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Glass-ionomers

Glass-ionomers are traditionally considered as unsuitable for placing direct permanent restorations in 
posterior teeth regardless the cavity class due to inferior study results in comparison to the current gold 
standard (conventional tooth restoration placed with silver amalgam).

In addition, glass-ionomers are traditionally also considered as unsuitable as fissure sealant for dental caries 
prevention, due to inferior retention rates in comparison to the current gold standard (resin based sealants).

This book presents new research based on systematic reviews and meta-epidemiological studies conducted 
by the SYSTEM Initiative. While these results remain subject to corroboration by future studies they 
currently suggest:
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  Concerning tooth restorations:

i. Statements based on laboratory/in-vitro results regarding the clinical inferiority 
of high-viscosity glass-ionomers in comparison to the current gold standard 
(amalgam); are generally misleading and not fit for clinical guidance.

ii. Statements concerning glass-ionomer inferiority to the gold standard are based on 
wrong statistical comparison methods;

iii. The currently available clinical data provides no evidence that the success of direct 
posterior tooth restorations, placed with high-viscosity glass-ionomers is inferior 
to that of the current gold standard;

  Concerning pit and fissure sealants:

iv. The currently available clinical data provides no evidence that the caries-
preventive effect of glass-ionomer based pit and fissure sealants is inferior to that 
of the current gold standard; 

v. Statements concerning glass-ionomer inferiority to the gold standard are based on 
a clinically invalid criterion (material retention).
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best source of evidence to guide clinical decisions 
and healthcare policy, and they receive twice 
as many citations as non-systematic reviews in 
peer-reviewed journals. Furthermore, systematic 
reviews are increasingly utilized in appraising 
the evidence regarding the cost-effectiveness of 
interventions, the costs of guideline dissemination 
and implementation or evidence from qualitative 
studies.

For these reasons SYSTEM has adopted the use 
of systematic reviews in order to achieve its stated 
aim.

The work of SYSTEM is focused on conducting 
systematic reviews to interrelated aspects per 
clinical topic. SYSTEM champions quantitative 
above qualitative synthesis as it provides 
opportunities for detecting statistically significant 
treatment effects and improves precision of effect 
estimation by quantifying their outcomes. Thus 
quantitative collation of clinical information from 
separate trials (with or without meta-analysis) 
covering a particular treatment approach and 
comparison of materials used provides a more 
objective assessment of the currently available 
evidence.

There is still a general lack of randomised control 
trials (RCT) in dentistry (as compared to medical 
topics) and therefore SYSTEM has departed from 
the common approach of strictly considering RCT’s 
for review, only. In this way lack of accepted trials 
for review and thus lack of information concerning 
the current status quo of clinical is avoided. 
Instead, SYSTEM has adopted a 2-way approach 
regarding the precision and internal validity of 
available clinical evidence from controlled trials:

The SYSTEM Initiative

SYSTEM (Systematic Review initiative for Evidence-based Minimum Intervention in Dentistry) is an 
initiative that aims to establish an evidence-based body of clinical knowledge in Minimum Intervention 
(MI) dentistry. SYSTEM is recognized as a Research Programme by the Faculty Research Committee 
(FRC) of the Faculty of Health Science, University of the Witwatersrand. Its objectives are:

• To develop the basis for evidence-based teaching concerning MI related topics;
• To generate evidence-based practice-guidelines for clinical service delivery;
• To provide recommendations for further research.

Minimum Intervention (MI) is a philosophy of 
health care consisting of: Disease risk assessment,  
Earliest disease detection and Minimally-invasive 
treatment.

MI is valid for any type of oral disease and 
incorporates aspects of prevention and appropriate 
technologies. MI is patient centred and through its 
minimally-invasive focus, more patient-friendly 
than conventional oral health care. In addition, 
MI focuses on disease causes and not on its mere 
symptoms.

Despite these benefits MI faces, like any innovative 
concept, the process of diffusion. During diffusion 
of innovation, responses by potential adopters can 
vary between adoption, non-adoption or rejection. 
Responses are governed by insecurity concerning 
uncertainties about the advantages of new ideas 
as compared to those of current ones. Doubts 
regarding claims of superiority are justified if 
these are based on studies containing high degrees 
of bias. Bias has been defined as any process at any 
stage of inference tending to produce results that 
differ systematically from true values.

The problem of bias in studies concerning MI 
related topics is best addressed through the use 
of systematic reviews. Systematic reviews in 
healthcare have been described as providing 
objective overviews of all the evidence currently 
available on a particular topic of interest. Such 
overviews cover clinical trials in order to establish 
where effects of healthcare are consistent and where 
they may vary. This is achieved through the use 
of explicit, systematic methods aimed at limiting 
bias and reducing the chance of effect. Systematic 
reviews have been recommended as providing the 
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To identify and describe the status quo knowledge 
of current clinical knowledge to a specific topic as 
precise as possible (i.e. What is known?);

To judge this current body of knowledge on basis 
of its internal validity (i.e. How certain is what 
is known?) and on this basis to (i) derive from it 
any existing limitations that are to be addressed 
in future research and (ii) (hopefully) be able to 
advise the clinician regarding the current status 
quo.

In the judgement of internal validity of RCTs, 
SYSTEM’s focus lies on the risk assessment of 
selection- performance/detection- and attrition 
bias. In regard to assessing selection- performance/
detection bias, SYSTEM has also departed from 
the common practice and adopted stricter criteria. 
These criteria do include the common focus on 
adequacy of reported attempts for bias control but 
also includes focus on adequacy of reported results 
of attempts for bias control.

In regard to the assessment of attrition bias, the 
SYSTEM approach follows the quantitative 
method of sensitivity analysis by computation of 
assumed worst-case scenarios / clinical outcomes 
for study subject that have been lost to follow-up 
in the reviewed trials. This method was developed 
in collaboration with the help of Prof Paul Fatti 
from the School of Statistics & Actuarial Science, 
University of the Witwatersrand.

The above stated methods are novel to common 
systematic review methodology and have been 
applied successfully in SYSTEM’s systematic 
review articles that were accepted in international 
peer-reviewed dental journals. Besides the 
adoption of these novelties, SYSTEM’s 
methodology is based on common consensus 
for systematic reviews, i.e. as represented by the 
Cochrane collaboration and its reporting follows 
recommendations of the PRISMA statement.

The SYSTEM Initiative is headed by Prof Dr Steffen Mickenautsch (BDS 
Leipzig/Germany; PhD Nijmegen/The Netherlands) and located at the 
Department of Community Dentistry, School of Oral Health Science / Faculty 
of Health Sciences, University of the Witwatersrand (7 York Rd, Parktown 
– Johannesburg, South Africa, Tel +27 11 717 2594 / Fax +27 11 717 2625 / 
email: neem@global.co.za / http://www.system-initiative.info/ ).

The SYSTEMS Initiative
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their joint effect magnitudes and effect direction 
statistically compared. While the laboratory trials 
indicated inferiority of HVGIC to amalgam, no 
significant differences between both types of tooth 
restorations using either material were found in 
clinical trials. 

For example, the in-vitro measured lower physical 
strength of HVGIC in comparison to that of 
amalgam might not translated into any clinically 
higher fracture rate, because placed glass-
ionomer restorations are generally smaller than 
amalgam fillings, adhere to the tooth structure 
on basis of ion exchange between carboxylate 
and phosphate ions and thus do not require the 
preparation of macroretention areas in tooth 
cavities, like amalgam. Furthermore, HVGIC 
placed in tooth cavities may abrade out of contact 
due to its potentially lower wear resistance. For 
these reasons, HVGIC restoration may not be 
exposed to the same extent of daily masticatoric 
forces in the oral cavity than amalgam restorations 
are. Therefore, while in the laboratory measured 
material properties such as compressive strength, 
fracture toughness or microleakage of HVGIC 
may indeed be inferior to that of silver amalgam, 
these may not be sufficiently strong enough to 
translate into clinically meaningful differences, 
due to other influencing factors that are not present 
during laboratory trials.

The established evidence shows that laboratory 
results concerning HVGIC versus amalgam for 
tooth restorations have no similar effect direction 
and magnitude than that of controlled clinical 
trials. The reasons remain unclear but may be 
due to multifactor influences and confounding, 
particularly due to the lack of clinical factors that 
are absent in laboratory trials. 

Laboratory Trial results concerning high-viscosity  
glass-ionomer versus amalgam tooth restorations  

not suitable for clinical guidance

Executive Summary

Results from laboratory studies comparing high-
viscosity glass-ionomer cement (HVGIC) with 
amalgam for tooth restorations do not share the 
same effect direction and magnitude of results 
from controlled clinical trials. Laboratory trial 
results may thus not correctly reflect clinical 
reality and should not be used for clinical guidance 
concerning HVGICs in daily dental practice.

A large percentage of evidence concerning dental 
interventions is based on laboratory research. The 
apparent wealth of laboratory/in-vitro evidence is 
sometimes used as basis for clinical inference and 
recommendations for daily dental practice.

Traditionally, glass ionomer cements are considered 
as unsuitable for clinical use as a permanent filling 
material in the posterior dentition due to in-vitro 
measured poor mechanical properties. Specifically, 
in-vitro measured low material strength and wear 
resistance have been stated as reasons why glass-
ionomers cannot rival amalgam as truly universal 
posterior restorative material.

The SYSTEM Initiative of the Faculty of Health 
Sciences, University of the Witwatersrand, 
Johannesburg, conducted a systematic search of 
the current dental literature for laboratory and 
controlled clinical trials that directly compared 
the efficacy of high-viscosity glass-ionomer 
cement (HVGIC) with amalgam as the current 
gold standard for placing tooth restorations. These 
trials were identified through the search of main 
international data sources, such as CENTRAL 
accessed via the Cochrane Library; MEDLINE 
accessed via PubMed; Biomed Central; Database 
of Open Access Journals (DOAJ); IndMed; 
OpenSIGLE and Google Scholar. 

After literature search, the laboratory and clinical 
results of the identified trials were analysed and 
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Hence, while laboratory trial results may provide valuable explanations for 
observed clinical phenomena and may serve during the hypothesis development 
process, they appear not be suitable as basis for clinical inference and clinical 
recommendations concerning HVGICs in daily dental practice.

The full published report of the findings are available online for free download:

Mickenautsch S, Yengopal V (2015) Do Laboratory Results Concerning High-
Viscosity Glass-Ionomers versus Amalgam for Tooth Restorations Indicate 
Similar Effect Direction and Magnitude than that of Controlled Clinical Trials? 
- A Meta-Epidemiological Study. PLoS ONE 10(7): e0132246.  

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132246
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Abstract
Background. A large percentage of evidence 
concerning dental interventions is based on 
laboratory research. The apparent wealth of 
laboratory evidence is sometimes used as basis for 
clinical inference and recommendations for daily 
dental practice. In this study two null-hypotheses 
are tested: whether trial results from laboratory and 
controlled clinical trials concerning the comparison 
of high-viscosity glass-ionomer cements (HVGIC) 
to amalgam for restorations placed in permanent 
posterior teeth have: (i) similar effect direction and 
(ii) similar effect magnitude. 

Methods. 7 electronic databases were searched, 
as well as reference lists. Odds ratios (OR) and 
Standardised Mean Differences (SMD) with 
95% Confidence intervals were computed for 
extracted dichotomous and continuous data, 
respectively. Pooled effect estimates for laboratory 
and clinical data were computed to test for effect 
direction. Odds ratios were converted into SMDs. 
SMDs from laboratory and clinical data were 
statistically compared to test for differences in 
effect magnitude. The analysed results were 
further investigated within the context of potential 
influencing or confounding factors using a 
Directed acyclic graph. Results. Of the accepted 
eight laboratory and nine clinical trials, 13 and 
21 datasets could be extracted, respectively. The 
pooled results of the laboratory datasets were 
highly statistically significant in favor of amalgam. 
No statistically significant differences, between 
HVGICs and amalgam, were identified for clinical 
data. For effect magnitude, statistically significant 

differences between clinical and laboratory trial 
results were found. Both null-hypotheses were 
rejected. 

Conclusion. Laboratory results concerning high-
viscosity glass-ionomers versus amalgam for tooth 
restorations do not indicate similar effect direction 
and magnitude than that of controlled clinical 
trials. (Originally published as: Mickenautsch 
S, Yengopal V (2015) Do Laboratory Results 
Concerning High-Viscosity Glass-Ionomers 
versus Amalgam for Tooth Restorations Indicate 
Similar Effect Direction and Magnitude than 
that of Controlled Clinical Trials? - A Meta-
Epidemiological Study. PLoS ONE 10(7): 
e0132246. ) 

Introduction
A large percentage of evidence concerning dental 
interventions is based on laboratory research. A 
simple PubMed search (27 August 2014) of the 
dental literature published between 2009 - 2014, 
using the broad MeSH terms “Dental Amalgam” 
and “Glass Ionomer Cements” (S1 File) reveals a 
2-3, as well as an over 7 times higher number of 
listed citations of laboratory (including in-vitro and 
animal based in-vivo) studies than of prospective 
clinical studies with control groups (including 
randomised controlled trials, non-randomised 
controlled trials, split-mouth trials and prospective 
2-arm observational studies), respectively. 
The apparent wealth of laboratory evidence is 
sometimes used as basis for clinical inference 
and recommendations for daily dental practice. 
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For example: In 2012, Ilie et al. recommended 
that selection of a suitable restorative material 
for clinical use in especially stress-bearing 
areas should been done with respect to in-vitro 
measured material properties, particularly in 
relation to its fracture toughness (KIC) [1]. Vichi et 
al. (2013) presumed that low in-vitro microleakage 
measurements for restorative materials translate 
into an adequate marginal seal when such materials 
are used for placing tooth restorations in the clinic 
[2], and based on laboratory shear bond strength 
(SBS) measurements, Ilie et al. (2014) suggested 
possible clinical advantages of using flowable 
bulk-fill resin composites for restoring deep, 
narrow cavities, with difficult access angles, and 
high-viscosity compounds for easier and faster 
restoration of larger tooth cavities [3].  

In contrast, studies comparing the findings of 
both laboratory and clinical trials found only little 
correlation between the two. Papagiannoulis et 
al. (2002) established a lack of any correlation 
between in-vivo and in-vitro models in terms of 
artificial caries experiments and suggested that 
these may have only negligible clinical relevance 
in predicting the in-vivo effect [4]. Purk et al. 
(2004) established that the bonding of resin-
based composite to teeth under in-vivo conditions 
yielded much weaker microtensile bond strengths 
than did bonding under in-vitro conditions and 
that bonding to dentin at the gingival wall under 
in-vivo conditions is weaker than that reported in-
vitro studies [5]. In his review of dental literature, 
Heintze (2007) established that the quantitative 
marginal analysis of Class V fillings in the 
laboratory was unable to predict the performance 
of the same materials in-vivo [6] and Heintze 
and Cavalleri (2010) found that retention loss of 
Class V tooth restorations in nonretentive cavities 
could not be simulated in the laboratory, even after 
prolonged water storage and mechanical loading 
and thus could not reflect the clinical findings 
[7]. In contrast, van Meerbeek et al. (2010) found 
some indications for correlation of laboratory bond 
strength with clinical retention rates of Class-V 
restorations [8]. However, the predictive strength 
of the laboratory findings was only expressed as 

linear correlation and not in line with full Prentice 
requirements [9], and appeared to be weak and of 
borderline significance (r = 0.5811, p = 0.0475), 
only. In addition, Heintze and Zimmerli (2011) 
stated that in-vitro dye penetration measurements 
have no clinical relevance for the clinical 
performance of restorative materials, that marginal 
gap analysis in the laboratory is clinically relevant 
only to a limited extent and that bond strength tests 
are useful as screening tests, only [10].

Traditionally, glass ionomer cements are considered 
as unsuitable for clinical use as a permanent filling 
material in the posterior dentition due to in-vitro 
measured poor mechanical properties [1,11]. 
Specifically, in-vitro measured low material 
strength and wear resistance have been stated as 
reasons why glass-ionomers cannot rival amalgam 
as truly universal posterior restorative material 
[12]. 

However, based on the demonstrated general lack 
of any observed correlations between laboratory 
and clinical evidence, particularly related to tooth 
restorations [6,7,10] the in-vitro measured poor 
mechanical properties of glass ionomers, including 
high-viscosity glass-ionomers (HVGICs), may not 
translate into poor clinical results. 

Against this general background, the aim of this 
meta-epidemiological study was to test two null-
hypotheses:

H01: The results from laboratory trials 
concerning HVGICs versus amalgam indicate 
similar effect direction as results from controlled 
clinical trials concerning HVGICs versus 
amalgam restorations placed in permanent 
posterior teeth.
H02: The results from laboratory trials concerning 
HVGICs versus amalgam indicate similar effect 
magnitude as results from controlled clinical 
trials concerning HVGICs versus amalgam 
restorations placed in permanent posterior teeth.

Methods
The protocol of this study has been published prior 
to its start in an open access journal [13] and is freely 
available online (http://www.jmid.org). Although 
the methodology of this meta-epidemiological 
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study shared many aspects of a systematic review, 
its objective was methodological in nature. 
Therefore, the study protocol was not eligible for 
registration with the International Prospective 
Register of Systematic Reviews (PROSPERO) 
[14].

Systematic literature search
The following databases: CENTRAL accessed 
via Cochrane Library; MEDLINE accessed via 
PubMed; Biomed Central; Database of Open 
Access Journals (DOAJ); IndMed; OpenSIGLE 
and Google Scholar were searched by both authors, 
independently using the search strategies for both 
laboratory and clinical trials, presented in Table 1. 
In addition to the search of databases, reference 
lists of accepted trial reports and systematic 
reviews, as well as narrative reviews, if found of 
importance to the topic, were checked for further 
suitable trials.

The identified citations were eligible for possible 
inclusion if they followed the inclusion criteria:
(i) Articles published in English;
(ii) Full reports of prospective controlled clinical 

(including randomised control trials and non- 
randomised control trials) and laboratory 
trials (including: in-vitro; in-vivo on animal 
tissues);

(iii) Head-to-head comparison of high-viscosity 
glass-ionomers (HVGIC) versus amalgam;

(iv) Longest follow-up period reported per trial;
(v) Relevance to tooth restorations in posterior 

teeth of the permanent dentition;
(vi) Computable data reported:

o Continuous data per intervention group: 
N = Number of evaluated units; x = 
Mean value of measured outcome; SD = 
Standard deviation or SE = Standard error.

o Dichotomous data per intervention group: 
N = Number of evaluated units; n = 
Number of failed interventions.

Clinical trial participants included all patients of 
any age, gender or place of origin with restorable 
cavities in permanent posterior teeth.

Any provisionally included articles were further 

excluded, if: No computable dichotomous or 
continuous data was reported; test and control 
groups were not evaluated the same way; low-
viscosity chemically cured, metal-reinforced, 
resin-modified or light-cured glass-ionomers 
were used as test intervention; reports and/or 
results of earlier follow-up periods than reported 
elsewhere; clinical trials investigating tunnel or 
sandwich restorations; clinical trials investigating 
restorations placed in primary and/or anterior 
teeth; dichotomous datasets with zero number of 
failed interventions (n = 0) in both test and control 
groups.

Both authors scanned titles and abstracts of 
identified citations from data sources in duplication. 
For articles with suitable titles but lacked listed 
abstracts the full reports were retrieved. Both 
authors judged separately all included articles; for 
possible exclusion, with reason, or acceptance, in 
line with the exclusion criteria. Any disagreements 
were resolved through discussion and consensus.

Data extraction and statistical analysis
The outcome measure was the number of teeth 
with reported restoration failures (n) from the total 
number of evaluated teeth (N) for dichotomous 
data and the statistical mean (X) of outcomes with 
standard deviation (SD) or standard error (SE) 
from the total number of evaluated units (N) for 
continuous data (in cases were SE were reported 
instead of SD, the SE were converted into SD).

Data was extracted by both authors from accepted 
trials independently. The authors were not blinded 
to article authors, institutions, journal name and 
trial results. Disagreements between authors 
concerning data extracted were solved through 
discussion and consensus. All extracted data were 
entered in specifically designed data sheets in 
MS Excel. All completed data sheets were made 
available as S1-S3 Files. The following data was 
extracted: Article first author; year of publication 
and full article reference; (per test- and control 
group) product name of material used; number of 
subjects/units at beginning of trial (BSL); number 
of evaluated units at end of follow-up period (N); 
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number of failures (n) for dichotomous data; 
statistical mean (X) of outcomes with standard 
deviation (SD) or standard error (SE) for continuous 
data; length of trial (follow-up period); verbatim 
conclusions and recommendations for clinical 
practice. A dichotomous dataset was defined as any 
extracted set of n / N for test- and control group. 
For each dichotomous dataset the Odds ratio (OR) 
with 95% Confidence intervals (CI) and p-values 
was computed. A continuous dataset was defined 
as any extracted set of N, X, SD or SE for test- 
and control group. For each continuous dataset the 
Standardised Mean Difference (SMD) [15] with 
95% Confidence intervals (CI) and p-values was 
computed. 

Statistical significance was set at alpha 5%. The 
statistical software programme RevMan 4.2 was 
used for computation of all point estimates.

Null-hypothesis testing
In order to test the null-hypothesis (H01) that the 
results from laboratory trials and controlled clinical 
trials indicate similar effect directions, fixed-
effects meta-analysis was conducted for clinical 
and laboratory data, separately, using RevMan 4.2 
statistical software. A pooled Odds ratio (OR) and 
a pooled Standardised Mean Difference (SMD) 
with 95% CI and p – values for dichotomous and 
continuous data, respectively, were computed. 
Statistical significance for the pooled data was set 
at alpha 5%.

Three types of effect direction were considered:
(i) Statistically significant differences (p<0.05) 

between HVGIC and amalgam (in favor of 
amalgam);

(ii) Statistically significant differences (p<0.05) 
between HVGIC and amalgam (in favor of 
HVGIC);

(iii) Lack of statistically significant differences 
(p>0.05) between HVGIC and amalgam.

Rejection of the null-hypothesis was based on the 
observation that the pooled effect estimates of 
both, clinical and laboratory trials have different 
effect direction (i) – (iii). Because the objective 
of this study was to investigate whether results 

from, both, clinical and laboratory trials generally 
point in the same effect direction and not to 
establish the actual clinical meaning of the pooled 
effect estimates, aspects of in-between-dataset 
heterogeneity was not considered during analysis.

In order to test the null-hypothesis (H02) that 
the results from laboratory trials and controlled 
clinical trials have similar effect magnitude the 
following analysis steps were undertaken:
(i) Odds ratios (OR) with 95% Confidence 

intervals (CI) from clinical dichotomous 
data were converted into SMD with 95% CI 
using the tested method by Hasselblad and 
Hedges [15,16]:
a. Natural log (ln) transformation of OR 

values and Upper/Lower confidence 
interval limits;

b. Division of ln-values by 1.81
(ii) Statistical comparison of SMD point 

estimates from clinical and laboratory trials;
(iii) Statistical comparison of SMD ‘conservative’ 

point estimates, defined as Upper or Lower 
95% Confidence levels closest to zero value, 
from clinical and laboratory trials. 

The data from both, clinical and laboratory trials 
were considered to be independent from each 
other and the variances of both data types expected 
to be unequal. In addition, past systematic reviews 
of clinical trials in dentistry have shown only a 
limited number of head-to-head comparisons for 
posterior HVGIC and amalgam restorations in the 
permanent dentition [17] and thus a limited number 
of datasets (< 30) was expected to be available 
for analysis. Therefore, the Mann-Whitney U 
test was chosen as appropriate tool for statistical 
comparison. The statistical software Biostat 2009 
was used for computation. Statistical significance 
was set at alpha 5%. Rejection of the null-hypothesis 
was based on the observation that the difference 
between the SMD point estimates from clinical 
and laboratory trials, was statistically significant 
(p < 0.05) for both statistical comparisons.

Assessment of publication bias risk
It was planned to compute the I2 point-estimate 
with 95% CI of all extracted datasets for clinical 
and laboratory data, separately. Thresholds for I2 
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point estimates (in %) and its upper confidence 
values were used in order to interpret the I2 test 
results: 0-40% = might not be important; 30-60% 
= may represent moderate heterogeneity; 50-90% 
= may represent substantial heterogeneity; 75-
100% = considerable heterogeneity [18]. High 
statistical in-between-datasets heterogeneity as per 
thresholds was taken under consideration when 
assessing publication bias risk by graphical and 
statistical methods. 

It was planned to generate a funnel plot for 
clinical and laboratory data, separately, using a 
fixed-effects model with the natural logarithm 
(ln) of the Risk ratio (RR) as effect size estimate 
from all extracted dichotomous datasets and the 
Mean Difference (MD) for continuous datasets 
and examined for potential scatter asymmetry. 
The graphical findings were to be statistically 
verified using Egger’s regression [19]. Statistical 
significance was set at alpha 5%. The I2 point-
estimate with 95% CI, funnel plot generation and 
Egger’s regression analysis was computed using 
MIX 1.7 statistical software [20]. Both, funnel plot 
and Egger’s regression would not be conducted if 
the number of extracted datasets were < 10 per 
data type.

Directed acyclic graph (DAG)
The analysis results were further investigated 
within the context of potential influencing or 
confounding factors by use of a Directed acyclic 
graph (DAG). DAGs have been developed to 
graphically evaluate causal effects and to identify 
multiple confounders (or influences) within a causal 
system [21,22]. DAGs display a web of causation 
and consist of variables represented by alphabetic 
letters (A,B,..) and arrow lines that represent direct 
causal links between these variables.

 
Results
Systematic literature search
Information on the number of articles identified 
are provided in Fig. 1. The search of the electronic 
databases for clinical trials generated 13266 

citations and the literature search of the electronic 
databases for laboratory trials generated 12257 
citations. Of these, 11 clinical trial reports and 
15 laboratory research reports were provisionally 
included. In addition, hand searching of the 
literature generated reports of two clinical and four 
laboratory trials (Table 1). 

From the total provisionally included 13 clinical 
and 19 laboratory reports, four and 11 reports were 
excluded, respectively. The reasons for excluding 
the clinical trial reports were: Shorter reported 
period of same trial (n = 3) [23-25]; no computable 
dichotomous or continuous data reported (n = 1) 
[26]. The reasons for excluding the laboratory 
trial reports were: Non-English publication (n = 
1) [27]; no HVGIC included in study (RMGIC 
used instead) or no clear indication that HVGIC 
was included in study (n =7) [28-34]; no amalgam 
included in study (n = 1) [35]; no computable 
dichotomous or continuous data reported (n = 2) 
[36-37]. Nine clinical [38-46] and eight laboratory 
[47-54] trial reports were accepted for data 
extraction (S2 File).

Data extraction and analysis

Of the accepted eight laboratory trials reports, five 
included no conclusions or recommendations for 
clinical practice based on its results [47,49-52] and 
one trial report cautioned the reader of any clinical 
extrapolation of its presented in-vitro results 
[53]. However, two of the eight reports included 
clear recommendations for daily clinical practice 
[48,54].

Of the accepted eight laboratory trials, 13 datasets 
(four dichotomous and nine continuous) could 
be extracted. Of the nine continuous laboratory 
datasets, six datasets indicated material efficacy 
for high measurement values [47,49,51,52,54] and 
three datasets indicated material efficacy for low 
measurement values [48,50,53]. Of the accepted 
clinical trials 21 dichotomous datasets could be 
extracted. Details of the extracted raw data are 
presented in S2 File.
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Table 1. Search strategy and results: electronic database search 

[1] Laboratory trials
Electronic database Number of Citations found
BMC search strategy: 14 September 2014
Online: http://www.biomedcentral.com/search/
[1] Fuji IX AND amalgam AND in vitro 0
[2] Ketac Molar AND amalgam AND in vitro 0
[3] glass ionomer AND amalgam AND in vitro 6
[4] glass ionomer AND amalgam AND fracture strength 4
Articles included (Duplications removed) 0
CENTRAL (Trials) search strategy: 14 September 2014
Online: http://www.thecochranelibrary.com/view/0/index.html
[1] Fuji IX AND amalgam AND in vitro 0
[2] Ketac Molar AND amalgam AND in vitro 1
[3] glass ionomer AND amalgam AND in vitro 11
[4] glass ionomer AND amalgam AND fracture strength 3
Articles included (Duplications removed) 0
DOAJ search strategy: 14 September 2014
Online: http://www.doaj.org
[1] Fuji IX AND amalgam AND in vitro 0
[2] Ketac Molar AND amalgam AND in vitro 0
[3] glass ionomer AND amalgam AND in vitro 13
[4] glass ionomer AND amalgam AND fracture strength 3
Articles included (Duplications removed) 0
GoogleScholar search strategy: 14 September 2014
Online: http://scholar.google.co.za/
[1] Fuji IX AND amalgam AND in vitro 553
[2] Ketac Molar AND amalgam AND in vitro 906
[3] glass ionomer AND amalgam AND in vitro 6270
[4] glass ionomer AND amalgam AND fracture strength 4290
Articles included (Duplications removed) 0
IndMed search strategy: 14 September 2014
Online: http://indmed.nic.in/

Figure 1. Flow diagram of trial selection
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[1] Fuji IX AND amalgam AND in vitro 0
[2] Ketac Molar AND amalgam AND in vitro 0
[3] glass ionomer AND amalgam AND in vitro 0
[4] glass ionomer AND amalgam AND fracture strength 0
Articles included (Duplications removed) 0
OpenSIGLE search strategy: 14 September 2014
Online: http://opensigle.inist.fr/
[1] Fuji IX AND amalgam AND in vitro 0
[2] Ketac Molar AND amalgam AND in vitro 0
[3] glass ionomer AND amalgam AND in vitro 1
[4] glass ionomer AND amalgam AND fracture strength 0
Articles included (Duplications removed) 0
PubMed search strategy:  12 September 2014
Online: http://www.pubmed.org
[1] Fuji IX AND amalgam AND in vitro 5
[2] Ketac Molar AND amalgam AND in vitro 1
[3] glass ionomer AND amalgam AND in vitro 161
[4] glass ionomer AND amalgam AND fracture strength 29
Articles included (Duplications removed) 15
Hand-search (Internet): 4 
Reference check of included trial reports: 0 
Total articles/documents included: 19 

[2] Clinical trials
BMC search strategy: 14 September 2014
Online: http://www.biomedcentral.com/search/
[1] Fuji IX AND amalgam 1
[2] Ketac Molar AND amalgam 2
[3] glass ionomer AND amalgam 18
Articles included (Duplications removed) 0
CENTRAL (Trials) search strategy: 14 September 2014
Online: http://www.thecochranelibrary.com/view/0/index.html
[1] Fuji IX AND amalgam 3
[2] Ketac Molar AND amalgam 8
[3] glass ionomer AND amalgam 102
Articles included (Duplications removed) 1
DOAJ search strategy: 14 September 2014
Online: http://www.doaj.org
[1] Fuji IX AND amalgam 0
[2] Ketac Molar AND amalgam 1
[3] glass ionomer AND amalgam 30
Articles included (Duplications removed) 0
GoogleScholar search strategy: 14 September 2014
Online: http://scholar.google.co.za/
[1] Fuji IX AND amalgam 1090
[2] Ketac Molar AND amalgam 1220
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[3] glass ionomer AND amalgam 9910
Articles included (Duplications removed) 0
IndMed search strategy: 14 September 2014
Online: http://indmed.nic.in/
[1] Fuji IX AND amalgam 0
[2] Ketac Molar AND amalgam 0
[3] glass ionomer AND amalgam 0
Articles included (Duplications removed) 0
OpenSIGLE search strategy: 14 September 2014
Online: http://opensigle.inist.fr/
[1] Fuji IX AND amalgam 0
[2] Ketac Molar AND amalgam 0
[3] glass ionomer AND amalgam 2
Articles included (Duplications removed) 0
PubMed search strategy: 14 September 2014
Online: http://www.pubmed.org
[1] Fuji IX AND amalgam 20
[2] Ketac Molar AND amalgam 17
[3] glass ionomer AND amalgam 842
Articles included (Duplications removed) 10
Hand-search (Internet): 2
Reference check of included trial reports: 0
Total articles/documents included: 13

Null-hypothesis testing
In order to test the null-hypothesis (H01) that 
the results from laboratory trials and controlled 
clinical trials indicate similar effect directions, 
fixed-effects meta-analysis was conducted for 
clinical and laboratory data, separately from the 
extracted raw data presented in S2 File. Some in-
vitro types of outcomes indicated material efficacy 
for measured low values and some in-vitro types of 
outcomes indicated material efficacy for measured 
high values. In addition, some of the laboratory 
data was not of continuous but of dichotomous 
nature. Due such heterogeneity of data types, the 
established laboratory dataset results could not be 
combined and were pooled separately, per data 
type. 

All meta-analysis results are presented in four 
separate forest plots (Fig. 2). The pooled results 
of the laboratory datasets for continuous and 
dichotomous data, SMD –2.95, 95%CI: -3.89, 
-2.02 (p < 0.00001); SMD 1.68, 95%CI: 1.01 

- 2.34 (p < 0.00001) and OR 4.25, 95%CI: 1.69 
– 10.66 (p = 0.02), respectively, were all highly 
statistically significant in favor of amalgam above 
HVGIC. In contrast, no statistically significant 
differences, between HVGICs and amalgam, were 
identified for clinical data (OR 1.06, 95%CI: 0.91 – 
1.24; p = 0.42). These findings suggest that results 
from laboratory trials and controlled clinical trials 
do not indicate similar effect directions and thus 
the null-hypothesis (H01) was rejected.

In order to test the null-hypothesis (H02) that 
the results from laboratory trials and controlled 
clinical trials have similar effect magnitude all 
Odds ratios (OR) with 95% Confidence intervals 
(CI) from clinical dichotomous laboratory and 
clinical data were converted into SMD (95% CI). 
SMD point estimates from datasets where in-vitro 
types of outcomes indicated material efficacy for 
measured high values were converted into their 
opposite (+/-) values. 
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Figure 2. Meta-analysis results

Aa = Laboratory results, continuous data / measured lower values indicate material efficacy; Ab = Laboratory results, continuous data / measured higher values 
indicate material efficacy; Ac = Laboratory results, dichotomous data; B = Clinical results, dichotomous data.
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All converted values are presented in S3 File. The 
median SMD point estimates with 25% and 75% 
percentile range were –3.04 (-5.34; -0.24) and 
–0.08 (-0.38; 0.12) for laboratory and clinical data, 
respectively. The median SMD ‘conservative’ 
point estimates were –1.56 (-3.29; 0.48) and 0.08 
(-0.42; 0.89) for laboratory and clinical data, 
respectively. The results of the comparison using 
Mann-Whitney U test indicted highly statistically 
significant differences between clinical and 
laboratory trial results for SMD point estimates 
(nlab = 13; nclin = 21; U = 46.5; p = 0.0014) and 
SMD ‘conservative’ point estimates (nlab = 13; nclin 
= 21; U = 64; p = 0.01). These findings suggest that 
results from laboratory trials and controlled clinical 
trials do not indicate similar effect magnitude and 
thus the null-hypothesis (H02) was rejected.

Publication bias risk
Publication bias risk could only be assessed for 
clinical (n = 21) and not for laboratory data. Due 
to the latter’s large differences in data types, an 
insufficient number of datasets per data subgroup 
was available (n < 10), only. 

Statistical inter-dataset heterogeneity for clinical 
datasets was I2 = 34.5% (95% CI: 0 – 61.4%) and 
may represent low to moderate heterogeneity, 
only. The funnel plot (Fig. 3) showed an even 
distribution, thus indicating low risk of publication 
bias. Egger’s linear regression method for the same 
datasets showed an intercept of 0.49 (95% CI: 
-0.19 – 1.18); p = 0.15, confirming low publication 
bias risk for clinical trials.

Directed acyclic graph (DAG)
The influence of factors on the compared variables, 
measured laboratory and clinical outcomes, 
were investigated using a DAG (Fig. 4). The 
constructed DAG indicates that the measured 
laboratory outcome [B] may be determined by 
material group characteristics [A] but at the same 
time be influenced by unknown influencing factors 
[I], the number of evaluated units (sample size) 
[J], the type of measurement applied [L] and how 
well the measurement procedure was performed 

[M]. The latter may further be influenced by 
foreknowledge about the type of measured 
material, due to lack of evaluator blinding [N]. 
Material group characteristics [A] (e.g. one 
material being truly inferior/superior in properties 
to the other) may genuinely be the reason for the 
measured laboratory outcome [B] but may also 
be confounded by inadequate specimen selection 
process [K] (e.g. biased selection of artificially 
inferior/superior samples of a particular material). 

Similarly, the measured clinical effect [O] may be 
genuine, due to the true clinical outcome [C], i.e. 
one material being truly inferior/superior to the 
other, but also due to biased group characteristic 
[P], the number of evaluated units [S] and a range 
of clinical conditions: Type of dentition [D], type 
of tooth [E], Position of tooth in the oral cavity 
[F], the type and/or size of the tooth cavity [G], 
any specific oral hygiene and oral habits of the 
patient [H] and other unknown influencing factors 
[I]. In addition, the number of evaluated units 
(sample size) [S] may be influenced by the number 
of units included at baseline [R] and the number 
of units lost-to-follow-up [T] at the end of the 
trial. The quality of the group selection process 
[Q], which may be particularly influenced by the 
adequacy of the randomisation procedure, may 
in turn determine the number of units included at 
baseline [R], group characteristic [P] and clinical 
conditions [D] – [I]. In addition, foreknowledge 
[N] about the type of measured material, due to 
lack of (operator, evaluator, patient) blinding, may 
influence the evaluation process [M].

The measured clinical effect [O] may correlate 
with the measured laboratory outcome [B] and 
at the same time correctly reflect the true clinical 
outcome [C]. However, the measured clinical 
effect [O] may also correctly reflect the true clinical 
outcome [C] but lack significant correlation with 
the measured laboratory outcomes [B] because too 
many other influencing factors were not included 
when establishing the latter.
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Figure 3. Funnel plot of clinical dataset results (test for publication bias)

ln RR = natural logarithm Relative risk

Figure 4. Directed acyclic graph (DAG)

A = Material group characteristics; B = Measured laboratory outcome; C = True clinical outcome; D = Type of dentition; E = Type of tooth; F = Position of tooth 
in oral cavity; G = Type/Size of tooth cavity; H = Oral hygiene/habits of patient(s); I = Unknown influencing factors; J = Number of units evaluated (laboratory); 
K = Specimen selection process; L = Type of measurement; M = Quality /Characteristics of measurement procedure/evaluation process; N = Foreknowledge; 
O = Measured clinical outcome; P = Group characteristics; Q = Group selection process (randomisation); R = Number of units at baseline; S = Number of units 
evaluated (clinical); T = Number of units lost-to-follow-up.
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Discussion
Limitations of study method
The aim of this meta-epidemiological study was 
to test the two null-hypothesis that the results 
from laboratory trials concerning HVGICs versus 
amalgam indicate similar effect direction (H01) 
and magnitude (H02) as results from controlled 
clinical trials concerning HVGICs versus amalgam 
restorations placed in permanent posterior teeth.

For this purpose, data was drawn from laboratory 
and clinical studies published in English, only. 
The reason for this language restriction was 
the consideration that English trial reports are 
more influential than reports published in other 
languages: English-language journals have a 
higher mean log impact factor than non-English 
language journals [55] and publishing in English 
appears to favor a high impact factor level and 
therefore, a high international citation frequency 
[56]. In addition, it has been shown that the 
inclusion of non-English trials may have little 
effect on summary treatment effect estimates and 
thus may be assumed as confirmatory of English 
publications [57,58]. Within the context of this 
study, the consideration of English publications 
having potentially higher impact on readers is 
particularly important as it highlights the influence 
that clinical recommendations based on laboratory 
results may have. 

No assessment of internal trial validity was 
included in this study. However, an assessment 
of the majority of included clinical trials has 
been presented elsewhere [17]. Instead, a detailed 
discussion of potential influencing or confounding 
factors by use of a Directed acyclic graph 
(DAG) was chosen. Specific internal validity 
assessment, by evaluation of selection-, detection/
performance and attrition bias was not conducted 
for each separate trial, as this would not have had 
relevance to the investigated question whether or 
not laboratory and clinical trial results are similar. 
However, the question whether laboratory data can 
generally have clinical relevance (or not) to this 
particular topic is pivotal within the context of this 
study and was explored in detail by use of a DAG. 

A further limitation of this study in regard to its 
precision may have been introduced through the 
conversion of dichotomous into continuous data. 
In this regard, the results of this study rely on the 
empirically established accuracy for the applied 
conversion method by Hasselblad and Hedges, 
with a range of the Ratio of Odds ratios (ROR, 
being the ratio of the Odds ratio from the original 
and the Odds ratio from the converted data) for 
various clinical outcome measures between 0.80 
(95% CI: 0.45 – 1.43) and 1.02 (95% CI: 0.90 – 
1.16) [15]. 

 
Study results
The results of this meta-epidemiology study 
suggest that the results from laboratory trials 
concerning HVGICs versus amalgam do not 
indicate similar effect direction and magnitude as 
results from controlled clinical trials concerning 
HVGICs versus amalgam restorations placed 
in permanent posterior teeth. These findings 
are in line with investigations in other topics, 
suggesting little correlation between in-vitro and 
in-vivo results [4-7]. While it was not possible 
to investigate publication bias risk within the 
laboratory literature, the results within the clinical 
literature suggest that publication bias risk is low. 

The reason for the discrepancy between laboratory 
and clinical outcomes need to be regarded as 
unknown but can be assumed as being multi-
factorial in nature as indicated in Fig. 4: 

A possible explanation of the differences may 
consider errors in effect measurement under either 
laboratory or clinical conditions. Errors under 
laboratory conditions may include: Mistakes made 
during the measurement process [M], the use of 
wrong measurement types [L], the confounding 
of material characteristics [A] due to biased 
specimen selection [K] or indeed unknown factors 
[I]. In specific regard to the analyzed trial data, 
six of the 13 extracted datasets from laboratory 
trials represent data concerning microleakage (S2 
File). It has been stated that the general consensus 
among researchers who correlated in-vivo and 
in-vitro testing that laboratory microleakage 
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tests are (i) inconsistent; (ii) fail to correlate with 
clinical margin discoloration and thus (iii) are not 
reliable tests and (iv) no valid predictors of clinical 
outcome [10,59].

Errors under clinical conditions may include: 
biased selection of trial subjects [Q] with traits 
[D] – [I] / [P] that favor one intervention above 
the other (Selection bias); high loss to follow up 
[T] of trial subjects [S] that may influence result 
validity (Attrition bias risk); low samples size at 
baseline [R] that render the statistical power of 
the trial too low in order to detect true effect-size 
difference between the compared interventions 
and foreknowledge [N] due to lack of blinding that 
may affect the evaluation process [M] (Detection- 
and performance bias risk). From the nine included 
clinical trials, seven trials [38,40-45] were assessed 
for internal validity in a systematic review [17]. 
The results indicated high risk for selection-, 
detection/performance- and attrition bias, while 
four appeared statistical underpowered due to 
too low sample size [40-42,45]. The other two 
trials appeared to be limited by high detection-/
performance bias risk due to lack of blinding [39] 
and poor statistical power due to too low sample 
size [46]. While these shortcomings may suggest 
possible reasons for the difference between 
laboratory [B] and clinical outcomes [C], they 
need to be regarded with caution, as the extent of 
their impact on direction and magnitude of the trial 
results remains unclear.

Notwithstanding possible explanations of 
differences due to errors in effect measurement, 
the difference between laboratory and clinical 
outcomes may also be explained on basis that any 
measured laboratory outcome [B] may be genuinely 
unable to correlate with any measured clinical 
effect [O] because too many other influencing 
factors, present under clinical conditions, are 
missing under laboratory conditions that cannot be 
sufficiently reproduced.

In line with laboratory trial evidence, the risk of 
microleakage may indeed be higher for placed 
HVGIC restorations than that of tooth restorations 
placed with amalgam. However, systematic review 

evidence of clinical trials indicate that such higher 
risk appears not only to translate into no higher 
risk of caries on restoration margins but such risk 
may even be substantially less for glass-ionomer 
restorations when compared to that of amalgam 
[60]. In this context, the presence of fluoride has 
been discussed as reason for a reduced susceptibility 
to secondary caries due to its potential to increase 
enamel resistance to acid demineralization [59]. 
Glass-ionomers contain fluoride, have been shown 
in-vivo to release fluoride into the oral cavity on 
a consistent basis [61] and have been associated 
with the development of a caries-protective 
hypermineralisation zone in walls of tooth cavities 
restored with glass-ionomers [62].

Furthermore, the in-vitro established lower 
physical strength of HVGIC in comparison to that 
of amalgam might not translate into a clinically 
higher fracture rate, because:

(i) Placed glass-ionomer restorations are 
generally smaller than amalgam fillings [42], 
adhere to the tooth structure on basis of ion 
exchange between carboxylate and phosphate 
ions and thus do not require the preparation 
of macroretention areas in tooth cavities, like 
the latter; 

(ii) Glass-ionomers placed in tooth cavities may 
abrade out of contact due to its potentially 
lower wear resistance. 

For both reasons, HVGIC restoration may not be 
exposed to the same extent of daily masticatoric 
forces in the oral cavity than amalgam restorations 
are.

Therefore, while in-vitro measured material 
properties such as compressive strength, fracture 
toughness or microleakage of HVGIC may indeed 
be inferior to that of silver amalgam, these may 
not be sufficiently strong enough to translate into 
clinically meaningful differences, due to other 
influencing factors that are not present during 
laboratory trials. 
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Conclusions
This study showed that laboratory results concerning 
HVGIC versus amalgam for tooth restorations have 
no similar effect direction and magnitude than that 
of controlled clinical trials.  The reasons remain 
unclear but may be due to multifactor influences 
and confounding, particularly due to the lack of 
clinical factors that are absent in laboratory trials. 
Hence, while laboratory trial results may provide 
valuable explanations to this topic for observed 
clinical phenomena and may serve during the 
hypothesis development process, they appear 
not be suitable as basis for clinical inference and 
clinical recommendations. 
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Common longitudinal studies are unsuitable  
to guide clinical restorative dentistry 

New findings show that the results of common 
longitudinal studies without control treatments 
are misleading when choosing the correct type of 
tooth restorations in clinical dental practice.

Since decades, restorative dentistry has been 
informed by volumes of clinical longitudinal 
studies that do not include control treatments but 
only investigate the success and failures of novel 
tooth restorations over periods of time. In order to 
establish which dental restoration type performs 
best, particularly when placed in posterior load 
bearing teeth, prestigious expert reviews have 
traditionally offered advice to the dental profession 
on basis of simply comparing the success rates 
between different longitudinal studies with each 
other. 

The SYSTEM Initiative of the Faculty of Health 
Sciences, University of the Witwatersrand, 
Johannesburg, has investigated the accuracy of 
comparison results from longitudinal studies 
with that from randomised control trials (RCT).  
RCTs are considered the gold standard in 
investigating the merits of clinical interventions. 
SYSTEM’s investigation shows that there is 
very poor agreement between both results. While 
comparisons within an RCT would show that the 
number of treatment failures of two treatments 
is exactly the same, the comparison between 
different longitudinal studies would erroneously 
show a 64% higher failure rate of one type of 
treatment above the other. Accordingly, expert 
reviews would mistakenly recommend the merit 
of placing one type of tooth restorations above that 
of another.  

Largely for this very reason, high-viscosity 
glass-ionomer restorations have been regarded 
as clinically inferior to that of silver amalgam in 
dental practice. When the results of all longitudinal 
studies, published during the last ten years, for 
high-viscosity glass-ionomer restorations were 
compared with that of amalgam restorations 
placed in posterior load bearing teeth a largely 

Executive Summary

higher performance for amalgam was found. 
However, no difference between high-viscosity 
glass-ionomer and silver amalgam was found in 
all randomised control trials, published during the 
same time period. 

Owing to the lack of a randomly selected comparison 
group, longitudinal studies are vulnerable to many 
sources of error. These may include misleading 
factors whose effects may increase with the 
length of the study period.  Longitudinal studies 
of tooth restorations suggest thus wrongly that 
their results are only due to the chosen restorative 
material type and not to any other influencing 
factors. Longitudinal studies with longer follow-
up periods are commonly regarded as of higher 
clinical value than those with shorter periods. The 
irony is that the results of the former may be even 
more misleading than those of the latter. 

Ease and relative low costs make clinical 
longitudinal studies ideal for the collection of first 
information concerning new fields of investigation 
and thus are most suitable in the preparation of 
complex and costly randomised control trials. 
However, clinical longitudinal studies are not 
suitable for guiding clinical practice and may 
become cause for the fallacious condemnation of 
one type of intervention above others, as it has been 
the unfortunate fate of tooth restorations placed 
with high-viscosity glass-ionomers for years. 

SYSTEM’s findings suggest that clincial 
longitudinal studies are unsuitable to guide clincial 
practice and that clincial decisions should be 
based on the results of well conducted randomised 
control trials instead.  

The published full report of the new findings are 
available online:
Mickenautsch S, SYSTEM Research note on: 
How should competing clinical interventions 
be compared in dentistry? – A simulation-based 
investigation. J Minim Interv Dent  2013; 6: 73-80.
http://mi-compendium.org/journal/index.php/
JMID/article/view/213/209 
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How should competing clinical interventions be compared  
in dentistry? A simulation-based investigation

Steffen Mickenautsch1

1SYSTEM Initiative/Department of Community Dentistry, Faculty of Health Sciences,  
University of the Witwatersrand - 7 York Rd., Parktown/Johannesburg 2193, South Africa

Abstract
This study illustrates, by use of a simple trial 
simulation, why direct comparison should be 
preferred above the widespread naïve-indirect 
comparison between competing interventions. 
Clinical trials were simulated by assuming 
comparisons of two interventions with 
dichotomous outcomes. The treatment effect 
of both interventions was set to be equally 
successful (Risk ratio 1.00; p = 1.00). The same 
simulated data was compared, using either naïve-
indirect (no randomisation) or direct comparison 
(randomisation). A percentage of all subjects per 
study were assumed to contain a confounding ‘trait 
X’ that caused failure with either intervention. The 
percentage of ‘trait X’ subjects in each trial was 
randomly determined. For each comparison type, 
the data from both interventions per study were 
entered into a random-effects meta-analysis and 
a pooled Risk ratio (RR) with 95% Confidence 
interval (CI) was computed. Agreement between 
results of comparison types was calculated 
(kappa). The pooled Risk ratios for naïve-indirect 
and direct comparison were RR 1.64 (95% CI: 
1.22 – 2.19; p = 0.001) and RR 1.00 (95% CI: 0.96 
– 1.04; p = 0.99), respectively. Inter-comparison 
type agreement of results was poor (kappa = 
0.06). Naïve-indirect comparison generated large 
inflation of the effect estimate. Naïve-indirect 
comparison is, therefore, unacceptable and 
should be avoided. (Originally published as: 
Mickenautsch S, SYSTEM Research note on: 
How should competing clinical interventions be 
compared in dentistry? – A simulation-based 
investigation. J Minim Interv Dent 2013; 6: 73-
80.)

 

Introduction
The process of comparison has been defined 
as an estimate of the similarities/dissimilarities 
between two things or people [1]. In health 
sciences, the outcome of comparisons concerning 
the effectiveness of clinical interventions relies on 
the inference that any observed higher treatment 
effect of one intervention above another is indeed 
attributable to the characteristics of such treatment. 
Therefore, conditions of comparisons should 
assure an even distribution of all factors among the 
compared intervention groups, with the exception 
of the differences in intervention that are related to 
the outcome of interest. Such even distribution of 
confounding factors can be achieved by random 
subject allocation to intervention groups [2]. 

Comparisons between intervention groups, in 
randomised controlled trials (RCTs), are considered 
direct comparisons [3]. Where RCTs are lacking, 
indirect comparison between intervention groups 
may preserve the strength of a randomised trial, 
if adjusted according to the results of their direct 
comparison with a common control [4]. Indirect 
comparisons without a common control are based 
on the mere assumption, only, that the intervention 
groups are clinically homogeneous. Such 
comparisons are considered as being naïve-indirect 
[3]. Their results have an inflated probability of 
statistical significance and poor agreement with 
that from direct comparisons (kappa = 0.28) due to 
different prognostic factors, between patients from 
the different studies included [3].

