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Why is it important? 

The critical appraisal of research is an integral part of the evidence-based practice. The domain of 

evidence synthesis offers several tools for qualitative analysis, which are used to provide 

recommendations on clinical practice guidelines and to conduct systematic reviews. No doubt, 

these are great tools and suit their purpose well but, they cannot be applied directly to dental 

materials research as they do not address the processes and systems used for conducting quality 

research in dentistry. There is vast data in dental research, and it is imperative to identify the risk 

of bias involved while generating recommendations from this data. Both in-vitro and in-vivo 

research studies on dental materials exist. Proven standardized tools are present for critical 

appraisal of in-vivo studies, but the science is still developing for in-vitro studies. To address this 

gap in evidence-based dentistry, the DEntal Materials In-vitro Studies (DEMIST) appraisal tool 

and the DEntal materials in-Vivo Studies Extension (DEVISE) tool were created. DEMIST is a 

complete tool meant for the critical appraisal of in-vitro dental materials studies, while the 

DEVISE is to be used like an extension with existing tools to evaluate in-vivo dental materials 

research studies.  

 

Introduction 

Evidence synthesis is incomplete without qualitative analysis. A Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement provides reporting guidelines for 

write-ups of the systematic reviews. These guidelines clearly state to specify the tools used, the 

domains assessed, and the overall risk of bias rating given to the included studies1. These 

systematic reviews are further used to give recommendations in clinical practice guidelines and 

informing the clinicians for best practices2. After the search and inclusion/exclusion, critical 

appraisal is the next crucial filter in the process and should be meticulously applied. 
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Methods 

All the available critical appraisal tools and checklists used presently were assessed for the risk of 

bias. The domains and methods for the scoring criteria were also assessed. These included but 

were not limited to:  AMSTAR 1 and 2 (Assessment of Multiple SysTemAtic Reviews 2), 

Cochrane RoB (Risk of Bias) 1 and 2, ROBINS (Risk of Bias In Non-randomized Studies), 

SciRAP (Science in Risk Assessment and Policy), SYRCLE RoB tool (SYstematic Centre for 

Laboratory animal Experimentation Risk of Bias), Checklists by JBI (Joanna Briggs Institute), and 

the checklists by CASP (Critical Appraisal Skills Program). These tools were assessed for common 

domains and the differences.  

The next step was to evaluate the research that included these tools using inter rater-reliability tests 

and descriptive feedback from experts on the ease of usability of the tools. Basic research concepts 

were also referred to when comparing these tools. 

Lastly, the domains of these tools were evaluated against the guidance provided by the Academy 

of Dental Materials (ADM) to conduct dental materials research studies. The new tools for critical 

appraisal of the dental studies were finally developed keeping basic research methods in 

perspective and as per ADM guidance.  

 

Results 

There are 27 tools and instruments designed to critically appraise the methodological quality of 

primary and secondary medical studies3. For in-vitro studies, there are 22 tools present for 

qualitative assessment4. All the domains of these tools were studied and were evaluated in the 

context of dental studies, referring to ADM Guidance on the ideal methods for minimizing bias 

when conducting dental materials research. To assess evidence quality, the risk of bias and with 

an intention of providing a reproducible and consistent framework, we focused on applicability, 

as well as inter-rater and inter-center reliability, with the aim to maintain ease of usability (like 
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AMSTAR) to facilitate quick appraisals with scoring system of closed ended questions of Yes/No 

and three levels of evidence (high, moderate, and low) categories5. After all the critical appraisal 

tools were studied, it was decided to fabricate two tools as follows:   

1. DEMIST (DEntal Materials In-vitro STudies) Appraisal Tool was developed to address the 

in-vitro study methods. This was designed as a complete tool, as no other pre-existing tools 

could be applied directly to in-vitro dental materials studies. It has 10 questions and 5 

domains: sample preparation bias; performance bias; attrition bias; analysis bias and 

reporting bias. 10 questions with yes/no will give either a score of 1 or 0.  Higher the rating, 

lower the bias: high: 0-3; moderate: 4-6; low: 7-10.  

