
Should evidence from controlled ART trials be
excluded from systematic reviews concerning the
clinical merits of directly placed posterior
restorative materials? (Preprint)
Steffen Mickenautsch1  (  neem@global.co.za )

University of the Western Cape https://orcid.org/0000-0002-4994-2328

Method Article

Keywords: atraumatic restorative treatment, systematic review, ART, high-viscosity glass-ionomer

Posted Date: June 3rd, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1702362/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1702362/v1
mailto:neem@global.co.za
https://orcid.org/0000-0002-4994-2328
https://doi.org/10.21203/rs.3.rs-1702362/v1
https://creativecommons.org/licenses/by/4.0/


 1

Should evidence from controlled ART trials be excluded from 

systematic reviews concerning the clinical merits of directly placed 

posterior restorative materials? (Preprint) 

 

Steffen Mickenautsch
1,2,3

 

1
Faculty of Dentistry, University of the Western Cape, Francie van Zijl Avenue, Tygerberg/Cape Town, 7505, South Africa. 

2 
Honorary/Department of Community Dentistry, School of Oral Health Sciences, Faculty of Health Sciences, University of the Witwatersrand, 7 York 

Rd., Parktown/Johannesburg 2193, South Africa. 

3
Review Center For Health Science Research, 84 Concorde Road East, Bedfordview/Johannesburg, 2008, South Africa. 

 

 



 2

Significance of the study 

 What are the current trends, critical concerns, and likely future developments?  

There is a trend to exclude randomised control trials (RCTs) with high-viscosity glass-ionomers 

placed as test material using atraumatic restorative treatment (ART), from systematic reviews 

concerning posterior restorative materials, because they are assumed to carry a confounder in 

terms of a secondary comparison between incomplete and complete tooth excavation. 

 How does your review add to the understanding of this field? 

This study shows that ART/RCTs do not to contain such confounder, thus future systematic 

reviews may include these trials for head-to-head clinical appraisal. 
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Abstract 

Objective: To investigate the argument’s validity that randomised control trials comparing high-

viscosity glass-ionomer cement (HVGIC) placed using atraumatic restorative treatment, against 

amalgam or composite resin restorations (ART/RCTs) carry a confounder: a secondary comparison 

of incomplete against complete tooth excavation. 

Methods: The logical validity of the relationships between the argument’s components was assessed. 

The empirical validity of its key-assumptions was appraised by systematic review. Key-assumptions 

were converted into 3 search questions: Do treatment techniques that rely on complete excavation 

using different materials follow the same treatment steps? Is incomplete excavation during ART 

directly related to the material properties of HVGIC? Do restorations placed, after incomplete 

excavation have a higher failure rate than after direct excavation? PubMed and GoogleScholar were 

search (December 28, 2016). Reference check, journal hand searching was conducted. Bias risk was 

assessed. Data was extracted from accepted trials and statistically analyzed. 

Results: The relationship between the argument’s components was found logically valid but its 

underlying key-assumptions empirically invalid. The results suggest that: Differences in placement 

techniques are not unique to that between HVGIC/ART and amalgam or composite resin materials, 

but are also observable between that of amalgam and composite resin; HVGICs material properties 

appear appropriate to the consequences of incomplete excavation during ART; The current clinical 

evidence does not indicate a statistically significant higher failure rate of tooth restorations placed 

after incomplete excavation. 

Conclusions: ART/RCTs appear not to contain a confounder. Future systematic reviews and future 

updates of existing systematic reviews, may consider the inclusion of ART/RCTs for appraisal.  
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Introduction 

Over the last hundred years, dental amalgam has been placed successfully as direct filling material 

for the restoration of load bearing cavities in posterior permanent and primary teeth [1]. Its phasing 

down, following the Minamata Convention [2], established the need for a new, at least similarly, 

successful material, particularly in view of modern restorative treatment concepts. The identification 

of such new material(s) is particularly aided by systematic reviews of clinical controlled trials. 

Systematic reviews differ from other reviews of the medical and dental literature through its use of a 

systematic literature search that attempt the identification and tracing of all relevant evidence 

currently available to a topic [3]. They further include an in-depth assessment of the systematic error 

risk of the evidence, as well as in some cases quantitative data synthesis. Due to these included 

components, systematic reviews may provide the best source of clinical evidence available [4,5]. 

 Some of the most prominent published systematic reviews with quantitative data synthesis 

after the signing of the Minamata Convention [1] are the Cochrane review by Alcaraz et al. [6]; the 

review by Moraschini et al. [7] and by Schwendicke et al. [8]. While the reviews by Alcaraz et al. [6] 

and Moraschini et al. [7] investigated head-to-head comparisons of amalgam versus composite resin 

restorations (both concluding lower longevity of composite than that of amalgam in posterior teeth) 

the review by Schwendicke et al. [8] investigated a wider range of restoration types, including 

(besides amalgam and composite resin restorations) also compomer, glass-ionomer cement (GIC) 

and resin-modified GIC restorations. In contrast to the reviews by Alcaraz et al. [6] and Moraschini 

et al. [7], the review by Schwendicke et al. [8] established by use of Bayesian network meta-analysis 

that conventional composite restorations have the highest probability of survival in load bearing 

posterior tooth cavities. 