Inferences based on naïve-indirect comparisons 
are still relatively common in the dental literature: 
In 1997, Roulet discussed the benefits of posterior 
composite resins as alternatives to amalgam 
restorations on the basis of annual restoration 
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failure rates that were extracted from different, 
unrelated trials [5]. Van’t Hof et al. (2006) derived 
inferences concerning differences in longevity 
between high- and medium-viscosity glass-
ionomer cement (GIC) tooth restorations by 
pooling restoration survival results from unrelated 
clinical trials in a meta-analysis for each material 
group separately [6]. In 2010, the World Health 
Organisation (WHO) published a report concerning 
the future use of materials for dental restorations 
on basis of listed annual failure rates, extracted 
from unrelated trials [7]. In Germany, the joint 
statement issued in 2005 by two dental associations 
maintains that high-viscosity GICs are not suitable 
for use in permanent posterior tooth restorations 
[8]. This remains as current guidance for practising 
dentists in Germany and is essentially based on 
information provided by one highly cited review 
(Web-of-Science: 12 December 2012/Cited by 201 
items) of the clinical dental literature, by Manhart 
et al. (2004) [9]. This literature review perused 
the annual failure rates of different restoration 
types, from unrelated clinical trials, calculating 
their mean (SD) and median values for statistical 
comparison using ANOVA with a post-hoc LSD 
test. The authors acknowledged in this report the 
difficulties of comparing the longevity of different 
types of restorations among different studies but 
maintained that certain trends and performance 
differences may nevertheless become sufficiently 
apparent from such type of comparison [9].

Against this background, the aim of this study was 
to illustrate, by use of a simple trial simulation, the 
potential impact of naïve-indirect comparison on 
effect estimates.

Materials and Methods  
Trial simulation
In order to obtain realistic sample sizes for trial 
simulation, the number of restored teeth (Nt) of 
22 clinical datasets, concerning tooth restorations 
in the permanent dentition, were extracted from 
a systematic review of clinical trials [10]. For 
the purpose of this simulation, sample sizes (Nt) 
were adjusted to be divisible by ‘4’ (Nadj), where 
necessary. 

Naïve-indirect comparison
A simulation was constructed by assuming the 
comparison of two interventions (Intervention A 
and B) with dichotomous outcomes (Intervention 
failure: Y = 0; Intervention success: Y = 1). Half 
of the adjusted sample sizes were assigned to an 
‘Intervention A’ (Na) and half to an ‘Intervention B’ 
(Nb) as simulated independent 1-arm longitudinal 
studies. The treatment effect of both, intervention 
‘A’ and ‘B’, was set to be successful (Y = 1). 
Hence, when compared with each other, neither 
intervention would yield any result superior to that 
of the other (Risk ratio 1.00; p = 1.00), with an 
assumed 100% success rate for each. In addition, a 
percentage of all subjects per study were assumed 
to contain a confounding characteristic/trait ‘X’ 
that would always result in intervention failure 
(Y = 0), regardless the intervention type (‘A’ or 
‘B’). The percentage of subjects with ‘trait X’ 
in each intervention group was called the ‘Trait 
frequency’ (TF). The trait frequency was randomly 
determined by using an online random number 
generator [11]. One random number between 0 
and 100% of the study sample was generated for 
each study. From the above, 22 simulated studies 
were formulated for each intervention, containing 
the following variables: the number of subjects 
(n) with intervention outcome (Y = 0 / Y = 1) of 
each, and the number of subjects included in the 
evaluation (Na/b). 

Direct comparison
Fixed block randomisation (Block-size 4) was used 
to assign the same sample numbers, simulated for 
naïve-indirect comparison (Nadj) per study, to either 
intervention group: A or B. The sums of the trait 
frequencies (TF) of the studies that were paired 
for naïve-indirect comparison were calculated 
(TFt). In accordance with each TFt-value, the first 
subjects allocated to either intervention group 
along the generated random sequence per study 
were assigned the outcome Y = 0 (intervention 
failure), while all others received the outcome Y = 
1 (intervention success). 

The assignment of characteristics (Y = 0, regardless 
the intervention type) to a random number of 
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study samples during naïve-indirect comparison 
constitutes a simulation of any known or unknown 
factor that may exist within a study sample and 
may have a confounding effect on the study results 
(e.g. higher caries risk impact on higher restoration 
failure rate). Because the effect difference between 
the compared interventions had been set at zero, the 
full confounding effect due to the randomly varying 
TF among study subjects could be shown. Because 
the true TF distribution among study subjects, 
especially of unknown confounding factors, 
remains unknown and thus may be considered to 
be random, this was simulated by use of a random 
number generator [11]. In addition, complete lack 
of subversion of the randomisation and allocation 
process in the form of a 1st, 2nd or 3rd order selection 
bias was assumed; i.e. operators could not assign 
an intervention based on subject characteristics 
(on the basis of either direct observation or correct 
prediction of the random sequence). It was further 
assumed in this simulation that subjects could not, 
in principle, select their allocated intervention.

During direct comparison, even an unknown TF 
distribution of any unknown confounding factor is 
evenly allocated among the different intervention 
groups. Thus, in an ideal situation (as in this 
simulation), the confounding effect in both groups 
will be sufficiently similar and the true effect size 
of one intervention compared to that of the other 
can be shown.

Statistical analysis
For each comparison type, the data from both 
interventions per study were entered in a random-
effects meta-analysis using MIX 1.7 software [12] 
and a pooled Risk ratio (RR) with 95% Confidence 
interval (CI) computed for each. The pooled effect 
estimate per population of 100 was established 
and graphically represented, using Visual Rx - 
Calculator [13]. 

In keeping with published statistical method-ology 
[9], the failure rate of each intervention type was 
also calculated per study and subsequently the 
mean, standard deviation (SD) and median failure 
rate for each intervention type computed, using 

Biostat 2009 statistical software for naïve-indirect 
and direct comparison. In order to establish 
whether the interventions differed in their failure 
rates, statistical analysis was performed, using 
ANOVA and post-hoc LSD-test (p < 0.05). 

The difference between intervention A and B per 
comparison and subsequent inferences from both 
were discussed. The calculated failure rates per 
simulated study were rounded to one decimal after 
comma and the level of agreement between both 
comparison types calculated as the kappa value.

Results
The pooled Risk ratios (RR) for naïve-indirect and 
direct comparison were RR 1.64 (95% CI: 1.22 
– 2.19; p = 0.001) and RR 1.00 (95% CI: 0.96 – 
1.04; p = 0.99), respectively. The results correctly 
indicated no difference between intervention ‘A’ 
and ‘B’ in their effect sizes when direct comparison 
was used. However, naïve-indirect comparison 
results suggested that 64% of the subjects treated 
with intervention ‘B’ would have suffered 
intervention failure if they had been treated with 
intervention ‘A’. When the pooled effect estimates 
for naïve-indirect comparison are converted per a 
population of 100 [13], the results suggest that 59 
subjects out of 100 would suffer treatment failure 
in intervention group ‘A’ while only 36 out of 100 
would suffer failure in intervention group ‘B’. The 
difference of 23 subjects per 100 is graphically 
shown in Figure 1.

The results of the data analysis, including mean 
(SD) and median values, per study, for naïve-
indirect comparison are shown in Table 1 and for 
direct comparison in Table 2. ANOVA with LSD 
test indicated a statistical significantly higher 
failure rate for intervention ‘A’ after naïve-indirect 
comparison (p = 0.02) and no difference in failure 
rate after direct comparison (p = 0.94). 

Inter-comparison type agreement for the result 
that intervention ‘A’ had a higher failure rate than 
intervention ‘B’ was extremely poor (kappa = 
0.06). 
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Figure 1. Difference of treatment outcome between interventions due to naïve-indirect comparison

 

Treatment = Intervention A; Control = Intervention B.
(Cates C: Visual Rx - Calculator.  http://www.nntonline.net/visualrx/examples/statins).

Discussion
Limitations of study
The aim of this study was to illustrate, by use of 
a simple trial simulation, the potential impact of 
naïve-indirect comparison on effect estimates. 
The chosen simulation only utilized one single 
confounding factor, ‘trait X’, which can be regarded 
as an oversimplification. In reality, many unknown 
factors may exist, with potential influence on study 
outcomes. In addition, these factors may interact 
with each other in an enhancing or suppressive 
manner and their compound influence on the study 
results may lead to over- or underestimation of 
any intervention types studied or alternatively, 
may have no impact at all. The ‘trait frequency’ 
simulated for the study sample may, in reality, also 
not always be random but specific, due to exacting 
confounders directly related to the context of 
the study. For that reason the use of a random 
generator [11] may not have been completely ideal 
for producing a realistic simulation. On the other 

hand, the reliability of the used random generator 
was previously not established and it may thus 
have produced non-random results. 

In addition, in this simulation the assumption of 
equivalence between both interventions was set 
as absolute (RR = 1.00; p = 1.00). In reality, even 
if interventions with similar treatment effects 
were compared, such effects would seldom be 
of absolute equivalence even if no statistically 
significant differences were observed. Also, the 
assumed complete absence of selection bias for 
direct comparison in this simulation study is 
rather optimistic. In reality, full assurance of such 
absence is reliable only when empirical tests, such 
as the Berger-Exner test, are actually included into 
the trial methodology and when the results of such 
tests prove to be negative [2].

Notwithstanding such limitations, the simulation 
did provide equal conditions that allowed the 
illustration of differences in outcomes solely due 
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Table 1. Naïve-indirect comparison: Simulation data
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Table 2. Direct comparison: Simulation data

Nr Nadj TFt

Intervention A Intervention B
Random number
seedn Nc

Failure rate
n Nd

Failure rate
Exact Rounded Exact Rounded

1 108 81 40 54 0.74 0.7 41 54 0.76 0.8 534745213
2 152 90 46 76 0.61 0.6 44 76 0.58 0.6 337849978
3 44 23 12 22 0.54 0.5 11 22 0.5 0.5 661403086
4 40 34 17 20 0.85 0.8 17 20 0.85 0.8 2035939606
5 220 111 55 110 0.5 0.5 56 110 0.51 0.5 1440995637
6 888 229 115 444 0.26 0.3 114 444 0.26 0.3 497017235
7 720 310 155 360 0.431 0.4 155 360 0.431 0.4 1281049484
8 616 111 55 308 0.179 0.2 56 308 0.18182 0.2 1768698252
9 504 277 138 252 0.548 0.6 139 252 0.55159 0.6 652516048

10 272 150 75 136 0.551 0.6 75 136 0.551 0.6 1725541673
11 260 28 14 130 0.108 0.1 14 130 0.108 0.1 1416167328
12 84 76 38 42 0.905 0.9 38 42 0.905 0.9 1088979024
13 56 22 11 28 0.393 0.4 11 28 0.393 0.4 1641980548
14 36 10 5 18 0.278 0.3 5 18 0.278 0.3 306351415
15 32 18 9 16 0.563 0.6 9 16 0.563 0.6 735190384
16 24 7 4 12 0.333 0.3 3 12 0.25 0.2 720601851
17 1960 1349 674 980 0.688 0.7 675 980 0.68878 0.7 937922492
18 1288 562 282 644 0.438 0.4 280 644 0.43478 0.4 1362770129
19 128 65 32 64 0.5 0.5 33 64 0.51563 0.5 549640929

20 1628 419 209 814 0.257 0.3 210 814 0.25799 0.3 257689676

21 884 371 186 442 0.421 0.4 185 442 0.41855 0.4 14608655
22 516 325 163 258 0.632 0.6 162 258 0.62791 0.6 1253705526

Nadj = Adjusted total sample size; 
SD = Standard deviation; n = 
Number of failed treatments;

Mean 0.49 Mean 0.48 Nc = Samples size trials /Intervention A; Nd = 
Samples size trials/Intervention B; TFt = Trait 
frequency

SD 0.21 SD 0.21
Median 0.51 Median 0.50

to the choice of comparison type. As the merits 
of randomisation, i.e. the even distribution of 
all known and unknown factors with potential 
influence on study results among intervention 
groups, are well established [2], this simulation 
sufficiently highlights the systematic error that 
may arise when data, e.g. the failure/survival 
rates of tooth restorations, from samples that lack 
common randomisation are compared. 

Study results
In this simulation study, the choice of naïve-
indirect comparisons of the same data as the 
direct comparison method compared generated a 
large inflation of the true study results in favour 
of intervention B. Even though, the effectiveness 
of both interventions was set to be of absolute 

equivalence (RR = 1.00; p = 1.00), the naïve-
indirect comparison results (RR = 1.64; 95%CI: 
1.22 – 2.19, p = 0.001) suggest that 23 subjects 
out of 100 would be better off if treated with 
intervention B instead of intervention A (Figure 1). 
In contrast, the results from direct comparison (RR 
1.00; 95%CI: 0.96 – 1.04, p = 0.99), based on fixed 
block randomisation with block size = 4, showed 
close approximation to the true value. 

It has to be noted that no perfect match with the true 
results was achieved by use of direct comparison 
either. The difference, albeit small and expressed in 
the confidence interval range, can be explained by 
the fact that not all trait frequencies were of even 
number and thus in some studies, one intervention 
group received by chance somewhat more subjects 
with ‘trait X’ than the other. Nevertheless, such 
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differences did not affect the point estimate and 
this illustrates the value of randomised control trial 
results above that of non-randomised trials. 

Against such background, the poor agreement in 
results between the two comparison types (kappa = 
0.06) is not surprising. The disagreement is rooted 
in the fact that for naïve-indirect comparison, by 
chance more subjects with ‘trait X’ were recruited 
in one intervention group than in the other and that 
due to lack of any randomisation, this difference 
was not equalized between group A and B. 

Given the well-known merits of randomisation 
in clinical trials [2], the observations presented 
in this trial simulation appear obvious and trivial. 
However, even when authors acknowledge the 
difficulties of comparing effect estimates among 
unrelated and uncontrolled studies, they maintain 
that certain trends and performance differences 
may nevertheless become sufficiently apparent 
from such naïve-indirect comparison method [9].

The presented results of this simulation study do not 
support such view. A 64% overestimation would 
still indicate a superiority of treatment B over A 
by 20%, if the true effect estimate was in fact RR 
0.73 (95% CI: 0.40 – 0.90) in favour of treatment 
A with a failure rate of 68% for intervention group 
B. If such hypothetical results were converted per 
100 subjects, using Visual Rx – Calculator [13], 68 
out of 100 patients would suffer treatment failure 
in group B, while only 50 out of 100 would suffer 
failure in intervention group A. In such a scenario, 
the treatment benefit for 18 patients (if treated 
with intervention A) would be missed under the 
pretext of an erroneously assumed higher benefit 
of intervention B. 

As the naïve indirect comparison method ignores 
the randomised nature of the data and thus is 
subject to many confounding factors, effect 
estimates are biased in unpredictable directions 
and uncertain magnitude. Such comparison is, 
therefore, unacceptable and should be avoided 
[14,15].

Conclusions
This study illustrated by means of a simple trial 
simulation that use of naïve-indirect comparison 
of two competing interventions might cause high 
inflation of the effect estimate. The findings do not 
support the idea that, in absence of evidence from 
randomised control trials, such type of indirect 
comparison may at least provide some form of 
indication as to the true trends and performance 
differences between interventions. In this context, 
the relatively widespread use and apparent 
acceptance of naïve-indirect comparison as a valid 
method in dental literature reviews gives reason 
for concern. It is recommended that all conclusions 
regarding oral health care interventions that are 
derived from naïve-indirect comparison should be 
considered to be potentially invalid. The conduct 
of a systematic review is further recommended, in 
order to establish the spread and potential impact of 
naïve-indirect comparison within literature reviews 
of dental topics. Furthermore, the validity of 
results from such reviews should be systematically 
verified on the basis of results from direct ‘head-
to-head’ comparisons in RCTs on the same topics 
or, where RCT evidence is still not available, 
on results from adjusted indirect comparisons. 
In line with the results of such verification, any 
clinical recommendations issued by oral health 
care organizations and dental associations that 
are currently based on naïve-indirect comparison 
should consequently be revised. 
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Executive Summary

Uncontrolled clinical longitudinal studies provide invalid  
evidence concerning claims that high-viscosity glass-ionomers  

are inferior to silver amalgam

Uncontrolled clinical longitudinal studies provide 
invalid evidence concerning claims that high-
viscosity glass-ionomers when placed as load 
bearing single- or multiple surface restorations 
in posterior teeth have a higher failure rate than 
silver amalgam as current gold standard.

Popular dental opinion often assumes that high-
viscosity glass-ionomers are inferior in their 
failure rate to silver amalgam as current gold 
standard when placing direct load bearing single- 
or multiple surface cavity restorations in posterior 
teeth.

When clinical evidence based on uncontrolled 
longitudinal studies is closely examined, the notion 
that glass-ionomers are inferior to silver amalgam 
for load bearing posterior tooth restorations holds 
little scientific weight.  

For many decades restorative dentistry has been 
informed by volumes of clinical longitudinal 
studies that do not include control treatments but 
only investigate the success or failures of novel 
tooth restorations over periods of time. Against 
this background, expert reviews have traditionally 
offered advice to the dental profession on basis 
of survival (success)- or failure rate comparisons 
established from separate longitudinal studies.

In order to investigate the clinical merits of glass-
ionomers, the SYSTEM Initiative of the Faculty of 
Health Sciences, University of the Witwatersrand, 
Johannesburg, has established the accuracy of 
comparison results from longitudinal studies with 
that from randomised control trials (RCT).  

RCTs are considered the gold standard in 
investigating the merits of clinical interventions. 
SYSTEM’s investigation shows that there is 

disagreement between the results from RCTs 
and that from uncontrolled clinical longitudinal 
studies. While comparisons within an RCT would 
indicate that the number of treatment failures 
between two approaches do not significantly differ, 
the comparison of longitudinal study results show 
a 64% higher failure rate of one type of treatment 
above the other. Accordingly, expert reviews 
would mistakenly recommend the merit of placing 
one type of treatment in favour of the other.

The outcome of a systematic review of RCTs by 
the SYSTEM Initiative found no evidence that 
new generation, load-bearing high-viscosity glass-
ionomers can be proven as clinically inferior to 
amalgam, since no overall statistically significant 
difference was found between the both after 
follow-up periods ranging from one to six years.

In contrast to RCTs, longitudinal studies are 
vulnerable to many sources of error, owing to 
the lack of a randomly selected comparison 
group. These may include misleading factors 
that may increase with the length of the study 
period. Longitudinal studies of tooth restorations 
incorrectly suggest that their results are only due 
to the chosen restorative material type and not to 
any other influencing factors. Studies with longer 
follow-up periods may be even more misleading 
than those with shorter follow-up periods. 

Ease and relative low costs make clinical 
longitudinal studies ideal for the collection of first 
information concerning new fields of investigation 
and thus are most suitable in the preparation of 
complex and costly RCTs. Despite this, they 
are not suitable for guiding clinical practice and 
may become cause for the possibly fallacious 
condemnation of one type of intervention above 
others. 
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SYSTEM’s findings suggest that clincial longitudinal studies are unsuitable to 
guide clincial practice and that clincial decisions concerning the placement of high-
viscosity glass-ionomer tooth restorations should be based on the results of well 
conducted randomised control trials instead.  

The published reports of SYSTEM’s findings are available online:
Mickenautsch S, Yengopal V. Direct contra naïve-indirect comparison of clinical 
failure rates between high-viscosity GIC and conventional amalgam restorations. 
An empirical study. PLOS One 2013; 8: e78397.
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0078397
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Direct contra naïve-indirect comparison of clinical failure  
rates between high-viscosity GIC and conventional  

amalgam restorations. An empirical study. 

Steffen Mickenautsch1, Veerasamy Yengopal1

1 Systematic Review initiative for Evidence-based Minimum Intervention in Dentistry/ 
Department of Community Dentistry, Faculty of Health Sciences,  

University of the Witwatersrand - Johannesburg, South Africa

Abstract
Background. Naïve-indirect comparisons 
are comparisons between competing clinical 
interventions’ evidence from separate 
(uncontrolled) trials. Direct comparisons are 
comparisons within randomised control trials 
(RCTs). The objective of this empirical study 
is to test the null-hypothesis that trends and 
performance differences inferred from naïve-
indirect comparisons and from direct comparisons/
RCTs regarding the failure rates of amalgam 
and direct high-viscosity glass-ionomer cement 
(HVGIC) restorations in permanent posterior teeth 
have similar direction and magnitude.

Methods. A total of 896 citations were identified 
through systematic literature search. From these, 
ten and two uncontrolled clinical longitudinal 
studies for HVGIC and amalgam, respectively, 
were included for naïve-indirect comparison 
and could be matched with three out of twenty 
RCTs. Summary effects sizes were computed 
as Odds ratios (OR; 95% Confidence intervals) 
and compared with those from RCTs. Trend 
directions were inferred from 95% Confidence 
interval overlaps and direction of point estimates; 
magnitudes of performance differences were 
inferred from the median point estimates (OR) with 
25% and 75% percentile range, for both types of 
comparison. Mann-Whitney U test was applied to 
test for statistically significant differences between 
point estimates of both comparison types.

Results. Trends and performance differences 
inferred from naïve-indirect comparison based on 
evidence from uncontrolled clinical longitudinal 
studies and from direct comparisons based on 

RCT evidence are not the same. The distributions 
of the point estimates differed significantly for 
both comparison types (Mann–Whitney U = 25, 
nindirect = 26; ndirect = 8; p = 0.0013, two-tailed). 

Conclusion. The null-hypothesis was rejected. 
Trends and performance differences inferred from 
either comparison between HVGIC and amalgam 
restorations failure rates in permanent posterior 
teeth are not the same. It is recommended that 
clinical practice guidance regarding HVGICs 
should rest on direct comparisons via RCTs 
and not on naïve-indirect comparisons based 
on uncontrolled longitudinal studies in order to 
avoid inflation of effect estimates. (Originally 
published as: Mickenautsch S, Yengopal V. 
Direct contra naïve-indirect comparison of 
clinical failure rates between high-viscosity GIC 
and conventional amalgam restorations. An 
empirical study. PLOS One 2013; 8: e78397.)

Introduction
The term ‘high-viscosity’ or ‘high-viscous glass-
ionomer cement’ (HVGIC) has emerged within 
the scientific dental literature: A simple search 
conducted in PubMed/Medline (25.09.2012) with 
the string of search terms: “high-viscosity glass 
ionomer cement” OR “high-viscous glass ionomer 
cement” revealed 16 citations of articles, published 
between 2003 – 2011, of which five articles 
referred to the term in their titles and all articles in 
their listed abstracts and related it specifically to 
the products Fuji IX (GC Corporation, Japan) or 
Ketac Molar (3M ESPE, Germany). 

HVGICs appear distinct from other (low) viscosity 
GICs (including Cermets) in their comparative 
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survival rate to that of conventional amalgam 
restorations. The results of a meta-analysis found 
a survival rate for HVGIC (Fuji IX; Ketac Molar) 
similar to that of amalgam but showed significantly 
lower survival rates for “low-viscosity” GICs 
(Chelon Silver (= Cermet); Chem Fil; Fuji II) than 
for amalgam [1]. 

Glass ionomer cements, such as HVGICs, adhere 
primarily via calcium bonds to the mineral content 
of the tooth structure [2]. This adherence provides 
an adaptive seal, and, as the material slowly 
leaches fluoride ions into the adjacent tooth tissue, 
these materials are capable of halting or slowing 
the progression of carious lesions [3]. Glass-
ionomer cements are ideally suited to managing 
dental caries as they can be applied in the very 
early stages of caries development or in the larger 
cavity. Additionally, they simplify the tooth 
restorative procedure and enable the dentine-pulp 
complex to react against the caries process [4].

Amalgam has been used successfully as an 
universal posterior restorative material for over 
a century [5]. Its operative advantages of being 
relatively simple to place, its intrinsic strength 
and the longevity of the final restoration has 
led to amalgam’s being considered the “gold 
standard” against which all newer materials, such 
as HVGICs, are measured for outcomes; such as 
the effectiveness and durability of the restoration.

In line with the low-/high-viscosity distinction of 
conventional (chemically cured) glass-ionomer 
cements (GICs) based on such pure clinical 
grounds, definition of HVGICs according to 
laboratory/material characteristics such as powder/
liquid ratio or compressive strength may prove to 
be difficult i.e.: the powder/liquid ratio for Ketac 
Molar and Fuji IX has been reported to be 2.9/1 
[6] and 3.6/1 [6,7], respectively but appears to be 
not generally higher than that reported for Chelon 
Silver; Chem Fil and Fuji II (3.8/1 [8]; 3.7/1 [9] 
and 2.7/1 [7], respectively). While the measured 
compressive strength of HVGIC may be above 
200 Mpa [10] after 24 hours, and that of low-
viscosity GIC below 200 Mpa [8,9], a further 
laboratory study reported the compressive strength 

of Fuji IX to be 147.93 Mps (SD = 18.02) after 24 
hours [11]. Such conflicting and inconclusive in-
vitro evidence may be attributed to heterogeneous 
methodologies employed in different laboratory 
studies and thus have to be regarded with caution. 
In addition, caution in extrapolating in-vitro results 
to clinical practice is warranted on the basis that 
in-vitro/laboratory evidence appears to correlate 
poorly with the clinical merits of dental materials 
[12,13].

Against this background the distinction 
between low and high-viscosity conventional 
GICs, on a clinical rather than chemical basis, 
seems to empirically support justification and 
recommendation of HVGIC as an appropriate 
restorative treatment option in permanent posterior 
teeth [1]. However, such consideration may 
currently not be shared by many dental associations 
in developed countries and may even contravene 
standing recommendations. In Germany, for 
example, the joint statement issued in 2005 by two 
dental associations, i.e. Deutsche Gesellschaft für 
Zahnerhaltung (DGZ) and Deutsche Gesellschaft 
für Zahn- Mund- und Kieferheilkunde (DGZMK), 
states that HVGICs are due to their high fracture 
and wear risk not suitable for use in permanent 
posterior tooth restoration [14]. 

A detailed analysis of the DGZ/DGZMK statement 
(File S1) reveals that its recommendations 
regarding HVGIC are based on the findings of one 
comprehensive, non-systematic literature review 
by Manhart et al., 2004 [15]. Although the difficulty 
of comparison of clinical material characteristics 
from uncontrolled clinical longitudinal studies 
is asserted in this review, the authors, however, 
maintain that certain trends and performance 
differences between for example amalgam and 
glass-ionomer cement restorations may be inferred 
from these types of studies [15]. Consequently, 
the review bases its content, conclusions and 
recommendations on restoration survival and 
failure rates mainly extracted from cross-sectional 
and uncontrolled clinical longitudinal studies and 
lists these results separately for amalgam-, direct 
composite-, compomer-, GIC-, gold, composite 
and ceramic inlay/onlay restorations in posterior 
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teeth in tables for naïve-indirect comparisons [15]. 
(According to commonly accepted terminology 
‘naïve-indirect comparison’ is defined as 
‘comparison of competing clinical interventions 
from data of individual arms of different studies, 
based on the assumption that the treatment groups 
are clinically homogeneous in composition’. In 
contrast, direct comparisons are comparisons 
between randomised intervention groups within 
RCT settings [16]). 

Against this background, the aim of this empirical 
study is to investigate whether trends and 
performance differences between conventional 
amalgam and direct HVGIC restorations in posterior 
teeth can be inferred through naïve-indirect 
comparison of failure rates from uncontrolled 
longitudinal clinical studies. The null-hypothesis 
is tested that trends and performance differences 
inferred from naïve-indirect comparison based on 
evidence from uncontrolled longitudinal clinical 
studies and from direct comparisons based on RCT 
evidence have similar direction and magnitude.

Materials and methods   
Search of uncontrolled clinical longitudinal 
studies
PubMed/Medline was searched by both authors 
(SM and VY), independently, following a simple, 
systematic search strategy. The search terms: 
“atraumatic restorative treatment” was used in 
order to identify longitudinal studies investigating 
HVGIC. Longitudinal studies investigating 
amalgam were searched using the following string 
of Mesh search terms: “Dental Amalgam”[Mesh] 
AND “Dental Restoration, Permanent”[Mesh]. 
The string was constructed from the terms “Dental 
Restoration, Permanent”[Mesh] (yielding 10434 
citations) and “Dental Amalgam”[Mesh] (yielding 
1274 citations). The search period was limited to 
publications from 2002/01/01 to 2012/09/25.

Titles and abstracts of the resulting citations were 
scanned for possible inclusion in line with the 
following inclusion criteria:
(i) Prospective clinical one-arm study 

(uncontrolled longitudinal study investigating 

either direct HVGIC or conventional 
amalgam restorations) or quasi-one-arm 
study (two-arm study that did not compare 
HVGIC with amalgam restorations, but 
included either HVGIC or amalgam as one 
of the study arms);

(ii) Minimum 12-month follow-up period;
(iii) Investigated cavity type Class I or II 

in permanent posterior teeth (Tunnel 
restorations not included); 

(iv) Publication language: English;
(v) Study outcome: restoration failure.

Articles whose title and abstracts were in alignment 
with the inclusion criteria were retrieved in full 
copy and were reviewed by both authors of this 
article. Disagreements were resolved through 
discussion and consensus. Articles were excluded 
if no computable data were reported or if they did 
not match the characteristics of the control data. 

Selection of uncontrolled clinical longitudinal 
studies 
Figure 1 provides information on the number of 
uncontrolled clinical longitudinal studies identified 
through the search strategy. The search of PubMed/
Medline generated 214 citations for HVGIC 
and 682 for amalgam restorations. Of these, 12 
and five citations fulfilled the inclusion criteria, 
respectively, and were further reviewed. One 
article related to HVGIC [17] could not be traced 
in full as the journal appeared to be suspended and 
the article was thus excluded. In total, 11 articles 
related to HVGIC [18-28] and 5 for amalgam [29-
33] were provisionally accepted (Table 1).

The included HVGIC and amalgam longitudinal 
studies were matched with each other, as well as 
with available RCTs [34] according to investigated 
cavity type and follow-up period (Table 2). No 
full-match was found for one HVGIC study [26] 
and three amalgam studies [30-32] due to different 
length of follow-up period per cavity type. These 
studies were thus excluded.
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Figure 1. Flow diagram of uncontrolled clinical longitudinal study selection

RCT = Matched randomised control trials from systematic review [13]; HVGIC = high-viscosity glass-ionomer cement

Table 1. Included uncontrolled clinical longitudinal studies

High-viscosity Glass-ionomer 
cements (HVGIC)

Study Reference Quasi one-arm Cavity class Follow-up period HVGIC

Lopez et al., 2005 [18] No I, II 12, 24 months Fuji IX

Gemert-Schriks et al., 2007 [19] No I 36 months Ketac Molar

Zanata et al., 2011 [20] No I, II 12, 24, 120 months Fuji IX

Ibiyemi et al., 2011 [21] No I 12, 24 months Fuji IX

Barata et al., 2008 [22] Yes I, II 12 months Ketac Molar

Ercan et al., 2009 [23] Yes I, II 12, 24 months Ketac Molar

Ziraps and Honkala, 2002 [24] Yes I 24 months Fuji IX/Chem Flex

Wang et al., 2004 [25] No I 36 months Ketac Molar

Lo et al., 2007 [26] No I, II 5, 6 years Ketac Molar

Abid et al., 2002 [27] No I 12, 24, 36 months Fuji IX

Cefaly et al., 2007 [28] Yes I, II 12 months Ketac Molar

Amalgam

Study Reference Quasi one-arm Cavity class Follow-up period

Sachdeo et al., 2004 [29] Yes II 12, 24 months

Soncini et al., 2007 [30] Yes I Mean 3.4 (SD = 1.9) 
years

Bernardo et al., 2007 [31] Yes I, II 7 years

Van Nieuwenhuysen et al., 
2003

[32] Yes ‘ex tens ive ’ 
(II)

36 months

Kiremitci and Bolay, 2003 [33] Yes I 12, 24, 36 months

SD = Standard deviation.
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Data extraction and statistical analysis
Both authors extracted data from the accepted 
articles independently without being blinded 
to authors, institutions, journal names and trial 
results. The extracted data included: number of 
restorations failures (n) and number of evaluated 
restorations (N) at the end of each follow-up 
period, per type of restorative treatment (HVGIC 
or amalgam) and cavity type (Class I or II). The 
n/N-data from each HVGIC study was statistically 
compared to that of each amalgam study and Odds 
ratios (OR) with 95% Confidence intervals (CIs) 
were computed using statistical software RevMan 
4.1.2. The thus extracted and computed data was 
considered as the ‘test-data’ in this study. 

The ‘control data’ was in turn extracted from a 
systematic review of 20 randomised control trials 
(RCTs) by the authors [34] that appraised the 
current clinical evidence regarding to the question 
as to whether, in patients with carious cavities, 
direct HVGIC restorations placed according to the 
atraumatic restorative treatment approach have 
a higher failure rate than conventional amalgam 
restorations (File S2). For the purpose of this study, 
only those RCTs were selected from the systematic 
review report that matched the uncontrolled clinical 
longitudinal studies according to investigated 
cavity type and follow-up period (Table 2).

The extracted data comprised of single 
dichotomous datasets per RCT, consisting of 
number of restorations failures (n) and number of 
evaluated restorations (N) for each cavity type at 
the end of each follow-up period.

The intention was to pool datasets of the same 
cavity type and follow-up period using random-
effects meta-analysis (RevMan 4.1.2), if possible. 
The test results from uncontrolled clinical 
longitudinal studies were plotted together with 
the control results from the RCTs per follow-up 
period in two forest plots, for Class I and Class 
II restorations, separately. From the forest plots, 
trend directions were inferred from the overlap 
of confidence intervals and direction of point 
estimates; magnitudes of performance differences 
were inferred from the median point estimates 
(OR) with 25% and 75% percentile range, for 
both types of comparison. Mann-Whitney U test 

(Biostat 2009 software) was applied to test for 
statistically significant differences between the 
point estimates of both comparison types.

Alpha level for statistical significance was set at 
5%.

Results 
Extracted data and statistical analysis 
Naïve-indirect HVGIC/amalgam comparison 
of uncontrolled longitudinal data: From the ten 
included HVGIC studies [18-25,27,28] seven n/N-
datasets (DS 01-07) were extracted for Class I 
restorations after 12 months follow-up; eight (DS 
08-13,25,26) after 24 months and three (DS 14-16) 
after 36 months, as well as five (DS 17-21) and 
three datasets (DS 22-24) for Class II restorations 
after 12 and 24 months, respectively.

From the two amalgam studies [29,33] only one 
single n/N dataset could be extracted each for Class 
I after 12, 24 and 36 months, as well as for Class II 
after 12 and 24 months. Every HVGIC dataset was 
matched against the single n/N -amalgam dataset 
available for its cavity class and follow-up period. 
The 24 resulting (n/N – n/N) combined datasets 
are presented in Table 3.

Direct HVGIC/amalgam comparison of RCT data: 
Eight (n/N – n/N) datasets from three RCTs [35-37] 
relevant to Class I and II restorations in posterior 
permanent teeth after 12, 24 and 36 months were 
extracted from Table 10 of the systematic review 
[34] (File S2). 

The computed Odds ratios (95% CI) were plotted 
for Class I and II restorations and are shown in 
Figure 2 and 3, respectively. Meta-analysis of 
longitudinal study results was not conducted, as 
only one n/N dataset was available from amalgam 
studies per type of cavity and follow-up period 
against which all n/N datasets from HVGIC studies 
were set. 

Figures 2 and 3 show that the width of the 95% 
confidence intervals (CI) differs largely between 
the two types of comparisons, which may be 
ascribed to the generally larger sample size in 
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Cavity 
class

Follow-up period Uncontrolled clinical 
longitudinal studies

RCTs

HVGIC Amalgam HVGIC versus Amalgam
I 12 months Lopez et al., 2005 [18] Kiremitci and Bolay, 

2003 [33]
Yip et al., 2002 [35]

Zanata et al., 2011 [20] Frencken et al., 2006 [36]
Ibiyemi et al., 2011 [21]
Barata et al., 2008 [22]
Ercan et al., 2009 [23]
Abid et al., 2002 [27]
Cefaly et al., 2007 [28]

24 months Lopez et al., 2005 [18] Kiremitci and Bolay, 
2003 [33]

Frencken et al., 2006 [36]

Zanata et al., 2011 [20] Rahimtoola and van Amerongen, 
2002 [37]

Ibiyemi et al., 2011 [21]
Barata et al., 2008 [22]
Ercan et al., 2009 [23]
Abid et al., 2002 [27]
Ziraps and Honkala, 2002 [24]

36 months Gemert-Schriks et al., 2007 
[19]

Kiremitci and Bolay, 
2003 [33]

Frencken et al., 2006 [36]

Wang et al., 2004 [25]
Abid et al., 2002 [27]

Mean 3.4 (SD = 1.9) 
years

(No match) Soncini et al., 2007 
[30]

(No match)

4 years (No match) (No match) Frencken et al., 2006 [36]
5 years Lo et al., 2007 [26] (No match) Frencken et al., 2006 [36]
6 years Lo et al., 2007 [26] (No match) Frencken et al., 2006 [36]
7 years (No match) Bernardo et al., 2007 

[31]
(No match)

10 years Zanata et al., 2011 [20] (No match) (No match)
II 12 months Lopez et al., 2005 [18] Sachdeo et al., 2004 

[29]
Frencken et al., 2006 [36]

Zanata et al., 2011 [20]
Barata et al., 2008 [22]
Ercan et al., 2009 [23]
Cefaly et al., 2007 [28]

24 months Lopez et al., 2005 [18] Sachdeo et al., 2004 
[29]

Frencken et al., 2006 [36]

Zanata et al., 2011 [20]
Ercan et al., 2009 [23]

36 months (No match) Van Nieuwenhuysen 
et al., 2003 [32]

(No match)

5 years Lo et al., 2007 [26] (No match) (No match)
6 years Lo et al., 2007 [26] (No match) (No match)
7 years (No match) Bernardo et al., 2007 

[31]
(No match)

Table 2. Matched studies as per cavity class and follow-up period

SD = Standard deviation; HVGIC = High-viscosity glass-ionomer cement; RCT = Randomised controlled trial.
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Table 3. Extracted datasets from studies for analysis
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Figure 2. Computed effect estimates of studies: Failure rates of Class I restorations in posterior 
permanent teeth 

OR = Odds ratio; CI = Confidence interval; n = Number of failed restorations; N = Number of evaluated restorations; h-v. = high-viscosity; GIC = Glass-ionomer 
cement; ‘1-arm study’ = Naïve-indirect comparisons of uncontrolled longitudinal study; 2-arm study’ = Direct comparison within a randomised control trial; 
Not estimable = Both interventions have essentially the same n/N data; i.e. OR = 1.00; ‘Study or sub-category’ = Dataset number of comparison (see Table 3)

Figure 3. Computed effect estimates of studies: Failure rates of Class II restorations in posterior 
permanent teeth

OR = Odds ratio; CI = Confidence interval; n = Number of failed restorations; N = Number of evaluated restorations; h-v. = high-viscosity; GIC = Glass-ionomer 
cement; ‘1-arm study’ = Naïve-indirect comparisons of uncontrolled longitudinal study; 2-arm study’ = Direct comparison within a randomised control trial; 
Not estimable = Both interventions have essentially the same n/N data; i.e. OR = 1.00; ‘Study or sub-category’ = Dataset number of comparison (see Table 3)
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direct comparisons (RCTs). However, from the 
confidence intervals and point estimates (OR) the 
following could be observed: 

(i) The 95% Confidence intervals from naïve-
indirect comparisons generally overlap to the 
right side of the forest plots and the position 
of the point estimates on the plots is mainly 
situated to the right. Both factors suggest a 
trend direction favouring amalgam above 
HVGIC. The magnitude of the median point 
estimate: OR = 6.29 (1.34 – 19.27) suggests 
a largely higher performance, in terms of a 
lower restoration failure rate, for amalgam. 

(ii) The 95% Confidence intervals from direct 
comparisons (RCT) overlap mainly to the left/
centre of the forest plots and the point estimates 
on the plots are mostly situated towards the 
center. Both suggest an essentially similar 
trend for HVGIC and amalgam regarding 
their restoration failure rates. The median size 
of the point estimates (OR = 1.00; 0.81 – 1.20) 
indicates similar to equal performance for the 
two types of restoration. 

The distributions of the point estimates differed 
significantly for both comparison types (Mann–
Whitney U = 25, nindirect = 26; ndirect = 8; p = 0.0013, 
two-tailed).These results indicate that trends and 
performance differences inferred from naïve-
indirect comparison based on evidence from 
uncontrolled clinical longitudinal studies and from 
direct comparisons based on RCT evidence do not 
have the same direction and magnitude. The null-
hypothesis was therefore rejected.

Discussion
Limitations of study method
The aim of this empirical study was to investigate 
whether trends and performance differences 
between conventional amalgam and direct HVGIC 
restorations in posterior teeth can be inferred 
through naïve-indirect comparison of failure rates 
from uncontrolled clinical longitudinal studies. 
The objective was to test the null-hypothesis that 
trends and performance differences inferred from 

naïve-indirect comparison based on evidence from 
uncontrolled clinical longitudinal studies and from 
direct comparisons based on RCT evidence have 
similar directions and magnitude.

The intention was to pool datasets of the same 
cavity type and follow-up period using random-
effects meta-analysis (RevMan 4.1.2), if possible. 
However, meta-analysis of longitudinal study 
results was not conducted, as only one n/N dataset 
was available from amalgam studies per type of 
cavity and follow-up period against which all n/N 
datasets from HVGIC studies were set. Pooling of 
these results would have generated erroneously too 
narrow confidence intervals and thus potentially 
misleading summary outcomes. 

Data was drawn only from studies published in 
English. The reason for this language restriction 
was the consideration that the inclusion of non-
English trials may have had little effect on 
summary treatment effect estimates but may 
rather be assumed as confirmatory [38,39]. Only 
uncontrolled longitudinal studies that were listed 
in PubMed/Medline from 2002 were searched, in 
order to limit the risk of any possible chronological 
bias, as no RCTs that provided a direct comparison 
between HVGIC and amalgam restorations before 
that date could be identified [34]. Further focus was 
on HVGIC studies that placed tooth restorations 
using the atraumatic restorative treatment (ART) 
approach. The reason was that the RCT data were 
drawn exclusively from a systematic review [34] 
that included HVGIC/ART restorations and this 
ensured that the studies of both, uncontrolled 
longitudinal design and RCT did not differ in this 
point. However, in the literature search we did not 
identify any HVGIC longitudinal studies that were 
not based on ART.

The restrictions of this study may have limited the 
data available. However, the authors are confident 
that the identified cohort of studies represents the 
clinical evidence from most, if not all, clinical 
longitudinal studies and RCTs relevant to posterior 
HVGIC and amalgam restorations in the permanent 
dentition that have been listed in PubMed/Medline 
during the 2002-2012 period.
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Study results
The results of this investigation suggest that the 
trend direction and magnitude of performance 
differences inferred from study results are highly 
affected by the utilized type of comparison and type 
of study design (i.e. naïve-indirect comparison of 
uncontrolled longitudinal evidence versus direct 
comparison within RCTs). The results from naïve-
indirect comparison of uncontrolled longitudinal 
evidence  are in keeping with the current general 
consensus on clinical HVGIC merits and is also 
expressed in the DGZ/DGZMK statement of 
Germany [14].

From each comparison type, different trend 
directions and magnitudes of performance 
differences can be inferred (i.e. the failure 
rate of HVGIC being inferior / equal to that of 
conventional amalgam restorations in permanent 
posterior teeth). The null-hypothesis was rejected. 
This raises questions regarding the reliability of 
the study designs and comparison methods for 
subsequent inference:
Randomised control trials (RCT) are 2- or more 
arm studies where the different intervention groups 
have been formed through random allocation. 
RCTs have been recognised as the ‘gold-standard’ 
in clinical trial methodology [40].

Clinical uncontrolled longitudinal studies are 
defined as a subset of non-RCTs without use of a 
comparison group, which evaluate the effect of a 
particular treatment in patients who are all offered 
this same particular treatment [41]. The rationale 
of this study type comprises of: (a) application 
of a pre-test measurement to a single group of 
patients, e.g. ‘count’ (absence) of restoration 
failures after restoration placement at baseline; (b) 
reapplication of the same measurement (count of 
restoration failures) as post-test after a certain time 
period; e.g. after 12, 24 or 36 months [42]. Clinical 
uncontrolled longitudinal studies have been found 
to be more efficient than cross-sectional studies 
in estimating the average change of measurement 
and its variation between individual patients [43]. 
They are very common in medicine [44], are faster, 
more convenient and less expensive to conduct 

than RCTs [41] and function as valuable pilot 
studies for guiding the planning of subsequent 
RCTs, e.g. in the estimation of effect sizes as basis 
for RCT sample size calculation [41,45].

However, despite it’s stated merits the rationale of 
uncontrolled longitudinal studies carries the logical 
“post hoc ergo propter hoc” or ‘false cause’ fallacy 
[46] as its results suggest that a causal relationship 
exists between the applied intervention (e.g. the 
type of the restorative material) and the observed 
average change of post-test measurement (e.g. the 
restoration failure rate). Such erroneously assumed 
causality does not take into account other potential 
factors that may have caused or at least influenced 
the post-test measurement, which the uncontrolled 
longitudinal study design is unable to exclude. 

Owing to the lack of a randomly selected 
comparison group, uncontrolled longitudinal 
studies are vulnerable to many sources of 
invalidity that are often difficult to rule out [42]. 
These include external confounding factors that 
can be known or unknown to both patient and 
study operator and whose effects may increase 
with length of follow-up period [42]. Another 
source of vulnerability is regression to the mean, 
either due to variations within patients or to 
measurement errors that cannot be corrected, due 
to lack of a control group [41,47]. In addition, 
uncontrolled longitudinal studies are at higher 
risk of investigator bias and are thus more likely 
to lead to statistically significant results favouring 
one type of treatment above another [41]. Because 
of these shortcomings, uncontrolled longitudinal 
studies provide weak evidence and their results 
should thus not be used to guide clinical practice 
[45,48].

The shortcomings of the uncontrolled longitudinal 
study design have further impact when its results 
are used for naïve-indirect comparisons between 
two competing clinical interventions. Such 
comparisons are based on the assumptions of 
homogeneity, similarity and consistency between 
uncontrolled longevity studies as their data 
sources. Moreover, study characteristics that are 
not based on randomised distribution of variables 
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within one single clinical/methodological setting 
cannot assure the certainty of such assumptions. 
Consequently, investigations have established 
that results from naïve-indirect comparisons have 
an inflated probability of statistical significance 
with a 30% smaller standard error (SE) than 
direct comparisons based on randomised control 
trials [16]. It was further found that 40% of 
confidence intervals generated from naïve-indirect 
comparisons do not contain the correct effect size 
value and that results of naïve-indirect comparisons 
have very poor agreement with results from direct 
comparisons (kappa = 0.28). The reasons for such 
discrepancies have been mainly ascribed to lack of 
compatibility, due to different prognostic factors, 
between patients from the different studies included 
in naïve-indirect comparisons accompanied by 
risk of random error (5% chance of type I error), 
that may cause a statistical significance even if 
the null-hypothesis is true [16]. The results of the 
present study, particularly the statistically higher 
median point estimate established from naïve-
indirect comparison in favour of amalgam above 
HVGIC (OR 6.29; 1.34 – 19.27), appear to be in 
line with such observations.

Despite the more promising trends and performance 
differences that can be inferred from direct 
comparisons within RCTs regarding the failure rate 
of direct posterior HVGIC restorations in permanent 
teeth, shortcomings in the current evidence remain 
(e.g. related to aspects of internal validity and 
sample size). These require further research [49]. 
Nevertheless, these shortcomings do not provide 
evidence in support of the recommendation that 
HVGIC are not suitable for use as permanent 
posterior tooth restoration materials [14], which 
only direct comparisons within RCTs can provide. 
In this context it is interesting to note that despite a 
broad systematic literature appraisal no summary 
RCT evidence could be established in support of 
the hypothesis that “direct HVGIC restorations are 
inferior to those of amalgam in posterior cavities 
of permanent teeth” [34,50].

It is recommended that any guidance for clinical 
practice should be based on direct comparisons 

from randomised control trials, ideally appraised 
during systematic reviews of the clinical literature. 
Where RCT evidence has not as yet been established 
in clinical fields, clinical guidance should at least 
avoid recommendations based on flawed data 
comparisons (i.e. naïve-indirect comparison) and 
fallacious study methodology (i.e. uncontrolled 
longitudinal study design) that carry high risk of 
confounding and systematic error.

Conclusions
The results of this study indicate that differences 
concerning the failure rate of direct HVGIC versus 
amalgam restorations, inferred from naïve-indirect 
comparison and from direct comparisons based 
on RCT evidence are not similar in direction and 
magnitude. The discrepancy is ascribed to severe 
shortcomings in uncontrolled longitudinal clinical 
study design and the flawed method of naïve-
indirect comparison. Both are found to carry high 
confounder influence risk and bias/systematic 
error and so may have inflated its results favouring 
amalgam above HVGIC restorations. Specifically, 
the naïve-indirect comparison of clinical 
characteristics of high-viscosity glass ionomer 
cements against gold standards for posterior 
permanent restorations, such as conventional 
amalgam fillings, based on uncontrolled clinical 
longitudinal studies may have augmented 
the reasons for the current negative clinical 
recommendations for HVGICs as, for example 
expressed in the DGZ/DGZMK statement of 
Germany. The reliance of such directives on naïve-
indirect comparison based on uncontrolled clinical 
longitudinal study evidence calls for attention and 
revision. 
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Executive Summary

No evidence that high-viscosity glass-ionomers are 
inferior to current gold standard in restorative dentistry 

New findings indicate absence of clinical evidence 
that high-viscosity glass-ionomers are inferior in 
their failure rate to silver amalgam as current gold 
standard when placed as load bearing single- or 
multiple surface cavity restorations in posterior 
teeth.

The current consensus that glass-ionomers 
are clinically inferior to silver amalgam when 
placing restorations in posterior teeth is widely 
acknowledged as truth. For decades, experts 
have spoken out against the choice of glass-
ionomers instead of silver amalgam or composite 
resin materials for load bearing posterior tooth 
restorations, based on clinical evidence that, when 
closely examined, holds little scientific weight.  

In an effort to appraise the current clinical evidence 
regarding the merits of placing glass-ionomers 
as tooth restorations, the SYSTEM Initiative of 
the Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, has conducted a 
systematic review of randomised control trials and 
a meta-epidemiological study.  

The systematic review included a literature search 
in 17 global and regional databases, as well as 
databases for open access journals and ‘grey’ 
literature. Besides searching the global databases 
PubMed/Medline and the Cochrane library, the 
searched additional regional English databases 
comprised of the scientific dental literature from 
Africa, Europe, India and North America, whilst 
regional non-English databases comprised of the 
dental literature from China and Latin-speaking 
American countries. 

In total, 38 trials were accepted as evidence, 
comprising the investigation of more than 10 000 
placed tooth restorations. The outcome shows 
that new generation, high viscous glass-ionomers 

cannot be regarded as inferior to amalgam, since 
no overall statistically significant difference was 
found in the clinical failure rate between load 
bearing high-viscosity glass-ionomer and amalgam 
restorations after follow-up periods ranging from 
one to six years.

The results of SYSTEM’s meta-epidemiological 
study show that statements concerning glass-
ionomer’s inferiority to amalgam and other types 
of materials are based on incorrect statistical 
comparison methods. Such methods include 
the still common naïve-indirect comparison of 
restoration failure rates from uncontrolled clinical 
longitudinal studies. Simply put, the traditional 
argument against the use of glass-ionomers in 
modern dentistry is based on the wrong assumption 
that results from unrelated clinical trials with 
differing clinical settings and patient groups can 
be directly compared to one another. Instead, 
statements concerning the merits of clinical 
interventions should rest on the direct comparison 
of competing treatment options via randomised 
control trials.

High-viscosity glass-ionomer restorations do not 
require provison of macro-retention by high-speed 
drilling, thus they offer the dental profession a 
more patient friendly approach for placing tooth 
restorations. Placing glass-ionomer restorations 
also reduces the likelihood of a repeated restoration 
cycle, because repair of failed restorations does not 
require the removal of remaining filling material 
from the tooth cavity.  

The new findings suggest that placing high-
viscosity glass-ionomer restorations may offer 
an alternative to placing restorations with silver 
amalgam in load bearing posterior cavities of 
permanent teeth. 
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The published full report of the new findings are available online:
Mickenautsch S, Yengopal V. Failure rate of atraumatic restorative treatment using high-viscosity 
glass-ionomer cement compared to conventional amalgam restorative treatment in primary and 
permanent teeth: a systematic review update - III. J Minim Interv Dent 2012; 5: 273-331.
http://mi-compendium.org/journal/index.php/JMID/article/view/153/149 
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Failure rate of atraumatic restorative treatment using high-viscosity  
glass-ionomer cement compared to that of conventional amalgam 

restorative treatment in primary and permanent teeth:  
a systematic review update - III

Steffen Mickenautscha, Veerasamy Yengopala

a SYSTEM Initiative / Department of Community Dentistry, Faculty of Health Science, University of the 
Witwatersrand, 7 York Rd., Parktown/Johannesburg 2193, South Africa, e-mail: neem@global.co.za

Abstract
Background: This 3rd systematic review update 
includes evidence from further Chinese trials that 
were identified during reference re-check and 
regression analysis of the possible influence of 
split-mouth study design on overall results. 

