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Abstract

Aim: A systematic review was performed to evaluate the survival rates of occlusoproximal atraumatic restorations (ART) in primary 
molars using two methods of isolation of the operative field (rubber dam and cotton rolls/saliva ejector). 

Methods: Seven databases were searched for randomized clinical trials comparing the use of different isolation techniques (rubber 
dam and cotton rolls/saliva ejector) for ART restorations with follow-up equal to or longer than 6 moths. The Cochrane risk of bias 
tool was used to assess the quality of the studies and GRADE for the quality of the evidence. 

Results: 687 articles were identified. Three remained in the qualitative synthesis; two were judged to be at unclear and one at high 
risk of bias. The studies from which the information could be extracted were included for meta-analysis. The survival rate at six-
month follow-up was 1.1 (95% confidence interval [CI] = 0.85 to 1.42; p = 0.46), and the survival rate at 24 months follow-up was 
1.50 (95% CI = 0.87 to 2.56; p = 0.14). The quality of the evidence was judged very low. 

Conclusion: There is no evidence of superiority of one isolation method over other when longevity of occlusoproximal restorations 
is considered. Notwithstanding, the low quality of the evidence demands further well-designed trials on the topic to corroborate this 
finding.
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Introduction

Nowadays, Atraumatic Restorative Treatment (ART) is one of the most used protocols for caries treatment in children due to its inher-
ent characteristics of being atraumatic and minimally invasive [1]. The main characteristics of ART restoration are the selective removal 
of carious dentin with manual instruments, which enable greater conservation of tooth substrate and enhance the chance of maintaining 
teeth vitality in deep cavities [1-3]. By avoiding noise, vibration of low and high speed drills [4] and the tingling caused by the infiltrative 
anesthesia [5], ART restorations favor the control of child behavior [6]. 
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Longitudinal studies have reported high success rates of ART technique in occlusal cavities [7-10]. However, the same does not occur 
in cavities that involves multiple faces [10,11]. After a follow-up period of two years, a systematic review showed longevity rates of 93% 
(95% CI 91% to 94%) for occlusal restorations and 62% (95% CI 51% to 73%) for occlusoproximal cavities [7]. This is a difficulty to 
overcome for ART restorations [11-14]. 

Several factors can influence the success rate of the ART restorations, such as lack of operator training [15,16], difficulty in handling 
and inserting the glass ionomer cements (GIC) [9,17] and also the increased possibility of material fracture in restorations that involves 
proximal surfaces [18,19]. In addition, in occlusoproximal restorations, the restorative material must be well accommodated in the gingi-
val cavity wall to prevent infiltration and fracture of the restoration [13,20,21].

In the original protocol of the ART, it was recommended that the restorations should be carried out using cotton rolls isolation [1]. Al-
though this can be easily and quickly accomplished in occlusal cavities, the same does not occur for occlusoproximal cavities. In proximal 
restorations, that require matrix and wedge adaptation and a longer operative time, the control of the moisture could be more challenging 
[16,22]. Additionally, visual access to the proximal cavity is also restricted [23].

Given that, some clinical trials attempted to investigate if the type of the isolation method could have an influence on the survival rates 
of ART restorations [22-24]. These studies concluded that the isolation method does not influence the survival rates of ART restoration 
success; however, given that most of these individual clinical trials have a low statistical power [22], we cannot rule out the fact that the 
authors did not detect a significant and important clinical difference due to their low sample sizes.

The great advantage of a meta-analysis over individual randomized clinical trials is that the former has a higher statistical power for 
any measure of interest, as opposed to a less precise measure derived from a single study. Additionally, a systematic process can evaluate 
the risk of bias of these studies. 

Purpose of the Study

The purpose of this systematic review was to answer the following research question: Is the survival rates of ART restorations in 
class II cavities of primary molars performed with rubber dam isolation higher than those performed with cotton roll/ saliva ejector in 
children? 

Materials and Methods

Protocol and registration

This study protocol was registered in the PROSPERO database (CRD42016033834) and the recommendations of the PRISMA state-
ment were followed for the report of this study [28]. This study was accomplished from April to June of 2021. 

Information sources and search strategy

The controlled vocabulary (MeSH terms) and free keywords in the search strategy were defined based on the PICOS question:

1.	 Population (P): Primary molars in children.

2.	 Intervention (I): Rubber dam isolation.
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3.	 Comparison (C): Cotton roll/saliva ejector for isolation.

4.	 Primary outcome (O): Survival rates of proximal ART restorations.

5.	 Study design (S): Randomized clinical trials.

We searched the electronic databases MEDLINE via PubMed, Scopus, Web of Science, the Latin American and Caribbean Health Sci-
ences Literature database (LILACS), the Brazilian Library in Dentistry (BBO) and the Cochrane Library (Table 1). The search strategy was 
firstly developed for PubMed and then modified for the other databases to identify eligible studies.