While the internal validity of systematic review results is dependent on the methodological 

quality of its reviewed trials, the external validity of systematic review results is greatly defined by 

its set criteria according to which trials are included or not included for review. Against this 

background, an argument against the inclusion of RCTs that directly compare GIC/ART versus other 
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material type restorations placed using conventional tooth excavation methods for inclusion into 

systematic reviews has been made [8]. This argument states that ART/RCTs do not only compare the 

clinical properties of different materials, such as GIC versus amalgam, but also include a secondary 

comparison between the ART based and the conventional tooth excavation methods [19]. While the 

latter includes the creation of cavity access and, so-called, complete carious tooth tissue removal by 

high-speed drilling, the former relies on cavity access and incomplete (selective) removal of carious 

tooth tissue by hand instrumentation, only [10]. The presence of such secondary comparison in 

ART/RCTs, so it is argued, introduces a confounder that renders it impossible to ascertain whether 

restoration failures are associated with material or with excavation technique differences or with both 

[9]. Because the results of systematic reviews that appraise suitable amalgam alternatives are directly 

depended on the type of trials included for review, the question whether the argument that the results 

of ART/RCTs are affected by a confounding factor is important. Modern ART restorations are 

placed using high-viscosity GIC (HVGIC) [11] and should a confounder affect the results of 

ART/RCTs then such trials should indeed not be included into these systematic reviews. However, if 

the argument is invalid than ART/RCTs may add important evidence to the clinical merits of GIC 

(particularly HVGIC) restorations as possible amalgam alternative and thus should be included into 

systematic reviews that appraise the longevity of directly placed restorative materials. Such 

inclusion, for example, may have substantially altered the ranking of types of tooth restorations’ 

according to their probability of survival for load bearing posterior tooth cavities in a recent 

systematic review that excluded ART/RCTs [8,12]. 

The aim of this study was to investigate, whether the argument that RCTs comparing 

HVGIC/ART against amalgam or composite resin restorations carry a confounding factor in terms of 

a secondary comparison between incomplete and complete tooth excavation method is valid. 
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Methods 

A two-step approach was followed: First, the argument’s conclusion, premises and assumption were 

established and their compliance with the rules of formal logic assessed. Second, the empirical basis 

of the premise supporting key-assumptions was appraised by use of a systematic review. 

 

Logical investigation 

The argument’s conclusion, premises and key-assumption were established by diagramming. 

Diagramming is a simple method of critical thinking that allows identifying the structure of an 

argument, consisting of its conclusions (C), supporting main premises (MP), minor premises (P) and 

premise-underlying assumptions (A) [13]. Once the key structure of the argument was established, it 

was assessed whether: 

(i) The relationship between the key-assumptions and the argument’s premises complied with 

rules of propositional logic; 

(ii) The relationship between the argument’s premise and its conclusion complied with rules of 

predicate logic. 

Propositional and predicate logic are accepted systems of formal logic that investigate the 

connections between different kinds of propositions and the connections within a single proposition, 

respectively [14]. One form of predicate logical proof is the categorical syllogism. Hypothetical 

syllogism, Modus tollens and Modus ponens are rules of propositional logic in which whole 

statements form propositions that are interlinked as sequence towards a given conclusion [15]. An 

explanation of these rules of logic is presented in the Additional file/Section 1. During the 

application of these rules the following common logical symbols were used: () = and; () = or; () 

= negation; () =  “If … then …” [14].  

The entire argument was considered to be logically valid if it complied with all applied rules 

of logic. 
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Empirical investigation 

All key-assumptions (A) of the logical argument structure were converted into search questions for 

systematic literature search and strings of search terms were developed accordingly. For each search 

question strings of search terms and inclusion criteria were developed and the databases PubMed, 

and GoogleScholar searched up to December 28, 2016 and the Directory of Open Access Journals 

(DOAJ) searched up to January 23, 2017 (Additional File/Section 2). Reference check of all 

included reports, as well as additional journal hand searching was conducted. In order to obtain most 

recent information on treatment techniques for placing amalgam and composite resin restorations, the 

focus of the systematic literature search was on clinical guidelines, published not older than three 

years before date of search.    

  Titles and abstracts of identified citations from data sources were scanned for possible 

inclusion in line with the inclusion criteria. Articles with a suitable title but without listed abstract 

were retrieved in full copy. Articles that could not be traced in full copy were excluded. All data 

were entered in specifically designed data sheets in MS Excel. Continuous datasets, consisting of the 

number of evaluated units (N), mean values, standard deviation (SD) per group, were extracted from 

trials. Mean differences (MD) with 95% Confidence intervals (CI) and p-values were computed per 

dataset using RevMan 4.2 statistical software. Alpha was set at 5%. 

 The quality and internal validity of accepted articles and book chapters was assessed using 

the following assessment tools: AGREE (Appraisal of Guidelines for Research and Evaluation) II 

[16] for clinical guidelines and AMSTAR (Assessing the Methodological Quality of Systematic 

Reviews) [17] for systematic review reports. The internal validity of trial reports was appraised by 

assessment of the risk of selection-, detection/performance- and attrition bias using tested criteria 

[18]. Details of the applied assessment criteria are presented in Additional File/Section 3.  

 If the number of extracted datasets was at least ten per outcome, computation of the I
2
 point-

estimate with 95% Confidence Intervals (CI) of the extracted datasets was planned. Any high 

statistical in-between-dataset heterogeneity as per thresholds [19] would have been taken under 
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consideration when assessing publication bias risk by Egger’s regression [20]. Assessment of 

publication bias risk was not planned if the number of extracted datasets was less than ten per 

outcome. 

 

Results 

Logical investigation 

The structure of the argument that ART/RCTs carry a confounding factor is shown in Fig. 1. 

Diagramming shows that the argument rests on two types of proposition, one related to general 

research methodology (P1 and MP1) and one specific to ART (P2). The former states that all RCTs 

with confounders cannot ascertain any correct association of the outcome variable with the measured 

outcome (P1) and that such trials should be excluded from systematic reviews (MP1). The later type 

of proposition states that RCTs that compare GIC (HVGIC) restorations placed using ART with 

other directly placed restorative materials are trials that contain a confounder (P2). While the 

propositions related to general research methodology are not disputed, the ART related proposition is 

the focus of this investigation. It forms also the premise of the conclusion (C) that RCTs comparing 

GIC/ART against amalgam or composite resin should be excluded from systematic reviews. This 

premise (P2) relies on three key assumptions: 

(i) A1: If restorative treatments with different materials use complete carious tissue removal 

by drilling as excavation technique, then these treatments are homogenous; 

(ii) A2: Incomplete caries removal by hand instrumentation for tooth excavation is not 

directly associated with the material properties of GIC (HVGIC); 

(iii) A3: Incomplete carious tissue removal by tooth excavation using hand instrumentation 

causes a statistically significant (p < 0.05) difference in the restoration failure rate when 

compared to complete carious tissue removal by drilling used during conventional tooth 

excavation when placing tooth restorations with e.g. amalgam or resin composite. 