Review Objective: This systematic review seeks 
to answer the question as to whether, in patients 
with carious cavities of any class in primary and 
permanent teeth, ART restorations with high-
viscosity GIC have a higher failure rate than 
amalgam restorations placed with conventional 
rotary instruments after one or more years.

Search Strategy: The following databases were 
searched for relevant trials up to January 2012: 
MEDLINE accessed via PubMed; CENTRAL 
accessed via Cochrane Library; Open access 
sources: Biomed Central, Database of Open 
Access Journals (DOAJ), OpenJ-Gate; Regional 
databases: Bibliografia Brasileira de Odontologia 
(BBO), Literatura Latino-Americana e do Caribe 
em Ciências da Saúde (LILACS), IndMed, 
Sabinet, Scielo; Grey-Literature sources: Scirus 
(Medicine), OpenSIGLE, Google Scholar. Hand 
searching was performed for journals not indexed 
in the databases. References of included trials 
were checked.

Selection Criteria: Prospective, clinical controlled 
trials, with focus relevant to review objective and 
reporting on computable data with a follow-up 
period of at least one year were selected without 
language restrictions.

Data Collection And Analysis: Two review 
authors independently screened and extracted data 

from, and assessed the risk of bias in, the selected 
trial reports. Individual datasets were extracted 
from the trial results and analyzed regarding 
in-between-dataset heterogeneity and effect 
size estimates. The investigated outcome was 
restoration failure. Meta-analysis was conducted 
on condition of between-dataset homogeneity. 
Internal trial validity was assessed in terms of 
selection-, performance-, detection-, attrition-, 
publication- and reporting bias. Research gaps in 
the precision and consistency of the results were 
evaluated.

Main Results: Twenty trials were accepted for 
review. Of these 52 individual dichotomous 
datasets could be extracted and analyzed. The 
majority of the results show no differences between 
both types of intervention. High risk of selection-, 
performance-, detection- and attrition bias was 
established. Existing research gaps are mainly 
due to lack of trials and small sample size. Any 
influence of split-mouth design did not change the 
overall review conclusions.

Conclusion: The current evidence indicates 
that the failure rate of high-viscosity GIC/ART 
restorations is not higher than, but similar to that 
of conventional amalgam fillings after periods 
longer than one year. These results are in line 
with the conclusions drawn during the original 
systematic review. There is a high risk that these 
results are affected by bias, and thus confirmation 
by further trials with suitably high number of 
participants is needed. (Originally published as: 
Mickenautsch S, Yengopal V. Failure rate of 
atraumatic restorative treatment using high-
viscosity glass-ionomer cement compared to 
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conventional amalgam restorative treatment 
in primary and permanent teeth: a systematic 
review update - III. J Minim Interv Dent 2012; 
5: 273-331.)

Plain language summary
Atraumatic Restorative Treatment (ART) is a 
minimally invasive procedure that involves using 
only hand instruments in removing carious tooth 
tissue and then restoring the resulting cavity with 
an adhesive restorative material. In this review, 
the failure rate of ART with high-viscosity glass-
ionomer cement was compared with that of 
amalgam fillings placed after drilling. The results 
show generally no difference between the two 
treatments after a period of at least one year up to 
over six years.

Background
This report is the 3rd update of an existing 
systematic review by the authors as part of the 
SYSTEM initiative [1] that was first published in 
the Clinical Oral Investigation journal (online) in 
2009 [2] and updated twice, since [3,4]. While the 
protocol of the original review was not registered, 
the protocol for all updates was registered with the 
International Prospective Register for Systematic 
Reviews (PROSPERO) on 05 January 2012, under 
registration number CRD42012001887.

What is new?
This report differs from the last update [4] by 
changing and adding the following:
(i) Inclusion of clinical evidence from two further 

Chinese trials [5,6] that were identified during 
re-check of the all Chinese references;

(ii) Analysis and discussion of the effect that the 
inclusion of split-mouth trials may have on the 
overall systematic review results.

Description of the condition
Atraumatic restorative treatment (ART) failures 
may manifest as partial or complete material 
loss, caries related to restoration margins and 
material wear > 0.5 mm [7]. In contrast to other 

types of failure, the occurrence of caries on 
restoration margins has steadily decreased, owing 
to improvements in restorative materials and 
operator skills [8]. ART failures may occur in 
combination or lead to each other: material loss 
may promote occurrence of caries on restoration 
margins or a partial defect may lead to complete 
loss [7]. Clinical factors related to ART failures 
are: material-, operator- and technique factors [7]. 

Material factors are directly related to the 
properties of materials - such as physical strength, 
flow rate and consistency. The flow rate of glass-
ionomer cement (GIC), for example, can be 
related to its adaptability to the cavity surface. 
Low adaptability may lead to partial defects on 
the restoration margin. Material flow rates can be 
related to small void formations (diameter > 0.1 
mm), which may also be affected by the type of 
material mix (capsule- or hand-mix), which in turn 
may lead to higher material wear > 0.5 mm and 
material loss [9].

Operator factors relate to failures caused in areas 
of incorrect clinical indication, removal of carious 
tooth tissue and lack of general adherence to 
clinical protocols of the restorative procedures 
[8]. Incorrect clinical indication of ART may lead 
to large restorations with constant exposure to 
masticatory forces that exceed material strength. 
In combination with material factors this may 
lead to material fracture and subsequent partial 
or complete material loss. Insufficient removal 
of carious bacterially infected tooth tissue on the 
cavity circumference may cause reduced material 
adhesion and higher a residual bacterial count that 
in time may lead to further caries progression at 
the restoration margins [7]. In general, it has been 
shown that operator diligence regarding adherence 
to clinical protocols of restorative procedures, 
rather than operator experience, is important for 
avoiding restoration failures [9]. 

Technique factors, such as the hand-excavation and 
press-finger techniques, are unique components 
of ART [8]. Hand-excavation causes enamel 
fracturing and irregularities in dentine and this may 
manifest as a challenge to good marginal material 
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adaptation [10]. The press-finger technique causes 
a rough restoration surface with irregular margins 
that may support plaque and bacteria retention 
[11].

Description of the intervention
Atraumatic restorative treatment (ART) is a 
minimally invasive procedure that involves using 
only hand instruments to remove markedly softened 
carious enamel and dentine, and then restoring 
the resulting cavity with an adhesive restorative 
material [12]. Although developed for use in the 
less industrialized parts of the world, ART has now 
been accepted as part of the minimum intervention 
(MI) dentistry philosophy in developed countries 
[13-18]. At present the restorative material of 
choice for ART is high-viscosity glass ionomer 
cement (GIC) [19]. GIC is ideally suited to 
managing dental caries according to the principles 
of MI dentistry, as it can be applied in the very 
early stages of caries development or in the larger 
cavity. Additionally, it simplifies the restorative 
procedure and enables the dentine-pulp complex 
to react against the caries process [20].

How the intervention might work
During the ART procedure, the histological zone 
of caries-infected dentine is removed with hand- 
instruments and, upon application of GIC, a seal 
is created between the GIC and the remaining 
enamel margin and caries-affected dentine lining 
the cavity surfaces. The glass ionomer adheres 
to this enamel and dentine primarily via calcium 
bonds to the mineral content of the tooth structure 
[21]. This adherence provides an adaptive seal and 
as the material slowly leaches fluoride ions into 
the adjacent tooth tissue, GICs appear capable 
of halting or slowing the progression of carious 
lesions [22].

Specific definition of ART
For the purpose of this systematic review atraumatic 
restorative treatment (ART) was defined as a tooth 
restoration procedure including caries removal by 
hand instruments, using spoon excavators, and 
direct cavity restoration with a high-viscosity GIC 
[2]. This definition was based on the consideration 

that ART constitutes a synthesis of the concepts of: 
(i) The retention of remineralisable affected 

dentine after caries removal by hand 
excavation [21]; 

(ii) The promotion of remineralisation of such 
affected dentine through the placement of a 
biomimetic restorative material [12]. 

Focus on hand excavation: Originally, ART was 
developed for use in underdeveloped regions [12], 
to address the need for inexpensive instrumentation. 
Other excavation techniques relying on specialized 
hand instruments in connection with a chemical 
agent [23] do not fulfill this criterion. 

Focus on GIC: Regarding the material of choice 
for ART; only GICs have been shown to have a 
(hyper-) remineralising (biomimetic) effect on 
hard tooth tissue [24-26]. GIC may therefore be 
considered as the only material currently proven 
to be capable of effectively remineralising the 
retained affected dentine. 

Focus on high-viscosity: A previous meta-analysis 
reported higher restoration longevity with high-
viscosity GIC than with low-viscosity GIC for 
ART [27].

Why it was important to do this 3rd review 
update?
New clinical evidence may falsify or confirm 
current systematic review conclusions. In addition, 
it is in the interest of systematic review users to be 
informed of new evidence that becomes available 
on the reviewers’ desk. During the last systematic 
review updates, the data extracted from accepted 
spilt-mouth trials was analyzed as independent 
data [3,4]. This may have caused artificially 
narrower confidence intervals, thus providing 
more optimistic results. However, it was assumed 
that such impact was only slight and that wider 
confidence intervals would only have favoured the 
review conclusion of no differences between ART 
and amalgam. Such assumption alone does not 
provide the precision that is commonly associated 
with systematic reviews and thus the potential 
impact of split-mouth trials was investigated in 
more detail. 
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Objective
The objective of this quantitative systematic 
review update was to assess the failure rate of 
ART, versus amalgam fillings, in the permanent 
or primary dentition in single- or multi-surface 
cavities, with follow–up periods of at least 1, to 
more than 6 years.

Problem / 
patients:

All patients with carious cavities of any 
class (single- or multiple surface) in 
primary and permanent teeth.

Intervention: ART (as defined per section 1.5)

Comparison: Amalgam restorations placed using 
conventional rotary instruments in tooth 
cavities of the same size, type of dentition 
and follow-up period

Outcome: Restoration failure (as per section 1.2) after 
one or more years

This systematic review seeks to answer the PICO 
question as to whether, in patients with carious 
cavities of any class in primary and permanent 
teeth, ART restorations with high-viscosity GIC 
have a higher failure rate than amalgam restorations 
placed using conventional rotary instruments after 
one or more years.

Methods
Systematic literature search
Electronic database search
The following electronic databases have 
been searched by both authors (SM and VY) 
independently: MEDLINE accessed via PubMed; 
CENTRAL accessed via Cochrane Library; Open 
access sources: Biomed Central, Database of Open 
Access Journals (DOAJ), OpenJ-Gate; Regional 
databases: Bibliografia Brasileira de Odontologia 
(BBO), Literatura Latino-Americana e do Caribe 
em Ciências da Saúde (LILACS), IndMed, 
Sabinet, Scielo; Grey-Literature sources: Scirus 
(Medicine), OpenSIGLE, Google Scholar.

Strings of search terms (containing MeSH and 
text search terms) together with Boolean operators 
were developed and utilized for searching these 
databases. English search terms were translated 
into Spanish and Portuguese for search in BBO and 

LILACS (in addition, English search terms were 
also used in searching these regional databases).

Search of other sources
The following journals, identified as not being 
indexed in any of the above electronic databases, 
were hand-searched by both authors, independently 
(SM and VY): African Journal of Oral Health; 
African Journal of Oral Health Sciences; Annals of 
Dentistry; Clinical Trial Magnifier; CPD Dentistry; 
Indian Journal of Clinical Practice; International 
Journal of Clinical Dentistry; International Journal 
of Orthodontia and Dentistry for Children; Journal 
of Dentistry and Oral Hygiene; Journal of Dentistry 
of Tehran University of Medical Sciences; 
Journal of the Faculty of Dental Surgery of the 
Royal College of Surgeons of England; Journal 
of Indian Prosthodontic Society; Journal of the 
Japanese Association of Regenerative Dentistry; 
Kazan Medical Journal; Practical Procedures and 
Aesthetic Dentistry; Odontology; Österreichische 
Dentisten Zeitschrift; Tanzania Dental Journal.

In addition, reference lists of accepted trial reports 
and systematic reviews were searched for trial 
reports suitable for inclusion.

Criteria for trial consideration
Trial inclusion criteria
From the produced search results, trial selection 
was based on the following criteria:
• Clinical trials (trials on animals and in-situ and 

in-vitro trials were not included);
• Controlled trials: including control- and test 

group(s) (1-arm longitudinal trials were not 
included);

• Trial focus relevant to PICO question;
• Prospective trials (retrospective trials were not 

included).

Trial exclusion criteria
From the included trials, exclusion was based on 
the following criteria:
• No computable dichotomous or continuous 

data was reported; 
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• Test and control groups were not evaluated in 
the same way;

• Any outcomes measured were not in line with 
section 3.2.5.;

• ART procedure was not in line with the adopted 
ART definition in section 1.5.;

• Control intervention not in line with the 
description in section 3.2.4.;

• Follow-up period was less than one year.

Types of trial participants
Trial participants included all patients of any age, 
gender or place of origin, with carious cavities in 
primary or permanent teeth.

Types of interventions
Test group: Atraumatic restorative treatment as 
described in sections 1.3 and 1.4 and defined in 
section 1.5.

Control group: Restorative tooth treatment 
including the use of rotating instruments for caries 
removal and cavity preparation; placement of any 
material excluding any form of GIC as liner or 
base, followed by tooth restoration with amalgam. 

Amalgam has been used successfully as a universal 
posterior restorative material for over a century. Its 
operative advantages of being relatively simple to 
place, its intrinsic strength and the longevity of 
the final restoration has led to amalgam’s being 
considered the “gold standard” against which all 
new materials are measured for outcomes; such as 
the effectiveness and durability of the restoration.

Type of outcome measure
Acceptable outcome measures were: the number 
of failures (n) from the total number of evaluated 
units (N) for dichotomous data and the statistical 
mean (X) of outcomes with standard deviation 
(SD) or standard error (SE) from the total number 
of evaluated units (N) for continuous data. Only 
primary outcomes with either the patient or the 
tooth as unit of analysis were accepted. Only 
clinical failure reasons as described in section 
1.2 were considered as primary outcomes. The 
number of failures (n) or the statistical mean (X) of 

outcomes consisted of the sum of all failure types 
due to reasons described in section 1.2.

Trial selection process
Titles and abstracts of identified articles from data 
sources (see section 3.1) were scanned by the 
authors (SM and VY) in duplication, for possible 
inclusion in line with the inclusion criteria. Articles 
with suitable titles but without listed abstracts 
were retrieved in full copy. All included articles 
were judged separately by authors for possible 
exclusion, with reasons, or for acceptance, in 
line with the exclusion criteria. Disagreements 
between authors were solved through discussion 
and consensus.

Data collection from accepted trials
Both authors (SM and VY) extracted data from 
accepted trials independently, without being 
blinded to authors, institutions, journal names 
and trial results. Disagreements between authors 
concerning extracted data were solved through 
discussion and consensus. All extracted data were 
entered in specifically designed data sheets, in MS 
Excel. Articles in languages other than English 
(known by both authors: SM and VY) or German 
(known by one author: SM) were, or are, being 
translated with help from the available services. 
The following data has been extracted:

Important general information
• Article: first author, year of publication and full 

article reference, dataset number;
• Place of trial;
• Age and gender of trial participants;
• Characteristics of participants, inclusion/

exclusion criteria;
• Study design;
• Per test- and control group: 

◦◦ Type of restorative material used,
◦◦ Type of dentition,
◦◦ Type of tooth restored,
◦◦ Type of cavity,
◦◦ Number of participants and restored teeth 

at beginning of trial (BSL),
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◦◦ Evaluation method used,
◦◦ Evaluation criteria followed,
◦◦ Number of evaluated units (N),
◦◦ Number of failures (n) for dichotomous 

data,
◦◦ Length of trial (follow-up period).
◦◦ For ART group: cavity conditioning before 

GIC placement (yes / no).

Verbatim quotes relevant to intervention integrity
Article: first author, year of publication and full 
article reference;
• Per test- and control group:

◦◦ Patient adherence;
◦◦ Patient exposure;
◦◦ Quality of delivery;
◦◦ Patient responsiveness;
◦◦ Any adverse outcomes.

Information concerning methodological trial 
quality
Any information provided in the trial report about: 
article first author, year of publication and full 
article reference, reporting guidelines followed, 
sample size calculation used, ethical approval 
obtained, was extracted from the accepted trials.

Information concerning research gaps related  
to trial precision
The following information was extracted from the 
accepted trials on the basis of:
•◦ Imprecision of results: Width of confidence 

intervals; sufficiency in trial number/data; 
sample size;

•◦ Inconsistency of results: Direction and 
magnitude of differences in effect size; at least 
two trials/datasets; non-overlapping confidence 
intervals.

Verbatim quotes relevant to selection-, 
performance- and detection bias risk
The following were extracted from the accepted 
trial reports:
• Article: first author, year of publication and full 

article reference;
• Selection bias:

◦◦ Random sequence generation;

◦◦ Concealment of the sequence allocation;
• Performance bias:

◦◦ Operator blinding;
◦◦ Patient blinding;

• Detection bias:
◦◦ Evaluator blinding.

Assessment of clinical and methodological 
heterogeneity
In order to fulfill criteria of clinical and 
methodological homogeneity, a decision was 
made that datasets extracted from the accepted 
trials should not differ in the following minimum 
set of characteristics: Outcome measure, control 
intervention, evaluation method and evaluation 
criteria, as well as length of follow-up period. If 
in-between-dataset differences were identified, 
heterogeneity was assumed.

Data analysis
Calculation of point estimates per dataset
A dichotomous dataset was defined as any extracted 
set of n / N for test- and control group. For each 
dataset the Risk ratio (RR) with 95% Confidence 
intervals (CI) and p-values was computed. A 
continuous dataset was defined as any extracted 
set of N, X, SD or SE for test- and control group. 
If continued data were identified, the Mean 
difference (MD) with 95% Confidence intervals 
(CI) and p-values were computed for each dataset. 

The point estimate of each dichotomous dataset 
was converted into an absolute measure: (Risk 
difference – RD) with 95% Confidence intervals 
(CI) and p-values, as well as an illustrative 
comparative risk, i.e. number of failures out of 
100, were generated for both test- and control 
intervention with the help of the Visual Rx - Statin 
Calculator by Cates [28,29]. 

Statistical significance was set at alpha 5%. For 
computation of all point estimates, the statistical 
software programme RevMan 4.2 was used.
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Assessment and investigation of statistical 
heterogeneity
The I2 – test with 95% CI was used to establish 
whether any statistical heterogeneity existed 
between datasets that were assumed to be clinically 
and methodologically homogenous (as per section 
3.5). The following thresholds for I2 point estimates 
(in %) and their upper confidence values were used 
for interpretation of the test results [30]:
•◦ 0-40% = might not be important;
•◦ 30-60% = may represent moderate 

heterogeneity;
•◦ 50-90% = may represent substantial 

heterogeneity;
•◦ 75-100% = considerable heterogeneity.

Dataset outliers as potential sources for 
heterogeneity between datasets were identified, 
using a Galbraith plot. 

For computation of all I2 point estimates with 95% 
CI and generation of Galbraith plots the software 
programme MIX 1.7 was used [31].

Data synthesis (meta-analysis)
A fixed-effects model meta-analysis with 
RevMan 4.2 was considered to pool clinically/
methodologically/statistically homogenous 
datasets. A pooled Risk ratio (RR) with 95% CI 
and p – values, was computed. 

In addition, the computed point estimate was 
converted into an absolute measure (Risk difference 
– RD) with 95% Confidence intervals (CI) and 
p-values, as well as an illustrative comparative 
risk, i.e. number of failures out of 100, for both 
test- and control intervention was generated with 
the help of the Visual Rx - Statin Calculator by 
Cates [28,29]. Statistical significance was set at 
alpha 5%.

Whenever the number of homogenous datasets 
was small, i.e. < 5, a random-effects model meta-
analysis was used instead.

Sensitivity analysis per dataset and meta-
analysis result
In order to test the robustness of dataset and meta-

analyses results according to the type of analysis 
chosen, all results were recomputed:
•◦ For (dichotomous) dataset results: as Odds 

ratios (OR);
•◦ For (dichotomous) meta-analysis results: 

as Odds ratios (OR), using both fixed- and 
random-effects models; as Risk ratios (RR), 
using either fixed- or random-effects models 
(depending on which type of model was used 
as the main method).

Assessment of selection-, detection- and 
performance bias risk
Selection-, detection- and performance bias risk 
was assessed, using the set of criteria in Tables 
1 and 2. Trial reports were also checked for any 
differences in baseline covariates between groups, 
using the criteria shown in Table 3.

Table 1. Assessment criteria for selection bias 
risk

Criteria 
Score
0 D C B A

Adequate random sequence generation 
method reported1 N Y Y Y Y

Method of 
concealing the 
generated random 
sequence is reported 
that is adequate to:

Prevent its direct 
observation2 N N Y Y Y

Prevent 
its correct 
prediction3

N N N Y Y

Evidence is given in some form of 
statistical test result that indicates the 
allocated random sequence was adhered 
to throughout the trial4

N N N N Y

Conclusion NA A

A = Adequate randomisation; NA = No adequate randomisation; N = 
Information not provided in the trial report; 
Y = Information provided in the trial report.

1  The following methods were considered as 
inadequate: cluster randomisation, fixed block 
randomisation with block size 2, minimization, 
alternation, randomisation of teeth, use of date 
of birth or patient record number, “quasi”-
randomisation, split-mouth study design, and 
generation of the random sequence before 
patient recruitment. 

2  Central randomisation or sequence allocation, 
by person(s) other than the operator(s), who 
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apply the allocated intervention and who only at 
moment of start of the intervention inform the 
operator(s) which (test- or control) intervention 
has been allocated to a particular patient (e.g. 
by phone), was considered to be adequate. 

3  Use of the Maximal randomisation procedure 
[32] was considered to be adequate. 

1-3  Fulfillment of these criteria indicates an 
adequate attempt of effective randomisation 
but not that the attempt was indeed successful.

4  Any statistical test that includes the use of 
the Reverse Propensity Score (RPS) [32] was 
considered to be adequate. Fulfillment of this 
criterion indicates that the attempted effective 
randomisation was indeed successful; i.e. 
sufficient proof of low selection bias risk.

Table 2. Assessment criteria for detection- and 
performance bias risk

Criteria 
Score
0 C B A

Adequate method of masking/blinding 
of patients and clinicians and evaluators 
reported1

N Y Y Y

No reasons for doubt discerned from the 
report text that masking/blinding was not 
successful

N N Y Y

Evidence is given in some form of applied 
test* result that shows that the masking/
blinding was successful throughout the trial2

N N N Y

Conclusion NA A

A = Adequate masking/blinding; NA = No adequate masking/blinding; N = 
Information not provided in the trial report; 

Y = Information provided in the trial report.

1 Fulfillment of this criterion indicates adequate 
effective masking/blinding was attempted but 
not that the attempt was indeed successful. 

2  Fulfillment of this criterion indicates that the 
attempted effective masking/blinding was 
indeed successful; i.e., proof of lack of detection/
performance bias

*  Example: Application of a questionnaire during 
the trial that assesses beliefs as to which test- or 
control intervention was given/received to/by a 
particular trial participant, followed by statistical 

comparison of the questionnaire results with the 
true allocation sequence. A non-significant result 
(alpha set at 5%) should sufficiently indicate 
a successful attempt at masking/blinding and 
subsequent low detection- and performance bias 
risk.

Table 3. Criteria for assessment of baseline 
differences between the intervention– and 
control groups

Score Criteria Impact on bias risk

A

Baseline data collected before 
randomisation and reported for 
both treatment groups / Data 
shows no significant differences 
between these groups 

Evidence is given that 
randomisation has led 
to equal groups in the 
selected covariates*

B

Baseline data collected before 
randomisation and reported for 
both treatment groups / Data 
shows significant differences 
between these groups but has 
been appropriately statistically 
adjusted 

Differences have been 
adjusted. Thus the 
influence of possible 
selection bias appears 
to be reduced

C

Baseline data collected before 
randomisation and reported for 
both treatment groups / Data 
shows significant differences 
between these groups without 
being statistically adjusted

Reported differences 
may be due 
to ineffective 
randomisation, thus 
indicating risk of 
selection bias

0
Trial does not comply with 
criteria A – C

No evidence is 
given as to whether 
randomisation 
has indeed led to 
equal groups with 
differences beyond 
chance. Thus 
differences may exist, 
indicating selection 
bias

* However, differences between other not 
measured covariates may still exist (Thus Score 
“A” provides no proof of lack of bias risk)

Assessment of attrition bias risk
In order to assess attrition bias risk, a worst- 
and best-case scenario was assumed. Both were 
calculated for dichotomous data whenever the 
number of lost trial participants per intervention 
group was reported. The results were then 
compared to the intervention outcomes computed 
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for participants available to follow-up and, on 
this basis, conclusions concerning attrition bias 
risk were drawn; a high risk of attrition bias was 
assumed if the computed outcomes between any of 
these case scenarios and the intervention outcomes 
computed for participants available to follow-up 
differed significantly. Where the number of lost 
trial participants per intervention group was not 
reported, a high risk of attrition bias was assumed 
by default. 

The worst-case scenario for dichotomous data was 
computed by adding the number of lost-to-follow-
up participants in the test group to the failures 
of that group and adding the number of lost-to-
follow-up participants in the control group to the 
successes of that group. The best-case scenario 
was computed by adding the number of lost-to-
follow-up participants in the test group to the 
successes of that group and adding the number of 
lost-to-follow-up participants in the control group 
to the failures of that group. For each scenario an 
alternative effect estimate (RR, 95% CI, p-value) 
was computed. Alpha level was set at 5%.

Assessment of publication bias risk
Attempts to identify unpublished trials
The following trial registers and other electronic 
sources were searched for abstracts and/or titles of 
trials, using search terms as per section 3.1.1 and 
in accordance with trial selection criteria as per 
sections 3.2.1 and 3.2.2:
•◦ Australia New Zealand Clinical Trials Registry/

Australian and New Zealand
•◦ Clinical Trials (US) 
•◦ EU Clinical Trials Register 
•◦ metaRegister of Controlled Trials (mRCT) 
•◦ South African National Clinical Trials Register 
•◦ WHO Clinical Trials 
•◦ Dental Abstracts (journal) 
•◦ IADR abstracts 
•◦ International Poster Journal of Dentistry and 

Oral Medicine
The intention was to compare the number and 
identity of any identified unpublished trials with 

the number and identity of published (accepted) 
trials, in order to assess the extents of potential 
publication bias risk.

Graphical and statistical methods
The I2 point-estimate with 95% CI of all extracted 
datasets was computed. High statistical in-
between-datasets heterogeneity as per thresholds 
(see section 3.6.2) was taken under consideration 
during assessment of publication bias risk by 
graphical and statistical methods. 

Graphically, a funnel plot was generated, using 
a fixed-effects model with the Risk ratio (RR) as 
effect size estimate from all extracted dichotomous 
datasets and was examined for potential scatter 
asymmetry. The graphical findings were 
statistically verified by Egger’s regression [33]. 
Statistical significance was set at alpha 5%. 

The I2 point-estimate with 95% CI, funnel plot 
generation and Egger’s regression analysis was 
computed with MIX 1.7 statistical software [31].

Assessment of reporting bias risk 
Trial registers (as per section 3.9.1) were searched 
for protocols of accepted trial reports and compared 
for potential discrepancies. In addition, the method 
and results sections of each accepted trial report 
were compared for potential discrepancies.

Assessment of potential influence of split-mouth 
trial design on systematic review results
All datasets from split-mouth trials were converted 
into datasets of hypothetical parallel-group trials: a 
test-scenario was assumed were half the patients in 
split-mouth trials were assigned to the ART group 
and the other half to the amalgam group. The 
amalgam restorations in patients assigned to the 
ART group and the ART restorations in patients 
assigned to the amalgam group were excluded by 
dividing the number of failures (ns) and the total 
number of evaluated units (Ns) by two (ns/2; Ns/2). 
The resulting hypothetical datasets (nh; Nh) were 
pooled using a fixed-effect meta-analysis and an 
Odds ratio (ORh) with 95% CI and p-value was 
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computed. In addition, the datasets (nS; NS) from 
split-mouth trials were pooled following the same 
method (ORS; 95%CI, p-value).

In order to investigate differences between the 
datasets from split-mouth and hypothetical 
parallel-group trials, weighted least square 
regression analysis was conducted, using BioStat 
v2009 software from AnalystSoft Inc. For each 
dataset the natural logarithm of the computed Odds 
ratio formed the dependent variable. The binary 
values 1 and 0 were assigned to datasets from 
split-mouth and hypothetical parallel-group trials, 
respectively and formed the independent variable. 
The lower and upper values of the datasets’ 95% 
Confidence intervals formed the weight variables. 
The power of the weight variables was set at ‘1’ 
with alpha value at 5%. The regression coefficient 
with standard error (SE) and p-level was recorded.

Results
Systematic literature search
Figure 1 provides information on the number of 
articles identified. Details of the search strategy, 
including search words and dates of the electronic 
database search and the search of other sources are 
shown in Table 4 and 5, respectively. The database 
search generated 1358 articles, while the hand-
search of the Internet generated one additional 
document [34]. No trial reports were identified 
after hand- searching of the non-indexed journals 
(Table 5). From the total of 1359 articles and 
documents, 1328 were excluded through scanning 
of titles and abstracts and 31 articles [15,34-63] 
were provisionally included (Table 6). After a 
review of the full reports, three trial reports [35-
37] were further excluded on the basis of non-
compliance with the inclusion criterion “Trial 
focus relevant to PICO question”: two reports did 
not include data concerning restoration longevity 
[35,36] and one trial did not apply ART when 
placing GIC restorations [37]. Two further trials 
reports [5,6] were identified after reference check.

In comparison to the original systematic review 
[2], sixteen new trial reports [5,6,34,38-50], were 

identified through the updated literature search 
(Table 6). From the total 30 reports [5,6,15,34,38-
63] that complied with the inclusion criteria, ten 
were excluded [38,39,45,50,51,53-55,60,61] 
after review, in accordance with the exclusion 
criteria (Table 7). The reasons for exclusion 
were: secondary outcomes measured in two trials 
[38,55]; follow-up period too short (under 1 year) 
in two trials [39,45]; no amalgam used in the 
control group [50]; use of chemical agent together 
with hand excavation in the ART group and use of 
hand excavation together with rotary instruments 
in the amalgam group in two trial reports [51,53]; 
same outcome also reported in other trial [54]; 
use of a non-high-viscosity GIC [60] and use of 
a Cermet instead of GIC in the ART group [61]. 
Seven trial reports [34,40,42,43,46-48] did not 
provide information as to the type of tooth cavity 
treated and four trial reports [34,40,42,48] did not 
report as to the type of GIC used. Four further trials 
[6,41,43,46] reported the use of “FX glass-ionomer 
cement”, manufactured by Matsukaze Co. Ltd. in 
Japan. However, it was decided not to exclude these 
trial reports but to consider both characteristics as a 
reason for clinical heterogeneity. Thus their results 
were considered separately from the other trials. 
In total, 20 trials were accepted for further review 
and data extraction. Most of these were identified 
in PubMed (n = 8) and GoogleScholar (n = 8). One 
was found in LILACS and another, through the 
Internet hand-search (Table 5). Two further trials 
were identified through checking of the reference 
lists [5,6]. From the 20 accepted trials, 9 were 
published in English [15,34,52,56-59,62,63], 10 in 
Chinese [5,6,40-44,46-48] and one in Portuguese 
[49].

Accepted trials
Information concerning aspects of methodological 
quality and intervention integrity of the 20 accepted 
trials is shown in Tables 8 and 9, respectively. 
None of the trials were reported to have followed 
any guidelines for trial reporting; such as the 
reporting guidelines for randomized controlled 
trials (RCT) CONSORT [64]. Only three trials 
[49,52,59] included sample size calculation 
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Figure 1. Flow diagram of trial selection

and one reported that sample size augmentation 
was done [34]. Ethical approval was reported 
by six trials [34,49,57,59,62,63] and six trials 
[5,6,15,40,41,46] reported that parental consent 
was obtained (Table 8). 

Information from the accepted trial reports 
concerning intervention integrity for both ART 
and amalgam restorations are scarce (Table 9). The 
available information indicate that (i) the smaller 
the restoration, the less the discomfort experienced 
by patients [58]; (ii) ART restoration placement 
requires more time than amalgam restoration 
placement requires [58]; (iii) ART was perceived 

to be less painful than amalgam restoration 
[42,47,48]; (iv) patients were less cooperative 
when receiving amalgam fillings than when ART 
fillings were placed [34,40,43,46-48].
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Table 4. Search strategy: electronic database search

BBO search strategy: 07.01.12
Online: http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.
xis&base=BBO&lang=i 

Articles found

[1]
[2]
[3]
[4]
[5]
[6]

tratamento restaurador atraumático [Words] 
TRA [Words] and amálgama [Words] 
tratamiento restaurativo atraumático [Words]
TRA [Words] and amalgama [Words]  
atraumatic restorative treatment [Words] 
ART [Words] and amalgam [Words] 

11
1
0
0
0
3

Articles included 0

BMC search strategy: 07.01.12 Online: http://www.biomedcentral.com/search/

[1]
[2]
[3]
[4]

ART    
ART technique   
ART approach   
atraumatic restorative treatment 

86
22
5175
16

Articles included 0

CENTRAL search strategy: 2012-01-06 11:17:15.066 Online: http://www.thecochranelibrary.com/view/0/index.html

#1 ART in Clinical Trials    
#2 amalgam in Clinical Trials    
#3 (#1 AND #2)     
#4 atraumatic restorative treatment in Clinical Trials 
#5 ART technique in Clinical Trials    
#6 ART approach in Clinical Trials   
#7 (#5 OR #6)     
#8 (#3 OR #4)     
#9 (#7 OR #8)   

1258
480
14
66
137
105
217
67
239

Articles included 1

DOAJ search strategy: 07.01.12 Online: http://www.doaj.org

[1]
[2]
[3]
[4]

ART
ART technique  
ART approach  
atraumatic restorative treatment

6437
8
14
6

Articles included 1

GoogleScholar search strategy: 07.01.12 Online: http://scholar.google.co.za/

[1]
[2]

 “atraumatic restorative treatment”  
 “atraumatic restorative treatment” AND amalgam 

1380
489

Articles included 9

IndMed search strategy: 07.01.12 Online: http://indmed.nic.in/

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

ART  
ART technique  
ART approach  
(atraumatic) and (restorative) and (treatment) 
(ART) and (technique)  
(ART) and (approach)  
(ART) and (amalgam)
(glass-ionomer) and (amalgam)  
(GIC) and (amalgam) 

139
0
0
0
18
5
0
0
1

Articles included 0

LILACS search strategy: 07.01.12
Online: http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&base=LILACS&lang=i
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[1]
[2]
[3]
[4]
[5]
[6]

tratamento restaurador atraumático [Words]
TRA [Words] and amálgama [Words] 
tratamiento restaurativo atraumático [Words]
TRA [Words] and amalgama [Words]  
atraumatic restorative treatment [Words] 
ART [Words] and amalgam [Words]

20
1
0
1
0
3

Articles included 1

OpenJ-Gate search strategy: 07.01.12 Online: http://www.openj-gate.org/Search/QuickSearch.aspx

[1]
[2]
[3]
[4]

ART  
ART technique  
ART approach  
atraumatic restorative treatment  

11893
239
605
39

Articles included 0

OpenSIGLE search strategy: 07.01.12 Online: http://opensigle.inist.fr/

[1]
[2]
[3]
[4]
[5]

atraumatic restorative treatment 
ART AND amalgam  
ART technique  
ART approach  
ART approach AND amalgam 

0
1
79
98
0

Articles included 0

PubMed search strategy: 06.01.12 Online: http://www.pubmed.org 

#6
#5
#4
#3
#2
#1

#5 OR #4
“Dental Atraumatic Restorative Treatment”[Mesh]
atraumatic restorative treatment
ART technique
ART approach
“Art”[Mesh]

260
69
260
2925
4715
19766

Articles included 15

SABINET search strategy: 07.01.12 Online: http://www.sabinet.co.za/

[1]
[2]
[3]
[4]

kw: ART      
(kw: ART) and kw: technique      
(kw: ART) and kw: approach      
kw: atraumatic restorative treatment   

6 Hits Found
1 Hits Found
1 Hits Found
4 Hits Found

Articles included 0

Scielo search strategy: 07.01.12 Online: http://www.scielo.org/php/index.php

[1]
[2]
[3]
[4]
[5]
[6]

tratamento restaurador atraumático 
TRA AND amálgama  
tratamiento restaurativo atraumático 
TRA AND amalgama 
atraumatic restorative treatment 
ART and amalgam 

0
0
0
0
30
3

Articles included 0

Scirus search strategy: 07.01.12 Online: http://www.scirus.com/

[1]
[2]

atraumatic restorative treatment (amalgam)
“atraumatic restorative treatment” (amalgam)

428
296

Articles included 0

Hand-search (Internet): 07.01.12

Documents included 1

Reference check: 2

Total articles/documents included: 30
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Table 5. Search strategy: search of other sources (journal hand-search)

Journal From Issue To issue Articles 
included

African Journal of Oral Health / Online: http://www.ajol.info/index.php/ajoh 2004; 1(1) 2006; 3(1-2) 0

African Journal of Oral Health Sciences / Online: http://www.ajol.info/index.php/ajohs 2000; 1(1) 2008; 5(2) 0

Annals of Dentistry / Online: http://ejum.fsktm.um.edu.my/VolumeListing.aspx?JournalID=13 1994; 1 2009; 16 0

Clinical Trial Magnifier / Online: http://ctmagnifier.org/archive.aspx 2008; 1 2011; 5 0

CPD Dentistry / Online: http://www.rila.co.uk/site/modules.
php?name=Journals&func=journal&jid=014 2000; 1(1) 2007; 6(2) 0

Indian Journal of Clinical Practice / Online: http://ebook.ijcpgroup.com/ijmd/index.htm 2011; June 2012; 
January 0

International Journal of Clinical Dentistry / Online:
https://www.novapublishers.com/catalog/product_info.php?cPath=125&products_id=6349 2006; 1(1) ? ; 5(2) 0

International Journal of Orthodontia and Dentistry for Children / Online:
http://www.sciencedirect.com/science/journal/00970522

1933;
19(12)

1935;
21(12) 0

Journal of Dentistry and Oral Hygiene / Online: http://www.academicjournals.org/JDOH/ 2009; 1(1) 2011; 3(8) 0

Journal of Dentistry of Tehran University of Medical Sciences / Online:
http://journals.tums.ac.ir/description.aspx?org_id=59&culture_var=en&journal_id=14&issue_
id=1417&segment=en

2004; 1(1) 2011; 8(3) 0

Journal of the Faculty of Dental Surgery of the Royal College of Surgeons of England / Online: 
http://www.ingentaconnect.com/content/rcse/fdj/2010/00000001/00000002 2010; 1 2012; 1 0

Journal of Indian Prosthodontic Society / Online: http://malathi_buddhi.tripod.com/
jipsdescription.htm 2001; 1(1) 2001; 1(1) 0

Journal of the Japanese Association of Regenerative Dentistry / Online: http://www.jstage.jst.
go.jp/browse/jard/ 2003; 1(1) 2010; 8(1) 0

Kazan Medical Journal / Online: http://www.kcn.ru/tat_en/science/kazmed/index.html 1996; 1 2008; 6 0

Practical Proc Aesthet Dent / Online: http://www.ppad.com/pastissues.html 2008; August 2009; 
August 0

Odontology / Online: http://www.springerlink.com/content/108238/ 1997; 85 2011; 99 0

Österreichische Dentisten Zeitschrift / Online: http://lib.bioinfo.pl/pmid/journal/Osterr%20
Dent%20Z 1971; 23(10) 1971; 

23(11) 0

Tanzania Dental Journal / Online: http://www.ajol.info/index.php/tdj 2005; 12(1) 2010; 16(2) 0

Total number of articles included: 0
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Table 6. Provisionally included trials

Database 1st Author Year Reference

SR SR Inclusion criteria Traced

Original Update CT CG PICO PROSP Abstract Full

CENTRAL Frencken 2007 [38] X X X X X X X

DOAJ de Figueiredo 2004 [39] X X X X X X X

GoogleScholar

Chen 2006 [40] X X X X X X  

Chen(b) 2001 [41] X X X X X X  

She 2003 [42] X X X X X X  

Wang 2004 [43] X X X X X X  

Li 1999 [45] X X X X X X  

Li(b) 2005 [44] X X X X X X  

Ling 2003 [46] X X X X X X  

Qiu 2007 [47] X X X X X X  

Li 2002 [48] X X X X X X  

IndMed Dutta 2001 [37] X X X  X X X

LILACS Miranda 2005 [49] X X X X X X X

PubMed

de Hoef 2007 [50] X X X X X X X

Abreu 2011 [35] X X X  X X X

Abreu 2009 [36] X X X  X X X

Mandari 2001 [51] X X X X X X X

Taifour 2002 [52] X X X X X X X

Mandari 2003 [53] X X X X X X X

Taifour 2003 [54] X X X X X X X

Frencken 2007 [55] X X X X X X X

Yu 2004 [56] X X X X X X X

Honkala 2003 [15] X X X X X X X

Yip 2002 [57] X X X X X X X

Rahimtoola 2002 [58] X X X X X X X

Frencken 2006 [59] X X X X X X X

Phantumvanit 1996 [60] X X X X X X X

Kalf-Scholte 2003 [61] X X X X X X X

Yip 2002 [62] X X X X X X X

Gao 2003 [63] X X X X X X X

Handsearch Estupiñán-Day 2006 [34] X X X X X X X

Reference check
Ye 2006 [5] X X X X X X X

Ling 2003 [6] X X X X X X X

Total 14 19 33 33 30 33 33 24

SR = Systematic review; CT = Clinical trial; CG = Control group as per PICO question; PICO = Trial focus; 

PROSP = Prospective trial; Full = Full trial report traced.
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Table 7. Excluded trials as per exclusion criteria

Database 1st  Author Year Reference
SR

Original
SR

Update

Exclusion due to criteria not met

Reason for trial exclusion 
CD

 
GE

 
OM

 
FP

ART AM

GIC HV HX nGIC drill

CENTRAL Frencken 2007 [38] X X Secondary outcome 
measure to trial [59]

DOAJ de Figueiredo 2004 [39] X X  Follow-up period 
45 days

Google 
Scholar

Chen 2006 [40]
X ?

No documentation 
as to the type of GIC 
used for ART

Chen(b) 2001 [41] X

She 2003 [42]
X ?

No documentation 
as to the type of GIC 
used for ART

Wang 2004 [43] X

Li 1999 [45] X X  Follow-up period 6 
months

Li(b) 2005 [44] X

Ling 2003 [46] X

Qiu 2007 [47] X

Li 2002 [48]
X ?

No documentation 
as to the type of GIC 
used for ART

LILACS Miranda 2005 [49] X

PubMed

de Hoef 2007 [50] X X  No amalgam used

Mandari 2001 [51]
X X X

 ART: CMC used 
with HEX; AM: 
HEX used with drill

Taifour 2002 [52] X

Mandari 2003 [53]
X X X

 ART: CMC used 
with HEX; AM: 
HEX used with drill

Taifour 2003 [54]
X X

 Same outcomes also 
reported in other trial 
[59]

Frencken 2007 [55] X X  Secondary outcome 
measure to trial [59]

Yu 2004 [56] X

Honkala 2003 [15] X

Yip 2002 [57] X

Rahimtoola 2002 [58] X

Frencken 2006 [59] X

Phantumvanit 1996 [60] X X Chemfil used as GIC 
for ART

Kalf-Scholte 2003 [61] X X Cermet used for ART

Yip 2002 [62] X

Gao 2003 [63] X

Hand-
search Estupiñán-Day 2006 [34]

X ?
No documentation 
as to the type of GIC 
used for ART

Reference 
check

Ye 2006 [5] X

Ling 2003 [6] X

Total 14 16

Table 7: SR = Systematic review; CD = No computable data; OM = Outcome measure not in line; FP = Follow-up period not at least 1 year; GIC = No 
conventional glass-ionomer cement used; HV = No high-viscosity GIC used; HX = No hand-excavation used; nGIC = GIC as liner or base used under amalgam; 
drill = Rotary instruments not used exclusively; ART = Atraumatic restorative treatment; AM = Amalgam restoration.
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Table 8. Trial information concerning methodological quality

1st  Author Year Reference
Reporting
guidelines
followed

Sample size
calculation

used

Ethical approval
obtained

Chen 2006 [40]  
Parents gave informed 

consent

Chen(b) 2001 [41]
Parents gave informed 

consent
She 2003 [42]
Wang 2004 [43]
Li(b) 2005 [44]

Ling 2003 [46]
Parents gave informed 

consent
Qiu 2007 [47]
Li 2002 [48]  
Miranda 2005 [49] Yes Yes
Taifour 2002 [52] Yes
Yu 2004 [56]

Honkala 2003 [15]
Parents gave informed 

consent
Yip 2002 [57] Yes
Rahimtoola 2002 [58]
Frencken 2006 [59] Yes Yes
Yip 2002 [62] Yes
Gao 2003 [63] Yes
Estupiñán-Day 2006 [34] Sample size augmentation was done Yes

Ye 2006 [5]
Parents gave informed 

consent

Ling 2003 [6]
Parents gave informed 

consent

Table 9. Verbatim quotes relevant to intervention integrity: ART group

1st  Author Year Ref. PA PE QD PR AA

Chen 2006 [40]
96.15% claimed to be 
willing to undergo ART 
again

    

Chen(b) 2001 [41]

She 2003 [42]
93.02% claimed to be 
willing to undergo ART 
again

3.49% of patients felt 
pain; 13.95% have slight 
feeling (of discomfort)

Wang 2004 [43]

82% of children were 
cooperative during 
treatment and 91% were 
cooperative during first 
follow-up after 6 months

 

Li(b) 2005 [44]  

Ling 2003 [46]

80.19% of children 
were cooperative during 
treatment; 20 patients 
were scared; 1 patient 
was uncooperative

 

Qiu 2007 [47]
92.2% claimed to be 
willing to undergo ART 
again

4.2% of patients felt pain; 
11.3% have slight feeling 
(of discomfort)

Li 2002 [48]
93.02% claimed to be 
willing to undergo ART 
again

   
3.49% of patients felt 
pain; 13.95% have slight 
feeling (of discomfort)
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Miranda 2005 [49]

None refused 
participation; None of 
the children was not 
a collaborator to the 
examination; All 70 
children showed up for 
evaluation of 12 months.

 
 

 
 

 
 

Taifour 2002 [52] [for 1SF and >1SF] There was 
no operator effect

Yu 2004 [56]
Thirteen … subject … 
failed to attend .. Moved 
to other schools

 
 

 
 

 
 

 
 

Honkala 2003 [15]
Some of the parents 
could not be contacted or 
did not attend

 
 

 
 

 
 

 
 

Yip 2002 [57]  
 

 
 

The restorative treatments 
were generally uneventful

 
 

None of the subjects 
reported immediate 
postoperative problems;

Rahimtoola 2002 [58]   

Dissimilarities (p<0.05) 
between the preparation 
of the three operators 
(in mean cavity size); H’ 
preparations required more 
time; location of restoration 
did not effect the preparation 
time; Significant preparation 
time differences were also 
observed amongst operators;

The sex and 
age of the 
patients did 
not affect the 
survival of 
restorations;

Strong relationship 
between the cavity size 
and pain reports;
When discomfort was 
reported , the mean cavity 
size was larger;

Frencken 
 
 
 
 
 

2006 [59]

 
 

no .. difference 
between non-
participating and 
participating 
children, regarding 
age, gender and 
operator;

 
 

Yip 2002 [62]

 
 

 
 

Several Fuji IX GP capsules 
leaked; Ketac Molar Aplicap 
..was more opaque and 
difficult to trim; Use of ART 
hand instruments took 50% 
more time than rotary did.

Gao 2003 [63] see [57]

 
 

One capsule of material was 
usually sufficient for each 
restoration; times were 2.1 
(SD 0.3) minutes for the ART 
and 1.1 (SD 0.3) minutes for 
Amalgam

Estupiñán-
Day

2006 [34]

  

Dentist using ART yields 
less pain than dentist using 
amalgam; [In Ecuador a 
tooth treated by a dentist 
using amalgam would last 
0.1 years longer than an ART 
restoration]. [in Uruguay 
treatment of teeth by dentists 
using ART restorations have a 
longer survival over two years 
than amalgam restorations] 
[In Panama survival 
differences are very small 
between ART and amalgam] 
[in Ecuador] mean time/
dentist amalgam 13.22 / ART 
12.48 min; [in Panama] mean 
time/dentist amalgam 8.79 / 
ART 11.35 min; [in Uruguay] 
mean time/dentist amalgam 
15.71 / ART13.94 min;

Ye 2006 [5]

Ling 2003 [6]
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Table 9. Verbatim quotes relevant to intervention integrity: Amalgam group

1€ Year Ref. PA PE QD PR AA

Chen 2006 [40]

57.3% claimed to be willing 
to undergo drilling with 
amalgam again; 43.7% 
expressed fear against drilling 
and the noise of the dental 
engines     

Chen(b) 2001 [41]

She 2003 [42]

9.93% felt pain; 20.5% 
obvious feeling (of 
discomfort)

Wang 2004 [43]

49% of children were 
cooperative during treatment 
and 41% were cooperative 
during first follow-up after 6 
months  

Li(b) 2005 [44]  

Ling 2003 [46]

50.94% of children were 
cooperative during treatment; 
47 patients were scared; 5 
patient was uncooperative  

Qiu 2007 [47]
72.5 % claimed to be willing 
to undergo ART again

 9.5% felt pain; 26.5% 
obvious feeling (of 
discomfort)

Li 2002 [48]      
Miranda 2005 [49] None refused participation; 

none of the children was 
uncooperative about the 
examination; all 70 children 
showed up for evaluation of 
12 months.    

 
 
 
 
 

Taifour 2002 [52]

 
 

[for 1SF] There was no operator 
effect; [for >1SF] 4 operators 
performing less well (out of all 8)  

 

 
 
  
 

Yu
 

2004 [56] Thirteen subjects failed 
to attend / moved to other 
schools.     

Honkala
 

2003 [15] Some of the parents could not 
be contacted or did not attend.    

Yip
 
 
 

2002 [57]  
 

 
 

the restorative treatments 
generally were uneventful.

None of the subjects
reported immediate
postoperative problems.

Rahimtoola
 
 
 
 
 
 

2002 [58]   dissimilarities (p<0.05) between 
the preparation of the three 
operators (in mean cavity size); 
cavities were larger in the patients 
for operators two and three; 
location of restoration did not 
affect the preparation time.

The sex and age of 
the patient did not 
affect the
survival of 
restorations.

A strong relationship 
existed between the 
cavity size and pain 
reports: when discomfort 
was
reported, the mean
cavity size was larger.

Frencken 
 
 

2006 [59] no difference 
between non-
participating and 
participating 
children - for 
age, gender ..and 
operator

Yip
 
 
 

2002 [62] GK amalgam was the easiest 
to handle; Use of ART hand 
instruments took 50%
longer than rotary excavation
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Extracted data
From the nine accepted English trial reports 
[15,34,52,56-59,62,63], 30 dichotomous datasets 
(DS 17-46), from the ten Chinese trial reports 
[5,6,40-44,46-48], 20 dichotomous datasets (DS 
01-14,47-52) and from the single trial report 
in Portuguese [49] two further dichotomous 
datasets (DS 15,16), were extracted (Figure 1). No 
continuous data was identified.

Table 10 presents details regarding the 
methodological and clinical characteristics of each 
dataset. Trial locations of the 52 datasets were 
based in South/Central America: Rio de Janeiro, 
Brazil (DS 15,16); Ecuador (DS 41,44); Panama 
(DS 42,45) and Uruguay (DS 43,46), as well as in 
Asia: Damascus, Syria (DS 17,18, 28-37); China 
(DS 01-14,19-22,25,26,38-40,47-52); Kuwait (DS 
23,24) and Pakistan (DS 27). The ages of trial 
participants ranged in total from 3 to >9 years for 
restorations placed in primary teeth and from 6 to 
78 years for restorations placed in permanent teeth. 
A total of 30 datasets (DS 01-07,09-24,38,39,47-
52) related to restorations in the primary, and 22 
datasets (DS 08,09,25-37,40-46), to restorations in 
the permanent dentition. The study format of 34 
datasets (DS 01-03,05-09,11-14,17,18,28-37,41-

Gao
 
 
 
 

2003 [63] see [57] One capsule of material was 
usually sufficient for each 
restoration; times were 2.1 (SD 
0.3) minutes for the ART, and 1.1 
(SD 0.3) minutes for amalgam

Estupiñán-Day 2006 [34] least likely to have the best 
level of cooperation

Dentist using ART yields less pain 
than dentist using amalgam. In 
Ecuador] an amalgam restoration 
would last 0.1 years longer than 
an ART restoration. In Uruguay 
treatment of teeth by dentists 
using ART has a longer survival 
over two years than an amalgam 
restoration. In Panama the 
difference is very small between 
ART and amalgam survival. 
[in Ecuador] mean time/dentist 
amalgam 13.22 / ART 12.48 min; 
[in Panama] mean time/dentist 
amalgam 8.79 / ART 11.35 min; 
[in Uruguay] mean time/dentist 
amalgam 15.71 / ART13.94 min

Ye 2006 [5]
Ling 2003 [6]

‘H’ preparations = hand excavation; SD = Standard deviation; SF = Tooth surface; PA = Patient adherence; PE = Patient exposure; 

QD = Quality of de livery; PR = Patient responsiveness; AA = Adverse outcomes; Ref. = Reference number.