Pubmed= 312
#1dental caries[MeSH Terms]) 

OR tooth, deciduous[MeSH 
Terms]) ORdental cav-
ity preparation[MeSH 

Terms]) ORdental marginal 
adaptation[MeSH Terms]) OR
molar[MeSH Terms]) OR “pri-
mary teeth”[Title/Abstract]) 

OR “primary tooth”[Title/
Abstract]) OR “deciduous 

dentition”[Title/Abstract]) OR
“primary dentition”[Title/
Abstract]) OR “deciduous 

tooth”[Title/Abstract]) OR 
primary molar*[Title/Ab-

stract] ) OR dental cavit*[Title/
Abstract]) OR “dentin 

carious”[Title/Abstract])

#2 dental atraumatic re-
storative treatment[MeSH 
Terms]) OR glass ionomer 

cements[MeSH Terms]) 
OR ”atraumatic restorative 

treatment”[Title/Abstract]) OR 
ART[Title/Abstract]) OR ART 
technique*[Title/Abstract]) 

OR ART restoration*[Title/Ab-
stract]) OR ART sealant*[Title/

Abstract]) OR IRT[Title/
Abstract]) OR “interim re-
storative technique”[Title/

Abstract]) OR “ART 
approach”[Title/Abstract]) 

OR “dental restoration”[Title/
Abstract]) OR “minimal 

intervention”[Title/Abstract]) 
OR ionomer[Title/Abstract]) 
OR “partial caries removal” 

[Title/Abstract])

#3 saliva[MeSH Terms]) 
OR rubber dams[MeSH 

Terms]) OR cotton 
fiber[MeSH Terms]) OR 

”saliva contamination”[Title/
Abstract]) OR “rubber 
dam”[Title/Abstract]) 

OR “cotton rolls”[Title/
Abstract]) OR “isolation 

methods”[Title/Abstract]) 
OR “tooth isolation”[Title/

Abstract])

#4 (randomized controlled trial[pt] 
OR controlled clinical trial[pt] OR 
randomized controlled trials[mh] 

OR random allocation[mh] OR 
double-blind method[mh] OR 

single-blind method[mh] OR clinical 
trial[pt] OR clinical trials[mh] OR 

(“clinical trial”[tw]) OR ((singl*[tw] 
OR doubl*[tw] OR trebl*[tw] OR 
tripl*[tw]) AND (mask*[tw] OR 
blind*[tw])) OR (placebos[mh] 

OR placebo*[tw] OR random*[tw] 
OR research design[mh:noexp] 
OR comparative study[pt] OR 

evaluation studies as topic[mh] 
OR follow-up studies[mh] OR 
prospective studies[mh] OR 

control*[tw] OR prospective*[tw] OR 
volunteer*[tw]) NOT (animals[mh] 

NOT humans[mh]))

#1 AND #2 AND #3 AND 4
Scopus= 349

#1( TITLE-ABS-KEY ( “dentin 
carious” ) OR TITLE-ABS-

KEY ( “dental caries” ) OR TI-
TLE-ABS-KEY( “dental cavit*” ) 

OR TITLE-ABS-KEY ( “dental 
marginal adaptation” ) OR 

TITLE-ABS-KEY ( molar )
OR TITLE-ABS-KEY ( “pri-

mary t??th” ) OR TITLE-ABS-
KEY ( “deciduous dentition” ) 
OR TITLE-ABS-KEY ( “primary 

dentition” ) OR TITLE-ABS-
KEY ( “deciduous t??th” ) OR 
TITLE-ABS-KEY ( “primary 

molar*” ) )

#2 TITLE-ABS-KEY ( “glass ionomer cement *” ) OR TITLE-
ABS-KEY ( “atraumatic restorative treatment” ) OR TITLE-

ABS-KEY ( art ) OR TITLE-ABS-KEY ( “art technique*” ) 
OR TITLE-ABS-KEY ( “art restoration*” ) OR TITLE-ABS-

KEY ( “art sealant*” ) OR TITLE-ABS-KEY ( irt ) OR TITLE-
ABS-KEY ( “interim restorative technique” ) OR TITLE-
ABS-KEY ( “art approach” ) OR TITLE-ABS-KEY ( “dental 
restoration” ) OR TITLE-ABS-KEY ( “minimal interven-
tion” ) OR TITLE-ABS-KEY ( ionomer ) TITLE-ABS-KEY ( 

“partial caries removal”) )

#3 ( TITLE-ABS-KEY ( saliva ) OR 
TITLE-ABS-KEY ( “rubber dam*” ) 

