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Abstract The purpose of this study is to perform a
systematic investigation plus meta-analysis into survival
of atraumatic restorative treatment (ART) sealants and
restorations using high-viscosity glass ionomers and to
compare the results with those from the 2005 ART meta-
analysis. Until February 2010, four databases were
searched. Two hundred four publications were found,
and 66 reported on ART restorations or sealant survival.
Based on five exclusion criteria, two independent
reviewers selected the 29 publications that accounted
for the meta-analysis. Confidence intervals (CI) and or
standard errors were calculated and the heterogeneity
variance of the survival rates was estimated. Location
(school/clinic) was an independent variable. The survival
rates of single-surface and multiple-surface ART restora-
tions in primary teeth over the first 2 years were 93%
(CI, 91–94%) and 62% (CI, 51–73%), respectively; for
single-surface ART restorations in permanent teeth over
the first 3 and 5 years it was 85% (CI, 77–91%) and
80% (CI, 76–83%), respectively and for multiple-surface
ART restorations in permanent teeth over 1 year it was

86% (CI, 59–98%). The mean annual dentine lesion
incidence rate, in pits and fissures previously sealed
using ART, over the first 3 years was 1%. No location
effect and no differences between the 2005 and 2010
survival rates of ART restorations and sealants were
observed. The short-term survival rates of single-surface
ART restorations in primary and permanent teeth, and
the caries-preventive effect of ART sealants were high.
Clinical relevance: ART can safely be used in single-
surface cavities in both primary and permanent teeth.
ART sealants have a high caries preventive effect.

Keywords Atraumatic restorative treatment . Glass-
ionomer . Survival . Restorations . Sealants .Meta-analysis

Introduction

The first meta-analysis on the quality of atraumatic
restorative treatment (ART) sealants and ART restorations
was carried out 5 years ago [1]. The results showed high
percentages of ART restorations in single-surface cavities in
both primary and permanent teeth; unsatisfactory percen-
tages regarding survival of ART restorations in multiple-
surface cavities in primary teeth; high percentages of
dentine carious lesion-free pits and fissures related to
ART sealants and significantly higher survival percentages
in ART restorations in which high-viscosity glass ionomers
had been used than in those in which medium viscosity
ones had been used.

The number of studies investigating the various aspects
of the ART approach has increased over the last 5 years.
Many of these have focused on the survival of ART
restorations. As the ART approach is being utilised by an
ever-increasing number of dental professionals around the
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world, there is a need to update the data about the longevity
of ART sealants and ART restorations. The present
publication reports the findings of a systematic review with
meta-analysis on the survival of ART restorations in
primary and permanent teeth and on the retention and
caries-preventive effect of high-viscosity glass-ionomer
ART sealants applied in permanent teeth.

Materials and methods

Data collection The literature search of publications
indexed in the English language was carried out in
PubMed and Medline. For the Portuguese and Spanish
languages, the search covered the LILACS and BBO
databases. All publications listed until 1 February 2010
were analysed. The English keywords used were:
“dental”, “survival”, “Atraumatic Restorative Treatment
(ART)”, “ART technique”, “ART restorations”, “ART
sealants”. The Portuguese search terms were: “Trata-
mento Restaurador Atraumático”, “cimentos de ionômero
de vidro” AND “restauração dentária permanente”,
“cimentos de ionômero de vidro” AND “selantes de
fossas e fissuras”. The Spanish keyword was “Trata-
miento Restaurador Atraumático”.

A total of 184 (PubMed), 144 (Medline), 45 (LILACS)
and 57 (BBO) publications related to ART were found. All
publications found in Medline were also included in
PubMed. Concerning Portuguese/Spanish references, 13
publications listed in LILACS did not appear in BBO,
while 25 publications listed in BBO were not included in
LILACS. Publications whose titles or abstracts did not
report on the survival results of ART restorations or ART
sealants were immediately excluded. Four publications in
English were found in the list of references of extracted
publications [2–5] and one submitted manuscript became
known to the authors (personal communication), increasing
the total number of publications eligible for the meta-
analysis to 66 (54 in English and 12 in Portuguese/
Spanish). The sequence followed, from retrieving a publi-
cation to its inclusion in the meta-analysis, is shown in
Figs. 1 and 2.