46,48,50-52) followed a parallel group study 
design and 18 datasets (DS 04,10,15,16,19-27,38-
40,47,49), a split-mouth design. Restorations 
were mostly placed in molar teeth. The restored 
cavities were single (DS 04,08,15,17,19-23,25-
33,38-40,47,51,52) and multiple-surface types 
(DS 09,18,24,34-37). No information concerning 
cavity type was given for 20 datasets (DS 01-
03,05-07,10-14,41-46,48-50). Evaluation was 
based on ART (DS 15-24,27-39), USPHS criteria 
(DS 25,26,40-46), modifications of ART criteria or 
other criteria (Table 10). The length of the follow-
up period ranged from one to more than six years. 
Table 10 provides further information regarding 
the type of filling material used in either group, the 
baseline number of participants and included teeth, 
the evaluation methods, the number of evaluated 
teeth and the number of evaluated teeth having 
restoration failure.

Methodological and clinical heterogeneity
A total of 17 datasets were found sufficiently 
methodologically and clinically similar for 
combination into six groups:
(i) Two datasets (DS 27,29): Single-surface 

restorations placed in permanent teeth and 
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evaluated according to ART criteria after 2 
years;

(ii) Four datasets (DS 19,20,38,39): Single-
surface restorations placed in primary teeth 
and evaluated according to ART criteria after 
one year;

(iii) Three datasets (DS 21,22,23): Single-surface 
restorations placed in primary teeth and 
evaluated according to ART criteria after 2 
years;

(iv) Two datasets (DS 25,26): Single-surface 
restorations placed in permanent teeth and 
evaluated according to USPHS criteria after 
one year;

(v) Three datasets (DS 41-43): Restorations 
evaluated according to USPHS criteria after 
one year;

(vi) Three datasets (DS 44-46): Restorations 
evaluated according to USPHS criteria after 2 
years.

All other datasets (Table 10) were considered 
too heterogeneous in trial method and clinical 
characteristics for meta-analysis and were thus 
analyzed on an individual basis.

Statistical heterogeneity
Across datasets for the six dataset (DS) groups 
that were identified as methodologically and 
clinically homogeneous, I2 – test results showed 
a percentage of total variations of (i) 40.5%; (ii) 
17.4%; (iii) 20.3%; (iv) 0%; (v) 62.7% and (vi) 
49.7%. The 95% Confidence interval (CI) could 
not be computed for ‘DS-group (i)’ with MIX 1.7 
software, as this would have involved division 
by zero. The 95% CI for ‘DS-group (iv)’ was 
zero. The lower confidence values for all other 
DS-groups were zero and the upper confidence 
values were (ii) 87.4%; (iii) 91.7%; (v) 89.3% and 
(vi) 85.4%. All upper confidence values indicate 
considerable statistical heterogeneity between the 
datasets. Heterogeneity of DS-groups (ii), (iii), (v) 
and (vi) was further explored, using Galbraith-
plots (Figure 2 – 5). It was concluded that the low 
number of datasets in all DS-groups might be the 

reason for the high upper confidence values, as 
small numerical changes have high impacts on 
the overall test results, due to general lack of data. 
Figure 2 shows that for ‘DS-group (ii)’ DS 20 is 
separate in value from the other datasets. For this 
dataset the number of evaluated amalgam fillings 
is much lower (N = 20) than for DS 19,38 and 39, 
thus increasing the likelihood that any changes 
from the average are due more to chance than to 
any clinical or methodological factors. The small 
number of evaluated units (N) in ‘DS-group (iii)’ 
may also be the reason for the high confidence 
values and may explain the variation of the DS 21 
result from the other two, owing to a play of chance 
(Figure 3). Figures 4 and 5 show that datasets DS 
43 and 46 from the trial in Uruguay differ in their 
results from those of the Ecuador and Panama 
trials. This may be explained mainly on basis of 
the lower number of participants evaluated (N) in 
Uruguay [34]. As the main reason for statistical 
heterogeneity between-datasets was considered 
to be lack of data, no further investigation using 
regression analysis was conducted into reasons for 
statistical heterogeneity.
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Table 10. Methodological and clinical characteristics of extracted datasets (Part 1)

1st Author Year Reference DS Place of
Trial

Participants Study 
design

ART cavity
conditionedAge Gender Characteristics

Chen 2006 [40]

[01]

Liaocheng

mean 9.7 yrs 
ART group; 
mean 9.6 yrs 
amalgam group

ART group: 
74 m; 46 f
Amalgam  
group: 
65 m; 55 f

Children with occlusal or buccal fissure caries into 
dentin; for each patient 2 teeth were selected; cavity 
single or small multiple surface large enough for 
smallest excavator to enter; no pulp symptoms or 
periodontal disease; tooth symptom free; parental and 
patient consent.

PG

 
 
 

[02] PG

[03] PG

Chen(b) 2001 [41]
[04]

Shenyang 4-8 yrs Children with caries on both sides of his/her (mouth) SM  
[47]

She
 2003 [42]

[05]
Sichuan mean 6.72 yrs

Children with one or more teeth with dentin caries; 
cavity single or small multiple surface large enough 
for smallest excavator to enter; no pulp symptoms

PG  
 [06] PG

Wang 2004 [43]
[07]

Taizhou 108 m; 92 f Cavity single or small multiple surface large enough 
for smallest excavator to enter; no pulp symptoms PG  

[48]

Li(b)
 2005 [44]

[08]
Jiangmen 60-78 yrs 98 m; 106 f

PG  
 [09] PG

Ling 2003 [46]
[10]

Wuxi 6-8 yrs 53 m; 53 f
Shallow or intermediate carious lesions on both 
sites of the mouth; no pulp symptoms or periodontal 
disease; cavity size less than 2/3 of occlusal surface

SM  
[49]

Qiu
 2007 [47]

[11]

Dongying

One or more carious lesion into dentin; cavity single 
or small multiple surface large enough for smallest 
excavator to enter; no pulp symptoms or periodontal 
disease; tooth symptom free

PG
 
 [12] PG

Li
 

2002
 

[48]
 

[13]

Chengdu 6-8 yrs, mean 
608 yrs  

 One or more carious lesion into dentin; cavity single 
or small multiple surface large enough for smallest 
excavator to enter; no pulp symptoms or periodontal 
disease; tooth symptom free

PG
 
 [14]  PG

Miranda 2005 [49]
[15]

Rio de J
3-9 yrs, mean 
5.71, SD 1.77
 

47 m; 33 f
 

2 teeth with carious lesions into dentin; healthy pulp; 
access > 1mm; HEX accessible
oral hygiene: 2x tooth brushing/day

SM Yes

[16] SM Yes

Taifour 2002 [52]
[17]

Damascus 6-7 yrs
 

Dental lesion with opening diameter >0.9mm; 
healthy pulp; dmfts/t molars 9.0/4.4

PG Yes
[18] PG Yes

Yu 2004 [56]

[19]

Beijing mean 7.4 yrs, 
SD 1.24 27m; 33f Healthy children with at least 1 pair of carious 

primary molars;

SM (Yes)
[20] SM (Yes)
[21] SM (Yes)
[22] SM (Yes)

Honkala 2003 [15]
[23]

Kuwait 2-9 yrs; mean 
5.7 yrs

12m; 6f
 

At least one carious lesion in both sides of the jaw; 
teeth symptom/pain free;
uncooperative; high-caries risk

SM

[24] SM

Yip 2002 [57]
[25]

Beijing
mean 34.6 yrs, 
SD 12.3
 

26m; 42f
 

Volunteer adult patients with at least 2 small occlusal 
lesions with opposing tooth contact

SM Yes

[26] SM Yes

Rahimtoola 2002 [58] [27] Pakistan 6-16 yrs, mean 
11.4 DMFT ART/AM group: 3.15/2.98 SM Yes

Frencken 2006 [59]

[28]

Damascus 6-9 yrs 287m; 310f

Dental lesion with opening diameter >0.9mm; 
DMFS/T 1.6/1.4; healthy pulp;
no criteria set for cavity size
 

PG Yes
[29] PG Yes
[30] PG Yes
[31] PG Yes
[32] PG Yes
[33] PG Yes
[34] PG Yes
[35] PG Yes
[36] PG Yes
[37] PG Yes

Yip 2002 [62]
[38]

Beijing 7-9 yrs
SM (Yes)

[39] SM (Yes)

Gao 2003 [63] [40]
 

Beijing
 

Mean 37.7 yrs; 
SD 15.1
 

4m; 13f
 

Volunteer adult patients with at least 2 small occlusal 
lesions with opposing tooth contact

SM
 

Yes
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Estupiñán-
Day 
 
 

2006 [34]

[41] Ecuador

7-9 yrs

42%m, 58%f

At least 1 tooth with initial enamel or dentinal lesion; 
not close to pulp; no pulp symptoms
 

PG
 
 
 
 
 
 

[42] Panama 50%m, 50%f PG
[43] Uruguay 51%m, 49%f PG
[44] Ecuador 42%m, 58%f PG
[45] Panama 50%m, 50%f PG

[46] Uruguay 51%m, 49%f PG

Ye 2006 [5] [50] Guangdong 3-4 yrs 73m; 65f
Cavity single surface large enough for smallest 
excavator to enter; no pulp symptoms or periodontal 
disease; tooth symptom free

PG

Ling 2003 [6]
[51]

(China) 6-8 yrs 53m; 53f
Cavity single surface large enough for smallest 
excavator to enter; no pulp symptoms or periodontal 
disease; tooth symptom free

PG
[52]

Table 10. Methodological and clinical characteristics of extracted datasets (Part 2)

1st  Author Year Ref. DS
ART group
GIC Dentition Tooth Cavity

BSL (n)
Participants

BSL 
(n)
Teeth

Evaluation
Method Criteria N n 

Follow-
up
period

Chen
 
 

2006 [40] [01]  primary  1SF/>1SF 120 240 Clinical ART
Mod.1

231 24 1 yr
[02] 120 240 225 55 2 yrs
[03] 120 240 215 57 3 yrs

Chen(b) 2001 [41] [04] ‘FX glass 
ionomer’ 
by a 
Matsukaze 
Co Ltd Japan

primary molar 1SF 104 Clinical Failure: Marginal 
gap between 
restoration and 
tooth; caries; partly 
or completely lost; 
pain

52 5 1 yr
[47] 21 3 2 yrs

She
 

2003 [42] [05] ‘glass 
ionomer 
(Dentsply)’

primary 1SF/>1SF 84 154 Clinical ART
Mod.2

135 9 1 yr
[06] 84 154 123 22 2 yrs

Wang 2004 [43] [07] ‘FX glass 
ionomer’ 
by a 
Matsukaze 
Co Ltd Japan

primary molar 1SF/>1SF 100 165 Clinical Failure: Marginal 
gap between 
restoration and 
tooth; need for 
repair; partly or 
completely lost;

160 28 1 yr
[48] 157 49 2 yrs

Li(b)
 

2005 [44] [08] Fuji IX permanent Class I Clinical Failure: Pain; 
Marginal gap 
between restoration 
and tooth; marginal 
discoloration; partly 
or completely lost; 
caries

54 15 2 yrs
[09] Class II 72 37 2 yrs

Ling 2003 [46] [10] ‘FX glass 
ionomer’ 
by a 
Matsukaze 
Co Ltd Japan

primary molar 106 106 Clinical ART 
Mod.3

106 16 1 yr
[49] 106 106 106 23 2 yrs

Qiu
 

2007 [47] [11] Ketac Molar primary 1SF/>1SF 70 198 Clinical ART
Mod.4

182 10 1 yr
[12] 70 198 168 23 2 yrs

Li
 

2002
 

[48]
 

[13] ‘glass 
ionomer 
(Dentsply)’

primary   1SF/>1SF 128 154 Clinical ART
Mod.5

132 9 1 yr
[14] 128 154  118 22 2 yrs

Miranda 2005 [49] [15] Ketac Molar primary molar 1SF  36 Clin/X-Ray ARTC 33 1 1 yr
[16] >1SF 44 35 7 1 yr

Taifour 2002 [52] [17] Ketac Molar/
Fuji IX

primary molar 1SF 476 Clinical ARTC 388 54 3 yrs
[18] >1SF 610 487 250 3 yrs

Yu 2004 [56] [19] Fuji IX primary molar Class I  
 
 
 

19 Clinical ARTC 18 1 1 yr
[20] Ketac Molar 16 13 1 1 yr
[21] Fuji IX 17 6 1 2 yrs
[22] Ketac Molar 12 5 0 2 yrs
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Honkala 2003 [15] [23] ChemFlex primary molar Class I 18 Clinical ARTC 26 2 22 mo
[24] Class II 18 9 1 22 mo

Yip* 2002 [57] [25] Fuji IX permanent molar Class I 29 Clin/
Indirect

USPHS 21 0 1 yr

[26] Ketac Molar 26 Clinical 17 0 1 yr
Rahimtoola 2002 [58] [27] Fuji IX permanent (1SF) Clinical ARTC 160 10 2 yrs
Frencken 2006 [59] [28] Ketac Molar/

Fuji IX
permanent 1SF 302 487 Clinical ARTC 487 33 1.3 yrs

[29] 254 487 397 22 2.3 yrs
[30] 224 397 348 14 3.3 yrs
[31] 193 348 288 14 4.3 yrs
[32] 102 288 161 8 5.3 yrs
[33] 98 161 153 15 6.3 yrs
[34] >1SF 28 52 52 11 1.3 yrs
[35] 20 52 34 3 2.3 yrs
[36] 18 34 29 4 3.3 yrs
[37] 15 29 21 3 4.3 yrs

Yip 2002 [62] [38] Fuji IX primary molar Class I Clinical ARTC 20 1 1 yr
[39] Ketac Molar 17 1 1 yr

Gao* 2003 [63] [40] Ketac Molar/
Fuji IX

permanent molar Class I 55 Clinical USPHS 17 1 30 mo

Estupiñán-
Day
 
 
 
 
 

2006
 

[34]
 

[41]  
 

permanent molar  
 

 
 

1336 1206 127 1 yr
[42] 769 672 14 1 yr
[43] 341 301 12 1 yr
[44] 1336 1003 168 2 yrs
[45] 769 625 22 2 yrs
[46] 341 304 19 2 yrs

Ye 2006 [5] [50] Fuji IX primary molar 1SF/>1SF 70 186 Clinical ART /Mod.6 180 30 1 yr

Ling 2003 [6] [51] ‘FX glass 
ionomer’ 
by a 
Matsukaze 
Co Ltd Japan

primary molar Class I Clinical Success: Filling 
complete, slight 
defect on margin 
<0.5 mm; Failure: 
Marginal defect 
>0.5 mm, fracture 
on tooth or filling, 
filling missing, 
other treatment 
performed, tooth lost

106 16 1 yr

[52] molar 106 23 2 yrs

*Same clinical trial 

Table 10. Methodological and clinical characteristics of extracted datasets (Part 3)

1st Author Year Ref. DS

Amalgam group

Tooth Cavity
BSL (n)
Participants

BSL (n)
Teeth

Evaluation
Method Criteria N n

Follow-
up
periodAM Dentition

Chen
 
 

2006 [40] [01]  primary  1SF/>1SF 120 240 Clinical ART 
Mod.1

235 24 1 yr

[02] 120 240 224 52 2 yrs

[03] 120 240 218 58 3 yrs

Chen(b) 2001 [41] [04] A silver-amalgam 
made in China

primary molar 1SF 104 Clinical (See
Part 2)

52 9 1 yr

[47] 21 7 2 yrs

She
 

2003 [42] [05] primary 1SF/>1SF 81 151 Clinical ART 
Mod.2

130 13 1 yr

[06] 81 151 108 15 2 yrs

Wang 2004 [43] [07] Silver amalgam by 
Shanghai Medical 
Instruments Co 
Ltd.

primary molar 1SF/>1SF 100 153 Clinical (See
Part 2)

153 33 1 yr

[48] 142 47 2 yrs

Li(b)
 

2005 [44] [08] Silver amalgam by 
Shanghai Medical 
Instruments Co 
Ltd.

permanent Class I Clinical (See
Part 2)

52 16 2 yrs

[09] Class II 78 32 2 yrs
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Ling 2003 [46] [10] Silver amalgam by 
China Iron & Steel 
Research Institute 
Group

primary molar 106 106 Clinical ART 
Mod.3

106 22 1 yr

[49] 106 106 106 33 2 yrs

Qiu
 

2007 [47] [11] primary 1SF/>1SF 64 190 Clinical ART 
Mod.4

168 18 1 yr

[12] 64 190 142 16 2 yrs

Li
 

2002
 

[48]
 

[13]  primary   1SF/>1SF 137 151 Clinical ART 
Mod.5

121 13 1 yr

[14] 137 151  105 15 2 yrs

Miranda 2005 [49] [15] primary molar 1SF 36 Clin/X-Ray ARTC 32 0 1 yr

[16] >1SF 44 42 4 1 yr

Taifour 2002 [52] [17] Avalloy primary molar 1SF 380 Clinical ARTC 314 64 3 yrs

[18] >1SF 425 352 201 3 yrs

Yu 2004 [56] [19] GK-amalgam primary molar Class I  
 
 
 

23 Clinical ARTC 17 0 1 yr

[20] 18 7 2 1 yr

[21] 23 17 0 2 yrs

[22] 18 7 2 2 yrs

Honkala 2003 [15] [23] Megalloy primary molar Class I 18 Clinical ARTC 25 2 22 m

[24] Class II 18 10 0 22 m

Yip* 2002 [57] [25] GK-amalgam permanent molar Class I 29 Clin/
Indirect

USPHS 22 0 1 yr

[26] 29 Clinical 22 0 1 yr

Rahimtoola 2002 [58] [27] Tytin permanent (1SF) Clinical ARTC 62 3 2 yrs

Frencken 2006 [59] [28] Avalloy permanent 1SF 254 403 Clinical ARTC 403 33 1.3 yrs

[29] 205 403 323 34 2.3 yrs

[30] 175 323 267 9 3.3 yrs

[31] 145 267 218 27 4.3 yrs

[32] 78 218 113 5 5.3 yrs

[33] 75 113 108 11 6.3 yrs

[34] >1SF 13 33 33 7 1.3 yrs

[35] 10 33 23 10 2.3 yrs

[36] 5 23 9 3 3.3 yrs

[37] 4 9 9 2 4.3 yrs

Yip 2002 [62] [38] GK-amalgam primary molar Class I Clinical ARTC 32 0 1 yr

[39] 32 0 1 yr

Gao* 2003 [63] [40] GK-amalgam permanent molar Class I 29 Clinical USPHS 6 0 30 mo

Estupiñán-
Day
 
 
 
 
 

2006
 

[34]
 

[41]  
 

permanent molar  
 

 
 

888 Clinical USPHS 755 43 1 yr

[42] 677 617 6 1 yr

[43] 232 211 12 1 yr

[44] 888 624 70 2 yrs

[45] 677 559 8 2 yrs

[46] 232 211 15 2 yrs

Ye 2006 [5] [50] Silver amalgam primary molar 1SF/>1SF 68 174 Clinical ART /
Mod.6

169 26 1 yr

Ling 2003 [6] [51] Silver amalgam by 
China Iron & Steel 
Research Institute 
Group

primary molar Class I Clinical (See 
Part 2)

106 22 1 yr

[52] 106 33 2 yrs

DS = Dataset; PG = Parallel group; SM = Splitmouth; m = Male; f = Female; ART = Atraumatic restorative treatment; AM = Amalgam; HEX = Hand excavation; 
SF = Tooth surface; X = Mean value; N = Number of evaluated teeth; n = Number of teeth with failed restorations; BSL = Baseline; yr(s) = Year(s); mo = Months; 
Clin = Clinical examination; Indirect = Silicon impression/plaster assessment; ARTC = ART criteria; USPHS - United States Public Health Service criteria; Ref. 
= Reference number; X-Ray = Radiological assessment; Criteria = see Table 10(B).
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Table 10 (B). Evaluation of tooth restorations: ART- and modified ART criteria (Table 10)

Score ART criteria (ARTC)1 Modification 1 
(ART Mod.1)

Modification 2
(ART Mod.2)

Modification 
3
(ART Mod.3)

Modification 4
(ART Mod.4)

Modification 5
(ART Mod.5)

Modification 6
(ART Mod.6)

0 Present, good.

Same as ARTC

Same as ARTC

Same as 
ARTC

Same as ARTC

Same as ARTC Same as ARTC

1 Present, slight marginal 
defect for whatever reason, 
at any one place which is 
less than 0.5 mm in depth
No repair is needed.

Present, slight 
marginal defect for 
whatever reason, at 
any one place which 
is less than 1.0 mm 
in depth
No repair is needed.

2 Present, marginal defect 
for whatever reason, at any 
one place which is deeper 
than 0.5 mm but less than 
1.0 mm in depth. Repair is 
needed.

Slight abrasion 
of the restoration 
margin (<0.5 
mm)

Slight impairment of 
occlusal surface (<1 
mm). No repair is 
needed.

Slight abrasion 
of the restoration 
margin (<0.5 mm)

Slight wear <0.5 
mm

3 Present, gross defect of 
more than 1.0 mm in depth. 
Repair is needed.

Same as ART Restoration and 
tooth intact but 
with slight marginal 
discoloration

Marginal damage on 
restoration. Repair 
is needed.

Marginal damage 
on restoration. 
Repair is needed.

4 Not present, restoration 
has (almost) completely 
disappeared. Treatment is 
needed.

Abrasion of 
the restoration 
margin. Repair is 
needed.

Present. Tooth 
fractured.

Present, wear and 
tear gradually over 
larger parts of the 
restoration, which is 
deeper than 1.0 mm. 
Repair is needed.

Marginal wear on 
restoration. Repair 
is needed.

Large wear on 
restoration. Repair 
is needed.

5 Not present, other 
restorative treatment has 
been performed.

Partly or 
completely lost

Partly or 
completely 
lost

Impairment of 
occlusal surface 
(>1 mm). Repair is 
needed.

Partly or completely 
lost

Partly or 
completely lost

6 Not present, tooth has been 
extracted.

Not present, 
other restorative 
treatment has 
been performed.

Not present, 
other 
restorative 
treatment 
has been 
performed.

Partly or completely 
lost

Not present, other 
restorative treatment 
has been performed.

Not present, 
other restorative 
treatment has been 
performed.

7 Present, wear and tear 
gradually over larger parts 
of the restoration but is less 
than 0.5 mm at the deepest 
point. No repair is needed.

Lost contact Not present, 
tooth has been 
extracted.

Not present, 
tooth has been 
extracted.

Secondary caries Not present, tooth 
has been extracted.

Tooth loss

8 Present, wear and tear 
gradually over larger parts 
of the restoration, which is 
deeper than 0.5 mm. Repair 
is needed.

Lost contact Not present, other 
restorative treatment 
has been performed.

Lost contact Lost to follow up

9 Unable to diagnose. Not present, tooth 
has been extracted.

S Score: 0, 1, 7 0, 1, 2 0, 1, 2 0, 1 0-3 0, 1, 2 0, 1, 2
F Failure: 2, 3, 4, 8 3-7 3-7 2-7 4-9 3-7 3-7

S = Restoration success; F = Restoration failure.
1As per: Frencken JE, Holmgren CJ. Atraumatic restorative treatment for dental caries. STI Book b.v. Nijmegen 1999, p. 58. [8]

Dataset results
The computed effect size estimates of all 52 
extracted datasets are presented in Table 11. From 
the total 52, the results of four (DS 17,29,31,35) 
showed in favour of ART and those of three (DS 
41,44,45), in favour of amalgam. No statistically 
significant difference between ART and amalgam 
was observed in the other 45 datasets. Reduction 
of restoration failure risk for ART (for results 

in favour of ART) ranged between 5 and 35 
percentage points (RD). Reduction of restoration 
failure risk for amalgam (for results in favour of 
amalgam) ranged between 2 and 6 percentage 
points (RD). No difference was observed in 
the outcome conclusions when the results were 
computed as either Risk ratio (RR) or Odds ratio 
(OR) (Table 11).
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Figure 2. Investigation of statistical heterogeneity in ‘Dataset group (ii)’Figure 2. Investigation of statistical heterogeneity in ‘Dataset group (ii)’

Meta-analysis
Six separate meta-analyses (MA) based on 
the results of heterogeneity assessment of the 
individual datasets (DS) were undertaken:
• MA 1: Single-surface restorations placed in 

permanent teeth and evaluated according to 
ART criteria after 2 years (Figure 6);

• MA 2: Single-surface restorations placed in 
primary teeth and evaluated according to ART 
criteria after one year (Figure 7);

• MA 3: Single-surface restorations placed in 
primary teeth and evaluated according to ART 
criteria after 2 years (Figure 8);

• MA 4: Single-surface restorations placed in 
permanent teeth and evaluated according to 
USPHS criteria after one year (Figure 9);

• MA 5: Restorations evaluated according to 
USPHS criteria after one year (Figure 10);

• MA 6: Restorations evaluated according to 
USPHS criteria after 2 years (Figure 11).

Figure 3.  Investigation of statistical heterogeneity in ‘Dataset group (iii)’
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Figure 4. Investigation of statistical heterogeneity in ‘Dataset group (iv)’

Figure 5. Investigation of statistical heterogeneity in ‘Dataset group (v)’
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As the number of pooled datasets in each meta-analysis was less than five, a random-effects model was 
used. The meta-analysis results were also converted into Risk difference (RD) with 95% CI (Table 12). The 
pooled results of all meta-analyses indicted no statistically significant difference between the failure rates of 
ART and conventional amalgam restorations. No failures were observed in either group for single-surface 
restorations placed in permanent teeth, evaluated according to USPHS criteria after one year (Figure 9). 
Thus, to enable computation of the 95% Confidence interval of the results, Random difference (RD) was 
used instead of the Risk ratio (RR) for pooling of the datasets. 

Figure 6. Single-surface restorations placed in permanent teeth and evaluated following ART criteria 
after 2 years

RR = Risk ratio; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number

Sensitivity analyses of meta-analysis results are shown in Table 12. Sensitivity analysis shows that the 
results of meta-analysis 1 would have shown in favour of ART and meta-analyses 5 and 6 in favour of 
amalgam, if a fixed effects model had been used. No difference was observed in the outcome conclusions 
when the same effects model was used to compute the results as either Risk ratio (RR) or Odds ratio (OR) 
(Table 12).

Figure 7. Single-surface restorations placed in primary teeth and evaluated following ART criteria 
after one year

RR = Risk ratio; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number.
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Figure 8. Single-surface restorations placed in primary teeth and evaluated according to ART criteria 
after 2 years

RR = Risk ratio; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number.

Figure 9. Single-surface restorations placed in permanent teeth and evaluated according to USPHS 
criteria after one year

RD = Risk difference; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number.

Figure 10. Restorations evaluated according to USPHS criteria after one year

RR = Risk ratio; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number.
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Figure 11. Restorations evaluated according to USPHS criteria after 2 years.

RR = Risk ratio; CI = Confidence interval; n = Number of failed restorations; 
N = Total number of restorations evaluated; study = Dataset number.

Table 11. Computed effect estimates per extracted dataset

1st  Author Year Ref. DS RR 95%CI p-value RD 95%CI p-value

Illustrative comparative risk

OR 95%CI p-valueART Amalgam

Chen
 
 

2006 [40] [01] 1.02 0.60 – 1.74 0.95 0 -0.05 – 0.06 0.95 Not statistically different 1.02 0.56 – 1.85  0.95

[02] 1.06 0.76 – 1.47 0.74 0.01 -0.07 – 0.09 0.74 Not statistically different 1.08 0.70 – 1.66 0.74 

[03] 1.00 0.73 – 1.36 0.98 0 -0.08 – 0.08 0.98 Not statistically different 1.00 0.65 – 1.52 0.98 

Chen(b) 2001 [41] [04] 0.56 0.20 – 1.55 0.26 -0.08 -0.21 – 0.05 0.25 Not statistically different 0.51 0.16 – 1.64 0.26 

[47] 0.43 0.13 – 1.44 0.17 -0.19 -0.44 – 0.06 0.14 Not statistically different 0.33 0.07 – 1.53 0.16

She
 

2003 [42] [05] 0.67 0.30 – 1.51 0.33 -0.03 -0.10 – 0.03 0.33 Not statistically different 0.64 0.26 – 1.56 0.33 

[06] 1.29 0.70 – 2.35 0.41 0.04 -0.05 – 0.13 0.40 Not statistically different 1.35 0.66 – 2.76 0.41 

Wang 2004 [43] [07] 0.81 0.52 – 1.28 0.36 -0.04 -0.13 – 0.05 0.36 Not statistically different 0.77 0.44 – 1.35 0.36 

[48] 0.94 0.68 – 1.31 0.73 -0.02 -0.12 – 0.09 0.73 Not statistically different 0.92 0.56 – 1.49 0.73

Li(b)
 

2005 [44] [08] 0.90 0.50 – 1.63 0.74 -0.03 -0.20 – 0.14 0.74 Not statistically different 0.87 0.37 – 2.00 0.74 

[09] 1.25 0.88 – 1.77 0.20 0.10 -0.06 – 0.26 0.20 Not statistically different 1.52 0.80 – 2.90 0.20 

Ling 2003 [46] [10] 0.73 0.41 – 1.31 0.29 -0.06 -0.16 – 0.05 0.28 Not statistically different 0.68 0.33 – 1.38  0.28

[49] 0.70 0.44 – 1.10 0.12 -0.09 -0.21 – 0.02 0.12 Not statistically different 0.61 0.33 – 1.14 0.12

Qiu
 

2007 [47] [11] 0.51 0.24 – 1.08 0.08 -0.05 -0.11 – 0.01 0.07 Not statistically different 0.48 0.22 – 1.08 0.08 

[12] 1.22 0.67 – 2.21 0.52 0.02 -0.05 – 0.10 0.52 Not statistically different 1.25 0.63 – 2.47 0.52 

Li 2002 [48] [13] 0.63 0.28 – 1.43 0.27 -0.04 -0.11 – 0.03 0.27 Not statistically different 0.61 0.25 – 1.48 0.27 

[14] 1.31 0.72 – 2.38 0.39  0.04 -0.05 – 0.14 0.38  Not statistically different 1.38 0.67 – 2.82 0.38 

Miranda 2005 [49] [15] 2.91 0.12 - 68.95 0.51 0.03 -0.05 - 0.11 0.46 Not statistically different 3.00 0.12 - 76.40 0.51

[16] 2.10 0.67 - 6.59 0.20 0.10 -0.05 - 0.26 0.20 Not statistically different 2.38 0.63 - 8.91 0.20

Taifour 2002 [52] [17] 0.68 0.49 - 0.95 0.02* -0.12 -0.12 - -0.01 0.02* 14 out of 100 20 out of 100 0.63 0.42 - 0.94 0.02*

[18] 0.90 0.79 - 1.02 0.10 -0.06 -0.13 - 0.01 0.10 Not statistically different 0.79 0.60 - 1.04 0.10

Yu 2004 [56] [19] 2.84 0.12 - 65.34 0.51 0.06 - 0.09 - 0.20 0.45 Not statistically different 3.00 0.11 - 78.81 0.51

[20] 0.27 0.03 - 2.47 0.25 -0.21 -0.57 - 0.16 0.26 Not statistically different 0.21 0.02 - 2.85 0.24

[21] 7.71 0.35 - 167.72 0.19 0.17 -0.15 - 0.48 0.30 Not statistically different 9.55 0.34 - 269.62 0.19

[22] 0.27 0.02 - 4.59 0.36 -0.29 -0.68 - 0.10 0.15 Not statistically different 0.20 0.01 - 5.20 0.33

Honkala 2003 [15] [23] 0.96 0.15 - 6.31 0.97 0 -0.15 - 0.14 0.97 Not statistically different 0.96 0.12 - 7.38 0.97

[24] 3.30 0.15 - 72.08 0.45 0.11 -0.14 - 0.36 0.39 Not statistically different 3.71 0.13 - 103.11 0.44

Yip 2002 [57] [25] n.e. 0 -0.09 - 0.09 1.00 Not statistically different n.e.

[26] n.e. 0 -0.10 - 0.10 1.00 Not statistically different n.e.

Rahimtoola 2002 [58] [27] 1.29 0.37 - 4.54 0.69 0.01 -0.05 - 0.08 0.67 Not statistically different 1.31 0.35 - 4.93 0.69
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Frencken 2006 [59] [28] 0.83 0.52 - 1.32 0.42 -0.01 -0.05 - 0.02 0.43 Not statistically different 0.81 0.49 - 1.35 0.42

[29] 0.53 0.31 - 0.88 0.01* -0.05 -0.09 - -0.01 0.02* 6 out of 100 11 out of 100 0.50 0.29 - 0.87 0.01*

[30] 1.19 0.52 - 2.72 0.67 0.01 -0.02 - 0.04 0.67 Not statistically different 1.20 0.51 - 2.82 0.67

[31] 0.39 0.21 - 0.73 0.003* -0.08 -0.12 - -0.02 0.003* 5 out of 100 12 out of 100 0.36 0.18 - 0.71 0.003*

[32] 1.12 0.38 - 3.34 0.83 0.01 -0.05 - 0.06 0.83 Not statistically different 1.13 0.36 - 3.55 0.83

[33] 0.96 0.46 - 2.01 0.92 0 -0.08- -0.07 0.92 Not statistically different 0.96 0.42 - 2.18 0.92

[34] 1.00 0.43 - 2.31 0.99 0 -0.18 - 0.18 0.99 Not statistically different 1.00 0.34 - 2.90 0.99

[35] 0.20 0.06 - 0.66 0.008* -0.35 -0.57 - -0.12 0.002* 9 out of 100 43 out of 100 0.13 0.03 - 0.53 0.005*

[36] 0.41 0.11 - 1.51 0.18 -0.20 -0.53 - 0.14 0.25 Not statistically different 0.32 0.06 - 1.83 0.20

[37] 0.64 0.13 - 3.22 0.59 -0.08 -0.39 - 0.23 0.62 Not statistically different 0.58 0.08 - 4.27 0.60

Yip 2002 [62] [38] 4.71 0.20 - 110.4 0.34 0.05 -0.07 - 0.17 0.41 Not statistically different 5.00 0.19 - 128.9 0.33

[39] 5.50 0.24 - 128.2 0.29 0.06 -0.08 - 0.19 0.39 Not statistically different 5.91 0.23 - 153.2 0.28

Gao 2003 [63] [40] 1.17 0.05 - 25.37 0.92 0.06 -0.17 - 0.29 0.62 Not statistically different 1.18 0.04 - 32.91 0.92

Estupiñán-
Day

2006 [34] [41] 1.85 1.32 - 2.58 0.0003** 0.05 0.02 - 0.07 <0.0001** 11 out of 100 6 out of 100 1.95 1.36 - 2.79 0.0003**

[42] 2.14 0.83 - 5.54 0.12 0.01 0.00 - 0.02 0.10 Not statistically different 2.17 0.83 - 5.67 0.12

[43] 0.70 0.32 - 1.53 0.37 -0.02 -0.06 - 0.02 0.38 Not statistically different 0.69 0.30 - 1.56 0.37

[44] 1.49 1.15 - 1.94 0.003** 0.06 0.02 - 0.09 0.001** 16 out of 100 11 out of 100 1.59 1.18 - 2.15 0.002**

[45] 2.46 1.10 - 5.48 0.03** 0.02 0.00 - 0.04 0.02** 3 out of 100 1 out of 100 2.51 1.11 - 5.69 0.03**

[46] 0.88 0.46 - 1.69 0.70 -0.01 -0.05 - 0.04 0.70 Not statistically different 0.87 0.43 - 1.76 0.70

Ye 2006 [5] [50] 1.08 0.67 - 1.75 0.74 0.01 -0.06 - 0.09 0.74 Not statistically different 1.10 0.62 - 1.95 0.74

Ling 2003 [6] [51] 0.73 0.41 - 1.31 0.29 -0.06 -0.16 - 0.05 0.28 Not statistically different 0.68 0.33 - 1.38 0.28

[52] 0.70 0.44 - 1.10 0.12 -0.09 -0.21 - 0.02 0.12 Not statistically different 0.61 0.33 - 1.14 0.12

DS = Dataset number; RR = Risk ratio; RD = Risk difference; CI = Confidence interval; OR = Odds ratio; n.e. = Not estimable; Ref. = Reference number. * 
Difference statistically significant in favour of ART; ** Difference statistically significant in favour of amalgam.

Table 12. Sensitivity test of meta-analysis results

Meta-
analysis
Nr.

Evaluation
criteria

Original analysis results

Dentition Cavity
Follow-up
period

Result Result as absolute measure

RR 95% CI p-value RD 95% CI p-value

1 ARTC Permanent SF/Class I 2 yrs [R] 0.68 0.31 - 1.51 0.35 -0.02 -0.09 - 0.04 0.47

2 ARTC Primary SF/Class I 1 yr [R] 1.57 0.32 - 7.30 0.60 0.04 -0.03 - 0.12 0.25

3 ARTC Primary SF/Class I 2 yrs [R] 1.11 0.22 - 5.59 0.90 -0.01 -0.20 - 0.18 0.90

4 USPHS Permanent SF/Class I 1 yr [R] N.E  0 -0.06 - 0.06 1.00

5 USPHS Permanent 1 yr [R] 1.44 0.77 - 2.71 0.26 0.02 -0.02 - 0.05 0.37

6 USPHS Permanent 2 yrs [R] 1.44 0.92 - 2.23 0.11 0.02 -0.01 - 0.06 0.15

Meta-
analysis
Nr.

Alternative analysis results

RR[F] 95% CI p-value OR[R] 95% CI p-value OR[F] 95% CI p-value

1 [0.61 0.38 - 0.97 0.04* 0.67 0.28 - 1.59 0.36 0.58 0.35 - 0.96 0.03*

2 1.54 0.49 - 4.86 0.46 1.66 0.31 - 8.80 0.55 1.58 0.42 - 5.99 0.50

3 1.05 0.32 - 3.47 0.93 1.13 0.18 - 7.20 0.90 1.06 0.27 - 4.09 0.94

4 N.E N.E N.E

5 1.65 1.24 - 2.20 0.0006** 1.48 0.76 - 2.87 0.25 1.71 1.26 - 2.33 0.0006**

6 1.47 1.17 - 1.85 0.001** 1.50 0.94 - 2.40 0.09 1.55 1.19 – 2.00 0.001**

RR = Risk ratio; OR = Odds ratio; CI = Confidence interval; [R] = Random-effects model; [F] = Fixed-effects model; N.E. = Not estimable.
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Summary of results
From the results computed for individual datasets 
and meta-analyses the following summary can be 
made (Table 13):
(i) No difference in the failure rate (evaluated 

with ART criteria or other criteria, as per Table 
10) of single-surface ART and conventional 
amalgam restorations placed in permanent 
teeth, after one, two, three, five and six years; 

(ii) No difference in the failure rate (evaluated 
with USPHS criteria) of single-surface ART 
and conventional amalgam restorations placed 
in permanent teeth, after one and three years;

(iii) No difference in the failure rate (evaluated 
with ART criteria or other criteria, as per Table 
10) of single-surface ART and conventional 
amalgam restorations placed in primary teeth, 
after one and two years;

(iv) No difference in the failure rate (evaluated 
with ART criteria) of multiple-surface ART 
and conventional amalgam restorations placed 
in permanent teeth, after one, three and four 
years; 

(v) No difference in the failure rate (evaluated 
with other criteria, as per Table 10) of multiple-
surface ART and conventional amalgam 
restorations placed in permanent teeth, after 
two years;

(vi) No difference in the failure rate (evaluated 
with ART criteria) of multiple-surface ART 
and conventional amalgam restorations placed 
in primary teeth, after two and three years;

(vii) No difference in the failure rate (evaluated 
with USPHS) of ART and conventional 
amalgam restorations placed in permanent 
teeth, after one and two years (type of cavity 
not specified);

(viii) No difference in the failure rate (evaluated 
with other criteria, as per Table 10) of ART 
and conventional amalgam restorations 
placed in primary teeth, after one, two and 
three years (type of cavity not specified);

(ix) A 61% lower failure rate (evaluated with ART 
criteria) of single-surface ART restorations 
than that of conventional amalgam restorations 
placed in permanent teeth, after four years;

(x) An 80% lower failure rate (evaluated with ART 
criteria) of multiple-surface ART restorations 
than that of conventional amalgam restorations 
placed in permanent teeth, after two years;

(xi) A 32% lower failure rate (evaluated with ART 
criteria) of single-surface ART restorations 
than that of conventional amalgam restorations 
placed in primary teeth, after three years.

The results, in some cases indicating significantly 
lower failure rates of ART restorations than those 
of amalgam, need to be regarded with caution 
as the significance may be due to either play of 
chance, because of the low number of evaluated 
participants included (see x), or to the risk 
difference (RD), comprising only a few percentage 
points (see ix and xi) (Table 13).

Internal validity of trials
Assessment of selection- performance- and 
detection bias risk
Verbatim quotes relevant to the control of selection-, 
performance- or detection bias risks were extracted 
from the trial reports and are presented in Table 14. 
The bias risk was rated according to the chosen 
assessment criteria (Table 1 - 3) and is reported in 
Table 15.

(i) Selection bias risk: According to the extracted 
verbatim quotes from the text, none of the 
trial reports fulfilled the criteria for A and B 
rating (Table 1). Adequate generation of the 
allocation sequences and measures to prevent 
their direct observation were reported for two 
trials [34,49]. However, only one trial of the 
two followed a parallel group design [34], 
while the other was a split-mouth study [49] 
and was thus rated “0”. According to criteria 
shown in Table 3, baseline data were collected 
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before randomisation and reported for both 
treatment groups in three trials [34,49,57], with 
the data showing no significant differences 
between the groups for two trials [34,49] 
(Score “A”) and data showing significant 
differences between the groups without being 
statistically adjusted in one trial [57] (Score 
“C”). All other trials were rated “0”.

(ii) Performance bias risk: None of the trial reports 
provided information concerning the blinding/
masking of operators and/or patients with 
regard to the type of intervention provided / 
received.

(iii) Detection bias risk: Three trials [49,52,59] 
reported that one person involved in treatment 
provision, was the one, who conducted the 
evaluation process.
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Table 13. Summary of results: High-viscosity GIC/ART for carious tooth cavity restoration

High-viscosity GIC/ART compared to amalgam restorations placed with rotary instruments  
Patients/population: All patients with carious cavities of any class in primary and permanent teeth. 
Intervention: ART with high-viscosity GIC 
Comparison: Amalgam restorations placed using conventional rotary instruments in tooth cavities  
Outcome: Restoration failure after >1 year 

Outcomes 
Relative effect No. of  

participants DS 
Absolute effect Illustrative comparative risk** 

RR 95% CI RD 95% CI Intervention risk Control risk 
Evidence from English literature 
Permanent teeth 

 
ART criteria 

Single surface cavities 
after 1 year [DS 28] 0.83 0.52 - 1.32 556 1 0.03 -0.05 - 0.11 not significantly different 
after 2 years [MA 1] 0.68 0.31 - 1.51 942 teeth 2 -0.02 -0.09 - 0.04 not significantly different 
after 3 years [DS 30] 1.19 0.52 - 2.72 399 1 0.01 -0.02 - 0.04 not significantly different 
after 4 years [DS 31] 0.39 0.21 - 0.73 338 1 -0.08 -0.12 - -0.02 5 out of 100 12 out of 100 
after 5 years [DS 32] 1.12 0.38 - 3.34 320 1 0.01 -0.05 - 0.06 not significantly different 
after 6 years [DS 33] 0.96 0.46 - 2.01 173 1 0 -0.08 - 0.07 not significantly different 

Multiple surface cavities  
after 1 year [DS 34]  1.00 0.43 - 2.31 41 1 0 -0.18 - 0.18 not significantly different 

after 2 years [DS 35] 0.20 0.06 - 0.66 30 1 -0.35 -0.57 - -0.12 9 out of 100 44 out of 100 
after 3 years [DS 36] 0.41 0.11 - 1.51 23 1 -0.20 -0.53 - 0.14 not significantly different 
after 4 years [DS 37] 0.64 0.13 - 3.22 19 1 -0.08 -0.39 - 0.23 not significantly different 

USPHS criteria 
      Single surface cavities 

after 1 year [MA 4] n.e. 82 2 0 -0.06 - 0.06 not significantly different 
after 3 years [DS 40] 1.17 0.05 - 25.37 110 teeth 1 0.06 -0.17 - 0.29 not significantly different 
Unspecified cavities  
after 1 year [MA 5] 1.44 0.77 - 2.71 3762 teeth 3 0.02 -0.02 - 0.05 not significantly different 

after 2 years [MA 6] 1.44 0.92 - 2.23 3326 teeth 3 0.02 -0.01- 0.06 not significantly different 
Primary teeth 

 
ART criteria 

Single surface cavities 
after 1 year [MA 2] 1.52 0.32 - 7.30 156 teeth 4 0.04 -0.03 - 0.12 not significantly different 

after 2 years [MA 3] 1.11 0.22 - 5.59 86 teeth 3 -0.01 -0.20 - 0.18 
not significantly 

different 

after 3 years [DS 17] 0.68 0.49 - 0.95 856 teeth 1 -0.12 -0.12 - -0.01 
14 out 
of 100 

20 out of 
100 

Multiple surface cavities   

after 2 years [DS 24] 3.3 0.15 - 72.08 18 1 0.11 -0.14 - 0.36 
not significantly 

different 
after 3 years [DS 18] 0.9 0.79 - 1.02 1035 teeth 1 -0.06 -0.13 - 0.01 not significantly different 

Evidence from non-English literature 
Permanent teeth 

 
Other criteria (as per Table 10) 

Single surface cavities 
after 2 years [DS 08] 0.90 0.50 – 1.63 204 1 -0.03 -0.20 – 0.14 not significantly different 

Multiple surface cavities  
after 2 years [DS 09] 1.25 0.88 – 1.77 204 1 0.10 -0.06 – 0.26 not significantly different 

Primary teeth 

 
ART criteria 

Single surface cavities 
after 1 year [DS 15] 2.91 0.12 - 68.95 36 1 0.03 -0.05 - 0.11 not significantly different 

Multiple surface cavities  
after 1 year [DS 16] 2.1 0.67 - 6.59 44 1 0.10 -0.05 - 0.26 not significantly different 

Other criteria (as per Table 10) 
 Single surface cavities 

after 1 year [DS 04] 0.56 0.20 – 1.55 104 1 -0.08 -0.21 – 0.05 not significantly different 
after 2 years [DS 47] 0.43 0.13 – 1.44 42 1 -0.19 -0.44 – 0.06 not significantly different 
Unspecified cavities   

after 1 year  See Table 11 not significantly different 
after 2 years  See Table 11 not significantly different 

after 3 years [DS 03] 1.00 0.73 – 1.36 240 1 0 -0.08 – 0.08 not significantly different 
 

RR = Risk ratio; RD = Risk difference; CI = Confidence interval; DS = Dataset number; MA = Meta-analysis number; 
GIC = Glass-ionomer cement; n.e. = Not estimable.
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Table 14. Verbatim quotes relevant to selection-, performance- and detection bias risk

1st  Author Year Ref.

Selection bias Performance bias Detection bias

Random sequence generation
Concealment of the 
sequence allocation

Operator
blinding

Patient
blinding Evaluator blinding

Chen 2006 [40]      

Chen(b) 2001 [41] Randomly, … was filled  

She 2003 [42]  

Wang 2004 [43]  

Li(b) 2005 [44] Groups .. divided randomly  

Ling 2003 [46] Randomisation is applied  

Qiu 2007 [47]  

Li 2002 [48]      

Miranda
 
 
 
 
 
 
  
 

2005
 

[49] We used simple randomisation ..and a table of random 
numbers consisting of randomised digits 0 to 9..in a 
sequence from right to left and from top to bottom. 
Each treatment received a letter (A and B). Posing as an 
association of digits to the letters the letter A corresponds 
to the digits 0-4 and the letter B to 5-9 Substituting the 
digits of the table by the corresponding letters became 
a numerical sequence in one letter. It made a list of 1 to 
100 using the letters sequentially according to the table, 
and then put the treatment corresponding letter. This list 
corresponds to the allocation sequence of the first treatment

through sealed 
envelopes 
numbered 1 to 
100, containing 
in its interior the 
corresponding 
number cards and 
the first indication 
of treatment. 
The listing of the 
envelopes were 
made by another 
professional other 
than the researcher.

  Evaluations were 
performed by another 
professional other than 
the operator
 
 
 

Taifour
 
  

2002
 

[52]
 

a convenience sample of grade 1 pupils was taken from 18 
schools..; all eligible pupils were randomly allocated to one 
of the treatments;

 
 

 
 

 
 

the same 3 dentists.. 
carried out the 
evaluation; they had 
not participated as an 
operator;

Yu 2004 [56] the restorative materials were assigned randomly       

Honkala 2003 [15] the first type of restoration to be placed in children with 
comparable pairs was de- termined by the table of random 
numbers; after the first restoration, the other restoration 
was placed using the second material at a subsequent 
appointment; when two or more pairs of lesions were found 
in the same child, two restorations were placed with the 
same material ..and the other.. at the next;  

blind assessments 
were not possible

Yip 2002 [57] restorations were placed sequentially;      

Rahimtoola
  

2002
 

[58]
 

the selection of the restoration procedure to be employed 
was done randomly; 

 
 

 
 

 
 

 
 

Frencken 
 

2006
 

[59]
 

a convenience sample ..was taken; children were randomly 
assigned.. with the use of a gender-stratified class list;

 
 

 
 

 
 

the evaluators were 
not involved in 
the planning and 
treatment provision of 
the trial;

Yip 2002 [62] treatment was assigned randomly     

Gao 2003 [63] restorations were placed sequentially     

Estupiñán-
Day
 
 

2006
 

[34]
 

children were randomised into groups at the school level; a 
permuted block design was used; children were randomised 
by school; children were randomised in blocks of 4 or 
10 depending on the size of the school; randomisation 
was accomplished using a computer-based (SAS) block 
randomisation using random number seeds from a random 
digit table; numbers were chosen from the random number 
table using the second two numbers in each.. sequence 
and moving left to right diagonally and skipping one line 
in between; if a random number was repeated, the next 
number was used.

assignment was 
done in Washington 
DC 

 
 

 
 

 
 
 
 
 
 
 
 
 

Ye 2006 [5]

Ling 2003 [6] randomised

Ref. = Reference number.
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Table 15. Assessment of selection-, performance- and detection bias risk

[as per Table 10/study design and Table 14/verbatim quotes]
1st  Author Year Ref. SB PB DB
Chen 2006 [40] 0 0 0
Chen(b) 2001 [41] 0 0 0
She 2003 [42] 0 0 0
Wang 2004 [43] 0 0 0
Li(b) 2005 [44] 0 0 0
Ling 2003 [46] 0 0 0
Qiu 2007 [47] 0 0 0
Li 2002 [48] 0 0 0
Miranda 2005 [49] 0 0 C
Taifour 2002 [52] 0 0 C
Yu 2004 [56] 0 0 0
Honkala 2003 [15] 0 0 0
Yip 2002 [57] 0 0 0
Rahimtoola 2002 [58] 0 0 0
Frencken 2006 [59] 0 0 C
Yip 2002 [62] 0 0 0
Gao 2003 [63] 0 0 0
Estupiñán-Day 2006 [34] C 0 0
Ye 2006 [5] 0 0 0
Ling 2003 [6] 0 0 0

Ref. = Reference number; SB = Selection bias risk; 

PB = Performance bias risk; DB = Detection bias risk.

Assessment of attrition bias risk
Sensitivity analysis was used in computing 
datasets, under the assumption that either: 
(i) All teeth lost to follow-up were restoration 

failures in the ART group, while all teeth lost 
to follow-up in the amalgam group did not 
fail (Worst-case scenario);

(ii) All teeth lost to follow-up did not fail in the 
ART group, while all teeth lost to follow-
up in the amalgam group were restoration 
failures (Best-case scenario).

