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RESUMO 
 
 
Freitas RD. O impacto econômico de duas estratégias de diagnóstico no manejo de 
restaurações em dentes decíduos: avaliação econômica baseada em um ensaio 
clínico [tese]. São Paulo: Universidade de São Paulo, Faculdade de Odontologia; 
2021. Versão Original. 
 
 
O objetivo desta tese foi avaliar o impacto econômico de utilizar a estratégia Caries 

Around Restorations and Sealants (CARS) em substituição à estratégia da 

Federação Dentária Internacional (FDI) para avaliação e manejo de restaurações em 

dentes decíduos. Este volume apresenta dois capítulos relacionados ao objetivo da 

tese, sendo o primeiro um plano de avaliação econômica e o segundo uma 

avaliação econômica com diferentes Análises de Custo-Efetividade (CEAs). O plano 

de análise econômica propõe uma série de análises baseadas em um ensaio clínico 

randomizado. O ensaio clínico Caries Detection in Children – 3 (CARDEC-03) incluiu 

participantes de 3 a 10 anos com pelo menos uma restauração em dente decíduo 

que foram aleatoriamente alocadas para um dos grupos, de acordo com a estratégia 

de diagnóstico (FDI ou CARS) a ser utilizada nas restaurações.  Os participantes 

foram acompanhados por 2 anos. Para todas as avaliações, será utilizada a 

perspectiva da sociedade. Serão realizadas CEAs e Análise de Custo-Utilidade 

considerando o FDI como estratégia referência. Será realizada análise por intenção 

de tratar e as diferenças em custos e efeitos entre a estratégia CARS e a FDI serão 

avaliadas. Análises de sensibilidade determinísticas e probabilísticas serão 

realizadas e curvas de aceitabilidade serão construídas utilizando diferentes valores 

de disposição a pagar. Adicionalmente, um modelo de Markov será construído para 

avaliar um horizonte temporal maior. Além do plano de análises, esta tese também 

avaliou a custo-efetividade em utilizar a estratégia CARS em substituição à 

estratégia FDI para avaliação de restaurações em dentes decíduos. Para 

compreender melhor esta relação, foram avaliados 4 efeitos: número de novas 

intervenções operatórias, tempo até a necessidade de uma nova intervenção 

operatória, necessidade de novas intervenções operatórias e o número de novas 

substituições. Custos e efeitos foram comparados entre os grupos por medidas 

relativas, conforme a quantidade de restaurações incluídas por grupo. Simulações 

de Monte-Carlo avaliaram as incertezas ao redor dos parâmetros e curvas de 



aceitabilidades foram construídas. Dados de 163 pacientes e 650 restaurações 

foram utilizados para a avaliação econômica. Não houve diferença estatisticamente 

significante entre o custo e o número de novas intervenções operatórias das duas 

estratégias após 2 anos de acompanhamento. Através da análise dos dados 

simulados, o CARS demonstrou-se custo-efetivo nas quatro CEAs. Considerando 

um limiar de disposição a pagar de 100 dólares, esta estratégia apresentou Net 

Monetary Benefits (NMB) positivos para os efeitos número de novas intervenções 

operatórias, tempo até a necessidade de uma nova intervenção operatória e número 

de novas substituições. As simulações demonstraram que, considerando um limiar 

de disposição a pagar de 100 doláres, o CARS tem uma probabilidade de 

aproximadamente 90% de ser custo-efetivo considerando o efeito tempo até a 

necessidade de uma nova intervenção operatória. O pior cenário foi para o efeito 

necessidade de novas intervenções operatórias, no qual o CARS apresentou NMB 

negativo e uma probabilidade de aproximadamente 50% de ser custo-efetivo, 

considerando um limiar de disposição a pagar de 100 dólares. Em conclusão, o 

CARS é uma alternativa custo-efetiva ao FDI, sobretudo considerando o adiamento 

de novas intervenções operatórias em dentes decíduos.  

 

 

Palavras-chave: Avaliação econômica em saúde. Análise de custo-efetividade. 

Ensaio clínico controlado randomizado. Cárie dentária.  

 



ABSTRACT 
 

 

Freitas RD. The economic impact of two diagnostic strategies in the management of 
restorations in primary teeth: a trial-based economic evaluation [thesis]. São Paulo: 
University of São Paulo, School of Dentistry; 2021. Original Version. 

 

 

The aim of this thesis was to evaluate the economic impact of using the Caries 

Around Restorations and Sealants (CARS) strategy instead of the World Dental 

Federation (FDI) strategy for the assessment and management of restorations in 

primary teeth. The thesis comprises two chapters, related to the aim of the thesis. 

The first chapter is a health economic analysis plan and the second chapter is an 

economic evaluation with different Cost-Effectiveness Analyses (CEAs). The first 

chapter proposes a series of analyses based on a randomised clinical trial. The 

Caries Detection in Children - 3 (CARDEC-03) trial included children from 3 to 10 

years with at least one restoration in a primary tooth. Children were randomly 

allocated to one of thw two groups, according to the diagnostic strategy (FDI or 

CARS). Participants were followed up for 2 years. For all economic evaluations, the 

societal perspective will be used. CEAs and Cost-Utility Analysis will be performed 

considering FDI as the reference strategy. Intention-to-treat analysis will be 

performed and differences in costs and effects between the strategies will be 

evaluated. Deterministic and probabilistic sensitivity analyses will be carried out and 

acceptability curves will be plotted according to different willingness-to-pay values. 

Additionally, a Markov model will be used to evaluate a wider time horizon. In 

addition to the analysis plan, this thesis also assessed the cost-effectiveness of using 

the CARS strategy instead of the FDI strategy for the assessment of restorations in 

primary teeth. Four effects were evaluated: number of new operative interventions, 

time to the first new operative intervention, need for new operative interventions, and 

the number of new replacements. Costs and effects were compared between groups 

by relative measures, according to the number of restorations included per group. 

Monte-Carlo simulations assessed uncertainties around the parameters and 

acceptability curves were plotted. Data from 163 patients and 650 restorations were 

used for the economic evaluation. There was no statistically significant difference 

between costs and number of new operative interventions of the two strategies after 



2 years of follow-up. Simulated data demonstrated that CARS was mostly cost-

effective for the four CEAs. Considering a willingness-to-pay threshold of 100 dollars, 

this strategy showed positive Net Monetary Benefits (NMBs) for the effects number of 

new operative interventions, time to the first new operative intervention, and number 

of new replacements. Considering a willingness-to-pay threshold of 100 dollars, 

CARS has a probability of approximately 90% of being cost-effective considering the 

time to the first new operative intervention. The worst-case scenario was for the 

effect of need for new operative interventions, in which CARS presented negative 

NMB and a probability of approximately 50% of being cost-effective, considering a 

threshold of willingness to pay of 100 dollars. In conclusion, CARS is a cost-effective 

alternative to FDI, especially considering the postponing new operative interventions 

in primary teeth. 

 

 

Keywords: Economic evaluation. Cost-effectiveness analysis. Randomised controlled 

trial. Dental caries. 

 
 

  



ABBREVIATIONS AND ACRONYMS 

 

 

B-ECOHIS    Brazilian version of the Early Childhood Health Impact Scale 

BLPM        Bruna Lorena Pereira Moro 

BRL            Brazilian Real 

CAPES         Coordination for the Improvement of Higher Education Personnel 

CARDEC Caries Detection and Management in Children 

CARS Caries Around Restorations and Sealants 

CE            Cost-Effectiveness 

CEA Cost-Effectiveness Analysis 

CHEERS Consolidated Health Economic Evaluation Reporting Standards 

CI  Confidence Interval 

CNPq Brazilian National Council for Scientific and Technological Development 

CUA Cost-Utility Analysis 

DMFT            Number of Decayed, Restored or Missed permanent Teeth 

Dmft            Number of Decayed, Restored or Missed primary Teeth 

ECOHIS        Early Childhood Health Impact Scale 

FAPESP São Paulo Research Foundation 

FDI World Dental Federation 

IBGE            Brazilian Institute of Geography and Statistics 

ICCMS          International Caries Classification and Management System 

ICDAS          International Caries Detection and Assessment System 

IPCA           Extended National Consumer Price Index 

ISPOR          International Society for Pharmacoeconomics and Outcomes Research 

ITT  Intention To Treat 

NA  Not Applicable 

OHRQoL Oral Health-Related Quality of Life 



PP                Per Protocol 

QALYs         Quality-Adjusted Life Years 

RCT Randomised Controlled Trial 

SD  Standard Deviation 

SG   Standard Gamble 

TKT  Tamara Kerber Tedesco 

VAS  Visual Analogue Scale 

WTP            Willingness-To-Pay 



SYMBOLS 

 

 

Δ Delta 

$ International dollars 



  



PREFACE 
 

 

The present thesis comprises two chapters related to a trial-based economic 

evaluation aiming to assess the impact of different strategies on caries around the 

restorations’ detection and management in primary teeth.  The clinical trial was 

registered in the clinicaltrials.gov platform in May 9th 2018 (NCT03520309) and 

approved by the Committee for Ethics in Research of the School of Dentistry, 

University of São Paulo (registration number 2.291.642) (Annex A). The economic 

aspects related to the trial and patients’ preferences for dental caries health states 

are deeply explored in the present thesis, which was supported by the São Paulo 

Research Foundation (FAPESP/ Grants #2017/22897-3, #2018/03199-6, and 

#2018/20464-5), the Coordination for the Improvement of Higher Education 

Personnel (CAPES), and the Brazilian National Council for Scientific and 

Technological Development (CNPq; Grants #141425/2017-2 and #420458/2018-2). 

The opinions expressed in the present thesis are those of the authors and not 

necessarily those of FAPESP, CAPES, and CNPq. This thesis is a result of the main 

author’s PhD project developed at the University of São Paulo and the chapters are 

described, as follows: 

The first chapter (I) is the Health Economics Analysis Plan for the trial-based 

economic evaluation, previously describing all the parameters that will be used in the 

analysis, corroborating with transparency in research. The article was accepted for 

publication at the Trials journal in 13th October 2021 (Annex B). The preprint version 

is already available at researchsquare.com and the accepted version of the 

manuscript is presented in chapter I.  

 

(I) Raiza Dias Freitas, Bruna Lorena Pereira Moro, Laura Regina Antunes 

Pontes et al. The economic impact of two diagnostic strategies in the 

management of restorations in primary teeth: a health economic analysis 

plan for a trial-based economic evaluation, 02 July 2021, PREPRINT 

(Version 1) available at Research Square [https://doi.org/10.21203/rs.3.rs-

378301/v1]. 

 



The second chapter (II) is a trial-based economic evaluation, comprising four 

different Cost-Effectiveness Analyses of the two diagnostic strategies for the 

management of restorations in primary teeth. 

 

(II) How can a less interventionist approach benefit children who had their 

restorations in primary teeth assessed and managed? – an economic 

evaluation based on different health outcomes. 
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1 INTRODUCTION 
 

 

Worldwide expenditures with oral diseases were estimated at approximately 

US$298 billion in the last global economic impact evaluation (1). Thus, efficient 

allocation of resources is mandatory for healthcare systems maintenance, as money 

is constitutively scarce in all economies. Identifying the main conditions associated 

with the economic burden is relevant for the development of public policies aiming to 

control those diseases and lessen their costs. Untreated caries in primary teeth was 

the 10th most common oral disease in the last Global Burden of Diseases (2), 

highlighting the relevant impact of dental caries for both children and healthcare 

systems globally.  

A systematic review of economic evaluations child oral health research 

revealed a trend for an increase of publications in this field in the last years, however 

there is a lack of high-quality full economic evaluations in paediatric dentistry. A 

substantial number of studies has demonstrated important methodological 

deficiencies, such as not properly reporting how uncertainty was handled in the 

analysis (3). Therefore, conclusions drawn from those studies poorly guide efficiency 

in resource use.  

Economic evaluations might answer different types of questions, depending 

on the methodology applied and the effects assessed in the study. Technical 

efficiency questions can be guided by Cost-Effectiveness Analysis (CEA) when 

interventions for the same outcome are compared (4). CEA is a type of full economic 

evaluation assessing costs in monetary units and effects in natural units (5).  

Depending on the economic question guiding the economic evaluation, a 

Randomised Controlled Trial (RCT) may be an interesting source of data. Despite 

their limitations in generalizability, as they are usually conducted with a specific 

sample, trial-based economic evaluations conducted from clinical studies with a 

random sample from the target population will have a high internal validity and 

potential generalizability (5), as rigorous methodological aspects have been 

considered for that. In this sense, previously establishing an analysis plan for the 

economic evaluation is an important first step to achieving this final goal. 
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Our group has been conducting pioneer studies evaluating caries diagnosis in 

children. The Caries Detection and Management in Children (CARDEC) research 

group has demonstrated that the visual examination is the best method for caries 

detection in primary teeth, avoiding overdiagnosis and overtreatment (6,7). The most 

recent trial (CARDEC-03) assessed two diagnostic strategies for caries detection 

around the restorations in primary teeth, the Caries Around Restorations and 

Sealants (CARS), which is focused on caries detection, and the World Dental 

Federation (FDI), with an aesthetics approach. The protocol for the trial has been 

already published as well as results from nested studies (8,9).  