 



 9

The logical investigation found that the relationship of these key-assumptions to the argument’s 

premise (P2) complied with the rules of propositional logic and thus can be considered as valid, 

i.e.: if the key-assumptions (A1-3) are correct then the argument’s premise (P2) is necessarily 

correct, too. In line with the rules of predicate logic, it was further found that, if the argument’s 

premise (P2) is correct then the argument’s conclusion (C) that RCTs comparing HVGIC/ART 

against amalgam or composite resin should be excluded from systematic reviews is necessarily 

correct, too. The step-by-step deductions of the detailed logical inferences are presented in 

Additional File/Section 4. 

 

Empirical investigation  

The tree key-assumptions (A1-3) were converted into the three search questions (Additional 

File/Section 5): 

(i) Q1: Do treatment techniques that rely on complete carious tissue excavation using 

different materials for cavity restorations follow essentially the same treatment steps? 

(ii) Q2: Is incomplete carious tissue removal by hand instrumentation for tooth excavation 

directly related to the material properties of GIC (HVGIC)? 

(iii) Q3: In tooth restorations of the same clinical indication, does incomplete carious tissue 

removal by tooth excavation using hand instrumentation cause a statistically significant (p 

< 0.05) difference in the restoration failure rate when compared to complete carious tissue 

removal by drilling used during conventional tooth excavation? 

 

The results of the systematic literature search and citation selection are presented in Fig. 2. A total of 

1252 citations were found of which 51 were included for review. Of the 51 reviewed citations a total 

of 37 were excluded. Main reasons for exclusion were: No HVGIC used in test group (= 11); No 

computable data reported (N, mean values, SD per group) (= 10); Articles not traced in full (= 4) and 
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other reasons (= 12). A list of excluded articles per search questions with reason for exclusion per 

article are provided in (Additional File/Section 6). 

 

Review results for search question Q1 

Two clinical guidelines were accepted for review: one book chapter by Boushell et al. [21] for the 

placement of amalgam and one journal article by Lynch et al. [22] for the placement of composite 

resin restorations. Both guidelines indicated material specific placement steps that differed largely 

from each other, thus indicating that both treatment types do not follow the same treatment approach.  

The detailed assessment results are presented in (Additional File/Section 3). Both guidelines were 

equally assessed as strong in scope/purpose, as well as clarity of representation and weak in rigor of 

development and applicability. 

 

Review results for search question Q2 

The focus of the systematic literature search was on the (i) antibacterial and (ii) remineralising 

properties of HVGIC. Because the later emphasised an active and not passive material property, 

trials that investigated a passive HVGIC effect, i.e. in terms of the prevention of tooth tissue 

demineralisation, were not included. In addition, only trials were included that did not place any 

fluoride releasing materials in the control group.  

Seven and three trials related to HVGIC’s antibacterial and remineralising effect, 

respectively, were accepted for review. Details of the trials’ characteristics are presented in Table 1. 

Of the seven trials related to HVGIC’s antibacterial effect one was a clinically based trial [23]; one 

an in-situ trial [24]; one an in-vivo (on animals) trial [25] and four of an in-vitro study design [26-

29]. All three trials related to HVGIC’s remineralising effect were in-vitro studies [30-32]. Because 

all trials were too heterogeneous in terms of study design, measured outcome and evaluation method, 

no meta-analysis was conducted. Instead, all results were computed per individual dataset and are 

presented in form of a forest plot (Fig. 3). The results indicate no statistically significant difference 
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(p > 0.05) in the antibacterial effect between HVGICs and amalgam or composite resin, except for a 

significantly lower decrease in S. mutans induced pH [27] and a lower biofilm thickness after 30 

days [26] than composite resin.  HVGICs appear to inhibit the growth of S. mutans and S. sanguis as 

effectively as 0.2% chlorhexidine after 12 hours [28]. The remineralising effect of HVGICs appear to 

be significantly higher than that of composite resin in terms of incipient lesion surface density 

increase [30], decrease in incipient lesion size [31] and ion concentration increase in demineralised 

dentine [32] (Fig. 3). 

No loss-to-follow up was observed in all trials (Table 1), thus the risk of attrition bias was 

judged to be low. No adequate random sequence generation method and adequate method of 

masking/blinding of patients and clinicians and evaluators was reported in all trials. Therefore, all 

trials were rated with Score 0 (Additional File/Section 4) for both, selection bias and 

detection/performance bias risk, respectively. Because the number of datasets per outcome was 

below ten, no assessment of publication bias risk was undertaken. 

 

Review results for search question Q3 

Two systematic review reports [33,34] were accepted for review. Both were published in 2013. 

Differences between both reviews existed in terms of databases searched, search cut off date, 

limitations on publication languages and trials included. Both reviews included searches in the 

Cochrane’s Central register of Controlled Trials, Medline and Embase. Ricketts et al. [33] also 

included the Cochrane Oral Health Group’s trial register and the review by Schwendicke et al. [34] 

included PubMed. Ricketts et al. [33] had December 12, 2012 as search cut-off date and did include 

all publication languages. Schwendicke et al. [34] had July 23, 2012 as search cut-off date and 

accepted publications in English and German, only. While both reviews accepted essentially the 

same trials for review, Schwendicke et al. [34] also included four more trials [35-38] to the outcome 

of restoration failure that were not identified or assessed by Ricketts et al. [33]. Quantitative head-to-

head comparison of incomplete versus complete caries removal showed no statistically significant 
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differences between the two: a Relative risk (RR) of 0.33 with 95% Confidence interval (CI): 0.01 – 

7.62 (p = 0.49) [40] and an Odds ratio (OR) of 0.97; 95%CI: 0.64 – 1.46 (p = 0.87) [34]. 