The exclusion criteria for the meta-analysis were
formulated as follows: (1) survival results <1 year; (2)
incorrect statistical survival analysis; (3) ART performed by
a non-graduated dentist; (4) low- or medium-viscosity glass
ionomer or other material used with ART restoration or
sealant; (5) cavity restoration with rotary instruments was
termed ‘ART’. In cases where the content of a publication
was unclear, authors were contacted by e-mail. If no
response was received within a month, the publication
was excluded. Table 1 shows the reason(s) for excluding 37
publications. Finally, the database used for the meta-

analysis comprised 29 publications reporting on 27 studies
from 18 countries.

Investigator agreement Two investigators independently
extracted the survival percentages, corresponding standard
errors or confidence intervals (CI) and number of sealants/
restorations for the included studies from the documents
published up to June 2005 [1]. RGA and JF independently
extracted the requested information from the studies
published in English between 1 June 2005 and 1 February
2010. RGA and SL independently extracted the requested
information from the studies published in Portuguese and
Spanish. A few differences existed between the investiga-
tors about articles extracted but all disagreements were
resolved through discussion and consensus.

Quality of the included publications The quality assess-
ment of the included studies was based on the following:
(a) information provided about the sample recruitment; (b)
the baseline DMFT/S and/or dmft/s scores provided; (c)
whether a prevention programme was reported in combi-
nation with the ART approach; (d) whether the operators
were trained in ART; (e) whether the evaluators were
calibrated and (f) whether the evaluators were independent.

Homogeneity of survival results Homogeneity of survival
results of high-viscosity glass-ionomer ART restorations in
primary teeth was obtained for single surfaces at year 2
only. Homogeneity of survival results of single-surface
high-viscosity glass-ionomer ART restorations in perma-
nent teeth was obtained for years 5 and 6. Homogeneity of
the survival results of partly and fully retained high-
viscosity glass ionomer ART sealants, and dentine lesion-
free sealed pits and fissures in relation to high-viscosity
glass ionomer ART sealants, was obtained for years 2 and
3, and for years 1–6, respectively. Testing for homogeneity
resulted in a need to correct the variance of the individual
survival percentages of ART restorations and ART sealants
for the years that showed heterogenous results.

Statistical analysis The analyses were done by a statisti-
cian. In cases where only survival percentages and number
of sealants/restorations had been presented in publications,
the 95% CI was obtained from statistical tables. CIs were
used in calculating the standard error for the survival
percentages, according to the following equation:
SE ¼ upper � lowerð Þ 4= . Survival percentages per year
within selected groups were combined by weighting with
the reciprocal standard error variances and tested for
homogeneity. If homogeneity was rejected at a level of
0.05, statistical software R, version 2.10.1 was used for
estimating the heterogeneity variance and adding it to the
pooled variance [6]. The independent variable, location,
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was defined as ‘dental clinic or primary school’. Differ-
ences between groups were tested, using the t test.
Statistically significant difference was set at α=0.05.

Results

ART restorations The survival percentages, standard errors
and 95% CI of single- and multiple-surface ART restorations
in primary teeth are presented in Tables 2 and 3, respectively.
The mean annual failure rates of single-surface and multiple-
surface ART restorations in primary teeth over the first
2 years were 3.5% and 19%, respectively. The survival

percentages, standard errors and 95% CI of single-surface
and multiple-surface ART restorations in permanent teeth are
presented in Tables 4 and 5. The mean annual failure rates of
single-surface ART restorations using high-viscosity glass
ionomers in permanent teeth over the first 3 and 5 years were
5.0% and 4.0%, respectively. The mean annual failure rate of
multiple-surface ART restorations using high-viscosity glass
ionomers in permanent teeth was 14% over the first year. No
location effect was observed (p>0.05).