The research reported in the present thesis comprises economic evaluations 

based on the CARDEC-03 trial. This is the first economic study comparing two 

diagnostic strategies for caries detection around the restorations and its results will 

provide relevant information for technical efficiency when the assessment of 

restorations needs to be performed in paediatric dentistry. 
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2 PROPOSITION 
 
 

 The present study aims to assess whether the CARS strategy is more efficient 

for resource allocation than the FDI strategy for the assessment and management of 

restorations in primary teeth. 
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Abstract 
 

Background: Different approaches have been used by dentists to base their 

decision. Among them, there are the aesthetical issues that may lead to more 

interventionist approaches. Indeed, using a more interventionist strategy (the World 

Dental Federation - FDI), more replacements tend to be indicated than using a 

minimally invasive one (based on the Caries Around Restorations and Sealants -

CARS). Since the resources related to the long-term health effects of these strategies 

have not been explored, the economic impact of using the less invasive strategy is still 

uncertain. Thus, this health economic analysis plan aims: to describe methodologic 

approaches for conducting a trial-based economic evaluation that aims to assess 

whether a minimally invasive strategy is more efficient in allocating resources than the 

conventional strategy for managing restorations in primary teeth and extrapolating 

these findings to a longer time horizon. 

Methods: A trial-based economic evaluation will be conducted, including three cost-

effectiveness analyses (CEA) and one cost-utility analysis (CUA). These analyses will 
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be based on the main trial (CARDEC-03/NCT03520309), in which children aged 3 to 

10 were included and randomized to one of the diagnostic strategies (based on FDI or 

CARS). An examiner will assess children's restorations using the randomized 

strategy, and treatment will be recommended according to the same criteria. The time 

horizon for this study is two years, and we will adopt the societal perspective. The 

average costs per child for 24 months will be calculated. Three different cost-

effectiveness analyses (CEA) will be performed. For CEAs, the effects will be the 

number of operative interventions (primary CEA analysis), the time to these new 

interventions, the percentage of patients who did not need new interventions in the 

follow-up, and changes in children’s oral health-related quality of life (secondary 

analyses). For CUA, the effect will be tooth-related quality-adjusted life-years 

(QALYs). Intention-to-treat analyses will be conducted. Finally, we will assess the 

difference when using the minimally invasive strategy for each health effect (∆effect) 

compared to the conventional strategy (based on FDI) as the reference strategy. The 

same will be calculated for related costs (∆cost). The discount rate of 5% will be 

applied for costs and effects. We will perform deterministic and probabilistic sensitivity 

analyses to handle uncertainties. The net benefit will be calculated, and acceptability 

curves plotted using different willingness-to-pay thresholds. Using Markov models, a 

longer-term economic evaluation will be carried out with trial results extrapolated over 

a primary tooth lifetime horizon. 

Discussion: The main trial is ongoing, and data collection is still not finished. 

Therefore, economic evaluation has not commenced. We hypothesize that 

conventional strategy will be associated with more need for replacements of 

restorations in primary molars. These replacements may lead to more reinterventions, 

leading to higher costs after two years. The health effects will be a crucial aspect to 

take into account when deciding whether the minimally invasive strategy will be more 

efficient in allocating resources than the conventional strategy when considering the 

management of restorations in primary teeth. Finally, patients/parents preferences 

and consequent utility values may also influence this final conclusion about the 

economic aspects of implementing the minimally invasive approach for managing 

restorations in clinical practice. Therefore, these trial-based economic evaluations 

may bring actual evidence of the economic impact of such interventions. 
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Trial registration: NCT03520309. Registered May 9th, 2018. Economic evaluations 

(the focus of this plan) are not initiated at the moment. 

Keywords: Cost-effectiveness analysis, cost-utility analysis, dental caries 

 

Background 

Reinterventions in restored teeth are common procedures in Dentistry. Caries 

lesions around restorations, frequently denominated as "secondary caries", have been 

identified as the main reason for repairing or replacing the restorations in primary 

teeth [1]. The detection of these lesions and other aspects related to defective 

restorations in primary teeth is challenging as it involves a clinical inspection of the 

dental surface and the restorative material as well as their interface. The visual-tactile 

method is commonly used for this purpose. Some clinical strategies based on this 

method have been proposed to standardize the clinical assessment of restorations 

and support treatment decisions [2]. 

In general, dentists base their decision on different parameters, including 

aesthetical ones. This option tends to result in a more interventionist approach. In 

2007, the World Dental Federation (FDI) proposed a strategy to evaluate restorations 

comprising aesthetic, functional, and biological parameters, including the presence of 

caries and related aspects [3]. The FDI criteria were proposed for research and 

clinical practice and used to decide reintervention in restored teeth [4]. Due to the 

several aesthetic parameters evaluated, the diagnostic strategy based on FDI 

embraces a cosmetic dentistry perspective, relating to a more interventionist approach 

for the clinical practice.  

On the other hand, the Caries Associated with Restorations and Sealants 

(CARS) strategy is a more recently minimally invasive strategy proposed as part of 

the International Caries Classification and Management System (ICCMS) [5] and 

exclusively focused on detecting caries lesions around the restorations [6]. The CARS 

strategy is based on the International Caries Detection and Assessment System 

(ICDAS) scores. It is more consistent with a Cariology background, leaning on a less 

interventionist approach, based solely on the occurrence of caries lesions and their 

characteristics.  

To date, there is no consensus on the best strategy to adopt in clinical practice, 

and most studies do not explore the clinical relevance of the accuracy tests nor 

patient-centered outcomes [2]. An ongoing clinical trial (CARies DEtection in Children 
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- CARDEC-03) aims to assess the impact of using the FDI and CARS criteria in the 

assessment of restorations in primary teeth [7]. At first glance, when using a more 

interventionist strategy (using the FDI criteria), the indication of replacements of 

restorations in the baseline was more frequent than using the strategy based on 

CARS [8]. Nevertheless, the resources related to the long-term health effects have not 

been explored yet.  

When defective restorations in primary teeth need to be assessed to guide their 

management, it is not known if this minimally invasive strategy is efficient for 

allocating resources compared to the conventional strategy, based on FDI criteria. 

Even if the diagnostic method benefits patients, the subsequent financial impact 

should be assessed, featuring phase 5 studies for diagnostic methods [9].  As dental 

expenditure was $298 billion in 2010, representing 4.6% of global healthcare costs 

[10], economic evaluations to direct resources to the best diagnostic strategies are 

critical for clinical practice to be financially viable.   On the other hand, economic 

evaluations assessing diagnostic strategies are scarce and, in several cases, are not 

standardized and present low quality [11].  

We are presenting a health economic analysis plan to guide a trial-based 

economic evaluation. The publication of the health economic analysis plan has been 

becoming the best practice for trial-based economic assessments. Publishing an 

economic analysis plan is currently relevant since it increases the reproducibility, 

dissemination to other research groups and transparency of the analyses. Indeed, this 

process intends to guarantee that the process avoids selection bias related to data 

sources and valuation methods, selective reporting in results and the use of 

unplanned analyses to satisfy a specific hypothesis [12, 13]. The present health 

economic analysis plan aims: 1- to describe methodologic strategies for conducting a 

transparent trial-based economic evaluation that aims to assess whether a minimally 

invasive strategy is more efficient in allocating resources than the conventional 

strategy for managing restorations in primary teeth; 2- to construct a decision analytic 

modelling framework to extrapolate these findings considering a primary molar lifetime 

horizon. 

  
Methods 

This manuscript is a health economic analysis plan following the International 

Society for Pharmacoeconomics and Outcomes Research (ISPOR) Good Research 
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Practices Task Force Report recommendations [14] and the Consolidated Health 

Economic Evaluation Reporting Standards (CHEERS) [15] checklist.  

 

Study Design   

A trial-based economic evaluation will be conducted (piggyback approach), 

including three cost-effectiveness analyses (CEA) - different health effects- and a 

cost-utility analysis (CUA). The clinical trial investigating the diagnostic strategy for 

restorations assessment is the third diagnostic study conducted by the CARDEC 

collaborative group at the School of Dentistry of the University of São Paulo (São 

Paulo, Brazil). The CARDEC-03 trial is a two-arm, parallel-group, patient-randomized 

controlled trial aiming to assess which diagnostic strategies (based on FDI criteria or 

CARS) leads to fewer new interventions in restored primary teeth during two years of 

follow-up. Further details regarding the trial have been published in the study protocol 

[7]. 

The strategy based on the FDI criteria will be acknowledged as the reference 

strategy for assessing the restorations. However, recognize there is no robust 

evidence supporting this assumption. Despite this, a reference strategy for economic 

evaluation must be assumed. Considering that the CARS strategy is associated with a 

less interventionist approach, we will consider it as the new strategy. Moreover, FDI 

criteria were first proposed and appointed by experts as the standard criteria for 

restorations' assessment [16, 17].  

 

Target population and Eligibility Criteria  

 Children's participation was voluntary. Our sample includes 3-to-10-year-old 

children seeking dental care at the Pediatric Dentistry clinic from our school, with at 

least one dental restoration in a primary tooth. The exclusion criteria were children 

whose parents did not consent to their participation, children who did not assent 

participating in this study, and children with limited ability to co-operate even when 

behavior management was used [18].     

 

Comparators - Interventions and Follow-up 

 Aiming to compare a more interventionist strategy to a supposedly less 

interventionist approach when assessing dental restorations and guiding clinical 

decision-making, children were allocated to one of the two diagnostic strategies for 
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the assessment of restorations. To simplify, we will refer to them, from that point, as 

FDI and CARS strategies. A trained and calibrated examiner (BLPM) performed the 

assessments, and treatment decisions were based on the criteria. The FDI criteria 

[16] can be adapted depending on the purpose of the study. Therefore, since dental 

caries is the most common reported reason for reinterventions in primary teeth, we 

chose to evaluate related parameters as marginal staining and adaptation, besides 

the recurrence of caries. The CARS strategy will be used as originally proposed [5] 

(Table 1). Details regarding clinical criteria, sample size, randomization, allocation, 

blinding, and treatment of the restorations have been previously described in a clinical 

trial protocol [7].  

Children will be followed for 24 months after the baseline interventions. Clinical 

assessments are being scheduled at 6-month intervals. In the baseline and at each 

follow-up visit, children are being instructed about diet and oral hygiene. The same 

examiner responsible for baseline evaluation will reassess the restorations at each 

appointment and propose a new treatment plan for each child based on the 

randomized strategy.  

 

Time horizon, study perspective and discount rate 

The time horizon for the main evaluations was set as 24 months (time of study 

enrollment). Secondary longer-term economic evaluation with trial results will be 

performed to extrapolate the results over a primary tooth lifetime horizon. We will 

adopt the societal perspective, accounting for direct and indirect costs. A discount rate 

of 5% will be applied for costs and effects as the trial is being conducted in Brazil, a 

lower-middle-income country [19]. Further sensitivity analyses will test the influence of 

this assumption by considering different discount rates (0-10%).   

 

Costs and resources  

The costs of each strategy will be estimated using a micro-costing approach.  

The direct and indirect costs per tooth and child will be calculated over 24 months 

(Supplemental Material 1). Direct costs will comprise the expenses related to the 

dental office accommodation, dental instruments and equipment and their respective 

maintenance, materials used to implement the strategies and staff expenses (based 

on working hours and time spent on patient's care). Firstly, direct costs will be 
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estimated per tooth included in the trial. Then, we will sum up all child's eligible teeth 

for calculating direct costs with each child.  

We will calculate the accommodation costs using rental costs and municipal 

taxes per m2 of the area used by each dental unit. Subsequently, the accommodation 

costs per hour will be calculated. The same calculation will be used for dental 

instruments and equipment, estimating a life span of 3 years for instruments [20] and 

5 years for equipment [21], with a monthly usage of 160 hours. The staff salary 

(dentists and dental auxiliaries) will be calculated based on the Brazilian Federal 

Law's monthly wage, allowing 40 hours per week (8 hours/day) for each dentist and 

dental nurse. For dental material, we will calculate the mean value of each item in 

three different dental stores and quantities used during clinical appointments.   