Both review reports achieved equally high AMSTAR scores (8 out of 11, see Additional File 

/ Section 3). Both appear not to have registered a protocol prior to review conduct and did not 

include any grey-literature search [33,34]. In addition, the review by Ricketts et al. [33] did not 

include the assessment of publication bias risk in its review methodology. 

The Cochrane review by Ricketts et al. [33] concluded that there was insufficient evidence to 

determine whether a difference in risk of restoration failure exists between tooth restorations placed 

after incomplete and complete caries removal, while the systematic review report by Schwendicke et 

al. [34] concluded that there is currently no evidence that incompletely excavated teeth are more 

prone to complications. The report states further that due to high risk of bias within trials, evidence 

levels were limited, and that further research was required before definitive conclusions could be 

made.  

 

Discussion 

The aim of this study was to investigate the validity of the argument that RCTs comparing GIC/ART 

against amalgam or composite resin restorations carry a confounding factor in terms of a secondary 

comparison between incomplete and complete tooth excavation method. 

The outcome of the logical and empirical investigation showed that although the deductive 

reasoning from the argument’s premise (P2) to its conclusion (C) is logically valid (Fig. 1), the 

current evidence does not support the underlying assumptions (A1-3) of this premise. Therefore, the 

premise (P2) that ‘RCTs comparing GIC (HVGIC) restorations placed using ART with other directly 

placed restorative materials are trials that contain a confounder’ is necessarily invalid and thus the 

conclusion (C) that such trials ‘should be excluded from systematic reviews’ based on this particular 

premise is invalid, too.  
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However, it has to be noted that the conclusion (C) may be correct for other reasons than premise P2, 

but which are outside the scope of this study. Such reasons may be related to the nature, validity or 

precision of the methodology applied in individual ART trials and other set inclusion criteria, e.g. 

based on publication language or geographic restrictions etc., which systematic reviews may impose 

on their search strategies and trial selection. The reason that the conclusion’s validity cannot be 

entirely ruled out on basis of the invalidity of premise P2 is that this would constitute the logical 

“denying the antecedent” fallacy [15]. Such fallacy is invoked when the fact is ignored that many 

reasons and not only the particular premise under investigation may be cause for ART/RCTs to be 

excluded from systematic reviews.   

Notwithstanding the danger of this logical fallacy, the result of the current investigation 

suggests that the premise that ART/RCTs contain a confounder is invalid and therefore it seems 

incorrect to exclude these trials from systematic reviews for this particular reason. 

The validity of the underlying assumptions (A1-3) was empirically assessed by a systematic 

review of the dental literature. In summary, the results indicate that: 

(i) Differences in placement techniques are not unique to that between HVGIC/ART 

and amalgam and composite resin materials, both placed after complete carious 

tissue excavation, but are also observable between that of amalgam and composite 

resin materials (despite being placed after complete excavation);  

(ii) The material properties of HVGICs, in terms of their antibacterial and 

remineralising effects, appear – at least hypothetically – appropriate to the 

consequences of incomplete carious tissue excavation during ART, i.e.: retaining 

of a higher cariogenic bacteria count and more demineralised dentin than after 

complete excavation in the tooth cavity; 

(iii) The current clinical evidence does not indicate a statistically significant higher 

failure rate of tooth restorations placed after incomplete carious tooth tissue 

excavation in comparison to complete excavation. 



 14

 

Amalgam is inert in terms of adhesion to enamel and dentine and requires cavity enlargement beyond 

the carious lesion for its retention and resistance in the tooth cavity [21]. Composite resins do not 

require the preparation of a retention and resistance form because the material allows micro-retention 

by use of a conditioner and adhesive [22]. Because amalgam restorations conduct heat from the oral 

cavity to underlying tooth tissues placement of this material requires the use of a liner/base beneath it 

[21]. In contrast, composite resin materials do not conduct heat to such extent, thus can rely on direct 

bonding to enamel and dentin [22]. For these main reasons, the size of composite resin restorations 

can be smaller than that of amalgam fillings, preserve remaining tooth structures better and thus are 

considered less invasive than amalgam restorations during the restoration of the same size and type 

of dental cavities [22]. Although both, amalgam and composite resin placement techniques may rely 

on complete carious tissue excavation they do not follow the same treatment steps. Instead, treatment 

steps were in line with the different characteristics of each material type. Therefore, the assumption 

that ‘if restorative treatments with different materials use complete carious tissue removal by drilling 

as excavation technique then these treatments are homogenous’ (A1), cannot be considered as valid. 

 Modern ART restorations are placed after incomplete carious tissue excavation by hand 

instrumentation using HVGIC [39]. During carious tissue excavation the outer carious dentine is 

removed but the inner carious dentine is retained in the dental cavity. While the former is 

characterised by the main bulk of invaded cariogenic bacteria and largely unremineralisable tooth 

tissue, the later type of dentine contains only some of the bacteria load and is remineralisable [39]. 

An appropriate ART material would thus have to be to some extent antibacterial, in order to control 

any remaining cariogenic bacteria and be able to affect remineralisation of the inner, demineralised 

dentine. If HVGIC can fulfil both functions then hand instrumentation for tooth excavation would 

directly be related to HVGIC’s material properties. However, only few trials with high selection- and 

detection/performance bias risk were identified. Nonetheless, the overall results appear not to fully 
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support the assumption that ‘Incomplete caries removal by hand instrumentation for tooth excavation 

is not directly associated with the material properties of GIC’ (A2). 

In answer to the third search question, the two accepted systematic reviews [33,34] appear to 

give no evidence in support of the assumption that ‘Incomplete carious tissue removal by tooth 

excavation using hand instrumentation causes a statistically significant (p < 0.05) difference in the 

restoration failure rate when compared to complete carious tissue removal by drilling used during 

conventional tooth excavation when placing tooth restorations with e.g. amalgam or resin composite’ 

(A3). 