OR TITLE-ABS-KEY ( “cotton fi-
ber” ) OR TITLE-ABS-KEY ( “saliva 
contamination” ) OR TITLE-ABS-
KEY ( “cotton rolls” ) OR TITLE-
ABS-KEY ( “isolation methods” ) 

OR TITLE-ABS-KEY ( “tooth 
isolation” ) AND ( LIMIT-TO ( SUB-

JAREA , “DENT” ) )
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#1 AND #2 AND #3
Web of Science- 85

#1	 TOPIC: (“dent* 
cari*”) OR TOPIC: (“decidu-

ous t??th”) OR TOPIC: (“dental 
cavit*”) OR TOPIC: (“dental 

marginal adaptation”) OR TOP-
IC: (molar) OR TOPIC: (“primary 

t??th”) OR TOPIC: (“deciduous 
dentition”) OR TOPIC: (“primary 
dentition”) OR TOPIC: (“primary 

molar$”)

#2 TOPIC: (“glass ionomer ce-
ment$”) OR TOPIC: (”atrau-

matic restorative treat-
ment”) OR TOPIC:(art) OR TOP-

IC: (“art 
technique$”) OR TOPIC: (“art 

restoration$”) OR TOPIC: (“art 
sealant$”) OR TOPIC: (irt) OR TOP-

IC: (“interim restorative tech-
nique$”) OR TOPIC: (“art ap-
proach”) OR TOPIC: (“dental 

restoration$”) OR TOPIC: (“minimal 
intervention”) OR TOPIC: (ionomer) 
OR TOPIC: (“partial caries removal”)

#3 TOPIC: (saliva) OR TOPIC: (“rubber dam$”) OR TOP-
IC: (“cotton fiber”) OR TOPIC: (”saliva contamina-

tion”) OR TOPIC: (“cotton roll$”) OR TOPIC:(“isolation 
method$”) OR TOPIC: (“t??th isolation”)

#1 AND #2
Lilacs and BBO= 51

#1 (MH:”dental caries “ OR 
MH:”tooth, deciduous” OR 

MH:”dental cavity preparation” 
OR MH:”dental marginal adapta-
tion” OR MH: molarOR “primary 
teeth” OR “dentes primários “ OR 
“dientes de leche” OR “primary 
tooth” OR “dente decíduo” OR 

“diente primario” OR “deciduous 
dentition” OR “dentição decídua” 

OR “dentición temporal” OR 
“primary dentition” OR “decidu-
ous tooth” OR “diente de leche” 
OR “primary molar” OR “molar 

decíduo” OR “primary molars” OR 
“molares decíduos” OR “molares 
primarios” OR “dental cavities” 

OR “cavidades dentais” OR 
“cavidades dentales” OR “dental 

cavity” OR “cavidade dental” 
OR “cavidad dental” OR “dentin 

carious” OR “cárie de dentina”OR 
“caries dentinaria”)

#2 (MH:”dental atraumatic re-
storative treatment” OR MH:”glass 
ionomer cements” OR “atraumatic 
restorative treatment” OR “trata-
mento restaurador atraumático” 

OR”restauración atraumática” 
OR”tratamiento restaurador 

atraumático” OR ART OR TRA 
OR”ART technique” OR “técnica 
ART”OR “técnica TRA “ OR “ART 

techniques” OR “ técnicas ART”OR “ 
técnicas TRA”OR “ART restoration” 

OR “restauração ART” OR “restaura-
ción TRA” OR “restauración ART”OR 

“ART restorations” OR “restaura-
ções ART” OR “restauraciones TRA” 
OR “restauraciones ART” OR “ART 
sealant” OR “ART selante” OR “ART 

sellante” OR “TRA sellante” OR “ART 
sealants” OR “ART selantes” OR 

“TRA sellantes” OR “ART sellantes” 
OR IRT OR “interim restorative 

technique” OR “técnica restauradora 
provisória” OR “técnica restaurado-
ra provisional” OR “ART approach” 
OR “abordagem ART” OR “enfoque 
TRA” OR “enfoque ART” OR “dental 
restoration” OR “restauração den-
tária” OR “restauración dental” OR 

“minimal intervention” OR “mínima 
intervenção” OR “minima interven-
ción” OR ionomer OR ionômero OR 
ionómero OR “partial caries remov-
al” OR “remoção parcial de cárie” OR 

“remoción parcial de caries”)

#3 (MH: saliva OR MH:”rubber dams” OR MH:”cotton fiber” 
OR “saliva contamination” OR “contaminação com saliva” 
OR “contaminación con saliva” OR “cotton rolls” OR “rolos 
de algodão” OR “rollos de algodón” OR “isolation methods” 
OR “métodos de isolamento” OR “métodos de aislamiento” 

OR “tooth isolation” OR “isolamento dental” OR “aislamiento 
dental” OR “aislamiento dentario”)
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We also hand-searched the reference lists of all primary studies for additional relevant publications and investigated the related article 
links for each primary study in the PubMed database. No restrictions on publication date or languages were involved, but only studies 
with a follow-up equal to or higher than 6 months were included in this revision.

