack of control of etiological factors in general. Despite the
importance of these indexes for assessing the quality of oral
hygiene, few studies consider VPI and GBI in young children,
making it difficult to compare the data obtained in this study.

Some intervention programs based on educational and pre-
ventive activities with preschool children have shown signif-
icant improvements in their oral hygiene pattern. Junqueira
[41] observed reduction of the VPI from 58.98% to 10.00%
in all children who participated in his study. Guarienti [42]
achieved a VPI reduction from 33.4% to 6.9%, and from

24.0% to 2.6% in GBI of preschool children after a year of
preventive work and education in oral health.When compared
to these results, the conditions of oral hygiene and biofilm
control account for the effectiveness of the ART program for
children with ECC, using the individual approach.

Few studies published evaluate ART in infants who were
affected by ECC, and there are few longitudinal follow-up
reports of more than 3 years in primary teeth. The findings
of this study reflect an optimal clinical performance of ARTs
through a percentage of overall success of 94%, 87.5%, and
82.9% in 1, 2, and 4 years of follow-up, respectively. In a
meta-analysis conducted by van’t Hof et al. (2006), a median
survival of ARTs of one surface in primary teeth of 95% (87–
99%) and 91% (67–94%) were found at the 1- and 2-year
follow-up, respectively. In a more recent meta-analysis [43],
the authors found the following success percentages for one-

Table 5 Clinical performance of
ARTs restorations with different
GICs from individual clinical
USPHS criteria in the 4-year
evaluation

Criteria(a) Code Vitro molar

n (%)

Ketac molar

n (%)

Retention p > 0.05(b)

A 33 (86.8) 28 (73.5)

B 2 (5.2) 2 (5.3)

C 2 (5.2) 4 (10.6)

Prevented* 1 (2.6) 4 (10.6)

Anatomical form A 25 (65.7) 24 (63.0) p > 0.05(b)

B 8 (21.1) 4 (10.6)

C 4 (10.6) 4 (10.6)

Prevented* 1 (2.6) 6 (15.8)

Marginal integrity A 30 (78.9) 24 (63.1) p > 0.05(b)

B 4 (10.6) 3 (7.9)

C 3 (7.9) 3 (7.9)

D 0 (0.0) 2 (5.3)

Prevented* 1 (2.6) 6 (15.8)

Marginal discoloration A 24 (63.1) 25 (65.8) p > 0.05(b)

B 13 (34.3) 7 (18.4)

Prevented* 1 (2.6) 6 (15.8)

Color A 5 (13.1) 2 (5.2) p > 0.05(b)

B 31 (81.5) 30 (79.0)

C 1 (2.6) 0 (0.0)

Prevented* 1 (2.6) 6 (15.8)

Surface texture A 30 (79.0) 28 (73.7) p > 0.05(b)

B 6 (15.8) 3 (7.9)

C 1 (2.6) 1 (2.6)

Prevented* 1 (2.6) 6 (15.8)

Recurrent caries A 37 (97.4) 34 (89.5) p > 0.05(b)

Prevented* 1 (2.6) 4 (10.5)

a USPHS criterion: success (codes A =Alfa and B = Bravo) and failure (codes C = Charlie and D =Delta)
bMann–Whitney test, significance level p < 0.05
* It was not possible to carry out the evaluation due to the total failure of the restoration or due to the replacement
of the restoration at other oral healthcare centers
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face ARTs in primary teeth: 1 year (95% IC91–98), 2 years
(93% IC91–94), and 3 years (66% IC13–99), rates similar to
the ones found in this study. Even with similar success per-
centages, it should be noted that the studies evaluated bymeta-
analysis were performed with older children with an average
age of 6 years, who presented a more favorable behavioral
management than very young babies, which may influence
the outcome of the treatment.

Faccin et al. [44] evaluated ARTs in preschool children,
aged 31 months on average, performed by dental students at
the dental office. They found a lower survival percentage
(72%) than those in the present study (82.9%), with a trial
period between 25 and 48 months, even using a resin-
modified glass ionomer cement RMGIC, which usually has
a better performance than the conventional GIC. The authors
have also found that the success rates were not influenced by
age, suggesting the feasibility of ART in young children, a fact
confirmed by the current study findings. Thus, it is possible to
assert that ART is a child-friendly technique because it is less
uncomfortable, painful, and traumatic for them.

By comparing the clinical performance between the GICs
studied based on the individual criteria of UPSHS, no statisti-
cally significant difference was observed. Among the criteria
that presented more failures, the highlights are anatomical
shape, marginal integrity, and retention. Possible causes of
such failures that may be associated with physical properties
of the GICs have been reported in the literature [45–47], the
caries removal technique [47], and the skill and training of the
operator [30, 46, 47]. The low failure rates may be associated
with control of these variables in this study, considering that
the ARTs were performed by a single operator trained in the
technique with two high-viscosity GICs appropriate for ART.
Besides, it is important to note that even though some ARTs
failed due to total or partial loss of the material or an unac-
ceptable marginal condition, none of them showed secondary
caries. This situation must be linked to the fact that children
have controlled their caries processes through educational and
preventive programs, in addition to the GIC fluoride-release
property associated with low-caries recurrence rates in other
studies as well [23, 45, 48].

The general comparison between different GICs showed
that the two materials behave similarly in ART restorations
in babies with ECC, given that the two GICs are of high
viscosity and developed specifically for the ART technique.
Therefore, the hypothesis of this study was accepted.

Conclusion

It is concluded that atraumatic restorative treatment was effec-
tive in handling early childhood caries, with an excellent clin-
ical performance of ART restorations, for both GICs, during
the 4 years of follow up.
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