These results suggest that the key-assumptions (A1-3) on which the premise P2 rests are 

invalid. The apparent lack of evidence that incomplete carious tooth tissue excavation leads to higher 

restoration failures [33,34] in comparison to complete removal suggests that the former is unable to 

impose any confounding effects during ART/RCTs. A lack of a significant confounder effect by 

incomplete excavation during ART/RCTs is further highlighted by the observation that the type of 

carious tissue excavation may not affect marginal characteristics of restorations [480] and that 

complete excavation does not remove all bacteria from the tooth cavity either [41]. 

This study applied rules of formal logic, in order to assess the argument’s validity prior to the 

empirical assessment of its evidence-base by systematic review. While such additional step may 

appear unusual and unique, it added an additional level of necessary rigor to the investigation.

 Because the formulation of valid search questions depended on the outcome of the logical 

investigation, the development of the search strategy and inclusion criteria for the systematic review 

part of this study could only be conducted after completion of the logical investigation and not prior. 

Therefore, a detailed protocol regarding the undertaken systematic review methodology before 

completion of the logic investigation was not developed. However, the applied systematic review 

methodology has been provided in the Additional file in sufficient detail, in order to assist 

transparency and reproducibility of the presented systematic review results. 
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Conclusions 

Randomised control trials that compare HVGIC/ART restorations against other restoration types, 

such as amalgam or composite resin filling that were placed after complete carious tissue excavation, 

appear not to contain a confounder based on incomplete excavation as practiced during the ART 

technique. Therefore, any exclusion of these RCTs from systematic reviews that appraise the 

longevity of directly placed restorative materials on the sole basis of the confounder-premise appears 

not to be supported by the current evidence. It is recommended that future systematic reviews and 

future updates of existing systematic reviews, may consider the inclusion of ART/RCTs for 

appraisal. 
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Table 1. Details of accepted trials (Key-assumption A2 / Search question Q2) 

 
HVGIC group Control group Trial Study 

design Material N LTF Material N LTF 

Evaluation method Measured outcome Randomisation Allocation 

concealment 

Blinding Follow-

up period 

Antibacterial effect 

Pluciennik 

et al., 2008 

[30] 

Clinical Ketac 

Molar 

17 0 Charisma 

(Comp) 

17 0 Bacterial count in plaque 

samples 

Number of bacterial 

cells/g wet weight x 10
3
 

– 10
8
 

None reported None reported None reported 3 days 

20 0 Filtek 

Z250/Single 

bond (Comp) 

20 0 Double-blind Sousa et al., 

2009 [31] 

In-situ Ketac 

Molar 

20 0 Permite 

(AM) 

20 0 

Bacterial count in biofilm Bacteria count x 10
6
 

CFU / mg 

Randomisation by 

coin-flipping and 

computer-

generated 

randomisation list 

None reported 

Reported as not 

possible 

14 days 

Shimada et 

al., 2004 

[32] 

In-vivo 

(animal) 

Fuji IX 8 0 Protectliner 

F/Clearfil SE 

Bond 

(Comp) 

8 0 Histological evaluation Bacterial penetration 

ratio (depths of 

penetration/Total depth 

of coronal dentin) 

None reported None reported None reported 7 days 

Mean thickness (in m) 

Biovolume (m
3
/m

2
) 

Roughness coefficient 

De Fúcio et 

al., 2009 

[33] 

In-vitro Ketac 

Molar 

Easymix 

15 0 Filtek 

Supreme 

(Comp) 

15 0 Biofilm development and 

assessment by Confocal 

laser scanning microscopy 

and image processing by 

COMSTAT software 
Surface area (1/m) 

None reported None reported None reported 30 days 

Beautifil II 

(Comp) 

3 0 S. mutans induced pH 

fall (buffer at pH 7) 

4 weeks Mayanagi 

et al., 2014 

[34] 

In-vitro Fuji IX 

GP 

3 0 

Beautifil 

Flow F02 

3 0 

Miniature pH electrode 

measurement 

S. mutans induced pH 

fall (buffer at pH 5.5) 

None reported None reported None reported 

90 min 

Fuji IX 12 0 Duque et 

al., 2005 

[35] 

In-vitro 

Ketac 

Molar 

12 0 

Chlor-

hexidine 

12 0 Recording by use of a 

digital caliper 

Bacteria growth 

inhibition zones (in 

mm) 

None reported None reported None reported 12 hours 

Fuji IX 

GP 

10 0 Sungurtekin

-Ekci et al., 

2015 [36] 

In-vitro 

Ketac 

Molar 

10 0 

Filtek Z250 

(Comp) 

10 0 Recording by use of a 

digital caliper 

S. mutans growth 

inhibition zone ( in 

mm) 

None reported None reported None reported 48 hours 

Remineralising effect 

Lee et al., 

2008 [37] 

In-vitro Fuji IX 

GP 

16 0 Filtek Z250 

(Comp) 

16 0 After artificial caries 

development by use of 

density measuring 

component of V works 

software 

Enamel density changes None reported None reported None reported 3 – 9 

months 

Fuji IX 

GP 

16 0 Jang et al., 

2001 [38] 

In-vitro 

Ketac 

Molar 

Aplicap 

16 0 

Filtek Z250 

(Comp) 

16 0 After artificial caries 

development by polarised 

light-microscopy 

Decrease in incipient 

lesion size 

Random group 

allocation reported 

None reported None reported 30 days 

G-Bond 

(Comp) 

20 0 Rendjova et 

al., 2012 

[39] 

In-vitro Fuji IX 20 0 

Prime+Bond 

(Comp) 

20 0 

After artificial 

demineralisation by use of 

a spectrometer 

Fluoride and Calcium 

concentration increase 

in demineralised dentin 

(%) 

None reported None reported None reported 3 weeks 

HVGIC = High-viscosity glass-ionomer cement; N = Sample size per group; LTF = Lost-to follow up; Comp = Composite resin; g = Gram;.AM = Amalgam
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Fig. 1. Argument structure 