Abstracts of the annual conference of the International Association for Dental Research (IADR) and its regional divisions (1990 - 2015) 
were searched. The grey literature was explored using the database System for Information on Grey Literature in Europe (SIGLE). Dis-
sertations and theses were searched using the ProQuest Dissertations and Theses Full Text data bases and the Periódicos Capes Theses 
database. 

To locate unpublished and ongoing trials, the following clinical trials registries were searched: Current Controlled Trials (www.con-
trolled-trials.com), International Clinical Trials Registry Platform (http://apps.who.int/trialsearch/), the ClinicalTrials.gov (www.clini-
caltrials.gov), Rebec (www.rebec.gov.br) and EU Clinical Trials Register (https://www.clinicaltrialsregister.eu). 

Eligibility criteria

We included randomized clinical trials (RCTs) with parallel or split-mouth designs in humans that compared the use of rubber dam 
versus cotton roll/saliva ejector for isolation of the operative field in primary molars for ART restorations. Full-text versions of the papers 
that meet the eligibility criteria were retrieved for further assessment and data extraction.

#1 AND #2 AND #3
Cochrane Library = 35

#1 MeSH descriptor: [Dental 
caries] explode all trees

#2 MeSH descriptor: [Tooth, 
deciduous] explode all trees
#3 MeSH descriptor: [Dental 

cavity preparation] explode all 
trees

#4 MeSH descriptor: [Dental 
marginal adaptation] explode 

all trees
#5 MeSH descriptor: [Molar] 

explode all trees
#6 #1 OR #2 OR #3 OR #4 OR 

#5
#7 primary near t*th: 
ti,ab,kw or “deciduous 

dentition”:ti,ab,kw or “primary 
dentition”:ti,ab,kw or deciduous 

t*th:ti,ab,kw(Word variations 
have been searched)

#8primary near molar*:ti,ab,kw 
or dental near cavit*:ti,ab,kw or 
“dentin carious”:ti,ab,kw(Word 
variations have been searched)

#9#6 OR #7 OR #8

#1 MeSH descriptor: [Dental atrau-
matic restorative treatment] explode 

all trees
#2 MeSH descriptor: [Glass ionomer 

cements] explode all trees
#3 #1 OR #2

#4”Atraumatic restorative 
treatment”:ti,ab,kw orART:ti,ab,kw 

or ART near technique*:ti,ab,kw 
orART near restoration*:ti,ab,kw or 

ART near sealant*:ti,ab,kw(Word 
variations have been searched)
#5 IRT:ti,ab,kw or “interim re-

storative technique”:ti,ab,kw or 
“ART approach”:ti,ab,kw or “dental 
restoration”:ti,ab,kw or “minimal 

intervention”:ti,ab,kw(Word varia-
tions have been searched)

#6 ionomer:ti,ab,kw or “partial car-
ies removal”:ti,ab,kw(Word varia-

tions have been searched)
#7 #3 OR #4 OR #5 OR #6

#1 MeSH descriptor: [Saliva] explode all trees
#2 MeSH descriptor: [Rubber dams] explode all trees
#3 MeSH descriptor: [Cotton fiber] explode all trees

#4 #1 OR #2 OR #3
#5 “saliva contamination”:ti,ab,kw or “isolation 

methods”:ti,ab,kw or tooth near isolation:ti,ab,kw(Word 
variations have been searched)

#6 #4 OR #5

#9 AND #7 AND #6

Table 1: Electronic databases and search strategy.
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RCT studies were excluded if: 1) deciduous teeth were restored with composite resin or amalgam; 2) permanent molars instead of deciduous teeth were restored using the ART technique.

Study selection and data collection process

The articles were selected by title and abstracts according to the described eligibility criteria. Articles appearing in more than one database were considered once. Full-text articles were 
obtained when there was insufficient information in the title and abstract to make a clear decision.

Subsequently, full-text articles were acquired, and two reviewers (L.M.W. and J.L.G.) classified those that met the inclusion criteria. To handle such a large number of studies, we created 
an ID for each eligible study, combining first author and year of publication. Relevant information about the study design, participants, interventions and outcomes were extracted using 
customized extraction forms by three authors (L.M.W., J.L.G. and A.R.) (Table 2 and 3).