Data regarding the number of teeth restored at 
baseline was reported for most datasets (Table 
10). The result of either scenario for each dataset 
is shown in Table 16. Computation of loss-to 
follow up numbers per intervention groups of six 
Chinese trials [40,42,43,46-48] was conducted 
from the number of evaluated restorations (N) of 

the previous dataset, only, and not from the total 
number of included restored teeth at baseline, as 
it was unclear whether the numbers of teeth with 
failed restorations (n) were reported in these trials 
as total numbers for the entire follow-up period or 
as part of the number of teeth available to follow-
up at each particular moment of evaluation.

No information was available for eleven datasets 
(DS 04,08,09,23,24,27,38,39,47,51,52 – not 
included in Table 16). Thus high bias risk was 
assumed by default. No changes in the original 
results, thus showing no differences between 
the two types of intervention, were observed 
in either scenario for 13 datasets (DS 01-
03,07,10,15,19,28,33,34,48-50):

Changed conclusions for datasets under worst-case 
scenario, only: 17 datasets that originally show-
ed no difference between the two interventions, 
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now found in favour of amalgam (DS 05,06,12-
14,16,18,21,22,25,26,30,32,40,42,43,46); three 
datasets that were originally in favour of ART (DS 
17,29,31) now found in favour of amalgam and 
two datasets that were originally in favour of ART 
(DS 35,37) now found no difference between the 
two interventions.

Changed conclusions for datasets under best-case 
scenario, only: 14 datasets that originally showed 
no difference between the two interventions, 
now found in favour of ART (DS 05,06,12-
14,18,20,30,32,36,40,42,43,46) and three datasets 
originally in favour of amalgam (DS 41,44,45) 
now found in favour of ART.

The potential changes under attrition bias risk 
affect the results of fi ve of the six meta-analyses. 
Meta-analysis 1,2,4-6 would show results in 
favour of amalgam under worst-case scenario with 
the adjusted results:

a. Meta-analysis 1: RR 2.42; 95% CI 1.41 – 
6.14; p = 0.001;

b. Meta-analysis 2: RR 3.29; 95% CI 1.02 – 
10.63; p = 0.05;

c. Meta-analysis 4: RD 0.31; 95% CI 0.18 – 
0.43; p <0.00001;

d. Meta-analysis 5: RR 5.40; 95% CI 2.40 – 
12.16; p <0.0001;

e. Meta-analysis 6: RR 5.82; 95% CI 2.42 – 
14.01; p <0.0001.

(iii) Under best-case scenario, the results of meta-
analysis 4 – 6 would show results in favour 
of ART:

a. Meta-analysis 4: RD –0.24; 95% CI -0.36; 
-0.13; p <0.0001;

b. Meta-analysis 5: RR 0.29; 95% CI 0.15 – 
0.57; p <0.0003;

c. Meta-analysis 6: RR 0.19; 95% CI 0.11 – 
0.32; p <0.00001.

Assessment of publication bias risk
Statistical inter-dataset heterogeneity was I2 = 
46% (95% CI 24% - 61%), suggesting somewhat 
moderate heterogeneity between all the 52 

datasets extracted from the accepted trial reports. 
Publication bias was investigated, using one 
funnel plot (Figure 12). The funnel plot showed an 
even distribution that did not suggest publication 
bias. Egger’s linear regression method for the 
same datasets showed an intercept of -0.12 (95% 
CI: -0.74; 0.50); p = 0.70. No relevant ongoing or 
unpublished trial reports were identifi ed during the 
trial register search (Table 17).

Figure 12. Funnel plot of dataset results (test 
for publication bias)

RR = Risk ratio; ln = Natural logarithm; Study = Dataset

Assessment of reporting bias risk
From the methods and results sections of the 
accepted trial reports, information concerning 
intended versus executed trial focus was extracted. 
On the basis of the extracted information, a high 
risk of reporting bias relevant to systematic review 
objectives was not observed (Table 18) in the 
trial reports. Thus further bias assessment, i.e. 
in form of a matrix of reported outcomes, was 
not done. However, similarities of reported data 
between two Chinese trials [42,48] were noted. 
These similarities extended to identical follow-
up periods, values of (n) for all extracted datasets 
and number of teeth restored in each intervention 
group at baseline, as well as the identity of two 
of the authors. However, the number of restored 
teeth evaluated (N) differed and subsequently the 
dataset results (Table 11). No reference from the 
later published report [42] to the former report 
[48] was found in the text.
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Assessment of potential influence of split-mouth 
trial design
The pooled Odds ratio for the hypothetical parallel 
group datasets was ORh 0.84; 95% CI 0.53 – 1.34, 
p = 0.46, while the pooled Odds ratio for the 18 
original split-mouth datasets (DS 04,10,15,16,19-
27,38-40,47,49) was ORS 0.73; 95% CI 0.51 – 
1.04, p = 0.08. Both results were statistically not 
significant. It was noted that the 95% CI of the 
point estimate from split-mouth trials was 53% 
narrower than that of the hypothetical parallel 
group data. 

Weighted regression revealed a coefficient 
estimate for type of study design (split-mouth or 
hypothetical parallel-group design) of –0.14 (SE 
0.36; p = 0.69). The result was statistically not 
significant.

Research gaps
The established sum of results (Table 13) and the 
results from single datasets (Table 11) and of all 
meta-analyses (Figure 6 - 11) were assessed for 
potential research gaps regarding result precision 
and consistency. Gaps in results precision were 
judged on the width of confidence intervals, 
availability of trials/data and sufficiency of sample 
size. Gaps in results consistency were judged 
on the direction of effect sizes, magnitude of 
difference in effect sizes, number trials/datasets 
and on overlapping confidence intervals. The 
results of the assessment are presented in Table 19: 

Gaps in precision of results: With the exception 
of outcomes concerning the failure rate of single-
surface restorations in primary teeth (evaluated 
using ART criteria) after one and three years, all 
established outcomes lack sufficient trials/data. 

Outcomes related to multiple-surface cavities 
in permanent teeth, single-surface cavities after 
six years (ART criteria) and after one and three 
years (USPHS criteria), as well as after one and 
two years (ART and other criteria), are based 
on insufficiently large sample sizes. Relatively 
large confidence intervals can be discerned for 
outcomes related to failure rates of single-surface 
restorations in permanent teeth (evaluated using 
ART criteria) after five years and three years 
(evaluated using USPHS criteria), restorations of 

single-surface cavities in primary teeth after one 
and two years and multiple-surface cavities after 
two years (evaluated using ART and other criteria).

Gaps in consistency of results: Most outcomes are 
based on less than two datasets. Thus, consistency 
cannot yet be established. Conflict in magnitude 
and direction of effect sizes were observed 
for outcomes of single-surface restorations in 
permanent and primary teeth, as well as for 
multiple-surface restorations in permanent teeth 
(Table 19).

Changes from the review protocol
The methods applied in the final version of this 
systematic review update differ from the registered 
protocol in relation to the following points:

(i) Weighted least square regression analysis 
was added in order to assess the influence of 
split-mouth design.

(ii) Trial duration >1 year were added to the listed 
exclusion criteria, meaning that all trials with 
a follow-up period of less than one year were 
to be excluded from the review. This was 
made explicit in the protocol objectives but 
mistakenly omitted from inclusion under its 
listed exclusion criteria. This was corrected 
in the final version.

(iii) Same type of dentition, type of cavity and 
type of evaluation criteria were added to the 
requirements for clinical/methodological 
homogeneity between datasets. This 
means that any datasets, which differed 
in these characteristics were considered 
heterogeneous. This change was based on 
the consideration that these characteristics 
will have a direct influence on the established 
failure rate of restorations: placed in either 
primary or permanent teeth; as either single- 
or multiple surface restorations and criteria 
according to how failures were defined. 

(iv) Regression analysis for investigation of 
heterogeneity was not applied, due to lack of 
sufficient data.

(v) The illustrative comparative risk was 
computed only for results that showed a 
statistically significant difference, with 
alpha level set at 5%, as doing so for non-
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significant results might have produced misleading impressions regarding the inferiority/superiority 
of one intervention to the other. Instead, the remark ‘Not significantly different’ was included for 
non-significant results.

(vi) A fixed-effects model was not used for meta-analysis, as the number of suitable datasets was <5 in all 
cases and lacked sufficient homogeneity.

(vii) A matrix listing all reported outcomes per accepted trial was not generated, as it was thought that 
comparison of methods and results (Table 18) was sufficient for assessment of potential reporting 
bias risk.

(viii) It was decided not to use length of follow-up as a criterion for research gaps, as the minimum of a 
one-year period length had already been specified as sufficient in a/the review methodology. Use of 
PICOS information was replaced by the criteria for clinical/methodological homogeneity, which were 
also used in the summary of results (Table 13) in which PICO information was already included.

Table 16. Part 1: Quantitative assessment of potential attrition bias risk: Worst-case scenario

1st  
Author Year Ref. DS

Worst-case scenario LTF adjusted effect estimate
Original effect estimate 
(Table 11)

Bias
risk
[W]

ART group Amalgam group

RR 95% CI p-value RR 95% CI p-valueLTF
N = BSL

teeth n+LTF LTF N+LTF n

Chen
 
 

2006 [40] [01] 9 240 33 5 240 24 1.38 0.84 – 2.25 0.21 1.02 0.60 – 1.74 0.95 No

[02] 6 231 61 11 235 52 1.19 0.86 – 1.65 0.28 1.06 0.76 – 1.47 0.74 No

[03] 10 225 68 6 224 58 1.17 0.87 – 1.57 0.31 1.00 0.73 – 1.36 0.98 No

She
 

2003 [42] [05] 19 154 28 21 151 13 2.11 1.14 – 3.92 0.02** 0.67 0.30 – 1.51 0.33 Yes

[06] 12 135 34 22 130 15 2.18 1.25 – 3.81 0.006** 1.29 0.70 – 2.35 0.41 Yes

Wang 2004 [43] [07] 5 165 33 0 153 33 0.93 0.60 – 1.42 0.73 0.81 0.52 - 128 0.36 No

[48] 3 160 52 11 153 47 1.06 0.76 – 1.47 0.73 0.94 0.68 – 1.31 0.73 No

Ling 2003 [46] [10] 0 106 90 0 106 84 0.73 0.41 - 131 0.29 0.73 0.41 - 131 0.29 No

[49] 0 106 83 0 106 73 0.70 0.44 – 1.10 0.12 0.70 0.44 – 1.10 0.12 No

Qiu
 

2007 [47] [11] 16 198 26 22 190 18 1.39 0.79 – 2.44 0.26 0.51 0.24 – 1.08 0.08 No

[12] 14 182 37 26 168 16 2.13 1.23 – 3.69 0.007** 1.22 0.67 – 2.21 0.52 Yes

Li
 

2002 [48] [13] 22 154 31 30 151 13 2.34 1.27 – 4.29 0.006** 0.63 0.28 – 1.43 0.27 Yes

[14] 14 132 36 16 121 15 2.20 1.27 – 3.81 0.005** 1.31 0.72 – 2.38 0.39 Yes

Miranda 2005 [49] [15] 3 36 4 4 36 0 9.00 0.50 - 161.29 0.14 2.91 0.12 - 68.95 0.51 No

[16] 9 44 16 2 44 4 4.00 1.45 - 11.01 0.007** 2.10 0.67 - 6.59 0.20 Yes

Taifour 2002 [52] [17] 88 476 142 66 380 64 1.77 1.36 - 2.30 <0.0001** 0.68 0.49 - 0.95 0.02* Yes

[18] 123 610 373 73 425 201 1.29 1.15 - 1.46 <0.0001** 0.90 0.79 - 1.02 0.10 Yes

Yu 2004 [56] [19] 1 19 2 5 23 0 6.00 0.31 - 117.87 0.24 2.84 0.12 - 65.34 0.51 No

[20] 3 16 4 11 18 2 2.25 0.47 - 10.69 0.31 0.27 0.03 - 2.47 0.25 No

[21] 11 17 12 5 23 0 33.33 2.11 - 526.58 0.01** 7.71 0.35 - 167.72 0.19 Yes

[22] 7 12 7 11 18 2 5.25 1.31 - 21.11 0.02** 0.27 0.02 - 4.59 0.36 Yes

Yip 2002 [57]
[25] 8 29 8 7 29 0 17.00 1.03 - 281.50 0.05** n.e Yes

[26] 9 26 9 7 29 0 21.11 1.29 - 345.74 0.03** n.e Yes

Frencken 2006 [59] [28] 0 487 33 0 403 33 0.83 0.52 - 1.32 0.42 0.83 0.52 - 1.32 0.42 No

[29] 90 487 112 80 403 34 2.73 1.90 - 3.91 <0.00001** 0.53 0.31 - 0.88 0.01* Yes

[30] 49 397 63 56 323 9 5.70 2.88 - 11.27 <0.00001** 1.19 0.52 - 2.72 0.67 Yes

[31] 60 348 74 49 267 27 2.10 1.39 - 3.17 0.0004** 0.39 0.21 - 0.73 0.003* Yes

[32] 127 288 135 105 218 5 20.44 8.52 - 49.03 <0.00001** 1.12 0.38 - 3.34 0.83 Yes

[33] 8 161 23 5 113 11 1.47 0.75 - 2.89 0.27 0.96 0.46 - 2.01 0.92 No

[34] 0 52 11 0 33 7 1.00 0.43 - 2.31 0.99 1.00 0.43 - 2.31 0.99 No

[35] 18 52 21 10 33 10 1.33 0.72 - 2.46 0.36 0.20 0.06 - 0.66 0.008* Yes

[36] 5 34 9 14 23 9 0.68 0.32 - 1.44 0.31 0.41 0.11 - 1.51 0.18 No

[37] 8 29 11 7 9 2 1.71 0.46 - 6.31 0.42 0.19 0.06 - 0.57 0.003* Yes
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Gao 2003 [63] [40] 38 88 39 23 29 0 26.63 1.69 - 420.08 0.02** 1.17 0.05 - 25.37 0.92 Yes

Estup-
iñán-Day
 
 
 

2006 [34] [41] 130 1336 257 133 888 43 3.97 2.91 - 5.42 <0.00001** 1.85 1.32 - 2.58 0.0003** No

[42] 97 769 111 60 677 6 16.29 7.21 - 36.79 <0.00001** 2.14 0.83 - 5.54 0.12 Yes

[43] 40 341 52 21 232 12 2.95 1.61 - 5.40 0.0005** 0.70 0.32 - 1.53 0.37 Yes

[44] 333 1336 501 264 888 70 4.76 3.76 - 6.02 <0.00001** 1.49 1.15 - 1.94 0.003** No

[45] 144 769 166 118 677 8 18.27 9.03 - 36.86 <0.00001** 2.46 1.10 - 5.48 0.03** No

[46] 37 341 56 21 232 15 2.54 1.47 - 4.38 0.0008** 0.88 0.46 - 1.69 0.70 Yes

Ye 2006 [5] [50] 6 186 36 5 174 26 1.30 0.82 - 2.05 0.27 1.08 0.67 - 1.75 0.74 No

Table 16. Part 2: Quantitative assessment of potential attrition bias risk: Best-case scenario

Best-case scenario LTF adjusted effect estimate
Original effect estimate 
(Table 11)

Bias
risk
[B]

ART group Amalgam group

RR 95% CI p-value RR 95% CI p-value1st  Author Year Ref. DS LTF
N+LTF

teeth n LTF N = BSL n+LTF

Chen
 
 

2006 [40] [01] 9 240 24 5 240 29 0.83 0.50 – 1.38 0.47 1.02 0.60 – 1.74 0.95 No

[02] 6 231 55 11 235 63 0.89 0.65 – 1.21 0.46 1.06 0.76 – 1.47 0.74 No

[03] 10 225 57 6 224 64 0.89 0.65 – 1.20 0.44 1.00 0.73 – 1.36 0.98 No

She 2003 [42] [05] 19 154 9 21 151 34 0.26 0.13 – 0.52 0.0002* 0.67 0.30 – 1.51 0.33 Yes

[06] 12 135 22 22 130 37 0.57 0.36 – 0.92 0.02* 1.29 0.70 – 2.35 0.41 Yes

Wang 2004 [43] [07] 5 165 28 0 153 33 0.79 0.50 – 1.24 0.30 0.81 0.52 - 128 0.36 No

[48] 3 160 49 11 153 58 0.81 0.59 – 1.10 0.18 0.94 0.68 – 1.31 0.73 No

Ling 2003 [46] [10] 0 106 16 0 106 22 0.73 0.41 - 131 0.29 0.73 0.41 - 131 0.29 No

[49] 0 106 23 0 106 33 0.70 0.44 – 1.10 0.12 0.70 0.44 – 1.10 0.12 No

Qiu
 

2007 [47] [11] 16 198 10 22 190 40 0.24 0.12 – 0.47 <0.0001* 0.51 0.24 – 1.08 0.08 Yes

[12] 14 182 23 26 168 42 0.51 0.32 – 0.80 0.004* 1.22 0.67 – 2.21 0.52 Yes

Li
 

2002 [48] [13] 22 154 9 30 151 43 0.21 0.10 – 0.41 <0.00001* 0.63 0.28 – 1.43 0.27 Yes

[14] 14 132 22 16 121 31 0.65 0.40 – 1.06 0.08 1.31 0.72 – 2.38 0.39 No

Miranda 2005 [49] [15] 3 36 1 4 36 4 0.25 0.03 - 2.13 0.20 2.91 0.12 - 68.95 0.51 No

[16] 9 44 7 2 44 6 1.17 0.43 - 3.19 0.76 2.10 0.67 - 6.59 0.20 No

Taifour 2002 [52] [17] 88 476 54 66 380 130 0.33 0.25 - 0.44 <0.00001* 0.68 0.49 - 0.95 0.02* No

[18] 123 610 250 73 425 274 0.64 0.56 - 0.72 <0.00001* 0.90 0.79 - 1.02 0.10 Yes

Yu 2004 [56] [19] 1 19 1 5 23 5 0.24 0.03 - 1.90 0.18 2.84 0.12 - 65.34 0.51 No

[20] 3 16 1 11 18 13 0.09 0.01 - 0.59 0.01* 0.27 0.03 - 2.47 0.25 Yes

[21] 11 17 1 5 23 5 0.27 0.03 - 2.11 0.21 7.71 0.35 - 167.72 0.19 No

[22] 7 12 5 11 18 13 0.58 0.28 - 1.19 0.14 0.27 0.02 - 4.59 0.36 No

Yip 2002 [57] [25] 8 29 0 7 29 7 0.07 0.10 - 12.00 0.06 n.e No

[26] 9 26 0 7 29 7 0.07 0.10 - 24.00 0.07 n.e No

Frencken 2006 [59] [28] 0 487 33 0 403 33 0.83 0.52 - 1.32 0.42 0.83 0.52 - 1.32 0.42 No

[29] 90 487 22 80 403 114 0.16 0.10 - 0.25 <0.00001* 0.53 0.31 - 0.88 0.01* No

[30] 49 397 14 56 323 65 0.18 0.10 - 0.31 <0.00001* 1.19 0.52 - 2.72 0.67 Yes

[31] 60 348 14 49 267 76 0.14 0.08 - 0.24 <0.00001* 0.39 0.21 - 0.73 0.003* No

[32] 127 288 8 105 218 110 0.06 0.03 - 0.11 <0.00001* 1.12 0.38 - 3.34 0.83 Yes

[33] 8 161 15 5 113 16 0.66 0.34 - 1.28 0.22 0.96 0.46 - 2.01 0.92 No

[34] 0 52 11 0 33 7 1.00 0.43 - 2.31 0.99 1.00 0.43 - 2.31 0.99 No

[35] 18 52 3 10 33 20 0.10 0.03 - 0.30 <0.00001* 0.20 0.06 - 0.66 0.008* No

[36] 5 34 4 14 23 17 0.16 0.06 - 0.41 0.0002* 0.41 0.11 - 1.51 0.18 Yes

[37] 8 29 3 7 9 9 0.12 0.05 - 0.33 <0.0001* 0.19 0.06 - 0.57 0.003* No

Gao 2003 [63] [40] 38 55 1 23 29 23 0.02 0.00 - 0.16 0.0001* 1.17 0.05 - 25.37 0.92 Yes
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Estupiñán-
Day

2006 [34] [41] 130 1336 127 133 888 176 0.48 0.39 - 0.59 <0.00001* 1.85 1.32 - 2.58 0.0003** Yes

[42] 97 769 14 60 677 66 0.19 0.11 - 0.33 <0.00001* 2.14 0.83 - 5.54 0.12 Yes

[43] 40 341 12 21 232 33 0.25 0.13 - 0.47 <0.0001* 0.70 0.32 - 1.53 0.37 Yes

[44] 333 1336 168 264 888 334 0.33 0.28 - 0.39 <0.00001* 1.49 1.15 - 1.94 0.003** Yes

[45] 144 769 22 118 677 126 0.15 0.10 - 0.24 <0.00001* 2.46 1.10 - 5.48 0.03** Yes

[46] 37 341 19 21 232 36 0.36 0.21 - 0.61 0.0002* 0.88 0.46 - 1.69 0.70 Yes

Ye 2006 [5] [50] 6 186 30 5 174 31 0.91 0.57 - 1.43 0.67 1.08 0.67 - 1.75 0.74 No

LTF = Number of restored teeth lost to follow-up; BSL – Baseline number of restored teeth; n = Number of failed restorations; RR = Risk ratio; CI = Confidence 
interval; [W] = Worst-case scenario; [B] = Best-case scenario; DS = Dataset number. *Difference statistically significant in favour of ART; Ref. = Reference 
number; **Difference statistically significant in favour of amalgam.

Table 17. Search strategy: electronic search of trial registers

Australian-New Zealand Clinical Trials Registry search strategy: 23.01.12 Online: 
http://www.anzctr.org.au/trialSearch.aspx 

Articles found

[1]
[2]

atraumatic restorative treatment
amalgam

7
0

Articles included 0
Clinical Trials (US) search strategy: 23.01.12 Online: http://clinicaltrials.gov/ct2/search
[1]
[2]
[3]

atraumatic restorative treatment  
ART technique  
ART technique AND amalgam 

0
328
0

Articles included 0
EU Clinical Trials Register search strategy: 23.01.12 
Online: https://www.clinicaltrialsregister.eu/ctr-search/
search;jsessionid=ac10292dd315d4dcd2ed09a4f6a91d59cee4f7759bd.rlmOa3eInljyqA4IpR9BcxaNbNq
[1]
[2]
[3]

atraumatic restorative treatment  
ART technique  
ART technique AND amalgam 

0
15
0

Articles included 0
metaRegister of Controlled Trials (mRCT) search strategy: 23.01.12 Online: http://www.controlled-trials.com/mrct/
[1]
[2]
[3]
[4]

atraumatic restorative treatment  
ART technique 
ART 
ART AND amalgam

0
0
599
0

Articles included 0
South African National Clinical Trials Register search strategy: 23.01.12 Online: http://www.sanctr.gov.za/
[1]
[2]

atraumatic restorative treatment
ART AND amalgam

0
0

Articles included 0
WHO Clinical Trials search strategy: 23.01.12 Online: http://apps.who.int/trialsearch/
[1]
[2]
[3]

atraumatic restorative treatment  
ART  
ART AND amalgam 

0
12544
4

Articles included 0
Dental Abstracts search strategy: 23.01.12 Online: http://www.us.elsevierhealth.com/product.jsp?isbn=00118486 AND 
http://dentalabstracts.com/ 
[1]
[2]
[3]

atraumatic restorative treatment  
ART  
ART AND amalgam 

10
42
4

Articles included 0
IADR abstracts search strategy: 23.01.12 Online: http://iadr.confex.com/iadr/search.epl
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[1]
[2]
[3]
[4]

atraumatic restorative treatment  
ART  
ART AND amalgam 
atraumatic restorative treatment AND amalgam 

173
609
0
0

Articles included 0
International Poster Journal of Dentistry and Oral Medicine search strategy: 23.01.12 Online: http://ipj.quintessenz.de/
[1]
[2]
[3]

atraumatic restorative treatment  
ART  
ART AND amalgam 

0
237
0

Articles included 0

Total protocols/abstracts included: 0

Table 18. Assessment of reporting bias risk

Article
Ref.nr.

Trial focus extracted from Methods and Results section

[49] [a] Methods/Stated objectives
Main objectives (after 6 and 12 months):

- Clinical status of restorations: no defects, marginal defects, wear, surface defects, restoration loss;
- Restoration success and failure rates;
- Adjacent teeth;
- Pulp;
- Tooth loss.

Secondary objectives:
- Presence, intensity of pain;
- Need, use of anaesthesia
- Treatment duration

[b] Reported results:
Secondary results:

- Treatment duration (Table 6 and 7)
- Presence, intensity of pain (Table 8); 
- Need, use of anaesthesia (Table 9);

Main results (after 6 and 12 months): Table 10 – 23:
- Clinical status of restorations: no defects, marginal defects, wear, surface defects, restoration loss;
- Restoration success and failure rates;
- Adjacent teeth;
- Pulp;
- Tooth loss.

[52] [a] Methods/Stated objectives
- Pupils were examined for plaque levels, diagnosed dental caries;
- Evaluation of restorations according to ‘ART criteria’;
- Assessment of physical conditions of restorations;
- Assessment of primary and secondary caries;
- Assessment of interevaluator consistency.

[b] Reported results
- dmft, dmfs reported in text;
- Plaque levels not reported;
- ‘ART criteria’ reported in Table 1;
- Assessment of physical conditions of restorations and primary and secondary caries reported in Table 4, 

Figures 1-4;
- Assessment of interevaluator consistency reported in Table 3.

[56] [a] Methods/Stated objectives
- Clinical evaluation of 6, 12 and 24 months;
- Placement of restoration in small and medium sized Class I and II cavities;
- Survival estimates for restoration longevity over 2 years evaluated.

[b] Reported results
- Evaluation results of 6, 12 and 24 months reported in Figure 1a and b;
- Survival estimates reported in text and Table 1.
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[15] [a] Methods/Stated objectives
- Comparing success rate ART with amalgam restorations in primary molars;
- Follow-up for class I, II and V restorations;
- Clinical evaluation at 8.3 and 22 months;
- Evaluation of restorations according to ‘ART criteria’ and USPS criteria.

[b] Reported results
- Success rate reported in Table 1, 3, 4 and 5;
- Follow-up for class I, II and V restorations reported in Table 3

[57] [a] Methods/Stated objectives
- Survival and deterioration of two GICs with amalgam over 12 months;
- Times taken for cavity preparation was recorded for rotary and hand excavation;
- Bitewing radiographs, silicone impressions and photographs were taken after placement, 6 and 12 

months;
- Colour transparencies were compared for marginal and surface staining, tarnishing and colour changes;
- Assessment of GICs surface porosity and sealant retention; 
- Observation of restoration bulk fractures, pulpal pain and softening to probing.

[b] Reported results
- Survival and deterioration of two GICs with amalgam over 12 months reported in text and Table 4 and 6;
- Times taken for cavity preparation reported in text;
- Assessment of GICs surface porosity reported in text;
- GIC sealant retention reported in Table 3;
- Colour transparencies reported in text and Table 5;
- Observation of restoration bulk fractures, pulpal pain reported in text;
- Outcomes, specific for bitewing radiographs, silicone impressions, photographs and softening to 

probing not reported.
[58] [a] Methods/Stated objectives

- Assessment of conservative nature of ART and amalgam;
- Chair side time required for cavity preparation;
- Restoration time required;
- 2-year restoration survival rates;
- Effect of variables (location of restoration; cavity size; operator) on restoration survival;
- Survival of GIC sealants and caries incidence.

[b] Reported results
- All stated objectives were reported in text, figures and tables.

[59] [a] Methods/Stated objectives
- Assessment of inter-evaluator consistency;
- Power calculation was performed;
- Computation of the cumulative survival percentage of restorations after 1.3,2.3, 3.3, 4.3, 5.3 and 6.3 

years;
- Testing differences of cumulative survival percentage between groups.

[b] Reported results
- Computation and test results of the cumulative survival percentage reported in Table 3;
- Inter-evaluator consistency reported in Table 2;
- Result of power calculation not reported but referred to in a previous report.

[62] [a] Methods/Stated objectives
- Time of cavity preparation recorded;
- Evaluation of material handling;
- Assessment of physical conditions of Class I and II restorations;
- Assessment of caries.

[b] Reported results
- Time of cavity preparation reported in Table 2;
- Evaluation of material handling reported in text;
- Assessment of physical conditions of restorations reported in Table 1 and 3;
- Assessment of caries not reported.
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[63] [a] Methods/Stated objectives
- Handling, survival and deterioration of materials over 30 months;
- Posterior bitewing radiographs, colour transparencies, silicone impressions and photographs were taken;
- Colour transparencies were assessed for marginal staining, surface staining and tarnishing and surface 

porosities of GICs;
- Time of cavity preparation recorded;
- Stone replicas from silicone impressions were assessed for occlusal wear;
- Direct clinical observations were made for restoration fractures, pulpal pain and caries.

[b] Reported results
- Survival was reported in Table 4 and 5;
- Wear was reported in Table 6 and text;
- Time of cavity preparation reported in the text;
- Marginal staining, surface staining and tarnishing and surface porosities were reported in the text;
- Restoration fractures, pulpal pain and caries were reported in the text.

[34] [a] Methods/Stated objectives
- Evaluation after 12, 24 and 36 months;
- Evaluation of all restorations and sealants placed;
- Evaluation of caries.

[b] Reported results
- Evaluation after 12 and 24 months reported in Table 16 - 19;
- Evaluation of all restorations placed in Table 16 - 19;
- Evaluation of caries reported in Table 18;
- Evaluation of sealants not reported;
- Evaluation results after 36 months not reported but postponed.

[40] [a] Methods/Stated objectives
- Evaluation up to 36 months;
- Evaluation of restoration longevity, patient cooperation and caries;

[b] Reported results
- Evaluation of restoration longevity after 12, 24 and 36 months reported in Table 1 and 2;
- Evaluation of patient cooperation reported;
- Evaluation of caries not reported.

[41] [a] Methods/Stated objectives
- Evaluation of restoration longevity;

[b] Reported results
- Evaluation of restoration longevity reported ;

[42] [a] Methods/Stated objectives
- Evaluation of restoration longevity, patient cooperation and caries;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported;
- Evaluation of caries reported.

[43] [a] Methods/Stated objectives
- Evaluation of restoration longevity and patient cooperation;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported.

[44] [a] Methods/Stated objectives
- Evaluation of restoration longevity;

[b] Reported results
- Evaluation of restoration longevity reported. 

[46] [a] Methods/Stated objectives
- Evaluation of restoration longevity and patient cooperation;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported.
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[47] [a] Methods/Stated objectives
- Evaluation of restoration longevity, patient cooperation and caries;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported;
- Evaluation of caries reported.

[48] [a] Methods/Stated objectives
- Evaluation of restoration longevity, patient cooperation and caries;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported;
- Evaluation of caries reported.

[5] [a] Methods/Stated objectives
- Evaluation of restoration longevity, patient cooperation and caries;

[b] Reported results
- Evaluation of restoration longevity reported;
- Evaluation of patient cooperation reported;
- Evaluation of caries reported.

[6] [a] Methods/Stated objectives
- Evaluation of restoration longevity, patient discomfort 

[b] Reported results
- Evaluation of restoration longevity, patient discomfort reported;

Discussion
This systematic review aims to answer the question 
as to whether, in patients with tooth cavities of 
any class in primary and permanent teeth, ART 
restorations with high-viscosity GIC have a higher 
failure rate than amalgam restorations placed 
through use of conventional rotary instruments 
after one or more years. 

In answering the review question the identity 
of ‘high-viscosity GIC’ requires discussion 
because, so far, no formal definition of this class 
of materials has been made [Leal 2012; personal 
communications]. Even though these materials 
are known to share a higher powder - liquid ratio 
(>3:1) [Tyas 2012; personal communication], this 
material characteristic alone may not suffice for 
definition, as the mere increase of powder to liquid 
ratio renders the resulting material unsatisfactory 
for handling abilities [Williams 2012; personal 
communications]. However, no such adverse 
effect was reported for glass-ionomers labeled as 
‘high-viscosity’ in comparison to ‘low-viscosity’ 
GIC [27]. Instead, a higher success rate for ART 

restorations placed with ‘high-viscosity’ glass-
ionomer cements than for ‘low-viscosity’ glass-
ionomer cements was noted when both types 
of GICs were compared against conventional 
amalgam restorations [27]. On the basis of such 
empirical evidence, it seems reasonable to assume 
that the GIC labeled ‘high-viscosity’ shared other 
non-disclosed characteristics than a mere higher 
powder liquid ratio, which made them clinically 
superior to GICs labeled as ‘low-viscosity’. The 
materials in question were Fuji IX and Ketac Molar 
(= high viscosity), as well as Fuji II and Chemfil 
(= low-viscosity) [27]. The ‘low-viscosity’/‘high-
viscosity’ GIC distinction can thus not be accepted 
on basis of characteristics in GIC chemistry but 
on clinical outcomes achieved. In the absence of 
any other evidence to date, the Fuji IX and Ketac 
Molar type of GIC materials may thus be regarded 
as a standard for characteristics of ‘high-viscosity’ 
GIC, and any other material that approximates 
to such standards, e.g. ChemFlex [15], may thus 
(until further evidence confirms or disproves such 
assumption) be safely regarded as a ‘high-viscosity 
glass-ionomer cement’ by definition. 
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Table 19. Assessment of research gaps, concerning precision and consistency in the current results

Imprecision Inconsistency
[a] [b] [c] [d] [e] [f] [g]

Outcomes
Permanent teeth

ART criteria
Single surface cavities

after 1 year x  
after 2 years* x
after 3 years x x x x
after 4 years x x
after 5 years x x x x
after 6 years x x x

Multiple surface cavities
after 1 year x x x x  

after 2 years* x x x
after 3 years x x x
after 4 years x x x

USPHS criteria
Single surface cavities

after 1 year x x
after 3 years x x x x

Unspecified cavities
after 1 year x

after 2 years x
Primary teeth

ART criteria
Single surface cavities**

after 1 year* x  x
after 2 years* x x x
after 3 years* x x x

Multiple surface cavities
after 2 years x x x
after 3 years   x

[a] Wide confidence intervals; [b] Lack of trials/data; [c] Small sample size; [d] Conflicting direction of effect sizes; [e] Conflicting magnitude of 
difference in effect sizes; [f] Less than two trials/datasets; [g] Non-overlapping confidence intervals.
*Including results from other criteria types besides ART and USPHS (as per Table 10).
** Including results from unspecified cavity types.

Unlike the original review [2] this update did not 
focus on the successes of restorations, but on their 
failures. This change in focus was made under 
consideration that investigations of interventions 
aimed at the treatment of adverse events in 
healthcare, i.e. interventions meant to affect or alter 
any negative condition, such as the irreversible 
loss of hard tooth substance, should focus on 
negative outcomes (failure rates instead of success 
rates of such interventions) in order to derive 
clinically meaningful results [65,66]. It has been 
suggested that the expression of effect estimates 
in Risk ratio (RR) is easier to interpret than their 
expression in Odds ratio (OR) [67]. Therefore, the 

use of Risk ratio was chosen for this systematic 
review update. However, in contrast to the Odds 
ratio, the expression of success and failure in Risk 
ratio is not equivocal. For example, a RR 0.09 
(95% CI: 0.01 – 1.60; p = 0.10) for comparative 
failure rates between two interventions would be 
expressed as RR 1.11 (95% CI: 1.01 – 1.23; p = 
0.04) for comparative success rates, thus giving 
the impression that one intervention may be 
clinically superior to the other. Like Risk ratio for 
failure rates, the optimistic result obtained with 
Risk ratio for success rates is also not confirmed 
when the Odds ratio is used for both failures and 
successes: OR 0.08 (95% CI: 0.00 – 1.52; p = 0.09) 
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and OR 12.21 (95% CI: 0.66 – 226.97; p = 0.09). 
Moreover, the linguistic use of “Risk of success” 
that a Risk ratio of success rates implies, appears 
counter-intuitive. For these reasons, i.e. to ease 
interpretation of computed results and in order 
to avoid potentially misleading over-optimistic 
conclusions, the use of Risk ratio together with the 
focus on restoration failures, instead of successes, 
was chosen.

Systematic literature search
The original systematic review was restricted to 
English articles only [2]. Evidence regarding the 
impact of language bias on the conclusions of 
systematic reviews is conflicting [68]. However, 
it has been suggested that the importance of 
non-English evidence is difficult to predict in 
advance and can only be made after inclusion of 
relevant trials in all languages [69]. Against this 
background, it was decided that any language 
restrictions should be removed in this update, so 
that the potential impact of evidence from non-
English trial reports could be assessed in answering 
the review question. 

In this update nine additional databases and hand-
searching of non-indexed journals and the Internet 
were included. While the search in most of the 
additional sources did not yield further trials, 
the search in GoogleScholar, LILACS and the 
Internet yielded eight [40-43,45-48], one [49] and 
one [34] new trial reports respectively, that were 
subsequently accepted for review. Reference check 
of Chinese trials yielded the identification of two 
further trials [5,6]. The year of publication of all 
of these additional trials lay within the cut-off date 
of the original systematic review (16 March 2009) 
[2]. However, they were not identified during the 
original literature search in 2009 [2] and thus 
remained obscure. 

From the 20 trial reports accepted in this systematic 
review update, >50% were published in languages 
other than English: ten in Chinese [5,6,40-43,45-
48] and one in Portuguese [49] (Figure 1).

Systematic review results
Information and data from the 20 accepted trials 
was extracted and analyzed. The overall results 
suggest that in patients with carious cavities of 
any class in primary and permanent teeth, ART 
restorations with high-viscosity GIC have no 
higher failure rate than amalgam restorations 
placed with conventional rotary instruments in 
tooth cavities of the same size, type of dentition 
and follow-up period after one or more years. A 
confirmatory outcome of non-English trials in 
regard to the results published in English language 
was established. Such observation is in line with 
the findings in other studies; that exclusion of non-
English trial reports has little effect on summary 
treatment effect estimates [69,70].

These results include data from two trials that 
were originally excluded [2] because it was judged 
that no loss-to-follow-up of subjects per treatment 
group [58] and no computable data [62] were 
reported. In this systematic review update, the lack 
of reported loss-to-follow-up of subjects [58] was 
regarded as an aspect of internal validity and not 
trial precision and was thus considered during the 
assessment of attrition bias risk. The trial by Yip at 
al. [62] was re-assessed and the original decision of 
its unsuitability revised. Consequently, this update 
benefits from the additional information and data 
of both trial reports that were missing from the 
original systematic review [2].

Most of the computed dataset results showed no 
differences between ART and amalgam, regardless 
of type of dentition, tooth cavity, evaluation criteria 
or length of follow-up (Table 11). These results 
did not change when computed as Odds ratio 
(OR) instead of Risk ratio (RR). Any statistical 
differences observed may be due to play of chance 
because of insufficient quantity of data or because 
such difference was too small (when expressed 
in percentage points) to have any large clinical 
relevance (Table 11).

The in-between-dataset heterogeneity was only 
large enough to allow the pooling of few datasets 
in various meta-analyses (Figure 6 – 11). None of 
the meta-analysis results indicated any difference 
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between the two types of intervention when 
computed as Risk ratio (RR), Risk difference (RD) 
or Odds ratio (OR), using a random-effects model. 
These results were challenged when a fixed-effects 
model was used in re-computing meta-analysis 1, 
5 and 6 (Table 12). The decision to use a random- 
instead of a fixed-effects model was therefore 
crucial for assessment of the actual clinical 
meaning of the analyzed data. A fixed-effects 
model assumes that there is one single treatment 
effect among various trials [71]. Such assumption 
is challenged when substantial or considerable 
heterogeneity exists between the trials. Even 
though the datasets for all three meta-analyses 
were considered clinically and methodologically 
similar enough, the I2 – test revealed a percentage 
of total variations across datasets; of 40.5% with 
unclear 95% Confidence interval, 62.7% with an 
upper confidence value of 89.3% and 49.7% with 
an upper confidence value of 85.5% for meta-
analyses 1, 5 and 6, respectively. In addition, 
differences in-between datasets will have larger 
weight when the number of datasets included in as 
meta-analysis is small (i.e. < 5 datasets). Against 
the background of all meta-analyses pooling less 
than five datasets and an observed unclear or high 
between-dataset heterogeneity it was decided that 
the use of a fixed-effects model would generate 
misleading results. Thus a random-effects model 
was chosen. 

In summary, the results of the individual datasets, 
as well as of the computed meta-analyses indicate 
that the failure rates of high-viscosity GIC/
ART and conventional amalgam restorations 
are essentially the same, if placed under similar 
clinical conditions. This conclusion confirms the 
overall findings of the original systematic review 
[2].

Validity of systematic review results
This systematic review update considered the 
internal validity of the reported trial results in 
relation to its risk of bias and thus included an 
assessment of selection-, performance-, detection-, 
attrition-, publication- and reporting bias risk.

Selection bias risk
All of the accepted trials appear to be limited by 
risk of selection- and detection-/performance bias 
(Table 15). Bias or systematic error may affect 
studies, causing either an over- or an under-
estimation of the treatment effect of an investigated 
clinical procedure. Selected empirical evidence 
regarding the effect of selection bias shows 
an overestimation of treatment effects due to 
selection bias caused by a lack of adequate random 
sequence generation and allocation, as well as 
by a lack of adequate allocation concealment, of 
30% [72] to 51% [73], and of 13.3% [74] to 54% 
[75], respectively. In contrast to these extreme 
examples, a systematic review on this topic shows 
that the overall evidence regarding the dangers of 
selection bias remains inconclusive [76].

It has been emphasized that selection bias can only 
be successfully prevented if the allocation sequence 
remains truly random and free from potential 
interference throughout the trial [32,77]. Thus, it 
is important that trials should include an effective 
process for concealing the random allocation 
sequence and that by the end of each trial this 
process has indeed prevented direct observation 
and prediction of the random sequence allocation 
[32,77]. Assessment of the internal validity of 
trials should therefore be a measure of the result 
of random sequence allocation and allocation 
concealment, and not only of the reported attempts. 
All trials accepted in this systematic review failed 
to report not only on evidence of successful 
sequence allocation and allocation concealment 
results, but also on necessary details about how 
sequence allocation and allocation concealment 
were attempted (Table 14,15). None of the trials, 
therefore, provide any verifiable guarantee 
that each patient had an equal chance of being 
allocated to either treatment group and thus, their 
allocation may have favoured the outcome of one 
type of treatment above the other. One measure for 
testing whether random sequence allocation has 
not been successful is testing whether covariates 
differ between treatment groups at baseline (Table 
3) [32]. Only three articles had included such a 
test and reported on its outcome [34,49,57]. The 
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statistically non-significant results (p > 0.05) 
for the two trials with score ‘A’ [34,49] suggest 
a successful random allocation. However, doubt 
remains regarding potential bias risk, as other non-
balanced covariates may exist, which were not 
tested for and/or not reported.

Performance- and detection bias risk
From the onset, in all trials successful blinding or 
masking appeared not to have been possible, owing 
to the obvious differences in clinical appearance 
between ART and conventional amalgam 
restorations (Table 14,15). For that reason the 
allocation to either treatment group was visible 
to patients, operators and evaluators. However, 
the difficulties of successful blinding still carry 
the danger of detection-/performance bias, which 
may thus have affected the trials’ results. Potential 
knowledge of superiority claims prior to the trial 
may have led patients to change their oral hygiene 
habits, operators to place restorations more 
carefully or evaluators to apply evaluation criteria 
more subjectively. This in turn may have favoured 
the outcome of one type of treatment over the 
other.

Attrition bias risk
Sensitivity analysis may be used in establishing 
whether missing data could have affected trial 
outcomes by imputing the missing data with 
replacement values, and treating these as if they 
were observed, i.e. assuming that the numbers of 
restorations lost to evaluation were either failures 
or successes [78]. Comparison of the analysis 
results with reported trial outcomes indicates 
whether different conclusions should be drawn. 
Sensitivity analysis was conducted for all datasets 
(Table 16). With the exception of 13 datasets 
(DS 01-03,07,10,15,19,28,33,34,48-50) for most 
datasets the analysis results differed from reported 
outcomes. This suggests a high risk of attrition 
bias for most of the results established in this 
review. Judgment from the five datasets without 
attrition bias risk that did not show any significant 
differences in the effect estimates between both 
interventions may lead to the assumption that 

such outcome would be representative of all 
restorations included at baseline. However, the 
results of three of these datasets (DS 15,19,34) are 
based on very low subject numbers and thus may 
not be representative. 

How high the failure rate in the teeth of patients 
lost to evaluation really was remains unknown. 
Owing to uncertainty regarding the real failure rate 
within those lost to follow-up, the results of the 
sensitivity analysis cannot serve as evidence from 
which clinical conclusions can be drawn. However, 
the validity of the datasets can be questioned on 
grounds of attrition bias. Thus, their results need 
to be regarded with caution.

Publication- and reporting bias risk
Publication bias was investigated through 
generation of a funnel plot (Figure 12). Publication 
bias is present when the results of published research 
differ from those of all the studies that have been 
done [79]. Funnel plots are scatter graphs showing 
the size of studies on the Y-axis (large studies on 
top; small studies at the bottom) and the effect 
size, observed in these studies, on the X-axis. The 
effect sizes of larger studies tend to cluster near 
the mean. Small studies have effect sizes that are 
dispersed across a wider range. Results of both 
types of studies, plotted on a scatter graph, give 
the shape of an inverted, in absence of publication 
bias, symmetrical funnel [80]. Publication bias 
affects a funnel plot in the form of a concentration 
of studies to one side only (asymmetry). Such 
asymmetry is created when particular smaller 
studies are published only when they show a larger 
than average effect. The decision was made to 
plot results of all the extracted datasets as units of 
investigation. These are not all independent from 
the published trials and this forms a departure 
from the common application of funnel plots in 
investigation for publication bias. Despite this 
departure, the use of datasets (instead of published 
trials) will also indicate potential publication 
bias when only datasets that show a larger than 
average effect are published and other datasets 
are not. In our update, the funnel plot concerning 
dichotomous data on caries progression showed 
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a symmetrical spread of dataset results (Figure 
12). As the visual judgement of funnel plots is 
subjective, we calculated intercepts (95% CI), 
using Eggers regression [33]. The calculated non-
significant intercept confirmed the observations 
derived from the funnel plot. The established 
moderate inter-dataset heterogeneity might have 
shed doubt that any significant intercept would 
be due to publication bias risk and not due to 
differences between datasets themselves. However, 
as the funnel plot and intercept do not indicate 
any asymmetry, such considerations do not apply. 
The search of trial registers did not generate any 
reasons for assuming high publication bias risk on 
this topic (Table 17). In summary, the assessment 
results suggest that any potential risk of publication 
bias may be low in regard to this topic.

Reporting bias was investigated by comparing 
the focus of the trial method sections with that of 
the results sections (Table 18) but little indication 
was found that the overall trial conclusions were 
affected by reporting bias.

Potential influence of split-mouth trial design 
on systematic review results
Of the accepted 20 trials, 11 followed a parallel 
group design [5,6,34,40,42-44,47,48,52,59]. All 
the others were split-mouth studies. Mejáre et 
al. have cautioned against the split-mouth design 
as “randomised”, as the common practice of 
including subjects with at least one pair of caries-
free molars results in exclusion of other subjects 
[81]. An obvious selection bias is thus created, 
as not all subjects will have the same chance to 
participate. Mejáre et al. have rightfully suggested 
that the split-mouth trial design should therefore 
be regarded as “quasi-randomised”. Thus, reviews 
where inclusion criteria include only randomised-
control trials should, in theory, exclude trials that 
use the split-mouth study design. In addition, 
a carry-across effect may be observed in split-
mouth trials [82] and its focus on the tooth as 
unit of analysis, instead of the patient, may cause 
narrower confidence intervals.

A carry-across effect may have occurred in the 

accepted split-mouth trials due to fluoride leakage 
from the GIC of the ART restorations in the oral 
cavity and so may have caused an artificially lower 
failure rate of amalgam fillings due to less recurrent 
caries. However, the results of datasets from split-
mouth trials did not differ to that of most datasets 
from parallel-group trials (Table 11) and thus such 
effect might be judged as of minimal influence. 

Following the example of other systematic reviews 
[83], the data from split-mouth trials was analyzed 
as independent data. The resulting differences in 
confidence intervals were assumed to be slight. It 
was further considered that any wider confidence 
intervals would only have provided stronger 
indication of no difference between both types of 
treatment and would not have changed the overall 
conclusion from the current analysis results [4].

In order to assess the possible influence on the 
results quantitatively, the datasets from all split-
mouth trials were converted into hypothetical 
parallel-group data. It was noted that the 95% CI 
of the point estimate from split-mouth trials was 
53% narrower than that of the hypothetical parallel 
group data. Even though such difference may be 
regarded as large and not slight, it did not affect 
significantly the effect estimate and the overall 
conclusion from the current analysis results. 

Recommendations for further research
The assessment of research gaps in terms of 
precision and consistency of results (Table 
19) identified the need for more and larger 
trials, particularly concerning multiple-surface 
restorations. Sample size calculation should be 
an integrated part of future trial methodology, and 
aspects concerning intervention integrity for test- 
and control interventions (as per Table 9) should 
be assessed and reported.

Systematic reviews have been reported to provide 
the highest form of clinical evidence [84]. 
However, the internal validity of such evidence 
can only be as good as the internal validity of the 
trials reviewed. Although the trials accepted in 
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this update may be considered to be less affected 
by reporting- and publication bias, their risk of 
selection-, detection-/performance and attrition 
bias is high. Overestimation due to bias may have 
particularly affected those datasets that indicated 
a statistically significant difference between the 
two material groups (Table 13) by increasing (or 
decreasing) the value of point estimates and by 
artificially narrowing their confidence intervals. 
However, the precise effect of bias on all results 
remains unknown. Thus the results need to be 
regarded with caution and require verification. 
For that reason, further high quality randomised 
control trials (RCT) are needed. Such RCTs 
should adopt a parallel group design and include 
randomisation and allocation concealment methods 
that can effectively prevent direct observation and 
prediction of the allocation sequence. For this 
purpose, the maximum randomisation method 
has been suggested [32]. Recently, inclusions of 
statistical tests were suggested, to enable authors of 
trials to investigate whether selection bias has been 
introduced into their studies [32,77]. Where bias 
risk has been found, it may be adjusted statistically 
[32]. Both outcomes should be included in the 
final trial report. In order to ensure that the lack 
of blinding may not have led to favouring one 
treatment over the other, trials should use and 
report on procedures and tests employed that may 
limit, or at least monitor, potential bias risk. Future 
trials should, moreover, base their reporting on the 
CONSORT statement [64].

Conclusion
In conclusion, the current evidence indicates 
that the failure rate of high-viscosity GIC/ART 
restorations is not higher than but similar to that of 
conventional amalgam fillings after periods longer 
than one year. These results are in line with the 
conclusions drawn during the original systematic 
review. There is a high risk that these results are 
affected by bias and confirmation by further trials 
with suitably high numbers of participants is 
needed.
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Are high-viscosity glass-ionomer cements inferior to  
silver amalgam as restorative materials for permanent  

posterior teeth?– A Bayesian analysis 
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University of the Witwatersrand - 7 York Rd., Parktown/Johannesburg 2193, South Africa

Abstract
Background: To develop a synthesis within a 
Bayesian probability framework of previously 
established evidence, in order to derive an overall 
conclusion about the hypothesis (H1): ‘High-
viscosity glass-ionomer cements (HVGIC) are 
inferior to silver amalgam as (load bearing) 
restorative materials for permanent posterior 
teeth’. 

Methods: Following Bayesian method, the 
prior Odds that H1 is true (established from past 
uncontrolled clinical longitudinal and laboratory 
trials), the Likelihood Ratio incorporating 
new evidence (established from recent meta-
epidemiological studies and systematic reviews of 
controlled clinical trials), as well as the posterior 
hypothesis Odds in view of the new evidence, 
were calculated. 

Results: The prior Odds that HVGICs are 
clinically inferior to amalgam as restorative 
materials in posterior permanent teeth in relation 
to the hypothesis that this is not so was 1.12 to 1.  
The Likelihood Ratio based on new evidence in 
favor the hypothesis was zero and the subsequent 
posterior Odds 0 to 1. Therefore, based on the new 
evidence, the Odds that HVGICs are clinically 
inferior to amalgam as restorative materials in 
posterior permanent teeth degreased from 1.12 to 
zero. 

Conclusion: The current evidence suggests lack 
of support for the hypothesis that high-viscosity 
glass-ionomer cements are inferior to silver 
amalgam as restorative materials for permanent 
posterior teeth. Should future research to this 
topic uphold the current findings, a wider range of 

clinical benefits for both patient and care provider, 
beyond appropriate restoration longevity for 
placing HVGIC based restorations may apply.