Indirect costs will include out-of-pocket expenditures, such as transportation 

(public or private), any opportunity costs of accompanying a person's absence from 

the workplace, and the patient's time accessing care. These costs will be estimated 

per child, considering the time spent during appointments and waiting or travelling 

to/from the dental clinic. For indirect costs per tooth, time spent performing 

procedures related to each specific tooth will be first considered. For the child's 

general appointments (e.g., instructions, fluoride applications) and the child's and 

accompanying person's waiting/travelling, the time spent will be fully considered for 

each tooth, as if only one tooth had been included per child. Possible dental 

interventions received externally to the research, but related to the assessed teeth, 

will also be considered indirect costs. 

Transportation costs will be calculated using the municipality’s fares for public 

transportation. For private transport, we will consider the distance from the family's 

house to the University and an average price for fuel obtained from the Brazilian 

National Agency, assuming an 8 km per litre efficiency. The patient's and 

accompanying person's time will be valued, respectively, based on the Brazilian 

minimum wage and mean Brazilian salary. Suppose the accompanying person reports 

any earning loss due to being present at the child's appointments; an additional cost 

of a working day will be added for each appointment the child attends. The 

accompanying person's working absence time will also be calculated based on the 

mean Brazilian salary. In this case, the working days and hours will be considered to 

estimate this person's value per working hour. 
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To estimate the costs, we have registered in a specific form the number of 

appointments, the time spent at each one and materials used during patient care 

(Supplemental Material 2). This form has also been used to collect information about 

transportation and absence from work. Details about the cost estimation of each of the 

resources mentioned above can be found in Supplemental Material 1.  

Costs will be calculated in Brazilian Real (BRL) considering the base year for 

the analysis and converted to international dollars using Purchasing Power Parities 

(PPP) measured for the same period (or the most recent indicator available at the 

time of the analyses). 

 

Health Outcomes 

Three health effects will be considered for different CEAs to bring different 

perspectives when decision-making. The primary health effect considered will be the 

number of new operative interventions per child after the baseline assessment. Other 

endpoints were set as secondary health effects: the time to the new operative 

interventions (survival), the percentage of children who did not need new operative 

interventions and the relevant change in the Oral Health-Related Quality of Life 

(OHRQoL) scores (Table 2). 

For the first health outcomes (related to new operative interventions), we will 

assess the children for 24 months, following them each six months.  The cumulative 

result will be accumulated for 24 months when computing the number of events (new 

interventions) and the time to an event during this period. The restorations will be 

evaluated by an examiner (TKT), blinded to the diagnostic strategy. At this 

assessment, surfaces were scored according to the restoration integrity and 

occurrence of caries, determining the need (or not) of repair, replacement or other 

possible new interventions [22-23] (Table 2). At this stage, the idea was to use an 

external assessor using a different approach (from those interventions under 

comparison and randomized) not to bias the outcome assessment. Based on this 

assessment, new interventions (events) will be considered when any need for 

restoration repair or replacement is identified, any presence of secondary caries 

lesion exposing dentin is detected, any need for extension of the existing restoration 

or endodontic treatment is required (due to caries or tooth fracture) and/or any 

episode of pain is reported (Table 2). 
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The OHRQoL will be assessed using the Brazilian version of the Early 

Childhood Health Impact Scale (B-ECOHIS) [24]. This questionnaire is answered by 

parents as a proxy of the child’s OHRQoL and is a valid measure for children [25]. 

Although the ECOHIS has been proposed for pre-school children [26], it was chosen 

to measure effectiveness in the entire sample, comprising children from 3-to-9 years 

old. The questionnaire was answered in the baseline and will be answered at 24-

month follow-up completion. The difference between the ECOHIS final and baseline 

scores will be calculated. The change in ECOHIS scores will be classified according 

to the minimal important difference calculated [25]. 

For CUA, the effect will be the gain in tooth-related Quality Adjusted Life Years 

(QALYs). To estimate tooth-related QALYs, we will use the Standard Gamble (SG) 

approach to calculate weights (utility scores) based on the patient's parent's 

preferences regarding health states related to dental caries. For that, we anchored the 

weighs in tooth loss (the worst scenario).  The parent preference will be used as a 

proxy measure for the child’s preference regarding different health statuses. More 

details about the Standard Gamble experiment may be found in the next section. 

 

Standard Gamble  

 We will conduct an SG experiment to measure different oral health states' 

preferences related to dental caries in primary teeth. As parents’ answers will be 

considered a proxy measurement, a representative sample of those parents seeking 

dental treatment in a reference center will be selected. A minimum sample size of 50 

parents was calculated to permit an absolute difference of 0.05 units and guarantee 

the power of 80% and a significance level of 5%. To compensate for possible non-

normal distribution and possible non-response or lost participants, we added up, 

respectively, 10% and 20% to this calculated sample, totalizing 63 participants to be 

recruited.  

The recruited sample will be stratified by the child’s caries experience and 

opportunity for dental treatment (children firstly seeking the treatment vs those already 

enrolled in treatment) to contribute to the sample representativeness. Part of this 

sample will be selected among children's parents from the main clinical trial 

(CARDEC-3). The other will be recruited among parents whose children are seeking 

treatment in the school's dental clinics. Adults will be asked about their preference 
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between two courses of action resulting in different outcomes regarding their child’s 

oral condition.  

The health states will be illustrated on cards, and the SG will be conducted 

using a chance board. The health states considered are 1) a primary molar with dentin 

caries lesion; 2) a restored primary molar; 3) a restored primary molar needing 

repair/replacement. Children's parents will choose between alternatives A and B. 

Alternative A offers a probability “p” of achieving the best possible health state, which 

is a sound tooth that will last like that until it exfoliates. Then, a probability “1 – p” of 

having the worst possible condition is assumed (early tooth loss) (Figure 1). 

Alternative B will be a particular health state of a restored primary molar. The 

probability “p” will be changed in the chance board until the parent is indifferent to the 

two options [27]. This probability will be considered the parent’s preference (utility 

weight) for their child’s health state (utility value). We will then calculate the tooth-

related QALYs, also considering the time for which the child presented such a state. 

The same experiment with the other health states will be conducted, as demonstrated 

in Figure 1. 

 

Analytical methods 

The economic evaluations will be considered intention-to-treat analyses using 

data collected after two years, as previously described. In the case of missing data, 

we will investigate their nature and choose the most appropriate method to handle the 

missing data, e.g., multiple imputations. Imputations will consider health and 

economic outcomes and the possible relationship between them and other pertinent 

covariates. When new operative treatments have been performed externally to the 

research, the same strategy used for missing data will be used for cost estimation. 

Cox regression model with shared frailty will be used to compare the need for a 

new intervention. The health effects listed above will be compared between groups 

using the most appropriate statistical test, depending on data distribution. Given the 

usual right-skewed distribution of cost data, we will use the bootstrapping quantile 

regression to compare the total costs of the diagnostic strategies [28]. Bootstrapping 

replications will be set at 1,000, and a fixed seed will be determined.  We will use the 

software Stata13 (StataCorp LP, Texas, USA) and set a 5% significance level for 

these analyses. 
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We will work with the difference between the strategies both regarding the 

inputs (∆costs: 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝐹𝐹𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) and outputs (∆effects: 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 −

𝐹𝐹𝐹𝐹𝐹𝐹 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) since the focus of this series of economic evaluations is the economic 

impact of using the minimally invasive strategy (based on CARS) instead of the 

conventional strategy (based on FDI criteria) for managing dental restorations. 

Bootstrap confidence intervals will be calculated for each parameter considering the 

costs, effects, incremental costs and incremental effects[29]. 

Deterministic one-way sensitivity analysis will be conducted for CEAs and CUA 

to assess the quantitative relationship among estimates in parameters that could 

perform differently in a distinct scenario, such as costs, discount rate, and effects. In 

these analyses, we will also test the influence of different baseline conditions as 

covariates associated with the effects and costs [30], checking the possibility of 

extrapolating data from this single trial to a broader population.  The results will be 

demonstrated in a tornado diagram.  

Additionally, a Bayesian approach will be used to explore uncertainties on the 

same parameters. By adopting this approach, we will describe the probabilities around 

the actual values obtained in this study [31–33]. The data distribution of costs and 

effects will be checked using XLSTAT Premium 2021.3.1 (Addinsoft, Paris, France), 

and, based on that distribution, Monte-Carlo simulations (x10,000) will be generated 

to be plotted in a cost-effectiveness plane (CE plane). The proportion of points in each 

quadrant of the CE plane will be calculated, and the location of points will also be 

assessed visually. We will calculate the incremental net benefit using the following 

equation:  

 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑁𝑁𝑁𝑁𝑁𝑁 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,  

 

being value 1 for a positive coefficient and 0 for a negative coefficient value. Thus, for 

the interpretation, if the difference is higher than zero (the value 1), it means that for one 

additional unit of effectiveness, the incremental cost is below the Ceiling Ratio (the 

maximum value that decision-makers are willing to pay). If the difference is less than 

zero (the value 0), the incremental cost of each additional unit of effectiveness is above 

the Ceiling Ratio [34].  Finally, acceptability curves will be plotted for each effect using 
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the incremental net benefit framework and assuming different ceiling ratios to check the 

uncertainties around threshold points. 

Subgroup analyses considering age (3 to 6 vs 7 to 10 years) and patients' 

caries experience (≤3 vs>3 restorations) will also be conducted.  

 

Modelling for primary tooth lifetime horizon 

 We will construct a decision analytic modelling framework to extrapolate the 

findings considering a longer time horizon (the primary molar lifetime) (Supplemental 

File 3). As the base case, we will consider a child as those enrolled in the trial. Then, 

based on the mean age of children enrolled on the main trial, we will establish the 

number of cycles of the Markov model. 

 Probabilities and costs will be extracted from the main trial. If necessary, any 

additional reference value will be identified from the literature.  The SG experiment will 

generate utility values. We will assume that probabilities will maintain the same at 

each cycle during the time horizon. The half-cycle correction will be used to account 

for the fact that events and transitions can occur at any point during the cycle, not 

necessarily at the start or end of each cycle. 

 We will adopt the same strategies adopted in the trial-based analyses for 

deterministic and probabilistic analyses using the model framework. The final 

interpretation of uncertainties will be considered for this longer time horizon. Data will 

be modelled and analyzed using a Markov simulation model. Tree Age Pro 2017 

(TreeAge Software, Williamstown, MA, USA). 

 

Discussion 

 The results from this study will provide necessary evidence regarding the 

economic impact of the possible implementation of potentially less interventionist 

diagnostic strategies, such as that based on CARS, when managing restorations in 

primary teeth. Owing to the lack of high-quality economic evaluation studies in the 

pediatric dentistry field [11], our study will strengthen the evidence and guide an 

evidence-informed decision-making process concerning diagnosing dental caries 

adjacent to restorations in primary teeth. To the best of our knowledge, no study has 

evaluated the economic impact of diagnostic strategies focused on such a clinical 

condition. 
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The strategy based on FDI may lead to a greater number of operative 

interventions [8], probably due to merge the assessment of the presence of recurrent 

caries and the restoration staining and adaptation. At first glance, the need for more 

interventions in the first treatment plan may lead to additional costs since the baseline. 

However, in a complete economic evaluation, not only costs are considered. Health 

outcomes are also important in determining the cost-effectiveness of a strategy [35]. 

Assuming a longer time horizon, we can expect as more interventionist; more re-

interventions may be needed, as demonstrated in a previous clinical trial from our 

group [36]. Then, much higher expenses could have resulted. On the other hand, 

eventually, depending on how the non-intervened restorations behave during the 

follow-up, a different scenario may be observed, impacting on effects or not. Since it is 

an ongoing trial, the long-term health effects (at two years) will be crucial to decide, for 

assessment and management of restorations in primary teeth, whether a minimally 

invasive strategy (as that based on CARS) will be more efficient in allocating 

resources than the conventional one (based on FDI criteria). 

 CEA is one of the most widely used economic evaluations in healthcare, as the 

effects are clinical measures [35, 37]. We opted to use different parallel economic 

evaluations at this protocol to bring different perspectives and additional subsidies to 

decision-makers. In this sense, we considered the primary health effect as the number 

of new operative interventions. This outcome represents the effect magnitude 

explored when comparing the diagnostic strategies in the trial. Although other 

endpoints (effects) have been set as secondary ones, they may show additional views 

to decision-makers. They offer perspectives regarding the time to the effect, demand 

for treatment and patient-centred opinions that may also be helpful when 

implementing one or another in the health system.  

 On the other hand, patients/parents’ preferences and consequent utility values 

may also influence the final impression about the economic aspects of implementing 

the minimally invasive strategy, like CARS, in clinical practice. In this sense, CUA 

would be a valuable tool since it integrates patient-centred care philosophy and 

should be used when the quality of life is an important outcome [27]. CUA evaluates 

the effects on qualitative and quantitative health gains, often measured through 

QALYs. These are the product of time and utility obtained through the patient's 

preferences for different health states [27]. As dental caries in children has a relevant 
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impact on quality of life [38], studies involving the economic implications of caries 

diagnosis and management would benefit from CUA.  