Study 
ID

Study 
design

Country Subjects’ 
age mean 

± SD 
[range] 
(years)

Number 
of male 
subjects 

[%]

Number of 
patients/ 

number of 
restorations 
[drop-outs]

Number of 
restorations 

per group 
(% jaw/man-

dible)

Caries 
removal 
method

Acid used/ 
application 

time

Material 
restored 
used by 
group

Study 
settin-

gs

Opera-
tor(n)

Examiner 
(n)

Outcomes evaluated
Evalua-

tioncrite-
ria

Follow-u-
pperiod

Bres-
ciani 
2002

Multiple 
restora-

tions

Brazil 
(Bauru, 

SP)

n.r. [4-6] n.r. [n.r.] 38/ 59 [n.r./ 3 
restorations]

RD - 45
CR - 14

(n.r.)

Hand 
instrumen-
ts (spoon 

excavators)

Polyacrylic acid 
b- 10 s

Ketac-Mo-
lara

Schools Dentists 
(2)

Dentists (3) Modified 
ART cri-

teria

6 mth

Car-
valho 
2010

Parallel Brazil 
(João Pes-

soa and 
Campi-

nas)

6.3 ± n.r. 
[6-7]

128 
[55.2]

232/ 232 [48 
children/ 77 
restorations]

RD - 115
CR - 117

(39.7/ 60.4)

Hand 
instrumen-
ts (spoon 

excavators

Liquid part of 
the GIC diluted 

- 15 s

Fuji TM IX c Schools Calibrated 
dental stu-
dents (4)

n.r. (8) ART cri-
teria

6, 12, 18 
and 24 
mths

Kemoli
2010

Multiple 
restora-

tions

Kenya 
(Ma-

chakos 
district)

7.4 ± 0.9
[6-8]

n.r. [n.r.] 804 / 804 
[156 children/ 

restoration]

RD - 404
CR - 397

(30.4/ 69.6)

Hand 
instrumen-
ts (spoon 

excavators

Diluted mixing-
liquid (Fuji) or 

the manufactur-
er’s conditioner 

- 15 s

Fuji TM IX c

Ketac-
Molar Easy 

mixd

Ketac-Mo-
lar Aplicap e

Schools Pediatric 
dentists 

and dental 
students 

(7)

Postgradua-
tepediatric 
students(2)

ART cri-
teria

12, 18 and 
24 mths

Table 2: Summary of the studies selected for this systematic review.

ID: Identification; SD: Standard Deviation; n.r.: Not Reported; mth: Months; RD: Rubber Dam; CR: Cotton Rolls/ Saliva Ejector. Modified ART criteria: 0 to 4 (0- restoration present, without substitu-
tion; 1- present, requiring replacement; 2- Not present, other treatment present; 3- Not present the restoration; 4- Not present, tooth extracted ⁄ exfoliated. ART criteria: 0 to 9 (0- restoration was 
present and good; 1- Present, marginal defects ≤ 0.5 mm in depth; 2- Present with marginal defects > 0.5 mm deep; 3- Not present, restoration almost or completely disappeared; 4- Not present, 
other restoration present; 5- Not present, tooth extracted ⁄ exfoliated; 6- Present, general wear over the restoration of > 0.5 mm at the deepest point; 7- Present, general wear over the restoration 
of > 0.5 mm at the deepest point; 8- Un-diagnosable; 9- Presence of secondary caries in relation to restoration.

aKetac-Molar®, 3M ESPE, Seefeld, Alemanha.

bDurelon®,3M ESPE, Seefeld, Alemanha.

cFuji TM IX®, GC, Europe.
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When there were multiple reports of the same study (i.e. reports with different follow-ups), data from all reports were extracted di-
rectly into a single data collection form to avoid overlapping data. The collection form was pilot tested using a sample of study reports to 
ensure that the criteria were consistent with the research question. 

Risk of bias in individual studies

Quality assessments of the included trials were evaluated by two independent reviewers (L.M.W. and J.L.G.), using the Cochrane Col-
laboration tool for assessing risk of bias in randomized trials [29]. The assessment criteria contained six items: sequence generation, allo-
cation concealment, blinding of the outcome assessors, incomplete outcome data, selective outcome reporting, and other possible sources 
of bias. During data extraction and quality assessment, any disagreements between the reviewers were resolved through discussion, and 
if needed, by consulting a third reviewer (A.R.).

For each aspect of the quality assessment, the risk of bias was scored following the recommendations described in the Cochrane Hand-
book for Systematic Reviews of Interventions 5.1.0 (http://handbook.cochrane.org). The judgment for each entry consisted of recording 
“yes” (low risk of bias), “no” (high risk of bias) or “unclear” (either lack of information or uncertainty over the potential for bias).