(Originally published as: Mickenautsch S. Are 
high-viscosity glass-ionomer cements inferior 
to silver amalgam as restorative materials 
for permanent posterior teeth? - A Bayesian 
analysis. BMC Oral Health 2015; 15: 118.)

Amalgam, high-viscosity glass-ionomer, posterior 
teeth restoration, Bayesian probability.

Introduction
The term ‘high-viscosity’ or ‘high-viscous glass-
ionomer cement’ (HVGIC) has emerged within 
the scientific dental literature and is related in 
clinical studies specifically to the products Fuji 
IX (GC Corporation, Japan) or Ketac Molar (3M 
ESPE, Germany) [1]. A definition of HVGICs 
in line with chemical characteristics such as the 
powder – liquid ratio or its compressive strength 
in comparison to other chemically cured glass-
ionomers appears difficult due to contradictive 
in-vitro evidence [1]. However, HVGICs appear 
distinct from other (low) viscosity glass-ionomers 
(including Cermets) in their comparative clinical 
survival rate to that of conventional amalgam 
restorations. Meta-analysis results indicate a 
survival rate for HVGIC (Fuji IX; Ketac Molar) 
tooth restorations similar to that of amalgam but 
show significantly lower survival rates for ‘‘low-
viscosity’’ GICs (Chelon Silver (= Cermet); Chem 
Fil; Fuji II) than for amalgam [2]. 

Glass ionomers, such as HVGICs, are reported to 
adhere primarily via calcium bonds to the mineral 



126 Glass-ionomers, The SYSTEM Initiative   

content of teeth [3] and thus provide an adaptive 
seal. As HVGIC’s leach fluoride ions into the 
adjacent tooth tissue, these materials are assumed 
to be capable of slowing the progression of 
carious lesions [4]. For these reasons, HVGICs are 
expected to be ideally suited for the management 
of dental caries. Additionally, they may simplify 
the tooth restorative procedure and enable the 
dentine-pulp complex to react against the caries 
process [5].

During a systematic review of clinical controlled 
trials, the survival rate of HVGIC restorations, 
placed using the atraumatic restorative treatment 
approach, in permanent posterior teeth in 
comparison to conventionally placed silver 
amalgam has been established [6]. This systematic 
review was further updated [7] and the detailed 
results, including additional results from Chinese 
trials, published by the authors [8,9]. All published 
reports of this systematic review indicated no 
differences between HVGIC and amalgam, beyond 
the play of chance (p > 0.05) in the permanent 
dentition after four and six years for single and 
multiple surface tooth restorations, respectively, 
and no differences after three years for single 
and multiple surface restorations in primary teeth 
[6,7,10]. The results from Chinese trials were 
confirmatory of these findings [8]. 

The systematic review findings are in disagreement 
with results from one comprehensive, non-
systematic literature review by Manhart et al., 2004 
[11]. The conclusion of this review was that glass-
ionomers were generally inferior to amalgam for 
placing restorations in posterior teeth. This review 
extracted the annual failure rates of different 
restoration types, including amalgam and glass-
ionomers, from mainly clinical cross-sectional 
and uncontrolled clinical longitudinal studies and 
calculated their mean with standard deviation and 
median values for naïve-indirect comparison by 
use of analysis of variances (ANOVA) [11].  

Against this background, an empirical meta-
epidemiological study was conducted in order 
to investigate whether trends and performance 
differences between conventional amalgam and 

direct HVGIC restorations in posterior teeth 
can be correctly inferred through naïve-indirect 
comparison of failure rates from uncontrolled 
longitudinal clinical studies [1]. Based on the 
study’s result, the null-hypothesis that trends 
and performance differences inferred from 
naïve-indirect-indirect comparison based on 
evidence from clinical uncontrolled longitudinal 
studies and from direct comparisons based 
on randomised control trial (RCT) evidence, 
concerning conventional amalgam versus direct 
HVGIC restorations, have similar direction and 
magnitude, was rejected. It was further concluded 
that naïve-indirect comparison of failure rates 
from uncontrolled longitudinal clinical studies are 
unsuitable for clinical inference, particularly in 
regard to the clinical HVGIC efficacy for placing 
direct tooth restorations. 

In addition to uncontrolled longitudinal 
clinical studies, laboratory trial results are 
sometimes used as basis for clinical inference 
and recommendations for daily dental practice. 
Based on laboratory evidence, glass-ionomers 
are traditionally considered as unsuitable for 
clinical use as a permanent filling material in the 
posterior dentition due to in-vitro measured poor 
mechanical properties [12,13]. Specifically, in-
vitro measured low material strength and wear 
resistance have been stated as reasons why glass-
ionomers cannot rival amalgam as truly universal 
posterior restorative material [14]. 

A meta-epidemiological study was conducted in 
order to test the null-hypotheses whether the results 
from laboratory trials concerning HVGICs versus 
amalgam indicate similar effect direction and 
magnitude as results from clinical controlled trials 
concerning HVGICs versus amalgam restorations 
placed in permanent posterior teeth [10]. The 
results of this study showed that the effect direction 
and magnitude are not similar and that, similar to 
the investigation concerning the naïve-indirect-
indirect comparison method based on evidence 
from clinical uncontrolled longitudinal studies [1], 
the null-hypotheses had to be rejected. In addition, 
this study raised reasons for doubt regarding the 
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general suitability of laboratory trials for clinical 
inference [10].

After the conduct and reporting of systematic 
review [8,9] and meta-epidemiological study [1,10] 
results regarding the clinical efficacy of HVGICs 
versus amalgam as the current restorative gold 
standard, an integrative analysis of all evidence 
combined to the topic has still been missing. For 
this reason, the aim of this study was to present 
a synthesis of previously established evidence 
within a Bayesian framework, in order to derive 
an overall conclusion about the Odds in regard to 
the hypothesis that HVGIC’s are inferior to silver 
amalgam as restorative materials for permanent 
posterior teeth. 

Materials and Method
Bayesian framework
Two hypotheses were generated: 
(i) H1: HVGICs are clinically inferior to amalgam 

as restorative materials in posterior permanent 
teeth; 

(ii) H2: HVGICs are clinically not inferior to 
amalgam as restorative materials in posterior 
permanent teeth. 

Following Bayesian method, the prior Odds of 
hypothesis H1 (relative to H2) based on previous 
evidence, the Likelihood Ratio incorporating 
new evidence, as well as the posterior Odds of 
hypothesis H1 (relative to H2) in view of the new 
evidence, were calculated.

The prior Odds (OddsPre) was calculated from the 
ratio of the probability that H1 is correct, P(H1), 
to the probability that H2 is correct, P(H2), i.e.: 
OddsPre = P(H1)/P(H2); with P(H2) = 1 – P(H1). 
All probabilities were calculated as the ratio of 
the number of hypothesis supporting events (n) 
to the total number of evaluated events (N) based 
on previous evidence from naïve-indirect-indirect 
comparison of results from clinical uncontrolled 
longitudinal trials and from laboratory trials.

The Likelihood Ratio (LR) was calculated from 
the ratio of the probability of H1 according to 

new evidence, P(E|H1) to the probability of H2 
according to new evidence, P(E|H2), i.e.: LR = 
Pn(E|H1)/Pn(E|H2) x Pn+1(E|H1)/Pn+1(E|H2). The 
new evidence (E) was established from empirical 
study results (labelled as ‘Evidence 1’) [1,10], and 
systematic review evidence (labelled as ‘Evidence 
2’) [8,9]. 

The posterior Odds (OddsPost) were calculated 
by multiplication of the prior Odds with the 
Likelihood Ratio.

An assessment of sufficient statistical power due 
to sample size was conducted. If sample sizes were 
too small the event results would lack sufficient 
statistical power in order to detect meaningful 
differences (beyond the play of chance) between 
effect estimates and thus would erroneously favor 
hypothesis H2. For this reason, all extracted events 
were analyzed for sufficient statistical power. 

The assessment was based on the following 
assumptions:

(i) Risk of type I error (risk of falsely detecting 
a difference), α = 5%;

(ii) Risk of type II error (risk of not detecting a 
true difference), β = 20%;

(iii) Power to detect a 10-percentage point 
difference in the failure rate between 
HVGIC and amalgam restorations.

The assumption of 10-percentage point difference 
in the failure rate was chosen in line with the work 
by Taifour et al. (2003) concerning placed HVGIC 
restorations in permanent teeth versus amalgam 
[15]. The analysis was conducted by calculating 
the needed sample size per group (NP) with an 
assumed test group (HVGIC) event rate (P1 in %) 
that is 10 percentage points higher than that of 
the control group (P2 in % /Amalgam) using the 
formula by Pocock (1983) [16]:
(1) NP = {[P1(100 - P1) + P2(100 - P2)] / (P2 – P1)

2} 
x ƒ(α, β), with:

a. P1 = P2 + 10%
b. Control group event rate = n/N
c.  ƒ(α, β) = ƒ(0.05, 0.20) = 7.9 [16]
The event rate of the control group (P2) was 
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calculated from the number of failed amalgam 
restorations (n) in relation to the total number 
of restorations evaluated (N) that were extracted 
from the clinical trials.

Datasets with a combined sample size (test- and 
control group / NT) that was lower than twice the 
needed sample size per group (2xNP) were excluded 
from analysis. For datasets from Evidence 2 [8,9], 
where more than one dataset per trial was reported, 
the next dataset with sufficient sample size and 
longest follow-up period was chosen. All datasets 
for sensitivity analyses are presented in Additional 
file S1.

Prior Odds of hypothesis H1 relative to H2 
A total of 17 events were observed from naïve-
indirect comparisons of clinical uncontrolled 
longitudinal trial results1 and from laboratory trial 
results [10]. The event outcome was reported as 
Odds ratio (OR) or Standardised Mean Difference 
(SMD) with 95% Confidence interval (CI) 
(Additional file S1).

Events observed from naïve-indirect comparisons 
of clinical uncontrolled longitudinal trial results 
originated from two groups of trials: one group 
investigating HVIGICs and the other amalgam. 
All trials were identified through a systematic 
literature search in the PubMed/Medline database 
(Date of search: September 25, 2012) following a 
simple, systematic search strategy, including the 
search terms: ‘‘atraumatic restorative treatment’’ 
for longitudinal studies investigating HVGIC 
and the string of MeSH search terms “Dental 
Amalgam”[Mesh] AND “Dental Restoration, 
Permanent”[Mesh] for longitudinal studies 
investigating amalgam. The search period was 
limited to publications from 2002/01/01 to 
2012/09/25. Trial inclusion criteria were: (i) 
Prospective clinical one-arm study (uncontrolled 
longitudinal study investigating either direct 
HVGIC or conventional amalgam restorations) or 
quasi-one-arm study (two-arm study that did not 
compare HVGIC with amalgam restorations, but 
included either HVGIC or amalgam as one of the 
study arms); (ii) Minimum 12-month follow-up 
period; (iii) Investigated cavity type Class I or II in 

permanent posterior teeth (Tunnel restorations not 
included); (iv) Publication language: English; (v) 
Study outcome: restoration failure [1].

Events observed from non-clinical, laboratory 
investigations originated from trials that established 
the material characteristics of HVGICs with silver 
amalgam as control. The trials were identified on 
basis of a systematic literature search (Dates of 
search: September 12 and 14, 2014), comprising 
a search of the databases: CENTRAL accessed 
via Cochrane Library; MEDLINE accessed via 
PubMed; Biomed Central; Database of Open 
Access Journals (DOAJ); IndMed; OpenSIGLE 
and Google Scholar. Trial inclusion criteria were: 
(i) Articles published in English; (ii) Full reports 
of prospective clinical controlled (including 
randomised control trials and non- randomised 
control trials) and laboratory trials (including: 
in-vitro; in-vivo on animal tissues); (iii) Head-to-
head comparison of high-viscosity glass-ionomers 
(HVGIC) versus amalgam; (iv) Longest follow-up 
period reported per trial; (v) Relevance to tooth 
restorations in posterior teeth of the permanent 
dentition; (vi) Computable data reported [10]. 
Further detailed information regarding both 
systematic literature searches have been presented 
elsewhere [1,10]. 

Events with 95% Confidence intervals that 
indicated a statistically significant higher effect 
size in favour of amalgam were considered as 
evidence in support of hypothesis H1 (nH1) and 
events whose 95% Confidence intervals indicated 
no statistically significant difference between 
HVGICs and amalgam, as well as events that 
indicated a statistically significant higher effect size 
in favour of HVGIC were considered as evidence 
in support of hypothesis H2 (nH2). All events are 
presented in Additional file S1. The prior Odds of 
hypothesis H1 relative to H2 were calculated using 
the following mathematical steps: 

(2) P(H1) = nH1 / N and P(H2) = nH2 / N [1,10]

(3) OddsPre = P(H1) / P(H2) 
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Likelihood Ratio of strength of evidence in favour 
of hypothesis H1 relative to hypothesis H2

All studies concerning naïve-indirect-indirect 
comparison based on evidence from clinical 
uncontrolled longitudinal trials [1] and laboratory 
trial results [10], established only poor and 
unreliable bases for clinical inference. Therefore, 
the probabilities, derived from Evidence 1 were 
assumed to be equivocal for hypothesis H1 and 
H2, i.e.: P(H) = 0.50.

A total of three events related to restorations 
placed in posterior permanent teeth (Additional 
file S1) were observed from RCTs. The trials were 
identified on basis of a systematic literature search 
up to January 2012 [8,9] including the databases 
MEDLINE accessed via PubMed; CENTRAL 
accessed via Cochrane Library; Open access 
sources: Biomed Central, Database of Open 
Access Journals (DOAJ), OpenJ-Gate; Regional 
databases: Bibliografia Brasileira de Odontologia 
(BBO), Literatura Latino-Americana e do Caribe 
em Ciências da Saúde (LILACS), IndMed, 
Sabinet, Scielo; Grey-Literature sources: Scirus 
(Medicine), OpenSIGLE, Google Scholar [9]; as 
well as Chinese Biomedical Literature Database 
(CBM), China National Knowledge Infrastructure 
(CNKI, formerly China Academic Journals), VIP 
Information and WanFang Data [8]. Further detailed 
information regarding the systematic literature 
search have been presented elsewhere [8,9]. 
Because the systematic review reported data at all 
follow-up intervals per trial, only events with the 
longest follow-up period per trial were selected for 
analysis, in order to avoid data duplication. Where 
available, results from meta-analyses were given 
selection priority over that of single datasets [8,9]. 
The result of each event was reported as Odds ratio 
(OR with 95% CI). Events whose 95% Confidence 
intervals indicated a statistically significant 
higher effect size in support of amalgam were 
considered as evidence in favour of hypothesis H1 
(nH1) and events whose 95% Confidence intervals 
indicated no statistically significant difference 
between HVGICs and amalgam or indicated a 
statistically significant higher effect size in favour 

of HVGIC were considered as evidence in support 
of hypothesis H2 (nH2). The Likelihood Ratio of 
strength of evidence in support of hypothesis H1 
relative to hypothesis H2 was calculated using the 
following steps: 

(4) P1(E1|H1) = assumed to be 0.50 

(5) P2(E2|H1) = nH1 / N2 and P2(E2|H2) = nH2 / N2

(6) LR = P1(E1|H1)/ P1(E1|H2) x P2(E2|H1)/ 
P2(E2|H2) 

Results
Figure 1 shows the sources of evidence that were 
included in the Bayesian analysis. Nine and 
eight out of 17 events from uncontrolled clinical 
longitudinal and laboratory studies (n/N) were 
found in support of the hypothesis H1 and H2, 
respectively [1,10]. Therefore, the prior Odds 
(OddsPre) that HVGICs are clinically inferior to 
amalgam as restorative materials in posterior 
permanent teeth (H1) in relation to the hypothesis 
that this is not so (H2) was 1.12 (Table 1). 

New evidence was obtained from investigations 
concerning the suitability of naïve-indirect 
comparison of results from uncontrolled clinical 
longitudinal studies [1] and laboratory trials [10] 
for clinical inference. The results of both were 
found to be inconsistent with that of clinical 
randomised control trials (RCT) and thus were 
judged to provide only uncertain evidence for 
either hypothesis. For that reason, the probabilities, 
P(H), for hypothesis H1 and H2 based on Evidence 
1 were estimated to be 0.50. In addition, the 
evidence from a systematic review of clinical 
controlled trials was included (Evidence 2) [8,9]. 
In the systematic review report, a total of zero and 
three out three events from clinical control trials 
(n/N) were found in support of the hypothesis 
H1 and H2, respectively (Evidence 2). Data of 
the three events was obtained from two meta-
analyses and eight single datasets (Additional file 
1). Consequently, the calculated Likelihood Ratio 
(LR) was zero (Table 1). 
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Multiplication of the Likelihood Ratio (LR) with 
the prior Odds (OddsPre) lead to the posterior Odds 
(OddsPost) that hypothesis H1 is true (relative to H2) 
to be zero. Therefore, based on the new evidence 
[1,8-10], the Odds that HVGICs are clinically 
inferior to amalgam as restorative materials in 
posterior permanent teeth degreased from 1.12 
to zero (Table 1). The results were graphically 
presented in Figure 2. 

Based on the applied criteria for sufficient 
statistical power [15,16] the results of 22 single 
datasets from Evidence 1 and one meta-analysis 
and eight single datasets from Evidence 2 were 
excluded. The results from laboratory studies were 
all included, as these did not originate from clinical 
investigations (Additional File 1).  

Discussion
The aim of this study was to present a synthesis of 
previously established evidence, in order to derive 
an overall conclusion about the Odds in regard to 
the hypothesis that HVGIC’s are inferior to silver 
amalgam as restorative materials for permanent 
posterior teeth. For this purpose, a Bayesian 
framework was used.

Limitations of method
The main objection to Bayesian analysis is that 
prior probabilities of hypotheses, i.e. before 
consideration of any evidence, were traditionally 
established from pure subjective assumptions [17]. 
Such assumption would have directly affected the 
prior Odds (OddsPre), which is used for calculation 
of the final analysis result (OddsPost = OddsPre x 
LR). Within the context of this study, no subjective 
assumptions were utilized, thus the objection to 
the use of Bayesian analysis in this study does 
not apply. Instead of subjective assumptions, 
prior probabilities were established from evidence 
that was identified through systematic literature 
search [1,10]. The results’ limitation need to 
be considered in line with the limitations of the 
literature searches, which were discussed in 
details elsewhere [1,10]. These limitations were: 
both searches were restricted to English literature 

[1,10], and one search used PubMed as the only 
database and only included literature listed during 
the period from 2002 – 2012 [1]. 

In addition, the results are further limited by the 
internal validity of all clinical trials that were 
included in the meta-epidemiological studies 
[1,10] and systematic reviews [8,9]. Trial validity 
assessment was included in both and judged as 
generally weak [1,8-10].

The language restriction was justified on basis 
that treatment effect estimates from non-English 
studies are shown to be 16% more beneficial (Ratio 
of estimates 0.84; 95% CI: 0.74 – 0.97; p = 0.011) 
than that of results published in English [18] and 
thus may introduce some level of overestimation. 
Thus excluding non-English trials from the 
systematic literature searches might in some cases 
render its results more conservative. In contrast, 
language restricted meta-analyses, compared to 
language inclusive meta-analyses did not differ in 
their effect size estimates (ROR 50.98; 95% CI: 
0.81–1.17) [19]. For these reasons, the failure to 
include non-English trials may not have biased 
the current results. While the search in one main 
database (PubMed) may have limited the results 
in one study [1] its 10-year publication limit may 
have reduced the risk of chronological bias as no 
RCTs that provided direct comparison between 
HVGIC and amalgam restorations (used as control 
group in that study) before that period could be 
identified.

Bayesian analysis by multiplication of probability 
ratios, Pn(H1)/Pn(H2) x Pn+1(H1)/Pn+1(H2), 
from different evidence sources is based on the 
assumption that these sources are independent 
from each other. Evidence 1 [1,10] may not be 
regarded as strictly independent from Evidence 
2 [8,9], as the result of the latter served as 
control data for the former [1,10]. However, the 
results of both empirical studies let to a 50/50 
assumption in support for either hypothesis and 
rendered the product, P1(E1|H1) / P1(E1|H1) x 
P2(E2|H1) / P2(E2|H1) as 1.00, thus did not affect 
mathematically the calculation of the Likelihood 
Ratio (Table 1).
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Figure 1. Flow chart of evidence included in the Bayesian analysis

 
Number of meta-analysis results and datasets included in analysis, after assessment for sufficient statistical power.

Figure 2. Odds in support of hypothesis H1

 

The black circles’ distance from the white circles on the vertical scale represent graphically the Odds for H1 in relation to H2 (= 
1.00).



132 Glass-ionomers, The SYSTEM Initiative   

Neither the results from possible naïve-indirect 
comparisons of uncontrolled laboratory trials nor 
the results from case reports or conclusions from 
non-systematic literature reviews (investigating 
either HVGICs or amalgam) were included in the 
Bayesian analysis. This may have reduced the 
OddsPre - value but in turn will also have increased 
the validity of the prior Odds, as it may have 
reduced the level of bias risk and subjectivity that 
these types of study methods carry. 

Analysis results
The Bayesian analysis results suggest that the 
posterior Odds for the hypothesis that HVGICs are 
inferior to silver amalgam as restorative materials 
for permanent posterior teeth are zero (H1). Such 
results remain subject to revision on basis of 
future evidence that may or may not corroborate 
the current evidence. However, the current results 
from new evidence (E), identified through several 
systematic literature searches [1,8-10] and under 
consideration of any prior evidence to this topic 
reduced the Odds to zero.  The result can be 
explained on the basis that all data from Evidence 
1 had to be considered invalid resulting in an 
equivocal 50/50 probability that either hypothesis 
is true. Results from Evidence 2 indicated no event 
in support of hypothesis H1. Therefore, according 
to Bayesian calculus, the P2(E2|H1)/ P2(E2|H2) 
quotient is derived by division of zero, thus 
rendering all subsequent multiplications with that 
quotient zero, as well.

If HVGIC restorations placed in permanent 
posterior teeth exhibit indeed no inferior clinical 
efficacy than silver amalgam (as still current gold 
standard for posterior tooth restorations) then 
their use as valid restorative treatment option 
may be justified. Such treatment option may have 
additional clinical benefit, besides its apparent lack 
of any higher restoration failure rates [6-9]: It has 
been reported that HVGICs are most suitable for 
tooth restoration after minimally-invasive cavity 
preparation, i.e. hand excavation of infected carious 
tooth tissue during the atraumatic restorative 
treatment approach [20]. Such restorative treatment 
that combines the use of HVGIC with cavity 

preparation by hand excavation has been clinically 
shown to generate smaller tooth restorations at 
the same clinical indications that would result in 
larger dental fillings, if amalgam had been placed 
by use of conventional cavity preparation with 
high-speed drilling instead [21]. The smaller 
HVGIC restorations have further been associated 
with less pain during placement in comparison 
to conventional amalgam restorations [22] and 
thus higher patient comfort during treatment with 
subsequent reduced levels of dental patient anxiety 
in adults [23]. A reduced level of patient anxiety 
may be associated with low operator stress levels, 
as high patient anxiety has been shown as one of 
the main stressors in daily dental practice [24]. 
In addition, HVGIC restorations, placed using 
the atraumatic restorative treatment approach, 
have been found to be more cost-effective than 
conventionally placed amalgam [25,26] or 
composite restorations [26]. 

Against the background of such potential benefits 
and the Minamata Convention on Mercury’s call 
for a phase-down approach to dental amalgam 
[27], HVGICs may be considered as possible 
amalgam alternative. However, the large number 
of excluded dataset and meta-analysis results is an 
indicator for remaining research gaps concerning 
HVGICs. These gaps were reported previously 
[28] and include a general lack of trials to many 
GIC related topics, as well as weak statistical 
power of existing trials due to small sample size. 
Such lack of statistical power was found to be 
further associated with wide confidence intervals 
of the effect estimates, which rendered trial results 
inconclusive. A particular need for more trials of 
suitable sample size was identified for establishing 
restoration longevity of HVGIC fillings placed, 
using hand-excavation following the atraumatic 
restorative treatment approach, in posterior 
permanent restorations in comparison to amalgam 
[28].
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Conclusions
While the current evidence suggests lack of support 
for the hypothesis that high-viscosity glass-
ionomer cements are inferior to silver amalgam 
as restorative materials for permanent posterior 
teeth, further studies are needed. Should further 
research uphold the current findings, a wider 
range of clinical benefits for both patient and care 
provider, beyond appropriate restoration longevity 
for placing HVGIC based restorations may apply.
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S1 - Additional file 1 - Extracted event data

Table 1. Bayesian probability analysis

1. Hypotheses

H1: HVGICs are clinically inferior to 
amalgam as restorative materials in 
posterior permanent teeth

H2: HVGICs are clinically not inferior 
to amalgam as restorative materials in 
posterior permanent teeth

2. Prior Odds of hypothesis H1 relative to H2 
a. Evidence Evidence 1 [1,10]

P(H1) = nH1 / N = 9 out of 17 = 0.53
P(H2) = nH2 / N = 8 out of 17 = 0.47

OddsPre = P(H1) / P(H2) 
OddsPre = 0.53  / 0.47

b.  OddsPre = 1.12
3. Likelihood Ratio (LR) in support of hypothesis H1 relative to hypothesis H2
a. New 
Evidence

Evidence 1 [1,10]
P1(E1|H1) = 0.50
P1(E1|H2) = 0.50

Evidence 2 [8,9]
P2(E2|H1) = nH1 / N3 = 0 out of 3 = 0
P2(E2|H2) = nH2 / N3 = 3 out of 3 = 1.00

LR = P1(E1|H1)/ P1(E1|H2) x P2(E2|H1)/ P2(E2|H2) 
LR = (0.50/0.50) x (0/1.00)

b.  LR = 0
4. Posterior Odds of hypothesis H1 relative to H2 
a. 
Calculation

OddsPost =  OddsPre  x LR 
OddsPost =  1.12 x 0 

b. OddsPost = 0
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Executive Summary

New evidence questions ruling quality criterion  
for pit and fissure sealants

New clinical evidence is now available that 
questions the use of ‘material retention’ as the 
current ruling criterion for quality of placed pit 
and fissure sealants.

For decades the complete and flawless retention 
of sealant materials on pits and fissures of 
posterior teeth has been accepted by the dental 
profession as the most important factor to prevent 
the development of tooth caries. While sealant 
retention has been shown to be indeed a beneficial 
factor among many for caries prevention, 
professional consensus has grown to accept it as 
paramount quality criterion according to which 
different available sealant materials are either 
accepted or rejected. Consequently the dental 
material resin composite has shown to have 
the highest retention rate as sealants in pits and 
fissures and thus is considered to be the current 
sealant material of choice.

Through a systematic search of the dental literature, 
a recently published meta-epidemiological study 
found 95 clinical trials that investigated the 
retention rate and subsequent caries occurrence on 
resin-sealed teeth. Based on the combined data of 
these trials the caries predictive power of losing 
resin material in pit and fissures was statistically 
compared to the predictive power of mere random 
guesses. To the surprise of the investigators, no 
significant difference beyond the play of chance 
was found, thus sealant retention loss appears not 
to be a valid predictor for clinical outcome.

While the results do not question sealant retention 
as a beneficial factor for caries prevention, they 
shed grave doubts on the justification of its status 
as ruling quality criterion for pits and fissure 
sealants. Such status can only be justified by a 
proven direct correlation of sealant retention 
with caries occurrence; an independence of such 

correlation from the type of sealant material and/or 
sealant techniques plus a strong predictive power 
(similar to clinical diagnostic tests) regarding true 
occurrence of tooth caries (with low numbers 
of false positive and false negative predictions 
not exceeding between 2.5 – 10.0% of total 
predictions).

The findings that the caries-predictive power of 
losing resin material in pit and fissures was no 
different than the caries-predictive power of mere 
random guesses suggests that ‘retention’ does not 
meet the last important requirement. 

There is danger that using invalid quality criteria 
may lead to the unjust rejection of valid sealant 
materials. In the past, several systematic reviews 
have compared the clinical, caries preventive 
effect of the two most common sealant materials 
resin and glass-ionomers but found no difference 
between the two. These findings are in spite of 
the significantly inferior retention rate of glass-
ionomers. Consequently, glass-ionomers have not 
been accepted as suitable by dental associations for 
placing pit and fissure sealants in many countries, 
such as Germany.

The conclusions of the new findings suggest the 
need for adopting clinical outcomes, such as caries 
occurrence rate in formerly sealed teeth as ruling 
quality criterion for pit and fissure sealants, instead 
of sealant material retention. 

The full report of the meta-epidemiological study: 
Mickenautsch S, Yengopal V. Retention loss of 
resin based fissure sealants – a valid predictor 
for clinical outcome? Open Dent J 2013; 7: 
102-8. is freely available online: http://www.
benthamscience.com/open/todentj/articles/V007/
TODENTJ130513001.pdf.
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Retention loss of resin based fissure sealants -  
a valid predictor for clinical outcome?

Steffen Mickenautscha, Veerasamy Yengopala

aSYSTEM Initiative/Department of Community Dentistry, Faculty of Health Sciences,  
University of the Witwatersrand , 7 York Rd., Parktown/Johannesburg 2193, South Africa

Abstract
Purpose:  The null-hypothesis that retention loss of 
resin fissure sealants predicts caries manifestation 
no more accurately than random values was tested.   

Methods:  Systematic reviews were checked and 
electronic databases searched for clinical trials. 
Trials reporting on the retention of resin sealants 
and caries occurrence in permanent molar teeth, 
with minimum 24-month follow-up period, were 
included. Extracted data: number of sealed teeth, 
number of teeth without completely retained 
sealants, number of sealed teeth with caries. The 
number of teeth with complete sealant retention 
and absence of carious lesions/cavities was 
calculated; the predictive outcomes: true/false 
positive; false/true negative were established. 
Random values were generated as control-data. 
Diagnostic Odds ratios (DOR) were computed and 
tested for statistical difference. Summary Receiver 
Operating Characteristic curves were plotted. 

Results:  95 trials were found. Median DOR 
values were 1.21 and 0.28 for test- and control 
data, respectively. Wilcoxon test (z = 0.56; p = 
0.58) and Sign test (z = 1.38; p = 0.17) results were 
statistically non-significant. The null-hypothesis 
was not rejected.

Conclusions: Predictions based on the 
retention loss of resin sealants, regarding caries 
manifestation, was no more accurate than random 
guesses. Sealant retention loss appears not to be a 
valid predictor for clinical outcome. (Originally 
published as: Mickenautsch S, Yengopal V. 
Retention loss of resin based fissure sealants - 
a valid predictor for clinical outcome? Open 
Dent J 2013; 7: 102-8.)

Introduction
Most carious lesions and cavities develop in pits 
and fissures of occlusal surfaces in primary and 
permanent posterior teeth [1]. The simultaneous 
interaction of a susceptible host, cariogenic 
microflora and suitable substrate (i.e. fermentable 
carbohydrates from food in the oral environment) 
has been established as the etiological factor 
[2]. Exclusion of the cariogenic microflora from 
substrate may prevent carious lesion and cavity 
development and is achieved by placing a physical 
barrier in the form of a seal on pits and fissures [3].

Pit and fissure sealants have evolved, from 
phosphate cements [4], silver nitrate [5] and black 
copper cement [6], to the current resin- based 
materials [7]. Buonocore (1955) reported the first 
clinical resin-based fissure sealant experiences 
[8]. Subsequent clinical research compared the 
development of carious lesions/cavities in sealed 
teeth with that in non-sealed teeth as controls, 
mainly in split-mouth trials, and established 
that retention longevity of the sealant material 
functions as a beneficial factor in the prevention 
of caries [9-11]. A subsequent systematic review 
by the Cochrane collaboration, confirmed these 
findings [12]. 

On the basis of the positive results, the further use 
of a control group of non-sealed teeth in clinical 
studies became ethically unacceptable [13]. 
Instead, subsequent studies compared newer with 
older sealant materials and/or sealant techniques 
as their controls [14]. The outcome measure of 
fissure sealant studies also changed, from the 
rate of caries manifestation to the retention rate 
of fissure sealants. Based on the observation of 
‘retention’ as a beneficial factor in the prevention 
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of caries, the rate of sealant retention was forthwith 
assumed to be a valid surrogate endpoint for fissure 
sealant effectiveness. Rock and Anderson (1982) 
highlighted it as obvious that (resin-based) fissure 
sealants are effective only because of their presence 
on the teeth. Regression results of retention rate 
with caries manifestation supported this logical 
conjecture [15]. Weintraub and Bart (1987) agreed 
that the choice of monitoring the retention rate 
in fissure sealant studies as the expression of 
effectiveness was based on the fact that sealant 
effectiveness was a direct function of its retention 
[16]. Liebenberg (1994) found it axiomatic that if 
any prophylactic benefit is to be accrued, retention 
of the sealant must be completely intact [17]. 
Locker et al. (2003) and Muller-Bolla et al. (2006) 
stated that since caries does not develop as long as 
the sealant remains adherent to the tooth, the length 
of the time such sealant is retained is justified for 
use as a surrogate measure of its effectiveness in 
preventing tooth decay [13,14]. Beauchamp et 
al. (2008) declared, on behalf of the American 
Dental Association Council on Scientific Affairs, 
that since the effectiveness of sealants depends on 
clinical retention, the retention rate is acceptable as 
proxy for caries prevention [18]. Sasa and Donly 
(2010) also accepted that sealant retention equates 
with caries prevention [19] and Kühnisch et al. 
(2012) declared that because optimum protection 
is only guaranteed if the sealant completely covers 
all pits and fissures, ‘intact sealant’ (as opposed 
to lost or partially retained sealant) is the leading 
fissure sealant criterion today [20]. 

For the purpose of this study and in accordance with 
the general consensus [15-20], ‘complete retention’ 
was assumed to be a valid surrogate endpoint 
for caries prevention. On the basis of the further 
consensus that sufficiently correct prediction of 
a true clinical endpoint by its surrogate endpoint 
is an essential requirement for surrogate validity 
[21 - 25], it was also assumed that ‘complete 
retention’, as the valid surrogate endpoint, would 
successfully predict caries manifestation. In this 
context, the aim of this study was to test the null-
hypothesis (H0) that the rate of losing complete 
retention of resin- based fissure sealants, after 

an observation period of at least 24-months, 
does not predict caries manifestation on pits and 
fissures of permanent molar teeth significantly 
more accurately than any random values (with the 
alternate hypothesis, H1, that complete retention 
predicts caries manifestation more accurately).   

 

Materials and methodology
Literature search 
The references and additional online content of 
three systematic reviews [20,26,27] on the topic 
of fissure sealants were checked for relevant 
trials. PubMed/Medline, Directory of Open 
Access Journals (DOAJ); IndMed and Scielo 
were searched by both authors (SM and VY), 
independently, using the search term: “fiss* AND 
seal*” in order to identify additional studies. The 
search period was limited to the publication period 
for the electronic database search from 30.09.2011 
to 21.10.2012.

Titles and abstracts of the resulting citations 
were scanned for possible inclusion in line with 
the following inclusion criteria:

(i) Clinical study reporting on the retention and 
caries occurrence of resin-based fissure sealants 
in permanent molar teeth (no distinction was 
made between different types of resin-based 
sealants);

(ii) Minimum 24-month follow-up period;

Articles whose titles and abstracts were in alignment 
with the inclusion criteria were retrieved in full 
copy and were reviewed by both authors of this 
article. Articles were further excluded if: premolars 
were included in the study and their data analysed 
together with that of molar teeth; no caries was 
assessed; no computable data was reported; the 
number of teeth evaluated for retention and caries 
was not the same; the number of previously sealed 
teeth that developed carious lesions/cavities was 
reported together with the number of teeth filled 
and extracted. Articles that could not be traced in 
full copy were also excluded. Disagreements were 
resolved through discussion and consensus. 
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Data extraction and statistical analysis
Both authors extracted data from the accepted 
articles independently without being blinded 
to authors, institutions, journal names and trial 
results. The extracted data included: the number 
of evaluated sealed teeth (N); the number of teeth 
without completely retained fissure sealants (nR-) - 
loss of complete material retention; the number of 
sealed teeth with carious lesion/cavities (nC-) at the 
end of each follow-up period. The choice of using 
loss of ‘complete material retention’ was based on 
the consideration that “intact sealant”; i.e. complete 
sealant without material loss, has been adopted as 
the leading fissure sealant criterion today [20]. 
From the extracted nR- and nC- –values the number 
of teeth with complete sealant retention (nR+) and 
absence of carious lesions/cavities (nC+) were 
calculated (n – N).  Based on the nR+; nR-; nC- and 
nC+ study data, the following predictive outcomes 
were established:
(i) True positive outcome (TP): The number of nR- 

- teeth where carious lesion/cavities (nC-) have 
developed;

(ii) False positive outcome (FP): The number of 
nR- - teeth where no carious lesion/cavities 
(nC+) have developed;

(iii) False negative outcome (FN): The number of 
nR+ - teeth where carious lesion/cavities (nC-) 
have developed;

(iv) True negative outcome (TN): The number of 
nR+ - teeth where no carious lesion/cavities 
(nC+) have developed.

The predictive outcomes based on the retention 
rates extracted from fissure sealants studies were 
considered as the test-data. In order to establish 
whether retention loss of resin sealants can predict 
caries manifestation more accurately than any 
random guesses by play of chance, random values 
were generated as control-data by using an online 
random number generator [28]. One random 
number between 0 and (N) was generated for each 
study dataset and these were used instead of the 
nR- values of the test data. Based on these random 
numbers (nrand), predictive outcome values were 
calculated and formed the control data.

From the predictive test- and control outcomes, 
Diagnostic Odds Ratios (DOR) were computed 
per study dataset. The DOR  combines sensitivity 
and specificity characteristics into one single 
predictive summary measure and is defined as: 
DOR = (TP x TN) / (FP x FN) [29]. The DOR 
may range from zero to infinity. DOR values of 
less than 1.00 indicate that the prediction may be 
useful, by inverting its outcome. A DOR value of 
or close to 1.00 provides no predictive evidence 
and corresponds to the rising diagonal in Summary 
Receiver Operating Characteristic (SROC) graphs. 
The higher the DOR value (>1.00) the better the 
predictive accuracy [30]. 

In addition to the computation of DOR values, 
SROC curves with a 95% Confidence interval (CI) 
were plotted for the test- and control data. SROC 
curves in relation to the rising diagonal of the SROC 
graph (DOR = 1.00) give a graphical representation 
of the accuracy of predictions according to the 
established true positive (sensitivity, shown on 
the y- axis) and false positive rates (1-specificity, 
shown on the x- axis). 

Statistical software Meta-DiSc Version 1.4 
[31] was used for computing and plotting all 
DOR values and SROC curves. Zero cells were 
converted into 0.5 values prior to computation. 
The median values with a 25-75% percentile 
range of the DOR values were computed for the 
test- and control data and the results plotted in a 
Box-Whisker graph. Meta-analytic pooling of the 
individual DOR values was only considered if a 
low in-between-study-heterogeneity was detected 
(I2 < 30%) [32]. Because the samples of DOR 
values from both test and control data shared the 
same caries measurements, they were considered 
as dependent data samples [33]. Therefore, median 
differences between both samples were tested 
for statistical significance, using the Wilcoxon-
Matched-Pair test and Sign test (Biostat 2009 
statistical software). Alpha level for statistical 
significance was set at 5%. Rejection of the null-
hypothesis was conditional on the basis of the 
median DOR of the test data being statistically 
significantly larger than that of the control data (p 
< 0.05).
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Sensitivity analysis
In order to test whether multiple measurements 
of the same materials at different observation 
periods may have had any influence on the 
results, sensitivity analysis was conducted by 
retaining only datasets of the longest observation 
period per sealant material. The following 
16 datasets were subsequently removed: DS 
10,12,27,28,31,32,64,66,80,104,118,120,122,162-
164 and the remaining data samples were re-
analysed.

Results 
Literature search and data selection 
The literature search generated 95 citations, of 
which 90 were extracted from the additional online 
content and reference lists of three systematic 
reviews [20,26,27] and 5 citations were identified 
through an electronic database search. Details of 
study design and length of observation period per 
study are shown in Appendix File 1. From the 95 
studies, 185 datasets (DS) with relevance to sealant 
retention and caries development were extracted. 
From the 185 datasets, 95 (from 57 studies) were 
excluded for the following reasons: exclusive 
investigation of molar teeth not made explicit 
(10 DS); caries assessment missing (28 DS); full 
article could not be traced (21 DS); no computable 
data reported (3 DS); not the same number of teeth 
evaluated for retention and caries (9 DS); number 
of previously sealed teeth that developed carious 
lesions/cavities reported together with number of 
teeth filled and extracted (24 DS). 

Extracted data and statistical analysis 
From the provisionally included 185 datasets, a 
total of 90 datasets were accepted for data analysis 
(Appendix File 2). For the purpose of this study 
no distinction was made between tooth- or side-
specific data. High statistical in-between-study 
heterogeneity was established (I2 = 95.4% and 
96.4% for test- and control data, respectively). 
Thus, no meta-analytic pooling of DOR values 
was considered. 
The computed DOR values per dataset for both data 

groups are shown in Appendix File 3. Summary 
Receiver Operating Characteristic (SROC) curves 
for the test and control data are shown in Fig. 1 
and 2. The median DOR values were 1.21 (0.20 
– 10.71) and 0.28 (0.07 – 13.10) for the test and 
control data, respectively (Fig. 3). The results of 
the Wilcoxon test (z = 0.56; p = 0.58) and Sign 
test (z = 1.38; p = 0.17), which evaluated the 
differences between medians for DOR values, were 
statistically non-significant. The null-hypothesis 
that the rate of losing complete retention of resin- 
based fissure sealants, after an observation period 
of at least 24-months, does not predict caries 
manifestation on pits and fissures of permanent 
molar teeth significantly more accurately than any 
random values could therefore not be rejected.

Sensitivity analysis
Sensitivity analysis results showed median DOR 
values of 0.98 (0.20 – 6.35) and 0.20 (0.06 – 13.10) 
for the test- and control data, respectively. The 
results of the Wilcoxon test (z = 0.47; p = 0.64) 
and Sign test (z = 1.30; p = 0.20) were statistically 
non-significant. Multiple measurements of the 
same materials at different observation period 
points appear to have had no decisive influence on 
the results and the conclusions of this study.

Discussion
Limitations of study method
The aim of this study was to test the null-hypothesis 
that the rate of losing complete retention of resin 
based fissure sealants, after an observation period 
of at least 24-months, does not predict caries 
manifestation on pits and fissures of permanent 
molar teeth significantly more accurately than any 
random values.   
In order to meet this aim, the chosen study 
methodology focused on the data extracted 
from resin based fissure sealant trials, without 
taking aspects of internal trial validity under 
consideration. Such aspects, particularly related 
to attrition- and detection bias, may have affected 
the trial results and thus in turn, the data on 
which this study is based. Neither, however, 
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Figure 1. SROC curve for test data: retention rate

AUC = Area under curve; SE = Standard error.

Figure 2 . SROC curve for control data: random values

AUC = Area under curve; SE = Standard error.
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was internal trial validity with specific focus on 
systematic errors/biases investigated during the 
systematic review by Kühnisch et al., 2012 [20], 
whose references (provided in its additional online 
content) constituted the main data source of this 
investigation (Appendix File 1). Consequently, 
this study is in line with the same assumptions 
concerning internal validity of the same included 
fissure sealant trials as those reviewed by Kühnisch 
et al., 2012 [20].

In this study, more than half of the available 
datasets were excluded (Appendix File 1). 
However, the exclusion of premolar teeth is in 
line with investigations into sealant effectiveness 
reported by other authors [20] and is based on the 
observation that caries develops less on premolar 
teeth than on molars [15]. The exclusion of 24 
datasets on the basis of their inclusion of the filled 
and extracted DMFT component appears justified, 
as the true reasons for the filling and extraction of 
formerly sealed teeth are unknown. Other reasons 
for data exclusion: lack of computable data 
reported, different numbers of teeth assessed for 
retention and caries and lack of caries assessment 

are clear indicators for non-relevance with regard 
to the study aim. The lack of 21 datasets from trials 
that remained untraceable in full copy through the 
available library- and Internet sources or directly 
from the authors remains a concern. However, 
these would have comprised just 19% of the total 
available data and whether some of the missing data 
would not have been excluded for other reasons 
too, if the trial reports could have had been traced, 
remains doubtful. Under such assumption, the 
lack of the missing data may not have significantly 
impacted the conclusion of this study. 

Study results
Treatment effects on surrogate endpoints should 
reliably predict the effect of such treatment on 
the true clinical endpoint [21-25]. Hence, if the 
placement of resin-based sealants on pits and 
fissures of permanent molar teeth result in the 
retention/loss of the material after >24 months, 
this should reliably predict the absence/presence 
of caries manifestation beyond the play of chance. 
Within the context of this study, the number of teeth 
with/without completely retained sealants (nR+/nR-) 
should be able to predict reasonably the number 
of teeth that do not/do develop carious decay in 
pits and fissures (nC+/nC-). Such results form the 
true negative/positive (TN/TP) predictions. In 
comparison, the number of false negative/positive 
(FN/FP) results should not exceed between 2.5 – 
10% of all predictions [21].
In this study, the test data for sealant retention (nR-) 
was obtained from clinical fissure sealant trials and 
compared to random values (nrand) in relation to the 
true clinical endpoint (= caries manifestation / nC-) 
and computed as median diagnostic Odds ratios 
(DOR). It was expected, on the basis of current 
consensus concerning fissure retention [15-20], 
that the predictive DOR values from the test data 
would be significantly higher (more accurate) than 
those from the control. However, no statistically 
significant differences between the TP/TN and FP/
FN dependent DOR values were found (Wilcoxon 
test: z = 0.56; p = 0.58; Sign test: z = 1.38; p = 
0.17). The null-hypothesis (H0) could therefore not 

Figure 3. Median diagnostic Odds ratios (DOR).

Maximum outliers truncated: Test data = 128128.00; Control data = 9731.64
Test = Test data/Retention rate; Control = Control data/Random values.



Glass-ionomers as fissure sealants: Retention rate – an invalid predictor for dental caries 147

be rejected, thus no sufficient evidence in support 
of the alternative hypothesis (H1) was found. 
These results suggest that predictions based on 
the relationship of the retention rate of resin-based 
fissure sealants and caries manifestation appear no 
more accurate than random guesses. Furthermore, 
the SROC curve (Fig. 2), based on such random 
values (median DOR 0.28), appears to indicate a 
higher (albeit inverted and still purely random) 
predictive accuracy than the sealant retention rate 
(DOR = 1.21;  Fig. 1).

The lack of any significant difference in predictive 
accuracy between the retention rate and random 
values may not be surprising. Many factors other 
than the mere loss of complete sealant retention 
have a potential effect on caries manifestation in 
pits and fissures of permanent molar teeth. These 
factors may include the: position of the molar 
tooth in the mouth, period between retention loss 
and follow-up, access to fluoride, oral hygiene 
and dietary habits, enamel structure, saliva 
factors or, possibly, factors that remain unknown. 
Manifestation of caries may also be related to 
sealed pits and fissures, if the partially lost sealants 
were misclassified as ‘completely retained’ or if 
pits and fissures still contain micro-remnants of 
sealant materials that provide caries protection but 
were classified as ‘loss of complete retention’. 

Against this background, it may appear obvious 
that the retention rate alone is unable to account 
for the influence of other known and unknown 
factors that may influence caries manifestation. 
Nonetheless, the retention rate of fissure sealants 
has been accepted as valid surrogate for caries 
prevention [21-25]. Valid surrogate endpoints 
are defined as measurements or physical signs 
for use as substitutes for true clinical endpoints 
[34], while true clinical endpoints are defined 
as clinical, patient-relevant events of which the 
patient is aware, which the patient wants to avoid 
and which affect her/his quality of life [21]. Caries 
manifestation in pits and fissures constitutes a 
true clinical endpoint that was utilized during first 
generation of fissure sealant trials [9-11].  In light 
of the inability of the retention rate to be an accurate 

predictor of caries in pits and fissures, further 
(randomised controlled) sealant trials should have 
retained this clinical endpoint as the outcomes 
measure while using resin-based sealant materials 
and sealant techniques, established during the 
previous trials, as gold standards against which 
new materials/techniques were to be compared.

The use of invalid surrogates that cannot 
sufficiently predict their clinical endpoints 
carries the danger of unexpected adverse effects 
in clinical trials, therapeutic uncertainties due 
to ambiguous evidence, as well as the risk of 
rejection of potentially useful therapies because 
they do not show benefits in line with the surrogate 
endpoints [24].  Of these consequences, the latter 
is especially apparent with regard to glass-ionomer 
cement (GIC)-based fissure sealants [20], despite 
the fact that systematic reviews have found no 
difference between the caries-preventive effect of 
GIC and that of resin-based sealants [26,27]. For 
these reasons, it has been repeatedly argued that: 
(i) biological outcomes should take precedence 
over mechanical ones; (ii) because sealants are 
placed in pits and fissures in order to prevent the 
onset of caries manifestation or to arrest it, the true 
outcome of such intervention should therefore be 
expressed in terms of how well such intervention 
has managed to achieve this objective [35,36]. 

Conclusions
The retention rate of resin-based fissure sealants 
is not a valid predictor for clinical outcomes. 
Nevertheless, complete retention of sealants 
in pits and fissures has been established as a 
beneficial factor in preventing the development 
of carious lesions/cavities. On this basis the aim 
of achieving complete retention, regardless of the 
type of material, remains an important clinical 
consideration in the placing of fissure sealants. 
However, inter-category misinterpretation of 
‘beneficial factors’ as ‘valid surrogate endpoints’ 
should be avoided. In order for a surrogate endpoint 
to be valid, it needs not only to be a beneficial 
factor but also to be a sufficiently accurate 
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predictor (beyond the play of chance) of its true 
clinical endpoint. The retention rate of fissure 
sealants appears not to fulfil this criterion and thus 
seems unable to replace ‘caries manifestation’ as 
the appropriate study outcome in clinical fissure 
sealant trials.
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Executive Summary

Systematic review result dismisses fissure  
sealant retention as valid measure for sealant efficacy 

A review of the available clinical evidence indicates 
that complete retention of sealant material in pits 
and fissures may be an invalid measure for fissure 
sealant effectiveness.

When dental pits and fissures are sealed then the 
formation of carious lesions may be prevented. The 
current consensus states that when a sealant is lost 
more quickly, carious lesions development is more 
likely, thus the ratio of completely retained sealants 
to the total number of sealants placed after a period 
of time is used to measure the effectiveness of 
fissure sealants. However, this type of measure can 
only be useful if it is valid. For this to be the case, 
sealant retention (or its loss) need to be directly 
associated with the absence (or development) of 
pit and fissure caries beyond the play of chance, 
regardless the type of fissure sealant placed.

The SYSTEM Initiative of the Faculty of Health 
Sciences, University of the Witwatersrand, 
Johannesburg, has evaluated the validity of loss of 
complete retention of dental sealants as measure 
for sealant effectiveness. A three-step approach 
was followed: Firstly, the rate of sealant retention 
and the occurrence of caries for the two most 
common sealant types - resin and glass-ionomer 
based sealants - were assessed. Secondly, the loss 
of retention of each sealant type was directly linked 
to the occurrence of caries on sealed teeth. Finally, 
the difference between the retention/caries ratios 
of both sealant types was tested for significance.

Suitable clinical trials were identified through a 
systematic literature search of main international 
data sources, such as the Cochrane library and 
PubMed/Medline, as well as regional data sources 
such as Scielo and InMed. Only trials with a 
minimum follow-up period of two years were 
included. Data relating to the number of teeth that 
had been sealed in the past and later lost sealant 

material and teeth that had later developed caries 
were recorded for analysis. 

The results showed that risk of losing sealant 
material was significantly associated to caries when 
resin sealant was used, but not when using glass-
ionomers. The disagreement when using glass-
ionomer sealant may be explained by two points: 
(i) as glass-ionomer sealants fracture cohesively, 
remnants stay at the base of pits and fissures 
and may continue to offer caries prevention and 
(ii) the fluoride from these remnants may effect 
remineralistaion.

The ratios of sealant retention to caries for the 
two sealant types were significantly different and 
indicate that sealant retention is not independent 
from the sealant material used. For this reason, 
sealant retention cannot be regarded as valid 
measure for general sealant effectiveness.

For daily dental practice this means that the 
effectiveness of different sealants at preventing 
caries cannot be determined from their retention 
rate and thus is not a useful guide for selecting 
an effective sealant material. Instead, the ratio of 
caries-free teeth to the total number of sealed teeth 
after a period of time as direct clinical measure 
should be used.