DEntal Materials In-vitro STudies Appraisal Tool -  DEMIST Appraisal Tool 
  
Sample Preparation Bias 

• Standard Sample Preparation? 
• Sample preparation identical for all groups? 

 
Performance Bias 

• Standard tests being used? 
• Tests performed with standards? 
• Blinding of the examiner/assessor?  
• Randomization of samples? 

 
Attrition Bias 

• Loss of sample size can be explained without question of bias? 
 

Analysis Bias 
• Appropriate Statistical tests used? 

 
Reporting Bias 

• Selective Reporting? (Any variables omitted from the analysis that could 
have been analyzed) 

• Results adequately discussed in conclusion? 
• Conflicts of Interest? 

 
Rating 
 
High -    0 - 3 
Moderate -   4 - 6 
Low -     7- 10 
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2. DEVISE (DEntal in-VIvo Studies Extension) Tool was not designed as a complete tool, but 

rather an extension to be used alongside the existing tools such as Cochrane RoB and 

ROBIS for in-vivo studies. The existing critical appraisal tools for clinical studies do cover 

the basic methods of in-vivo studies, but do not measure or include the biases mentioned 

in the ADM guidance. It has 5 questions and 3 domains: sample preparation bias; 

performance bias and analysis bias. 5 questions with yes/no will give either a score of 1 or 

0.  Higher the rating, lower the bias: high: 0-1; moderate: 2-3; low: 4-5.  

 
DEntal materials in-Vivo Studies Extension - DEVISE tool 

 
Sample Preparation Bias 

• Standard Sample Preparation? 
• Sample preparation identical for all groups? 

 
Performance Bias 

• Standard tests being used? 
• Tests performed with standards? 

 
Analysis Bias 

• Appropriate Statistical tests used? 
 
Rating 
 
High:    0 - 1 
Moderate:   2 - 3 
Low:     4 - 5 
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Discussion 

According to a recent methodological evaluation of all systematic reviews of in-vitro dental studies 

conducted up to January 2022, only a fifth could present a satisfactory technique to assess the risk 

of bias on the included studies6. Another analysis reported on 51 tools for critical appraisal and 

quality assessment in systematic reviews of in-vitro studies conducted from 2006 to 2020. Of these 

51 tools, 26 were developed by authors, and only 17 of those were related to dentistry4. Overall 

systematic reviews reveal variability, inconsistency, and inadequacy in the quality assessment of 

dental studies.  

Critical appraisal of dental studies needs to be standardized for quality evidence synthesis from 

systematic reviews to generate robust recommendations for clinical practice. RoBDEMAT (A risk 

of bias tool and guideline to support reporting of pre-clinical dental materials research and 

assessment of systematic reviews) has been a meaningful step in this direction.7 The DEMIST 

critical appraisal tool and DEVISE Extension tool lay the framework for the same. While 

RoBDEMAT is developed to perform quality assessment on dental materials preclinical research 

with scrupulous and extensive investigation; DEMIST and DEVISE are focused on both, 

preclinical and clinical studies with concise and expeditious scrutiny. Going forward, we do 

understand that both (DEMIST AND DEVISE) these tools need more research to establish their 

merit and credibility. Both the tools will be subjected to testing on multiple published manuscripts 

in dental materials. We will further investigate the validity and suitability of the domains, 

questions, and scoring systems via Delphi studies with experts, clinicians (general and specialists), 

academics and, students to make the tool standardized and easier to use. An elaborate explanatory 

handbook is being prepared to provide the details of each question, per ADM guidance in context. 

Informed by user feedback and extensive validity studies, this tool will improve the quality of 

systematic reviews of dental studies and strengthen their recommendations for clinical use. Further 

application of the concepts of the GRADE approach to the tool, will help generate meaningful 

clinical recommendations, furthering critical appraisal.8  

Our foremost goal is to keep the methodology and results interpretation simple so maximum 

number of individuals can benefit from using DEMIST and DEVISE. 
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