We considered three out of the six domains in the Cochrane risk of bias tool as key domains [29]. At the study level, studies were 
judged to be at “low” risk of bias if they were judged as low risk in the key domains sequence generation, allocation concealment and 
evaluator blinding. If one or more key domains were classified as at “unclear” risk of bias, the study was considered to be at “unclear” risk 
and if at least one domain was judged as “high” risk of bias, the study as a whole was judged as at “high” risk of bias.

Summary measures and synthesis of the results

Data from eligible studies were dichotomous (number of survived restoration at different follow-ups). Only studies classified as at 
“low” or at “unclear” risk of bias in the key domains entered into the meta-analysis. We calculated the risk ratio and the 95% confidence 
interval (CI).

Study ID Isolation 
method

Survival rate by follow-up. Number of successful res-
torations/ total number of restorations

Secondary caries. Number of events/ 
Total number of restorations

Bresciani 
2002

RD 6 mths: 29/45 6 mths: n.r./59
CR 6 mths: 6/14

Carvalho 
2010

RD 6 mths: 76/115
12 mths: 55/63
18 mths: 32/43
24 mths: 24/27

24 mths: n.r./115

CR 6 mths: 74/117
12 mths: 42/63
18 mths: 24/31
24 mths: 13/17

24 mths: n.r./117

Kemo-
li2010

RD *24 mths: 124/280 *24 mths: 48/404
CR *24 mths: 75/ 322 *24 mths: 84/397

Table 3: Summary of the results reported in the included studies in this systematic review.

ID: Identification; SD: Standard Deviation; n.r.: Not Reported; mth: Months; RD: Rubber Dam; CR: Cotton Rolls/ Saliva Ejector. *This informa-
tion was obtained by e-mail contact with the author.
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The random-effects models were employed. Heterogeneity was assessed using the Cochran Q test and I2 statistics. All analyses were 
conducted using Revman 5.3 (Review Manager ver. 5.3, The Cochrane Collaboration, Copenhagen, Denmark). No subgroup analysis was 
performed.

Quality of the evidence using the grading of recommendations

The quality of the evidence was graded for each outcome across studies (body of evidence) using the Grading of Recommendations: 
Assessment, Development and Evaluation (GRADE) (http://www.gradeworkinggroup.org/) to determine the overall strength of evidence 
for each meta-analysis. The GRADE approach is used to contextualize or justify intervention recommendations with four levels of evi-
dence quality, ranging from high to very low. 

The GRADE approach begins with the study design (RCTs or observational studies) and then addresses five reasons (risk of bias, im-
precision, inconsistency, indirectness of evidence, and publication bias) to possibly rate down the quality of the evidence (1 or 2 levels) 
and three to possibly rate up the quality (large effect; management of confounding factors; dose-response gradient). Each one of these 
topics was assessed as “no limitation”; “serious limitations” and “very serious limitations” to allow categorization of the quality of the 
evidence for each outcome into high, moderate, low, and very low. The “high quality” suggests that we are very confident that the true 
effect lies close to the estimate of the effect. On the other extreme “very low quality” suggests that we have very little confidence in the 
effect estimate and the estimate reported can be substantially different from what it was measured.

Results

Study selection

After the database screening and removal of duplicates, 687 studies were identified (Figure 1). After title screening, 44 studies re-
mained. This number was reduced to 14 after examination of the abstracts and their full texts were assessed to check eligibility. Among 
them, 11 were excluded because they: 1) did not perform ART restorations [30-32], 2) did not use rubber dam isolation method [33-36], 
3) were in vitro studies [37] and 4) were studies with overlapping data [16,38,39]. 

Figure 1: Flow diagram of study.
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Characteristics of included articles

The characteristics of the three selected studies are listed in table 2 and 3. Two studies [22,24] performed multiple restorations per 
participant and only one study [23] used the parallel design. In two out of the three studies, the ART restorations were performed in Brazil 
[22,23] while the other was performed in Kenya [24].

The number of children included in the primary studies ranged from 804 to 38 and the number of ART restorations ranged from 804 
to 59. The mean age of all the participants included in the clinical trials was approximately 6 years; however, this information was not re-
ported in one study [22]. The percentage of males was 55% in one study [23] but this information was not reported in two studies [22,24].

The number of restorations performed with rubber dam ranged from 45 to 404 and the number of restorations performed with cotton 
rolls ranged from 14 to 397. The percentage of restoration performed in the lower arch ranged from 30% to 39% and in the upper arch 
ranged from 60% to 69%. This information was not reported in one study [22].