 

 

 
C = Conclusion; MP = Main premise; P = Minor premise; A = Key-assumption; ART = Atraumatic restorative treatment. 
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Fig. 2. Flow diagram of article selection 
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Fig. 3. Trial results (Key-assumption A2 / Search question Q2) 

 
 

HVGIC = High-viscosity glass-ionomer cement; SD = Standard deviation; MD = Mean difference; CI = Confidence interval;  

N = Number of evaluated units.; CFU = Colony-forming Unit; mg = Milligram; mm = Millimeter. 
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Section 1: Rules of propositional and predicate logic

Hypothetical syllogism (HS)

1 Proposition 1: If A is the case then B is the case.

2 Proposition 2: If B is case then C is the case.

-----------------------------------------------------------------------

3 Conclusion: Therefore, if A is the case then C is necessarily the case.

Modus tollens (MT)

1 Proposition 1: If A is true then B is true.

2 Proposition 2: B is not true.

-----------------------------------------------------------------------

3 Conclusion: Therefore, A is necessarily not true.

Modus ponens (MP)

1 Proposition 1: If A is true then B is true.

2 Proposition 2: A is true.

-----------------------------------------------------------------------

3 Conclusion: Therefore, B is necessarily true.

Categorical syllogism



1 1st Premise: All A belong to B

2 2nd Premise: C belongs to A

-----------------------------------------------------------------------

3 Conclusion: Therefore, C necessarily belongs to B.

Section 2: Quality assessment criteria

[1] Clinical guidelines / AGREE II tool

DOMAIN 1. SCOPE AND PURPOSE DOMAIN 4. CLARITY OF PRESENTATION

1. The overall objective(s) of the guideline is (are) specifically described. 15. The recommendations are specific and unambiguous.

2. The health question(s) covered by the guideline is (are) specifically described. 16. The different options for management of the condition or health issue ar

3. The population (patients, public, etc.) to whom the guideline is meant to apply is specifically described. 17. Key recommendations are easily identifiable.

DOMAIN 2. STAKEHOLDER INVOLVEMENT DOMAIN 5. APPLICABILITY

4. The guideline development group includes individuals from all relevant professional groups. 18. The guideline describes facilitators and barriers to its application.

5. The views and preferences of the target population (patients, public, etc.) have been sought. 19. The guideline provides advice and/or tools on how the recommendations

6. The target users of the guideline are clearly defined. 20. The potential resource implications of applying the recommendations ha

21. The guideline presents monitoring and/or auditing criteria.

DOMAIN 3. RIGOUR OF DEVELOPMENT

7. Systematic methods were used to search for evidence. DOMAIN 6. EDITORIAL INDEPENDENCE

8. The criteria for selecting the evidence are clearly described. 22. The views of the funding body have not influenced the content of the gui

9. The strengths and limitations of the body of evidence are clearly described. 23. Competing interests of guideline development group members have bee

10. The methods for formulating the recommendations are clearly described.

11. The health benefits, side effects, and risks have been considered in formulating the recommendations.

12. There is an explicit link between the recommendations and the supporting evidence. Eeach item was assesed on a scale of 1-7 with 1 = "Strongly Disagree" and

13. The guideline has been externally reviewed by experts prior to its publication.

14. A procedure for updating the guideline is provided.

Quality/Internal validity assessment

Q1: Do treatment techniques that rely on complete carious tissue excavation using different materials for cavity restorations follow essentially the same treatment steps?

Assessment criteria

Assessment results



Domain 1 Scope and purpose Item

Domain 2 Stakeholder involvement Item

Domain 3 Rigor of development Item

Domain 4 Clarity and presentation Item

Domain 5 Applicability Item

Domain 6 Editorial independence Item

[2] Systematic review reports / AMSTAR tool Systematic review

Ricketts et al., 2013 Schwendicke et al., 2013

1. Was an 'a priori' design provided? Can't answer No

The research question and inclusion criteria should be established before the conduct of

the review.

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published

research objectives to score a “yes.”

2. Was there duplicate study selection and data extraction? Yes Yes



There should be at least two independent data extractors and a consensus procedure for

disagreements should be in place.

Note: 2 people do study selection, 2 people do data extraction, consensus process or one

person checks the other’s work.

3. Was a comprehensive literature search performed? Yes Yes

At least two electronic sources should be searched. The report must include years and

databases used (e.g., Central, EMBASE, and MEDLINE). Key words and/or MESH terms

must be stated and where feasible the search strategy should be provided. All searches

should be supplemented by consulting current contents, reviews, textbooks, specialized

registers, or experts in the particular field of study, and by reviewing the references in

the studies found.

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane

register/Central counts as 2 sources; a grey literature search counts as supplementary).

4. Was the status of publication (i.e. grey literature) used as an inclusion No No

criterion?

The authors should state that they searched for reports regardless of their publication

type. The authors should state whether or not they excluded any reports (from the

systematic review), based on their publication status, language etc.

Note: If review indicates that there was a search for “grey literature” or “unpublished

literature,” indicate “yes.” SIGLE database, dissertations, conference proceedings, and

trial registries are all considered grey for this purpose. If searching a source that contains

both grey and non-grey, must specify that they were searching for grey/unpublished lit.

5. Was a list of studies (included and excluded) provided? Yes Yes

A list of included and excluded studies should be provided.

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to

the list but the link is dead, select “no.”

6. Were the characteristics of the included studies provided? Yes Yes

In an aggregated form such as a table, data from the original studies should be provided

on the participants, interventions and outcomes. The ranges of characteristics in all the

studies analyzed e.g., age, race, sex, relevant socioeconomic data, disease status,

duration, severity, or other diseases should be reported.

Note: Acceptable if not in table format as long as they are described as above.