ART sealants The survival percentages, standard errors and
95% CI of fully and partially retained ART sealants in
permanent teeth are presented in Table 6. The mean annual
failure rate of completely lost high-viscosity glass ionomers

Pubmed Medline 

184 144

184 Total number of publications retrieved on key words 

Excluded publications for the following reasons: 

- non-survival ART related publications (n=64) 

- ART mentioned in general dentistry publications (n=39) 

- ART mentioned in non-dental publications (n=8) 

- ART related letters (n=8) 

- ART mentioned in non-traceable journals (Chinese) (n=5) 

- Survival results repeated in other journal/language (n=5) 

- Survival using resin composite (n=2) 

- Survival on root surfaces (n=2) 

                                               - Survival on anterior teeth (n=2) 

49 Number of eligible publications minus excluded publications not 

reporting survival of ART sealants or ART restorations 

Added publications: 

- retrieved in list of references (n=4) 

                                               - personal communication (n=1) 

54 Number of publications before application of exclusion criteria

Excluded publications (n=25) (Table 1) 

29 Included publications for the meta-analysis 

Fig. 1 Flow chart of retrieved
English publications from key-
words to included publications
reporting survival results of
ART sealants or ART
restorations
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sealants in permanent teeth over the first 3 years was 9.3%.
The survival percentages and 95% CI of caries-free pits and
fissures in permanent teeth previously sealed using the
press-finger technique (ART) for high-viscosity glass
ionomers are presented in Table 7. The mean annual caries
incidence rate over the first 3 years, in pits and fissures
previously sealed using the press-finger technique, was
1.0%. No location effect was observed (p>0.05).

Survival results of ART restorations in 2005 and 2010 The
survival results and 95% CI of ART restorations using
high-viscosity glass ionomers in posterior teeth by type
of restoration, year of survival and year of meta-analysis
are presented in Table 8. No statistically significant
differences in survival percentages of ART restorations
were observed between the meta-analyses carried out in
2005 and 2010 (p>0.05).

Quality assessment None of the included publications
contained information about all of the six criteria chosen
for quality assessment.

Discussion

The present meta-analysis on ART restoration and ART
sealant survival differs from the one carried out in 2005, as

it included Portuguese and Spanish databases in its
systematic literature review. Since ART has increasingly
been used in many Latin American and Caribbean countries
[4], the search was extended to libraries containing
publications in these two languages. However, none of the
12 eligible publications in Portuguese/Spanish met the
inclusion criteria.

The strength of the systematic review, which is at the heart
of meta-analysis, is the assessment of all relevant studies of
adequate quality, whether published or unpublished [7]. In the
present investigation, only one unpublished manuscript
reporting on survival rates of ART sealants over 6 years
was included in the database. Fortunately, the 3-year results
of the same study had been published [8], so aspects of the
quality of the unpublished manuscript could be checked.

The decision to include only studies that had used high-
viscosity glass-ionomers was based on the results of the
first meta-analysis covering ART restorations and ART
sealants [1]. Since 1995, it has become common practice to
consider high-viscosity glass ionomers as the correct glass
ionomer for use in producing ART restorations and ART
sealants [9]. Although it is easy to understand that a glass
ionomer with improved physical characteristics (specially
the fracture toughness) will lead to higher survival rates of
restorations, many dental practitioners have different
thoughts regarding its use for sealing pits and fissures.
They hold the opinion that low- or medium-viscosity glass
ionomers, being less viscous than high-viscosity glass

LILACS BBO 

45 57

70 Total number of publications retrieved on key words 

Excluded publications for the following reasons: 

- non-survival ART related publications (n=54) 

- ART mentioned in non-traceable thesis (n=4) 

12 Number of eligible publications minus excluded publications not 

reporting survival of ART sealants or ART restorations 

12 Number of publications before application of exclusion criteria

Excluded publications (n=12) (Table 1) 

0 Included publications for the meta-analysis 

Fig. 2 Flow chart of retrieved
Portuguese/Spanish publications
from keywords to included
publications reporting
survival results of ART
sealants or ART
restorations
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ionomers, would flow more easily into the deepest parts of
pits and fissures, which is in line with the practice of
placing resin composite sealants. However, the fissure
penetration depth of high-viscosity glass ionomers sealants
placed in accordance with the “finger pressure” technique
[10] does not differ from that of resin composite sealants
[11]. Furthermore, the survival rates of retained high-
viscosity glass-ionomer ART sealants were found to be
higher than those of medium-viscosity glass ionomers [1,

12]. There is, therefore, sufficient evidence that using high-
viscosity glass ionomers for placing ART sealants is the
better option.