The ART restorations were performed at schools in all included clinical trials [22-24]. In all these studies, caries lesion was removed 
with hand instruments (spoon excavators). All included studies performed dentin conditioning: one study [22] used polyacrylic acid for 
10s and two studies [23,24] used the diluted liquid of the glass ionomer cement for 15s.

The restorations were performed by two dentists in one study [22], by four calibrated dental students [23] or by seven evaluators 
among pediatric dentists and dental students [24]. In one study [22] the authors used Ketac Molar as restorative material, in the other 
study [23], the authors employed used FujiTM IX and in the last one [24], the authors used more than one restorative material (FujiTM IX, 
Ketac-Molar Easy mix and Ketac-Molar Aplicap).

The follow-up period of restorations ranged from 6 to 24 months and the restorations were evaluated by three dentists in one study 
[22], by eight examiners in one study [23] or by two postgraduate pediatric students in another study [24]. The evaluation criteria used 
for assessment of the restoration was not the same. In one study [22], the authors used the modified ART criteria with scores ranging from 
0 to 4 while in the other two studies [23,24] the original ART criteria with scores ranging from 0 to 9 was employed.

The development of secondary caries lesions in the restorations was 6.7% in one study [23] for both isolation methods, and 16% in 
another study [24]. One study did not report this information [22].

Assessment of the risk of bias 

The assessment of the risk of bias of the included studies is presented in figure 2. Some full-text studies did not report the method 
of randomization and how the allocation concealment was done. Blinding was adequately described in these studies. These three items 
were the key domains of the current systematic review. 

Figure 2: Summary of the risk of bias assessment according to the Cochrane Collaboration tool. 
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In the key domains of the Cochrane risk of bias tool, none of these studies [22-24] were judged as at “low” risk of bias; therefore at the 
study level, the studies were considered to be at “unclear” risk of bias. 

Meta-analysis

All meta-analyses were performed on studies classified as being at “unclear” risk of bias in the key domains and from which the infor-
mation could be extracted.

Survival rate at six month follow up 

This analysis was based on two studies [22,23]. The risk ratio was 1.1 with a 95% confidence interval of 0.85 to 1.42 (p = 0.46). We 
did not gather evidence to support that the use of rubber dam and cotton rolls affect the survival rates of ART restorations at six months 
(Figure 3). The data were not heterogeneous (chi2 test p = 0.28; I2 = 15%; Figure 3).

Figure 3: Forest plots of the survival rate of ART restorations at six-month follow-up.

Survival rate at twenty-four month follow up 

This analysis was based on two studies [23,24]. The risk ratio was 1.50 with a 95% confidence interval of 0.87 to 2.56 (p = 0.14). We 
did not gather evidence that the use of rubber dam and cotton rolls affect the survival rates of ART restorations at 24 months (Figure 4). 
The data were heterogeneous (chi2 test p = 0.005; I2 = 88%; Figure 4).

Figure 4: Forest plots of the survival rate of ART restorations at twenty-four month follow-up.
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Assessment of the quality of evidence

In the summary-of-findings table (Table 4), the meta-analysis was graded as moderate in the quality of evidence for pain relief. The 
reasons for downgrading the evidence were that the RCTs are at “unclear” risk of bias and presence imprecision with a high 95% confi-
dence interval, which does not exclude important harm or benefit.

Rubber dam isolation compared to cotton roll/ saliva ejector for isolation for occlusoproximal restorations (ART)
Patient or population: Primary molars in children

Intervention: Rubber dam isolation
Comparison: Cotton roll/ saliva ejector for isolation

Outcomes № of participants  
(studies) Follow up

Certainty of the 
evidence (GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects
Risk with 

[comparison]
Risk difference with 

[intervention]
Survival rates of oc-

clusoproxinal restora-
tions - 6 months

291 
(2 RCTs)

⨁◯◯◯ 
VERY LOWa,b

RR 1.10 
(0.85 to 

1.42)

611 per 1000 61 more per 1000 
(92 fewer to 256 

more)
Survival rates of occlu-

soproximal restora-
tions - 24 months

646 
(2 RCTs)

⨁◯◯◯ 
VERY LOWa,b,c

RR 1.50 
(0.87 to 

2.56)

437 per 1000 218 more per 1000 
(57 fewer to 681 

more)
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group 

and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of 
the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate 
of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different 
from the estimate of effect

Table 4: Summary of findings table.

Explanations:
a. The included studies were judged to be at unclear or high risk of bias. 
b. The optimal information size criterion was not met and the CI included appreciable benefit and harm. 
c. There is heterogeneity that cannot be explained. 