The published systematic review is available in 
full online:
Mickenautsch S, Yengopal V. Validity of Sealant 
Retention as Surrogate for Caries Prevention – A 
Systematic Review. PLOS ONE 2013; 8: e77103
http://www.plosone.org/article/info%3Adoi% 
2F10.1371%2Fjournal.pone.0077103;jsession-
id=40F5BFF59B5A6F8AC1911DCA8654F5F-
8pone.0077103;jsessionid=40F5BFF59B5A-
6F8AC1911DCA8654F5F8
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Validity of sealant retention as surrogate for  
caries prevention – a systematic review

Steffen Mickenautsch1, Veerasamy Yengopal1
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Abstract 
Introduction/Aim
To appraise the clinical literature in determining 
whether loss of complete sealant retention as 
surrogate endpoint is directly associated with 
caries occurrence on sealed teeth as its clinical 
endpoint and to apply the appraised evidence in 
testing the null-hypothesis that the retention/
caries ratio between different types of sealant 
materials (resin and glass-ionomer cement) is not 
statistically significant (= Prentice criterion for 
surrogate endpoint validity).

Methods
Databases searched: PubMed/Medline, Directory 
of Open Access Journals; IndMed, Scielo. 
Systematic reviews were checked for suitable trials. 
The search terms: “fiss* AND seal*” and “fissure 
AND sealant” were used. Article selection criteria 
were: clinical trial reporting on the retention and 
caries occurrence of resin and/or glass-ionomer 
cement (GIC) fissure sealed permanent molar teeth; 
minimum 24-month follow-up period; systematic 
review or meta-analysis. Datasets and information 
were extracted from accepted trials. The principle 
outcome measure was the ratio of Risk of loss of 
complete retention to the Risk of caries occurrence 
per sealant type (RCR). Risk of bias was assessed 
in trials and sensitivity analysis with regard to 
potential confounding factors conducted. The null-
hypothesis was tested by graphical and statistical 
methods.

Results
The risk of loss of complete retention of sealant 
materials was associated with the risk of caries 
occurrence for resin but not for GIC based sealants. 

The difference between RCR values of the two 
sealant types was statistically significant (p<0.05). 
The null-hypothesis was rejected.

Conclusions
The current clinical evidence suggests that 
complete retention of pit and fissure sealants 
may not be a valid surrogate endpoint for caries 
prevention as its clinical endpoint. Further 
research is required to corroborate the current 
results. (Originally published as: Mickenautsch 
S, Yengopal V. Validity of Sealant Retention as 
Surrogate for Caries Prevention – A Systematic 
Review. PLOS ONE 2013; 8: e77103)

Introduction 
Sealing pits and fissures of teeth is an effective 
caries-preventive intervention [1]. It has been 
shown that up to 71% of occlusal decay is 
preventable after a single sealant application in 
a fissure [1]. Evidence regarding the efficacy 
and cost-effectiveness of sealants in reduction of 
occlusal carious lesions in molar teeth has been 
highlighted [2,3]. Today the most commonly used 
sealant materials are resin- or GIC-based. Resin-
based materials seal pits and fissures through micro-
retention, created through tags after enamel acid 
etching [4]. Glass-ionomer cements (GIC) were 
introduced as alternative materials for sealing pits 
and fissures. In contrast to resin-based materials, 
GICs do not rely on micro-retention through tags 
after enamel acid etching, but on comparatively 
weaker chemical adhesion through ion exchange 
[5]. In contrast to resin and GIC- based sealants, 
only a few reports of clinical trials covering other 
types of sealant materials, such as compomers or 
ormocers, are available [6].
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The first clinical evidence regarding the sealing of 
pits and fissures was based on split-mouth studies, 
which compared caries occurrence in sealed teeth 
and unsealed teeth [7]. Thus it was established that 
longevity of sealant material retention functions 
as a beneficial factor in the prevention of dental 
caries [8-10]. For the same reason, Kühnisch et al.; 
2012 declared that, because optimum protection is 
guaranteed only if the sealant completely covers all 
pits and fissures, ‘intact sealant’ (as opposed to lost 
or partially retained sealant) is the leading fissure 
sealant criterion today [6]. Regression results 
have shown an association between retention rate 
and caries manifestation in support of this logical 
conjecture [7]. On the basis of the observation of 
‘retention’ as a beneficial factor in the prevention 
of caries, the rate of sealant retention was forthwith 
assumed to be a valid surrogate endpoint for fissure 
sealant effectiveness.

A ‘surrogate endpoint’ has been defined as a 
measurement or physical sign, used as substitute 
for a ‘clinical endpoint’ [11]. A ‘true clinical 
endpoint’ has been defined as being a clinical, 
patient-relevant event of which the patient is aware, 
which the patient wants to avoid and which affects 
her/his quality of life [12]. Surrogate endpoints 
are commonly used in dental studies [13], as this 
offers several advantages above the use of clinical 
endpoints: surrogate endpoints make it easier 
to quantify and support trial precision and make 
the conduct of clinical trials simpler, shorter and 
consequently, less expensive [14]. 

For a surrogate endpoint to have meaning in 
relation to its clinical endpoint, it needs to be 
valid (= Prentice criterion). The validity of any 
surrogate endpoint depends on its association 
with its true clinical endpoint and a surrogate 
should yield a valid test of the null-hypothesis 
(H0) of no association between type of treatment 
and treatment effect. This means that a surrogate 
variable will be valid only if: (i) the surrogate 
endpoint correlates with its true clinical endpoint 
and (ii) such correlation is independent of the type 
of treatment [15]. 

Therefore, complete sealant retention (or its loss) 

as a valid surrogate endpoint would need to fulfil 
the following two criteria: 
(i) Direct association with caries absence (or 

caries occurrence) on sealed teeth;
(ii) Independence of its ratio to caries (= 

Retention/caries ratio or RCR) from type of 
sealant material used. 

Thus, for the null-hypothesis to be accepted (H0: 
p > 0.05), any difference in RCR values between 
sealants placed with different types of sealant 
materials should not be statistically significant.

Against this background, the objectives of this 
quantitative systematic review were to: 
(i) Appraise the current clinical literature for 

evidence concerning the retention rate and 
caries occurrence on teeth sealed with the 
two most common sealant materials, resin 
and GIC; 

(ii) Establish whether, for both resin- and GIC-
based sealants, loss of complete sealant 
retention as surrogate endpoint is directly 
associated with caries occurrence;

(iii) Test the null-hypothesis that there are no 
statistically significant differences in the 
RCR values of sealants placed with resin or 
with GIC. 

Methods
The protocol of this systematic review has been 
published in an open access journal [16] and is 
freely available online (http://www.jmid.org). 
As the objective of this systematic review was 
methodological in nature and not focused on 
clinical outcomes (i.e. the effect size estimates 
between competing interventions were not 
investigated), the protocol was not eligible for 
registration with the International Prospective 
Register of Systematic Reviews (PROSPERO) 
[17]. 

Systematic literature search
PubMed/Medline, Directory of Open Access 
Journals (DOAJ); IndMed and Scielo were searched 
by both authors (SM and VY), independently, using 
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the search term: “fiss* AND seal*” (Table 1). For 
the string of search terms, the term “fissure AND 
sealant” was used in order to identify additional 
citations. The search period was limited to the 
publication period for/of the electronic database: 
up to 21.10.2012.

Citations were eligible for possible inclusion if in 
line with the following inclusion criteria:
(i) Clinical trial reporting on both the retention 

and the caries occurrence in resin and/or 
glass-ionomer cement (GIC) fissures of sealed 
permanent molar teeth (no distinction was 
made between different types of resin-based 
sealants or conventional and resin-modified 
GIC);

(ii) Minimum 24-month follow-up period;
(iii) Systematic review or meta-analysis reports on 

the topic.
Trial participants included all patients of any age, 
gender or place of origin.

Articles were further excluded if: premolars were 
included in the study and their data analysed with 
that of molar teeth; no caries was assessed; no 
computable data was reported; not all sealed teeth 
that were evaluated for sealant retention were also 
evaluated for caries. Articles that could not be 
traced in full copy were also excluded. 

Electronic databases were searched for systematic 
review/meta-analysis reports, first, and reference 
lists of identified systematic review or meta-
analysis reports were checked for suitable trials. 
Electronic databases were subsequently searched 
for additional clinical trials that were not included 
in the identified systematic review/meta-analysis 
reports using the same search terms.

Two reviewers (SM and VY) scanned titles and 
abstracts of identified citations from data sources 
in duplication. Articles with suitable titles but 
lacking listed abstracts were retrieved in full copy. 
All included articles were judged separately by 
the authors; for possible exclusion, with reason, or 
for acceptance, in line with the exclusion criteria. 
Disagreements between authors were resolved 
through discussion and consensus. 

Assessment of internal validity/bias risk
The risk of selection-, detection/performance- and 
attrition bias was assessed for controlled trials using 
published criteria [16]. Risk of attrition bias was 
assessed for uncontrolled, single arm trials or trials 
that compared either resin- or GIC-based sealants 
with other controls. The two reviewers conducted 
the assessment separately. Disagreements were 
resolved through discussion and consensus. 

The assessment of publication bias risk by use 
of funnel plot and regression analysis is usually 
based on effect size estimates in relation to sample 
size. As the appraisal of effect size estimates 
between competing interventions formed no part 
of this systematic review, the assessment of risk of 
publication bias was not included.

Data extraction and statistical analysis
The principal outcome measure was the ratio of 
Risk of loss of complete retention to the Risk of 
caries occurrence on formerly sealed teeth per 
sealant type (RCR).

Both authors extracted data from the accepted 
articles independently, without being blinded 
to authors, institutions, journal names and trial 
results. The extracted data included (per type 
of sealant material at the end of each follow-up 
period): 
• N = Number of evaluated sealed teeth (N); 
• nR = Number of teeth without completely 

retained fissure sealants/loss of complete 
material retention; 

• nC = Number of sealed teeth with carious 
lesion/cavities. 

The choice of using ‘loss of complete material 
retention’ was based on the consideration that 
“intact sealant”; i.e., complete sealant without 
material loss, has been adopted as the current 
leading fissure sealant criterion and is widely 
regarded as a surrogate for clinical success [6]. 
For the purpose of analysis, the extracted data (N; 
nR and nC), per study, sealant type and follow-up 
period, was regarded as one single dataset (DS). 
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Table 1. Search strategy
Electronic database search Citations found*

DOAJ search strategy: 21.10.12 Online: http://www.doaj.org

“fiss* AND seal*” (all fields) 43

“fissure AND sealant” (all fields) 1

DOAJ /included total 0

IndMed search strategy: 21.10.12 Online: http://indmed.nic.in/

“fiss* AND seal*” 15

“fissure AND sealant” 0

IndMed-search/included total 0

PubMed search strategy: 21.10.12 Online: http://www.pubmed.org 

“fiss* AND seal*” (all fields) 3084

Pubmed-search /included (Systematic review/meta-analyses reports) 3**

Pubmed-search /included (Clinical trials) 6

Scielo search strategy: 21.10.12 Online: http://www.scielo.org/php/index.php

“fiss* AND seal*” (integrated; regional) 20

“fissure AND sealant” (integrated; regional) 0

Scielo-search/included total 0

**Systematic review/meta-analysis reports (Reference check) Citations found

Kühnisch J, Mansmann U, Heinrich-Weltzien R, Hickel R. Longevity of materials for pit and fissure sealing-results 
from a meta-analysis. Dent Mater 2012; 28, 298-303.

· Literature search in the MEDLINE, EMBASE and CENTRAL databases until 30.09.2011·

Search terms: “fiss* AND seal*” 95

Mickenautsch S, Yengopal V. Caries-preventive effect of glass ionomer and resin-based fissure sealants on permanent 
teeth: An update of systematic review evidence. BMC Res Notes 2011; 4: 22.

· Literature search in the Biomed Central, Cochrane Oral Health Reviews, Cochrane Library, 

Directory Of Open Access Journals, Expanded Academic ASAP PLUS, 

Meta Register Of Controlled Trials, PubMed and Science-Direct databases until 26.08. 2010. ·

Search terms: “(GIC sealant* OR Glass ionomer cement sealant) AND (caries OR tooth decay)” 1

Yengopal V, Mickenautsch S. Resin-modified glass-ionomer cements versus resin-based materials as fissure sealants -  
a meta-analysis of clinical trials. Eur Arch Paediatr Dent 2010; 11: 18-25.

· Literature search in the Biomed Central, Cochrane Oral Health Reviews, Cochrane Library, 

Directory Of Open Access Journals, Expanded Academic ASAP PLUS, 

Meta Register Of Controlled Trials - mRCT, PubMed, Science-Direct, and 2 Lusophone databases: 

Bibliografia Brasileira Em Odontologia – BBO, Literatura Latino-Americana

 E Caribenha Em Ciências Da Saúde – LILACS databases until 15.04.2009·

Search terms: “Pit and Fissure Sealants’[Mesh] and ‘Glass Ionomer Cements’[Mesh]”;

 “resin modified glass ionomer”; “fissure sealant*”; “’selante’ [palavras]” ; 

“’cimentos de ionomeros de vidro’ [palavras]”; “ ‘CARIE’ [Palavras]’”. 1

Total citations of clinical trials included 103

*Duplications of trial citations excluded
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From the extracted data the following Risks were 
calculated:
• RR = Risk of loss of complete retention as the 

ratio (nR/N) of the number of teeth without 
completely retained sealant material (nR) to 
the number of evaluated sealed teeth (N) - 
considered as the ‘surrogate endpoint’.

• RC = Risk of caries occurrence as the ratio 
(nC/N) of the number of teeth with carious 
lesion/cavity development on formerly sealed 
teeth (nC) to the number of evaluated sealed 
teeth (N) - considered as being the ‘clinical 
endpoint’. 

Simple linear regression analysis (SAS Institute 
Inc., SAS Software, version 9.3 for Windows, 
Cary, NC, USA: SAS Institute Inc., 2002-2010) 
was used to establish whether loss of complete 
sealant retention as surrogate endpoint is directly 
associated with caries occurrence for both, resin- 
and GIC-based, sealants. For this purpose a log 
transformation was utilized, to meet assumptions 
of linearity by computing the natural logarithm 
(ln) of the risks, RR and RC. During regression 
analysis, ln(RC) formed the dependent variable 
and ln(RR) the independent variable. Trials 
were weighted in proportion to the number of 
investigated unique sealed teeth (Table 2). Where 
repeated measurements were taken per trial, the 
weight was based on the largest number of teeth.  
The analysis was conducted with clustering for 
repeated observations and/or multiple treatments 
within a trial. To determine direct association 
between RR and RC, the slope of the regression 
line and the estimate of RC at RR = 0.002  (the 
smallest value of RR and RC in the data set) were 
assessed. For direct association, the slope should 
not differ significantly from 1, and the confidence 
interval for the estimate of RC at RR= 0.002 should 
include 0.002.The null-hypothesis that there are 
no statistically significant differences in the RCR 
values of placed resin or GIC sealants placed was 
statistically tested.

Testing was conducted through the following 
steps: 
• Calculation of RCR values, being the RR/RC 

– ratios for both types of sealant per dataset 
(rounded to the second decimal);

• Computing of the mean RCR with Standard 
Deviation (SD) from all datasets per sealant 
type;

• Testing of differences between the mean 
RCRs of the two sealant types for statistical 
significance, using t-test on ln(RCR) to ensure 
normality of the data. (SAS Institute Inc., SAS 
Software, version 9.3 for Windows, Cary, NC, 
USA: SAS Institute Inc., 2002-2010). 

The alpha level for statistical significance was 
set at 5%. Acceptance of the null-hypothesis was 
conditional upon the basis of lack of statistical 
significance (p > 0.05) between the mean RCRs of 
resin- and GIC-based sealants.

Sensitivity analysis was conducted, with regard to:
• Any influence that naïve-indirect comparison 

of unrelated data from uncontrolled studies 
might have had on the obtained results; 

• Inclusion of the filling and extraction 
components in the caries assessment;

• Data independence with regard to different 
follow-up periods for the same sealed teeth 
that were presented in the same trial report. 

As this systematic review did not include the 
pooling of results from accepted trials using 
meta-analysis, investigation of in-between-trial 
heterogeneity was not conducted.

Compliance of ‘loss of complete retention (RR)’ 

Table 2. Data subsets for analysis

Data Subset N Nu DS A B

Mat 1 - main
34 

758 17 377 115 54 83
Mat 2 - main 6 424 3 768 35 22 24
Mat 1 - sens 3 154 3 154 18 14 18
Mat 2 - sens 2 307 2 307 14 14 14

N = Total number of sealed teeth in trials; Nu = Number of unique sealed 
teeth; DS = Number of datasets; A = Number of separate studies (clustering 
repeated observation points and/or testing of more than one material in a 
study); B = number of separate studies (clustering repeated observation 
points in a trial, only). Mat 1 = Resin based sealant; Mat 2 = Glass-ionomer 
based sealant; main = Main analysis result; sens = Sensitivity analysis result. 
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as surrogate endpoint with the Prentice criterion 
[15] was graphically assessed, following the 
methodology described by Baker and Kramer, 
2003 [18]. For this purpose the following mean 
Risk values were computed from all datasets for 
each sealant type:
• Mean RR = Mean risk with standard deviation 

(SD) for loss of complete retention (RR); 
• Mean RC = Mean risk with standard deviation 

(SD) for risk of caries occurrence on sealed 
teeth (RC). 

The Baker-Kramer graph assumes perfect 
correlation between the two mean Risk values 
and places individual data points on straight lines 
(R2 = 1.00). The intercept of the line is set as zero 
because the surrogate endpoint is assumed to be 
proportional to the clinical endpoint. Compliance 
with the Prentice criterion [15] implies that the 
lines of both sealant types coincide on the graph 
[18].

Results 
Systematic literature search and data selection
Figure 1 provides information on the number of 
articles identified. Details of the search strategy, 
including search words and dates of electronic 
database search are shown in Table 1. The literature 
search of the electronic databases generated 3163 
citations. Of these, six clinical trials and three 
systematic reviews/meta-analyses [6,19,20] were 
provisionally included. From the systematic 
reviews/meta-analyses 97 clinical trials were 
identified. Thus, a total of 103 trials were accepted 
for this review. Details of trial references, study 
design and length of observation period per trial 
are shown in File S1. 

From the 103 trials, 240 datasets (DS) with 
relevance to sealant retention were extracted. From 
these, 90 datasets from 41 trials were excluded 
for the following reasons: exclusive investigation 
of molar teeth not made explicit (15 DS); caries 
assessment missing (35 DS); full article could not 
be traced (21 DS); no computable data reported (3 
DS); not all sealed teeth that were evaluated for 
sealant retention were also evaluated for caries (16 

DS). In total, 150 datasets from 62 trial reports 
were accepted for statistical analysis (File S1). 

Assessment of internal trial validity/bias risk
Assessment of the internal validity of the 62 
accepted trial reports was based on published 
criteria [16]. Details of the assessment results 
are presented in File S2. Of these, 18 trials were 
clinical controlled trials that directly compared 
resin- based and GIC-based fissure sealants; 39 
trials were clinical controlled trials that compared 
either resin- or GIC based sealants with other 
controls and five trials were non-controlled 
longitudinal studies. 

None of the 18 clinical controlled trials that directly 
compared resin-based and GIC-based fissure 
sealants included appropriate randomisation in 
their study methodology. Owing to the obvious 
difference in appearance between the two sealant 
types, no blinding was included. Loss-to-follow-
up above 10% of the baseline sample size for both 
interventions was observed in 12 trials (Score 0); 
no loss-to-follow-up (Score A) was reported in 
three trials and one trial reported no loss-to-follow-
up after two years and >10% after four years. Two 

Figure 1. Flow diagram of trial selection
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trials reported loss-to-follow-up of < 10% (Score 
B).
Loss-to-follow-up of >10% was reported in 37 of 
the other 44 trials (File S2).

Extracted data and analysis
Of the accepted 150 datasets, 115 DS were 
related to resin-based, and 35 DS to GIC-based, 
fissure sealants. For the purpose of this study no 
distinction was made between molar tooth- or 
side-specific data. 

Regression analysis
The results of the regression analysis are shown 
in Table 3. The adjusted R2 was low for all data 
subsets, i.e. only a low proportion of the variation 
in caries occurrence, ln(RC) was explained by 
the loss of complete sealant retention, ln(RR). A 
direct association between these variables could 
be demonstrated for resin based fissure sealants. In 
contrast, no association was found for GIC based 
sealants.  

Null-hypothesis testing
The mean RCR values were 9.64 (SD = 24.58) 
and 13.68 (SD = 13.72) for resin- and GIC-based 
fissures sealants, respectively. The difference was 
statistically significant (p = 0.017) 

The results show that the ratio of the risk of loss of 
complete retention of sealant materials in pits and 
fissures to the risk of caries occurrence, was not 
sealant material independent, thus indicating non-
compliance with the Prentice criterion. 

Baker/Kramer plot
The mean risk of losing complete retention (RR) 
was 0.36 (SD = 0.23) and 0.84 (SD = 0.19) for 
resin- and GIC-based fissure sealants, respectively, 
indicating a risk more than twice as high for GIC 
as for resin. The mean risk of caries occurrence 
(RC) was 0.12 (SD = 0.14) and 0.12 (SD = 0.08) for 
resin- and GIC-based fissures sealant, respectively, 
indicating a similar risk for GIC and for resin. The 
graphical assessment of the mean values is shown 
in Figure 2.

Sensitivity analysis
Although inclusion of all eligible studies will 
have ensured the highest possible sample size of 
the analysed data, a large amount of this data was 
derived from uncontrolled and unrelated studies. 
This may have included an element of naïve-
indirect comparison between resin- and GIC-based 
fissure sealants, with consequent risk of inflating 
the true results [21]. For that reason sensitivity 
analysis was conducted, by including only that 
part of the total study cohort that investigated 
retention and caries related to both types of sealant 
material. In addition, some of the recorded caries 
data was derived from DMF- filling and extraction 
components and some datasets concerning the 
same investigated sealed teeth but of different 
length of follow-up period were extracted from 
the same trial reports. Thus, only datasets of the 
longest per trial follow-up periods were included, 
only, and datasets derived from DMF- filling and 
extraction components datasets were excluded, 
due to uncertainty as to whether teeth were filled 
and/or extracted for caries reasons (File S3).

In total, 14 trials for each sealant type, with 32 
(Resin = 18; GIC = 14) datasets were included for 
sensitivity analysis. The following results were 
established:

(i) In contrast to the main analysis results, simple 
linear regression analysis revealed no direct 
association between ln(RC) and ln(RR) for 
resin based fissure sealants. However, a direct 
association was found for GIC based sealants.  
For both materials, the adjusted R2 was low. 
Thus only a low proportion of the variation 
in caries occurrence, ln(RC) was explained by 
the loss of complete sealant retention, ln(RR) 
(Table 3).

(ii) The mean risk of losing complete retention 
(RR) was 0.41 (SD = 0.28) and 0.85 (SD 
= 0.18) for resin- and GIC-based fissure 
sealants, respectively. The mean risk of caries 
occurrence (RC) was 0.12 (SD = 0.13) and 0.14 
(SD = 0.10) for resin- and GIC-based fissure 
sealants, respectively; 

(iii) The mean values of the RCR ratios were 5.34 
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Figure 2. Graphical investigation of Prentice criterion 
compliance

RC = Risk of carious lesion/cavity development; RR = Risk of loss of complete sealant 
retention; GIC = Glass-ionomer cement based fissure sealants; Resin = Resin-based 
fissure sealants.
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(SD = 7.35) and 14.61 (SD = 17.33) for resin- 
and GIC-based fissure sealants, respectively; 

(iv) The difference between the RCR ratios was 
not statistically significant (p = 0.069)

Discussion 
Limitations of the systematic review method
The aim of this review was not to seek validation of 
loss of complete retention of fissure sealant material 
as the potential surrogate endpoint in clinical 
trials. It therefore did not adopt recommendations 
suggested for this purpose [22-24]. Instead, simple 
linear regression, t-test, as well as recommended 
graphical methods [18] were applied as sufficiently 
appropriate methods. 

Datasets concerning fissure sealants placed in 
premolar teeth and observation periods of less than 
24 months were excluded. Although such exclusion 
is in line with investigations by other authors 
[6,7], it may have limited the data available on this 
topic. Moreover, this study focused on resin- and 
GIC-based fissure sealant materials only and did 
not include ‘compomer’ and ‘ormocer’ materials. 
This decision was due to scarcity of available data 
regarding these other material types [6]. A further 
nine and seven datasets related to resin- and GIC 
sealants, respectively were excluded, as a potential 
risk of attrition bias was caused when some sealed 
teeth that were evaluated for retention loss were 
not evaluated for caries, as well. No distinction was 
made between different types of resin materials or 
between conventional and resin-modified GIC, 
as it was assumed that, in line with the current 
consensus concerning the validity of sealant 
retention as surrogate for caries, any differences 
in the retention rates would translate to similar 
differences in caries experience, regardless of the 
type of fissure sealant material used. Furthermore, 
factors such as ‘patient age’ or ‘length of observation 
period’ were not considered. The choice of “intact 
sealant” as the “leading fissure sealant criterion 
today” [6] naturally emphasises the sole validity 
of ‘retention’ as pivotal and true under any type of 
condition, regardless of  factors such as ‘patient 
age’ or ‘length of observation period’.

Assessment of internal trial validity/bias risk
All of the accepted controlled trials appear limited 
by risk of either selection- and/or detection-/
performance bias. 

All of the 18 controlled trials that directly compared 
resin- with GIC sealants failed to report not only 
on evidence of successful sequence allocation 
and allocation concealment results, but also on 
necessary details about how sequence allocation 
and allocation concealment were attempted (File 
S2: assessment scores 0 and D) [16]. None of the 
trials, therefore, provide any guarantee that each 
patient had an equal chance of being allocated to 
either treatment group. Such potential selection 
bias may have caused more patients with, for 
example, higher caries risk to be allocated to one 
sealant group than to the other and thus artificially 
inflated the risk of caries occurrence in relation to 
risk of sealant retention loss.

From the onset, in all trials successful blinding 
or masking appeared not to have been possible, 
owing to the obvious differences in clinical 
appearance between GIC and resin sealants. For 
that reason, the allocation to either treatment group 
was visible to patients, operators and evaluators. 
However, difficulties in successful blinding still 
carry the danger of detection-/performance bias, 
which may thus have affected the trial results. 
Potential knowledge of superiority claims prior to 
the trial may have led evaluators to apply different 
rigor in their assessments regarding the two types 
of sealant. This in turn may have affected the 
primary outcome measure of this review (RCR) 
by artificially increasing one risk value above the 
other (RR in relation to RC or vice versa).

Most trials reported a lost-to-follow-up of >10% 
for either type of sealant (File S2). Such loss of 
data may have especially affected the presented 
regression results, particularly for the GIC-based 
sealant group, in terms of regression coefficient, 
standard error and R2-values. 

Owing to these limits in internal validity, the 
evidence provided by the current data should be 
regarded with caution and requires corroboration 
through future updates of this systematic review.
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Statistical and graphical analysis
The regression results presented indicate a 
significant correlation of the surrogate with its 
clinical endpoint for resin- but not for GIC based 
sealants. Despite differences in regression method, 
the result for resin-based sealants is in agreement 
with previously observed regression outcomes 
[7] and indicates that complete material retention 
is associated with the caries-preventive efficacy.  
However, this appears not to be the case for GIC 
based sealants. The implication is that complete 
sealant retention as surrogate for caries prevention 
does not comply with the first condition of the 
Prentice criterion [15]. 

The lack of direct association between sealant 
retention and caries prevention, for GIC sealants 
may be explained by the fact that remnants of the 
GIC sealant material remain at the bottom of pits 
and fissures, even when the sealant is clinically 
judged as having been lost and thus continues to 
provide a caries preventive effect [25,26]. Such 
remnants are retained because GICs have been 
observed to fracture cohesively and not adhesively 
like resin-based sealants [27]. In addition, glass 
ionomers have been found to continue the 
release of fluoride on a long-term basis [28]. The 
continued fluoride release from small amounts of 
GIC sealant material that remains at the bottom 
of pits and fissures may explain the lack of direct 
association between clinically identified loss of 
sealant retention and caries.

It is a common misconception that mere 
correlation suffices for a chosen endpoint to be 
a valid surrogate of its clinical endpoint [12]. In 
addition to such correlation, the Prentice criterion 
requires potential surrogate endpoints to also be 
able to capture the full net effect of the clinical 
outcome [15]. The loss of complete retention of 
sealant materials as surrogate endpoint does not 
fulfil this criterion. The regression results indicate 
no perfect correlation for either sealant material. 
Nonetheless, perfect correlation between the risk 
of loss of complete retention of sealant materials 
(RR - horizontal axis) and risk of caries occurrence 
(RC - vertical axis) for both material types was 

assumed in the Baker-Kramer graph, shown in 
Figure 2, by placing individual data points on 
straight lines (R2 = 1.00). As the clinical endpoint 
being assumed to be proportional to the surrogate 
endpoint, the intercept of both lines (G = GIC; R 
= Resin) is zero [18]. However, compliance with 
the Prentice criterion implies that both lines would 
coincide; i.e. a decrease in the mean risk of loss of 
complete retention of sealant materials (RR) would 
always translate to a similar decrease in the risk 
of caries occurrence (RC), regardless of type of 
material. In such case, correct inference about the 
clinical endpoint would always be obtained on the 
basis of the surrogate endpoint [15,18]. This is not 
the case in loss of complete retention in relation 
to caries occurrence. Figure 2 clearly shows a 
difference in slope between the R and G lines. 

When the retention/caries relationship was 
expressed in the form of the RCR-ratio, the 
difference between the two types of material was 
shown to be statistically significant (p < 0.017). 

Sensitivity analysis
The results of the sensitivity analysis were not 
consistent with the results of the main analysis: 
(i) a direct association between sealant retention 
and tooth caries was not observed for resin- based 
sealants but instead for GIC based sealants; (ii) 
the difference between the RCR ratios of resin- 
and GIC sealants was not statistically significant 
(p = 0.069). Such differences may be due to the 
confounding effects of comparing RCR values 
between unrelated clinical trials (= naïve-
indirect comparison); the possibility that some 
of that formerly sealed teeth were not filled and/
or extracted because of caries; some form of 
chronological bias that may occur when results 
from different follow-up periods of the same 
fissure sealants are combined; or due to unknown 
factors. The exclusion of all affected datasets from 
the sensitivity analysis also reduced the number of 
datasets included and thus, the power of detecting 
statistically significant differences between the 
RCR values.  

However, the reduction in the number of datasets 
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did not substantially improve the proportion of the 
variation in the dependant variable explained by 
the regression model (Table 3). Furthermore, the 
exclusion of potential confounders also did not 
yield an overall compliance of sealant retention 
(as the result of the regression anlalysis for resin 
sealants shows) with the Prentice criterion either. 
In addition, the Baker-Kramer graph continued to 
indicate a difference in slope between the R and 
G lines (Figure 2), thus suggesting continued non-
compliance with the Prentice criterion. 

In summary, the sensitivity analysis results indicate 
limitations of the current evidence and suggest the 
need for its corroboration through future research 
on this topic.

Lack of compliance with the Prentice criterion
The current results of this systematic review 
indicate that the risk of loss of complete retention 
of sealant materials does not comply with the 
Prentice criterion. Accordingly, loss of complete 
retention of sealant materials may therefore not 
be considered a valid surrogate endpoint for caries 
occurrence. In clinical practice this means that 
the caries-preventive efficacy of different sealant 
materials may not be inferred from the established 
retention rate, despite its significant correlation, 
and consequently the suitability of any particular 
sealant material may not be approved or dismissed 
on that basis. 

Pioneering research in the 1970s demonstrated the 
caries-preventive effectiveness of placing sealant 
material on pits and fissures in comparison to 
no intervention [7]. From these observations the 
validity of retention rate as surrogate endpoint for 
caries experience was logically deduced. 

However, the logical conjecture that material 
retention is a valid surrogate endpoint for fissure 
sealants assumes the ideal situation: that there is 
only one single pathway from the disease (dental 
caries) to the true clinical endpoint (carious lesions/
cavity development) and that the complete sealant 
retention in pits and fissures lies on this single 
pathway. This view does not take into account 
the possibility that multiple pathways (known 

and unknown) may exist between the disease and 
the true clinical endpoint and that the surrogate 
endpoint may lie on only one of these pathways 
[12,14]. In addition, clinical interventions, such 
as the placement of different sealant materials on 
pits and fissures, may have different (known and 
unknown) mechanisms that act independently of 
a particular surrogate endpoint. Such may be the 
case with complete sealant retention. Retention 
may indeed lie on one of the pathways between 
disease and the clinical endpoint; providing for 
example, an effective barrier against cariogenic 
biofilm development in pits and fissures, but not 
on other known pathways (such as delivery of a 
lasting anti-cariogenic effect in the tooth enamel 
through fluoride and mineral release from the 
sealant material) or indeed, still unknown pathways 
from the disease to the true clinical endpoint, as 
Molina et al., 2009 have suggested [29]. 

Correlation of potential surrogate endpoints with 
their true clinical endpoints is necessary but not 
sufficient [12,15,30]. Valid surrogate endpoints are 
obtained on the basis of clinical trials that analyse 
both the potential surrogate and the true clinical 
endpoint, in line with suggested methodologies 
[22-24]. It has, moreover, been suggested that 
surrogate endpoints, if valid, would show strong 
predictive power, similar to clinical diagnostic 
tests, regarding their true clinical endpoints, with 
low numbers of false positive and false negative 
predictions (not exceeding between 2.5 – 10.0% 
of total predictions) [12,30]. This means that the 
predictive power of a valid surrogate would be 
significantly higher than that of random guesses. 
However, a recent meta-epidemiological study 
could not establish any caries-predictive power 
for retention loss of resin-based fissure sealants 
above that of random guesses: median Diagnostic 
Odds ratio (25-75% percentile range) 1.21 (0.20 
– 10.71) and 0.28 (0.07 – 13.10) for resin sealants 
and random guesses, respectively; Wilcoxon test: 
z = 0.56; p = 0.58. [31]. As the caries preventive 
effect of resin-based sealants has been solely 
attributed to its retention [7], the lack of predictive 
power of resin-sealant retention gave thus an initial 
indication (albeit not proof) that sealant retention, 
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in general, may not be compliant with the Prentice 
criterion for surrogate validity. The results of this 
systematic review subsequently confirm such lack 
of compliancy.

Against this background, the use of sealant retention 
as endpoint in clinical fissure sealant trials, as the 
quality criterion for the acceptance and rejection 
of fissure sealant materials and as the basis for 
guidelines regarding clinical practice may require 
reconsideration and revision. Complete retention 
of placed sealants may indeed be relevant as one 
of many beneficial factors related to the prevention 
of carious lesion development in dental pits and 
fissures. However, category errors such as the 
misinterpretation of ‘beneficial factors’ as ‘valid 
surrogates’ should be avoided.

Recommendations for further research 
The current evidence of this systematic review 
remains limited and requires corroboration by 
large sized randomised control trials that compare 
GIC with resin- based sealants and investigate for 
both sealant types retention and caries occurrence. 
Such future trials should avoid attrition bias 
risk through high loss-to-follow up; include 
an investigation of performance/detection bias 
influence into its methodology; test for selection 
bias using the Berger-Exner test [32] and include 
all sealed teeth into both retention and caries 
assessment. It is further recommended that 
future trials, investigating the clinical efficacy of 
fissure sealants, should adopt the primary clinical 
endpoint of caries occurrence (or lack thereof) 
as study outcome and not only sealant retention 
rate as surrogate. Potential surrogate endpoints 
in dentistry should be validiated in line with the 
Prentice criterion, first, before adopting these as 
paramount leading endpoints and/or quality criteria 
in clinical research and daily clinical practice.

Conclusions 
This systematic review has shown that sealant 
retention does not comply with the Prentice criterion 
and thus cannot be considered a valid surrogate 

for caries prevention. Against this background, 
the caries-preventive efficacy of different sealant 
materials may not be inferred from the established 
retention rate. Consequently, the suitability of any 
particular sealant material may not be approved or 
dismissed on that basis.
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Executive Summary

New evidence shows no scientific difference between ruling  
fissure sealant options and alternative materials

New findings indicate absence of clinical evidence 
that glass-ionomers are inferior in their caries 
preventive effect to resin composites as current 
gold standard for the placement of dental pit and 
fissure sealants.

For decades the dental community has operated 
under the assumption that glass-ionomers are 
inferior to the current gold standard of resin 
composite materials when sealing pit and fissure 
to prevent the development of tooth caries due to 
its low material retention.

Although sealant retention has been shown to 
be a beneficial factor, among many in caries 
prevention, professional opinion has championed 
its unquestioned superiority. This has led to a 
rejection of alternative sealant approaches.

In an effort to appraise the current clinical evidence 
regarding the merits of placing glass-ionomers 
as tooth restorations, the SYSTEM Initiative of 
the Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, has conducted a 
systematic review of clinical trials.  

The systematic review included a literature search 
in eight scientific databases. Besides searching 
the global databases, such as PubMed/Medline 
and the Cochrane library, the searched additional 
open-access datasources comprised of Biomed 
Central; the Directory for Open Access Journals 
and Science Direct. 

In total, 16 clinical trials were accepted as evidence, 
comprising the investigation of more than 7 000 
placed fissure sealants. The outcome shows that 
glass-ionomers cannot be regarded as inferior to 
resin. No statistically significant difference was 
found in the caries failure rate between glass-
ionomer and resin sealed teeth after follow-up 
periods ranging from six months to seven years.

Throughout the systematic review clinical trials 
were assessed and subsequently accepted or 
rejected according to criteria related to study 
validity. All clinical evidence was closely 
examined for risk of systematic errors and several 
trials were excluded on the basis of high bias risk 
and low precision of results. 

The overall outcome offered no evidence to 
support the notion that glass-ionomer cements are 
inferior to resin as the current gold standard when 
sealing pit and fissure to prevent the development 
of tooth caries. A subsequent investigation to the 
original systematic review in 2008 was conducted 
in 2013 and established that its conclusion remains 
current.

There is a danger in the dental community that 
invalid criteria may lead to an unjust rejection of 
valid sealant materials. 

The new findings suggest that placing glass-
ionomer based sealants may offer an alternative in 
the prevention of tooth caries to placing resin in 
pits and fissures of permanent teeth.

The published full reports of the new findings are 
available online:
Mickenautsch S, Yengopal V. Caries-preventive 
effect of glass ionomer and resin-based fissure 
sealants on permanent teeth: An update of 
systematic review evidence. BMC Res Notes 
2011; 4: 22.
http://www.biomedcentral.com/1756-0500/4/22 
And:
Mickenautsch S, Yengopal V. The modified Ottawa 
method to establish the update need of a systematic 
review: Glass-ionomer versus resin sealants for 
caries prevention. J Appl Oral Sci 2013; 21: 482-9.
http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3881834/ 
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Caries-preventive effect of glass ionomer and  
resin-based fissure sealants on permanent teeth:  

An update of systematic review evidence
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1Division of Public Oral Health, Faculty of Health Sciences, University of the Witwatersrand  

7 York Rd., Parktown/Johannesburg 2193, South Africa

Abstract
Background: This article constitutes a partial 
update of the original systematic review evidence 
by Yengopal et al. from 15 January 2008 (published 
in the Journal of Oral Science in 2009) with primary 
focus on research quality in regard to bias risk in 
trials.  Its aim is to update the existing systematic 
review evidence from the English literature as to 
whether caries occurrence on pits and fissures of 
teeth sealed with either GIC or resin is the same. 

Methods: In addition to the 12 trials included 
during the original systematic review, 5 new trials 
were identified during the database search (up to 
26 August 2010) and 2 further trials were included 
from a hand search and reference check. Of these, 3 
trials were excluded and 16 were accepted for data 
extraction and quality assessment. The quality of 
accepted trials was assessed, using updated quality 
criteria, and the risk of bias was investigated in 
more depth than previously reported.  In addition, 
the focus of quantitative synthesis was shifted 
to single datasets that were extracted from the 
accepted trials. 

Results: Twenty-six dichotomous and 4 
continuous datasets were extracted. Meta-analysis 
and cumulative meta-analysis were used in 
combining clinically homogenous datasets. The 
overall outcome of the computed datasets suggest 
no difference between the caries-preventive effects 
of GIC- and resin-based fissure sealants.  

Conclusions: This overall outcome is in agreement 
with the conclusions of the original systematic 
review. Although the findings of the trials identified 
in this update may be considered to be less affected 
by attrition- and publication bias, their risk of 

selection- and detection-/performance bias is high. 
Thus, verification of the currently available results 
requires further high quality randomised control 
trials. (Originally published as: Mickenautsch 
S, Yengopal V. Caries-preventive effect of 
glass ionomer and resin-based fissure sealants 
on permanent teeth: An update of systematic 
review evidence. BMC Res Notes 2011; 4: 22.)

Introduction
Pits and fissures of posterior teeth are considered 
to be highly susceptible to the adhesion of micro-
organisms and consequently, to caries. Therefore, 
a significant amount of tooth decay occurs at 
these sites. Fissure sealants are used to prevent 
occlusal caries, 71% percent of occlusal decay 
being preventable after a once-off fissure sealant 
application [1]. Evidence regarding the efficacy 
and cost-effectiveness of sealants in reducing 
occlusal caries in molars has been highlighted [1-
5]. The most commonly used sealant material is 
resin composite [6-8]. Its caries-preventive effect 
relies on the sealing of pits and fissures through 
micro-retention, created through tags after enamel 
acid etching. However, these are easily destroyed 
by saliva contamination, which reduces micro-
retention and, consequently, the caries-preventive 
effect [9]. Under the generally wet conditions in 
the oral cavity, Glass Ionomer Cement (GIC) offers 
an alternative. Owing to its hydrophilic properties, 
GIC is not as moisture-sensitive as hydrophobic 
resin [10]. 

In a previous systematic review Yengopal et 
al. [11] conducted a meta-analysis in order to 
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quantitatively appraise, for the first time, the 
evidence regarding the caries-preventive effect of 
GIC in comparison to that of resin-based fissure 
sealants. This systematic review with meta-analysis 
found no evidence that either material was superior 
to the other in the prevention of dental caries. 
Therefore, both appeared to be equally suitable 
for clinical application as fissure sealant materials. 
These results were based on a systematic search of 
literature up to 15 January 2008 [11]. It has been 
suggested that once the search date of a systematic 
review is older than even 1 year, users should 
check for more recent trials on the same topic to 
see whether new evidence has altered the findings 
of a given systematic review [12]. In addition, 
the original quality assessment criteria [11] may 
be questioned on grounds of being ineffective in 
judging the true internal validity of trials on basis 
of risk of bias [13,14]. Therefore, the aim of this 
update is to provide a more in-depth assessment of 
bias-risk in trials. As the inclusion of non-English 
language trials in the original systematic review 
did not decisively influence the overall review 
results [11] the focus of the in-depth assessment 
and discussion of bias-risk is limited to English 
language trials, only. 

Thus, the purpose of this article is to update the 
existing evidence from trials published in English 
language regarding the review question as to 
whether caries occurrence on pits and fissures of 
teeth sealed with either GIC or resin is the same. 

Materials and Methods
In order to update the existing evidence, the 
systematic literature search of the English literature 
was extended beyond the original search date and 
a further hand search and reference check were 
done. The quality of accepted trials was assessed, 
using updated quality criteria (Table 1) [13-16] 
and the risk of bias was investigated in more depth 
than previously reported.  In addition, the focus of 
quantitative synthesis was shifted to single datasets 
(DS) that were extracted from the accepted trials. 

Literature search, review and quality assessment 
of trials
The search strategy used in the previous review for 
English language articles [11] was replicated for 
this review update using the search terms: “(GIC 
sealant* OR Glass ionomer cement sealant) AND 
(caries OR tooth decay)”. Only the start and cut-
off dates were changed. The English databases, 
Biomed Central, Cochrane Oral Health Reviews, 
Cochrane Library, Directory Of Open Access 
Journals, Expanded Academic ASAP PLUS, 
Meta Register Of Controlled Trials, PubMed and 
Science-Direct, were searched for relevant papers 
published between 15 January 2008 (the search 
cut-off date of the original systematic review) and 
26 August 2010. Criteria for trial inclusion were:
• 2-or multiple arm clinical prospective study 

designs;
• Comparison of GIC versus Resin fissure 

sealants;
• Publication in English.
Included trials were excluded after further review 
if:
• No outcome measure related to caries was 

reported;
• No computable data, dichotomous or 

continuous, per treatment group was reported;
• Resin-modified GIC (RMGIC) was used 

instead of conventional, chemically cured GIC.
Included trials that passed the exclusion criteria 
test were accepted for further quality assessment 
and data extraction. Reviewing, data extraction 
and quality assessment of the accepted trials was 
undertaken independently by two reviewers (SM 
and VY). Differences were resolved through 
discussion and consensus.

Unlike in the original published systematic review 
[11], quality assessment of accepted trials was 
undertaken on the basis of availability of evidence 
indicating successful prevention of selection- and 
detection/performance bias from the start to end of 
each trial. The new criteria (Table 1) differed from 
those previously used in the first review [11]. It has 
been argued that the inclusion of bias-preventing 
measures (e.g. randomisation, blinding/masking) 
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into the trial methodology only demonstrates an 
attempt to reduce bias risk but does not carry proof 
in itself that such attempt was indeed successful 
and that it is far more important to judge trial 
quality according to evidence that indicates to 
what extent such attempt has succeeded [13]. 
Against this background the quality criteria were 
adjusted accordingly. For example; if a trial merely 
reported that randomisation was conducted; 
reported only the name of the randomisation 
method used or included a detailed description of 
the randomisation process without providing any 
evidence that randomisation was indeed effective 
throughout the trial; then this was regarded as 
inadequate. 

Potential attrition- and publication bias was not 
investigated in the original meta-analysis [11]. In 
this update, sensitivity analysis was done, using 
the RevMan Version 4.2 statistical software of 
The Nordic Cochrane Centre, The Cochrane 
Collaboration (Copenhagen; 2003), in order to 
investigate potential attrition bias risk in trials.  
To investigate publication bias a funnel plot was 
generated, using the datasets from the included 
clinical trials. The standard error (SE) of the 
mean differences was plotted on the Y-axis, and 
the log of the Relative Risk (RR) on the X-axis, 
using MIX Version 1.7 meta-analysis software 
[17]. In addition, Egger’s linear regression method 
[18] was used to calculate an intercept with a 
95% Confidence Interval (CI), with statistical 
significance set at a = 0.05.

We anticipated that many of the identified trials 
would be of split-mouth design. The split-mouth 
study design is commonly used in dentistry to 
test interventions and has the advantage of having 
an individual serve as both the experiment and 
control. In this study design, one or more pairs 
of teeth (e.g. primary molars) form the unit 
of randomisation. Strictly, these pairs are not 
independent and should be analysed as “paired 
data” on a patient basis. However, similar to 
other systematic reviews where split-mouth trials 
are included [2] we analysed the pairs of tooth 
surfaces independently for differences whether 

they are carious or not. The fact that this would 
result in slightly narrower confidence intervals was 
considered in the discussion of the overall results.

Data extraction and analysis
All data concerning primary and secondary 
outcomes of accepted trials were extracted either 
as single dichotomous datasets (containing the 
number of observed effects (n) and the total 
number of evaluations (N) for both the control and 
the test groups) or as single continuous datasets 
(containing the mean value, standard deviation and 
total number of evaluations for both the control 
and the test groups). For dichotomous datasets the 
Relative Risk (RR, 95% CI), and for continuous 
datasets the Mean Difference (MD, 95% CI), was 
computed, using the Cochrane RevMan, Version 
4.2 software package. Statistical significance was 
set at a = 0.05.

Meta-analysis, using RevMan Version 4.2 statistical 
software by The Nordic Cochrane Centre, The 
Cochrane Collaboration (Copenhagen; 2003), was 
considered for datasets only if they complied with 
criteria for clinical homogeneity. Datasets were 
considered  to  be clinically homogeneous if they 
covered the same type of dentition; type of teeth; 
study length; type of evaluation method; type of 
GIC (high- or low viscosity) and stated whether 
the resin-based fissure sealant material contained 
fluoride. The percentage of total variations across 
datasets (I2) was used in assessing statistical 
heterogeneity [19]. Statistical significance for 
assessing statistical heterogeneity was set at a = 
0.10. A fixed effects model was used for meta-
analysis under condition of statistical homogeneity 
of datasets (p > 0.10) and a random-effects model 
was used for the others. Pooled datasets were 
assigned a Mantel-Haenszel weight directly 
proportionate to the sample size. 

Cumulative meta-analysis, using MIX Version 1.7 
meta-analysis software [17], was performed on 
datasets of consecutive follow-up periods, in order 
to investigate whether a trend of the available 
evidence might be observed in line with increasing 
time after sealant application. Care was taken to 



180 Glass-ionomers, The SYSTEM Initiative   

select only clinically homogenous datasets. A 
random-effects model was used under condition 
of statistical heterogeneity of datasets (p < 0.10).

Results
Literature search
In addition to the 12 trials included during the 
original systematic review [20-31], five trials [32-
36] were identified during the new database search. 
A further two trials [37,38] from the hand search 
and reference check were included (Figure 1). Of 
these 19 trials, 3 were excluded [34-36], owing to 
lack of reported caries outcome [35] and reporting 
on RMGIC as a test material [34,36]. Sixteen trials 
passed the exclusion criteria and were accepted 
for data extraction and quality assessment [20-
33,37,38].

Dataset extraction and analysis
Twenty-six dichotomous (DS 01-12,15-28,30) 
and 4 continuous datasets (DS 13,14,23,29) 
were extracted from the 16 accepted trials. 
Characteristics of these trials and their datasets 
are shown in Table 2. The articles by Forss et al. 
[37] and Forss and Halme [28] reported each of 
different datasets from the same trial. Three of the 
accepted 16 trials followed a parallel group design 
[25,26,33], while all other trials were split-mouth 
studies.

Sixteen of the 30 datasets showed no difference 
between the two materials after periods lasting 
from 6 months to 7 years (Table 2 and 3).  Twelve 
dichotomous (DS 05, 10,11,17-21,27,30) and 
two continuous datasets (DS 13,14) showed 
statistically significant (p < 0.05) different results. 
Of these, seven dichotomous datasets (DS 06,10-
12,20,21,27) extracted from five trials [22-
24,27,31] were in favour of resin-based fissure 
sealants after 2 to 3 years. Five dichotomous 
datasets (DS 05,17-19,30) extracted from three 
trials [21,26,38] were in favour of GIC-based 
fissure sealants after 3 to 5 years. Two continuous 
datasets (DS 13,14) from one trial [25] reporting 
on secondary outcomes, such as the DFS and 

DMFS increment, were also in favour of resin-
based fissure sealants after 2 years. 

Three of the datasets with statistically significant 
results (DS 17-19) were derived from one trial 
including high-viscosity GIC [26]. 

Meta-analysis
Of the 30 datasets, two groups of datasets, DS 
04,21,27 after 3 years and DS 05,07 after 4 years, 
were considered to have each met the criteria 
for clinical homogeneity and were combined in 
two meta-analyses. The results were generated 
in the form of two forest plots (Figure 2 and 3). 
These datasets included first permanent molars 
sealed either with low-viscosity GIC or with resin 
material lacking fluoride and were evaluated by 
visual, clinical examination. 

Figure 2 shows a pooled relative risk of 2.62 (95% 
CI: 1.71 – 4.00; p < 0.00001), suggesting a 2-3 
times higher chance of caries for teeth sealed with 
low-viscosity GIC than for those filled with resin, 
after 3 years. Additional analysis established a low 
risk of statistical heterogeneity (I2 = 56.7%, p = 
0.13). For that reason a fixed-effects model was 
used for this meta-analysis. 

Figure 3 shows a pooled relative risk of 0.53 (95% 
CI: 0.07 – 3.73; p = 0.52), suggesting no difference 
between the chance of caries development in teeth 
sealed with low-viscosity GIC or resin after 4 
years. Additional analysis established a high risk of 
statistical heterogeneity (I2 = 92.8%, p = 0.0002). 
For that reason a random-effects model was used 
for this meta-analysis. The significant statistical 
heterogeneity may be related to the inconsistency 
in the size of the treatment effects as the trials from 
which both datasets were extracted were similar in 
type of materials, sample size, outcome measure, 
evaluation criteria and method, as well as type of 
dentition, teeth, age of patients and study period 
(Table 2). Further investigation, by using the 
available trial information, did not result in any 
other possible explanation.   
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Figure 1. Flow diagram of trial selection

N = Number of trials; DS = Dataset number.