Studies that used rotary instruments to remove carious
tissues or to gain access to the dentine lesion were also
excluded. As one of the main fundamentals of the ART
approach is the use of hand instruments only, preparing
cavities with rotary instrumentation and describing the
process as ART, is a misuse of the ART approach [13]. If

Table 1 Listing and reasons for exclusion of publications that have reported about survival of ART restorations and ART sealants

First author Language Survival
<1 year

Operator not a
dentist/dental
therapist

Incorrect statistical
survival analysis

Low- and medium-
viscosity GIC or
other materials

ART with
rotary
instrument

Oba et al. [38] English x

Faccin et al. [39] English x x (Resin)

Roeleveld et al. [40] English x

Kemoli et al. [16] English x x

Barata et al. [41] English Mixture of class I,
II, III and IV

Dülgergil et al. [42] English x

Lopez et al. [43] English x

Cefaly et al. [44] English x

Bresciani et al. [45] English x

Mallow et al. [46] English x x

Abid et al. [47] English x

Motsei et al. [48] English x

Smith et al. [2] and
Kalf-Scholte et al. [49]

English x

Phantumvanit et al. [50] English x

Mandari et al. [51, 52] English x

Frencken et al. [53] English x

De Souza et al. [54] English x

Frencken et al. [55] English x

Wang et al. [56] English x

Lo and Holmgren [57] English x

Yee [58] English x

Van den Dungen et al.[59] English x

Zanata et al. [60] English x

Falbo et al. [61] Spanish x

Moraes et al. [62] Portuguese x

Oliveira et al. [63] Portuguese x

Silva et al. [64] Portuguese x

Bresciani et al. [65] Portuguese x

Peres et al. [66] Portuguese x

Coelho et al. [67] Portuguese x

Ewoldsen et al. [68] Spanish x

Oliveira [69] Portuguese x

Bustamante et al. [70] Spanish x

Edelberg & Basso [71] Spanish x

Figueiredo et al. [72] Portuguese x
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extra retention is required, especially in proximal restora-
tions, retention niches can be made with special hand
instruments, as described by Cefaly et al. [14]. Rutar et al.
[15] proposed a change in the restorative technique in order
to improve survival of multiple-surface glass-ionomer
restorations in primary teeth. They suggested lowering the
isthmus and keeping it out of occluding contact.

People not yet qualified in medical sciences do not
generally conduct studies investigating the quality of a
dental treatment approach in vivo or carry out the
evaluation of such a treatment [16]. That was the reason
for exclusion from this meta-analysis of studies whose
restorative procedures had been performed by a dental
undergraduate.

Table 3 Overview of survival results (in percent) SE and 95% CI of multiple-surface ART restorations using high-viscosity glass ionomers in
primary posterior teeth by location and year of survival

Authors Location Year of survival

1 2 3

Survival SE CI Survival SE CI Survival SE CI

Ersin et al. [80] School 83 4.3 76 5.3

Van Gemert et al. [17] School 12 3.0

Honkala et al. [73] Clinic 100 6.5 83 11.5

Taifour et al. [74] Clinic 72 2.0 60 2.3 49 2.5

Yip et al. [75] and Yu et al. [76]a Clinic 66 12.8 49 13.8

Yip et al. [75] and Yu et al. [76]b Clinic 65 10.5 55 11.0

Louw et al. [77] School 73 3.8

Luo et al. [78] and Lo et al. [79] School 54 10.0 43 9.8

Menezes et al. [34] Clinic 31 10.8

Weighted mean score 71
60–
80

62
51–
73

31 2–77

SE standard error
a,b Same study but different glass ionomer cement

Table 2 Overview of survival results (in percent) SE and 95% CI of single-surface ART restorations using high-viscosity glass ionomers in
primary posterior teeth by location and year of survival