Discussion

The main idea behind using of rubber dam for ART restorations was to improve the accessibility and visibility of the operative field. 
Additionally, rubber dam reduces contamination during the insertion of the restorative material in the cavity and the first minutes during 
the initial setting reaction of the glass ionomer cement [40,41]. Some authors considered that these factors could play an important role 
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on the longevity of the class II ART restorations and the use of rubber dam isolation could be a way to improve the survival rates of these 
restorations [24].

In the pursuit of a clear response to this topic, we carried out the present systematic review. Our search strategy comprised the term 
ART (atraumatic restorative treatment), but also expressions like IRT (interim restorative treatment), minimal intervention and partial 
caries removal. Since the main subject of this study was a modification of the ART technique protocol, our search strategy was broadened, 
in order to identify all the papers that compared the longevity of high viscosity glass ionomer cement restorations with selective removal 
of soft carious dentine tissue [42] performed under rubber dam isolation and cotton rolls and saliva ejector. 

Although the authors have used the term for ART restorations with rubber dam isolation, perhaps a more appropriate term was ad-
hesive restoration with partial removal of decayed tissue. There is an extensive discussion in the literature regarding the term used for 
caries removal, such as removal of carious tissue, selective removal, stepwise removal and nonselective removal of carious tissue [43-45].

The primary included studies for this systematic review reported no significant difference in the success rates of class II restorations 
performed with rubber dam isolation and cotton rolls/ saliva ejector [22,23]. These data were confirmed in the meta-analysis. Although 
all selected papers reported proper blinding procedures [46-48], which means that no performance bias were incorporated in the out-
come measurements [29], the other key domains were classified as at “unclear” risk of bias, which reduces the reliability in these primary 
study results.

The poorly randomization scheme and allocation concealment descriptions impaired the evaluation of these domains, the reason of 
why they were classified as at “unclear” risk of bias at the study level. This prevented us from evaluating the existence of selection biases. 
One could have contacted the study investigators, but this procedure may lead to overly positive answers [29], the reason why the authors 
were not contacted to answer about this items. We just contacted with one author [24] to obtain the data of 24 months of follow-up of the 
restorations.

Looking at the overall follow-up rates after 6 months of class II ART restorations in the primary studies from this systematic review, 
we observed that they ranged from 64.1% [47] to 74.35% [46] and after 24 months we observed that they ranged from 32.1% [23] to 
30.8% [24].

The described rates are similar to those reported in a meta-analysis after one year of follow up of ART restorations [49]. Based on that, 
we can assume that the lower survival rates of class II ART restorations as well as the high heterogeneity at 24 months of the survival data 
could be related to other factors apart from isolation technique, such as the type of material used [40,50], the operator’s skill [41], the 
extension of the cavities [3,39] and the tooth type at which restorations were placed [51].

Another influential factor is that such restorations are usually done outside the clinical environment, such as adapted classrooms or 
church halls [1,19], where working condition is more challenging [12,15]. The non-ideal patient positioning, the reduced lighting and vis-
ibility conditions and the time spent on washing and drying the cavity with cotton pellets [51,52]. All these factors tend to increase the 
working time and the risk of saliva contamination [22,23].

The restorative material must be well accommodated in the gingival cavity wall to prevent infiltration and subsequent fracture of the 
restoration [1,53]. The studies selected for these systematic review presented little information about the method used to insert the GIC in 
the cavity. The use of encapsulated GIC with their own application device, as well as the use of Centrix syringes [22,54] may contribute to a 
better adaptation, avoiding the incorporation of air bubbles in the restorative material [9,12,53]. Another important step that can help the 
material adaptation to the cavity walls is the “finger printing”, which was reported as part of the ART protocol in only two studies [46,47].
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The most common failures reported for ART restorations that involve more than one surface is the total loss of the restoration and 
fracture, usually attributed to material properties [20,55,56]. The choice of high viscosity glass ionomer cement as restorative material 
can contribute to overcome this type of failure in mechanical and physical properties of the restorations [11,57], as suggested by some 
authors [19,58].

A way to improve retention of the ART restoration is by conditioning the tissue before the insertion of the GIC [1]. The primary studies 
used different products and concentrations for this conditioning step, such as polyacrylic acid [22] or the liquid of the GIC cement diluted 
in water [23,24]. 

In summary, the present systematic review showed that there is limited evidence to support that the survival rates of ART restoration 
can be influenced by the two isolation methods. In view of the limited available evidence and the “unclear” risk of bias of the included 
studies, we encourage the conduction of further investigations, especially randomized controlled trials, testing alternative strategies to 
increase the longevity of Class II ART restorations.

Conclusion

Rubber dam isolation did not yield higher survival rates of Class II ART restoration in primary molars; however due to the few studies 
available in the literature and their “unclear” risk of bias, further investigations using the two isolation techniques should be performed.
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