Utilities related to health states related to dental caries in primary teeth have 

been assessed through pre-scored multi-attribute health status classification systems, 

such as the CHU-9D, or through the Visual Analogue Scale (VAS) [39, 40]. One of the 

main concerns about pre-scored measures is that they may not identify the impact of 

oral diseases, such as dental caries [41]. Besides, the scaling methods will not 

necessarily express participants' sacrifice is willing to take to achieve the health 

states, and they are more prone to contextual bias [42]. Conversely, the SG is a 

choice-based method of obtaining 'patients' preferences for health states under 

uncertainty. Although it is time-consuming, the SG is conceptually based on the 

expected utility theory [43], and it involves the highest sacrifice the participants are 

willing to take. Finally, in this SG experiment, we could anchor the utility weights in 

tooth loss, considering it is our worst scenario planned and called the measure 

derived from it as tooth-related QALY. Although its questionable interchangeability to 

general QALYs, tooth-related QALY may be a relevant measure for decision-makers 

in Dentistry, especially considering primary teeth, the type of injuries and their health 

consequences in children.  

Given the SG experiment inherent complexity, we decided to adopt the parents’ 

valuation of utility as a proxy measurement from the child’s preferences related to 

their oral health states. This approach has been widely used in studies of children’s 

preferences [44]. Although these proxy answers have some limitations, it would be a 

reasonable and feasible approach to a first attempt in determining utility scores 

related to dental caries, independently of the child’s age. Due to the broader age 

range in the base clinical trial, we opted for this approach. 

Therefore, the results of these trial-based economic evaluations may bring 

actual evidence about the economic impact of such implementation and contribute to 

the decision-making process pertaining to the assessment and management of 

restorations in children.  Analytical strategies adopted (e.g. probabilistic sensitivity 

analyses (scenario) and modelling for primary molars lifespan) may be alternatives to 

minimize possible limitations in results extrapolation derived from single-studies 

economic evaluations [45]. In this sense, they may permit that the results are broadly 

generalized to children seeking dental treatment, who will demand decision and 

management of their previously placed restorations. 
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Trial Status 

CARDEC-03 trial recruitment took place from November 2017 to November 2018. 

Each patient will be followed for 24 months. Due to the COVID-19 pandemic situation, 

our goal is to complete the follow-up by May 2021. 
 
List of abbreviations 

FDI: World Dental Federation; CARS: Caries Around Restorations and Sealants; 

CEA: Cost-effectiveness analysis; ECOHIS: Early Childhood Oral Health Impact 

Scale; CUA: Cost-utility analysis; QALYs: quality-adjusted life years; ICER: 

Incremental Cost-Effectiveness Ratio; ICCMS: International Caries Classification and 

Management System;  ICDAS: International Caries Detection and Assessment 

System; HEAP: Health Economic Analysis Plan; RCT: Randomized Controlled Trial; 
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Legends 
 

Table 1. Clinical strategies for FDI and CARS criteria – adapted from Moro et al. 2021 

[7]. 

 

Table 2. Summary of health outcomes (health effects) used in economic evaluations. 

– 95%CI*: bootstrap adjusted confidence interval at 95% 

 

Figure 1. The Standard Gamble experiment to be performed with parents assessing 

three health states related to dental caries in their child’s primary molars. 

 

Supplemental Material 1 – Cost items and valuation methods for direct and indirect 

costs 
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Supplemental Material 2 – Form used for resource measurement and subsequent 

cost estimation. 

 

Supplemental Material 3 – First draft of a theoretical framework to construct an 

analytic Markov model for modelling strategies for primary tooth lifetime horizon. 

 

EQUATOR network reporting checklist - Consolidated Health Economic Evaluation 

Reporting Standards (CHEERS) checklist. Note the items related to Results and 

Discussion (aspects related to findings) are not addressed since this is a health 

economic analysis plan. 
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Table 1 - Clinical strategies for FDI and CARS criteria – adapted from Moro et al. 2021 [7]. 

 

 
Source: Author 
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Table 2 - Summary of health outcomes (health effects) used in economic evaluations – 95%CI*: 
bootstrap adjusted confidence interval at 95%. 
 

Source: Author 
 
 

Figure 1 - The Standard Gamble experiment to be performed with parents assessing three health 
states related to dental caries in their child’s primary molars. 
  

 
Source: Author 
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Supplemental Material 1 - Cost items and valuation methods for direct and indirect costs 

 

 
Source: Author 
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Supplemental Material 2 - Form used for resource measurement and subsequent cost estimation. 
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Supplemental Material 3 – First draft of a theoretical framework to construct an analytic Markov model 
for modelling strategies for primary tooth lifetime horizon. 
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EQUATOR network reporting checklist - Consolidated Health Economic Evaluation Reporting 

Standards (CHEERS) checklist. Note the items related to Results and Discussion (aspects related to 

findings) are not addressed since this is a health economic analysis plan. 
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4 CHAPTER II: COST-EFFECTIVENESS ANALYSIS 
 
 
How can a less interventionist approach benefit children who had their 
restorations in primary teeth assessed and managed? – an economic evaluation 
based on different health outcomes 

 
 
4.1 INTRODUCTION 

 

 Visual inspection is the most accurate method for caries detection for the 

majority of patients in clinical practice (1). Results from clinical studies have 

demonstrated that the use of this method avoids overdiagnosis and, consequently, 

overtreatment in primary teeth (2,3). The inspection of restored teeth, however, 

remains a difficult task, as the presence of different materials and textures may 

challenge the diagnostic process, which is based on the physical characteristics 

observed by the dentist. To aid in the clinical practice, different strategies for the 

inspection of restorations were proposed, however, high-quality clinical studies in this 

field are still scarce. 

 Considering that dental caries is the most prevalent reported reason for 

reinterventions in restorations in primary teeth (4), the Caries Around Restorations 

and Sealants (CARS) strategy may be an interesting approach for restorations 

inspection in paediatric dentistry, as it was proposed for caries lesions detection only 

(5). However, other characteristics of the restorations may also be a concern for 

dentists and patients, therefore strategies such as the World Dental Federation (FDI) 

(6), which evaluates different aspects of the restorations, such as staining and 

adaptation, could also be a suiting option.  

 Our group has conducted a clinical trial assessing restorations’ survival in 

primary teeth when using CARS and FDI as diagnostic strategies. Results from a 

cross-sectional study nested in the main trial demonstrated that the FDI strategy was 

associated with more replacements of the restorations, representing a more invasive 

approach when compared to the CARS strategy (7). The Caries Detection in Children 

3 (CARDEC-03) trial protocol is currently available (8) and no difference between the 
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two strategies was observed in the restorations’ survival and the number of new 

operative interventions after 24 months (unpublished data).    

Preventing unnecessary invasive procedures in Dentistry not only benefits 

patients, but may also lessen health care systems expenditures. Oral health 

conditions are a relevant burden for economies worldwide, representing 4.6% of the 

resources spent with health care (9). Therefore, it is crucial to assess whether the 

minimally invasive approach observed in the CARS strategy also reflects the efficient 

use of resources in child oral health care. Economic Evaluations in health care have 

been used for this purpose, and Cost-Effectiveness Analysis (CEA) is one of the most 

commonly applied in this field, as it measures costs in monetary units and effects in 

health effects (10). 

Although CEAs are not capable of answering allocative efficiency questions, they 

may guide technical efficiency questions, determining which strategy is associated 

with a better output for a budget (11). In this specific situation, differences when 

combining health effects and expenditures may bring out relevant differences 

between the strategies. Thus, this study aims to assess the cost-effectiveness of 

using the CARS strategy instead of the FDI strategy for the assessment and 

management of restorations in primary teeth. To comprise different perspectives of 

using these strategies, different health effects were evaluated to provide additional 

subsides for decision-makers. 

 
 
4.2 METHODS 

 

 

4.2.1 Study design 
 

 

 This is a trial-based full economic evaluation comprising CEAs following the 

recommendations of the International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR) Good Research Practices Task Force Report (12) and the 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist 

(13) (Appendix A). The clinical trial investigates two diagnostic strategies (CARS and 

FDI) for the assessment and management of restorations in primary teeth. The 
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CARDEC-03 trial has finished its final assessments and is currently in the data 

analysis phase. More information about the main trial is available in a previous 

publication (8) and at the platform clinicaltrials.gov (NCT03520309). 

 As previously described in the health economic analysis plan (14), the FDI 

strategy will be considered as the reference for the EE, as it is considered by experts 

the standard criteria for restorations’ assessment (15,16); moreover, it is related to a 

more interventionist approach when compared to the CARS strategy.  

 This chapter focused on the health effects based on the trial, assessing the 

performance of the two diagnostic strategies on a CEA.  

 
 
4.2.2 Target population and subgroups 

 

 

 Parents and children who sought dental care at our university were invited to 

consent and assent to participate in the main trial, respectively. Participants 

comprised children from 3 to 10 years old with at least one restoration in a primary 

tooth. Children were excluded from the trial if they did not assent to enrol on the study, 

if their parents did not consent with their participation, or if they presented severe 

behaviour limitations in the first appointment, compromising clinical examination.   

 Based on the main trial and considering relevant risk factors for dental caries 

disease, subgroups were based on age (3 to 6 vs 7 to 10 years) and caries 

experience (≤3 vs>3 restorations).   

 

 

4.2.3 Setting and location 
 

 

 The CARDEC-03 trial was conducted at the School of Dentistry, University of 

São Paulo (São Paulo, Brazil). São Paulo is the largest city in Brazil and the leading 

economic national metropolis with a 58,691.90 BRL Gross Domestic Product per 

capita. The estimated population for 2021 in São Paulo is 12,396,372, according to 

the Brazilian Institute of Geography and Statistics (IBGE) (17). The School of 

Dentistry of the University of São Paulo is located in the West Zone of São Paulo and 
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it is a reference for oral health care in that area. Thus, patients usually seek treatment 

at our dental clinic. 

 For the main trial, a team of 5 dentists performed all the dental procedures 

following the biosafety measures determined by the biosecurity office of the School of 

Dentistry. Dentists involved in children’s treatment were graduate students and all of 

them had experience in paediatric dentistry. The clinic has all the equipment 

necessary for dental treatment, such as dental chairs and x-rays. 

 

 

4.2.4 Comparators – interventions and follow-up 
 

 

 The diagnostic strategies for restorations assessment and management were 

compared in the present study. In the main trial, children were randomly allocated to 

the FDI strategy or the CARS strategy. As the FDI criteria comprise many different 

features of the restorations and can be adapted depending on the purpose of the 

study, we used the parameter recurrence of caries, and two other parameters that are 

usually misinterpreted as caries lesions around the restorations: marginal staining and 

adaptation. 

The CARS strategy was used as it is originally proposed. A trained and 

calibrated examiner (BLPM) performed the assessments and treatment decisions 

based on the respective diagnostic strategy. This management decision was 

independent of the outcome assessment, described below. Operators were instructed 

to perform the treatment plan according to proposed by the examiner and strongly 

recommended to not change it. Eventual protocol deviations were registered and 

analyzed further. Consequent solutions for observed deviations were also reported in 

a specific form (Appendix B). 

Paediatric dental emergencies were handled by our team as soon as we were 

contacted by the children’s parents. Restorations were managed according to the 

same diagnostic strategy group that children were allocated in the baseline. 

Emergencies were recorded as new interventions and further analyzed.   

 In the main trial, children would be followed for 24 months. Due to the COVID-

19 pandemic situation, the dental clinic was closed from March until December 2020. 

Therefore, part of the assessments at 18 months and 24 months were not possible to 
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be performed. We proceeded with the evaluations from December 2020, thus some 

children had their restorations assessed in over 24 months and the actual time of 

follow-up was registered.  

 

 

4.2.5 Study perspective, time horizon, and discount rate 
 

 

 We adopted the societal perspective, accounting for direct and indirect costs. 

The time horizon for the CEA was 24 months. For these primary analyses, we did not 

consider discount rates for costs and effects, as we registered cumulative costs and 

effects for 24 months. At this stage, one of the ideas was to register the time in which 

costs and health effects were observed.  

 

 

4.2.6 Measurement of effectiveness 
 

 

Four different measures of effectiveness were considered to comprise different 

perspectives important to decision-making and technical appraisal of strategies. The 

main health effect was the number of new operative interventions (repair, remodelling, 

replacement, endodontic treatment, and tooth extraction) after the baseline treatment. 

After examiner evaluation, scores were dichotomized into the need or no need of a 

new operative intervention. Then, the number of new interventions per restoration was 

summed up and finally, the number of new interventions registered per child was 

totalized. 

  The second health effect was the time until the first event (new operative 

intervention) in the child. For the main trial, the time to event was registered through 

survival analyses. The minimum time for the child, after considering all included teeth, 

was registered for this effect. 