Authors Location Year of survival

1 2 3

Survival SE CI Survival SE CI Survival SE CI

Honkala et al. [73] Clinic 99 2.0 91 4.0

Taifour et al. [74] Clinic 95 1.0 91 1.3 86 1.8

Yip et al. [75] and Yu et al. [76]a Clinic 95 3.8 89 6.5

Yip et al. [75] and Yu et al. [76]b Clinic 94 4.5 94 4.5

Louw et al. [77] School 96 2.3

Luo et al. [78] and Lo et al. [79] School 93 3.4 94 3.8

Van Gemert et al. [17] School 43 10.9

Ersin et al. [80] School 100 0.8

Menezes et al. [34] Clinic 82 7.3

Yassen [81] School 74 7.3

Weighted mean score 95 91–98 93 91–94 66 13–99

SE standard error
a,b Same study but different glass ionomer cement
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There are certain aspects related to the methodology of a
study that can interfere with its quality and, therefore, affect
the level of evidence provided by that specific research. The
quality assessment of primary studies included in the present
meta-analysis was based on the reporting of relevant
methodological aspects that should be part of any clinical
trial, with the aim of testing the efficacy of an intervention. It is
expected that poor oral hygiene along with high scores of
DMFT/S or dfmt/s at baseline may have an overall impact on
the survival of restorations in general, and those of ART
restorations in particular [17]. For that reason, this informa-
tion was considered important during analysis of the
outcome of the individual studies. In this regard, it was
observed that most of the included publications did not
report the oral health status of the subjects enrolled in the
trial, nor did they state that an oral health programme was
implemented alongside the treatment provided. Another
important aspect that was taken into account referred to the
training of operators. An operator effect on the quality of
ART restorations and sealants applied by dental practitioners
has been reported [17–19]. However, only a few included
studies provided information about whether and how the
operators were trained. Finally, whether evaluators had been
calibrated and were independent was also assessed. Infor-
mation about this aspect was not always provided. When it
was provided, the wording was not clear enough to enable
the reader to understand how the calibration of evaluators
was performed. In an attempt to summarise the quality aspect
of the included publications it can be said that none provided
information on all the quality assessment criteria used.
Therefore, in order to improve the quality of clinical trials
and the reliability of the survival rates of ART restorations
and ART sealants, there is a need for researchers to better
design and/or report proposed methodological characteristics
in the study protocols.

The number of included long-term studies was low. In
some occasions, as for the 3-year survival of ART
restorations in single and multiple surfaces, the survival
rates amongst the few longer term studies differed
significantly and that resulted in large CIs for the weighted
mean survival scores. Therefore, one should be careful in
drawing conclusions from the mean survival rates per year
that is made up of only a few study outcomes.

The present meta-analysis showed short-term high mean
survival rates for single-surface ART restorations in both
primary and permanent dentitions; short-term medium
mean survival rates for multiple-surface ART restorations
in primary teeth; inconclusive results for multiple-surface
ART restorations in permanent teeth; reasonably high
survival rates of partially and fully retained ART sealants
and a high short-term dentine lesion-preventive effect for
ART sealants, thus confirming the results of the first meta-
analysis on ART restorations and ART sealants [1].T
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In contrast to expectations, the survival results of ART
restorations in all types of cavities in both types of dentitions
did not show a location effect. This implies that ART
restorations placed in the well-equipped dental clinic did not
survive longer than those placed in primary schools under
conditions more difficult for the administration of treatment.

It had been suggested that resin-modified glass ionomer
should be used to improve the survival of multiple-surface
restorations in primary teeth [20–22]. This suggestion is
supported by a critical review which concluded that the
longevity of resin-modified glass-ionomer restorations in
primary teeth was similar to that of amalgam, whereas the
lifespan of conventional, low- to medium-viscosity glass
ionomer was shown to be significantly shorter [23]. The
ART approach allows the use of all adhesive materials,
including resin-modified glass ionomers and resin compo-
sites [13]. Self-etch resin composite has been used with
ART in attempts to increase the survival rate of multiple-
surface ART restorations in primary teeth [24, 25].
Unfortunately, the survival results were low. They were
also lower than those reported for high-viscosity glass-
ionomers in the 2005 meta-analysis on ART [1]. This was
largely due to the poor quality of the self-etch bonding
system used. As reported recently, the use of resin-modified
glass ionomers with ART should be investigated [26].

The number of studies reporting on the retention and
dentine lesion-preventing effect of ART sealants had hardly
increased over the 4.7-year period following the 2005

systematic review and meta-analysis on ART [1]. As the
number of studies assessing ART sealants was low and the
dentine lesion-preventive effect of ART sealants was high in
2005, the expectation was that more clinical trials would
have been conducted since then. Probably few studies were
done because many professionals are used to strictly
correlating the caries-preventive effect of a sealant with its
complete clinical retention. Many studies have shown resin-
based sealant to have a high level of retention [27]; higher
than those of low- and medium-viscosity glass ionomers [10,
28]. However, the retention over time of high-viscosity glass
ionomers used in placing ART sealants was higher than that
of the low- to medium-viscosity glass ionomers [1].