Figure 2. Forrest plot of meta-analysis results concerning caries on sealed first permanent molars 
after 3 years

Study or sub-category = Dataset number; GIC = Glass-ionomer cement; RR = Relative Risk; CI = Confidence Interval; n = Number of teeth with caries; N = 
Total number of evaluated teeth.
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Cumulative meta-analysis
In order to investigate whether a possible trend may 
be assumed in the comparison of GIC and resin, the 
chronological results from 5 datasets, concerning 
sealed teeth after 2 years (DS 06), 2-3 years (DS 
21), 3 years (DS 04,27) and 3.64 years (DS 05) 
[20-22,27,31], were included in a cumulative 
meta-analysis and its results were generated in the 
form of a forest plot (Figure 4). As with both meta-
analyses (Figure 2 and 3), all datasets included first 
permanent molars sealed either with low-viscosity 
GIC or resin material without fluoride and were 
evaluated by visual, clinical examination. They 
were thus considered clinically homogenous in all 
aspects except their follow-up periods. However, 
a statistical heterogeneity was established (I2 = 
89.2%; p < 0.00001) that may be attributed to the 
differences in the length of follow-up periods, so 
a random-effects model was used. The cumulative 
Relative Risk indicates no statistical significant 
difference between the two materials after 5 years 
(RR 1.33; 95% CI: 0.39 – 4.45; p = 0.65).  A 
shift of the cumulative relative risks towards the 
value of 1.00, as well as a shift of the cumulative 
95% confidence intervals below a relative risk of 
1.00 from the period after 2 to 3.64 years can be 
observed (Figure 4).

Quality assessment of trials and risk of bias
Selection-, Detection-/Performance bias risk
The results of the quality assessment regarding 

selection- and detection/performance bias are 
shown in Table 4. None of the accepted trials 
reported sufficient details of any randomisation 
process that had indeed given each patient the 
same chance to be allocated to either the GIC 
or the resin group and to ensure that direct 
observation and prediction of the allocation 
sequences was successfully prevented.  Only 
three trials [25,26,33] had reported baseline data 
collected before randomisation and reported for 
both treatment groups, statistically compared this 
data between groups and found the difference 
statistically not significant (p > 0.05). No accepted 
trial reported on successful blinding/masking of 
patients, operators and trial evaluators.

Attrition bias risk
Sensitivity analysis was used in computing all 
datasets, under the assumption that either:  
(i) All pits and fissures of sealed teeth lost to 

follow-up developed caries;
(ii) None of the sealed teeth lost to follow-up 

developed caries. 
The results of either situation did not change 
the conclusions for the majority of the datasets. 
However, a possible risk of attrition bias was 
identified for the results of four datasets (DS 
06,12,24,25) extracted from three trials [22,24,29]. 
Under the assumption that all pits and fissures of 
sealed teeth lost to follow-up developed caries, 
the results of two datasets (DS 06,12) would not 

Figure 3. Forrest plot of meta-analysis results concerning caries on sealed first permanent molars 
after 4 years

Study or sub-category = Dataset number; GIC = Glass-ionomer cement; RR = Relative Risk; CI = Confidence Interval; n = Number of teeth with caries; N = 
Total number of evaluated teeth.
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be statistically significantly in favour of resin: DS 
06 – RR 1.11 (95% CI: 0.92 – 1.33; p = 0.28); 
DS 12 – RR 1.05 (95% CI: 0.94 – 1.18; p = 0.36) 
and the results of two datasets (DS 24,25) would 
be statistically significantly in favour of GIC: DS 
24 – RR 0.44 (95% CI: 0.23 – 0.86; p = 0.02); DS 
25 – RR 0.28 (95% CI: 0.14 – 0.53; p = 0.0001). 

In line with the potential influence of attrition bias 
on datasets, the meta-analysis results (Figure 2 and 
3) were not affected. 

Under the assumption that all pits and fissures of 
sealed teeth lost to follow-up developed caries, the 
results of the cumulative meta-analysis (Figure 

4) would only change towards a further shift of 
the cumulative relative risks towards the value of 
1.00, and in a narrowing of the cumulative 95% 
confidence interval after 3.64 years (RR 1.14 - 
95% CI: 0.081 – 1.60; p = 0.46). 
In addition to the risk of bias due to loss-to-follow 
up, no trial indicated that a run-in phase was 
implemented before randomisation (Table 4). 

Publication bias risk
Publication bias was investigated, using one funnel 
plot (Figure 5). The funnel plot concerning data 
for caries progression showed an even distribution 

Figure 4. Forrest plot of cumulative meta-analysis results concerning caries on sealed first permanent 
molars 

RR = Relative Risk
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that did not suggest publication bias. Egger’s linear 
regression method for the same datasets showed 
an intercept of 0.05 (95% CI: –1.74, 1.85; p = 
0.95). The regression result was not statistically 
signifi cant. 

Unlike the original systematic review, non-English 
language articles were not included in this partial 
update and this needs to be addressed in a future 
update, including not only those in Portuguese and 
Spanish but in other languages too.

Discussion
The aim of this article was to update the existing 
evidence from trials published in English language 
regarding the review question as to whether 
caries occurrence on pits and fi ssures of teeth 
sealed with either GIC or resin is the same.  The 
article constitutes a partial update of the original 

systematic review evidence with primary focus on 
research quality in regard to bias risk in trials.

During the new systematic literature search seven 
more trials [32-38] could be included for review. 
The reason for this was that fi ve new trials had 
been published since the cut-off date of the original 
search; a more thorough hand search and reference 
check of the literature had been done, and broader 
inclusion criteria were used. Of the seven new 
included trials, three were excluded [34-36] as they 
did not comply with the stated exclusion criteria. 

In comparison to the original published systematic 
review [11], this update presents an improvement 
in the output of its systematic search of English 
trials. However, other aspects in the methodology 
of this review update might still have contributed 
to limitations in its results: (i) not all relevant 
publications were listed in the selected databases; 

Figure 5. Funnel plot of dataset results (test for publication bias)

RR = Relative Risk
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(ii) The chosen search terms may not have been 
broad enough; (iii) not all relevant publications 
could be found through a hand search and reference 
check. In addition and as this update is limited to 
English language trials, only, a future update of the 
non-English evidence of the original systematic 
review is required. Although, the inclusion of non-
English language trials in the original systematic 
review did not decisively influence the overall 
review results [11] an update of the non-English 
evidence of the original systematic review would 
confirm (i) whether the new findings from non-
English trials substantially differ from the English 
language trials and (ii) whether results from any 
new non-English language trials would influence 
the overall review results.

Selection-, Detection-/Performance bias risk 
Of the accepted 16 trials, only 3 trials followed a 
parallel group design [25,26,33] and all other were 
split-mouth studies. Mejáre et al. have cautioned 
against the split-mouth design as “randomised”, 
as the common practice of including subjects 
with at least one pair of caries-free molars results 
in exclusion of caries-active subjects [39]. An 
obvious selection bias is thus created, as not all 
subjects will have the same chance to participate. 
Mejáre et al. have rightfully suggested that the split-
mouth trial design should therefore be regarded 
as “quasi-randomised”. Thus, reviews where 
inclusion criteria include only randomised-control 
trials should, in theory, exclude trials that use the 
split-mouth study design. Following the example 
of other systematic reviews [2], the data from 
split-mouth trials was analysed as independent 
data. This will have caused narrower confidence 
intervals and thus may have favoured the reported 
outcomes of one type of treatment above the other. 
However, the so caused differences in confidence 
intervals may be considered to only be slight [2] 
and its correction would not have affected the 
general impact of selection bias on the relative risk 
(RR, 95% CI) per dataset (Table 3) due to lack of 
adequate randomisation [39-41]. In addition, wider 
confidence intervals would have provided only 
stronger indication of no difference between both 

types of treatment and would not have changed 
the overall conclusion from the current analysis 
results.

All of the accepted trials appear to be limited by 
risk of selection- and detection-/performance bias. 
Bias or systematic error may affect studies, causing 
either an over- or under-estimation of the treatment 
effect of an investigated clinical procedure. 
Overestimation has been observed to be the most 
common [40]. Kjaergard et al. reported a treatment 
effect overestimation of 48% caused by lack of 
random sequence allocation [41] and Egger et al. 
reported a treatment effect overestimation of 54% 
and 53% due to lack of allocation concealment and 
lack of evaluator blinding, respectively [42]. 

It has been emphasized that selection bias can 
only be successfully prevented if the allocation 
sequence remains truly random and free from 
potential interference throughout the trial [13,14]. 
Thus, it is important that trials should include 
an effective process for concealing the random 
allocation sequence and that by the end of each 
trial this process has indeed prevented direct 
observation and prediction of the random sequence 
allocation [13,14]. Quality assessment in terms 
of the internal validity of trials should therefore 
be a measure of the result of random sequence 
allocation and allocation concealment, and not 
only of its reported attempt. All trials accepted 
in this systematic review failed to report not only 
on evidence of successful sequence allocation 
and allocation concealment results, but also on 
necessary details about how sequence allocation 
and allocation concealment were attempted (Table 
4). None of the trials, therefore, provide any 
guarantee that each patient had an equal chance of 
being allocated to either treatment group and thus, 
their allocation may have favoured the outcome of 
one type of treatment above the other. One measure 
for testing whether random sequence allocation 
has not been successful is testing whether 
covariates differ between treatment groups at 
baseline [13]. Only three articles had included 
such a test and reported on its outcome [25,26,33]. 
The statistically non-significant results (p > 0.05) 
suggest a successful random allocation (Table 4). 



186 Glass-ionomers, The SYSTEM Initiative   

However, doubt remains regarding potential bias 
risk, as other non-balanced covariates may exist, 
that were not tested for and/or not reported. 

From the onset, in all trials successful blinding or 
masking appeared not to have been possible, owing 
to the obvious differences in clinical appearance 
between GIC and resin sealants. For that reason 
the allocation to either treatment group was visible 
to patients, operators and evaluators. However, 
the difficulties of successful blinding still carry 
the danger of detection-/performance bias, which 
may thus have affected the trials’ results. Potential 
knowledge of superiority claims prior to the trial 
may have led patients to change their oral hygiene 
habits, operators to place restorations more 
carefully or evaluators to apply evaluation criteria 
more subjectively. This in turn may have favoured 
the outcome of one type of treatment over the 
other.

Attrition bias risk 
Sensitivity analysis may be used in establishing 
whether missing data could have affected trial 
outcomes by assuming that the numbers of 
restoration lost to evaluation were either failures or 
successes [43]. Comparison of the analysis results 
with reported trial outcomes indicates whether 
different conclusions should be drawn. Sensitivity 
analysis was conducted for all datasets. The 
analysis results differed from reported outcomes 
of four datasets (DS 06,12,24,25) extracted from 
three trials [22,24,29].  According to the analysis 
results, more datasets (DS 24,25) would have been 
in favour of GIC and fewer in favour of resin if 
all sealed teeth that were lost to follow-up were 
assumed to have developed caries in their pits and 
fissures. How high the caries rate in the teeth lost 
to evaluation really was remains unknown. Owing 
to uncertainty regarding the real caries prevalence 
within those lost to follow-up, the results of the 
sensitivity analysis cannot serve as evidence that 
GIC would perform better than resin. However, 
the validity of the four datasets (DS 06,12,24,25) 
can be questioned on grounds of attrition bias and 
thus, their results need to be regarded with caution. 
None of these datasets were included into the 

meta-analyses (Figure 2 and 3) and thus do not 
affect their results. However, one dataset (DS 06) 
was also included in the cumulative meta-analysis 
(Figure 4). A re-computation of the data including 
all loss-to-follow-up (under assumption of caries) 
did not change the initially observed trend. Rather, 
the trend was reinforced, as the change from a 
cumulative RR after 3.65 years of 1.33 to 1.14 
would suggest. 
A run-in phase is considered to be a stage during 
a trial where all patients receive, for example, the 
test treatment and only those patients that respond 
well to the treatment are later used for random 
allocation in either the control or the test group 
[14]. Such practice would effectively exclude 
patients from the randomisation process and 
potentially favour one of the groups. No such run-
in phase was indicated in any of the accepted trials 
(Table 4).

Publication bias risk 
Publication bias was investigated by generating a 
funnel plot (Figure 5). Publication bias is present 
when the results of published research differ from 
those of all the studies that have been done [44]. 
Funnel plots are scatter graphs showing the size of 
studies on the Y-axis (large studies on top; small 
studies at the bottom) and the effect size, observed 
in these studies, on the X-axis.  The effect sizes 
of larger studies have the tendency to cluster near 
the mean. Small studies have effect sizes that are 
dispersed across a wider range. Results of both 
types of studies, plotted on a scatter graph, give 
the shape of an inverted, in absence of publication 
bias, symmetrical funnel [45].  Publication bias 
affects a funnel plot in the form of a concentration 
of studies to one side only (asymmetry). Such 
asymmetry is created when particular smaller 
studies are published only when they show a larger 
than average effect. However, if the number of 
studies (n) is less than ten, any asymmetry may be 
due to chance and not to publication bias [46]. For 
that reason the decision was made to plot results of 
the 26 extracted dichotomous datasets as units of 
investigation. These are not all independent from 
the published trials and this forms a departure 
from the common application of funnel plots in 
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investigating for publication bias. Despite this 
departure, the use of datasets (instead of published 
trials) will also indicate potential publication 
bias when only datasets that show a larger than 
average effect are published and other datasets 
are not. In our update, the funnel plot concerning 
dichotomous data on caries progression showed a 
symmetrical spread of dataset results (Figure 5). As 
the visual judgement of funnel plots is subjective, 
we calculated intercepts (95% CI), using Eggers 
regression [18]. The calculated non-significant 
intercept confirmed the observations from the 
funnel plot. Both suggest that any potential impact 
of publication bias may be low in regard to this 
topic. 

Data extraction and analysis results
The extended scope of this update did not change 
the overall results of the original published 
systematic review [11]. However, it has to be 
noted that these results are limited by risk of 
selection- and detection-/performance bias. As the 
true extent of such bias impact remains unknown 
within the reviewed trials, the results need to be 
regarded with caution. 

Five of the accepted studies reported on fluoride 
exposure of subjects from drinking water 
[22,23,25,27,30], a fluoride-rinsing programme 
[25] and toothpaste [27].  Two trials compared 
GIC fissure sealants with resin materials that 
reportedly contained fluoride [23,32]. In addition, 
most of the trials followed a split-mouth design, 
providing the possibility of fluoride release from 
the GIC fissure sealants into the oral cavity. This 
may have provided a caries-preventive effect 
for the resin-sealed teeth. It can be assumed that 
this may have increased caries resistance and 
thus confounded a potential caries-preventive 
effect of GIC, as suggested by Hara et al. [47]. 
Notwithstanding any possible confounder impact, 
the overall results suggest that resin-based 
materials may be more caries-preventive after 
2-3 years of sealant placement (Figure 2). Such 
benefit does not translate beyond the duration 
of 3 years as Figure 3, as well as the majority of 

datasets without statistically significant outcomes 
(Table 3), suggests. Other statistically significant 
outcomes in favour of resin from datasets (DS 
06,12), not included in the meta-analysis, may be 
invalid because of attrition bias and datasets of 
non-significant outcomes (DS 24,25) could very 
well have shown statistically significant outcomes 
in favour of GIC if all studied teeth could have 
been evaluated at the end of the trials. All these 
observations suggest that weakness exists in any 
claims of resin superiority over GIC and further, 
rather suggest that the caries-preventive effects of 
both types of material are equal. 

These considerations should be regarded as 
hypothetical, owing to the high risk of selection/
detection/performance bias in all accepted trials. 
Plausibility for this conclusion is provided by the 
results of the included cumulative meta-analysis 
(Figure 4). Cumulative meta-analysis is used to 
provide insights into how much the efficacy of 
treatments, often reported as mean results with 
95% confidence intervals, change over time as 
evidence accumulates [48]. It is the result of 
conducting a new meta-analysis each time a 
new set of evidence emerges [49]. A cumulative 
meta-analysis not only allows evaluation of any 
additional contributions made by individual studies 
to the cumulatively combined results of preceding 
studies [50] but also allows observation of a trend 
in the direction of evidence over time. The pooling 
of datasets of different study periods may be 
questioned on the grounds that their heterogeneity 
(due to differences in the length of observation 
periods) could render the result of a meta-analysis 
meaningless. On the other hand, it can be assumed 
that datasets covering longer study periods insert a 
larger weight into the cumulative results and thus 
generate a potential trend concerning treatment 
effects observed after increasing periods of time. 
The length of an observation period is related to 
the trial outcome as with its length also the length 
of, e.g. exposure to cariogenic factors increases. 
Thus the weight of trial outcomes after a longer 
observation period would be larger. Such period 
effect may be investigated through cumulative 
meta-analysis because it allows for the pooling of 
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outcomes from (otherwise clinically homogeneous) 
trials after continuously increasing time periods. 
Should the period effect be stronger for one of the 
compared treatment types than the other, a trend in 
the direction of the cumulated point estimates and 
confidence intervals can be shown by use of a forest 
plot. Such cumulative results may not provide 
proof in support of a particular hypothesis due 
to prevailing statistical heterogeneity. However, 
the results may assist in providing plausibility 
for hypothesis development. The forest plot in 
Figure 4 shows a shift of the cumulative results 
towards the value of RR 1.00, thus indicating that 
‘no difference’ between low-viscosity GIC and 
resin may be a more plausible hypothesis with 
increasing time after sealant application than the 
hypothesis that ‘resin is superior to GIC’. Such 
hypothesis requires thorough testing through 
further high quality randomised control trials.

The results of two datasets (DS 17,19) from trials 
in favour of high-viscosity GIC after 3 and 5 years 
[26] could not be repeated in later trials [32,33]. 
However, the results of the latter two trials may not 
be comparable with the former, as Beiruti et al. did 
not report on annual results that were independent 
from those of each previous year in this trial [26]. 

Recommendations for further research
Systematic reviews have been reported to provide 
the highest form of clinical evidence [51]. 
However, the internal validity of such evidence 
can only be as good as the internal validity of 
the trials reviewed. Although the trials accepted 
in this update may be considered to be less 
affected by attrition- and publication bias, their 
risk of selection- and detection-/performance bias 
is high. Overestimation due to bias may have 
affected particularly those datasets that indicated 
a statistically significant difference between 
both material groups (Table 3) by increasing (or 
decreasing) the value of point estimates and by 
artificially narrowing their confidence intervals. 
However, the precise effect of bias on all results 
remains unknown. Thus the results need to be 
regarded with caution and require verification. 
For that reason, further high quality randomised 
control trials (RCT) are needed. Such RCTs 

should adopt a parallel group design and include 
randomisation and allocation concealment methods 
that can effectively prevent direct observation and 
prediction of the allocation sequence. For this 
purpose, the maximum randomisation method has 
been suggested [13]. Covariates of both treatment 
groups should be tested as to whether they differ at 
baseline (after randomisation). Recently, inclusion 
of the Berger-Exner test has been suggested, to 
enable authors of trials to investigate whether 
selection bias has been introduced into their studies 
[13,14]. Where bias risk has been found, it may be 
adjusted statistically [13]. Both outcomes should 
be included in the final trial report. In order to 
ensure that the lack of blinding may not have led to 
favouring one treatment over the other, trials should 
use and report on procedures and tests employed 
that may limit or at least monitor potential bias 
risk. In addition to these recommendations, future 
trials should base their reporting on the CONSORT 
statement [52].

Conclusion
In conclusion, the current evidence to this 
topic may be considered to be less affected by 
attrition- and publication bias. However, its risk of 
selection, detection and performance bias is high. 
Consequently, further high quality randomised 
control trials are needed in order to answer the 
question whether caries occurrence on pits and 
fissures of teeth sealed with either GIC or resin is 
the same, more conclusively. 
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Table 1. Quality assessment criteria of trials 

Selection bias 

Score Criteria Impact on bias risk 

Randomization and concealment 

A 

(i) Randomisation: Details of any adequate 
type of allocation method that generates 
random sequences with the patient as unit 
of randomisation are reported.1 

(ii) Concealment: Trial provides evidence2 that 
concealment was indeed effective and that 
the random sequence could not have been 
observed or predicted throughout the 
duration of the trial. 

Doubts may still exist whether the trial 
results are influenced by selection bias but 
no indication can be found from the trial 
report to support such doubt. 

B 

(i) Randomisation: Details of any adequate 
type of allocation method that generates 
random sequences with the patient as unit 
of randomisation are reported.1 

(ii) Concealment: Trial reports on any adequate 
method to prevent direct observation3 and 
prediction4 of the allocation sequence and 
sequence generation rules. 

Despite the implementation of method 
considered to be able to prevent unmasking 
of the concealed allocation sequence 
through direct observation and prediction, 
there are reasons to expect that the 
concealed allocation sequence may have 
been unmasked during the cause of the 
trial. 

C 

(i) Randomisation: Details of any adequate 
type of allocation method that generates 
random sequences with the patient as unit 
of randomisation are reported.1 

(ii) Concealment: Trial reports on any adequate 
method to prevent direct operator 
observation of allocation sequence and 
sequence generation rules3. However, the 
allocation sequence and sequence 
generation may have been sufficiently 
predicted. 

Despite the implementation of method 
considered to be able to prevent unmasking 
of the concealed allocation sequence 
through direct observation, there are 
reasons to expect that operators could have 
predicted the concealed allocation 
sequence. 

D 

(i) Randomisation: Details of any adequate 
type of allocation method that generates 
random sequences with the patient as unit 
of randomisation are reported.1 

(ii) Concealment: The trial report does not 
include information on how the allocation of 
random sequence was concealed. The 
allocation could have been directly 
observed and/or predicted. 

Despite the theoretical chance for each 
patient to be allocated to either treatment 
group, operator knowledge of the allocation 
sequence may have lead to patient 
allocation that favoured the outcome of one 
type of treatment above the other. 

0 

 

Trial does not comply with criteria A – D. 

No guaranty of equal chance for patients to 
be allocated to either treatment group, thus 
allocation may have favoured the outcome 
of one type of treatment above the other. 

Baseline data for randomised trials 

A 
Baseline data collected before randomisation and 
reported for both treatment groups. Data shows no 
significant differences between both groups.  

Evidence is given that randomisation has 
lead to equal groups suggesting little risk of 
selection bias. 

B 
Baseline data collected before randomisation and 
reported for both treatment groups. Data shows 
significant differences between both groups but has 

Differences have been adjusted, thus the 
influence of possible selection bias appears 
to be reduced. 
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been statistically adjusted appropriately. 

C 

Baseline data collected before randomisation and 
reported for both treatment groups. Data shows 
significant differences between both groups without 
being statistically adjusted. 

Reported differences may be due to 
ineffective randomisation, thus indicate risk 
of selection bias. 

0 Trial does not comply with criteria A – C. 

No evidence is given whether randomisation 
has indeed lead to equal groups with 
differences beyond chance, thus differences 
may exists indicating selection bias. 

Detection/ Performance bias 

Blinding / Masking 

Score Criteria Impact on bias risk 

A 

(i) Trial reports on any type of method that is known 
to prevent patient AND operator AND evaluator to 
discern whether patients are allocated to the test- 
or the control group (Blinding/Masking). 

(ii) Trial reports a process with which the effect of 
Blinding/Masking was evaluated, as well as the 
results of such evaluation. 

Evidence is given that the trial results 
may not have been influenced by 
detection/performance bias that may 
have favored the outcome of one 
type of treatment above the other. 

B 

(i) Trial reports on any type of method that is known 
to prevent patient AND operator AND evaluator to 
discern whether patients are allocated to the test- 
or the control group (Blinding/Masking). 

(ii) Trial report does not give reason for doubt that the 
patient allocation to either the test- or the control 
group has been unmasked throughout the duration 
of the trial. 

Doubts may still exist whether the 
trial results are influenced by 
detection/performance bias but no 
indication can be found from the trial 
report to support such doubt. 
However, no evaluation of the 
Blinding/Masking effect has been 
included in the trial, thus no evidence 
for lack of bias is given.  

C 

(i) Trial reports on any type of method that is known 
to prevent patient AND operator AND evaluator to 
discern whether patients are allocated to the test- 
or the control group (Blinding/Masking). 

(ii) Trial report gives reason for doubt that the patient 
allocation to either the test- or the control group 
has been unmasked throughout the duration of the 
trial. 

Despite the implementation of 
method considered to be able to 
prevent unmasking, there are 
reasons to expect that 
operators/patients could have 
discovered the allocation. 

0 

No process reported or implemented able to blind/mask 
patients AND operators whether patients where allocated to 
either the test- or the control group (It is insufficient to report 
that blinding/masking was done without reporting the details 
of the process). 

Knowledge about the patient 
allocation may have caused 
patients/operator to act in a way that 
may have favoured the outcome of 
one type of treatment above the 
other, 

Attrition bias 

Loss – to follow up 

Score Criteria Impact on bias risk 

A Available case analysis, loss-to-follow up reported per 
treatment group. Subsequent sensitivity analysis does 
not indicate a possible risk of bias.  

The trial allows extracting evidence that 
attrition may not have favoured the outcome of 
one type of treatment above the other. 

B Available case analysis, loss-to-follow up reported per 
treatment group. Subsequent sensitivity analysis 

The trial allows assessing the risk that attrition 
may have favoured the outcome of one type of 
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indicates a possible risk of bias. treatment above the other. 

0 Trial does not report number of included participants 
per treatment group at baseline or gives any indication 
that would allow ascertaining the loss-to-follow up rate 
per treatment group. 

The trial carries an unknown risk that attrition 
may have favoured the outcome of one type of 
treatment above the other. 

Run-in phase 

A No run-in phase reported or discernable during which 
patients were given the active treatment or the 
placebo/control. 

The trial may not carry the risk of bias due to 
exclusion of patients who would not respond 
well to e.g. the active treatment. 

0 

Run-in phase reported or discernable during which 
patients were given the active treatment or the 
placebo/control. 

During a run-in phase only patients were 
selected for randomisation that have 
responded/not responded to the active 
treatment of the placebo/control. This may 
favour the outcome of one type of treatment 
above the other as patients who did not 
respond well to either are excluded. 

Trial endpoints 

0 The trial reports on secondary or surrogate 
outcomes as endpoints. 

Even if the surrogate results would highly correlate with 
primary (i.e. clinical) outcomes, they cannot serve as valid 
replacements and need to be regarded for hypothesis 
development, only. 

A The trial reports on primary outcomes as 
endpoints. 

Primary outcomes may provide evidence for hypothesis 
testing. 

1 Excluded are types of allocation methods that are considered as inadequate:  cluster randomisation, fixed 
block randomization with block size 2, minimization, alternation, randomisation of teeth, use of date of birth or 
patient record number, “quasi”-randomisation, split-mouth 

2 E.g. by reporting results of the Berger-Exner Test or any other statistical tests that show that covariates of 
compared groups were similar at baseline 

3 E.g. by opening of opaque envelope, obtaining allocation from tables, computer generated or from other 
sources 

4 E.g. central randomization, sequence allocation by other than operator; excluding varied block randomisation 
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Table 3. Results of individual datasets 

Article DS
Dichotomous datasets
RR 95% CI p-value

Oba et al., 2009 [32] 01 1.08 0.40 – 2.96 0.87

Barja-Fidalgo et al., 2009 [33]
02 0.50 0.05 – 5.32 0.57
03 0.38 0.09 – 1.65 0.20

Karlzén-Reuterving and van 
Dijken, 1995 [20] 04 0.33 0.04 – 3.13 0.34

Arrow and Riordan, 1995 [21] 05 0.19 0.08 – 0.46 0.0002*

Williams et al., 1996 [22]
06 4.75 1.64 – 13.79 0.004**
07 1.38 0.74 – 2.55 0.31

Rock et al., 1996 [23]

08 7.09 0.37 – 136.11 0.19
09 6.04 0.74 – 49.58 0.09
10 7.11 1.65 – 30.66 0.009**
11 6.24 1.89 – 20.66 0.003**

Kerrvanto- Seppälä et al., 2008 [24] 12 3.86 1.69 – 8.79 0.001**

Beiruti et al., 2006 [26]

15 0.33 0.01 – 8.13 0.50
16 0.08 0.00 – 1.42 0.08
17 0.21 0.06 – 0.71 0.01*
18 0.29 0.13 – 0.65 0.003*
19 0.28 0.14 – 0.58 0.0006*

Poulsen et al., 2006 [27]
20 3.40 1.71 – 6.78 0.0005**
21 2.30 1.11 – 4.76 0.02**

Forss and Halme, 19981  [28] 22 1.44 0.81 – 2.55 0.21

Mejàre and Mjör, 1990 [29]
24 0.16 0.01 – 2.73 0.20
25 0.10 0.01 – 2.03 0.14

Boksmann et al., 1987 [30] 26 Not estimable
Poulsen et al., 2001 [31] 27 3.38 1.93 – 5.94 <0.0001**
Forss et al., 19941 [37] 28 Not estimable
Williams and Winter, 1981 [38] 30 0.69 0.51 – 0.92 0.01*

Article DS
Continuous datasets
MD 95% CI p-value

Songpaisan et al., 1995 [25]
13 0.43 0.23, 0.63 <0.0001**
14 0.84 0.30, 1.38 0.002**

Forss and Halme, 19981 [28] 23 0.00 -0.11, 0.11 1.00
Forss et al., 19941 [37] 29 -0.04 -0.12, 0.04 0.36

DS = Dataset number; RR = Relative risk; MD = Mean difference; CI = Confidence interval; Not estimable = data from both treatment groups are 
essentially the same: p = 1.00.
* Statistically significant difference, in favour of GIC
** Statistically significant difference, in favour of Resin
1 Different datasets reported from same trial



200 Glass-ionomers, The SYSTEM Initiative   

Table 4. Results of quality assessment of accepted trials

Article DS

Selection bias
Detection/
Performance 
bias

Attrition bias

Trial 
outcome

Randomization Baseline 
data

Blinding / 
Masking

Loss-to-
follow up

Run-in 
phase

Oba et al., 2009 [32] 01 0 0 0 A A A

Barja-Fidalgo et al., 2009 [33]
02 0 A 0 A A A
03 0 A 0 A A A

Karlzén-Reuterving and van Dijken, 
1995 [20] 04 0 0 0 A A A

Arrow and Riordan, 1995 [21] 05 0 0 0 A A A

Williams et al., 1996 [22]
06 0 0 0 B A A
07 0 0 0 A A A

Rock et al., 1996 [23]

08 0 0 0 A A A
09 0 0 0 A A A
10 0 0 0 B A A
11 0 0 0 A A A

Kerrvanto-Seppälä et al., 2008 [24] 12 0 0 0 B A A

Beiruti et al., 2006 [26]

15 0 A 0 A A A
16 0 A 0 A A A
17 0 A 0 B A A
18 0 A 0 B A A
19 0 A 0 A A A

Poulsen et al., 2006 [27]
20 0 0 0 A A A
21 0 0 0 A A A

Forss and Halme, 19981  [28] 22 0 0 0 A A A

Mejàre and Mjör, 1990 [29]
24 0 0 0 B A A
25 0 0 0 B A A

Boksmann et al., 1987 [30] 26 0 0 0 A A A
Poulsen et al., 2001 [31] 27 0 0 0 A A A
Forss et al., 19941 [37] 28 0 0 0 A A A
Williams and Winter, 1981 [38] 30 0 0 0 0 A A

Songpaisan et al., 1995 [25]
13 0 A 0 n.e. A 0
14 0 A 0 n.e. A 0

Forss and Halme,  19981 [28] 23 0 0 0 n.e. A 0
Forss et al., 19941 [37] 29 0 0 0 n.e. A 0

DS = Dataset number, n.e. = Not evaluated.

1 Different datasets reported from same trial
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need of a systematic review: glass-ionomer versus resin  

sealants for caries prevention
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University of the Witwatersrand, Johannesburg, South Africa.

Abstract
Objective: To demonstrate the application of 
the modified Ottawa method by establishing the 
update need of a systematic review with focus on 
the caries preventive effect of GIC versus resin pit 
and fissure sealants; to answer the question as to 
whether the existing conclusions of this systematic 
review are still current; to establish whether a new 
update of this systematic review was needed. 

Methods: Application of the Modified Ottawa 
method. Application date: April/May 2012. 

Results: Four signals aligned with the criteria 
of the modified Ottawa method were identified. 
The content of these signals suggest that higher 
precision of the current systematic review results 
might be achieved if an update of the current review 
were conducted at this point in time. However, 
these signals further indicate that such systematic 
review update, despite its higher precision, would 
only confirm the existing review conclusion that 
no statistically significant difference exists in the 
caries-preventive effect of GIC and resin-based 
fissure sealants. 

Conclusion: In conclusion, this study demonstrated 
the modified Ottawa method as an effective tool 
in establishing the update need of the systematic 
review. In addition, it was established that the 
conclusions of the systematic review in relation 
to the caries preventive effect of GIC versus resin 
based fissure sealants, are still current and that no 
update of this systematic review was warranted 
at date of application. (Originally published as: 
Mickenautsch S, Yengopal V. The modified 
Ottawa method to establish the update need of 
a systematic review: Glass-ionomer versus resin 
sealants for caries prevention. J Appl Oral Sci 
2013; 21: 482-9.)

Introduction
In 2009 the authors of this study published a 
systematic review (search cut-off date: 15 January 
2008), in order to appraise the then current 
evidence regarding the caries-preventing effect 
of glass-ionomer cement (GIC) in comparison 
to that of resin-based fissure sealants [16]. This 
systematic review with meta-analysis found no 
evidence that either material was superior to the 
other in the prevention of dental caries. Therefore, 
both appeared to be equally suitable for clinical 
application as fissure sealant materials.

In 2011, this systematic review was updated and the 
overall outcome was judged to be in agreement with 
the conclusions of the original systematic review 
[9]. The cut-off date for the systematic literature 
search of this update was the 26th of August 2010. 
At the beginning of 2012 the authors considered 
the question as to whether a further update would 
be needed. The Cochrane collaboration advocates 
a preset time-based approach, with a recommended 
frequency of two years, for initiating the update of 
an original systematic review [5].

In contrast, the use of a priority approach towards 
the updating of systematic reviews has been recently 
suggested [14]. Such an approach relies on the 
identification of signals indicating update needs. 
The Agency for Healthcare Research and Quality 
(AHRQ) Evidence-based Practice Center (EPC) 
program conducted studies aimed at developing 
reliable methods for assessing the need for updating 
of systematic reviews [4]. Consequently, the EPC 
at the University of Ottawa developed the “Ottawa 
method”. The modified Ottawa method relies 
on identification of qualitative, quantitative and 
“other” signals from new systematic review-, meta-
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analysis- or trial reports published (or otherwise 
made available) after the search date of an original 
systematic review. In order to identify new reports, 
a systematic literature search is conducted. 
Criteria for signals that indicate the need to update 
a systematic review report are shown in Figure 1 
[4]. Quantitative signals (B1 and B2) are obtained 
by pooling data extracted from identified new 
trials with the data from the original systematic 
review, using a fixed effects meta-analysis. The 
pooled results are then compared with the original 
systematic review results for any possible changes 
in statistical significance (B1) or effect size (B2). 
As the purpose of the meta-analysis is to identify 
signals indicating a potential need to update an 
original systematic review, and not to establish 
a revised effect estimate, this simplified use of 
meta-analysis (without considering pooled data 
heterogeneity) has been reported as sufficient [4]. 
The underlying criteria of this method were found 
to be effective during a study of 100 systematic 
reviews published from 1995 to 20057.

As the modified Ottawa method is still fairly new, 
this study aims to demonstrate its application by 
establishing the update need of a systematic review 
with focus on the caries preventive effect of GIC 
versus resin pit and fissure sealants [9]. As health 
care providers and policymakers depend on up-to-
date evidence from systematic reviews, this study 
aims further to answer the question as to whether 
the existing conclusions of this systematic review9 
are still current and whether a new update of is 
needed.

Material and methods
The modified Ottawa method was applied [4]. In 
accordance with this method; a basic literature 
search was conducted on the 26th of April 2012, 
using the search strategy presented in Figure 2. The 
search strategy included the same string of English 
search terms and databases as those utilized in 
the last systematic review update, concerning 
the caries-preventive effect of GIC-based fissure 
sealants versus that of resin [9]. The search 

period for the PubMed search chosen was from 
26 August 2009, being one year before the date 
of the last systematic review update (26 August 
2010), to 26 April 2012. All other databases were 
searched from 2009 to the present. In addition, 
an ad–hoc hand-search was conducted through 
issues of pivotal journals (Dental Materials, Caries 
Research, Journal of Dentistry and Journal of 
Dental Research) published between in 2009 and 
2012. 

In order to verify the validity of the search strategy 
applied in the last systematic review update, a 
further string of search terms: “fissure sealant AND 
glass ionomer AND resin” for search in PubMed 
was also included as the search in this database 
had generated most of the reviewed articles, so far 
9).

Both authors independently scanned titles and 
abstracts of the citations that were identified 
through the literature search. The selection 
criterion for systematic reviews and/or prospective 
clinical control trials was relevance to the 
original systematic review question [9]: whether 
teeth sealed with either GIC or resin developed 
equivalent caries occurrence on pits and fissures. 
Articles with titles of potential relevance but 
without abstracts were traced in full for scanning. 
Disagreements between reviewers were solved by 
discussion and consensus. Accepted articles were 
traced in full and reviewed for signals.

Quantitative signals (B1 and B2) were obtained by 
pooling data extracted from identified new trials 
with the data from trials included in the original 
systematic review, using a fixed effects meta-
analysis. These pooled results were then compared 
with the pooled results of the datasets from the 
last systematic review update alone [9], for any 
possible changes in statistical significance (B1) or 
effect size (B2) 4.

Fixed effects meta-analysis for the identification of 
quantitative signals was conducted, using RevMan 
Version 4.2 statistical software of the Nordic 
Cochrane Centre, The Cochrane Collaboration 
(Copenhagen; 2003). The Risk ratio (RR) with 
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95% confidence intervals (CI) and p-values was 
computed. Alpha level was set at 5%.

The following information was extracted from 
the accepted trial reports for each intervention 
group: type of dentition (permanent or primary), 
length of follow-up period (in months or years) 
and dichotomous datasets (DS) concerning the 
outcome measure. The outcome measures included 
the number of sealed teeth that developed caries 
(n), from the total number of evaluated teeth (N), 
for each intervention group. On this basis, datasets 
(DS) were defined as any extracted set of n/N for 
the glass-ionomer cement (GIC) and resin groups. 
The result of one or more datasets concerning one 
particular type of dentition, tooth cavity, evaluation 
criteria and follow-up period was considered as a 
key finding.

Both authors extracted data from accepted trials 
independently, without being blinded to authors, 
institutions, journal names and trial results. 
Disagreements between authors were solved 
through discussion and consensus.

Results
Literature search and data collection
Figure 3 provides information on the number of 
articles identified. The database search using the 
same search strategy as that of the last systematic 
review update [9] generated 29 citations, the 
PubMed search with the additional string of 
search terms generated 28 citations and ad hoc 
hand search identified one citation (Figure 2). 
From the total of 58 citations, 53 were excluded 
through scanning of titles and abstracts, and 5 
articles1-3,6,15 were included. Only clinical trial 
reports and no systematic review, meta-analysis 
or guideline was found. Of the clinical trial 
reports, one2 was excluded, as its investigation 
covered comparison of resin with resin-modified 
GIC (Vitremer), instead of conventional GIC. All 
accepted trial reports were published in 2012.

Of the four accepted trial reports, only one [15] 
was identified through use of the search strategy 

of the previous systematic review update; [9] two 
were found through use of the additional string of 
search terms: “fissure sealant AND glass ionomer 
AND resin” in PubMed [1,6] and one was identified 
during ad-hoc hand search [2]. The discrepancy 
between search results from the original [9] and 
additional search strategies was considered to be 
one signal according to criteria C (Table 1).

Data analysis and signal identification
From the four accepted trial reports [1,3,6,15], ten 
separate datasets (DS) could be extracted:
(i) Three datasets: “4-DS 1 new” [6], “5-DS 2 

new” [3] and “6-DS 3 new” [15], from three 
trials related to comparison of the effect size 
of resin with that of GIC-based fissure sealants 
after 6 months (Figure 4);

(ii) Three datasets: “3-DS 1 new” [6], “4-DS 2 
new” [15] and “5-DS 3 new” [3], from three 
trials related to the effect size of GIC-based 
fissure sealants in comparison to resin after 12 
months (Figure 5);

(iii) Four datasets: “5-DS 1 new” [1], “6-DS 2 
new” [6], “7-DS 3 new” [3] and “8-DS 4 new” 
[15], from four trials, related to the effect size 
of GIC based fissure sealants in comparison to 
resin after 24 months (Figure 6).

These new datasets were pooled together with 
the corresponding datasets of the last systematic 
review update [9] in three fixed-effect meta-
analyses for sealed permanent teeth after 6, 12 and 
24 months (Figures 4, 5 and 6, respectively).

The 6- and 12-month results do not suggest 
significantly different outcomes for the pooled 
results of the original datasets on their own: RR 
1.81; 95% CI 0.39–8.37; p=0.45 and RR 2.61; 
95% CI 0.61–11.14; p=0.19 respectively and thus 
do not represent a signal in terms of criteria B1. 
Nonetheless, the point estimate of the 12-month 
results changed from RR 2.61 to 1.66, constituting 
a signal in line with criteria B2 (Figure 1).

The 24-month result (Figure 6) of RR 1.51; 95% 
CI 1.00–2.28; p=0.05 is distinct from the original 
result RR 2.10; 95% CI 1.23–3.58; p=0.0006 that 



206 Glass-ionomers, The SYSTEM Initiative   

Table 1. Modified Ottawa method: signal criteria

Signal type Signal 

code

Operational definitions

(A) Qualitative signals of potentially 

invalidating changes in evidence

A1 Opposing findings: a pivotal trial1 or systematic review/meta-analysis/guideline 

including at least one new trial that characterized the treatment in terms opposite to 

those earlier
A2 Substantial harm: a pivotal trial1 or systematic review/meta-analysis/guideline whose 

results called into question the use of the treatment based on evidence of harm or that 

did not proscribe use entirely but did potentially affect clinical decision making
A3 A superior new treatment: a pivotal trial1 or systematic review/meta-analysis/guideline 

whose results identified another treatment as significantly superior to the one evaluated 

in the original systematic review, based on efficacy or harm
(A) Qualitative signals of major 

changes in evidence

A4 Important changes in effectiveness short of “opposing findings” (A1) 

A5 Clinically important expansion of treatment
A6 Clinically important caveat
A7 Opposing findings from discordant pivotal trial1 or systematic review/meta-analysis

(B) Quantitative signals B1 A change in statistical significance (e.g. from non-significant to significant)
B2 A change in relative effect size of at least 50%

(C) Other signals Other signals were sought for key questions for which there were no prior systematic 

review or RCT, e.g. questions for which only large cohort studies or CCTs were 

identified. The criteria included a major increase in the number of new studies or a new 

study with at least 3x the number of participants as in previous. 

RCT = Randomised control trial; CCT = Case control trial.
1 A trial with at least 3x the number of participants as the largest trial included in the original systematic review.

Table 2.  Details of applied search strategy
           Citations included  Articles accepted
Expanded Academic ASAP PLUS search strategy: 26.04.12         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)         
BMC search strategy: 2009 – 2012 (Boolean search)         
Online: http://www.biomedcentral.com/search/         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  4   0
Cochrane Oral Health Reviews search strategy: 2009 – 2012  (Advanced search)         
Online: http://www.thecochranelibrary.com/view/0/index.html         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  5   0
DOAJ search strategy: Date of search 26.04.12
Online: http://www.doaj.org               
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  0   0
Meta Register Of Controlled Trials search strategy: Date of search 26.04.12          
Online: http://www.controlled-trials.com/isrctn/search.html          
[1] (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  0   0
Science-Direct search strategy: 2009 – present/26.04.12  (Expert search)         
Online: http://www.sciencedirect.com          
[1] ( GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  8   0
PubMed search strategy: 26.08.09 - 26.04.12         
Online: http://www.pubmed.org          
[1] (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  29   1
[2]* fissure sealant AND glass ionomer AND resin     28   2
Reference check: 26.04.12            0
Ad-hoc hand search: 26.04.12           1
Total articles included:            4     

* Additional PubMed search.         
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Table 3. Signal search results

Literature search Articles 
found

Signal 
criteria

Signal 
found

Details of key-finding Remarks

Systematic review/meta-analysis /guidelines No A - C No
Individual trials Yes A1 No

A2 No
A3 No
A4 No
A5 No
A6 No
B1 Yes Lower confidence limit of 

the pooled Risk ratio after 
24 months = 1.00 (Figure 5)

This result’s contrast with the 
Lower confidence limit of the 
pooled Risk ratio from the 
original results = 1.23 

B2 Yes Pooled Risk ratio after 24 
months = RR 1.51 (Figure 
5)

This result’s contrast with 
pooled Risk ratio from the 
original results = RR 2.10 

Pooled Risk ratio after 12 
months = RR 1.66 (Figure 
4)

This result’s contrast with 
pooled Risk ratio from the 
original results = RR 2.61 

C Yes Identification of only one 
out of four accepted trial 
reports relevant to the 
systematic review question 
on the basis of the search 
strategy from the last 
systematic review update

RR = Risk ratio.

Figure 3. Flow diagram of article selection
Table 2.  Details of applied search strategy
           Citations included  Articles accepted
Expanded Academic ASAP PLUS search strategy: 26.04.12         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)         
BMC search strategy: 2009 – 2012 (Boolean search)         
Online: http://www.biomedcentral.com/search/         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  4   0
Cochrane Oral Health Reviews search strategy: 2009 – 2012  (Advanced search)         
Online: http://www.thecochranelibrary.com/view/0/index.html         
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  5   0
DOAJ search strategy: Date of search 26.04.12
Online: http://www.doaj.org               
[1]  (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  0   0
Meta Register Of Controlled Trials search strategy: Date of search 26.04.12          
Online: http://www.controlled-trials.com/isrctn/search.html          
[1] (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  0   0
Science-Direct search strategy: 2009 – present/26.04.12  (Expert search)         
Online: http://www.sciencedirect.com          
[1] ( GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  8   0
PubMed search strategy: 26.08.09 - 26.04.12         
Online: http://www.pubmed.org          
[1] (GIC sealant* OR glass ionomer cement sealant) AND (caries OR tooth decay)  29   1
[2]* fissure sealant AND glass ionomer AND resin     28   2
Reference check: 26.04.12            0
Ad-hoc hand search: 26.04.12           1
Total articles included:            4     

* Additional PubMed search.         
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Figure 4. Meta-analysis to key finding: Caries on sealed teeth/6 months follow-up period

n=Number of sealed teeth with caries; N=Number of teeth evaluated; RR=Risk ratio; CI=Confidence interval; DS=Dataset number; Original=Data from original 
systematic review; New=Data from new identified trials

Figure 5. Meta-analysis to key finding: Caries on sealed teeth/12 months follow-up period

n=Number of sealed teeth with caries; N=Number of teeth evaluated; RR=Risk ratio; CI=Confidence interval; DS=Dataset number; Original=Data from original 
systematic review; New=Data from new identified trials

Figure 6.  Meta-analysis to key finding: Caries on sealed teeth/24 months follow-up period

n=Number of sealed teeth with caries; N=Number of teeth evaluated; RR=Risk ratio; CI=Confidence interval; DS=Dataset number; Original=Data from original 
systematic review; New=Data from new identified trials
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suggested a statistically significant difference 
between the two types of interventions, in favour 
of resin sealants. Even though the p-value of 
0.05 still suggests borderline significance, the 
lower confidence level of 1.00 for the pooled 
result indicates no difference between the two 
interventions and may thus meet signal criterion 
B1. In addition, the risk ratio (RR) change from 
the original 2.10 to 1.51 represents a change in 
relative effect size of over 50% and thus meets 
signal criterion B2 (Figure 1).

Besides the identified signal types B1, B2 and C, 
no further signals were identified, and the result 
was summarized in Figure 7.

Discussion
This study aimed to demonstrate the application 
of the modified Ottawa method by establishing the 
update need of a systematic review.

A potential limitation of this method is that it is 
still fairly new. The effectiveness of this method 
has been compared to that of a second method, the 
RAND method (13]. In contrast to the former, the 
RAND method relies on the combination of external 
expert opinion and an abbreviated literature search 
[4,13]. This investigation involved identification 
of update needs in four selected systematic reviews 
[4,13]. The result showed substantial agreement 
(kappa 0.64, 95% CI 0.45–0.83) between the two 
methods [4,13] and suggests that the modified 
Ottawa method is an effective tool for identifying 
update needs of original systematic reviews. 
However, the comparison of the modified Ottawa 
method with the RAND method did not include 
actual systematic review updates and the need for 
further research was emphasized by its authors 
[4,13].

In this study the modified Ottawa method assisted, 
within a relatively short study-period (between 
April and May 2012), identification of new 
clinical evidence relevant to the systematic review 
question after the previous systematic review 
update [9]. The existence of such evidence would 

have remained obscure within the context of this 
systematic review if a general 24-month period, 
recommended for systematic review updates by 
the Cochrane collaboration [5], had been followed. 
This result is in contrast to that reported in a recently 
published systematic update on the failure rate of 
atraumatic restorative treatment (ART) versus that 
of amalgam fillings [10]. In this analysis, despite 
the update’s extended search strategy10, no trial 
report was identified three years after the cut-off 
date of the original systematic review [11]. These 
>2-year-results, as well as the <2-year-results of 
this study call in to question the feasibility of using 
a two-year- approach as a guide for systematic 
review updates and suggest that application of 
a priority approach, i.e. by use of the modified 
Ottawa method, would be more suitable.

This study further aimed to answer the question 
as to whether the existing systematic review 
conclusions regarding the caries preventive effect 
of GIC versus resin pit and fissure sealants are still 
current and whether a new update is needed. In 
this context, it has to be emphasized that the aim 
of the modified Ottawa method is not to provide 
clinically relevant review updates in an abridged 
form. Instead, it only assists in identification of 
signals that may indicate whether or not an, often 
cost-intensive and time-demanding/consuming, 
update of an existing systematic review is indeed 
needed [4].

This study identified three quantitative and one 
qualitative signal. The first quantitative (B1) signal 
shows a change in the 95% confidence interval 
of pooled datasets relevant to the occurrence of 
caries on sealed surfaces on permanent teeth after 
24 months (Figure 6). The lower confidence level 
of datasets included in the previous systematic 
review update9 extended far into positive values 
[1.23], thus suggesting a statistically significant 
higher caries occurrence on tooth surfaces sealed 
with conventional GIC than on those sealed with 
resin 24 months after placement. However, the 
new result (1.00) indicates no caries occurrence 
difference between the two types of sealant. This 
observation is in line with the observed trend, 



210 Glass-ionomers, The SYSTEM Initiative   

previously established through cumulative meta-
analysis, towards a Risk ratio (RR) of 1.00 (9). Such 
trend gave higher plausibility to the hypothesis of 
‘no difference’ between GIC and resin sealants 
than to the alternative hypothesis of ‘resin is 
superior to GIC’ [9]. While the overall conclusion 
of the previous systematic review update was 
in favour of the former hypothesis, the original 
24-month data remained in contradiction to such 
conclusion. The identified B1 signal indicates an 
alignment of the 24-month data results with the 
overall systematic review conclusion. Therefore, 
although a clear signal was identified, this signal 
does not indicate a change in the overall systematic 
review conclusion and thus may not be indicative 
of the need for a systematic review update. It does, 
however, suggest that the new published evidence 
basically confirms the current view that no 
difference in clinical performance exists between 
GIC and resin-based fissure sealants.

The first identified B2 signal (Figure 7), presenting 
a >50% change of the point estimate for the 
24-month data, further confirms the B1 signal and 
thus, also may not be regarded as contributive to 
the indication of an update need. The second B2 
signal presents a >50% point estimate reduction, 
from RR 2.61 to RR 1.66, after 12 months. 
However, the 95% Confidence intervals, as 
well as the p-values of both point estimates do 
not indicate a change in statistical significance. 
Therefore, both results remain within limits of the 
overall systematic review conclusions. The change 
of the point estimate itself may be regarded as a 
shift towards the RR 1.00 value of no effect, thus 
reconfirming the previously established trend [8] 
of higher plausibility for the hypothesis of ‘no 
difference’ between GIC and resin sealants.

The established C-Signal (Figure 7) raises concerns 
regarding the feasibility of the search strategy 
applied in the systematic review, so far. In addition, 
the scope of the previous systematic review update 
included a search of the English literature only, and 
thus excluded all relevant non-English evidence 
that may exist regarding this topic. However, the 
strength of this signal in indicating the need for a 

systematic review update may have been reduced 
because an extended search strategy in the English 
literature only generated results confirmatory to 
the overall review conclusion. Furthermore, it 
has been suggested that exclusion of non-English 
trial reports has little effect on summary treatment 
effect estimates [8,12] and this appeared to be 
confirmed in the recent update, without language 
restrictions, of another systematic review by the 
authors [10].

Conclusion
In conclusion, this study demonstrated the modified 
Ottawa method as an effective tool in establishing 
the update need of the chosen systematic review. 
In addition, it was established that the conclusions 
of the systematic review in relation to the caries 
preventive effect of GIC versus resin based fissure 
sealants, are still current and that no update of 
this systematic review was warranted at date of 
application of the modified Ottawa method.
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