 Additional secondary effects were the occurrence of new operative 

interventions per child, which was derived from the first health effect. We 

dichotomized the effect into the presence (1) or absence (0) of a new intervention at 

any follow-up time. Finally, another effect was the need for new replacements, in 
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which the need for replacement was considered as a health effect and other new 

operative interventions were not considered. 

 

 
4.2.7 Costs 
 

 

 Costs were estimated through a micro-costing approach based on the trial. The 

direct and indirect costs per child were calculated at the end of the study, following the 

health economic analysis plan previously described in the first chapter of the present 

thesis. The direct costs were the costs of the dental office accommodation, dental 

instruments and equipment, staff expenses, and costs of materials. All the direct costs 

were valued in January 2020, before the COVID-19 pandemic situation.    

 The indirect costs included the out-of-pocket expenditures: patients’ 

transportation, opportunity costs of accompanying person's absence from the 

workplace, and patient's time during the appointments. For indirect costs per tooth, 

time spent when performing procedures related to each restoration was considered. 

Then, costs were estimated per child, considering the time spent during appointments 

and waiting or travelling to and from the clinic. 

All costs were estimated per restoration. Then, we calculated all child's included 

restorations for the final cost per child.  

 

 

4.2.8 Currency, price date, and conversion 
 
 

All costs were initially valued in Brazilian Real (BRL). To avoid including the 

atypical variation in prices due to pandemic, prices collected in January 2020 were 

used and corrected using the IPCA (Índice Nacional de Preços ao Consumidor Amplo 

or Extended National Consumer Price Index), a national inflation rate for a group of 

products and services (18). This price index has as collection units commercial and 

service-offering establishments, public service and Internet concessionaries, with data 

collected, in general, from the 1st to the 30th day of the month of reference. The index 
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for correction from January 2020 to September 2021 was obtained on the website 

(19) and multiplied by the valued cost. 

 
 
4.2.9 Analytical methods  
 

 

The analyses presented in this chapter are mainly intention to treat (ITT) 

analyses. Per Protocol (PP) analyses are only presented for costs and effect partial 

analyses. Furthermore, other analyses were present considering the ITT approach. 

We performed imputation to manage missing data in different follow-ups. Imputations 

were done for each restoration and final events considered the cumulative appraisal 

of recorded and imputed results (if it was the case). In case more than one follow-up 

data were missing, a successive conditional imputation was performed until reach the 

last follow-up period. If the decision had not been reached for planning treatment, but 

the outcome had been assessed we assumed it to record the need for new 

interventions. 

In case the tooth had not been assessed (for protocol deviation or not 

compliance with follow-up), we transformed the treatment decision on a scale (0-no 

treatment, 1-no operative treatment, 2-remodelling, 3-repair, 4-replacement, 5-

endodontic treatment and 6-tooth extraction) and imputed the treatment decision 

using Poisson regression conditioned by baseline treatment decision (and the 

previous follow-up condition), type of tooth, number of surfaces that restoration 

involved and group of allocation. Child clustering was also considered including the 

patient as an independent variable. Costs were also imputed using similar strategies 

described for effects. Conditional imputation using linear regression was used in this 

case. Imputation models considered the baseline and previous follow-up treatment 

statuses and costs, type of tooth, the number of surfaces that restoration involved and 

group of allocation. Child clustering was also considered including the patient as an 

independent variable. 

Costs and effects were summarized for each group using the mean with a 95% 

confidence interval (95%CI). As the number of included teeth were slightly different 

between the two groups, we used a relative measure, considering the cost or effect 

per patient divided by the number of restorations included in that child. Further 
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comparisons were then focused on those relative measures of cost and effect (if the 

effect considered the measurement per number of interventions). In those cases, in 

which only one register per patient was considered, the absolute effect was 

computed. 

Costs between groups were compared using bootstrapped quantile median 

regression given the distributions profiles (Beta distribution for Cars group and Fisher 

Tippet distribution for FDI group). The relative number of new operative interventions 

and their derivation, the relative number of replacements were compared using the 

negative binomial regression. Time to the first new operative intervention was 

compared using the t-test, considering this parameter presented a Weibull distribution 

of one of the groups (alternatively, ordinal logistic regression was also performed but 

with no difference in the inferences). After comparisons with the complete sample, we 

also performed subgroup analyses considering the child age (3 to 6 vs 7 to 10 years) 

and caries experience (≤3 vs>3 restorations) to explore any possible trend in these 

separate subsamples. 

A Bayesian approach was used to explore uncertainties related to the studied 

parameters for the number of included teeth (since some parameters were relative), 

costs and effects. The data distribution of costs and effects will be checked using 

XLSTAT 2021 (Addinsoft, Paris, France). Considering these distributions, 10,000 

Monte-Carlo simulations were run and some summary measures were calculated. For 

simulations, we considered firstly the sample distribution of relative effects (if they 

were needed) and the final distribution of the absolute effect was generated 

considering the relative effect was the ratio between the absolute effect and the 

number of included teeth. Then, for further analyses, we considered the simulated 

absolute effect that was generated without an unbalance of the included teeth. 

Delta cost and delta effects (considering the four possible health effects 

considered) were calculated with their 95% confidence intervals. For delta 

calculations, we used the difference between the values (cost or effects, individually) 

in CARS strategy (alternative intervention) and FDI strategy (standard intervention, as 

defined a priori). Then, we defined delta cost or effect= CARS cost or effect – FDI cost or effect. 

Effects and costs were plotted in a cost-effectiveness plane (CE plane). The 

proportion of points in each quadrant of the CE plane will be calculated, and the 

location of points will also be assessed visually. For the positive outcomes (% of 

children without the need of new operative treatments and time to the first failure - 
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survival), the positive delta effect values showed the superiority of the CARS strategy. 

For the negative effects (number of new interventions), negative delta effect values 

were more favourable for the CARS strategy (it demands fewer operative treatments 

after baseline). For each one of the adopted health effects, we performed subgroup 

analyses, considering the subgroups mentioned above.  

To contribute to decision-making when choosing the alternative system, we 

calculated its cost-effectiveness in terms of the incremental Net Monetary Benefit 

(NMB). For that, we used the following equation:  Incremental NMB = Incremental 

Effect × Ceiling Ratio -Incremental Cost, being value 1 for a positive coefficient and 0 

for a negative coefficient value. To facilitate the interpretation, negative outcomes 

(number of new interventions) had their signal changes for this analysis and positive 

values for effect symbolized better effects for all outcomes, while the negative values 

represent the worse effects.  

In the first phase, we set a potential value of willingness-to-pay (WTP) or also 

known, ceiling ratio. We assumed this WTP rate based on data reported in a previous 

study that evaluated the Brazilians’ WTP for a preventive strategy related to dental 

caries (20). Then, for calculations of NMB, we considered a WTP (and also 

willingness to accept) of 100 dollars.  This reference value has been corrected using 

IPCA from 2015 (data collection) to 2021 and then, converted from BR$ to US$. For 

the interpretation, if the difference obtained from the formula above was higher than 

zero (the value 1), it means that for one additional unit of effectiveness, the 

incremental cost is below the Ceiling Ratio (the maximum value that decision-makers 

are willing to pay). If the difference was less than zero (the value 0), then, for one 

additional unit of effectiveness the incremental cost is above the Ceiling Ratio (21).  

For this specific ceiling ratio, the mean NMB and their 95% CIs were calculated 

considering each effect studied. Moreover, the probability of CARS being a cost-

effective strategy instead of an FDI strategy was also calculated (with 95% of CI). 

Subgroup analyses were also performed considering the NMBs. 

At a second phase, we calculated the NMB at different ceiling ratios to verify 

differences that the WTP may cause in the cost-effectiveness of the studied 

intervention. Then, for each studied effect, cost-effectiveness acceptability curves 

were plotted considering the probability of being cost-effective according to NMBs 

interpretation at different ceiling ratios (from 0 to 2000 dollars).  
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4.3 RESULTS 

 

 

A total of 163 patients were included in the CARDEC-03 trial. The mean 

(Standard Deviation – SD) age of the participants was 7.0 (1.6) years and 54% of the 

sample are male. Eighty-two children (50.3%) were assigned to the CARS group and 

81 (49.7%) to the FDI group. Participants’ characteristics were balanced between 

groups (Table 4.1). Children were followed up for 24 months. The mean (SD) follow-

up was 30 (3.75) months. The main trial had an 87.1% positive response rate and no 

significant difference in dropouts was observed (Table 4.1). The CONSORT flow 

diagram is provided in Figure 4.1. 

Minor protocol deviations were detected during data monitoring and solutions 

were proposed to minimise the deviations (Appendix B). Data was also considered in 

ITT analyses. Besides attrition to follow-up visits (Figure 4.1), the main cause of 

protocol deviation was treatment was not performed as recommended by the 

assessor using the randomized criteria (n=9). These deviations were usually 

explained by the child’s absence in treatment sessions or imminence of tooth 

exfoliation. Other reasons were the lack of assessment of a specific tooth in the 

follow-up visit (n=6) or those treatments performed outside the trial (n=5). All these 

cases were solved using data imputation as described above. 

We included 650 restorations; therefore, our sample comprises a mean of 4 

restorations per child. Despite not statistically significant, the CARS group exhibited a 

higher mean (95% Confidence Interval – CI) of restorations per child 4.12 (3.59-4.65) 

than the FDI group, 3.62 (3.15-4.10), p=0.09. Thus, here we present costs and effects 

as a relative measure, which takes into account the mean number of restorations 

included per child in the group.  

At the baseline, the mean cost of the CARS strategy (95% CI) was $38.68 

(32.00-45.36) per child and the FDI strategy mean cost was $30.81 (22.56-39.06) per 

child. The mean (95% CI) number of new operative interventions per child in the 

CARS and FDI groups was similar, 1.54 (1.23-1.86) and 1.75 (1.39-2.11), 

respectively.  
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Table 4.1 – Baseline characteristics of the participants (n=163) and included teeth 

 

 

Characteristics CARS  
N (%) 

FDI 
N (%) 

Stayed in * 
N 

Dropped out 
N 

Categorical variables     

Total 82 (50.3) 81 (49.7) 142 21 

CARS strategy NA NA 73 9 

FDI strategy NA NA 69 12 

Sex     

Male 42 (51.2) 46 (56.8) 76 12 

Female 40 (48.8) 35 (43.2) 66 9 

Age      

3 to 6 years-old 39 (47.6) 38 (46.9) 67 10 

7 years-old or more 43 (52.4) 43 (53.1) 75 11 

No. of restorations     

1 to 3 restorations 30 (36.6) 33 (40.7) 52 11 

4 restorations or more 52 (63.4) 48 (59.3) 90 10 

Characteristics CARS Method 
Mean (SD) 

FDI method 
Mean (SD) 

Stayed in 
Mean (SD) 

Dropped out 
Mean (SD) 

Quantitative variables     

Age (years) 7.02 (1.64) 7.06 (1.49) 7.00 (1.55) 7.32 (1.60) 

Carious teeth 1.41 (1.99) 1.70 (2.18) 1.63 (2.17) 1.05 (1.32) 

Restored teeth 4.76 (2.61) 4.41 (2.51) 4.70 (2.53) 3.76 (2.70) 

Missed teeth 0.48 (0.89) 0.44 (0.79) 0.51 (0.88) 0.14 (0.36) 

dmft + DMFT 6.65 (3.46) 6.57 (3.68) 6.85 (3.55) 4.95 (3.21) 

* No difference in the drop outs between the methods according to chi-square test (p = 0.619)  

CARS = Caries Around Restorations and Sealants; FDI = International Dental Federation  

NA = Not applicable; SD = Standard deviation 

dmft = number of decayed, restored or missed primary teeth 

DMFT = number of decayed, restored or missed permanent teeth 

Source: Author 
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Figure 4.1 – Study flowchart describing participants enrolled, followed-up, and analysed 

 

 
Source: Author 
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4.3.1 Costs of FDI and CARS diagnostic strategies 

 

 

Costs of the diagnostic strategies for 24 months are described in Table 4.2. 

According to both PP and ITT analysis, there was no significant difference in costs 

between the FDI and CARS. Considering the total cost per child (cumulative cost), 

different trends may be observed between groups due to the different number of 

restorations included. We do not believe these values should be interpreted alone, but 

they are presented in Table 4.2 to express the magnitude of the costs in assessing 

and managing restorations in primary teeth using different strategies. 

  There was no statistically significant difference in the relative cost between the 

two groups on the basis of ITT, both in baseline (p=0.34) and cumulative for 24 

months (p=0.87) (Table 4.2). The FDI strategy seems to be less costly than the CARS 

strategy at the baseline (approximately 1 dollar), however, the confidence intervals 

are overlapping. An inversion of that tendency is observed in the next follow-ups and 

at the baseline trend returns at the end of the follow-up (Figure 4.2).  