7. Was the scientific quality of the included studies assessed and documented? Yes Yes

'A priori' methods of assessment should be provided (e.g., for effectiveness studies if the

author(s) chose to include only randomized, double-blind, placebo controlled studies, or

allocation concealment as inclusion criteria); for other types of studies alternative items

will be relevant.

Note: Can include use of a quality scoring tool or checklist, e.g., Jadad scale, risk of bias,

sensitivity analysis, etc., or a description of quality items, with some kind of result for

EACH study (“low” or “high” is fine, as long as it is clear which studies scored “low” and

which scored “high”; a summary score/range for all studies is not acceptable).

8. Was the scientific quality of the included studies used appropriately in Yes Yes

formulating conclusions?

The results of the methodological rigor and scientific quality should be considered in the

analysis and the conclusions of the review, and explicitly stated in formulating

recommendations.

Note: Might say something such as “the results should be interpreted with caution due to

poor quality of included studies.” Cannot score “yes” for this question if scored “no” for

question 7.

9. Were the methods used to combine the findings of studies appropriate? Yes Yes

For the pooled results, a test should be done to ensure the studies were combinable, to

assess their homogeneity (i.e., Chi-squared test for homogeneity, I2). If heterogeneity

exists a random effects model should be used and/or the clinical appropriateness of

combining should be taken into consideration (i.e., is it sensible to combine?).

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that

they cannot pool because of heterogeneity/variability between interventions.

10. Was the likelihood of publication bias assessed? No Yes

An assessment of publication bias should include a combination of graphical aids (e.g.,

funnel plot, other available tests) and/or statistical tests (e.g., Egger regression test,

Hedges-Olken).

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that

publication bias could not be assessed because there were fewer than 10 included

studies.



11. Was the conflict of interest included? Yes Can't answer

Potential sources of support should be clearly acknowledged in both the systematic

review and the included studies.

Note: To get a “yes,” must indicate source of funding or support for the systematic

review AND for each of the included studies.

Shea et al. BMC Medical Research Methodology 2007 7:10 doi:10.1186/1471-2288-7-10

Additional notes (in italics) made by Michelle Weir, Julia Worswick, and Carolyn Wayne based on conversations with

Bev Shea and/or Jeremy Grimshaw in June and October 2008 and July and September 2010.

[3] Trial report assessment

1.  Assessment criteria for selection bias risk

Criteria

Adequate random sequence generation method reported1

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

Prevent its direct observation2

Prevent its correct prediction3

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

adhered to throughout the trial4

A = Adequate randomisation; NA = Not adequate randomisation; N = Information not provided in the trial report; Y = Information provided in the trial report.

1 The following methods are considered as inadequate:  cluster randomisation, fixed block randomisation with block size 2, minimization, alternation, randomisation of te

2 Central randomisation or sequence allocation by other than the operator(s) who apply the allocated intervention and who informs the operator(s) which (test- or contro

3 Use of the Maximal randomisation procedure is considered to be adequate. 

1-3 Fulfilment of these criteria indicates 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) is considered to be adequate. Fulfilment of this criterion indicates that the attempt of e

2. Assessment criteria for detection- and performance bias risk

Criteria



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

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

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

throughout the trial2

A = Adequate masking/blinding; NA = Not adequate masking/blinding; N = Information not provided in the trial report; 

Y = Information provided in the trial report.

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

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

* E.g. 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, f

Section 3: Logical validity assessment of the argument:

"All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials are trials that should be excluded from systemat

1. Assessment of the key-assumptions (A1-3) to premise (P2) relationship (Propositional logic)





2. Assessment of the premise (P2) to argument conlusion relationship by categorical syllogism (Predicate logic)

Propositions

1. Propositions related to general research methodology

P1 All RCT that contain a confounder (RC) are trials that do not ascertain the correct association of the outcome variable with the measured outcome (T).

MP1 All RCT that that cannot ascertain the correct association of the outcome variable with the measured outcome (T) are trials that should be excluded from sys

2. Propositions related specific to ART (from key-assumptions - see Section above)

P2 All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials are RCTs that contain a confounder (RC).

3. Categorical Syllogism CS 1

P1 All RCT that contain a confounder (RC) are trials that do not ascertain the correct association of the outcome variable with the measured outcome (T).

P2 All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials (G) are RCTs that contain a confounder (RC).

MP2 All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials (G) are trials that do not ascertain the correct 

association of the outcome variable with the measured outcome (T).

4. Categorical Syllogism CS 2

MP1 All RCT that that cannot ascertain the correct association of the outcome variable with the measured outcome (T) are trials that should be excluded from sys

MP2 All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials (G) are trials that do not ascertain the correct 

association of the outcome variable with the measured outcome (T).

C All RCTs that compare GIC restorations placed using ART with other directly placed restorative materials (G) are trials that should be excluded from system

5. Proof of syllogism validity

Proposition terms

Major term

Minor term

Middle term

Validity conditions [21]

[1] At least one of the premises is affirmative 

[2] If a term is distributed in the conclusion, it must also be distributed in the premise

[3] The middle terms must be distributed in at least one of the premises



A = Universal affirmative proposition type; RCT = Randomised controlled trial; P = Premise; MP = Main premise; C = Conclusion; ART = Atraumatic Restorative Treatment; GIC = Glass-ionomer cement.

Section 4: Conversion of key assumptions into search questions

Key-assumption A1: If restorative treatments with different materials use complete carious tissue removal by drilling as excavation technique then these tr

Terms: Treatment steps* Restorative material 1 Restorative material 2

Converted  search question Q1: Do treatment techniques that rely on complete carious tissue excavation using different materials for cavity restorations follow essentia

*Per manufacturers instructions and/or clinical guidelines

Key-assumption A2: Incomplete carious tissue removal by hand instrumentation for tooth excavation is not directly associated with the material properties

Terms: Glass-ionomer cement Material properties Incomplete carious tissue 

removal by hand instrumentation

Converted  search question Q2: Is incomplete carious tissue removal by hand instrumentation for tooth excavation directly related to the material properties of GIC (HV

Key-assumption A3: Incomplete carious tissue removal by tooth excavation using hand instrumentation causes a statistically significant (p < 0.05) 

difference in the restoration failure rate when compared to complete carious tissue removal by drilling used during conventional tooth excavation when pla

Terms: Incomplete carious Complete carious Restoration failure

tissue removal tissue removal

Converted  search question Q3: In tooth restorations of the same clinical indication, does incomplete carious tissue removal by tooth excavation using hand instrumenta

difference in the restoration failure rate when compared to complete carious tissue removal by drilling used during conventional tooth excavation?