A possible reason for the high dentine lesion-preventive
effect of high-viscosity glass-ionomer ART sealants in their
clinically apparent absence has recently been reported [29].
SEM images of pits and fissures apparently free of high-
viscosity glass-ionomer sealant material revealed remnants of
glass ionomer-like material left in the deepest parts of pits
and fissures. These remnants, most probably present because
of the cohesive failure of glass-ionomers [30], may continue
to constitute a physical barrier against the acid produced in
the plaque. This finding may also explain the results of a
systematic review [31] and a meta-analysis [32], which
found no evidence that either material was superior to the
other in the prevention of dental caries. In the present meta-
analysis, although the survival rate of ART sealants after
3 years was 72%, the result for dentine lesion-free sealed pits

Table 8 Survival results (in percent) and 95% CI of ART restorations using high-viscosity glass ionomers in posterior teeth by type of restoration,
year of survival and year of meta-analysis

Type of ART restoration Survival
years

N pubs in meta-analysis,
June 2005

Survival 95% CI N pubs in meta-analysis,
February 2010

Survival 95% CI

Single surface in primary teeth 1 7 95 94–97 9 95 91–98

2 7 91 88–93 6 93 91–94

3 1 86 83–90 2 66 13–99

Multiple surfaces in primary
teeth

1 7 73 70–77 8 71 60–80

2 6 59 55–64 6 62 51–73

3 1 49 44–54 2 31 2–77

Single surface in permanent
teeth

1 10 97 97–98 15 96 94–97

2 10 94 92–95 13 93 89–95

3 5 92 90–93 6 85 77–91

4 3 85 82–87 3 86 78–93

5 2 79 76–83 3 80 76–83

6 2 72 67–76 2 72 67–76

Multiple surfaces in permanent
teeth

1 0 3 86 59–98

2 0 1 41 18–67

3 0 0

4 0 0

5 0 1 77 56–92

N pubs number of publications
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and fissures was 97% after the same period. This finding is
in agreement with that of Beiruti et al. [33]. They showed
that high-viscosity glass ionomer ART sealants had a four
times higher chance than resin-based sealants, of preventing
caries development in re-exposed pits and fissures of
occlusal surfaces of first molars over a 1- to 3-year period.

Most of the included studies had used the (modified)
ART criteria for evaluating the survival of sealants and
restorations or the United States Public Health Services
(USPHS) criteria to assess restoration survival. According
to Holmgren et al. [8], no significant differences between
the two sets of criteria were detected regarding survival
outcomes of ART restorations. As the USPHS criteria have
usually been applied in assessing the survival of other
restorative materials, it is reasonable to assume that the
outcomes of this meta-analysis are comparable to those
from non-ART studies. Only one study applied criteria
different from ART and USPHS [34].

The USPHS criteria have been criticized for their limited
sensitivity in detecting improved clinical performances of
restorative materials currently in use. Consequently, the
FDI criteria, a new discriminative set of criteria, were
developed [35]. The FDI criteria, as well as the common
ART criteria, were used to assess ART restorations [36]. No
significant differences in survival estimates were found
between the two sets of criteria. However, more ART
restorations failed according to the ART criteria than
according to the FDI criteria, which is congruent with
reported results regarding the differences between the ART
and USPHS criteria. There is a need, therefore, to reassess
the ART criteria [36, 37].

In conclusion, the systematic review with meta-analysis
showed high survival rates for single-surface ART restora-
tions using high-viscosity glass ionomers in primary and
permanent teeth over 2 and 5 years, respectively. The short-
term survival rates of multiple-surface ART restorations
using high-viscosity glass ionomers were low for the
primary teeth at 2 years and the number of such studies
for the permanent teeth was low. The survival rates and
dentine lesion-preventive effect in particular, of high-
viscosity glass-ionomer ART sealants at 3 years were high,
indicating that these are effective alternatives to the
traditionally used resin-based sealants. The presented
survival rates for ART sealants and ART restorations
corroborate the outcomes of the 2005 first meta-analysis
on ART and confirm that the ART approach is an effective
evidence-based option for managing dental caries.
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