 

 





 

 

 

 

 

 

 





 

Table 4.2 – Cumulative and relative cost per child of the FDI and CARS strategies in international dollars ($) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 

 Cumulative cost PP No. of restorations Cumulative cost ITT Relative cost ITT 
 Mean (95%CI) Mean (95%CI) 
Baseline     

FDI  30.81 (22.56-39.06) 3.62 (3.15-4.10) 30.81 (22.56-39.06) 9.75 (7.94-11.56) 

CARS 38.68 (32.00-45.36) 4.12 (3.59-4.65) 38.68 (32.00-45.36) 10.78 (7.59-13.98) 

6 months     

FDI 51.24 (38.58-63.89) 3.62 (3.15-4.10) 52.22 (41.93-62.51) 9.75 (7.94-11.56) 

CARS 61.98 (50.82-73.14) 4.12 (3.59-4.65) 62.53 (52.36-72.70) 14.93 (11.59-18.27) 

12 months     

FDI 64.38 (49.28-79.49) 3.62 (3.15-4.10) 67.08 (53.24-80.92) 23.25 (19.00-27.50) 

CARS 77.41 (63.52-91.30) 4.12 (3.59-4.65) 79.32 (66.75-91.88) 18.86 (15.07-22.65) 

18 months     

FDI 73.04 (56.08-90.00) 3.62 (3.15-4.10) 78.13 (61.88-94.37) 24.97 (20.57-29.37) 

CARS 84.09 (69.42-98.76) 4.12 (3.59-4.65) 86.61 (73.37-99.85) 21.74 (17.74-25.74) 

24 months     

FDI 74.13 (57.21-91.05) 3.62 (3.15-4.10) 86.53 (67.36-105.70) 24.88 (20.50-29.27) 

CARS 86.03 (71.07-101.00) 4.12 (3.59-4.65) 96.82 (81.74-111.90) 25.97 (21.59-30.35) 

Costs are presented in international dollars (conversion rate = 2.363, October 2021)  
* No difference in costs between the groups according to bootstrapping quantile regression 

ITT = Intention to Treat analysis; PP = Per-Protocol Analysis; CARS = Caries Around Restorations and Sealants;  

FDI = International Dental Federation  
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Figure 4.2 – Relative cost of the FDI and CARS strategies in international dollars ($) 

 

 

 
Source: Author 

 
 
4.3.2 Health effects 

 

 

The interventions performed at the baseline and follow-ups per group are shown 

in table 4.3. No treatment was needed for most restorations in both groups at all 

follow-up assessments. The FDI strategy required over two times more replacements 

or new restorations than CARS at the baseline and 6 months. At 12 and 18 months, 

the sum of restorations needing repairs and replacements/new restorations were 61 

and 31, respectively, representing a significant portion of the procedures performed 

at the FDI group at each follow-up (Table 4.3).  

 

 

 





 

 

 





 

Table 4.3 – Number of interventions per group during the study 

 

 

 Baseline 6 months 12 months 18 months 24 months 

 FDI CARS FDI CARS FDI CARS FDI CARS FDI CARS 

Intervention  No. of restorations  
(%)  

No treatment 160 
(52) 

146 
(43) 

221 
(72) 

238 
(70) 

226 
(73) 

259 
(75) 

232 
(75) 

308 
(90) 

258 
(84) 

280 
(82) 

 
Non-operative 
treatment 

0  
(0) 

67 
(20) 

3  
(1) 

25 
 (7) 7 (2) 13 (4) 31 

(10) 
11  
(3) 

13 
(4) 

14 
 (4) 

 
 
Remodelling 

10 
 (3) 

4  
(1) 

5 
(1.7) 

2  
(0.1) 

9  
(3) 

6 
 (1.7) 

10 
(3.7) 

1  
(0.3) 

0 
 (0) 

1  
(0.3) 

 
 
Repair 

88 
(28.7) 

100 
(29) 

40 
(13) 

54 
(16) 

47 
(15) 

33 
(10) 

19 
(6) 

14 
 (4) 

16 
(5) 

21  
(6) 

 
Replacement/New 
restoration 

49 
(16) 

20 
(5.7) 

26 
(8) 

10  
(3) 

14 
(5) 20 (6) 12 

(4) 
6  

(2) 
11 

(3.6) 
15 
 (4) 

 
Endodontic 
treatment 

0  
(0) 

1  
(0.3) 

1 
(0.3) 

3  
(0.9) 0 (0) 1 (0.3) 1 

(0.3) 
0  

(0) 
1 

(0.4) 
3  

(1) 

 
 
Tooth extraction 

1 
(0.3) 

4  
(1) 

12 
(4) 

10  
(3) 

5  
(2) 

10  
(3) 

3  
(1) 

2 
 (0.7) 

9  
(3) 

8  
(2.7) 

 

Source: Author 
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Similarly to the costs, we represented the health effects according to the mean 

number of restorations included per group (relative new operative interventions). 

There was no difference in the relative number of new operative interventions 

between FDI and CARS after 24 months, p=0.17 (Table 4.4); however, the FDI 

strategy demonstrated a higher number of new operative interventions for all follow-

ups, as demonstrated in Figure 4.3.  

 

 
Table 4.4 – Number of new operative interventions per child at the follow-ups 

 

Source: Author 

 

 

 

 

 

 

 

 

  

 No. of operative 
interventions* 

Cumulative No. of 
operative 

interventions* 

No. of 
restorations per 

child 
Relative operative 

interventions* 
 Mean (95%CI) 
6 months     

FDI 2.20 (1.71-2.69) 2.20 (1.71-2.69) 3.62 (3.15-4.10) 0.66 (0.51-0.81) 

CARS 2.43 (1.88-2.99) 2.43 (1.88-2.99) 4.12 (3.59-4.65) 0.59 (0.46-0.71) 

12 months     

FDI 0.95 (0.71-1.19) 3.15 (2.52-3.78) 3.62 (3.15-4.10) 0.94 (0.76-1.12) 

CARS 0.89 (0.65-1.13) 3.33 (2.63-4.01) 4.12 (3.59-4.65) 0.81 (0.64-0.97) 

18 months     

FDI 0.58 (0.36-0.79) 3.73 (3.02-4.44) 3.62 (3.15-4.10) 1.10 (0.91-1.29) 

CARS 0.30 (0.18-0.43) 3.63 (2.88-4.38) 4.12 (3.59-4.65) 0.88 (0.71-1.06) 

24 months     

FDI 0.44 (0.26-0.61) 4.16 (3.37-4.96) 3.62 (3.15-4.10) 1.22 (1.01-1.43) 

CARS 0.58 (0.36-0.79) 4.20 (3.36-5.05) 4.12 (3.59-4.65) 0.99 (0.81-1.18) 

* No difference between groups according to negative binomial regression 

CARS = Caries Around Restorations and Sealants  

FDI = International Dental Federation  
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Figure 4.3 – Relative number of new operative interventions per child 

 

 

 
 

Source: Author 

 

 

Regarding the secondary health effects, we observed no difference between 

groups up to the time horizon we set (Table 4.5). The CARS strategy tended to lead 

to a lower proportion of children in need of operative care and a lower number of new 

replacements during the 24 months of follow-up (Table 4.5). The FDI was associated 

with, on average, one month longer to fail for the first time than CARS. However, 

these trends should be interpreted with caution since the confidence intervals of both 

groups are overlapped for all these health effects (Table 4.5). 
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Table 4.5 – Secondary health effects 
 
 

Health effects CARS FDI P value 
Mean (95%CI)  

Time to the 1st failure 10.13 
(11.01-11.46) 

11.01 
(9.42-12.60) 0.17* 

Proportion of children with no new operative 
treatment 

0.21 
(0.14-0.32) 

0.15 
(0.09-0.25) 0.29** 

Number of new relative restoration 
replacementsᶧ 

0.13 
(0.08-0.18) 

0.18 
(0.12-0.24) 0.79*** 

ᶧ ratio between the number of new replacements and included teeth per child  

* Value for T-test for equal variances 

** Value for likelihood-ratio chi2 test  

*** Value for negative binomial regression considering FDI as the reference category. 

 
 
 
4.3.3 Cost-effectiveness analysis 
 

 

 Analyzing simulated data, the CARS strategy demanded a higher investment 

of resources (on average, 15 dollars) and demonstrated better results for all health 

effects evaluated in the present economic study (Table 4.6). 

 The CARS group was, on average, mostly cost-effective in the simulations 

performed for the four CEAs (Table 4.6). Mean delta cost and effects were shown to 

be favourable to CARS strategy (Table 4.6). Besides, considering the WTP of US$ 

100, the strategy presented, on average, positive NMBs, except for the percentage of 

children with no need for new operative interventions (Table 4.6).  

 





 
 

 

 





 

Table 4.6 – Summary of simulated data - mean with 95% of confidence interval (CI) 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author

 CARS FDI Δ Net-Monetary 
Benefit 

Cost-
effectiveness 
probabilities* 

Cost 
 

319.09 
(313.37 to 324.81) 

 
304.09 

(298.68 to 309.50) 

 
15.00 

(8.11 to 21.89) 
 

NA 
 

NA 

Health Effects  
Number of new 
operative 
interventions 

12.49 
(12.17 to 12.39) 

 

14.94 
(12.23 to12.76) 

 

-2.44** 
(-2.79 to -2.09) 

 
28.82 

(21.28 to 36.36) 56.60% 

Time to the 1st 
failure per child 

9.14 
(9.05 to 9.24) 

1.79 
(1.78 to 1.80) 

7.52 
(7.42 to 7.62) 

737.69 
(725.85 to 749.52) 89.80% 

Percentage of 
children with no 
need of new 
operative 
interventions 

9.59 
(9.02 to 10.18) 

8.27 
(7.74 to 8.82) 

1.32 
(0.05 to2.11) 

-13.68 
(-20.6 to -6.75) 49.10% 

Number of new 
replacements 

1.01 
(0.10 to 1.06) 

2.03 
(1.97 to 2.08) 

-1.03** 
(-1.03 to -0.96) 

88.97* 
(78.19 to 97.96) 57.30% 

Costs are presented in international dollars (conversion rate = 2.363, October 2021)  
*Probabilities to be cost-effective considering a $100.00 WTP per unit of health effect considered. Data based on 

Walshaw et al., 2019 to WTP of a preventive approach for dental caries, adopted as reference. 

** Negative values symbolize the CARS presented a fewer number of new interventions. To calculations of Net 

Monetary Benefit, these values were converted into positive values to facilitate the interpretation. 

CARS = Caries Around Restorations and Sealants; FDI = International Dental Federation;  NA = Not applicable 

Δcost or effect=CARS cost or effect – FDI cost or effect 

81 





 





83 
 

Analyzing the uncertainties, there is a greater concentration of simulated points 

in the NE and SE quadrants when the time to the first event was considered as 

health effect. The probability of CARS presenting better effects (positive delta effect) 

was higher than 90% when this effect was analyzed (Figure 4.4, B). This result; 

however, especially for quadrant NE, was dependent on a WTP threshold.  Assuming 

a ceiling ratio of US$100 (21), the CARS strategy would be approximately 90% cost-

effective to postpone the new operative intervention. At this WTP threshold, such 

health effect was the one that presented the highest NMB observed. Higher ceiling 

ratios (up to US$ 2000) slightly increased the probability of being a cost-effective 

strategy up to approximately 95% (Figure 4.5). 

For the number of new operative interventions and new restoration 

replacements, higher uncertainty compared to the previous outcome. On average, 

the NMB observed for the new replacements was higher than for new interventions at 

all (Table 4.6). However, similar patterns of uncertainties were observed between 

these two negative outcomes (failures). For these health effects, CARS strategy 

could be classified as a cost-effective strategy in approximately 60% of cases, if the 

ceiling ratio was set as US$ 100 (Table 4.6).   Sixty per cent of simulated points 

could be found at NE or SE quadrants (better effects for CARS strategy). Besides, 

20% of cases could represent cases of lower cost, but also worse effects when 

CARS strategy was used (Figure 4.4A, 4.4B). Although a slight increase in cost-

effectiveness may be observed when increasing the ceiling ratios, the maximum 

probability of being cost-effective did not exceed 60%.  