Section 5: Search term development and citation inclusion criteria per search question

1. Search term development

Converted  search question Q1: Do treatment techniques that rely on complete carious tissue excavation using different materials for cavity restorations fo

PubMed search – December 28, 2016

("Guideline"[Publication Type] AND "Practice Guideline"[Publication Type]) AND "Dental Restoration, Permanent"[Mesh] (Time limit: 2013 – 2016)



GoogleScholar - December 28, 2016

"dental amalgam"+"cavity preparation" (Time limit: 2013 – 2016)

Converted  search question Q2: Is incomplete carious tissue removal by hand instrumentation for tooth excavation directly related to the material propertie

1. Antibacterial effect of High-viscosity glass-ionomer cement (HVGIC)

PubMed search – December 28, 2016

[1] ("Glass Ionomer Cements"[Mesh]) AND "Dental Restoration, permanent"[Mesh] AND bacteria 

[2] Fuji IX AND bacteria 

[3] Ketac Molar AND bacteria 

[4] ("Glass Ionomer Cements"[Mesh]) AND "Dental Restoration, Permanent"[Mesh] AND mutans 

[5] ("Glass Ionomer Cements"[Mesh]) AND chlorhexidine 

2. Remineralising effect of HVGIC

PubMed search – December 28, 2016

[1] ("Glass Ionomer Cements"[Mesh]) AND "Dental Restoration, Permanent"[Mesh] AND remineralization 

[2] ("Glass Ionomer Cements"[Mesh]) AND "Dental Restoration, Permanent"[Mesh] AND demineralization 

[3] ("Glass Ionomer Cements"[Mesh]) AND "Dental Restoration, Permanent"[Mesh] AND mineral 

[4] glass ionomer AND remineralization AND dentin 

Converted  search question Q3: In tooth restorations of the same clinical indication, does incomplete carious tissue removal by tooth excavation using han

difference in the restoration failure rate when compared to complete carious tissue removal by drilling used during conventional tooth excavation?

PubMed search – December 28, 2016

"caries removal" AND (complete OR incomplete) 

2. Inclusion criteria per serach question

Converted  search question Q1: Do treatment techniques that rely on complete carious tissue excavation using different materials for cavity restorations fo

(i) Treatment guidelines or recommendations for placing conventional posterior tooth restorations using amalgam and composite resin

(ii) Publication language: English

(iii) Published recently (within last 3 years of literature search)

Converted  search question Q2: Is incomplete carious tissue removal by hand instrumentation for tooth excavation directly related to the material propertie

A. Antibacterial effect of HVGIC

(i) Systematic review of clinical trials

(ii) Clinical or Clinical/ex vivo, in-situ and in-vitro prospective controlled trial

(iii) For Clinical or Clinical/ex vivo, in-situ trials: Comparing HVGIC in test group versus amalgam or composite resin material in control group (Cermets, RMGIC, G



(iv) For in-vitro trials: Comparing HVGIC in test group versus chlorhexidine or other antibacterial substance, amalgam or composite resin material in control grou

(v) Computable data reported for all intervention groups

(vi) Trial not included in an identified systematic reviews

B. Remineralising effect of HVGIC

(i) Systematic review of clinical trials

(ii) Prospective controlled trial (clinical/ex-vivo, in-situ, in-vitro)

(iii) Clinical/ex-vivo trials comparing HVGIC versus non-fluoride releasing composite or amalgam placed adjacent to demineralised tooth tissue 

(iv) In-vitro, in-situ trials comparing HVGIC versus non-fluoride releasing composite or amalgam placed adjacent to demineralised tooth tissue

(v) Computable data reported for all intervention groups

(vi) Trial not included in an identified systematic reviews

Converted  search question Q3: In tooth restorations of the same clinical indication, does incomplete carious tissue removal by tooth excavation using han

difference in the restoration failure rate when compared to complete carious tissue removal by drilling used during conventional tooth excavation?

(i) Systematic review of clinical trials

(ii) Prospective controlled trial 

(iii) Clinical trial comparing incomplete versus complete caries excavation 

(iv) Outcome measure: restoration failure

(v) Computable data reported for all intervention groups

(vi) Trial not included in an identified systematic reviews

Section 6: Excluded articles with reason

Search

question Reason for exclusion Article excluded  

Q2A Systematic reviews did not include trials with HVGIC in test group Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing

No HVGIC used in test group; no amalgam or composite resin used in control group Foley J, Blackwell A. In vivo cariostatic effect of black copper c

No HVGIC used in test group Tegginmani VS, Goel B, Uppin V, Horatti P, Kumar LS, Naina

No HVGIC used in test group Paolantonio M, D'ercole S, Perinetti G, Tripodi D, Catamo G, S

No HVGIC used in test group Ertuğrul F, Eltem R, Eronat C. A comparative study of plaque mutans streptococci levels in children receiving glass ionomer cement and amalgam restorations. J Dent Child (Chic) 2003;70:10-14.
No HVGIC used in test group Lai GY, Zhu LK, Li MY, Wang J. An in vitro study on the seco

No HVGIC used in test group van Dijken J, Persson S, Sjöström S. Presence of Streptococ

No HVGIC used in test group Yamamoto K, Arai K, Fukazawa K, Fukui K, Nagamatsu K, Ka

No computable data reported (N, mean values, SD per group) Padovani GC, Fùcio SB, Ambrosano GM, Correr-Sobrinho L, P
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