Finally, when the effect was the non-need of operative interventions in the child, 

we observed the worst scenario, evidencing a negative mean NMB at US$100 

threshold and the lowest probability of CARS being a cost-effective strategy 

(approximately 50%) (Table 4.6). Nevertheless, we can observe in the CE plane the 

most simulated results presented no difference between strategies in effects (more 

than 80% of cases) (Figure 4.4, c). Acceptability curves showed no variations in the 

probability of CARS being a cost-effective strategy despite the ceiling ratios (Figure 

4.5). 
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Figure 4.4 – Cost-effectiveness planes representing simulated data (10,000 simulations). Costs 
(international dollars) and effectiveness of FDI and CARS were assessed. A) 
Effectiveness: number of new operative interventions per child. B) Effectiveness: time 
until the first event (new operative intervention). C) Effectiveness: occurrence of new 
operative interventions per child. D) Effectiveness: number of new replacements per 
child 

 
 

 
Source: Author 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



85 
 

Figure 4.5 – Cost-effectiveness acceptability curve demonstrating the probability of cost-effectiveness 
of the CARS strategy according to the payer’s willingness to pay 

 

 
Source: Author 

 

 

 
4.3.4 Subgroup analysis 
 
 
 

Subgroup analysis considering caries experience and age did not change the 

statistical inferences for groups comparison in the statistical analysis in our sample 

(Appendix C) and demonstrated similar tendencies on distribution of simulated plots 

in the CE planes compared to the entire group of simulations. In the simulations, 

younger children (3 to 6 years) tended to present more extreme values at both costs 

and effects, when compared to older children (7 to 10 years) (Figures 4.8 and 4.9).  

However, these extreme values occurred for both extremities and did not influence 

on final trends observed in the mean pooled delta effect or NMB (Table 4.7).  
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No differences were observed when subgroups regarding caries experience 

were plotted separately (Figures 4.8 and 4.9), nor when deltas were calculated, 

except for delta cost (Table 4.8).  For children with more than 3 restorations (higher 

caries experience), costs tended to be higher (positive delta values). However, when 

children had up to 3 restorations, the mean delta cost was negative (CARS was less 

costly than FDI). However, the CI of delta costs comprises both negative and positive 

values. 

 



 
Table 4.7 – Mean deltas Δ /net monetary benefits (95% of confidence intervals) considering subgroups according to age 

 

 Source: Author 
  

 3-to-6-year-old children 7-to-10-year-old children 

 Δ NMB Probability 
of CE* Δ NMB Probability of 

CE* 

Cost 
 

12.08   
(4.60 to 19.57)    

 
-- 

 
-- 

 
25.93  

(9.09 to 42.78) 

 
-- 

 
-- 

       

Health Effects 
   

Number of new operative 
interventions 
(units) 
 
 

-2.54 
(-2.93 to -2.16) 

26.65 
(18.05 to 35.25) 

 

0.57 
(0.56 to 0.58) 

 

-2.05 
(-2.88 to -1.22) 

36.96 
(21.40 to 52.52) 

0.57 
 (0.55 to 0.59) 

Time to the 1st failure in child 
(months) 
 
 

7.49 
(7.38 to 7.59) 

737.22 
(724.08 to 750.34) 

0.90 
(0.89 to 0.91) 

7.65 
(7.44 to 7.86) 

739.46 
(712.30 to 766.62) 

0.89 
(0.87 to 0.90) 

Children with no need of new 
operative interventions 
(%) 
 

-0.01 
(-0.02 to -0.003) 

-10.88 
(-18.41 to -3.35) 

0.49 
(0.48 to 0.51) 

-0.02 
(-0.04 to 0.003) 

-24.17 
(-41.09 to -7.26) 

0.48 
(0.46 to 0.50) 

Number of new restoration 
replacements 
(units) 

-1.02 
(-1.09 to -0.94) 

89.39 
(78.53 to 100.26) 

0.57  
(0.56 to 0.58) 

-1.09 
(-1.26 to -0.92) 

83.13 
(59.80 to 106.46) 

0.57  
(0.55 to 0.59) 

Costs are presented in international dollars (conversion rate = 2.363, October 2021)  

*Probabilities to be cost-effective considering a $100.00 WTP per unit of health effect considered. Data based on Walshaw et al., 2019 to WTP of a preventive approach for 

dental caries, adopted as reference. 

** Negative values symbolize the CARS presented fewer number of new interventions. To calculations of NMB, these values were converted into positive values to facilitate 

the interpretation. 

CARS = Caries Around Restorations and Sealants; FDI = International Dental Federation; NMB = Net Monetary Benefits; NA = Not applicable; Δcost or effect=(CARS cost or 

effect) – (FDI cost or effect). 
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Table 4.8 – Mean deltas Δ /net monetary benefits (95% confidence intervals) considering subgroups according to caries experience 

 

Source: Author 

 Up to 3 restorations More than 3 restorations 

 Δ NMB Probability of 
CE* Δ NMB Probability of CE* 

Cost 
 

-8.86 
(-32.04 to 14.31)    

 
-- 

 
-- 

 
15.93  

(8.84 to 23.04) 

 
-- 

 
-- 

       
Health Effects 
   

Number of new operative interventions 
(units) 
 
 

-1.81 
(-3.40. to -0.23) 

50.71 
(15.41 to 86.02) 

 

0.57 
(0.51 to 0.61) 

 

-2.46 
(-2.82 to -2.10) 

27.95 
(20.24 to 35.69) 

0.57 
 (0.56 to 0.58) 

Time to the 1st failure in child 
(months) 
 
 

8.16 
(7.68 to 8.63) 

822.62 
(767.97 to 877.28) 

0.94 
(0.91 to 0.96) 

7.49 
(7.40 to 7.59) 

734.33 
(722.23 to 746.44) 

0.90 
(0.89 to 0.91) 

Children with no need of new operative 
interventions 
(%) 
 

-0.02 
(-0.07 to 0.02) 

10.97 
(-12.36 to 34.30) 

0.53 
(0.48 to 0.58) 

-0.01 
(-0.02 to -0.005) 

-14.65 
(-21.79 to -7.51) 

0.49 
(0.48 to 0.50) 

Number of new restoration 
replacements 
(units) 

-1.41 
(-1.72 to -1.10) 

149.50 
(110.41 to 188.58) 

0.64  
(0.59 to 0.68) 

-1.02 
(-1.09 to -0.94) 

85.65 
(75.50 to 95.80) 

0.57  
(0.56 to 0.58) 

Costs are presented in international dollars (conversion rate = 2.363, October 2021)  

*Probabilities to be cost-effective considering a $100.00 WTP per unit of health effect considered. Data based on Walshaw et al., 2019 to WTP of a preventive approach for dental 

caries, adopted as reference. 

** Negative values symbolize the CARS presented fewer number of new interventions. To calculations of Net Monetary Benefit, these values were converted into positive values 

to facilitate the interpretation. 

CARS = Caries Around Restorations and Sealants; FDI = International Dental Federation; NMB = Net Monetary Benefits; NA = Not applicable; Δcost or effect=(CARS cost or 

effect) – (FDI cost or effect). 
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Figure 4.8 – Subgroup analyses, according to caries experience (≤3 restorations or >3 restorations) and age (3 to 6 years old or 7 to 10 years old. A) Costs 

(international dollars) and effectiveness (number of new operative interventions per child) of CARS compared to the FDI strategy. B) A) Costs 
(international dollars) and effectiveness (survival in months) of CARS compared to the FDI strategy 

 

 
Source: Author 
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Figure 4.9 – Subgroup analyses, according to caries experience (≤3 restorations or >3 restorations) and age (3 to 6 years old or 7 to 10 years old. A) Costs 

(international dollars) and effectiveness (percentage of children needing new operative interventions) of CARS compared to the FDI strategy. B) 
A) Costs (international dollars) and effectiveness (number of new replacements) of CARS compared to the FDI strategy. 

 
 
 

 
Source: Author

90 



91 
 

4.4 DISCUSSION 

 

 

 The present study evaluates two diagnostic strategies, FDI and CARS, for the 

assessment and management of dental restorations in primary teeth through a trial-

based full economic evaluation. The CARS strategy is associated with a less invasive 

approach, as it exclusively focuses on caries lesions around the restorations. The 

FDI strategy, which was considered the reference for the CEA, is related to a 

cosmetic approach, including criteria other than caries lesions, such as marginal 

staining and adaptation. Our findings are the first to report the economic impact of 

strategies evaluating restorations in children and, highlighting that CARS may be a 

cost-effective strategy to replace the FDI in clinical practice, especially considering 

postponing operative interventions in children. Besides, this benefit is still more 

significant in children with lower caries experience. 

Looking at costs alone, the CARS strategy was a cost-increasing alternative to 

the FDI strategy alongside 24 months, but this difference was not significant for our 

sample. For this economic evaluation, even when operators did not perform the 

intervention due to imminence of tooth exfoliation (e.g., high level of tooth mobility), 

we imputed figures related to cost and effect if the assessor had considered an 

intervention was needed according to the allocated system. We assumed this 

conservative approach to avoid leaving out measurement items that might count 

against one of the interventions and reduce cost measurement omission bias in the 

present trial-based economic evaluation (22). 

On the other hand, this difference was made evident when simulations were 

generated, making possible the amplification of our sample results. A modest 

increase in the cost per child (around 15 dollars, on average) should be expected 

when the CARS strategy is used. As CARS evaluates not only caries lesions’ severity 

but also their activity it demanded a higher number of non-operative treatments for 

most follow-ups than the FDI strategy. Preventive interventions, such as topical 

fluoride application, have been a target for several economic evaluations in dentistry 

and the majority of them provided a positive effect accompanied by an increase in 

costs (23,24). Different preventive strategies in health have been demonstrated the 

same (25). 
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In health economics, it is expected that a new strategy will be costly than the 

previous one adopted by the health care system, therefore it is relevant to 

additionally observe the health effects and the payer’s WTP to improve efficiency 

when reorienting resources. Then, the most efficient strategies should be chosen 

despite the increase in costs by itself. Therefore, health effects must be also 

considered to guide decision-making in resource allocation.   

The main benefit observed when using CARS instead of FDI is the possibility of 

postponing new operative interventions. Even considering FDI domains more related 

to caries occurrence, the FDI system tends to focus on characteristics, e.g. 

restoration margins discolouration/staining, which can lead to early interventions to 

these restorations. Such characteristics, as staining and some marginal defects, may 

be poorly associated with the presence of caries lesions (26,27) and demand for 

intervention even in cases in which such kind of intervention may not be necessary. 

Additionally, this delay in the operative intervention was neither followed by a higher 

number of operative interventions later, nor for the need for more severe 

interventions, corroborating the idea they may have not been necessary at that 

earlier time. At this glance, the use of CARS strategy would present approximately 

90%-probability of being cost-effective in substituting the FDI. Such benefit may be 

found even when the WTP is around 100 dollars, a value observed for other 

preventive interventions for dental caries in the Brazilian population (20). 

On the other hand, at the same WTP threshold (and even higher ones up to 

US$2,000), the CARS strategy is a much more modest cost-effective option to be 

used instead of the FDI strategy to avoid any new operative intervention in children. 

Very few children did not demand new operative interventions alongside 24 months. 

On average, the difference between strategies regarding this effect was around 1%. 

Most cases (more than 80%) were associated with similar effects between strategies, 

which lead to an unfavourable NMB compared to the other effects. In other words, 

we can state the CARS is a more cost-effective strategy to substitute FDI when the 

requirement is to postpone operative interventions, but not exactly to avoid them. 

This finding must be comprehensible since restoration failures may be very high 

failure rates, depending on several factors (4). 

Children with lower caries experience (those who presented fewer restorations) 

tended to be greatly benefited when the idea was to intervene later (higher survival 

for restorations). Caries experience has been shown as an important predictive factor 
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to caries incidence and progression (28). However, caries risk is rarely explored in 

studies related to survival restoration (4). At this trial, since all participants had 

restorations, we opted to categorize them according to the number of restorations (≤ 

or > 3 restorations in primary teeth). Restorations’ failures in primary teeth have been 

mainly related to dental caries (4). We believe children with fewer restorations may 

also have better oral-related habits and consequently, less prone to early restoration 

failures related to caries, permitting to observe CARS offered the benefit of 

postponing the first new operative intervention in such cases.  

For this economic evaluation, to investigate the influence of restoration survival 

on the economic impact of the strategies of caries detection around the restoration, 

we chose the time to the first failure observed among all restorations as the health 

effect of interest. We can hypothesize this effect could be even more maximized if 

repeated failures were computed in the child, given the cumulative and recurrent 

pattern observed for such type of outcome.  

The CARS strategy led to fewer new operative interventions when compared to 

the FDI.  We analyzed two different health effects related to that: the total number of 

new interventions and only the new restoration replacements performed during the 

time horizon. We had previously observed that when using the FDI strategy, we 

would tend to indicate more operative interventions since the beginning of the study 

(7). We confirm that when analyzing baseline operative interventions, more frequent 

in the FDI group. However, the new interventions here are considered as health 

effects intended to verify what would happen as a consequence of these additional 

baseline procedures performed. The more interventionist characteristic of the FDI 

strategy contributed to a lower number of new operative interventions when the use 

of CARS strategy was simulated. When analyzing the need for interventions in the 

trial sample, the differences between groups were mainly caused by more 

restorations’ replacements in the FDI group, especially at - and 18-months follow-

ups, also contributing to the increase in costs for this group at this timeframe. 

Besides the higher costs related to dental materials, those procedures are also more 

time-consuming, leading to higher direct and indirect costs.  

On the other side, reducing the new operative interventions, especially 

replacements may probably be beneficial since replacements have been appointed 

as the last resource when dealing with defective restorations in minimally invasive 

dentistry, due to the higher risk of pulp complications and reduction of tooth survival 
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(29). At this economic evaluation, we could demonstrate that, also for these health 

effects, the CARS may be a cost-effective option. The probability of observing such a 

benefit is slightly lower than that observed for the time to the first failure. This may be 

explained by a relatively high level of uncertainty in outcomes used for the economic 

evaluation. One new intervention usually contributes to additional resources used 

and consequently, extra costs, characterizing the double-counting bias. Then, effects 

related to the need for new interventions and costs are, correlated, contributing to 

this panorama of uncertainty. On the other hand, the societal perspective is a good 

option to minimize the influence of double-counting bias in the results (22). Besides 

the particularities of the diagnostic strategies by themselves, this aspect may also 

explain why we could observe a more beneficial effect of using CARS instead of FDI 

when restoration replacement was set as the health effect.  

Certainly, trial-based economic evaluations presented some limitations, 

especially regarding their power of extrapolation and generalizability (30), as all 

results are produced/collected in a single sample. The main trial recruited children 

who were seeking dental treatment had at least restoration in any condition. We 

believe our results could be extrapolated to this group. However, we should consider 

that costs and preferences have been strongly related to the perspective and 

scenario adopted and further studies should explore these additional aspects. 

  The use of a Bayesian approach was an intentional strategy to minimise some 

of the limitations expected for trial-based economic evaluations. As the trial-based 

economic evaluation is usually piggy-backed onto an intervention trial, the sample 

size calculations were not performed to the economic outcomes studied. This may 

lead to a problem of statistical power for statistical comparisons performed 

considering the trial sample. As simulations amplify the trial sample using 

distributions that reproduce this sample multiple times, we may observe in simulated 

data what we could expect for a similar, but a greater group of patients. The use of 

distribution for variables included in the analyses (instead of only values observed 

inside the sample) permits to predict probable uncertainties that could be expected in 

a larger group and observe how the results of the analyses change according to 

variables variation, reducing then the limited sensitivity analysis bias (22). 

Considering the exposed aspects, we based our inferences on confidence intervals 

obtained through this simulated sample. 
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All the studied effects carried on a temporality since they may be accumulated 

alongside the time horizon (e.g., need of new interventions) or measure the time to 

event, which justified the non-adoption of discounting rates. Usually, preventive 

health care may seem to be less cost-effective because such interventions typically 

involve current costs and future effects (31). This is especially relevant as outcomes 

may be gathered distant from interventions, e.g. quality of life or quality-adjusted life-

years. Besides, the chosen health effects were moderate to strongly associated with 

costs, as discussed elsewhere in this section.  In this study, we exactly intended to 

explore the values of effects alongside the time horizon and when they occurred to 

further propose a differential discounting rate if appropriate and necessary.  

The combined evaluation of different health effects permitted to observe a 

variation in probabilities of CARS being cost-effective varying from 50% to 95%, 

depending on what is expected from it as a strategy for assessment and 

management of restorations in primary teeth. All these effects discussed until this 

point were intentionally chosen to reflect different perspectives of using a system to 

detect caries around restorations. The idea was the combined evaluation of such 

findings may help in guiding further budget decisions (and maybe, in the future, 

resources allocation). We demonstrated previously that the potentially most 

beneficial (cost-effective) situation is using CARS as an alternative to postpone new 

operative interventions in primary teeth. Considering a wider time horizon, this trend 

may become even more relevant considering the lifespan of a primary tooth, since 

postponing (or currently avoiding an intervention may mean not intervening anymore 

on that.   

 As previously described in the first chapter of the present thesis, we will conduct 

a Markov model to extrapolate our findings considering the primary molar lifetime. 

Despite the limitations of the present trial-based economic evaluation, which extends 

beyond the time horizon and will be further discussed, here we provide estimates of 

costs and health effects for two diagnostic strategies for the assessment and 

management of restorations in Brazilian children with caries experience. A decision-

analytic model is necessary to understand this process considering a time horizon 

compatible with the longevity of a primary tooth in 3 to 10 years children. Decision 

modelling will provide a framework in which we will be able to evaluate all relevant 

aspects using the best available evidence (30). 
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Implementation gaps for incorporating preventive strategies have been generally 

identified among health professionals (24), highlighting the importance of showing 

the cost-effectiveness of such types of strategies as a manner of evidencing the 

actual benefits of using such interventions. This study may certainly contribute to 

demonstrating economic benefits and reducing gaps in terms of implementation of 

CARS in clinical practice to substitute the FDI, a system widely studied and used in 

clinical practice (6). Patterns observed in this subgroup analysis, besides exploration 

of uncertainties, may be an important tool to create oral health policies and establish 

priorities. Our findings are also relevant for building further decision-analytic models 

to guide decision-making in our health care system.  

 

 

4.5 CONCLUSIONS 

 

 

The CARS strategy is a cost-effective alternative to the FDI strategy to assess 

and guide management of restorations in primary teeth considering different health 

outcomes. Its more relevant benefit compared to FDI is postponing the first new 

operative interventions in these teeth, which is slightly more evident for children with 

lower caries experience. 
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APPENDIX A - Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist 
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APPENDIX B – Protocol deviations 
 

Participant Protocol deviations Time Frame Solution 

107 
Repair (85) was done 
instead of 
replacement 

Baseline Actual treament (repair) costs considered for 
analysis 

139 
Endodontic treatment 
(55) was necessary 
during restoration 
replacement 

Baseline Actual treament (endodontic treatment) costs 
considered for analysis 

59 Tooth was not 
assessed (75) 6m Data imputation about condition* and treatment 

based on 6m data in this group 
101 Tooth was not 

assessed (75) 6m Data imputation about condition* and treatment 
based on 6m data in this group 

112 
Treatment was not 
performed as 
recommended by the 
assessor (85) 

6m Data imputation about treatmentᶧ based on 
others of same type at 6m 

116 
Treatment was not 
performed as 
recommended by the 
assessor (85) 

6m Data imputation about treatmentᶧ based on 
others of same type at 6m 

157 

Treatment was not 
performed as 
recommended by the 
assessor (55, 54, 52, 
62, 63, 65, 74) 

6m Data imputation about treatmentᶧ based on 
others of same type at 6m 

162 Tooth was not 
assessed (84) 6m Data imputation about condition* and treatment 

based on 6m data in this group 
67 Child did not comply 

with this follow-up 6m Data imputation about condition* and treatment 
based on the related follow-up in this group 

140 Child did not comply 
with this follow-up 

6m Data imputation about condition* and treatment 
based on the related follow-up in this group 

65 
Treatment was 
performed outside the 
trial (54) 

12m 
 

Data imputation about treatmentᶧ based on 
others of same type at 12m 
 

76 
 

Tooth was not 
assessed using one of 
the tested strategies 
(55, 64, 75, 74, 84, 
85) 

12m Data imputation about treatmentᶧ based on 
outcomes observed at 12-month follow-up 

85 
Treatment was 
performed outside the 
trial (84) 

12m Data imputation about treatmentᶧ based on 
others of same type at 12m 

96 

Treatment was not 
performed as 
recommended by the 
assessor (85) 

12m Data imputation about treatmentᶧ based on 
others of same type at 12m 

100 

Treatment was not 
performed as 
recommended by the 
assessor (55, 54, 64, 
74)  

12m Data imputation about treatmentᶧ based on 
others of same type at 12m 

67 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 

94 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 
134 Child did not comply 12m Data imputation about condition* and treatment 
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with this follow-up based on the related follow-up in this group 

139 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 

140 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 

142 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 

162 Child did not comply 
with this follow-up 12m Data imputation about condition* and treatment 

based on the related follow-up in this group 

137 
Treatment was 
performed outside the 
trial (85)49 

12m Data imputation about treatmentᶧ based on 
others of same type at 12m 

163 
Treatment was not 
performed in the 
supposed follow-up 

12m Data replacement considering costs measured in 
the following follow-up 

168 

Treatment was not 
performed as 
recommended by the 
assessor (74, 84) 

18m Data imputation about treatmentᶧ based on 
others of same type at 18m 

76 Tooth was not 
assessed (55) 18m Data imputation about condition* and treatment 

based on 6m data in this group 

 Child did not comply 
with this follow-up 18m Data imputation about condition* and treatment 

based on the related follow-up in this group 
* conditioned to the baseline and/or previous follow-up health status. 
ᶧ conditioned to the present health status. 
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APPENDIX C – Subgroup analysis 
 
 

 
 
 

 3-to-6-year-old children 7-to-10-year-old children 
 CARS FDI P value CARS FDI P value 

Relative Cost for 
24 months 

 
27.53 

 (22.70 to 32.36) 

 
31.57 

(24.43 to 38.70) 
0.14 

 
24.51  

(17.32 to 31.70) 

 
18.36 

(13.94 to 22.78) 

 
0.74 

Health Effects   

Relative number* 
of new operative 
interventions 
(units) 

1.30 
(1.04 to 1.56)  

1.58 
(1.28 to 1.88)  0.29 0.71  

(0.47 to 0.94) 
  0.86 

(0.61 to 1.11) 

 
0.44 

Time to the 1st 
failure per child 
(months) 

9.22 
(7.63 to 10.22) 

11.36 
(8.81 to 13.90) 0.08 10.98 

(8.84 to 13.11) 
10.67 

(8.64 to 12.71) 

 
0.42 

Children with no 
need of new 
operative 
interventions 
(%) 

10.00 
(3.72 to 24.17) 

4.76 
(1.16 to 17.54) 0.36 32.56 

(20.13 to 48.05) 
25.58 

(14.60 to 40.86) 

 
 

0.48 

Relative number * 
of new 
replacements 
(units) 

0.21 
(0.13 to 0.30) 

0.24 
(0.15 to 0.33) 0.93 0.05 

(0.007 to 0.10) 
0.12 

(0.05 to 0.19) 

 
0.09 

 ≤ 3 restorations > 3 restorations 
 CARS FDI P value CARS FDI P value 

Relative Cost for 
24 months 

 
32.80 

(23.42 to 42.19) 

 
26.84   

(18.04 to 35.64) 
0.94 

 
21.89  

(18.02 to 25.75) 

 
23.70  

(19.05 to 28.36) 

 
0.63 

Health Effects      
 

Relative number* 
of new operative 
interventions 
(units) 

  1.10 
(0.71 to 1.49) 

 
  1.41 

(1.00 to 1.83) 

 
0.28 

 

 0.93   
  (0.75 to 1.11) 

1.10  
(0.88 to 1.32) 

 
0.39 

 

Time to the 1st 
failure per child 
(months) 

10.48 
(8.41 to 12.56) 

11.69 
(8.81 to 14.57) 0.25 9.92 

(8.14 to 11.70) 
10.66 

(8.60 to 12.54) 

 
0.30 

Children with no 
need of new 
operative 
interventions 
(%) 

35.48 
(20.57 to 53.88) 

25.00 
(12.80 to 43.05) 0.36 13.46 

(6.47 to 25.91) 
9.43 

(3.92 to 21.00) 

 
 

0.52 

Relative number* 
of new 
replacements 
(units) 

0.26 
(0.10 to 0.42) 

0.25 
(0.07 to 0.43) 0.95 0.83 

(0.43 to 1.22) 
1.04 

(0.63 to 1.44) 

 
0.46 

Costs are presented in international dollars (conversion rate = 2.363, October 2021)  
*Number of interventions alongside 24 months divided by the number of included teeth. 

CARS = Caries Around Restorations and Sealants; FDI = International Dental Federation 
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5 FINAL CONSIDERATIONS 
 

 

Economic evaluations are a relevant source for decision-making in clinical 

practice. Despite the limitations, trial-based economic evaluations may answer 

technical questions regarding efficient use of resources. Elaborating a health 

economic analysis plan is important to pre-stablish parameters, corroborating with 

research transparency. Despite the increasing number of economic evaluations in 

child oral health care, there is still paucity of high-quality reports, especially in the 

cariology field. Detection of dental caries around the restoration is still a challenge in 

the clinical practice, therefore the use of strategies to guide clinicians aid in treatment 

decision. The CARS strategy is focused in detecting caries lesions, which are the 

main reported reason for reintervention in restored primary teeth. Through our cost-

effectiveness analysis the CARS strategy is cost-effective in replacing the FDI as a 

diagnostic strategy for primary teeth. Further economic evaluations using analytic 

model frameworks are needed for investigating a wider time horizon. Moreover, 

preferences assessment for health states related to dental caries has been already 

performed and will be reported in a subsequent publication. 
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